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The 2020 AMCA Memorial Lecturer:  
Scott Willis

Scott Willis is recently retired from 31 years of service with Calcasieu Parish Mosquito Control, in Lake 
Charles, LA.  He served as Assistant Director from 1989 – 2010 and served as Director through 2019.

He received his B.S (Forestry) and M.S. (Biology) degree from McNeese State University in Lake 
Charles, Louisiana.  His graduate studies were with Dr. Roger Nasci working with Aedes albopictus.  
He was awarded the first AMCA Student Competition award in 1989.

He is a current member of the American Mosquito Control Association and the Louisiana 
Mosquito Control Association.  He served on the LMCA Board of Directors and was President of 
the LMCA in 1998 and 2008.

Scott is an ardent enthusiasts of Bluegrass music, playing and performing for the last 20 years.   
He enjoys scuba diving, photography and producing historical videography for friends and family.  
He has two children David and Hannah. 
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The 2020 AMCA Memorial Lecturer Honoree: 
Lucas George Terracina 
December 01, 1953 – March 14, 2018

Lucas was born in Opelousas, Louisiana where he grew up and graduated from Opelousas Catholic High School.  He 
received his Bachelor of Science Degree in Wildlife Management from Southwestern Louisiana University (ULL).  Lucas 
began his career in mosquito control with Calcasieu Parish in 1976.  He became Director in 1980 and retired in 2013 
after 35 years of service.

During his tenure, he took a newly created mosquito control program and built it into one of the prominent programs 
in the country.  He actively promoted mosquito education within the school system.  In addition, he helped to develop 
statewide certifications and workshops for all mosquito control workers.

Lucas took an active role in many professional organizations.  He served on the Louisiana Mosquito Control 
Association as a Board member for 26 years and as President in 1983 and 2006.  The LMCA awarded him the Hathaway 
Ritter Distinguished Achievement Award in recognition of outstanding contributions to the cause of mosquito control 
in Louisiana.  He served as co-editor of the LMCA newsletter for many years.  Lucas was the first representative 
appointed to the Louisiana Department of Agriculture Advisory Commission on Pesticides.  He was affiliated and 
served on the boards of many organizations that not only benefited mosquito control but his community as well.

One of Lucas’s great talents was lobbying and educating legislatures as to the need for continued mosquito control 
and research.  Following hurricanes Katrina and Rita in 2005 the State Health Department Laboratory capabilities were 
greatly compromised, and they were unable to continue providing arbovirus surveillance testing for mosquito control 
in Louisiana.  Lucas took the lead for the LMCA and worked closely with personnel from several state agencies and 
they were successful in having the state legislature appropriate funding to continue the arbovirus surveillance testing 
at the LSU Diagnostic Laboratory.  Since that time the legislature has continued to appropriate the funds annually and 
the program has been expanded. 

In the early 1990’s he served as interim director for the American Mosquito Control Association (AMCA). The AMCA 
honored him with their highest award, the “Medal of Honor” in 2002 for exemplary service and leadership.  He 
represented the LMCA and the South-Central Region of the U.S. as Regional Director of the AMCA.

Lucas had a great love of family.  He was an avid outdoorsman, enjoying both hunting and fishing.  He especially loved 
watching his children and grandchildren participate in sports.  He served as a volunteer coach for various youth 
soccer, baseball, and softball teams.

Lucas left a legacy of caring for his family, profession and community.
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ORAL PRESENTATION ABSTRACTS 

Plenary Session
PL-1  The Reemergence of EEE in 2019: Challenges and Opportunities for Mosquito Control 

Edward Walker

The great epidemics of mosquito-borne encephalitis of the 20th century, along with the well-recognized 
pestiferous nature of mosquitoes, brought rationale and justification to organized mosquito control in the United 
States during the formative decades of the industry.  In 2019, an epidemic of eastern equine encephalomyelitis swept 
through the eastern and midwestern United States, capturing the attention of the media and general public, and 
challenging the preparedness and response of the public health and mosquito-control communities with its ferocity 
and persistence.   Although home-grown and not exotic (unlike Zika, Chikungunya, and West Nile virus), the extent 
of the outbreak, the number of human cases, the high rate of mortality of human cases, and its extensive geographic 
range brought home many of the same problems and issues of other episodes in the recent past and persisting to the 
present: the problem of preparedness, decision making during crisis management, attention to the value of sustained 
surveillance, implementing vector control where no organized mosquito control programs exist, taking effective action 
for adequate prevention of human disease, a general lack of knowledge of vector-borne disease and mosquito biology, 
and the complexity and controversy of insecticide-based interventions which commonly overshadow the disease 
problem itself in the minds of the public and of elected and appointed officials.  These problems are compounded 
by the availability of social networking, which allows rapid dissemination of information (“messaging”) that easily 
overtakes the slow and archaic system of public health press releases to the print and broadcast media.  This talk will 
reflect on this epidemic and these issues, develop an historic context, and present ideas for ways forward into the 
decades of the 21st century.

PL-2 Aerial application techniques: fundamental tools for mosquito management – past,   
present, and future 
Mark Latham

This presentation will start by providing a general overview of the method, a brief history of its use for 
mosquito control, and a recent history that is both positive in improving the methods, yet also negative in public 
perception. Examples will be given on published studies, the use of aerial application to combat mosquito-borne 
disease outbreaks, the hurdles that had to be overcome, and the lessons learned. A discussion will follow on the 
increased interest in the method resulting from epidemics of newly emerging mosquito-borne diseases and the 
realization among some in the malaria control community that the stated goal of malaria eradication cannot be 
achieved solely through IRS and bed net strategies, but also requires outdoor control methods. Finally, suggestions will 
be made on the directions we need to take in order to support aerial application methods to ensure that this essential 
tool for rapid wide-area mosquito control remains a viable choice into the foreseeable future. 

Mosquito Lightning Symposium 
1 The weirdest of the weird mosquitoes of the world! 

Ary Faraji, ary@slcmad.org, Stephen Doggett, Christina Liew

Mosquitoes are weird. From eggs to adults, larvae to pupae, anal papillae to modified siphons, host finding 
to host feeding, and from their general morphology to their biology. But they are also fascinating creatures that 
have captivated our attention and efforts for hundreds of years. I will highlight some weird facts about a mosquito 
species (or several) that most members of the audience will not be familiar with. It will perhaps be about a titillating 
Coquillettidia species, or some ladies from the Aedes species, or perhaps some trippy Tripteroides. You will have to be 
there to find out!
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2 Do tigers hunt during the day? Diel Activity of the Asian tiger mosquito, Aedes 
albopictus (Diptera: Culicidae), in Urban and Suburban Habitats of North America 

Isik Unlu, ioguzoglu@hotmail.com 

Aedes (Stegomyia) albopictus (Skuse) impacts human outdoor activity because of its aggressive biting 
behavior. As a major vector of mosquito-borne diseases, it is also of public health importance. Although most 
mosquito species primarily feed at dawn and dusk, Ae. albopictus has been traditionally characterized as a day-biting 
mosquito. Human sweep netting and bottle rotator traps were used to evaluate the diel activity of Ae. albopictus in 
central New Jersey Mercer County, USA (temperate urban), while only human sweep netting was used in Florida, 
Volusia County, USA (subtropical suburban). For both locations, human sweep netting was performed to determine 
adult mosquito activity at sunrise, solar noon, sunset, and lunar midnight. Diel activity was observed at pre-determined 
early (3-19 July), peak (25 July-19 September), and late (22 September- 22 October) activity periods due to the 
temperate nature of New Jersey. Aedes albopictus showed the highest activity during peak and late periods at solar 
noon (P < 0.05) in New Jersey. The highest adult activity was observed at sunrise using human sweep netting but it 
was not significantly different from solar noon and sunset in Florida. Although peak activity was noticed during the 
daytime, there was never a time during the 24h period that Ae. albopictus showed no activity.

3 How Would Rambo Kill Mosquitoes? With 40mm Larvicide Grenades. 
 Gregory Williams, gwilliams@hudsonregionalhealth.org 

Ary promised me a prize in Orlando and didn’t deliver, so I’m back again.  Last year we literally blew up the 
Mosquito Lightning Symposium with our giant pneumatic air cannon that launched mosquito mortars filled with 
various larvicides over 150 meters.  While the cannon worked well, it wasn’t exactly portable.  This year we return 
with a new and improved model.  Marvel as we draw first blood from mosquitoes with a hand-held grenade launcher.  
We used an off the shelf 40mm airsoft grenade launcher to shoot 3D printed soluble projectiles filled with larvicides.  
The grenades are individually powered by carbon dioxide so there is no need for a compressor and reloading takes 
seconds.  In the best three minutes you will spend at AMCA, we will present ballistic data for several grenade shapes 
and payloads, test your motion sickness with in-grenade video clips, and take cheap shots at our moderator.  Not to be 
missed.

4 Come out, come out, wherever you are! Hunting for Ixodes ticks in the  
Sierra Nevada Foothills 
Elizabeth S Andrews, elizabeth.andrews@cdph.ca.gov 

If you’re looking for the nymphal stage of the western blacklegged tick in the Sierra Nevada foothills you’ll 
find yourself out of luck if using standard flagging methods. These ticks don’t typically quest along trails or in leaf 
litter and can be difficult to find in high numbers. Since the adult ticks are often abundant, the nymphs have to be 
somewhere, right? Join me on a journey to find the elusive Ixodes pacificus nymph. Warning: there’s poison oak ahead!

5 What is the value of mosquito pool testing for CHIK, DEN, and ZIKA viruses  
in CONUS? 
Roxanne Connelly, csz5@cdc.gov 

To assess the value of mosquito pool testing for chikungunya, dengue, and Zika viruses in Aedes aegypti and 
Aedes albopictus in the continental United States, test results from jurisdictions with and without imported or local 
human cases during 2016 – 2018 was evaluated. A summary of the number of pools tested and percent positive, by 
species, jurisdiction, and year, will be presented along with number of imported or locally-acquired human cases in the 
jurisdiction in the context of lessons learned.

6 Once-upon-a-time: Mosquitoes smell (parts) of you better at night 
 Samuel S.C. Rund, srund@nd.edu 

Just like humans, mosquitoes have circadian rhythms. These  rhythms range from gene expression on up to 
rhythms in behavior with everything in between - like the sense of smell. I’ll explain in 3 min what takes an Anopheles 
gambiae mosquito 24 hours to accomplish- as it tunes its olfactory system to detect certain parts of your body odor 
(the hydrophobic parts) better at night. We’ll go on a rhythmic sun-down to sun-up journey from RNA to protein to 
electrophysiological responses to behavior.
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7 Outbreak response - Choose your fate! 
Jeffrey T Eason, jeason@slco.org 

State and local health department communicable disease outbreak response efforts are generally directed 
by standardized guidance created by the Centers for Disease Control and Prevention (CDC). CDC guidance utilizes 
current scientific evidence and past outbreak response experience to justify public health interventions aimed 
at containing epidemics. However, outbreak response efforts are often complicated by political and emotional 
considerations outside of the scope of CDC guidance. During this session participants will have the opportunity to 
choose their actions during an interactive session on a straightforward outbreak response convoluted by a complex 
community issue.

8 Chasing mosquitoes from Zanzibar to Papua New Guinea 
 Jason H Richardson, jason.richardson@ivcc.com 

Chasing mosquitoes from Zanzibar to Papua New Guinea: following a trail blazed by Robert Desowitz.

9 Validated! Dr. John Crawford: mosquitoes, malaria and yellow fever 
Carl W Doud, cdoud@co.midland.mi.us 

For centuries, malaria was thought to be caused by “bad air” (“mal” and “aria” in Italian). The scientific 
community throughout the 19th century held this belief as well and discussed how exposure to the gases (miasma) 
thought to cause malaria could be prevented/reduced. A Baltimore physician, Dr. John Crawford, in 1807 suggested 
another agent for malaria transmission. In an article in the Baltimore Observer entitled “Mosquital Origin of Malaria 
Disease”, Dr. Crawford proposed that the sickness was spread by mosquitoes. Similarly, in 1811 he suggested that 
mosquitoes play a role in the transmission of yellow fever. His theory was ridiculed and has been blamed for the loss of 
his medical practice. Today we see the value of this hypothesis and how it could have led to great advances in medicine 
and disease prevention 90 years before it was realized.

10 The mosquito bucket list 
 Sean Amodt, sean@swmosquito.org 

What would a mosquito want to do in the last day of its life? This presentation will describe all of the exciting 
events on a mosquito’s bucket list.

11 Is this working? An Applied-side approach to product assessment 
 Sarah S Wheeler, swheeler@fightthebite.net 

Vector control districts have choices when it comes to selecting mosquito control solutions.  Cost and 
application parameters are key factors, but ultimately efficacy is paramount. Product efficacy can change over time 
due to insecticide resistance and changing environmental factors. Thus, Districts often need to evaluate the efficacy 
of a wide-range of products to ensure they are getting the intended result. Sacramento-Yolo Mosquito and Vector 
Control District employs a wide-range of assessment techniques used for this purpose. A quick survey of which 
technique is used for which product type will be presented along with procedural guidelines for avoiding common 
pitfalls.

12 Theoretical impacts of hurricanes on West Nile virus transmission 
 Kevin A. Caillouet, caillouet@stpmad.org, Suzanne Robertson 

Hurricanes have profound impacts on zoonotic pathogen ecosystems that exhibit spatial and temporal waves 
in both distance from and time since the event. Wind, rain, and storm surge directly affect mosquito vectors and 
animal hosts of these pathogens. West Nile virus (WNV) vectors have been shown to decrease immediately following 
hurricane events, but to increase to much higher abundances over the long-term recovery periods. Root ball voids 
from downed trees, water-holding containers in storm debris, flooded abandoned swimming pools, and impacts on 
drainage expand potential vector habitat. Avian WNV hosts may suffer direct mortality in hurricanes and damage to 
treetops differentially impact tree nesting and foraging species. An expansion of shrub habitat due to the loss of tree 
canopy leads to multiple years of avian host community structuring that likely impacts WNV transmission. Finally, 
hurricane-related impacts on human exposure may increase human WNV risk. To assess the theoretical impacts of 
these effects on WNV transmission we parameterized a transmission model for the Northern coast of the Gulf of 
Mexico to explore the effect of event timing of hurricane landfall, time since the event, and damage extent on human 
West Nile virus neuro-invasive disease risk. Early season hurricanes, which make landfall prior to the peak of baseline 
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WNV transmission activity, increase the average total WNV infectious mosquitoes for the year by 22.0% and human 
WNV-NID incidence by 103.1% across all areas with hurricane damage. The indirect effects on human exposure to 
mosquito bites in the immediate aftermath, and long-term recovery from the event have strong impacts on the risk 
of infection. Resultant interactive direct and indirect storm effects on the pathogen system are highly spatially and 
temporally heterogenous.

13 There ain’t no party like a swarming party 
 Catalina Alfonso-Parra, catalfonso@gmail.com 

Swarms are important in the biological cycle of some mosquito species, as they are the main arena to mate. 
Males of the same species congregate, and females come in to the swarm to mate. But how is a swarm formed? How 
do males find each other? How do males locate a female and how do females choose the perfect male? Could we use 
some of the characteristics of swarming for vector control?

14 Mosquitoes pass through screens to enter traps 
 Jerry Hogsette, Jerry.Hogsette@usda.gov, Dan Kline 

Remembering when people sat on screened porches after supper to cool off and let the meal digest (since 
there was no air conditioning), screen was there to keep out mosquitoes. But the human bodies on the porch still 
attracted mosquitoes to the screen, and if they could find even the smallest hole, mosquitoes would enter the porch. 
We wondered if plastic window screen wrapped around the clear plastic cylinder of a CDC trap would reduce its 
attraction. If it did not, could we replace the untreated screen with a pesticide-treated screen and kill the mosquitoes 
that were attracted. Pieces of treated and untreated screen were cut to fit the clear cylinders. Screens were long 
enough to push to the top of the trap lids and block the entryway into the traps. One screen-covered trap was hung 
on a shepherd’s hook about 3 ft high in each of two 8 x 8-ft screen rooms. An unaltered CDC trap was hung in the 
same manner next to each screened trap. Hoses affixed to the tops of each trap supplies CO2 from gas cylinders. 
About 9:00 AM CO2 was turned on as were the screened traps in each cage. Then 300 female mosquitoes of 3 
genera were released in each cage. About 5:00 PM, unscreened traps were activated. A test was terminated the next 
morning about 8:00 AM, catch containers removed and put in a freezer. The thought was to release equal numbers of 
mosquitoes in each cage, let the screened traps attract them for about 8 hrs, then capture a portion of the remaining 
mosquitoes in the unaltered traps. There should be fewer mosquitoes in the cage containing the trap with the treated 
screen if the treated screen was killing mosquitoes attracted to that trap. Results will be discussed in the presentation.

15 Something cool about mosquitoes: Are they capable of high altitude migration? 
Banu Kesavaraju, banugopan.kesavaraju@valentbiosciences.com 

Some Culex are known to travel distances of 20 miles especially in search of a blood meal. But recent 
research shows that some species of mosquitoes can travel lot farther than that and in fact they are capable of high 
altitude migration. Traditional understanding is that females of some of the mosquito species will only travel long 
distances in search of a blood meal but authors of this paper are reporting that 90% of their captured females had 
already blood fed. While its fascinating to know that mosquitoes are capable of high altitude migration, the fact that 
many of them were gravid raises an important question as to whether mosquitoes can realistically be eradicated from 
any single area.

16 The Chaos after the Swarm 
 Whitney Qualls, quallsamcd@bellsouth.net 

The Texas Department of State Health Services (DSHS) has a limited role in vector control: 1) scientific 
consultation, 2) contingency contracts through emergency preparedness for disease outbreaks or severe weather 
events, and 3) laboratory mosquito speciation and arbovirus testing.  During the emergency response to Hurricane 
Harvey, the DSHS organized the Vector Control Task Force to organize mosquito control for the hurricane impacted 
counties.  Since Harvey, entities in Texas that do mosquito control have continued to request resources from the state 
to aid in post-flood nuisance mosquito control.  The lightening round presentation will discuss the structure of Texas 
mosquito control and future directions.

17 Dogs saved South Texas from Zika virus 
 Gabriel Hamer, ghamer@tamu.edu 

Mosquito-borne viruses are emerging or re-emerging globally, afflicting millions of people around the world. 
Aedes aegypti, the yellow fever mosquito, is the principal vector of dengue, Zika, and chikungunya viruses and has well-
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established populations across tropical and subtropical urban areas of the Americas including the southern United 
States. While intense arboviral epidemics have occurred in Mexico and further south, local transmission in the United 
States has been minimal. Here we study Ae. aegypti and Culex quinquefasciatus host feeding patterns and vertebrate 
host availability in residential environments of South Texas to identify over and under host-utilization. Only 31% of Ae. 
aegypti blood meals were derived from humans while 50% were from dogs and 19% from other wild and domestic 
animals. In Cx. quinquefasciatus, 67% of blood meals were derived from chicken, 22% came from dogs, 9% from 
various wild avian species, and 2% from other mammals including one human, one cat, and one pig. We developed a 
model for the reproductive number, , for Zika virus (ZIKV) in South Texas relative to northern Mexico using human 
disease data from Tamaulipas, Mexico. We show that ZIKV  in the LRGV could be greater than 1 if the risk of human 
exposure to Ae. aegyptibites in these communities is at least 60% that of Reynosa, Mexico. The high utilization of non-
human vertebrates and low risk of human exposure in South Texas diminishes outbreak potential for Ae. aegypti and 
Cx. quinquefasciatus transmitted viruses.

18 “It’s always been done that way.”  Breaking operational norms to meet the  
challenges of a rapidly evolving vector control industry 
Jared Dever, jdever@sgvmosquito.org 

How do we continue to effectively provide our services for a society being cultured to favor nonverbal 
personal and professional communication, demand instant gratification of material needs and wants, and pursue 
harmonious coexistence in complex environments without chemical or physical interventions? Compounding the 
challenge of these shifts in societal norms is the spread of invasive vector species that require a deeper level of 
interpersonal communication and education, greater reliance on personal behavior change, and broad acceptance of 
strategic chemical interventions to protect public health. The San Gabriel Valley Mosquito and Vector Control District 
has spent the past two and half years deconstructing the traditional vector abatement and service provision models in 
order to build an improved model of service and control that compliments the expectations of modern urban society. 
This lighting round presentation will highlight the most transformative components of our new service paradigm and 
prove why the statement “It’s always been done that way.” is the hallmark of inefficient organizations.

19 How I became a mosquito sexologist 
Robert G. Hancock, rhancoc5@msudenver.edu 

In 1988, as an Ohio State University Masters student I received a grant to travel to the jungles of Panama 
to study the behavior of the exotic mosquitoes in the genus Sabethes that live there.  Little did I know that it was a 
career-changing adventure.  My brilliant mentor Dr. Woodbridge A. Foster only knew of these spectacular iridescent 
and ornamented jewels from Victorian-era color illustrations and museum specimens.   We wanted them alive and 
thus designed an expedition to give us the best chances for finding them.   We had so many questions about these 
remarkable arthropods.  How do they behave?  Where do they breed? What do they feed on?   Our destination 
was Manuel Noriega’s Panama and, with expected travel and logistical adversity, we made it to the jungle where we 
systematically pursued our elusive targets. Harrowing forest canopy work was not fruitful, but at ground level in tree-
fall zones with rays of penetrating sunshine, we were delicately approached by a beautiful and blood-thirsty female.  
We now knew where to find them!  Long field days ensued as we filled our field journals with bizarre accounts of 
nose-biting and aerial oviposition into tiny tree holes.   And, on one special day, we caught glimpses of elaborate and 
beautiful mating rituals that were so exquisite they would ultimately steer my scientific career in the direction of 
mosquito sexology.  Most importantly, we returned with living specimens and established laboratory colonies that, 
after 32 years, continue to be used to unravel the mysteries of Sabethes, most eccentric mosquitoes on earth.  Today, 
Macrocinematography is my “Mosquito Lightning” and you will be the first audience in the world to be struck by it.

20 Hunting Aedes papago in the Sonoran Desert 
Lawrence E. Reeves, lereeves@ufl.edu 

In June 1969, a single specimen of an unusual mosquito species was collected in a remote canyon in the 
Coyote Mountains of southern Arizona, southwest of Tucson. It was examined by John Burger and John Belkin, who 
recognized it as an undescribed Aedes species so distinct that it should represent a new subgenus. Subsequent 
searches and collections of immature and adult mosquitoes in Mendoza Canyon, the site of the original collection, 
turned up no further specimens until eggs taken from an oak tree hole were reared out. Aedes papago and its 
monotypic subgenus Abraedes were described from this small series of specimens by Thomas Zavortink in 1970. Since 
then, collection records for this species have been scarce: John Burger collected three biting females in the desert 
south of Tucson, below the Santa Rita Mountains, and a few specimens turned up in National Ecological Observatory 
Network collections from the same region. If additional collections of this mosquito exist, we are unaware of them. 
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These later collections suggest that Aedes papago occurs in lower and more arid habitats of the Sky Islands Region 
of Arizona and Sonora that do not support the higher elevation evergreen oak forests originally suspected to be the 
habitat. Each summer, moisture and ultimately monsoon rains move into the Sonoran Desert Region, bringing in 
about half of the region’s annual rainfall. Since 2014, I have spent a few weeks of each monsoon season searching the 
canyons, mountain ranges and low deserts around Tucson for Aedes papago. This work raises questions about the 
larval habitats of this mosquito as oaks are absent from much of the areas inhabited by the species.

Legislative and Regulator Symposium I
21 Introduction to the Legislative and Regulatory Symposium 

Angela J. Beehler, angela@mosquitocontrol.org 

The legislative and regulatory symposium highlights issues currently facing mosquito control programs, and 
provides the background information you’ll need to be prepared and proactive in your community.  Whether you’ve 
been to the AMCA Washington Conference before, you’re thinking of attending for the first time, or you want to get 
more involved locally, the topics of discussion this year have a little something for everyone.   Do you have concerns 
about spraying near organic farms, specialty crops, pollinators, or endangered species? Are your neighbors organizing 
petitions against pesticide use?  Come hear from your colleagues who’ve had the same concerns, then successfully 
worked through it.  The speakers will break down some of the most confusing laws, regulations and programs on 
the books so you don’t have to, ultimately saving you time and money. Attendees will also hear from federal agency 
representatives on how they are implementing new and existing programs.  Plus, there’s no better time for an update 
on the status of endangered salmonids than now, in the Pacific Northwest.  Assessment of these species sparked years 
of debate on the effects of pesticides and how they should be evaluated. Through AMCA’s legislative and regulatory 
advocacy, we have maintained the tools necessary to provide a lifesaving service to our communities, despite 
numerous obstacles.  Thank you to the speakers and all the members that contribute to our mission.

22 AMCA’s Annual Washington Conference 
William Walton, william.walton@ucr.edu 

The preliminary program, schedule and logistics for the AMCA’s Annual Washington Conference will be 
reviewed.  The legislative and regulatory issues of greatest concern to mosquito control professionals that we plan to 
address in May 2020 will be highlighted. The conference in Washington D.C includes visits to Senate and House offices 
on Capital Hill, interactions with representatives from key federal agencies, as well as meetings with representatives 
from other public health and scientific organizations with offices in the DC metropolitan area.  We need participation 
of mosquito control professionals from across the U.S. to convey our message to members of key legislative 
committees and to as many legislators as possible.  Please join us in DC!

23 CDC support to US states and territories through the ELC program 
Jeff Borchert, gqx1@cdc.gov 

On March 1, 2019, the Centers for Disease Control and Prevention (CDC) released a Notice of Funding 
Opportunity (NOFO) for the ELC Cooperative Agreement. The new NOFO is a competitive 5 year cooperative 
agreement opportunity open to the 64 jurisdictions currently funded through the ELC.  The 2019-23 NOFO gives ELC 
the opportunity to emphasize a stronger focus on public health “programs” (e.g., cross-cutting epidemiology and 
laboratory, food, HAI/AR, and vector-borne), while retaining the ability for recipients to work on discrete “projects” 
important to the health and wellness of their populations.  The CDC will now utilize a tiered funding approach that 
will allow for varying levels of activity and regional approaches. “Base” capacity building level of activities, enhanced 
activities, and advanced activities, Center of Excellence (or similar). https://www.cdc.gov/ncezid/dpei/epidemiology-
laboratory-capacity.html

24 Tackling Local Pesticide Bans 
 Angi Bailey, angi@ofsonline.org, Katie  Fast 

Hear the real-life lessons learned from working on pesticide issues in local communities. This workshop will 
provide practical, effective, and immediately applicable information on different ways to engage and educate elected 
officials and community leaders though direct communication, outreach events, and coalition building. Even if bans 
aren’t being proposed in your community, they can impact your operations in the future.
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25 Legalization of cannabis: operational and regulatory hurdles to mosquito control  
in California 
Samer Elkashef, selkashef@fightthebite.net, Gary W Goodman, Peter Bonkrude,  
Jennifer Henke 

On November 8, 2016, California voters passed the Adult Use of Marijuana Act (Proposition 64) which 
allowed the recreational use of cannabis. Starting in 2018, licenses were issued by the State of California to sanction 
the cultivation of cannabis and the sale of it for commercial use. As the State’s farmers expanded the planting of 
cannabis, the interaction between vector control District activities and these new farms came into focus.  Several 
vector control Districts in California received calls from their local County Agricultural Commissioners on the use of 
adulticides.  The specific concern was centered around a positive detection of etofenprox on cannabis destined for 
sale. This presentation will go over the work done by the Mosquito and Vector Control Association of California’s 
Regulatory Affairs Committee on tackling the operational and regulatory challenges that cannabis grows present to 
mosquito control agencies.

26 An overview of pyrethroid pesticide registration: history, updates, and mosquito  
control implications 
Daniel Eugene Dawson, daniel.dawson1081@gmail.com 

Pyrethroids are an important class of chemicals commonly used to control mosquitoes and help reduce the 
risk of mosquito-borne disease. Although they share a similar core chemical structure and mode of action, pyrethroids 
are diverse, incorporating a variety of structural modifications designed to increase their effectiveness and resilience 
in the environment. The Food Quality Protection Act (FQPA) requires that the US Environmental Protection Agency 
apply additional safety factors when determining acceptable chemical exposure levels to account for potential pre-
natal and post-natal toxicity. A 2010 evaluation found that differences in the pharmacodynamics (PD) of pyrethroids 
between adults and children were insufficient to necessitate an additional FQPA safety factor for PD processes. In 
2019, another evaluation of the available data, including a review of the literature and a synthesis of empirical and 
model-based research, found few pharmacokinetic differences between adults and children following exposure to 
pyrethroids. Thus, a 3X FQPA uncertainty factor currently applied to pyrethroid chemicals meant to account for 
pharmacokinetic (PK) differences is being reduced to 1X. Further, the similarity of PK behavior across pyrethroid 
chemicals assessed results in this decision being applied to the entire class of chemicals. This decision is being 
incorporated into the Registration Review for this class of pesticides. This presentation will give an overview of the 
risk assessment process used in this determination, along with a review of the history of pyrethroid registration, and a 
discussion of mosquito control implications.

27 Pesticide residue on rice plants from mosquito control adulticide applications 
Marcia Reed, mreed@fightthebite.net, Sarah Wheeler, Samer Elkashef, Jay Gan, Jaylan Qiu 

The Sacramento-Yolo Mosquito and Vector Control District applies adulticide mosquito control products 
aerially to approximately 35,000-45,000 acres of rice field habitat annually, with either pyrethrin or naled as the active 
ingredient. Over the entire summer growing season these applications amount to approximately 500,000 acres 
of treatments. In collaboration with the University of California, Riverside, the District evaluated residue levels of 
pyrethrin, piperonyl butoxide (PBO) and naled left on rice plants after singular applications and also evaluated the total 
accumulation of residue over the course of an entire mosquito control season. In addition to samples of the growing 
plant, rice grain was collected at the time of harvest and tested for these same active ingredients. This presentation 
will highlight results from two study areas, one which was treated with only a pyrethrin/PBO pesticide, and a second 
area which was treated initially with a pyrethrin/PBO pesticide but rotated to a naled pesticide mid-way through the 
season. Studies of this type highlight that mosquito control pesticide applications differ significantly from typical 
agricultural applications and therefore should be viewed differently from a regulatory standpoint.
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History and spread of WNV and SLEV strains in the 
Southwest Symposium
28 2019 Maricopa County WNV / SLE outbreak review 

John Townsend, john.townsend@maricopa.gov, James Will, Dan Damian 

In 2019 Maricopa County experienced the second largest outbreak of WNV since 2004. This is also the third 
year in a row that Maricopa County has had both WNV and SLE circulating in the local mosquito population. We will 
discuss the outbreak and possible reasons for the co-infections taking place.

29 A history of arbovirus surveillance in the Coachella Valley, CA 
 Jennifer A. Henke, jhenke@cvmvcd.org 

The Coachella Valley Mosquito and Vector Control District in southern California added mosquitoes to 
its program in the 1951 and became a full vector program in 1995. Surveillance for arboviruses began in 1977 with 
routine detections of St. Louis encephalitis virus and western equine encephalomyelitis virus. West Nile virus was first 
detected in the Coachella Valley in 2003, SLEV was absent from 2004 until it was detected again in 2015. WEEV has not 
been detected in the Coachella Valley since 2005.

Since 2014, West Nile detections have not followed the previous patterns of SLEV or western equine encephalomyelitis 
virus (WEEV). Whereas the latter two viruses are typically first detected near the Salton Sea at the east end of the 
valley and slowly move their way inward to the western cities, West Nile has recently been detected sporadically in the 
western cities and then detected later in the season in the eastern end of the valley. In 2019, West Nile was detected in 
multiple cities simultaneously, at higher rates and more abundantly than in any other year.

Here, we will review the changes in surveillance practices, highlighting how this may have impacted our detection 
of the virus. A comparison of the activity in 2019 when both WNV and SLEV were detected with record-breaking 
frequency will be compared to previous years to examine patterns and provide links to the rest of the southwestern 
U.S.

30 Ecology of zoonotic flaviviruses in Metropolitan Phoenix, Arizona 
Nicholas Komar, nck6@cdc.gov 

West Nile virus emerged in Arizona in 2003 and caused major human outbreaks in 2010, 2015 and 2019. St. 
Louis encephalitis virus re-emerged in Arizona in 2015, causing the largest human outbreak of St. Louis encephalitis 
in Arizona’s history, and remains active in the state. This presentation reviews ecological data collected during field 
studies in 2010 and 2015-2016, aimed at understanding the vertebrate ecology of these zoonotic flaviviruses. The 
mosquito vectors of these infections are Culex quinquefasciatus and Culex tarsalis. We evaluated host selection of the 
vectors by blood meal analysis, and determined that most bloodmeals derived from passeriform and columbiform 
bird species that roost communally, such as house sparrow, house finch, great-tailed grackle, and mourning dove. 
A mathematical formula for reservoir capacity was used to estimate the relative importance of the bird species as 
amplifiers. This approach identified mourning dove, house sparrow, house finch and great-tailed grackle as primary 
amplifiers. Serological evaluation of 700 blood samples from birds corroborated these results. Finally, we showed 
through spatial analyses that high levels of immunity in great-tailed grackles reduced transmission among Culex 
mosquitoes and reduced WNV risk among humans living near communal roosts of these grackles. This suggests that 
communal roosts of competent birds may amplify zoonotic flaviviruses, serving as a virus source, until herd immunity 
is established, causing the communal roost to become a virus sink. Therefore, immunization of communally roosting 
avian amplifying hosts would be a promising strategy for control of WNV and SLEV in metropolitan Phoenix.

31 Movement of WNV and SLEV in the southwestern United States: 2014-present 
Daryn E Erickson, dee35@nau.edu, Jill A Cocking, Jennifer Henke, Darrin Lemmer,  
Michael Valentine, David Engelthaler, Chase L Ridenour, John Townsend, Kirk Smith,  
Jim Will, Steven Young, Crystal M Hepp

The first human cases of West Nile Virus (WNV) were identified in New York City during the summer of 
1999 and the virus became well-established throughout the United States by 2004. Nearly two decades after its initial 
introduction, WNV is still the most important arbovirus nationwide, causing 92% of arboviral diseases reported to 
the Centers for Disease Control and Prevention in 2017. Maricopa County, the 4th most populous county in the U.S., 
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detected its first WNV-positive bird in September 2003, and there have been seasonal outbreaks each year since. In 
the 20th year since WNV was detected in the United States, Maricopa County had more than 400 positive mosquito 
pools, 150 human cases, and 17 deaths. Maricopa County is not alone in heavy WNV burden in the southwestern 
United States, and our research group has additionally collaborated with the Southwestern Mosquito Abatement and 
Control District in Washington County, UT, Coachella Valley Mosquito and Vector Control District in Riverside County, 
CA, Southern Nevada Health District in Clark County, UT, Yuma County Pest Abatement District in Yuma County, AZ, 
and the Utah Department of Health. We have sequenced several hundred viral genomes from 2014-2019, incorporating 
date and location of collection into the analysis. In this presentation, we will describe the recent spread of WNV and 
SLEV throughout the southwestern United States.

Student Competition I
32 The 31st Annual Student Paper Competition of the American Mosquito  

Control Association 
Brian D Byrd, bdbyrd@wcu.edu 

Since 1989 the American Mosquito Control Association has encouraged student participation by providing 
student members a forum to present their research.  This venue is judged competitively and winners receive the 
Hollandsworth Prize, which honors AMCA member Gerald Hollandsworth.  Each participating student will have ten 
minutes to present their paper.

33 Photodegradation of Truck-Sprayed Etofenprox 
Kristina Lopez, kalopez@wisc.edu, Matthew Hetherington, Patrick Irwin, Christelle Guedot,  
Lyric Bartholomay, Susan Paskewitz 

Photodegradation, the process that protects pollinators from adulticides used for mosquito control, has 
been evaluated in laboratory studies, but field evaluations of breakdown are lacking.  During adulticide spraying, 
filter papers were deployed in residential areas to collect pesticide drift in front and back yards. Papers were left 
outside and exposed to natural sunlight, and then collected after 0, 12, and 24 hours.  Amounts of etofenprox and its 
degradants were measured and analyzed.

34 Observing Evolutionary Insecticide Resistance Changes using Permethrins in  
Aedes aegypti 
Xochitl Estrada, xochitl.estrada01@utrgv.edu, Christopher Vitek 

Insecticide resistance can evolve in mosquito populations with repeated usage of insecticides. We tested 
Aedes aegypti colony mosquito populations to determine how quickly evolutionary changes can occur. Mosquitoes 
were exposed to permethrin while other mosquitoes were not exposed to any insecticides. We monitored the speed 
of evolutionary change by assessing if resistance increases following exposure or decreases following not being 
exposed. These results will provide vector control programs with information for efficient control.

35 Development of spatial mosquito repellents using biorational products 
Caleb L. Corona, clcorona@iastate.edu, James S. Klimavicz, Joel R. Coats 

Diseases vectored by multiple genera of mosquitoes are responsible for serious challenges facing society. 
Insecticides and repellents have been commonly used to control populations of these genera. As these control 
strategies have been used repeatedly, mosquitoes have developed resistance to multiple classes of these insecticides 
and repellents. This development of resistance has led to our lab exploring biorational products as spatial repellents. 
This class of compounds has proven effective at repelling multiple genera of mosquitoes.

37 They don’t (always) bite: An ecological study of southeastern rock pool mosquitoes 
Corey A Day, caday2@catamount.wcu.edu, Eleanor G Armstrong, Kaylin Lewandowski,  
Brian D Byrd 

The invasive mosquito (Aedes j. japonicus) may be displacing a native species (Ae. atropalpus) in rock pools.  
To investigate the determinants of mosquito community composition in riverine rock pools, field collections were 
obtained regularly for one year, and temperature-based experiments considering fecundity and size as functions 
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of temperature were performed in the laboratory with Ae. atropalpus.  Our results support the hypothesis that 
temperature is the primary factor influencing mosquito species composition in rock pools.

38 Vertical transmission and venereal transmission of a Mexican strain of Zika virus in  
Aedes aegypti 
Jeremy S Marshall, jeremy.marshall01@utrgv.edu, John M Thomas III, Christopher J Vitek   

Zika virus is maintained through human to mosquito to human transmission, but it may be maintained in 
a mosquito population alone through trans-ovarial transmission. We tested this hypothesis by using colony Aedes 
aegypti which were infected, mated with males, and allowed to oviposit.  This allowed us to test for female to male 
transmission and vertical transmission. These data will be discussed and highlight the potential to maintain Zika virus in 
a purely zoonotic cycle.

39 Assessing knowledge, attitudes, practices and the risk of tick exposure of park  
visitors on Staten Island, New York 

 Erin Hassett, eh648@cornell.edu, Purva Shah, Maria Fernandez, Maria Diuk-Wasser,  
Samantha Centeno, Laura Harrington 

Green spaces are important for human well-being but may increase exposure to ticks and tick-borne 
pathogens. We assessed park visitor knowledge, behavior, and risk of tick exposure measured via acarological indices 
in Staten Island, NY. Tick abundance varied by park and habitat type. Visitors’ knowledge of ticks was moderate; while 
most were aware ticks are in parks (43%), many (42%) don’t conduct tick checks. Our results would help inform 
education programs targeting park visitor safety.

40 Vector Competence of Aedes aegypti Influenced by Larvicide Exposure 
Robert L Aldridge, robert.aldridge@usda.gov, Barry W Alto, Roxanne C Connelly,  
Bernard A Okech, Blair Siegfried, Kenneth J Linthicum 

A variety of larvicides were bioassayed to produce dose-response curves against Aedes aegypti. Adults were 
generated by exposing larvae to concentrations that would yield sub-optimal (i.e., ≥LC25 , ≤LC50) mortality. Surviving 
exposed adults were then fed dengue virus-1 via bloodmeal, and their vector competence was compared to unexposed 
adults. Our results describe the difference in survivorship between larvicides and the effect that prior larvicide 
exposure has on vector competence in the adult stage.

7th Annual AMCA Arthropod Vector Highlight 
Symposium
41 Highlights of vector control 

Gissella M.  Vasquez, gissella.m.vasquez.ln@mail.mil 

This presentation will highlight the latest advancements in vector control based on studies published in 
2019, with sample papers selected for additional discussion. The goal is to review the year’s highlights in vector 
surveillance and control approaches including innovations and promising findings on the use of mosquito larviciding 
and adulticiding, spatial repellents, oral insecticides, botanical insecticides, anti-parasitic drugs, biological control, 
transgenic and sterile insect technique, and Wolbachia-based control. Topics will be broadly reviewed and aspects 
most relevant to vector control as for example the impact of insecticide resistance and vector-borne disease 
epidemiology, will be emphasized. Ground breaking research will be discussed in depth and major contributions will 
be noted. This review will provide insight into the latest vector control research topics and key engagements, and how 
these findings can help deal with current challenges in vector control operations.

42 Highlights of mosquito biology, 2019 
Rebecca Heinig, rheinig@cmcd.org 

Mosquitoes continue to be a hot topic in the research world, with new papers being published at a rate of 
over 50 per week. This presentation will highlight some of this year’s most impactful, interesting, and just plain weird 
findings from the realm of mosquito biology with an emphasis on their relevance to mosquito researchers and control 
professionals.
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43 Highlights of mosquito control and research in Africa 2019 
Silas Majambere, silas.majambere@pamca.org 

Mosquito borne diseases continue to burden the continent of Africa, with malaria on its own claiming close 
to half a million lives every year. Other diseases such as dengue fever are on the rise and likely to expand further with 
growing urbanization.

Unlike other parts of the world, mosquito control and R&D in Africa has long been biased towards “indoor control” 
mainly because it has been developed around the control of Anopheles vectors of malaria that predominantly bite and 
rest indoors. The two main mosquito control tools in Africa are bed nets and indoor spraying of residual insecticides. 
Since 2000, over one billion mosquito nets have been distributed in Africa.

However these methods of control are threatened with the development of insecticide resistance and behaviour 
change in mosquito vectors.

This review will summarize the latest developments in mosquito control and research in Africa in 2019, focusing on the 
new chemistries being developed for bed nets and indoor residual spraying, but also the growing interest in additional 
mosquito control strategies including reviving larval source management and environmental management, house 
modifications, and innovative strategies for outdoor mosquito control.

Legislative and Regulatory Symposium II
44 Mosquito control on National Wildlife Refuges 

William H. Meredith, William.Meredith@delaware.gov 

As the U.S. Fish and Wildlife Service goes to implement the contents of itheir new “Handbook for Mosquito 
Management on National Wildlife Refuges” (June, 2018), it’s critical that local Mosquito Control Programs (MCPs) 
are in agreement or concurrence with however mosquito control might then be done on-refuge, in terms of needs, 
purposes and allowable control practices.  Local MCPs are the entities who have statutory or regulatory responsibility 
for contending with refuge-produced mosquitoes for sake of people off-refuge, whether nearby or even distant from 
a NWR, and who actually have to perform and pay for mosquito control work on-refuge.  Whatever conditions or 
requirements that the Service might want to set or impose in manner of Special Conditions in Special Use Permits that 
are issued annually to local MCPs to allow for mosquito control work on-refuge, or that might become part of refuge-
specific Mosquito Management Plans (MMPs), need to have full buy-in by local MCPs, especially since in most cases 
it’s MCP personnel who have best knowledge and expertise for how to tackle such work on-refuge (and elsewhere 
too) in efficacious, practicable, cost effective, environmentally-compatible manner.  Trying to successfully address 
these matters necessitates close collaboration and good cooperation between the Service and local MCPs, especially 
since interpretation of some of the new Handbook’s contents, with the Handbook intended to be but a “guidance 
document” for Refuge Managers regarding recommended do’s-and-don’ts for mosquito control work on-refuge, 
could constitute some matters of contention.  A few case studies will briefly be reviewed to show how things are now 
working out, along with a call for better communications among our AMCA members who are actually working on 
NWRs, or who might desire to newly start or resurrect such work on-refuge..

45 Creation of a mosquito management plan on National Wildlife Refuges in the  
Pacific Northwest 
Steve Kahl, steve_kahl@fws.gov, Bridgette Flanders-Wanner 

In 2018, the United States Fish and Wildlife Service published the Handbook for Mosquito Management on 
National Wildlife Refuges.  This presentation will discuss the collaborative process used by Pacific Region One Refuge 
Managers and the National Integrated Pest Management Coordinator in cooperation with mosquito control programs 
in Oregon and Washington to create a new mosquito management plan.  Mosquito control programs working on 
federal lands will benefit from hearing the latest news on potential threatened and endangered species listings.

46 Pesticides and the ESA: Turning challenges into opportunities 
Ashlea Frank, afrank@complianceservices.com, Leah Duzy 

The registration and continued use of pesticides under the Federal Insecticide, Rodenticide, and Fungicide 
Act (FIFRA) is complicated by the requirement for US EPA’s approved actions (i.e., registering a pesticide label) to 
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comply with the Endangered Species Act (ESA). Outcomes of evaluating a pesticide for potential effects on species 
listed under the ESA can present challenges for mosquito control districts. Program implementation by districts 
may be limited due to additional restrictions on currently registered products and barriers to new modes of action 
hitting the market. However, this dynamic can also present opportunities to work collaboratively with land managers 
to improve the environmental baseline while meeting mosquito control goals. Examples of opportunities to meet 
both environmental protection and mosquito control goals can include implementing voluntary conservation efforts, 
making minor changes to application schedules, and raising awareness of sensitive habitats. The objectives of this 
presentation are to discuss examples of voluntary conservation efforts and explore opportunities that can lead to 
successfully navigating the potential ESA/pesticide hurdle.

47 Salmon recovery and mosquito control: Sharing a river corridor in the Yakima Basin 
Alexander Conley, aconley@ybfwrb.org 

Salmon runs in the Pacific Northwest are in trouble. In response, federal, tribal, state and local partners 
have invested in large-scale programs to restore healthy, harvestable salmon runs. While debates on the potential 
impacts of pesticides on aquatic habitat tend to dominate the discussion of how mosquito control relates to salmon 
recovery, there are many other areas where the two endeavors overlap. A key component of recovery efforts is 
habitat restoration, with a focus on restoring active floodplains with diverse and constantly changing networks of river 
channels, side channels, backwaters and ponds. This talk will review ways that salmon recovery efforts and mosquito 
control work overlap, using examples from the Yakima River Bain in central Washington. These examples include large 
levees setback projects, side channel reconnections, and invasive aquatic vegetation management, each of which 
creates a unique set of challenges and opportunities for mosquito control efforts. The talk will end by reflecting on 
how mosquito control groups can effectively participate in planning and implementing large-scale salmon habitat 
restoration projects, and how salmon recovery planners can anticipate and address the ways in which their projects 
may impact mosquito control programs. This talk is driven by the hope that we can partner together to manage river 
corridors that are healthy habitats for both fish and humans.

48 ESA considerations in mosquito control: How new species listings can affect  
your program 
Mark E Clifton, mclifton@nsmad.com 

The Endangered Species Act (ESA) was enacted to protect species in danger of extinction as well as the 
habitat that these imperiled species rely on. Originally limited in scope and intent, the ESA has been modified by 
subsequent legislation, judicial decisions and administrative policy to impact many regulatory areas relevant to 
mosquito control.  Since the 2017 listing of the Rust-Patched Bumblebee, the ESA continues to evolve to included 
new and legally unchallenged principles such as the “zone of high-potential” and a new framework for inter-agency 
cooperation. This talk will describe the basic principles and structure of the ESA, it’s evolution since the first iteration 
in 1966 and the modern components of the legislation that have the potential to directly impact mosquito control 
operations. New and existing ESA petitions will be explored with an emphasis on those petitions most likely to impact 
mosquito control.

49 USFWS Technical Letter of Assistance for Endangered Species Act Compliance 
Paul R Bauman, pbauman@tasd-mosquitoes.org 

The rationale and need for consultation with the United States Fish & Wildlife Service (USFWS) 
regarding Endangered Species Act (ESA) compliance by the Toledo Area Sanitary District (TASD) is discussed in 
this presentation.  Upon making contact with the USFWS, TASD requested a technical letter of assistance for its 
operations.  USFWS asked that a program plan be provided with that request.  After USFWS review, approximately 
one month after the initial request, a technical letter of assistance was obtained by TASD with only a small amount of 
treatment concessions being asked for by the USFWS.  The small operational accommodations were made by TASD 
and the encouraging language in the USFWS technical letter of assistance helped with ESA compliance concerns.  
USFWS would like this process to be a model for ensuring ESA compliance with other mosquito abatement districts 
across the country.

50 Unmanned Aerial Systems (UAS) Legislative and Regulatory Updates 
Joel B Buettner, joelb@placermosquito.org 

Unmanned Aerial Systems (UAS) regulations have been rapidly evolving.  I will cover new regulations and 
processes that are currently in use by mosquito control agencies, and highlight legislative and regulatory issues that 
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may impact the use of UAS in mosquito control in the near future (UAS).  I will also provide a report from the Second 
Annual Remote Piloted Aerial Application (RPAA) Workshop hosted by USDA and held in Orlando, Florida.

Operations I
51 Controlling invasive Aedes species in Los Angeles County schools 

David Lopez, dlopez@glacvcd.org 

Since 2014 invasive Aedes mosquitoes have been spreading throughout LA County. These tiny black and 
white invasive mosquitoes are difficult to control because their eggs remain viable without water for years. That 
coupled with the fact that their attraction to bite and to live indoor with humans goes unparalleled compared to 
other species of mosquitoes. Public schools and schools in general have been hit hard by the presence of Ae. aegypti 
and Ae. albopictus. The hidden sources around campuses have been a nightmare for staff and students alike. They’re 
disrupting classes and in some cases students have been staying home because of the bite pressure. This presentation 
focuses on identifying mosquito breeding sources inside and outside of the classroom, the control methods you can 
and cannot use, the role of community liasons and educating the affected parties to bring mosquito awareness at 
these affected schools.

52 Automated county level mosquito surveillance program: combining existing traps  
with laboratory edge technology and GIS software 
Hanan Lepek, Hanan@senecio-robotics.com 

Monitoring the local mosquito population is a tedious job. Surveillance is limited to the man power and 
number of hours a county mosquito abatement district can apply to counting mosquitoes coming in from the 
plethora of field traps. An abatement district which lacks sufficient man power, would often use landing rates and bite 
counts as a method to measure adult mosquito activity in a specific area. Imagine if a county could spread thousands 
of low-cost mosquito traps without concern whether it has sufficient man power for the job? Join the lecture and stay 
updated with the latest news about a game changer technology and how mosquitoes are monitored over large scale 
areas. During the presentation the associated challenges with understanding the current situation together with actual 
results and county and state level architecture will be discussed. The presentation will reveal how deep learning and 
advanced software and hardware tools are combined with existing low-cost traps into a single solution, after which, 
mosquito surveillance operations and its related vector control decision making, will never be the same again.

53 2019 Tangipahoa parish mosquito control operations and technology upgrades 
Colby Colona, colby@tangimosquito.org 

This presentation will discuss overall operations of the Tangipahoa Mosquito Abatement District in 
Hammond, Louisiana for the 2019 year. This presentation will discuss mosquito population data, disease activity, on-
going LAMP testing, and implementation of a new notification system. This annual data will be compared to previous 
years. Additionally, future goals and upcoming projects will be discussed.

54 Enhanced routing methods for truck mounted applications in urban environments 
Ruben S Rosas, rrosas@fightthebite.net, Steve Ramos 

The Sacramento-Yolo Mosquito and Vector Control District (District) has been using truck mounted low volume 
larvicide applications (LVL) to target cryptic sources in urban areas with high Culex pipiens populations and to prevent 
the spread of West Nile virus.  Due to the recent detection of Aedes aegypti, mapping and routing for effective LVL have 
become a critical component of successful urban larval control.  Using a combination of ArcGIS, Google Maps, Google 
Drive and an IOS app called inRoute, the District has developed a systematic approach for creating routes for LVL and 
providing seamless navigation in the field.  By using these platforms, the District is able to create shareable routes that are 
easily accessible and accurately calculate needed material prior to visiting the site.  Within the routing app, the applicator 
receives turn by turn directions, live wind data and can identify where overlap from other routes occur.  In addition, spray 
off and spray on notifications can be manually inserted along the route to help guide the applicator.  By utilizing these 
tools, the District is able to streamline a workflow that is effective and efficient.
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55 Overview of a private mosquito control program using best management practices 
Dan Killingsworth, dan.killingsworth@pest.com 

Private pest control companies can achieve favorable results following best practices for integrated mosquito 
management (IMM). Heron’s Forest is a gated community of 182 homes on 155 acres in Pensacola, FL (Escambia 
County). It is heavily wooded, features extensive nature trails and is bordered by a coastal saltmarsh preserve. This 
community is not regularly treated by municipal mosquito control. Preliminary light trap surveys indicated extensive 
populations of mosquitoes, Culicoides sp., and Diachlorus ferrugatus. The majority of mosquito issues were Culex 
quinquefasciatus developing within the retention ponds and storm water drains, cattail ponds promoting Coquillettidia 
perturbans and Mansonia titillans, and household artificial containers harboring Aedes albopictus. Consensus of 
neighborhood priorities indicated biting insect reduction in the commons areas and nature trails was paramount, 
followed by control around residential areas. Protection of the nature preserve was heavily stressed. From these 
parameters a treatment plan was formed to include weekly surveillance using CDC light traps and larval sampling. 
Beginning in June of 2018, weekly bifenthrin barrier and space treatments of the commons areas and nature trails were 
performed, along with one fourth of the neighborhood homes. After four weeks, each household had been evaluated, 
source reduction performed where possible and limitations of treatments ascertained. Mosquito populations were 
reduced by over 90 percent. An ancillary benefit from the scope and frequency of barrier treatments was the 
markedly reduced populations of biting midges and yellow flies as the nature trails were the main harborage areas. 
Treatments continued for a total of four months, resumed in April of 2019 for a consecutive six month period and 
will continue in May of 2020. Feedback from a neighborhood survey indicated overwhelming satisfaction with the 
program. By determining pest species, infestation locations, and community priorities, a successful mosquito program 
was developed and implemented using best management practices.

56 An examination of field trials using a BG-Counter with custom fabricated stand in  
Charlotte County, FL 
Beth Kovach, beth.carey-kovach@charlottecountyfl.gov, Rebecca Owers, Brian Greig,  
Scott Schermerhorn 

The BG-Counter, developed by Biogents, is a complex monitoring device designed to work with a BG-Sentinel 
trap. The BG-Counter measures mosquito activity autonomously and transmits that data wirelessly to a cloud server 
which can be accessed in real time at any location. The BG-Counter trap can be run in remote locations for extended 
periods of time depending on CO2 capacity and power requirements that can be provided by DC battery power, solar 
power, or a combination of both. However, the authors have found that placing the BG-Counter trap in remote areas 
leads to the risk of having the trap exposed to the elements, vandalism, animal curiosity, and theft. To curtail these 
risks, personnel fabricated a light-weight aluminum stand with a photovoltaic panel that not only will keep the trap 
secure, but will protect it from weather events and tampering. Biological specialists then tested the trap both with and 
without the stand to determine if there was a significant difference between the numbers and types of mosquitoes 
caught. Numbers and species of mosquitoes caught will be presented indicating the efficacy of the custom fabricated 
stand. Discussion regarding materials, cost, benefits, and implementation practices will be presented.

57 First time detection of Aedes aegypti in Placer County (Northern California) in 2019 
Mario J Boisvert, mariob@placermosquito.org, Jake W Hartle, Joel Buettner 

After being “stopped” in Fresno, CA for almost three years, Aedes aegypti finally moved north to invade 
in a very short period of time five new counties in Northern California in 2019. Placer County was one of those five 
counties and an adult female of Ae. aegypti was detected for the first time in the county on August 28th 2019. Even 
though you wish you will never have to deal with those “invaders”, The District’s management staff was expecting 
that first detection since a few years. The question was not if they would move north but when it would happen. The 
Placer Mosquito and Vector Control District (PMVCD) already had a response plan ready for the expected presence of 
that considered “invasive species” in California. The purpose of this presentation is to share with other Districts how 
PMVCD responded to the new presence of Ae. aegypti and how we learned from other Mosquito Districts (California 
and state-wide) that had previously faced similar infestations. Topics such as the response plan, the short, mid and 
long-term operational approach, people outreach, communication and collaboration with neighboring districts, etc. 
will be discussed in that presentation.

16



58 Initiating environment surveillance for arbovirus diseases after the passage of  
Tropical Storm Imelda in Harris County, Texas 
Maximea Vigilant, max.vigilant@phs.hctx.net, Dange Duguma, Chris Fredregill   

Harris County Public Health - Mosquito and Vector Control (MVCD) undertakes environmental surveillance 
activities year-round to protect approximately 5 million residents who live within 1,778 square miles of Harris County.  
Harris county Texas have experienced its fair share of natural disasters over the past couple of years. The major 
environmental impact has been from flooding which damage homes and infrastructure, rendered streets inaccessible, 
and subjected residents to environmental stressors. Tropical Storm Imelda, the fifth-wettest cyclone on record in 
the continental United States and the eleventh named tropical cyclone for 2019, began impacting Harris County 
on September 17. The storm dropped over 30 inches of rain in some areas causing widespread flooding and loss 
of life. Once the Storm was declared a disaster by the State of Texas, the division initiated surveillance activities to 
monitor mosquito control operational areas (MCOA) for mosquito-borne disease vectors. These included larval 
surveys, landing rate counts, adult mosquito surveillance, education outreach and ground-based ultra-low volume 
pesticide application. The County was divided into 21 regions. More than 600 landing rate counts were conducted in 
approximately 150 MCOAs.  A total of 579 traps were set collecting 48,844 mosquitoes, 24,775 of which were pooled 
in 987 pools and submitted for virus testing. Areas that exceeded the threshold level set for LRCs were treated by 
ULV application with either malathion, permethrin or both. There was no increase in either endemic nor emerging 
arboviruses during the surveillance period but as expected the level of nuisance mosquitoes increased by significant 
amounts.

59 Water lettuce (Pistia stratiotes) habitat associations of Mansonia species (spp)  
 in Ave Maria, Florida 
 Rachel B Bales, rbales@cmcd.org, Drew Luckow, Peter Brake, Sara Grant, Michael Morrison,  
 Nate Phillips, Keira J Lucas 

Understanding the relationship between aquatic weeds and mosquito abundance is essential to the effective 
control of Mansonia species (spp) in Ave Maria, Florida. The town is 20 sq km surrounded almost entirely of cypress 
swamp and agricultural fields in rural East Collier County, located in Southwest Florida. Water lettuce (Pistia stratiotes) 
and other aquatic plants proliferate the irrigation canals of agricultural farmlands. Until recently, there was no aquatic 
plant monitoring program in place by the Collier Mosquito Control District. The aim of this project was to investigate 
whether the presence of water lettuce habitat significantly contributes to the mosquito population abundance in Ave 
Maria. Here we identify areas producing a high abundance of Mansonia spp (related to) aquatic plant coverage in Ave 
Maria using historical CDC light trap data. Evaluation of Mansonia populations from four locations with drone VARI 
imaging, CDC light traps and emergence traps revealed that in all locations aquatic plants are found, Mansonia spp are 
also present in high numbers. In addition, Anopholes spp, Culex nigripalpus and Uranotaenia spp were also found in 
habitats associated with Mansonia spp.

Student Competition II
60 A comparison of collection methods and check distances for invasive Asian long- 

horned tick, Haemaphysalis longicornis, in Westchester County, NY. 
Phurchhoki Sherpa, ps953@cornell.edu, Nicholas Piedmonte, Kathryn Wunderlin,  
Laura Harrington, Richard Falco 

Since its first discovery in NJ, in 2017, Haemaphysalis longicornis has been identified in twelve US states. 
Three collection methods and three check distances were compared in Westchester County, NY, to provide public 
health and vector control programs with additional tools to understand abundance and spread of H. longicornis. 
Results demonstrate that dragging and sweeping are comparable in effectiveness and shorter check distances are 
optimal; whereas, CO2 traps are not effective in retaining H. longicornis.

61 Differentiating mosquito populations using genetic diversity 
Rachel Christine Malampy, rachel.malampy01@utrgv.edu, Erin Schuenzel, Christopher Vitek 

Aedes aegypti has a limited flight range. Insecticides and barriers, such as large roads and canals, contribute 
to low genetic differentiation presumably through limiting population movement. We examined the relationship 
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between genetic similarity and distance between oviposition sites of Ae. aegypti populations in residential areas and 
compared CO1 loci. These data will aid in increasing efficacy of disease and mosquito control efforts and increase 
understanding of how habitat fragmentation impacts mosquito flight.

62 North American Mosquito Project: Population Genetics of Culex tarsalis using  
Crowdsourcing Methodology 
Julie C Tsecouras, jtsec001@ucr.edu, William Walton, Lee Cohnstaedt 

Culex tarsalis mosquitoes were collected using crowd sourcing throughout North America. The samples 
were sequenced using RADseq to identify 7,632 SNPs throughout the genome. The population-level allele frequencies 
identified six distinct populations with no association to genetic isolation-by-distance. This implies evolutionary 
adaptations separating the populations such as summer estivation, winter diapause, and desiccation resistance given 
the West to East geographic establishment pattern.

63 Genetic and phenotypic assessment of the insecticide susceptibility of Culex pipiens  
and Culex restuans in Illinois 
Kylee Noel, krnoel@illinois.edu, Chris Stone, Chang-Hyun Kim 

In this study, we aimed to document the presence of resistance in populations of Culex pipiens and Culex 
restuans throughout the state of Illinois. Egg rafts were collected in the field and identified to species. Adults were 
then subjected to CDC bottle assays to determine their sensitivity to commonly used insecticides and screened 
for the presence of kdr. Evidence for resistance was widespread, though highly variable. The next steps will include 
determining genetic mechanisms.

64 Role of odorant receptors in Aedes aegypti reproduction 
Olayinka David, odavi022@fiu.edu, Andre Luis Costa-da-Silva, Matthew DeGennaro 

We characterized the reproductive competence of Aedes aegypti odorant receptor mutant mosquitoes 
across two gonotrophic cycles using individual oviposition/hatch rate and sperm count assays. Whereas mutant 
mosquitoes showed similar capacity to ingest blood-meal and store sperm as wild type, they have reduced egg hatch 
rate. Mixed genotype cross-mating experiments revealed the defect to be female dependent and more severe in the 
second cycle. Our findings can potentially pave the way for new vector control strategy.

Vision 2020 for Resistance Management:  
You might find if you seek Symposium I
67 Two years of insecticide resistance evaluations in the North Shore Suburbs  

of Chicago 
Justin Harbison, jharbison@luc.edu 

Using the CDC bottle bioassay protocol, we sampled mosquitoes for insecticide resistance during the 
2018 and 2019 seasons throughout the North Shore Mosquito Abatement District. We evaluated three different 
active ingredients, permethrin, sumithrin, and malathion, against Culex restuans and mosquitoes in the Cx. pipiens 
complex. Additionally, in 2018, we performed adulticide effectiveness trials to better gauge any reduction in mosquito 
abundance associated with our seasonal spraying and in light of any resistance observed. .

68 Efficacy and Longevity of Insect Growth Regulators Altosid® (Methoprene) and  
SumiLarv® (Pyriproxyfen) Against Culex quinquefasciatus Under Semi-natural  
Conditions in Orange County, Calif. 
Robert Cummings, rcummings@ocvector.org, Timothy Morgan, Sokanary Sun,  
Xiaoming Wang, Kiet Nguyen, David Taylor, Tianyun Su 

Common features found in residential yards, such as fountains, neglected swimming pools, ornamental plant 
containers, plastic bins, and a variety of other water-holding objects, play an important role in mosquito production 
in urban/suburban landscapes. An ideal immature mosquito control product to apply to peridomestic breeding 
sources would be one that provides extended control efficacy and minimizes retreatments. Several sustained release 
Altosid® (methoprene) formulations ranging from 2.1% – 8.62% a.i in briquets or pellets and SumiLarv® (pyriproxyfen, 
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0.5% a.i.) in a sand-based product were evaluated to determine the efficacy and longevity of these insect growth 
regulators (IGR) against southern California’s most abundant “backyard” mosquito, Culex quinquefasciatus Say. We 
assessed the inhibition of emergence (IE) in pupae of the products in medium (128.7 liters) and large (1820 liters) 
breeding sources in semi-natural, mesocosm environments. Every two weeks, four to six, either wild or colony strain 
Cx. quinquefasciatus egg rafts, were added to the various-sized test containers that had been treated according to 
label application rates for each IGR product; egg rafts were also introduced to several similar-sized containers for 
non-treatment controls. Free swimming pupal samples from each replicate were collected and transferred to rearing 
chambers biweekly. For all methoprene-containing formulations, results of the semi-field trials demonstrated low IE 
(< 90%), suggesting either evidence of methoprene tolerance in wild Cx. quinquefasciatus or a product performance 
issue. For the pyriproxyfen formulation, no adult emergence was observed until 125 days post treatment in the 
medium sized tanks (0.777 g/l a.i.) and 30 days in the large tanks (0.016 g/l a.i.). Preliminary results indicate that 
SumiLarv® is effective against Cx. quinquefasciatus in medium-sized containers for 18 weeks.

69 Methoprene resistance in Aedes taeniorhynchus 
Mark Kartzinel, m.kartzinel@irmosquito2.org, Eva Buckner 

Since Dame et al. (1998) published the original record of methoprene resistance in Aedes taeniorhynchus 
from Lee County, Florida, there have been no other reports of methoprene resistant populations of Ae. 
taeniorhynchus until now. In the summer of 2017, aerial applications of Altosand (a methoprene-based granular 
formulation) over saltmarshes in Indian River County, Florida began to demonstrate low efficacy; field observations 
demonstrated high survivorship of Aedes taeniorhynchus in treated areas. In response, a preliminary study 
was performed to examine the effects of Altosid SR20 (20% methoprene) against: susceptible lab-reared Ae. 
taeniorhynchus, field-collected Ae. taeniorynchus, local lab-reared Ae. aegypti, and field-collected Culex nigripalpus 
larvae from Indian River County, FL. In a laboratory environment, mortality was evaluated when 3rd instar larvae were 
placed in a closed system with 20 ppb or 40 ppb methoprene (Altosid SR20). Mortality varied dramatically across 
populations. Exposure to both 20 ppb and 40 ppb methoprene resulted in 100% mortality against susceptible Ae. 
taeniorhynchus, while mortality rates of only 33% and 32%, respectively, were obtained for the Indian River County Ae. 
taeniorhynchus. In 20 ppb and 40 ppb methoprene trials, 93% and 100% mortality was obtained for Cx. nigripalpus, 
while 88% and 91% mortality, respectively, was found for Ae. aegypti. These results suggest that the decreased 
efficacy in methoprene treatments recently observed against Indian River County Ae. taeniorhynchus may be due 
to methoprene resistance. This is the first report of methoprene resistance in Ae. taeniorhynchus in Florida in over 
twenty years.

70 Risk assessment of resistance to biorational mosquito larvicides 
Tianyun Su, tsu@wvmvcd.org 

Mosquito larvicides derived from microbial organisms and insect growth regulator have been increasingly 
used to control mosquito larvae. Their relative target specificity, non-target safety and environmentally friendly profile 
have been well documented. Bacillus thuringiensis israelensis de Bajac (B.t.i.) is a quick and highly target-specific 
biopesticide against mosquitoes and blackflies, resistance development toward intact toxin complex of B.t.i. was rare, 
however, low to high levels of resistance to individual toxins have occurred in laboratory mosquito populations. The 
toxins from bacterium Bacillus sphaericus Neide (recently renamed Lysinibacillus sphaericus Meyer and Neide) is 
another highly active larvicide against mosquitoes, toward which low to high levels of resistance have occurred in 
both laboratory and field mosquito populations. The Cyt1A toxin from B.t.i. and Mtx toxin from certain strains of B. 
sphaericus are the key components in resistance management to B.t.i. and B. sphaericus. The resistance management 
strategies have been well developed and implemented. Spinosad derived from Saccharopolyspora spinosa Mertz 
and Yao has been recently used for mosquito control; high levels of resistance and cross resistance have occurred in 
laboratory mosquito populations; no management tactics have ever been developed. Methoprene have been used 
to control mosquitoes for about 40 years, low to high levels of resistance have been occasionally reported in both 
laboratory and field mosquito populations. Studies on mechanism and management of methoprene resistance are 
quite meager. Very little attention has been paid to the resistance management in mosquitoes to other insect growth 
regulators such as pyriproxyfen and diflubenzuron. The prevention of resistance and restoration of susceptibility in 
mosquitoes to these biorational larvicides are crucial to the success of sustainable integrated mosquito management.
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71 NEVBD pesticide resistance monitoring network: establishing a centralized network  
to increase regional capacity for pesticide resistance detection and monitoring 
James C Burtis, jb766@cornell.edu, Joseph D Poggi, Joseph R McMillan, Scott C Crans,  
Scott R Campbell, Amy Isenberg, Janice Pulver, Theodore G Andreadis, Philip M Armstrong,  
Laura C Harrington

The Northeast Regional Center for Excellence in Vector-Borne Diseases (NEVBD) is a CDC-funded regional 
collective of researchers with the shared goal of evaluating strategies for the monitoring, prediction, and control of 
vector-borne diseases in the northeastern United States. In 2019, NEVBD collaborators at Cornell University worked 
with state- and county-level agencies to initiate a pesticide resistance monitoring network covering the northeastern 
United States. First, the community of practice was surveyed to determine the optimal method for addressing their 
needs. A total of 58 agencies participated, with at least one respondent from each of the 13 states in the NEVBD’s 
region. Surveys revealed a need for evaluating the most common larvicide active ingredients deployed regionally. 
Accordingly, larvicidal bioassays were developed as well as training materials to assist municipalities in collecting and 
testing mosquitoes. Additionally, the NEVBD initiated a specimen submission system allowing agencies to directly 
submit their mosquitoes to Cornell University for resistance testing. These tools allowed for the identification of 
wide-spread low-level resistance to methoprene in many of the regional Culex pipiens populations. This program also 
provided participants with relevant information regarding the resistance status of mosquitoes to other commonly 
deployed active ingredients. The NEVBD continues to work to form a collaborative network for public health 
professionals in the northeast to facilitate the sharing of pesticide resistance information across state and county 
lines. Results from our first field season will be presented, along with plans for 2020. For more information about the 
NEVBD please visit http://neregionalvectorcenter.com/, and for details regarding our pesticide resistance monitoring 
network please visit http://neregionalvectorcenter.com/resistance.

NASA Earth Observations for Improved 
Vector-borne Disease Surveillance and Risk 
Characterization Symposium I 

72 Earth Observations Applied to a Changing World: NASA Health and Air Quality  
Applications 
John A Haynes, jhaynes@nasa.gov 

Remote sensing data and technology provide valuable information that can bridge gaps of environmental, 
spatial, and temporal data for tracking vector-borne diseases. These geospatial data can complement field observation 
data, highlighting real-time conditions of the aquatic, atmospheric, and terrestrial ecosystems. Although the field of 
geospatial health remains in its infancy, scientific collaborations between multi-disciplinary research groups can allow 
the development of robust research questions that advance our scientific understanding of diverse environmental 
health challenges such as vector-borne disease risks. In this presentation, we will introduce the NASA Health and Air 
Quality Applications area and describe the significance of applied environmental health research using NASA satellite 
data. We will also provide an overview of research projects that integrate remote sensing data and technology to 
examine human health risks associated with vector-borne disease, water-related illness, and air pollution.

73 VectorSurv Gateway tools for tracking the spread of invasive Aedes and risk for  
Aedes-borne viruses 
Christopher M Barker, cmbarker@ucdavis.edu 

The VectorSurv Gateway is an online data management system first launched in 2006 to allow for storage, 
visualization and analysis of mosquito and arbovirus surveillance data by mosquito control and public health agencies 
in California. The system is fully scalable and now serves multiple states and territories, allowing each state to 
manage its own data, laboratory testing, and related policies. This presentation will describe recent advances for the 
VectorSurv system that integrate NASA earth observations to track the ongoing spread of invasive Aedes albopictus, 
Aedes aegypti, and Aedes notoscriptus and the risk for local transmission of dengue, Zika, and chikungunya viruses in 
the United States.
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74 A Thermodynamic Paradigm for Studying Disease Vector’s Habitats & Life Cycles  
Using NASA’s NextGen Remote Sensing Instruments 
Jeffrey Luvall, jluvall@nasa.gov 

Global public health is entering a new informational age through the use of spatial models of disease vector/
host ecologies driven by the use of remotely sensed data to measure environmental and structural factors critical in 
determining disease vector habitats, distributions, life cycles, and host interactions. The vector habitat microclimates 
can be quantified in terms of the surface energy budget measured by satellites. The epidemiological equations 
(processes) can be adapted and modified to explicitly incorporate environmental factors and interfaces required 
by a specific disease and its vector/host cycle. Remote sensing can be used to measure or evaluate or estimate both 
environment (state functions) and interface (process functions) defining vector habitats. The products of remote 
sensing can be integrated directly into the epidemiological equations to significantly enhance our understanding 
of disease vector’s life cycles and habitats. The next generation of NASA’s remote sensing instruments recently 
operational will provide a significant enhancement in our ability to study disease vector’s life cycles and habitats. Three 
new instruments have become operational on the International Space Station (ISS) In June 2018, ECOSTRESS (The 
ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station), a five channel, thermal IR instrument with 
70 m resolution and approximately 4-5 day repeat cycle of day/night pairs along with DESIS a hyperspectral sensor 
system 235 channels (between 400 and 1000 nanometers), 30 m resolution, and data only being acquired on demand. 
In November 2018. GEDI (Global Ecosystem Dynamics Investigation). GEDI is a high-resolution laser ranging of Earth’s 
forests and topography. These instruments set the stage for NASA’s new global designated observables set of remote 
sensing measurements collecting hyperspectral and multispectral thermal data called SBG (Surface Biology Geology). 
The SBG is currently in the planning stage. The availability and use of level 1-4 data products generated from these ISS 
instruments will be discussed.

75 Multiregion Modeling and Prediction of Human Arboviral Disease: West Nile Virus in  
South Dakota, Louisiana, and Elsewhere 

 Justin K Davis, justinkdavis@ou.edu 

 We have established a system for accurate, real-time prediction of human West Nile viruses cases in South 
Dakota, relying on weather and mosquito data provided by NASA and mosquito control districts. Recently, we 
expanded the scope of this project to Louisiana, which differs substantially from SD in its vector species, demographic 
characteristics, and reporting practices. Here we show that the system (ArboMAP: Arbovirus Modeling and Prediction 
to Forecast Mosquito-Borne Disease Outbreaks) performs well in these two states, and that mosquito surveillance 
there can inform accurate estimates of risk in even larger regions. Differences in environmental risk factors are 
discussed, especially as they relate to the two states’ vector species.

76 Using Satellite Data to Enhance One Health Networks in Vector Control 
Helena J Chapman, helena.chapman@nasa.gov 

The “One Health” concept emphasizes the interconnectedness between human, animal, and environmental 
health. Through transdisciplinary collaborations, scientists, and community practitioners can lead initiatives that 
examine risk factors, advance current practices, and conduct interventions that mitigate risk of pathogen or other 
environmental exposures. As a significant global health concern, vector-borne diseases represent an estimated 17% 
of all communicable diseases, directly affecting human and animal health. By incorporating the “One Health” concept 
into vector control, this holistic approach can strengthen disease surveillance programs and facilitate communication 
among stakeholders and community members. To address the global burden of vector-borne diseases, Earth-
observing satellite data can allow end users to assess environmental conditions and identify habitats of key disease 
vectors such as mosquitoes and ticks. These remote sensing data can be combined with field observation data from 
citizen scientists to examine environmental risks (e.g., mosquito-breeding sites) in affected communities, and hence 
validate the interpretation of scientific findings. In this paper, we will describe how cross-cutting scientific research and 
applications like remote sensing that incorporate the “One Health” concept can advance our scientific understanding 
of vector-borne disease risks and encourage community initiatives to safeguard population health. We will also offer 
opportunities for further scientific collaboration and professional networking within the wider One Health community.
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Latin American Student Competition
77 Amino acid and acylcarnitine profile in Aedes aegypti (L) during its life cycle and with  
 exposure to permethrin 

Olga Karina Villanueva-Segura, karinaypwm@gmail.com, Christian Eduardo Flores-Solís,  
Mayra A. Gómez-Govea, Laura E. Martínez-de-Villarreal, Gustavo  Ponce-García,  
Adriana E. Flores-Suárez, Margarita de la Luz Martínez-Fierro, Iván  Delgado-Enciso,  
Irám Pablo Rodríguez-Sánchez 

The Aedes aegypti mosquito is the most important entomological vector of arbovirus. This work aimed 
to quantify the concentrations of amino acids and acylcarnitines in eggs, larva 1-4, females and males of Ae. aegypti 
before and after exposure to the permethrin pyrethroid using tandem mass spectrometry. The results showed that 
tyrosine was the amino acids with the highest concentration in egg. For acylcarnitines C18 (octadecanoylcarnitine) 
showed a statistically significant difference in mosquitoes exposed to permethrin.

79 Identification of Aedes aegypti miRNAs conserved in class Insecta organisms 
Daniel Rafael Saldaña-Torres, danielixdaniel09@gmail.com, María de Lourdes Garza- 
Rodríguez, Hongwei  Liang, Margarita de la Luz Martínez-Fierro, Ivan  Delgado-Enciso,  
Laura E. Martínez-de-Villarreal, Yu  Zhou, Adriana E. Flores-Suárez, Xi  Chen,  
Chen-Yu  Zhang, Gustavo Ponce-García, Irám Pablo Rodríguez-Sánchez

The miRNAs have been characterized in mosquitoes that play important roles in diverse biological 
processes. The study aimed was to localize the microRNAs of Ae. Aegypti, in 3 experimental approaches (females, 
males and eggs), through next generation sequencing. A total of 55 conserved miRNAs were identified, of which 32 
had differential expression within the 3 biological approaches analyzed. The 3 predominant functions of the miRNA’s 
communities were enriched in the metamorphosis, development and basal functions.

80 Anopheles species naturally infected with Plasmodium parasites in the Colombian  
Pacific region 
Estefani Piedrahita, estefani.piedrahita@udea.edu.co, Vanessa Saavedra, Yeraldine Zuluaga,  
Juan Pablo Velez, Margarita Correa 

The Pacific Coast (PAC) is currently the most malarious endemic region of Colombia. This study aimed to 
detect Anopheles mosquitoes naturally infected with Plasmodium in PAC localities. Of 1,821 mosquitoes evaluated, 
four were detected infected. Results indicate that malaria transmission in PAC is mainly maintained by the Colombian 
main malaria vectors and a local vector, however, their distribution varies depending on the locality. This suggests the 
importance of applying control interventions that are locality/vector-specific.

83 Surveillance of mosquito species associated with sylvan communities on the Mexico- 
Guatemala border 
Rafael Vázquez, vamara23@hotmail.com, Rahuel Chan, Josué  De la Cruz, Carlos Espinoza,  
Cassandra González, Fabián Correa, Aldo Ortega 

Culicidae mosquitoes can be vectors of some arboviruses. In the border between Mexico and Guatemala, 
numerous arboviruses are reported annually. To know the diversity of mosquito species that are associated with the 
sylvan communities in this region, a mosquito collection was carried out in Chiapas and Guatemala. A total of 4,459 
mosquitoes were collected, belonging to 40 species. The most frequent species were Culex quinquefasciatus, Aedes 
aegypti, Psorophora varipes, Ps. albipes, and Ae. albopictus.

84 Evaluation of the efficacy of two larvicide pyriproxyfen formulations for the control  
of Aedes aegypti using spreading traps in three neighborhoods of Rio de Janeiro 

 Rosilene Alcantara Pinto, castlemosquito@gmail.com 

Control of Aedes aegypti despite being present, pathogens transmitted by this vector insect continue to 
spread. The use of new methodologies and alternatives for control. It was carried out in areas that comprise three 
neighborhoods in the west of the city of Rio de Janeiro.Thus, we can conclude that this methodology can contribute 
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positively as a complementary alternative to the control actions currently used, because besides being effective, it is 
easy to use, low cost.

85 Blood-feeding preferences of mosquitoes (Diptera: Culicidae) in five different types  
of land use in Campeche, México 

 Paulina paw Alcocer, walbey1921@gmail.com, Carlos Antonio Abella-Medrano,  
Andrea Rubí Jiménez, René Segura, Rafael Ojeda 

Mosquitoes are the most important disease vectors worldwide. Blood-feeding preferences modulate the 
transmission cycle of vector-borne diseases. 42 vertebrate host identities from 644 blood feed mosquitoes collected 
in five different types of land use were molecularly determined. Aedes scapularis, Aedes taeniorhynchus and Culex 
nigripalpus feeding patterns differ across study sites based on host availability (livestock, wildlife, and human hosts). 
Land-use change highlights the plasticity in the mosquito hematophagous feeding behavior.

65 Macroelements and trace elements profiles correlated with Aedes aegypti sex and  
live stages 
Mariana Jimenez, mariana.jimenez80@gmail.com, Mayra Gomez, Iram Rodriguez 

Metal cofactors have an important role in the cellular regulation systems, they also are required for enzymatic 
catalysis and structural stability of many proteins. Considering this roles, our investigation intends to establish the 
reference values of metals (Na, K, Zn, Fe, Mg, Mn, Cu and Ca). We use spectrometry (AAS and ICP-OES) to determine 
the presence of elements. With this results we can propose new strategies for  Aedes aegypti biological control

66 Isolation and characterization of bacteria from Aedes aegypti populations and their   
participation in the insecticide degradation. 
Diego Carrillo, dc.191297@gmail.com, Mayra Gomez, Iram Rodriguez 

We characterize the microbiota of Aedes aegypti and the role in permethrin and deltamethrin degradation. 
Mosquitoes were fed with sucrose 10% and antibiotics (gentamicin y pen-strepto). Bacteria were isolated from the 
middle gut and were determinated by MALDI-TOF. The relationship of insecticides degradation/growth were evaluated 
by HPLC and D.O. 600 nm. Microbiota bacteria with different insecticide degradation patterns were obtained.

159 A study on distribution and density of Aeded Aegypti in the city of Rio De Janeiro,  
Brazil, using entomologic traps - ovitrams for a definition of entomological risk of  
transmission of dengue 
Renato Maspero, castlemosquito@gmail.com 

The study of the location and distribution of Aedes aegypti (DIPTERA: Culicidae) through ovitraps supports 
concomitant studies on aspects of its bioecology related to social, climatic, epidemiological and other factors that 
modulate Dengue transmission. In Brazil, so far, only Aedes aegypti is recognized as a vector. Scientific research, 
associated with technical-operational activities, aims to contribute to the reduction of vector density. Activities are 
mainly based on the use of risk indicators, based on vector dynamics to direct control actions (Avendanha, 2006). 
Several methods estimate the vector population and its relationship to disease transmission (Gomes,1998). In this 
work, we chose to conduct a study on the distribution of the vector determining its density and verifying that, from 
the systematic collection of eggs in a structured program, accompanied and analyzed over time in the study sites, 
we propose a methodology to support the actions of control from this important phase in the vector life cycle. It is 
hoped with this work to verify the existence of correlation between positivity levels and vector density indicated by 
the monitoring methods adopted in the study (IPO, IDO, LIRAa) and the incidence of dengue in the study area. For 
this, a retrospective analysis of the results of the Ae monitoring program was performed. Ae. aegypti in Rio de Janeiro 
through the systematic collection of eggs, using 497 ovitraps, installed in the 29 neighborhoods that make up CAP 
3.3, west of the city of Rio de Janeiro, from January 2012 to June 2017. The results obtained in this study showed the 
identification of favorable territories and local entomological risk thresholds necessary for dengue transmission. The 
results were obtained were applied and improved the quality of the anti-sectorial service activities in the city of Rio de 
Janeiro, Brazil.
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Operations II/Aerial Resources
86 Rise of the machines: BG-Counters’ expanding role in CMCD’s mosquito  

surveillance program 
Rebecca Heinig, rheinig@cmcd.org, Jorge Puente, Sara Grant, Peter Brake, Nate Phillips,  
Keira Lucas 

Collier Mosquito Control District initiated its BG-Counter program in 2017 with 10 traps. As of the 2019 field 
season, we had one of the largest BG-Counter networks in the country, with 27 permanent traps placed throughout 
the District. This presentation will discuss the District’s experience with this technology, including an assessment of 
labor inputs vs. outputs, as well as the lessons we’ve learned in scaling up our program. We’ll also introduce side-
by-side data from our weather station pilot program, which was designed to enhance the value and utility of the 
information generated by the BG-Counters.

87 Novel automated sorter: larvae, male and female pupae continuous separator 
Hanan Lepek, hanan@senecio-robotics.com 

Rearing mosquitoes in the lab often requires the sorting of the larvae from the pupae, and usually also the 
sorting of female and male pupae.

To date, the process relies on manual sorting using glass plate separators, based on the size differences, with a 
technician pouring batches of hundreds to a few thousands of a mix of pupae and larvae in between the glass 
separator plates.

Join us to learn about a novel automated compact size and affordable machine, enabling the continuous flow of pupae 
and larvae, resulting in sorted larvae, male pupae and female pupae being placed in different trays for a clean and fast 
sorting process.

The innovative approach also enables the technician to oversee multiple automated sorters, achieving a high 
throughput per hour, instead of having a technician per separator.

Join the lecture to stay up to date with the latest information about the new generation of pupae and larvae 
automated separators.

88 Collection performance of the new BG-Pro Line mosquito traps in comparison to  
standard mosquito traps in various locations around the world 

 Jennifer McCaw, jennifer.mccaw@biogents.com, Caro Degener, Alvaro E. Eiras, Scott A. Ritchie,  
 Charles Abadam 

 CDC lights traps have been in use for decades since their introduction in 1962 (Sudia & Chamberlain). They 
were the first portable traps that could easily be operated in almost any field setting and allowed live capture of 
mosquitoes, which is especially important for arbovirus isolation. Since then, very few improvements have been made 
to this standard surveillance trap.

Biogents has developed and tested a new line of mosquito traps, called the BG-Pro line, which allows various functions 
of different trap types while providing higher quality parts, less energy consumption and an overall better performance 
than the standard traps. These new mosquito traps use a novel catch bag and a 3-bladed fan and come in three styles: 
EVS-style, CDC-style and Sentinel-style.

The performance of the new BG-Pro Line was compared to the standard EVS traps, CDC miniature light trap and 
BG-Sentinel traps in various locations around the world including the USA, Brazil, Australia, France and Germany. In 
addition to the user friendly and quality improvements, the new BG-Pro traps collected similar or even better than the 
standard surveillance traps. These results will be presented in this talk

89 Evaluation of In2Care Mosquito Trap in the United States Virgin Islands 
Krystal R. Seger, krystal.seger@doh.vi.gov, Brett Ellis 

Historically, traditional mosquito control in the United States Virgin Islands (USVI) has been concentrated 
to disease outbreaks. These activities have been limited primarily to adulticide truck spraying and backpack spraying 
of both larvicides and adulticides. Additional tools for integrated prevention and control are needed due to the 
increasing burden and frequency of Aedes aegypti-borne disease outbreaks. The U.S. Virgin Islands Department of 
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Health is currently evaluating In2Care Mosquito Traps within twelve acres on the island of St. Croix (Sept-Dec 2019) 
to determine the effectiveness of the traps at different densities for small-scale use. The trial design includes: 1) three 
control sites; 2) three treatment sites at a 5 trap/acre density; 3) three treatment sites at a 10 trap/acre density; and 
4) three treatment sites at a 15 trap/acre density, the highest recommended label application rate. The results of the 
study and relevant conclusions will be presented.

90 Record keeping requirements for small Unmanned Aerial Vehicles (sUAVs)  
conducting mosquito control 
Edward S Horvath, eshorvath@trmvc.com, Danta Marie Smith 

Small Unmanned Aerial Vehicles (sUAVs), also known as drones have been integrated into mosquito control 
operations around the world and recently into the United States.  Many high tech companies have been providing 
these systems for years without the knowledge of record keeping requirements within the US.  Individuals and 
agencies throughout the US have spent valuable time learning how to establish legal UAV spray programs, including 
working through the Part 137 process.

Those who have started the implementation of UAV spray programs have been struggling to find digital ways to track 
pesticide applications for record keeping.  This is due to the fact that some of these UAVs lack the ability to provide off 
the shelf flight and pesticide records that meet most State pesticide application record requirements.

Three Rivers Mosquito and Vector Control (Klamath Falls, Oregon, USA) has partnered with AirDatatm UAV (El 
Dorado Hills, California, USA) to utilize the data produced by and extracted from these UAVs and create records that 
meet both the Federal Aviation Administration’s  requirements for maintenance/flight records and the Department’s 
of Agriculture pesticide application records.  In addition to the records being created with the AirDatatm UAV system, 
the data extracted by the system produces GIS data that can be used for further analysis and more detailed reporting.

91 Different Drones, Different Capabilities: One Size Does Not Fit All 
Peter D Brake, pbrake@cmcd.org, Keira J Lucas, Patrick P Linn, Sara Grant 

Drones are unmanned aerial vehicles that are remotely controlled, and range in size from under one pound 
to several hundred pounds. The Collier Mosquito Control District began its program by purchasing a series of small 
Unmanned Aerial Vehicles used for various tasks such as habitat monitoring (to include plant health), meteorological 
measurements and precise imagery data collection. Further, drones are to be used to control larval and adult 
mosquitoes.

As drone technology continues to evolve, CMCD (the District) has found it easier to integrate their use in day to day 
operations. Drones provide the ability to access unreachable or dangerous areas and have a minimal noise impact. The 
District intends to continue to exploit UAV technology for monitoring and control as our IPM program moves forward.

92 What has the latest EEE outbreak taught us about protecting public health? 
Clark E. Wood, cwood@clarke.com, George Balis, Wally Terrill 

2019 was one of the worst years on record for Eastern Equine Encephalitis (EEE). This presentation will recap 
the public health response to EEE in some of the country’s most impacted states: Massachusetts, Rhode Island and 
Michigan. Learn what planning and operational procedures benefited teams in both internal management and external 
communications of the aerial treatment programs.

93 Aerial Trials Utilizing Imperium: Effect of release height on model predictability. 
Broox G.V. Boze, bboze@vdci.net 

Imperium® (EPA Reg. No: 432-1534) is an emulsion concentrate (EC) end-use formulation containing 
approximately 20g/L deltamethrin and registered for aerial vector control in the United States.  Spray trials utilizing 
fixed-wing aircraft and Micronair AU-4000 rotary atomizers were conducted in Greenville, MS to characterize droplet 
size and density of aerosolized product released at a variety of heights and offset distances.  As a baseline, we tested 
the performance of Imperium® using the AGDISP aerial application model for predictive deposition using ADAPCO’s 
Wingman GX guidance system as provided.  Three different offset models were tested to adjust the distance upwind 
from the first sampling location. Calibration tests showed that the aircraft was releasing a spray cloud with a volume 
mean diameter (VMD) of approximately 40 microns but all trials utilizing a release height of 300 feet showed droplets 
that were lower in density and larger in size than our calibration run.  For further validation, trials were conducted 
at 50, 100, and 200-foot release altitudes. Each of these runs yielded more favorable droplet sizes and densities.  
Implications for offset prediction will be discussed.
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94 Utilizing Drone Technology to Increase Employee Safety 
Jon Peterson, jonpeterson@mmcd.org 

Metropolitan Mosquito Control District (MMCD) employs over 50 full time employees and over 200 seasonal 
employees each year. These employees are out working in the field from early March until the middle of October. 
Minnesota climate during different seasons means MMCD staff perform larval treatments in wetlands that are difficult 
and dangerous to treat in the winter with the snow and ice and in the summer with the heat and uneven terrain. By 
using drones to treat these sites in the future, MMCD hopes to reduce staff exposure to injury risk caused by these 
potentially dangerous situations. This talk will focus on the steps MMCD has taken to start completing larval treatment 
with drones and the positive impact it will potentially have on safety.

Spatial Repellents to Protect Civilian and Military 
Symposium: Laboratory and Field Evaluations 
Symposium I
95 Efficacy of a transfluthrin spatial repellent to protect against malaria and  

Aedes-borne viruses: outcomes from phase III field trials. 
Nicole L Achee, nachee@nd.edu 

It has been nearly 75 years since the role of spatial repellency was first described as a potentially beneficial 
attribute in malaria control, showing chemicals could effectively disrupt host-seeking mosquito behavior and 
interrupt contact with humans, thus preventing disease transmission. Transfluthrin, a volatile pyrethroid chemical 
which elicits spatial repellency, is a registered compound commonly found in commercially available mosquito coils 
globally. A malaria prevalence study in China evaluating mosquito coils containing 0.03% transfluthrin demonstrated 
a 77% reduction in human Plasmodium falciparum cases and the use of coils containing 0.00975% metofluthrin 
(another volatile pyrethroid with spatial repellent characteristics) provided 52% protective efficacy (PE) against 
new (incident) malaria infections in a proof-of-concept study in Indonesia. Although primary outcomes from both 
studies were encouraging, neither met the required evidence needed for full pubic health assessment by the World 
Health Organization (WHO) to inform a spatial repellent public health policy. In combination with existing WHO-
recommended malaria control interventions, spatial repellents have the potential to add significant protective 
benefit, especially where traditional long-lasting insecticidal nets (LLINs) or indoor residual spraying (IRS) may not 
be sufficiently protective (e.g. early-evening blood feeding vectors and/or where vectors do not or limit resting 
time indoors on insecticide-treated surfaces), be unavailable, or are impractical and/or infeasible (emergency relief 
operations). Control or elimination of malaria in these circumstances will require innovative approaches. This 
presentation will share recent findings, and discuss challenges, from large-scale, randomized cluster trials using a 
transfluthrin passive emanator in Indonesia and Peru to demonstrate protective effects against infection with malaria 
parasites and Aedes-borne viruses, respectively. Epidemiological outcomes are intended to provide further evidence of 
protective effects of a spatial repellent intervention class, with entomological outcomes used to identify correlations, 
if any, with protective effects for use in non-inferiority studies of next-generation spatial repellent products.

96 Transfluthrin derivatives with unique repellent and mosquitocidal properties 
Jeffrey Bloomquist, jbquist@epi.ufl.edu, Gary Richoux, Liu Yang, Kenneth Linthicum 

The yellow fever mosquito, Aedes aegypti is a vector of other disease viruses as well, including dengue, 
zika, and chikungunya.  Recently, there has been increased interest in the use of spatial repellents to ward off biting 
mosquitoes and thereby reduce the burden of vector borne diseases.  Evaluation of novel molecules in this study 
included a small and efficient high throughput behavioral assay for spatial repellency, electroantennogram (EAG) 
recording, and a bite protection assay of human arms covered with treated cloth patches.  Transfluthrin derivatives 
with novel alcohol moieties showed a variety of biological activities.  For spatial repellency, most equaled or exceeded 
the activity of natural pyrethrins, and gave positive responses in EAG recordings.  The spatial repellent effect translated 
into bite protection when applied to cloth patches.  Of the molecules tested, one analog showed no repellency 
alone, but synergized the repellency of several commercial standards up to 8-fold and some experimental materials 
up to 100-fold.  When tested on the Drosophila melanogaster larval CNS, it had no effect on nerve firing up to 100 
µM, suggesting no significant effect on voltage-sensitive sodium channels, as expected.  Additional mode of action 
experiments and structure-activity relationships will be discussed.
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97 Field evaluation of transfluthrin treated military materials against Phlebotomine  
sand flies (Diptera: Psychodidae) in Thailand 
Alongkot Ponlawat, alongkotp@afrims.org, Nattaphol Pathawong, Arissara Pongsiri,  
Seth C Britch, Robert L Aldridge, Frances V Goldens, Kenneth J Linthicum 

The effect of transfluthrin applied to military netting materials was field tested to determine the impact 
on sand fly populations in rubber tree plantations in Chanthaburi province, Thailand. Two different military barrier 
structures (HESCO; 2 x 2 x 2.5 m, and ULCAN; 3 x 3 x 2 m) were constructed and lined with two types of netting 
materials; thick felt-like material and ultra-lightweight camouflage netting. Transfluthrin treated strips were hung 
inside the military barrier structures. The effectiveness of the treated strips was evaluated by sampling natural sand fly 
populations using CDC light traps baited with dry ice. Traps were operated for 14 hours (1800-0800) at 3 time points 
(1 day before application and at 0 and 2 weeks post application). All collected sand flies were separated by sex and 
morphologically identified to the species level and counted. The majority of sand flies captured at this location were 
Sergentomyia iyengari. The number of females collected by CDC light traps was analyzed using a generalized linear 
mixed model with Poisson distribution and a log link function. The presence of transfluthrin treated strips significantly 
reduced sand fly populations up to 2 weeks post application. Our findings demonstrate that spatial repellent 
treatments of military materials could potentially serve as an effective tool for the military and for sand fly control in 
Thailand.

98 Transfluthrin induced fecundity decline in Aedes albopictus and Aedes aegypti 
Christopher S. Bibbs, cbibbsamcd@bellsouth.net, Daniel A. Hahn, Phillip E. Kaufman, Rui-De Xue 

Laboratory reared Aedes aegypti (L.) and Ae. albopictus (Skuse) were exposed to one of three sub-lethal 
concentrations of transfluthrin before being offered a blood-meal, after which their survival, fecundity, fertility, and 
egg-laying behavior was assessed. Both species expressed reduced skip-oviposition behavior at all exposures. Both 
species also suffered a major reduction in viable eggs (50-75% reduction in viable eggs laid). A phenotype where 
eggs collapsed after laying was observed in Ae. aegypti, and this response increased with exposure concentrations. 
Dissected females of both species retained 50% or fewer of their eggs, with Ae. albopictus retaining a significant 
proportion of melanized oocytes following the highest exposure. Our findings suggest that volatile pyrethroids can 
reduce skip-oviposition, which in turn may improve source reduction outcomes during integrated management. The 
additional fecundity reduction caused by sub-lethal exposures to volatile pyrethroids improves our confidence in 
recommending them for urban vector management.

99 Efficacy of transfluthrin applications against mosquitoes and sand flies in a warm  
temperate Mediterranean environment in Greece 
Alexandra Chaskopoulou, achaskopoulou@ars-ebcl.org, Seth C Britch, Kenneth J Linthicum, 
Daniel L Kline, Michail Miaoulis, Ioannis A Giantsis, Frances V Golden, Robert L Aldridge 

Vapor phase spatial repellents prevent arthropod vectors, such as mosquitoes and sand flies, from attacking 
humans or animals and are likely to be effective in outdoors environments where pathogen transmission often 
occurs. The efficacy of any type of insecticidal application under field conditions, including spatial repellents, is 
directly affected by the existing climatic conditions that may decrease or increase the impact of the treatment. This 
study is part of a multi-collaboration effort aiming to evaluate the efficacy of insecticidal chemistries against field 
arthropod vector populations under different climatic scenarios, such as arid, tropical and temperate climates. Here 
we report two years of knowledge relating to the field efficacy of transfluthrin, applied as a spatial repellent against 
major nuisance and disease vectors in a temperate, Mediterranean environment of North Greece. Transfluthrin 
treated military material strips (single versus multiple strips) and prototype passive release devices were evaluated 
under field settings exposed to high population densities of mosquitoes (Culex pipiens, Aedes caspius) and sand flies 
(Phlebotomus perfiliewi, Ph. simici). Transfluthrin was effective in reducing both mosquito and sand fly populations 
in field units (military enclosures, tents, open field) affected by the treatment compared to untreated (control) units, 
and despite these heavily vector infested environments. However, the transfluthrin concentration in the environment 
(push away effect) appears to be competing with other “pull in” stimuli (such as CO2 concentration) indicating that 
future studies should focus on investigating the optimum rate of transfluthrin release taking into account not only the 
size of the area to be protected but also the size/density of the protected hosts.
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100 Sustained-release devices for Transfluthrin-based repellents 
Nagarajan Rajagopal, nagarajanrrajago@ufl.edu, Chris Batich, Daniel Kline 

Long-term area repellents are still a goal for small areas such as personal space and tents. With the recent 
registration of Transfluthrin in the United States, there is growing interest in how to deploy this exceptionally effective 
pyrethroid in a variety of situations. We have worked to protect a tent entrance and also the ankles of personnel using 
sustained-release devices and have been able to achieve month-long repellency and/or pesticide activity in preliminary 
testing. Biological testing of Aedes aegypti mosquitoes was used in small cages to measure efficacy in areas adjacent to 
the devices. We will present devices developed for tent entrances and shoelaces to show effective distances protected 
and will indicate rates of release from those devices by weight loss measurements. Thermogravimetry was also used to 
investigate the effect of solvents on dispersing and assisting in the sublimation of Transfluthrin. An average distance of 
about 15 cm was found to be effectively controlled, and this was adapted to an ensemble of devices for the larger tent 
openings.

Vision 2020 for Resistance Management: You might 
find if you seek Symposium II
101 Resistance profile of Florida container mosquitoes 

Casey Parker, caseyparker@ufl.edu, C. Roxanne Connelly, Daviela Ramirez 

Aedes aegypti and Ae. albopictus are invasive mosquito species that are widely distributed throughout 
the state of Florida. Local transmission of arboviruses such as dengue, chikungunya, and Zika in recent decades has 
highlighted the public health importance of these two species. Both species are closely associated with humans, 
occupying a wide variety of artificial and natural containers in and around human dwellings, earning them the 
name ‘container mosquitoes’. While source reduction can be conducted, chemical adulticides remain an important 
component of successful control of container mosquitoes, especially during times of active virus transmission. 
However, resistance to insecticides can reduce the efficacy of an adulticiding mission. Through a partnership with 
Florida mosquito control programs and other entities, a resistance monitoring program was launched to assess 
the resistance profile of container mosquitoes in Florida. The CDC bottle bioassay method was used to evaluate 
the susceptibility of Ae. aegypti and Ae. albopictus to 3 organophosphate and 6 pyrethroid active ingredients (AIs). 
Susceptibility status was determined using CDC definitions. 95% of assays conducted with pyrethroid AIs and 31.5% of 
asays conducted with organophosphate AIs resulted in a ‘resistant’ outcome for Ae. aegypti. For Ae. albopictus, 30% of 
pyrethroid assays and 31% of organophosphate assays resulted in a ‘resistant’ outcome. This study detected resistance 
using the bottle bioassay to both pyrethroids and organophosphates, with the highest frequency of resistance 
observed with Ae. aegypti in response to pyrethroids. These results should be considered when selecting an active 
ingredient to control container mosquitoes.

102 Exploring pyrethroid resistance in Culex tarsalis 
Tara C. Thiemann, tthiemann@pacific.edu, Sumiko De La Vega, Bonnie M. Ryan,   

Culex tarsalis is found throughout the western United States and is one of the most abundant and efficient 
vectors of encephalitis viruses such as West Nile virus. Insecticides play a significant role in the reduction of vector-
borne diseases and are an integral part of an integrated mosquito management program, but the effectiveness of 
vector control is threatened by the increasing insecticide resistance. The goal of the current study is to determine 
the prevalence of insecticide resistance, namely to permethrin, in several Cx. tarsalis populations across Northern 
California. Additionally, the study will characterize the mechanisms of resistance, including kdr target-site mutations 
and levels of detoxifying enzymes. Bottle bioassays from 16 populations across Lake, Placer, San Joaquin, Sacramento, 
and Yolo Counties during the summer of 2018. Resistance to permethrin varied greatly between populations. Mortality 
ranged from 8.6 to 96.2% after 2 hours of exposure to permethrin in the bottles. In all but one population, mortality 
rose to over 90% when mosquitoes were exposed simultaneously to both permethrin and PBO. This suggests that 
oxidases play a role in resistance. Preliminary results from enzymes assays support this idea, as oxidase levels were 
higher in some field populations than in the susceptible Cx. tarsalis colony. Additionally, target-site kdr mutations, both 
Leucine to Phenylalanine and Leucine to Serine were prevalent in resistant populations.
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103 High prevalence of pesticide resistant Kdr genotypes in Culex quinquefasciatus  
mosquitoes in San Diego County, California 
Ashwini Brahms, ashwini.brahms@sdcounty.ca.gov, Saran Grewal, Allison Bray, Nikos Gurfield 

Pyrethrin, pyrethroid and organochlorine (e.g. DDT) insecticides act on axonal voltage-gated sodium channels 
to disrupt nerve conduction and cause paralysis. Mutation of the sodium channel gene can inhibit binding of these 
insecticides and confer “knockdown resistance” (kdr). Using a TaqMan-based qPCR assay to detect the L1014F kdr 
mutation (Chen et al. 2010) we determined the frequency of pyrethrin-susceptible and pyrethrin-resistant alleles in 
adult Culex quinquefasciatus mosquitoes captured from different areas of San Diego County. Interestingly, although 
the San Diego County Vector Control Program rarely uses pyrethrin or pyrethroid insecticides, of the 112 male and 
58 female Cx. quinquefasciatus mosquitoes tested, 96 (86%) male and 44 (76%) female mosquitoes contained kdr 
alleles. This data suggests a high background level of potential resistance in Cx. quinquefasciatus populations and 
helps to inform the Vector Control Program about appropriate insecticides to manage Cx. quinquefasciatus mosquito 
populations and control disease spread.

104 Recap on Pyrethroid Resistance in Mosquitoes 
Nannan Liu, Liunann@auburn.edu 

Mosquito resistance research has progressed significantly since the first reports of mosquito resistance 
to chlorinated-hydrocarbon insecticides in the 1950s; from the initial synergistic studies of metabolic detoxification 
to complex characterizations, from examining single mutations in a partial target protein to multiple mutation 
characterization over an entire target protein, from single-gene analysis to whole-genome sequence exploration, 
from single-gene expression to multiple-gene interactions, from mutation frequency analysis to protein functional 
characterization, from nonsynonymous substitution analysis to the potential contribution of synonymous mutation 
characterization, and from traditional transcriptional analysis of gene expression to gene functional characterization. 
The outcomes of these studies have provided a clearer understanding of the highly complex mechanisms, genes, and 
gene interactions involved in mosquito resistance. Findings from the most recent studies of resistance regulation are 
opening up promising new avenues that may revolutionize research on insecticide resistance. This presentation will 
focus on knowledge of the molecular mechanisms, genes, gene interactions/regulation governing the development 
of insecticide resistance in mosquitoes and the potential impact of the latest research findings and techniques on the 
basic and practical aspects of mosquito resistance research.

Biology/Behavior I
105 Ornamental bromeliads of local Botanical Gardens serve as breeding sites for  

pyrethroid-resistant disease vector mosquito species in Collier County, Florida 
Alexandria Watkins, awatkins@cmcd.org, Cameron Cole, Emory Babcock, Keira J Lucas 

The Naples Botanical Garden located in Collier County, Florida attracts over 220,000 visitors and tourists 
each year. The gardens house a collection of plants from around the world, and includes a featured area for over 
100 species of exotic and native bromeliads. Ornamental bromeliads have previously been investigated to distinguish 
them as a breeding site for mosquitoes due to their “tank” that can serve as a safe-haven for mosquito eggs and 
larvae. Recent studies in Miami-Dade County have revealed Aedes aegypti successfully utilize tank-type bromeliads as 
breeding sites and is the dominant species found in ornamental bromeliads. In 2018, we identified that the dominant 
species of mosquito found in bromeliads within residential areas of Collier County are Wyeomyia mitchellii, with 
some bromeliads harboring disease vectors such as Ae. aegypti, Ae. albopictus and Culex quinquefasciatus.  Given the 
relationship between disease vector mosquito species and bromeliads, the Naples Botanical Gardens was investigated 
for species diversity and resistance in their large-tanked bromeliads. A survey of mosquito species in bromeliads 
of the Naples Botanical Gardens indicated that neither Wyeomyia spp. nor Ae. Aegypti were the dominant species 
found in the gardens. Instead, the most abundant species found were Cx. quinquefasciatus, Ae. albopictus, and Cx. 
nigrapalpus. With the ongoing threat of vector borne disease, and the abundance of vector mosquitoes and the heavy 
tourist traffic in the gardens, resistance testing was performed on the most abundant species in order to assess each 
materials ability to successfully target these species in the event of a disease outbreak.

29



106 Mosquito flight times. A bottle trap summary. 
Danny M. Miller, danm@utahcounty.gov 

This presentation is a summary of 12 years of bottle trapping and the reported flight times of several species 
of mosquitoes. The data strongly specifics flight preferences for distinct species of mosquitoes. Incorporate into this 
analysis is flight time, temperature, humidity and wind speed. This data can help in planning for specific times to spray 
as we target specific species of mosquitoes.

107 Influence of sex ratio and density on the comparative repellency of IR3535® against  
caged Aedes, Anopheles and Culex mosquitoes 
Howard Epstein, Ph.D., Howard.Epstein@EMDgroup.com, Silvana Nakayama, Jutta Zurlage  

Studies of topical repellent efficacy conducted with caged mosquitoes in the laboratory are important to 
both the development and regulation of insect repellents. Guidelines for laboratory studies stipulate specific densities, 
sex ratios and biting rates, while those for field studies are governmentally required before a promising repellent can 
be registered for human use. These protocols stipulate minimum biting rates alone. Relatively little is known however, 
about the influence of mosquito density or and sex ratio on their biting propensity, either in the field or laboratory. 
Using Environmental Protection Agency (EPA) guidelines for cage testing, we studied the influence of mosquito 
density and sex ratio in laboratory repellency tests of the biopesticide IR3535® (20%) against three mosquito species 
(Aedes aegypti, Anopheles aquasalis , and Culex quinquefasciatus). DEET® (20%) in a laboratory prepared formulation 
was used as a comparison article. Studies were conducted by trained investigators in Brazil. We found that higher 
mosquito density generally decreased protection time, but that the influence of sex ratio was more complex. The 
presence of male mosquitoes increased protection times against Aedes and Anopheles, perhaps because mate-
seeking males interfered with female feeding. Interestingly, in contrast, protection times decreased against Culex in the 
presence of males. Consideration of such behavioral responses may point to factors that deserve greater attention 
in field test design, especially in light of ongoing development of mosquito control methods in which large numbers 
of captive-reared male mosquitoes are released. Such considerations may potentially assist in improving the match 
between cage and field-testing under a broader range of conditions that permit more accurate labeling of repellents 
for safe and effective use by consumers.

108 Developments for the Aedes aegypti sterile insect technique program in Lee County, FL 
Rachel Morreale, morreale@lcmcd.org, Steven Stenhouse, David Hoel, Aaron Lloyd  

Lee County Mosquito Control District has been developing a sterile insect technique program to control 
Aedes aegypti. Many experiments have been performed and led to substantial developments in irradiation, blood 
feeding, and rearing methods. The optimal radiation dose has been determined using the combined factors of sterility, 
competitiveness, and longevity. Improvements in membrane blood feeding has allowed for the change from live 
vertebrate hosts with comparable egg outputs. Additionally, the program has obtained a mosquito sex separation 
machine from Senecio Robotics and has been building a database of reference images. This technology is a major 
advancement in the process of sex separation. Background population surveillance has been occurring at the pilot 
study site on Captiva Island since June 2017 and has now reached the two year goal advised by the International 
Atomic Energy Agency. Baseline fertility is also being assessed in eggs that were collected from oviposition cup 
monitoring.

109 What happens on islands, doesn’t stay on islands: Patterns of synchronicity in  
mosquito nuisance and host-seeking activity between a mangrove island and an  
adjacent coastal development 
Brian J. Johnson, brian.johnson@qimrberghofer.edu.au, Russell Manby, Gregor J. Devine

Coastal urbanization is accelerating in response to population growth and human migration, yet planning 
guidelines often overlook the problems that human encroachment on or near coastal mosquito habitats causes. 
Here, we investigated the inter-population dynamics and diel host-seeking activity of saltmarsh mosquitoes within a 
highly productive bay island and an adjacent mainland coastal development in southeast Queensland, Australia, using 
recently developed ‘smart’ trap technology (BG-Counter®, Biogents). The data show that the primary saltmarsh 
mosquitoes Aedes vigilax (Skuse) and Culex sitiens (Wiedemann) disperse from offshore breeding sites to neighboring 
mainland areas in high numbers and in highly synchronized waves despite unfavorable wind patterns and the need to 
traverse a considerable expanse (ca. 1.4 km) of open water. Similarly, diel-activity patterns within each site were highly 
similar despite significant differences in the local environment.  The findings of this study demonstrate that distant 
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saltmarsh habitats, including offshore breeding sites are primary sources of mosquito nuisance for coastal housing 
developments. This observation highlights the need to develop new planning and regulatory guidelines that alert urban 
planners to the risks and challenges of encroaching on coastal land close to the source of highly vagile  
mosquito species.

110 Current distribution of invasive Aedes species in the city of South El Monte,  
then and now 
Harold A Morales, hmorales@glacvcd.org 

After the rediscovery of Aedes albopictus in the city of South El Monte (SEM), Los Angeles County, California, 
during September of 2011 the city became the focus of intensive surveillance and control efforts that continued 
uninterrupted until the middle of 2014, when the invasive species was detected in three additional cities within 
Greater Los Angeles Vector Control District (District) boundaries. The spread of Ae. albopictus to other areas of the 
District forced our agency to redistribute resources for surveillance and control efforts to newly affected areas. The 
relocation of manpower resulted in a scale back from the intensive and detailed yard inspections, control efforts, and 
trap surveillance. Strangely, this did not result in an increase of resident complaints about mosquito activity. In 2017, 
Ae. aegypti was detected for the first time in SEM during a routine trapping. Since then, a noticeable and constant 
decline in the abundance of Ae. albopictus from the remaining surveillance site was apparent. The goal of the study 
was to evaluate the long-term impact of a three yr. intensive intervention in the city of SEM by exploring the current 
Aedes species composition and to evaluate residents’ knowledge retention and behavioral changes.

111 Cisterns as challenging peridomestic Aedes aegypti habitats in the United States  
Virgin Islands 
Krystal R. Seger, krystal.seger@doh.vi.gov, David Delgado, Corey Day, Esther M. Ellis,  
Gouthami Rao, Brett Ellis, Brian Byrd 

Household rain catchment systems and subterranean cisterns may provide large, yet often cryptic, 
habitats for mosquitoes of public health relevance.  Within the United States Virgin Islands (USVI), more than 
90% of households are estimated to have roof catchment systems and cistern water storage. The prevalence 
of mosquitoes, especially Aedes aegypti, in USVI cisterns is largely unknown. Given the persistent risk of dengue 
transmission and recent outbreaks of Zika and chikungunya viruses in the USVI, strategies to reduce Ae. aegypti 
abundance must effectively consider both common and cryptic peridomestic habitats. Household cistern surveys 
were conducted on the islands of St. Croix, St. John, and St. Thomas from July 15-August 2, 2019 to determine 1) if 
cisterns are common habitats for Ae. aegypti or other mosquitoes of public health relevance, 2) homeowner practices 
to treat (kill) mosquitoes found in cistern water, and 3) structural methods (e.g., screens on drainage or overflow 
drainage pipes) used to prevent mosquitoes from entering the cisterns. A subset of households was selected from 
a contemporaneous cistern water quality study. The cistern sampling protocol included visualization of adult and 
immature mosquitoes and simultaneous collection efforts by aspiration and aquatic net sweeps. Collected adult and 
larval mosquitoes were identified microscopically. Cistern structural characteristics (e.g. cistern damage, screened 
overflow pipes) were visually assessed and measured.  Preliminary cistern survey results show that 43% (95% CI: 
35%-50%) of cisterns inspected (n=161) had evidence of mosquitoes.  The dominant species found in cisterns was Ae. 
aegypti (90.8%).  Associated cistern structural characteristics and residential practices to reduce mosquito abundance 
in cisterns will be presented. These results will be discussed in the context of cisterns as a challenging habitat for 
mosquito control and the ability of these habitats to serve as refugia for mosquitoes during droughts or prolonged  
dry periods.

112 Comparison study of host seeking behaviors between female Aedes aegypti, and  
Culex quinquefasciatus using high-throughput screening system 
Dae-Yun Kim, daeyun.k@ku.th, Theerachart Limpraset, Michael John Bangs,  
Theeraphap Chareonviriyaphap 

Female mosquitoes use a complicated host seeking process to locate blood meals that provide 
physiologically important elements for reproduction. In general, female mosquitoes detect carbon dioxide, lactic 
acid, amino acid, and body heat emitted by hosts. Synthetic attractants were evaluated for the first time using 
the high throughput screening system (HITSS) for two main human vector mosquitoes: Aedes aegypti, and Culex 
quinquefasciatus. To quantify the optimum dose, the amount of a commercial product(BG lure) was evaluated 
using HITSS assay(2.75 L volume). The results were converted into a preference index(PI) value for comparison 
and the most female Ae. aegypti mosquitoes were attracted using 0.005-0.05 g of BG lure while those of female Cx. 
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quinquefasciatus attracted up to four times higher amount of BG lure. However, a single pack of BG lure(10 g) strongly 
repelled both species. Six different mixtures(each 10 micro liter) of “KU”(Kasetsart University) lure candidates were 
also tested using HITSS assay, and found that most female Ae. aegypti attracted to KU lure #1(PI = 0.1) only unlike Cx. 
quinquefasciatus attracted to KU lure #1-1(PI = 0.2), #3(PI = 0.2) and #4(PI = 0.1). The results were re-confirmed in 
semi-field screen house assay(140 cubic meter) using BGS traps. A pack of BG lure(10 g) in a BGS trap attracted no 
significant(t=-1.024, df=30, p=0.314) increased attraction of female Ae. aegypti than using a BGS trap without lure. On 
the other hand, optimized KU lure #1(0.5 ml) attracted significantly(t=-2.654, df=30, p=0.013) more female Ae. aegypti. 
However, KU lure #1(PI = 0.16) did not achieve the attraction level of carbon dioxide(PI = 0.43) in the semi-field screen 
house assay. Further study is urgently required to increase the attraction level of KU lures.

Keywords: Aedes aegypti, Culex quinquefasciatus, BG lure, High-thoughput screening system, Semi-field screen house assay

113 A survey of mosquito diversity collected by the New DynaTrap LED flying insect traps. 
 Braden Wojahn, bqwojahn26@gmail.com, Georgina V Bingham, Karen McKenzie  

An evaluation of the New DynaTrap® LED flying insect traps: A Survey of mosquito diversity at two central 
sites, over 7 nights within Lincoln Nebraska city limits.

Two types of new LED prototype traps were evaluated in Lincoln, NE to examine mosquito species diversity within 
central city “backyard/ garden” settings. The traps are described as follows by the manufacturer, Dynamic Solutions 
LLC.: 1. The DT1120 (DynaTrap® Milwaukee, WI), with an area of coverage of 0.5 Acre and a bulb that is expected to 
last approximately 20,000 hours. This prototype is based upon the DT1100 UV fluorescent trap; 2. The DT2020XLP 
(DynaTrap® MIlwaukee, WI), with an area of coverage of 1 Acre and a bulb that is expected to last approximately 
20,000 hours. This prototype is based upon the DT2000XLP UV fluorescent trap.

The traps were turned on at approximately 6pm CST each evening, turned off and the collection cage removed at 8am 
on each of the 7 days, from two residential backyard/ garden sites in Central Lincoln, the site selection criteria was 
based on the size of the trap coverage suggested. 

Conclusion:  The traps were simple and easy to install.  The results show a surprisingly wide diversity of mosquito 
species being caught, 12 in total. It is worth noting that several of these species had not been reported in other studies 
this season, when using a standard CDC traps with dry ice, set by the Department of Health and Human Services 
(DHHS) in and around Lincoln or at the US-MARC Meat and Animal Research Center) USDA-ARS Facility in Clay 
Center, 90 minutes from Lincoln City Limits. The traps caught several Culex and Aedes species, these being highly 
important vector species for Dengue, Zika and West Nile Virus.

Latin American Symposium I
114 Multi-sectoral participation and engagement of traditional authorities in the  

successful planning and implementation of a long-lasting insecticide-treated  
hammock net campaign in a remote indigenous region of Panama 
Mariela Mosquera Renteria, mmosquera@clintonhealthaccess.org, Marcela Outten,  
Sol Bergido, Nicholas Presley, Dagoberto Atencio, Cipriano Ayarza, Tara Seethaler,  
Lizbeth Cerezo, Santiago Cherigo, Eneristo Robinson, Leopoldo Gonzalez, Daragh A. Gibson

Panama is working towards malaria elimination by 2020; however, malaria incidence has plateaued in recent 
years. In 2018, Panama recorded 715 total cases and the Guna Yala Comarca (GYC) recorded the highest number of 
these (n=279), accounting for 39% of overall cases. The GYC is a semi-autonomous, indigenous coastal region with 
low but persistent malaria transmission. The National Strategic Plan for Malaria Elimination 2018-2022 includes the 
introduction of Long-Lasting Insecticide-Treated Nets (LLINs) and Hammock Nets (LLIHNs) in select endemic areas. 
The National Malaria Control Program selected GYC as the pilot site to introduce a mass LLIN/LLIHN distribution 
campaign targeting all localities with autochthonous transmission.  A previous national LLIN campaign occurred 
in 2008-2009 but did not achieve high coverage or usage.  Between September 2018 and June 2019, central and 
subnational level stakeholders were engaged in the drafting of a comprehensive implementation plan considering 
the lessons learned from the previous campaign and incorporating local knowledge, needs, and cultural practices. As 
part of this plan, traditional Guna authorities (Sailas) from each targeted locality were engaged to act as key drivers 
of the intervention and ensure community participation during implementation. Local Community Health Workers 
were assigned to the distribution brigades and reinforced key messaging to the community in the local language. 
Involvement of the Sailas contributed to mandatory community participation in promotion and distribution activities. 
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Between July and August 2019, distribution occurred in fourteen of the fifteen communities. Preliminary estimates 
from the 2019 campaign demonstrate that 97% of households now own at least one net. LLIN/LLIHN coverage 
per sleeping space, usage, and acceptance estimates will be calculated once distribution is complete next month. 
Evaluation of the campaign will determine operational feasibility and community acceptance to inform potential 
vector control strategy changes in Guna Yala and possible expansion of nets to other malaria endemic regions.

115 Spatiol-temporal dynamics of Aedes aegypti in Castilla la Nueva, Meta, Colombia.  
Results of the surveillance strategy with ovitraps 
Adolfo Vásquez-Trujillo, vasquez.adolfo@uces.edu.co, Flor Gutierrez-Melo, Wilson Pulido- 
Murillo, Doris Cardona-Arango, Angela Segura-Cardona, Gabriel Parra-Henao 

In Colombia Aedes aegypti is the main vector of dengue, Zika and Chikungunya. The knowledge of population 
dynamics and abundance patterns allows establishing efficient vector control strategies. The objective of this 
study was to characterize the spatial and temporal dynamics of Ae. aegypti in Castilla la Nueva, Meta, Colombia. 
Entomological sampling was performed monthly for one year with ovitraps in 307 randomly selected homes. 
Taxonomic confirmation was made each month to 30% of the samples, to determine the temporal pattern, abundance 
was compared using tests by Kruskal-Wallis and Mann Whitney U. The distribution pattern was evaluated with nearest 
neighbors test, spatial distribution was performed using Kernel density analysis (KDE), and the difference in abundance 
between neighborhoods was calculated with the analysis of hot spots (Getis-Ord Gi *). A total of 574,711 eggs were 
collected during the study, identifying Ae. aegypti in 100% of the samples. Significant difference in abundance was 
observed, obtaining higher egg counts in the rainy season (April, May, June and July). The distribution pattern was 
different during the year, finding cluster patterns in February (Z=2.93; P=0.003) and April (Z=2.57; P=0.01), and random 
patterns the rest of the year. Kernel density and hot spots analysis allows establishing abundance differences between 
neighborhoods with normalized urban constructions and neighborhoods with illegal urbanization and precarious 
constructions, obtaining greater abundances in normalized urban constructions. Entomological surveillance with 
ovitraps is important to identify clusters of Ae. aegypti, with the greatest risk during the rainy season, and allows 
establishing specific moments for the implementation of vector control activities.

116 Anopheles composition in the malaria endemic region of Gracias a Dios,  
La Mosquitia, Honduras 
Allan Reyes Garcias, arfrangar@yahoo.com, Erick Alvarez, Neila Julieth Mina Possu,  
Daragh A Gibson, Lizeth Cartagena, Jose Orlinder Nicolas Zambrano, Marissa Bordas,  
Efrain Burgos, Diana Nuñez Azzad, Sheila B Ogoma, Tara Seethaler, Wilberto Montalvan

Honduras is a country on its way to eliminating malaria. In 2018, the country reported 650 cases, of which 
259 came from the region of Gracias a Dios (GAD). Historically, GAD has registered the largest number of cases in the 
country. Its ecological and social characteristics influence the implementation of malaria vector control strategies, 
including conditions of difficult access, long distances between households, and the presence of various species of 
Anopheles. Given these characteristics, it is important to determine the entomological aspects that drive transmission 
in GAD in order to optimize intervention implementation and achieve malaria elimination. Monthly entomological 
collections were conducted between October 2017 and December 2018 using Human-Landing Collections (HLCs) 
and larval habitat characterization in three sentinel sites within the highest risk GAD municipalities: Kauquira (Puerto 
Lempira), Raya (Villeda Morales) and Brus Laguna (Brus Laguna). The collections were conducted to understand 
vector species composition, their spatial and temporal distribution, as well as their bionomics.  A total of 131 potential 
larval habitats were identified and 1,169 Anopheles mosquitoes were captured using HLCs. Of the 1,169 mosquitoes 
captured across all three sites, 66.3% corresponded to Anopheles albimanus, 29% to An. gabaldoni, 4.5% to An. 
crucians, and the remaining 0.2% belonged to other species. Of all Anopheles collected, 74% were captured outdoors. 
An gabaldoni, a species that remains quite unknown, was the most frequent species found in Kauquira (59.6%) 
and mainly during the area’s high malaria transmission period (October-February). An. albimanus showed peak 
population density during the month of June 2018, but with smaller densities than An. gabaldoni in other months. 
These entomological results were used to optimize implementation timing of vector control strategies such as indoor 
residual spraying. Additional studies are required to evaluate the role of each species, especially An. gabaldoni, in 
malaria transmission dynamics in GAD.
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117 The role of the community engagement in an Integrated Vector Management  
Program in Puerto Rico 
Julieanne Miranda-Bermúdez, jmiranda@prvectorcontrol.org, Natasha DeLeon-Rodriguez,  
Rafael Saavedra-Hernández, Gabriela Algarín-Zayas, Marianyoly Ortiz-Ortiz, Grayson Brown,  

 Luz Crespo-Valentín 

Aedes aegypti is globally recognized as the most efficient vector for dengue, Zika, and chikungunya due partly 
to its close association with humans and its breeding in and around houses. This mosquito is present year-round 
in Puerto Rico as is the public health threat from these endemic arboviruses. The Integrated Vector Management 
strategy used by the Puerto Rico Vector Control Unit (PRVCU) relies heavily on community mobilization programs. 
The community mobilization division within the PRVCU organizational structure implements a variety of community 
engagement, education, and partnership programs. Between October 2017 and August 2019, the PRVCU has 
participated in 291 educational community talks, 453 educational booths, 131 community visits, 331 informational visits 
and 141 school visits. The PRVCU has delivered 129,897 educational flyers, 101,906 mosquito repellents, 19,841 activity 
books, and 3,689 larvicides [these numbers will be updated prior to the presentation].  Although this represents 
an impressive effort, we need better methods for correlating community outreach efforts with actual impact on 
vector populations and, ultimately, human disease.  In this presentation, we will discuss our efforts at improving that 
methodology.

118 A regional arbovirus surveillance system for the Caribbean basin and Latin America 
Nicole M Nazario, nnazario@prvectorcontrol.org, Joanelis Medina, Cesar Piovanetti,  
Marianyoly Ortiz, Brown Grayson 

Xenomonitoring (monitoring vector populations for the presence of vector-borne pathogens) has long been 
a limited resource in Latin America and especially in the Caribbean basin.  The recent outbreaks of dengue fever have 
illustrated this as the various island countries have had difficulty getting their mosquito pools tested on a timely and 
economical basis.  Thus, the ability to target vector control operations to those areas with active virus circulating in 
the vector population has been consistently compromised. To help alleviate this problem, the Puerto Rico Vector 
Control Unit (PRVCU) has established a service-oriented molecular biology laboratory that is now offering mosquito 
pool testing on an economical basis throughout the region.  The laboratory mirrors the main system used by the CDC 
Dengue Branch whose technicians assist in implementing new protocols as they are developed.  Hence, the laboratory 
will always be capable of conducting the newest tests for whatever pathogen is of concern.  This presentation 
describes that laboratory, its services, and procedures for having mosquito pools tested.

119 Biological effectiveness of Icon® 2.5 EW (Lambda-cyhalothrin 25 g. a.i. /L) for  
the control of mosquito Aedes aegypti vector of Dengue, Chikungunya and Zika virus  

 in Southern México. 
Luis Alberto Cisneros Vázquez, luis.cisneros@insp.mx, José Genaro Ordoñez González,  
Américo David Rodríguez Ramírez, Patricia Penilla Navarro, Kenia Mayela Valdez Delgado,  
Rogelio Danis Lozano 

During the present study, we evaluated the effectiveness of a new formulation, Icon® 2.5 EW (Lambda-
cyhalothrin 25 g. a.i./ L), applied as a thermal fog against a local field strain of mosquitoes Aedes aegypti from 
Tapachula, Chiapas State, México, which endemic to diseases transmitted by this mosquito. Prior to the study, local 
field strain Ae. aegypti mosquitoes were collected and reproduced massively under laboratory conditions (27 ° C ± 2; 
50-70% RH); for the bioassays, F1 female mosquitoes, 2-3 days old, fed with 10% sucrose solution were used.

Then, four houses were randomly selected, and cages were placed with 15 female mosquitoes; the mosquitoes within 
cages were distributed in the living room, kitchen and bedroom. The insecticide Icon® 2.5 EW was diluted at rate 80 
ml for a mixture of 5 liters with water and applied at a dose of 0.2 g i.a. / 1000 m3 using a Swing Fog® SN50 thermal 
aerosol fog generator device at front of door of each house, but it was not applied in the control house. After 60 
minutes of exposure, the mosquitoes were taken to Centro de Investigación en Salud Pública (CRISP) laboratory and 
transferred to recovery vessels and kept under observation for 24 hours post-treatment, for reading and recording of 
the mortality.

The biological efficacy of Icon® 2.5 EW formulation (Lambda-cyhalothrin 25 g. a.i./ L) on Ae. aegypti was 99.72% in the 
living room, 99.44% in the kitchen and 99.17% in the bedroom; meanwhile, the mortality in the controls was equal to 
0%. The results obtained in the present study demonstrate the high efficacy of Icon® 2.5 EW formulation applied in 
thermal fog on Aedes aegypti mosquito.
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120 Polymerase chain reaction (PCR) testing in South America, Caribbean and the  
United States 
Brent Satterfield, b.satterfield@codiagnostics.com, Seth Egan 

Cooperative Primers represent a 2.5 million-fold Improvement in the reduction of nonspecific amplification 
in PCR testing, virtually eliminating the formation of primer-dimers (false positives/negative) in PCR Testing. This 
technology has been used to create affordable and accessible tests used to detect West Nile Virus, St. Louis 
Encephalitis, Western Equine Encephalitis, Eastern Equine Encephalitis, Zika, Dengue, Chikungunya & Malaria using 
Real-Time PCR. Our tests are developed with positive controls using mosquito genome. This ensures that the lab 
technician extracted mosquito DNA and ran the test properly.

Co-Diagnostics, Inc develops tests for infectious diseases, agriculture, cancer and mosquito surveillance. Or goal is to 
produce accurate, cost effective tests and make them available to the people and nations that need them the most. 
Most of our work is done in developing nations where PCR has been out of reach due to the high cost of tests and 
equipment. Our programs have been utilized in India, Caribbean basin and though many mosquito control districts in 
the United States.

121 Use of drones at fine scale for the association of demographic, socioeconomic and  
environmental factors with the abundance of Aedes aegypti (Linnaeus) mosquitoes  
Diptera: Culicidae, in persistent areas for the transmission of Dengue, Chikungunya  
and Zika 
Kenia Mayela Valdez Delgado, kenia.valdez@insp.mx, Ildefonso  ernández Salas, Rogelio  
Danis Lozano, Luis Alberto Cisneros Vázquez, José Genaro Ordóñez González, David  
Alejandro Moo Llane  

An efficient and timely tool to visualize, analyze and determine the factors associated with the abundance of 
Aedes aegypti mosquitoes is necessary in a country that faces diseases such as dengue, zika and chikungunya every 
day. Drones collect detailed spatial information in real time at a relatively low cost and their use avoids many of the 
limitations associated with satellite data, e.g. long repetition times, cloud contamination, low spatial resolution, lack of 
homogeneity in camera angle or shooting time. Our study goal was to evaluate a high-definition surveillance system 
based on the use of drones to determine risk areas for the presence of Ae. aegypti mosquitoes in Tapachula, Chiapas. 
We collected aerial images of 216 houses at 30 m to identify and map breeding sites, tree cover and the backyard 
conditions of premise condition index. At the same time, ground surveillances used to obtain entomological indexes, 
demographic and socioeconomic data. In addition, we compared the use of this aerial surveillance vs traditional 
program surveillance tools. We found that drone aerial surveillance could use as a tool for identifying the probability 
of Ae. aegypti mosquito abundance in the residential environment. The maps obtained from the drone information 
can be add to the maps already used by the local vector control program, which will help improve decision-making 
with local conditions, with adequate coverage and opportunity to take action at all levels. Finally, an algorithm can be 
add to send real-time alerts in presence of high entomological risk houses.

122 Effectiveness of Actellic 300 CS (Pirimiphos-methyl 28.16%) as alternative ULV  
formulation to control indoor and outdoor adult Aedes aegypti resting populations,  
at Monterrey, Northeastern Mexico 
Ildefonso Fernandez-Salas, ildefonso.fernandezsl@uanl.edu.mx, Rosa Ma Sanchez-Casas,  
Jorge E. Rodriguez-Rojas, Ma Teresa DJ Ambriz-Barajas 

Increased pyrethroids resistance in Latin American countries is challenging Vector Control Programs to move 
either to newly developed insecticide groups, or to safer and well-known organophosphate compounds. Actellic 300 
CS is a capsule suspension formulation designed to protect residuality when acting by contact during  indoor residual 
spraying (IRS). However, Actellic 300 CS studies focusing on its airborne properties has been poorly documented. 
Considering a couple of interesting facts: being an organophosphate product and presenting a very low dermal and 
oral toxicity (>5000 mg a.i.); we conducted a small scale ULV treatment upon 10-households in Monterrey city, NE 
Mexico.

Groups of female Aedes aegypti were placed in 15 x 10 x 30 cm cages distributing two at room indoors, and one at 
outdoor house backyards. Two control houses were used concurrently. Actellic 300 CS were prepared mixing a 833-
ml commercial bottle up to complete 10 L of water. Average volume of households were 175 m3, thus we calculated 
that, a dose of 0.02 gr of a.i./m3 or 20 gr/1000 m3  were sprayed. It was same concentration recommended for IRS of 
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resting Anopheles in Africa; i. e., 1 g a. i./ 1m2; but because there was not documented ULV indoor dose, we decided to 
use it for our cold fogging trial. Our aim was to explore potential results of airborne activity of the capsule formulation. 
Flow rate was 150 ml/min while mean diameter of microdroplet were 23.7 microns.

Results: Indoor and outdoor 24-h mortality resulted in 100% for both house areas, respectively. Females Ae. aegypti 
were knocked-down 1-h after spraying as high as 99.2% and 97.5%, indoor and outdoor, respectively. Results shows an 
optimistic potential of recommending Actellic 300 CS as a house ULV treatment during severe Dengue outbreaks in 
Latin America.

Adult Control I
123 Toxicity of -fluvalinate, -cyhalothrin, and -cypermethrin to Aedes aegypti from  

Marathon, Florida, USA 
Lawrence J Hribar, gringo1122@hotmail.com, Heidi L Murray 

Aedes aegypti larvae were collected from water in peridomestic containers in Marathon, Florida, between 
March and August 2019. Larvae were returned to the laboratory, placed in screened cages, and reared to the adult 
stage in a growth chamber at 27°C, 80% RH, and 11:13 L:D cycle. Adults were blood-fed using defibrinated bovine blood 
placed in a bolus fashioned with rinsed hog sausage casings. Plastic cups lined with seed germination paper and filled 
with 150 ml of distilled water were added to the cages for oviposition. These three adulticides were purchased from 
Sigma-Aldrich (St. Louis, MO). Serial dilutions of each test material were made in acetone. Clear glass 250 ml Wheaton 
bottles were used for all tests. Three bottles were used for each concentration of adulticide and three bottles 
were treated with acetone only as checks. Thirty to fifty adult mosquitoes were placed into the bottles. Mortality 
was observed at 4 hours. Data were analyzed using analysis of variance and means separated by Tukey’s Honestly 
Significant Test (P < 0.05). Dose–response (mortality) relationships were estimated with PoloJR Software. The 
highest doses of all compounds (1000 ppm) killed 100% of the mosquitoes within 4 h of exposure.  A much higher 
concentration of -fluvalinate (LD50 = 32.33 ppm) was required to cause 100% mortality of YFM than -cyhalothrin 
(LD50 = 0.91 ppm) or  -cypermethrin (LD50 = <0.001). There was no mortality in the checks.

124 Excito-repellency activity of Cananga odorata (Magnoliales: Annonaceae) against  
mosquitoes 
Chutipong Sukkanon, c.sukkanon@gmail.com, Michael J. Bangs,  
Theeraphap Chareonviriyaphap 

The essential oil of Cananga odorata flower was evaluated for its noncontact spatial repellency, contact 
excitation, and knockdown/toxicity response against four colonized mosquito species; Aedes aegypti, Culex 
quinquefasciatus, Anopheles dirus, and Anopheles minimus using an excito-repellency assay system under laboratory-
controlled conditions. The escape responses from oil-treated papers inside treatment chambers were observed at 
four concentrations ranging from 0.5-5.0% v/v. The oil showed strong spatial repellency against Cx. quinquefasciatus 
(85-97% escape response within 30 min) and An. minimus (97-99% escape) at the 2.5-5.0% concentrations. Contact 
excitation was more pronounced compared to repellency alone, showing significantly more rapid and greater 
percent escape with An. minimus (83-100%), while more moderate escape in Ae. aegypti (51-59%) and An. dirus (40-
50%). Relatively high contact irritancy response was only seen in Cx. quinquefasciatus (90-100% escape) at 2.5-5.0% 
concentrations. After adjustment for repellency response alone, escape due to contact alone was seen at the low 
concentration (0.5%). These findings indicate the C. odorata oil is more active against anopheline mosquitoes tested, 
particularly An. minimus; a primary malaria vector in mainland Southeast Asia. This study demonstrates compelling 
evidence that C. odorata oil performs primarily as a spatial repellent at 2.5-5.0% concentrations, while contact irritancy 
is a contributor at lower concentrations (0.5-1.0%). Further study is needed for developing C. odorata as a potential 
active ingredient in repellent products.

125 Evaluation of Aedes aegypti suppression using Wolbachia Infected Males in  
Houston TX: methodology and preliminary findings. 
Saul Lozano, nkq3@cdc.gov, Kevin S Pritts, Dagne Duguma, Chris Fredregill,  
Roxanne Connelly 

Aedes aegypti is extremely hard to control using traditional approaches. Furthermore, there is evidence 
that insecticide resistance can raise quickly in this species. As such, new tools are needed to ensure control can be 
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achieved in case of emergencies, to maintain low number of mosquitoes in areas at risk, and, possibly, to eliminate it 
from areas were the species is not well established. The Centers for Disease Control (CDC), Division of Vector-borne 
Diseases, Arboviral Disease Branch, and Harris County Public Health Mosquito and Vector Control Division conducted 
an independent evaluation of the effectiveness of the release of Wolbachia sp. infected Ae. aegypti males (WIMs)by 
MosquitoMate, Inc. to reduce abundance of a wild populations of Ae. aegypti.

MosquitoMate conducted WIMs releases from June through August 2019 in Harris County, TX (Metropolitan 
Houston) in one treatment area while a second area served as untreated control. The CDC evaluation team recruited 
27 and 28 households in the treatment and untreated areas, respectively. Households monitored by MosquitoMate 
were excluded from the pool of candidates. Houses < 100 meters of separation from a previously selected house 
were avoided but not excluded. Ae. aegypti were collected using one BG-Sentinel trap, equipped with a long-lasting 
BG-lure and ~4 lbs. of CO2 (replaced every 24 hrs.), at each of the recruited households. Each trap was operated ~48 
hours, giving special importance to the crepuscular hours. The total number of mosquitoes, and mean number per 
trap in each study area were estimated using a hierarchical Bayesian model. The effectiveness of the intervention was 
measured as the percent reduction between treatment and the untreated control areas, which was calculated using 
the Bayesian estimates. Results of this independent evaluation of the Wolbachia infected Ae. aegypti release on native 
mosquito populations will be presented at the Annual American Mosquito Control Association meeting.

126 Pepper extracts synergize the effects of pyrethroids via multiple mechanisms in   
Aedes aegypti 
Ed Norris, ej.norris@ufl.edu, Jeffrey Bloomquist 

Insecticide resistance is an ever-growing concern of vector control agencies throughout the world, and 
it is imperative that researchers continually develop new strategies for the control of vector species that impact 
the health of individuals and communities. Plant extracts represent a readily exploitable source of novel insecticidal 
agents and synergists, especially in light of their accelerated pathway for EPA registration. We investigated extracts 
of Sichuan pepper (SP) and black pepper (BP) for biological activity, since they are known to affect voltage-sensitive 
Na+ channels, presumably at binding sites different from that occupied by pyrethroids. Extracts were applied topically 
to Aedes aegypti adult females for evaluation of their potential lethality alone and in concert with natural pyrethrins 
(NP). Significant synergism of NP toxicity was observed in these co-exposures at 24 hr, especially when applied in 
combination with PBO (13-fold and 15-fold for SP and BP, respectively). Synergism in mosquitoes correlated with 
strong synergism of NP effects on the Drosophila melanogaster central nervous system (CNS) and giant axons in 
American cockroaches. Moreover, continued work has demonstrated that BP extract, but not SP extract, synergizes 
the effects of natural pyrethrins on a pyrethroid-resistant Puerto Rico strain of Aedes aegypti. In a new mosquito larval 
CNS preparation, toxicant treatments demonstrate that differences in synergism between susceptible and resistant 
strains are likely occurring at the nervous system level. These studies are identifying compounds and insecticidal 
formulations that may be able to circumvent pyrethroid-resistance.

127 Sterile Insect Technique (SIT) for vector control in the real world 
 Ralph Breslauer, rsb5779@gmail.com 

As SIT progresses towards a widely accepted part of vector control in many geographies, come and learn 
about the advancements and real world deployments. From the different methods to create sterile or incompatible 
mosquitos to automated sex sorting and mass deployment options. SIT is phenomenal tool in your overall vector 
control plan, come and learn from those who have already deployed it about the challenges, solutions and best 
practices to get the most out of it. New technologies to address utilizing SIT at scale continue to come to market. 
Learn about the use of artificial intelligence for sex sorting and other breakthroughs that make this a viable option for 
the future with specific targeting of species, mosquitos only and regardless of wether they are exposed or in a hidden 
location. The symposium will offer a Q&A opportunity as well.

128 Different mutations in the Voltage-sensitive sodium channel in Aedes aegypti confer  
 variable levels of resistance to pyrethroids and DDT 

Juan J Silva, js3274@cornell.edu, Cedric N Kouam, Jeffrey G Scott 

Aedes aegypti is a primary vector of viral pathogens including dengue, yellow fever, chikungunya and Zika. 
Pyrethroids are one of the most common insecticides used to control adult Ae. aegypti and the target site is the 
Voltage-sensitive sodium channel (VSSC). Unfortunately, mutations in Vssc gene (also known as knockdown resistance, 
kdr) confer resistance to pyrethroids. There are kdr combinations that are unique to certain continents. For example, 
the combinations S989P + V1016G and V410L + V1016I + F1534C are unique to Asia and America, respectively. In 
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this study, we tested the resistance levels to 15 insecticides that target the VSSC in two pyrethroid-resistant strains 
of Ae. aegypti: Asia-R (S989P + V1016G) and Ame-R (V410L + V1016I + F1534C). These two strains shared the same 
pyrethroid-susceptible genetic background but contained different kdr combinations.

We found that the resistance levels were higher in Asia-R for DDT, DCJW and 10 pyrethroids. However, there 
were three pyrethroids in which the levels of resistance were similar between the two resistant strains (cyfluthrin, 
deltamethrin and flumethrin). When comparing the resistance levels between multiple insecticides within Ame-R 
strain, we found that the resistance levels of deltamethrin were higher compared to cypermethrin. These two 
compounds have similar chemical structures except at the vinyl moiety where deltamethrin and cypermethrin contain 
bromides and chlorides, respectively. For this reason, we did bioassays with deltamethrin and cypermethrin isomers. 
Interestingly, both 1R-cis-ÒS cypermethrin and deltamethrin have the same levels of resistance (the only difference is 
the halogens as mentioned above). However, the cis configuration alone does not account for resistance. In fact, we 
found that trans-permethrin had 2.6- and 2.3-fold higher levels of resistance relative to permethrin and cis-permethrin, 
respectively. Overall, our results show how different combination of kdr mutations found in Ae. aegypti from Asia and 
America confer variable levels of resistance.

129 Cyclic barrier applications in Panama City Beach, Florida:  Utilizing bifenthrin and a  
Buffalo Turbine for wide area management control of mosquitoes within public spaces. 
Michael T Riles, michael.riles@comcast.net, James Clauson, Cindy Mulla, Lee Duke,  
Edward Summers 

Barrier residual pesticide applications historically have been utilized to protect the citizens in public spaces.  
Beach Mosquito Control District has performed residual barrier applications utilizing a Buffalo Turbine mist blower 
from 2006 until present day.  A total of five separate sites have been selected within the district to protect the public:  
3 schools, 1 amphitheater park and 1 sports complex.  Concentration rates, nozzle size, arm angle and residual time 
have been determined by extensive research concerning the physics of the mist blower as well as the deposition of 
the formulated product revealing an 80®-air blast angle for maximum mortality (Bonds 2011). Surveillance of the 
interior and exterior of the treatment zones were measured utilizing the population ratio of observed mosquito 
abundance at each treatment site. Each site over time has had biological leaf clipping assays to determine exposure 
times and mortality with a random testing of two- and three-weeks post application.  Exposure leaf clipping assays 
were also performed during random rain events occurring same day of application from 2016-2018.  Culex vectors 
were also tested at these sites from 2017-2019 for the presence of West Nile and St. Louis encephalitis viruses.  Data 
from the bioassays, the presence/absence of virus the timeline of barrier treatments from 2006 to present day will be 
discussed including the ratio of abundance concerning mosquito populations within and without the treatment zones.  
This study over time indicates positive results for the control of mosquitoes which points toward a favorable trend 
concerning residual barrier treatment strategies.

130 Oxidase, esterase and kdr-associated pyrethroid resistance identified in Culex  
quinquefasciatus field populations from Collier County, Florida 
Keira J Lucas, klucas@cmcd.org, Rachel B. Bales, Kaci D. McCoy, Caroline Weldon 

In several insect species, resistance to pyrethroids and dichloro-diphenyl-trichloroethane (DDT) is linked 
to point mutations in the voltage-gated sodium channel (VGSC) gene. Pyrethroid-based insecticides prolong the 
opening of sodium channels, causing paralysis known as a “knockdown” effect. Point mutations in the VGSC gene 
results in decreased pyrethroid binding and reduced sensitivity to the insecticide - this resistance mechanism is 
known as knockdown resistance (kdr). In Culex mosquito species loss of target site sensitivity to pyrethroids is 
linked to a substitution of leucine (L) to phenylalanine (F) at residue 1014 (L1014F) in the VGSC gene. Here we 
report the identification of kdr-associated pyrethroid resistance and developing resistance in Cx. quinquefasciatus 
field populations from Collier County, Florida (FL). Evaluation of position 1014 of the VGSC in Cx. quinquefasciatus 
populations from seven locations in Collier County FL revealed a wide range of genotype and allele frequencies from 
one part of the district to the other. CDC bottle bioassay, linear regression analysis and cage trial evaluations suggest 
that the L1014F mutation plays a role, at least in part, to the pyrethroid resistance status of Cx. quinquefasciatus 
collected in Collier County FL. Furthermore, we identified resistance attributed to both oxidase and esterase activity, 
indicating that multiple mechanisms are responsible for pyrethroid resistance in Collier’s Cx. quinquefasciatus.

38



Spatial Repellents to Protect Civilian and Military 
Symposium: Laboratory and Field Evaluations 
Symposium II
131 Transfluthrin Spatial Repellent on US Military Materials Reduces Mosquito Incursion  

in a Hot-Arid Environment 
Robert L Aldridge, robert.aldridge@usda.gov, Seth C Britch, Kenneth J Linthicum,  
Daniel L Kline, Frances V Golden, Jeremy Wittie, Jennifer A Henke, Kim Y Hung,  
Arturo Gutierrez, Melissa Snelling, Cirilo Lora,   

Treatment of perimeters of US military materials such as camouflage netting with standard residual 
pesticides may protect health and morale of US military personnel in the field by reducing incursion of disease vector 
or nuisance biting insects such as mosquitoes or sand flies into protected areas. However, standard residual pesticides 
rely on target insects resting on treated surfaces to accumulate lethal or sub-lethal doses; those that do not contact 
the treatment may still host seek. Furthermore, heavy mortality from residuals translates to evolution of resistance 
and subsequent loss of efficacy. Emerging availability of diverse spatial repellents and toxicants such as transfluthrin 
leveraged as residuals offers an alternative to standard residual formulations less likely to induce resistance. Residual 
applications of transfluthrin on US military materials could form a volatile repellent plume allowing target insects the 
opportunity to escape, only inducing mortality if insects linger for example after becoming trapped in a tent, and not 
requiring contact with treated surfaces. In this study we investigated the capability of transfluthrin on two types of 
US military material in a variety of realistic scenarios to reduce natural populations of disease vector and nuisance 
mosquitoes in a cool arid desert field environment. We found that transfluthrin could substantially reduce target 
insect incursion into protected areas, and in two scenarios reduce collections outside protected areas, for up to 16 
days showing that this compound could be an effective element in the US Department of Defense pest management 
system. We also observed variation in transfluthrin efficacy across species which has implications for designing 
integrated vector management using a variety of measures that harmonize in a system to reduce incursion across the 
community of biting insects that may be present

132 Measuring Trace Airborne Transfluthrin Threshold Concentrations 
Bradley Jay Willenberg, yoda@ucf.edu, Michael Kwan, Alexandar Bosak, Nicholas Smith,  
Mona Mathew, Andrew Dickerson 

Transfluthin is a volatile synthetic pyrethroid that shows great promise as a spatial repellent against 
mosquitoes. Ideally, spatial repellents are deployed and effective at sub-lethal concentrations, thus limiting death 
and the development of resistance. Because mosquitoes are highly sensitive to transfluthrin, it is active even at 
trace airborne concentrations. Accordingly, there have been several recent investigations into the properties of this 
chemical and its efficacy against mosquitoes in both laboratory and field settings. Critically understudied however 
are the quantitative airborne threshold concentrations of volatilized transfluthin that correspond to mosquito flight 
behaviors such as confusion, excitation and knock-down as well as death. We have recently optimized air sampling 
and thermal desorption-gas chromatography/mass spectrometry (TD-GC/MS) methods to detect trace airborne 
concentrations of transfluthrin (16 parts per quadrillion by volume—ppqv). Our current work is therefore now 
focused on linking observed mosquito flight behaviors to volatilized transfluthrin levels using a combination of custom 
all-glass olfactometers, videography, air sampling and TD-GC/MS analysis. Overviews of the established analytical 
methods will be presented as well as the designs and current progress on the olfactometers and mosquito flight 
behavior experiments. Ultimately, the data generated by these studies will serve as guidelines to inform the efficient 
use of transfluthrin as a volatile spatial repellent and control agent for mosquitoes.

133 Potential for use of transfluthrin against stable flies, Stomoxys calcitrans 
Jerome A. Hogsette, jerry.hogsette@usda.gov, Daniel L. Kline 

The stable fly is a significant blood-feeding pest of cattle, horses and other mammals in many parts of the 
world. It also feeds on humans and can impact outdoor recreation when present in large numbers. The stable fly is 
generally unaffected by the commercial repellents currently being sold, including deet and other products used by 
the military. Transfluthrin is being evaluated as a mosquito repellent with various degrees of success and it seemed 

39



worthwhile to include stable flies in the evaluations. Initial indoor evaluations demonstrated that stable flies could 
be repelled or even killed by exposure to transfluthrin using various methods. Initial outdoor evaluations showed the 
difference between repelling mosquitoes and these much larger flies and it became obvious that larger quantities of 
transfluthrin would be needed for success. Various studies are underway using a variety of techniques. Results will be 
discussed in the oral presentation.

134 Next Generation Controlled Release Devices for Sustained Protection Against  
Mosquitoes 
Noel Elman, noel@gearjumptech.com, Sebastian D’hers, Daniel Kline, Lee Cohnstaedt,  
Melynda Perry, Ulrich Bernier, Craig Stoops, Gissella Vasquez, Michael Fischer,  
Carmen Flores, Jennifer Stevenson 

Controlled Release Devices (CRDs) were developed for personal and field protection. CRDs rely on delivery 
of Spatial Repellents (SRs), including formulations based on transfluthrin and metofluthrin for deployment in various 
settings (indoors, semi-outdoors and outdoors) over sustained periods of time, days to weeks depending on reservoir 
volume and formulations.  Wearable CRDs were designed for easy integration with garments. Numerical simulations 
based on Computational Fluid Dynamics (CFD) were performed to simulate release kinetic profiles in conjunction 
with physical characterization of active ingredients (AIs) obtained with analytical chemistry methods (HPLC-MS). 
Several versions of W-CRDs were implemented including passive and active emanators that rely on integration of cost-
effective micro-injection molding and Micro-Electro-Mechanical Systems (MEMS) technology. Low cost CRDs were 
also designed for effective implementation in low income countries. CRDs were tested against A. Quadrimaculatus, 
A. Darlingi and A. Gambiae. Entomological studies included human landing catches (NAMRU-6, Iquitos, Peru), spatial 
repellency tests in huts (Macha, Zambia), and mortality and bite inhibition in indoor, semi-outdoor and outdoor 
studies (USDA, FL). An experimental-numerical method was also developed to correlate entomological endpoints 
and simulations in order to obtain performance prediction, such as targeted efficacy as a function of concentration. 
CRDs represent the next generation devices that leverage the use of advanced materials and engineering to optimize 
implementation of vector control solutions in regions affected by vector-borne diseases, including malaria, dengue  
and Zika.

135 IVCC: Partnering on bite prevention product development in Africa and Asia 
Jason H Richardson, jason.richardson@ivcc.com 

IVCC is a unique Product Development Partnership (PDP) dedicated to the development of innovative vector 
control solutions. Established in 2005, our work has largely focused on replacing pyrethroids for indoor control of 
malaria vectors in Africa. With the successes on that front we have broadened our focus to include the urgent need 
to identify effective tools to prevent outdoor transmission to protect populations when bednets or indoor residual 
spraying are not adequate. One of the potential solutions we are exploring is passive pyrethroid emanators. Working 
with manufacturing partners and control programs, we are supporting several field tests to evaluate the potential of 
this class of products to protect populations from mosquito-borne diseases. This presentation will summarize the 
projects we are supporting and planning.

136 Potential US military applications of transfluthrin: treated materials, emanators, and  
 space sprays 
 Seth C Britch, seth.britch@ars.usda.gov 

There is an increasing need for new vector control agents by military and civilian populations which is made 
more acute by the widespread resistance to pyrethroids in important mosquito species; spatial repellents such as 
transfluthrin provide an alternative to pyrethroids. We conducted studies across a variety of ecological regions to 
investigate the capabilities of transfluthrin applied as a residual on US military materials, transfluthrin applied as a 
space spray, and transfluthrin emanators at reducing incursion into protected spaces by disease vector mosquitoes. 
We found that transfluthrin may substantially reduce vector mosquitoes, but that efficacy varies by environment, 
target insect, substrate, and other key factors. Transfluthrin holds great promise to contribute significantly to 
integrated vector management systems.
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Twenty Years of West Nile Virus: Past, Present and 
Future Symposium I
137 Overview of West Nile Virus in the United States 

Janet C McAllister, jvm6@cdc.gov 

West Nile virus (WNV) was first identified in Uganda in 1937. WNV is normally circulated between birds and 
mosquitoes with horses and humans as incidental or dead-end hosts. Culex spp mosquitoes are the main vectors of 
the virus in the United states. Prior to 1999 the virus was commonly found in Africa, West Asia and the Middle east 
with periodic outbreaks occurring in Europe. In 1999 New York City was saw WNV identified for the first time in North 
America. Subsequently the virus spread across the continental United States. The virus is now endemic in North, 
Central and South America. The history of WNV in the US, trends in virus activity and novel things learned along the 
way will be discussed.

138 Changing the Public Perception of Mosquito Control 
David Brown, dabrownsoj@gmail.com 

Mosquito Control prior to 1999 was generally conducted as “nuisance control” with isolated disease control 
measures conducted to address local outbreaks of Eastern, St. Louis, or Western Equine encephalitis. The introduction 
of West Nile virus changed how mosquito control is conducted and necessitated a change in how the public perceived 
adult mosquito control measures. By looking at events surrounding the first widespread urban aerial adulticide 
missions that the Sacramento-Yolo Mosquito and Vector Control District conducted, this presentation will discuss the 
challenges of what needs to be done to stem a disease outbreak,  how a disease control program should be developed, 
and the need to have the political will to implement the program when disease thresholds are met.

139 Responding to WNv disease outbreaks in areas without established mosquito  
control districts 
Daniel Markowski, dmarkowski@vdci.net 

to the introduction and isolation of West Nile virus (New York City, 1999) there had not been a major 
mosquito-related disease outbreak in the United States for approximately 20 years. With the virus’ rapid spread across 
all 48 contiguous states, there was a need for communities to combat the virus and the mosquitoes that transmitted 
it. Although there were sporadic occurrences of mosquito-borne viruses (SLE, EEE, WEE, LAC) in the US, mosquito 
control programs across the country were dwindling in the late 1990s. As a result, many municipalities relied upon 
private contractors to fill the need to combat WNv and initiate a balanced, integrated program for their residents. 
Vector Disease Control International (VDCI) was just one of those private contractors. Our staff was on the frontline 
of the infection as it spread throughout the Northeast and into the Southeast in 2003. By the time it reached the 
Northwest a couple years later, we helped multiple communities throughout the region both in the air and on the 
ground. Many of our most stable and complete programs today are the result of initial concerns about WNv. As many 
communities soon realized, properly administered mosquito control programs could not only reduce the risk of 
disease transmission, but we were also able to safe guard their communities from future disease threats and reduce 
the annoyance of pesky mosquito complaints, as well. The establishment of some of these mosquito control programs 
and the methods we used to build these programs from the ground up will be discussed.

140 Genomic epidemiology of West Nile virus in California 
Karthik Gangavarapu, gkarthik@scripps.edu   

Since its introduction in 1999, West Nile virus has become endemic in the United States and has caused 
45,000 confirmed human cases and 2,000 deaths. The virus causes localized outbreaks in the summer but the size 
and timing of these outbreaks is heterogeneous within and across different states and counties. To investigate the 
drivers and dynamics of seasonal West Nile virus outbreaks, we partnered with vector control and other public health 
labs across the United States and started the WestNile 4k (https://westnile4k.org/) project. As the first phase of the 
project, we sequenced over 700 genomes with high spatio-temporal sampling, from dead birds and Culex mosquitoes, 
across three longitudinally dispersed counties in California: Sacramento-Yolo, Kern and San Diego. Using a combination 
of genomic and epidemiological data, we were able to quantitatively assess the contribution of environmental and 
ecological factors to West Nile virus transmission in California. The high spatio-temporal sampling allowed us to 
understand the overwintering dynamics of West Nile virus in counties with varying climatic conditions. We applied a 
similar methodology to elucidate the transmission of the virus on a localized scale in three cities: San Diego  
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(San Diego county), Bakersfield (Kern county), and Davis (Yolo county). Our study shows how genomic epidemiology 
can be used on a county-level and state-level to investigate mosquito borne viral outbreaks and develop effective 
mitigation strategies.

141 WNv in Dallas County Texas 
Scott Sawlis, scott.sawlis@dallascounty.org 

Dallas County Mosquito Control functions as a division of Dallas County Health and Human Services to 
conduct regular, year-round, and thorough mosquito surveillance throughout the 25 Dallas County municipalities 
and to respond quickly with adulticide applications when mosquitoes test positive for West Nile virus. WNv was 
first identified in Dallas County in June 2002 from an avian tissue sample. Since then, there has been variation in 
the severity of our yearly WNv cycle, with the largest outbreak occurring in 2012. In that year, 398 human cases 
of WNv were reported including 21 fatalities. Following this outbreak, we updated our procedures to increase 
mosquito surveillance and created new, full-time positions. Currently, over 7,000 mosquito traps are set yearly 
from which approximately 5,500 mosquito samples are tested by our departmental lab. We now maintain a robust 
WNv surveillance and control program by utilizing contractor services, along with the cooperation of Dallas County 
municipalities and the Texas Department of State Health Services.

142 West Nile Virus in North Dakota: 20 Years of Perspective from the Northern Plains 
Benjamin Prather, benprather@gmail.com 

North Dakota first encountered West Nile virus (WNv) only three years after its arrival on North American 
shores a thousand miles away1,2. Irrespective of its position closer to the North Pole than to the Nile River, North 
Dakota was now to become an unlikely hotbed of this exotic pathogen. Common native mosquitoes—once merely 
the bane of picnics, golf rounds, and soccer practices—became the catalysts for a massive overhaul of public health 
mosquito control interventions. This new threat presented local governments with a horrifying potential for illness 
and death.

Over the past two decades, North Dakota has totaled 3.75% of all US diagnosed WN infections and 1.68% of 
neuroinvasive cases3 -- all while averaging less than one quarter of one percent(0.25%) of US population4. North 
Dakota sits precariously at second place in highest neuroinvasive WNv incidence of in all of the United States3. 
Additionally, donor seroprevalence estimates range as high as 8% of North Dakotans with Wnv IgG and IgM antibodies 
in some studies5. These seroprevalence estimates are astonishing when compared with other seroprevelance 
estimates from Mediterranean climates that are typically less than 2%6 in locations such as northern Italy where WNv 
is also considered endemic.

Globally, maximum human WNv seropostivity estimates can exceed 50% in surveys from Africa and the Middle East7, 
however that outcome is wildly unlikely in locations so close to the North Pole. Nonetheless, great concerns linger 
even in the more temperate North Dakota under an increasingly warming climate8.

Two decades later and tens of millions of dollars in efforts spent, WNv remains a nearly perennial threat to North 
Dakotans.

143 West Nile in Louisiana, the Surveillance Perspective 
Gary A Balsamo, gary.balsamo@la.gov, Christine Scott-Waldron, Sean Simonson, Julius Tonzel 

Speakers will review the history of West Nile virus in Louisiana, summarize surveillance, discuss assessment 
tools, and explain future plans.

Health officials are intent on exploring the best methods to utilize data collected in Louisiana since WNV first entered 
the state.  The Infectious Disease Epidemiology Section considers uses for the data, as well as future benefits that 
potentially may be provided to people in the state.  

Mosquito-borne diseases have been important throughout Louisiana’s history.  The Louisiana experience with WNV is 
a reminder of the state’s vulnerability.  Louisiana, due to the state’s involvement with mosquitoes and related diseases, 
may be uniquely prepared to observe, record, assess, and respond to WNV and other mosquito-borne diseases.  

We review the history of mosquito-borne diseases in Louisiana, and evolution of the surveillance system.  Surveillance 
data is summarized and value of surveillance will be addressed from the perspective of the health department, 
healthcare providers, mosquito abatement districts, and the public. Current projects will be discussed (resistance 
monitoring, wild-bird testing data, future response capabilities).
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Data is primarily utilized by parish mosquito abatement functionaries.  During transmission season, the health 
department releases weekly reports addressing the status of arboviruses in Louisiana.  The Louisiana Department 
of Health’s public information office uses these reports as the basis for press releases, advisories to physicians, 
veterinarians, and the public. 

The state health department has not conducted an assessment of the utility of data collected.  The Office of Public 
Health recently agreed to cooperate with University of Oklahoma researchers to develop models that may temporally 
and geographically predict areas of increased transmission.  The mantra of public health officials regarding the risk of 
disease is, “The most important indication of risk in the state is the calendar. Risk is present from May to December, 
with the months of July through September being the most dangerous.”

Biology/Behavior II
144 Attraction of Aedes aegypti and Ae. albopictus to a Synthetic Blend of  

Phytochemicals in a Mesocosm. 
Robert Hutchison, rhutches@mix.wvu.edu, Babak Ebrahimi, Woodbridge Foster 

We measured attraction of young Aedes aegypti and Ae. albopictus to a 3-part (7:3:2) volatile synthetic 
phytochemical blend, including some variation in ratios and release rates. They were presented in paired baited and 
blank CFG traps in a large greenhouse mesocosm. Ae. aegypti attraction was highest toward the 7:3:2 blend ratio, but 
at a release rate half that found to be effective for an unrelated mosquito species. Both lower and higher rates yielded 
substantially lower attraction scores for Ae. aegypti.  Ae. albopictus was not so sensitive to release rate, but again it 
was most responsive to the 7:3:2 ratio. The two sexes of both species were represented equally in the trap catches.

145 Novel silver-doped cerium oxide nanoparticles halt maturation of developing  
ovarioles in adult Aedes aegypti mosquitoes 
Mona Doshi, mona@ucf.edu, Alexandar Bosak, Craig Neal, Nour Isis, Udit Kumar,  
Aadithya Jeyaranjan, Tamil Selvan Sakthivel, Sushant Singh, Sudipta Seal,  
Bradley Jay Willenberg 

A new angle for vector control specialists has been the suppression of mosquito populations through the 
perturbation of fecundity. This is most prominently done via sterile insect techniques (SITs) using radiation or the 
release of genetically modified insects that produce non-viable progeny. Though marked success has been achieved 
with the implementation of these types of control programs, novel control methods that target fecundity are still 
needed. Such methods would bolster SIT efforts while ideally abrogating concerns of spurring insecticide resistance.

As anautogenous insects, mosquitoes develop primary follicles that mature into pre-vitellogenic ovaries and progress 
to oviposited eggs following blood meal consumption and the activation of associated pathways. Nanomaterials, 
specifically silver and ceria nanoparticles, have previously been assessed for their larvicidal activity but their effects 
on adults remains understudied. Herein, we describe that the process of vitellogenesis can be disrupted through the 
administration of novel, well-characterized silver-doped cerium oxide nanoparticles resulting in either developmentally 
arrested ovaries or a reduction in clutch size (up to 50% reduction by mass). Arrested ovaries, when compared 
to controls, appear to cease maturation around 8-12h post-blood meal as evidenced by the size of the oocyte and 
therefore likely the degree of vitellogenin accumulation. This developmental arrest could provide insight into how 
nano metals could be used as novel mosquito control agents that target fecundity and, more broadly, how these 
particles effect dipteran reproduction.

146 Bloodmeal and genetic admixture analyses of Culex pipiens complex (Diptera:  
Culicidae) mosquitoes in Chicago, Illinois 
Linda Kothera, lkothera@cdc.gov, John-Paul Mutebi, Joan L Kenney, Kali D Saxton-Shaw,  
Michael P Ward, Harry M Savage 

The area in and around Chicago, IL, is a hotspot of West Nile virus activity. The discovery of a Culex pipiens 
form molestus Forsk l population in Chicago in 2009 added to speculation that offspring from hybridization between 
Cx. pipiens f. pipiens L. and f. molestus could show a preference for feeding on humans. We collected blood-fed 
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female mosquitoes (N = 1,023) from eight residential sites and one public park site in Chicago in July and August 2012. 
Bloodmeal analysis using the COI (cytochrome c oxidase subunit I) gene was performed to ascertain host choice. 
Almost all (99%) bloodmeals came from birds, with American Robins (Turdus migratorius L.) and House Sparrows 
(Passer domesticus L.) making up the largest percentage (74% combined). Two human bloodmeals came from Culex 
pipiens complex mosquitoes. Admixture and population genetic analyses were conducted with 15 microsatellite loci 
on head and thorax DNA from the collected blood-fed mosquitoes. A modest amount of hybridization was detected 
between Cx. pipiens f. pipiens and f. molestus, as well as between f. pipiens and Cx. quinquefasciatus Say. Several pure 
Cx. quinquefasciatus individuals were noted at the two Trumbull Park sites. Our data suggest that Cx. pipiens complex 
mosquitoes in the Chicago area are not highly introgressed with f. molestus and appear to utilize avian hosts.

147 Sublethal acoustic rupture revealed novel insights of larval mosquito respiration 
Herbert Joseph Nyberg, Sales@newmountain.com 

Acoustic larviciding (AL) occurs by exposing mosquito larvae to acoustic energy that ruptures their dorsal 
tracheal trunks (DTTs) by the expulsion of gas bubbles into the body. In studying this technique, we serendipitously 
identified undescribed anatomical and physiological respiratory features. The classical theory of respiration is that 
the  siphon and DTTs play obligate roles in respiration. Our results contradict the accepted theory that culicine  
larvae respire via atmospheric gas exchange. We identified an undescribed tracheal occlusion (TO) necessary for the 
acoustic rupture of DTTs; this constriction prevents the escape of energized gas from the siphon and precludes the 
exchange of metabolic gas with the atmosphere. With an isolated tracheal system, gas exchange likely occurs through 
the chitin and setae and not through a direct connection to the atmosphere.

148 Mosquito Fauna after Extensive Flooding in Brownsville, TX 
 Arturo Rodriguez, art.rodriguez@cob.us, Fred Barnes, Jesus Rodriguez, Henry Presas,  
 John-Paul Mutebi, Erik Ostrum, Kristen Burkhalter 

In 2018, we conducted mosquito surveys in the lower Rio Grande Valley in southern Texas to monitor 
mosquito populations and arbovirus activity after Hurricane Harvey and the Rio Grande Valley (RGV) June floods. We 
used three different adult mosquito traps, BG-Sentinel Traps, CDC Light Traps and CDC Gravid Traps, and collected 
19 different mosquito species. BG-Sentinel Traps collected 12 species, CDC Light Traps 17 species and CDC Gravid 
Traps 11 species. Overall, the most abundant species in CDC Light Trap were Aedes teaniorhynchus, Culex nigripalpus, 
Cx. erraticus and Cx. coronator; the common species in BG-Sentinel was Ae. aegypti and the common species in 
CDC Gravid Traps was Cx. quinquefasciatus. The most striking observation was the detection of four vector species, 
Cx. nigripalpus, Cx. quinquefasciarus, Cx. coronator and Ae. aegypti. Two of these species, Cx. quinquefasciatus (38 
mosquitoes/trap/day) and Cx. nigripalpus (25.45 mosquitoes/trap/day), were detected in high relative abundance. The 
relative abundance of the other two vector species was moderately, Ae. aegypti (7.25 mosquitoes/trap/day) and Cx. 
coronator (8.31 mosquitoes/trap/day). The detection of four different mosquito vector species in high to moderate 
relative abundance suggested a high potential for the transmission of arboviruses.

149 New records of an exotic louse (Phthiraptera: Ischnocera: Trichodectidae) phoretic  
on two mosquitoes (Diptera: Culicidae) in Florida 
Dave Pelley, davepelley@yahoo.com, Sandor Kelly 

In zoology, phoresy is a transitory phenomenon during which one species of animal (the phoront or phoretic) 
temporarily attaches to another, often larger and more mobile animal species (the transport host), and is thereby 
carried from one environment to another. We discovered phoretic specimens of an introduced exotic cervid-chewing 
louse, Damalinia (Cervicola) sp. (Phthiraptera: Trichodectidae), in the U.S. state of Florida. The lice were attached by 
their mandibles to individuals of two species of mosquitoes, Aedes infirmatus and Mansonia titillans. This is only the 
second report of phoretic behavior by this louse species in the U.S. – or anywhere – and observed transport hosts are 
reported here for the first time in that capacity. One of our phoretic Cervicola sp. lice was evidently killed by mycosis, 
although it remained attached in death to its mosquito host.

150 Effect of elevation on Ixodes pacificus nymph seasonality and abundance in the  
Sierra Nevada foothills 
Elizabeth S Andrews, elizabeth.andrews@cdph.ca.gov, Mark Novak 

The western blacklegged tick, Ixodes pacificus, is a significant public health concern in California due to 
its capacity to vector several tick-borne diseases. The nymphal life stage of the tick is the leading threat to public 
health due to its small size and typically higher infection rate of Borrelia burgdorferi, the causative agent of Lyme 
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disease. Historically, large samples of nymphs have been difficult to collect in the Sierra Nevada foothills since they 
do not usually quest on vegetation along trails and are not as abundant as in some northwestern California habitats. 
This study sought to increase our efficiency for collecting I. pacificus nymphs in the Sierra Nevada foothills by direct 
sampling of environmental substrates, such as rocks and logs, which have been shown to yield more nymphs than 
leaf litter. We flagged rocks and logs at 13 locations with elevations ranging from 500 to 3700 ft in 2018 and 2019. 
Collections at each location began in March and continued monthly until <1 nymphs was collected. By increasing our 
collections of nymphs we were able to compare their relative abundance and seasonal activity patterns at different 
elevations. Preliminary findings suggest that the prevalence and abundance of nymphs was similar on both rocks and 
logs, seasonal activity started later at higher elevations, and at elevations above 3000 ft nymphal ticks are active into 
August. This may indicate that the risk of coming into contact with nymphs at higher elevations in California may 
extend throughout the summer months, rather than ending in late spring.

151 Comparison of the new Biogents BG-Pro with BG-Sentinel 2 and CDC light traps 
Jay P Kiser, Jkiser@Suffolkva.us, Karen I Akaratovic, Charles F Abadam 

There are many adult mosquito surveillance traps on the market that aim to collect a variety of different 
mosquito species. Two of these commonly used traps in the US are the CDC light trap (CDC) and the BG Sentinel 2 
trap (BGS2). The CDC is a hanging trap that focuses on catching host-seeking females from an array of species. The 
BGS2 sits on the ground and focuses on catching females that are seeking a host or an oviposition site, primarily 
targeting Aedes albopictus. The new Biogents BG-Pro includes elements from both of these traps and offers flexibility 
in design to be used in either position. During the 2019 season, City of Suffolk Mosquito Control in Southeastern 
Virginia conducted two comparison studies with the BG-Pro. The first study was a 3x3 Latin Square comparing the BG-
Pro, BGS2, and CDC: all traps were set at ground level, openings at 46cm above ground, with CO2 gas, BG lure, and no 
lights. A total of 1,460 mosquitoes were collected from all traps with Ae. albopictus accounting for over 96%. There 
was no significant difference in the number of female Ae. albopictus caught between the BG-Pro and BGS2, but both 
caught significantly more than the CDC (p < 0.01). The second study was a 4x4 Latin Square comparing the BG-Pro 
with and without light to the CDC with and without light: all four traps were set hanging, openings at 152cm above 
ground, with CO2 gas and no BG lure. A total of 8,826 female mosquitoes were collected from all traps with Culiseta 
melanura accounting for almost 93%. The BG-Pro with light collected significantly more Cs. melanura then all the 
other trap configurations (p = 0.02 for BG-Pro without light and p <0.01 for both CDCs), but there was no significant 
difference between the other configurations.

Latin American Symposium II
152 Spatial variation of insecticide resistance in Aedes aegypti from Tapachula, Mexico 

Francisco Solis Santoyo, fsolis@insp.mx, Americo D Rodriguez, Karla  Saavedra-Rodriguez,  
R. Patricia Penilla Navarro, Daniel  Sánchez, Alfredo Castillo, Alma D López Solís,  
Cristina Rodriguez, José G Ordóñez González, Geovanni Vázquez Samoya,  
Elsa P Contreras Mejia, William C Black IV

In the context of an insecticide resistance management project conducted in Tapachula, Chiapas, Mexico, the 
status of insecticide resistance to four representative insecticides from three toxicological groups in Ae. aegypti, have 
been investigated by CDC bottle bioassays. Baselines for deltamethrin, permethrin, malathion, and bendiocarb were 
obtained in mosquitoes collected by ovitraps distributed in neighborhoods from four sectors (NW, NE, SE, SW) of 
the urban area of Tapachula, during 2018. From these baselines, LC50s were estimated and RR obtained by comparing 
to a New Orleans susceptible strain used as a control in each bioassay. LC50 for deltamethrin varied from 2.0 to 12.9 
(RR 15.9-96.2), for permethrin 11.2 to 50.5 (RR 5.3-43.2), for malathion 2.9 to 5.7 (RR 1.2-5.2), and for bendiocarb 0.5 to 
4.4 (RR 1.4-11.1) within the city. Interestingly, RR varied spatially within the Tapachula area, suggesting that an effect 
of chemical control intensity and landscape settings could be determining the level of resistance to each insecticide 
tested. Further studies using more detailed information about the use of insecticides from the vector control program 
as well as landscape analysis using GIS technologies, are needed to elucidate the level of importance of each of  
those factors.
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153 Desing and evaluation of transfluthrin release devices as measure of protection  
against the bite of mosquito Aedes aegypti 
Jose Luis Torres-Estrada, jltorres@insp.mx, Keila Elizabeth Paiz-Moscoso,  
Florencio Ricardo Diaz-Morales, Ingrid Marcela Quintero-Donis, John Paul Grieco,  
Nicole Louise Achee, Ildefonso Fernandez-Salas 

Background: Dengue, chikungunya and Zika are viral diseases that represent a global priority public 
health problem. Control measures for these diseases are mainly based on reducing the vector population by using 
insecticides and decreasing human-vector contact with the use of repellents. This study evaluates the effect on Aedes 
aegypti of transfluthrin released in fixed and mobile devices designs in the CRISP. Methodology: A 7-concentration 
biological window was opened and the effect of transfluthrin impregnated in different substrates incorporated into 
fixed and mobile devices designed and 3D printed was determined. The release rate was determined by a gravimetric 
analysis of indirect volatilization. Dispersion and mortality were evaluated in an experimental house with a total area 
of 235.6 m3 at different distances (1, 3, 6 and 12 m) and heights (1, 2 and 3 m) from where the device was placed. The 
spatial repellency effect was evaluated using protected human bait, while mortality was evaluated at 24 h. Results: 
The release rate was 6.6 mg/min for fixed devices and 20 mg/min for mobile. The best percentage of repellency was 
obtained with filter paper impregnated with 3 mL of 10% transfluthrin for fixed devices and 1 mL of transfluthrin at 
10% for the mobile device. The use of transfluthrin reduced sting activity by 100% in an area of 100.8 m3 for 48 h for 
fixed devices and 3.57 m3 for 8 h for the mobile device. Up to 80% mortality was obtained with fixed devices and 22% 
with mobile device. Conclusion: The effectiveness of the transfluthrin releasing devices described here suggests great 
potential in terms of blocking disease transmission, especially for vectors such as Ae. aegypti.

154 The use of the Mosquito Magnet Trap for entomological surveillance in Venezuela 
Yasmin Rubio-Palis, rubiopalis@gmail.com, Hernmán Guzmán, Simón Caura 

The use of a satisfactory method of sampling mosquitoes for routine evaluation of vector control programs 
represents a contribution to national programs, eliminating exposure of humans to mosquito bites, reducing costs 
and increasing coverage. We evaluated the Mosquito Magnet Trap TM in remote Amerindian malaria endemic areas 
of southern Venezuela and in an urban area hyperendemic for dengue. The traps were operated with or without 
attractants. In Jabillal, Bolivar State, Anopheles nuneztovari s.l. and An. darlingi were the most abundant species, both 
species were active throughout the night, An. darlingi showed a peak at sunset and then decrease in activity, while 
An. nuneztovari s.l. was more active at sunset with a peak at 1800 hrs and a second minor peak at sunrise. In Boca de 
Nichare, located 300 km up the Caura river from Jabillal, An. darlingi showed a different biting pattern with a peak 
around midnight, while An. nuneztovari s.l. showed similar peaks of biting between 1800 and 2200 hrs and between 
0200 and 0600 hrs. There was not significant difference for trapping An. darlingi (P= 0.07) using octenol or lurex as 
attractants, while An. nuneztovari s.l. was more attracted (P= 0.001) to octenol. In Maracay, urban area, similar number 
of mosquitoes were caught with and without octenol. No significant differences were observed for the most abundant 
species An. pseudopunctipennis, Aedes angustivitattus, Ae. aegypti and Ae. albopictus. Although significantly more 
Culex quinquefasciatus were caught without octenol. In general, 24 mosquito especies belonging to 5 genera were 
caught with the MMT.

155 Evaluation of a metofluthrin release device as a measure of protection against Aedes  
 aegypti bites 
 Jose Luis Torres-Estrada, jltorres@insp.mx, Keila Elizabeth Paiz-Moscoso,  
 Ildefonso Fernandez-Salas, Jose Ignacio Navarro-Kraul, John Paul Grieco, Nicole Louise Achee 

Background: Aedes aegypti is a vector of viruses that cause dengue, chikungunya and Zika globally. Control 
measures for these diseases are based on reducing vector populations and thereby reducing man-vector contact. 
Spatial repellents have proven effective in reducing human-vector contact; however, devices are needed capable of 
properly releasing the product and thereby generating a vector-free area. Methodology: The HITSS modular system 
was used to evaluate Ae. aegypti response exposed to different concentrations of metoflutrin. The treatments that 
had the best results were incorporated into the device designed and printed in 3D CRISP-Calendar to be evaluated in 
cages of 90 cm per side. The results obtained with the CRISP-Calendar device and its concentrations were compared 
with the Clip-on SCJ-IC-133 and Clip-on SCJ-IC-204 commercial device. Results: The best spatial repellency percentages 
obtained in the HITSS equipment were for concentrations 7.176 mg/mL and 16.1 mg/mL with 38.89 ± 5.67% and 47.50 ± 
2.50% respectively. Comparing the devices and concentrations it was found that the best results were obtained with 
the Clip-on SCJ-IC-133 (46 mg) with 90.56 ± 1.06% spatial repellency, CRISP-Calendar (46mg of AI) with 88.33 x 1.4% and 
CRISP-Calendar (16.1 mg/mL) with 87.43 3.29%. Conclusion: In this study, two concentrations with spatial repellency 
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percentages above 80% were obtained, which are similar to those presented by the off! Clip-on SCJ-IC-133. The results 
of this study conclude that both the commercial concentration of 46 mg and the concentration of 16.1mg/mL can  
be incorporated into the CRISP-Calendar device so that they can be used as a protective measure against the Ae. 
aegypti bites.

156 Effect of two insecticide paints, for the control of Aedes aegypti  
mosquitos under laboratory and housing conditions in the Miguel Aleman Village,  
Sonora, México (2017-2019). 
Alejandro Villegas-Trejo, alex_villegas_trejo@hotmail.com, JorgeCastañeda-Gomez,  
Ricardo Arce-Vega, Jorge F Mendez-Galvan, Marco A Dominguez- Galera, Javier A Pruñosa,  

 Gerardo Alvarez-Hernandez 

Insecticide paints have been evaluated for their safety and residual effect up to 2.5 years, resulting in effective 
protection against mosquitoes and triatomines. Little is known about its effect on the long-term control of vector 
diseases in Mexico. To evaluate the control effect of two paints with Inesfly technology® against Aedes aegypti under 
laboratory conditions and in homes in the Miguel Alemán Village, Sonora, cement and clay substrates were made, 
using a doses of 1.2g ia/m2 and 0.43g ia/m2 of propoxur and deltamethrin, respectively. F1 mosquitoes were obtained 
according to the WHO standard, which were exposed for 30 minutes on each substrate (clay and cement) and for 
each insecticide. Field Experiments: 4 blocks were selected from the Miguel Alemán, assigning each one a treatment; a) 
Painted walls with propoxur paint, b) painted 1 meter with propoxur paint, c) residual spray and d) untreated control. 
One month before treatments and then for one year, entomological studies were conducted to account for the 
number of live or dead mosquitoes, inside and outside the homes of each treatment. Of 2,000 mosquitoes exposed 
to substrates over 1 year, mean mortality of 99.4% (IC: 95% x 0.0980) was observed to propoxur paint and 62.5% 
(IC: 95% to 7.1539) to deltamethrin paint. No mortality was reported in the control groups (500 mosquitoes). Field 
studies reported, the highest averages of positive household mosquitoes were recorded from August to October; 1-0, 
2-1, 6-10 and 10-4 for treatments a,b,c and d. Propoxur paint produced a highly effective effect for one year against 
Aedes aegypti mosquitoes. Low mortality from mosquitoes to deltamethrin paint was observed. At field experiments, 
propoxur paint exerted an effective, statistically significant control effect compared to residual spraytreatment 
and control, so it could represent an important tool for controlling transmitting mosquitoes arbovirosis and other 
medically important diseases.

157 Low-tech solutions for mosquito surveillance 
Nathan Burkett-Cadena, nburkettcadena@ufl.edu 

Commercially available mosquito traps and lures are excellent tools for capturing diverse mosquito species, 
however their expense and limited availability in many parts of the world can be a hindrance to researchers and 
mosquito control professionals. Low-tech solutions are needed to provide reliable and reproducible methods for 
collecting nuisance and vector mosquito species in places where conventional traps, lures and/or electricity are 
difficult to acquire. The “pop-up resting shelter” is a modification of the wooden resting box that is used to capture 
resting mosquitoes through manual power, without the need of a battery powered aspirator. In a field evaluation 
of the pop-up resting shelter in the Everglades (USA) this device was used to collect substantial numbers of males 
and females of Anopheles, Culex and Culiseta, including vectors of zoonotic arboviruses. Carbon dioxide is a 
potent mosquito attractant, that is often used to lure mosquitoes to traps. Carbon dioxide is typically dispensed as 
compressed gas or dry ice, products which can be difficult to obtain in remote areas. Caron dioxide can be produced 
as a biproduct of the reaction of common acids (vinegar, citric acid, sulfuric acid) and common carbonates (crushed 
limestone, sodium bicarbonate). Combining citric acid (10%) and sodium bicarbonate (0.5 kg) produces ecologically 
relevant quantities (500mL/min) of carbon dioxide gas for >2hrs. In field tests, CDC light traps paired with a simple 
system that drips 10% citric acid onto sodium bicarbonate (baking soda) collected >1,000 female mosquitoes / trap 
night (7 species), compared to ~50 females in unbaited light traps. These studies show the effectiveness and utility of 
low-tech methods for collecting nuisance and vector mosquitoes in areas where access to commercial traps, lures and 
/ or electricity is limited.

158 Toxic Sugars: Potential Insecticide to Anopheles darlingi and Aedes aegypti in the  
Peruvian Amazon 
Karin S Escobedo-Vargas, karin.s.escobedo.ln@mail.mil, Maria Bosantes,  
Victor M Lopez-Sifuentes, Gissella M Vasquez, Michael L Fisher 

The difficult task of controlling vector-borne diseases such as malaria, dengue and Zika in the Peruvian 
Amazon, relies heavily on different types of insecticides which have contributed to resistance to multiple insecticide 
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classes over the past several decades. It is imperative that we continually search for novel control alternatives with 
toxic effects, easy to use and friendly to the environment. Our study focuses on assessing the toxicity of artificial 
sweeteners (sugar alcohols) to two mosquitoes common to the Peruvian Amazon, An. darlingi and Ae. aegypti. 
Experiments were conducted using adult female and male of An. darlingi (F79-F81) and Ae. aegypti (F4-F5) 1-2 day old, 
which were exposed to a mixture of sucrose and four different artificial sweeteners (Xylitol, Mannitol, Erythritol and 
Sorbitol) at different concentrations (90/10, 75/25, 50/50, 25/75, 10/90). The experiment consisted of three replicates 
with three subsets for each artificial sweetener. Mortality was monitored and recorded daily for 10 days. Sucrose 
solution (10%) was used as a control to verify the lethal effect of the sweeteners. The effects of the toxicity affected 
the survival of the mosquitoes in each treatment with high mortality between 24-48 hours using high concentrations 
(90/10, 75/25 and 50/50) of Erythritol, Xylitol and Mannitol for males and females of An. darlingi. However, for Ae. 
aegypti, only Erythritol showed similar effects. Preliminary results suggest that Erythritol is a strong candidate with 
insecticidal properties, with the potential of becoming a new tool for the control and surveillance of disease vector 
mosquito species in the Peruvian Amazon.

160 Life tables of an Aedes aegypti population under uncontrolled laboratory conditions  
of Bogotá, Colombia. 
Jesús Eduardo Escobar, jeescobar@unisalle.edu.co, Jeimy Tatiana Sua, Diego Soler-Tovar,  
Ligia Inés Moncada 

Aedes aegypti is an efficient vector of arboviruses such as dengue, zika, chikungunya and yellow fever, among 
others. The worldwide distribution of this vector has been possible due to the ability to adapt to new environments, 
influenced by climate change.  There is evidence concerning that Ae. aegypti has gradually been colonizing higher 
areas. In that sense, is important to undertake studies related to surviving and fitness of the insects in order to 
generate information to implement surveillance and vector control measures. The objective of this project was to 
generate knowledge of life tables, population parameters and the strength of adults emerging from Ae. aegypti in 
higher localities. Different stages of the mosquito were collected in Yopal (Casanare). Half of these individuals were 
raised under uncontrolled conditions in the laboratory of Entomology of La Salle university of Bogota, located at 2600 
masl, (experimental colony) another one half was maintained with humidity and temperature similar to that reported 
for the sampling area (control colony). Both colonies were maintained for two generations. Daily records were taken 
of egg hatching, larval stages, pupa stage, adult emergence, mortality and survival. The differences of the life tables 
between control and experimental colonies were statistically significant. Ae. aegypti survived in the conditions of 
Bogota, in addition the influence of temperature on both life cycle and life expectancy was evident. This species 
showed a good capacity to adapt to temperatures such as that of the city of Bogotá, because it has been possible 
to maintain the experimental colony for several generations. This information is important to take into account for 
entities responsible for entomological surveillance in the city.

Adult Control II
161 Outdoor screen house tests of tiki torches fueled with citronella and cedar oil  

against Aedes aegypti 
John P Smith, docmx8@gmail.com, Marjorie Ann Smith 

Tiki torches fueled with citronella and cedar oil resulted in significantly (p<0.05) fewer Aedes aegypti bites 
than non-treated controls in outdoor screen house studies. Repellency was calculated to be 66%, 75%, and 70% at 0.25 
h, 1.25 h, and 2.25 h post mosquito release, respectively.  Overall repellency was 71%.

162 Recent advances in Smart Trap development 
Michael Weber, michael.weber@biogents.com, Martin Geier, Maximilian Epple,  
Armin Kordus 

The current state of the art of commercially available remote-controlled, automatic mosquito traps (BG-
Counter) uses a light barrier to detect and identify the catch. The wingbeat of insects pulled by the trap’s air stream 
through this (essentially two-dimensional) light barrier yields short, but typical patterns that can be used to distinguish 
mosquitoes from other insects.  Counts are automatically transferred to a server where they are available for review, 
analysis and download.  Previously, the BG-Counter was only available for the Sentinel trap.  The BG-Counter and 
the recently introduced BG-Pro mosquito trap have now been integrated in a rugged and robust trap station for 
permanent deployment in challenging environments.  
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For the advanced automatic surveillance and monitoring of mosquitoes, we have designed a new type of optical 
systems.  Intended for use with a suction trap for host-seeking mosquitoes, it is based on a measurement of wingbeat 
using scattered and reflected light.  The system’s machine learning capabilities can be trained to identify and count 
mosquitoes from groups of special interest, such as specific disease vectors or differentiation of male/female Aedes 
aegypti for SIT.

We will give a description of the respective technologies and present recent field and laboratory data.

163 Evaluation of insecticide resistance in Aedes aegypti in the Florida Keys 
Heidi Murray, hmurray@keysmosquito.org 

The concern over insecticide resistance in disease vectoring mosquitoes is growing.  In the Florida Keys, the 
Aedes aegypti mosquito is the prominent concern for possible dengue, chikungunya, and Zika transmission.  In March 
2019, the Florida Keys Mosquito Control District (FKMCD) received a CDC Bottle Bioassay Kit to evaluate insecticide 
resistance in local mosquito populations.  The CDC Bottle Bioassay method was used to test local Ae. aegypti for 
resistance against adulticides commonly used by FKMCD.  Inhibitor bioassays were also performed on local Ae. aegypti 
populations when resistance was detected to determine possible detoxification mechanisms present.  The presence of 
knockdown resistance was also evaluated using the procedures outlined by the CDC.

164 First Universal Culex Mosquito Reverse Transcriptase PCR Assay Detecting a Single  
Nucleotide Polymorphism Associated with Knockdown Resistance to Pyrethroids 
Kelli Hager, kelli@mosquitoes.org, Erick Gaona, Amy Kistler, Kalani Ratnasiri,  
Hanna Retallack, Miguel Barretto, Sarah Wheeler, Eric Haas-Stapleton 

Pyrethroid insecticides are widely used to control mosquitoes that transmit diseases such as West Nile 
virus (WNV) to humans.  A single nucleotide polymorphism (SNP) in the knockdown resistance (kdr) locus of the 
voltage gated sodium channel (vgsc) gene of Culex mosquitoes confers knockdown resistance to pyrethroids.  
However, PCR-based assays that detect these SNPs in Culex species are currently available only for Culex pipiens and 
Culex quinquefasciatus.  RNAseq was employed to sequence the coding region of vgsc for Culex tarsalis, another 
WNV vector.  We utilized the cDNA sequence to develop a quantitative reverse transcriptase PCR (RT-qPCR) assay 
that detects the resistant and susceptible SNP in the kdr locus of vgsc.  Because this locus is conserved, the assay 
successfully detected the SNPs in the three Culex spp. that vector WNV in the US. The RT-qPCR assay was validated 
using qPCR and sequencing of PCR products.  We anticipate that public health and vector control agencies will utilize 
the RT-qPCR assay to map the distribution of pyrethroid resistance in Culex species to control mosquitoes and vector 
diseases more efficiently.

165 Comparative behavioral responses of Aedes aegypti, Aedes albopictus and Culex  
quequinfasciatus (Diptera: Culicidae) to plants base repellent of vetiver compounds 
Jirod Nararak, rgt532@gmail.com, Sylvie Manguin, Theeraphap Chareonviriyaphap 

There are many reports revealed that some plant-derived are considered non-toxic, alternative insect 
repellents for humans. Vetiver compounds were assessed as repellent mosquito vectors. Aedes aegypti, Aedes 
albopictus and Culex quequinfasciatus were testes behavior responses with vetiver compounds through the High 
Throughput Screening System (HITSS). As a result, the behavioral responses of mosquitoes to plant base of vetiver 
compounds indicated that some compounds had spatial repellent, contact irritant and/or toxic properties. The study 
provides informative data on the mosquito-repellent property of vetiver plant against Ae. aegypti, Ae. albopictus and 
Cx. quinquefasciatus. We conclude that the pure compounds from vetiver could potentially be developed as promising 
plant-based repellents fight against the bite of mosquitoes.

166 The Male Aedes Sound Trap: Field results from Latin American and Pacific regions 
Kyran M Staunton, kyran.staunton@jcu.edu.au, Jianyi Liu, Wei Xiang, Stephan Karl,  
Jacob Crawford, Pablo Manrique-Saide, Nicole L Achee, John Grieco, Nigel Snoad,  
Thomas R. Burkot, Scott A. Ritchie

This decade has seen major developments in rear and release technologies applied to Aedes mosquito 
control. Such programs demand cheap, but effective, mosquito traps which can monitor populations before, during 
and after field releases. We have developed the Male Aedes Sound Trap (MAST), an inexpensive and low maintenance 
trap powered by two AA batteries for up to four months, which uses a sound lure and selectively attracts male Aedes 
mosquitoes. The MAST was field evaluated in Mexico, Belize, Australia and Papua New Guinea using a variety of sound 
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lure tone frequencies in Latin square experiments against the Biogents BG-Sentinel Trap. The MAST captured both 
male Aedes aegypti and Aedes albopictus in comparable numbers to BG-Sentinel traps, but with dramatic reductions 
in other insect by-catch including other mosquito species. Additionally, male Culex by-catch is anticipated to be 
further minimised, when required, by fine-tuning the sound lure tone emitted from the MAST. We expect that the 
MAST could be deployed in the future not only as an effective monitoring tool in rear and release programs, but also 
as a component in general vector surveillance programs.

167 Hindsight is 20/20 in 2020: Learning from the past to optimize pest management  
practices with malathion (Fyfanon® ULV Mosquito and Fyfanon® EW Insecticide) 
Donald Powers, donald.powers@fmc.com, Rakim Turnipseed 

The physical and chemical properties and mode of action of malathion are what make it an effective 
mosquito adulticide and key tool for resistance management. Often, the smallest of details matter the most in 
determining the success or failure of an adulticide. We will identify key learnings around setting up field cage trials, 
using equipment and assessing efficacy. These points are important when cage testing malathion products and can 
facilitate optimized mosquito management practices.

168 Multi-year comparison of insecticide resistance in Aedes aegypti and Ae. albopictus  
mosquitos collected from US/Mexico border cities 
Heather M. Hernandez, heather.hernandez01@utrgv.edu, Christopher Vitek, Whitney Qualls 

The threat of insecticide resistance is a predominant concern when considering control options for 
vector-borne diseases. The lower Rio Grande Valley region, along the Texas/Mexico border, is a region that has had 
autochthonous transmission of multiple mosquito-borne diseases including dengue virus, chikungunya virus, and Zika 
virus but the resistance status of commonly used pesticides along the border is unknown. We initiated a multi-year 
monitoring effort to assess the resistance status of two mosquito species, Aedes aegypti and Aedes albopictus. Eggs 
were collected in the field throughout the year from multiple cities along the border. Using the CDC Bottle Bioassay 
method, we tested mosquitoes from these field collections to assess any resistance to commonly used insecticides: 
permethrin, sumethrin and deltamethrin. Here we compare the results from the first and second year of the study 
to identify if patterns over two years have been consistent or have changed. This data will assist in identifying how 
insecticide resistance varies seasonally, city to city, and year to year.

169 Efficacy of a new mode of action compound Imergard™ WP for Indoor Residual  
Spraying compared to ActellicTM 300CS measured in a community randomised  
entomological study 
Carly Marshall, cmarshall@ihi.or.tz, Olukayode Odufuwa, David Kaftan, Jason Moore,  
Adam Saddler, David Stewart, Amanda Ross, Sarah Moore 

Pyrethroid resistance resulted in the replacement of relatively inexpensive pyrethroids with more expensive 
alternatives causing massive reductions in Indoor Residual Spray (IRS) programmes. Alternative insecticides with novel 
modes of action (MOA) are needed.

A new MOA IRS, Imergard™WP (wettable powder), was evaluated using cluster randomised design according to 
standard World Health Organisation (WHO) methodology in a non-inferiority comparison to Actellic™300CS, 
the standard of care IRS, in Tanzania. Imergard™ WP has a new physical mode of action (mechanical disruption of 
the cuticle) which deters the development of resistance and is not toxic to humans, non-target organisms and the 
environment.

The trial was powered to detect a 30% difference in sporozoite rate (SR) between treatment arms with 50,000 
mosquitoes sampled. Secondary outcomes were residual efficacy of the insecticide, vector density and vector 
mortality of wild populations of Anopheles (An.) arabiensis and An. funestus sensu stricto (s.s.).

Data demonstrated that that Imergard™WP applied at 8g ai/m2 was equal to the reference product applied at 1g ai/m2. 
A total of 82,045 mosquitoes were tested for the presence of malaria sporozoites. The overall SR was not significantly 
different between arms: Actellic™300CS 0.00343 and Imergard™WP 0.00436 (Odds Ratio 1.51 (95% CI 0.65-3.49) 
p=0.335).

Residual efficacy (≥80% mortality) of Imergard™WP and Actellic™300CS was 8 months with both susceptible An. 
gambiae (Ifakara) and pyrethroid resistant An. arabiensis (Ifakara) using 72 hours holding time.
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The 72 hours mortality of wild An. arabiensis and An. funestus (from indoor resting catches) was similar between arms 
Imergard™WP (100% and 90%, respectively) compared to Actellic™300CS (88% and 92%, respectively).

There were no serious adverse events in either treatment arm among sprayers or residents.

Imergard™WP did not reduce mosquito densities indicating that it shortens mosquito lifespan sufficiently to impact 
on malaria transmission but not enough to reduce mosquito population size.

Twenty Years of West Nile Virus: Past, Present and 
Future Symposium II
170 West Nile virus in the Northeast: current challenges and future directions 

Priscilla Matton, brismosqpc@comcast.net 

The Northeast region encompasses nine states: Maine, New Hampshire, Vermont, Massachusetts, Rhode 
Island, Connecticut, New York, New Jersey and Pennsylvania. The geography and funding mechanisms differ 
significantly in the region. Current challenges faced by the region include expanded seasonal activity and balancing 
resources, local infrastructure, new vectors or other arboviruses. Lack of public interest for West Nile virus is a 
concern. Different approaches to surveillance and human case monitoring will be a factor moving forward. Greater 
communication between agencies, further research on surveillance methods and climate change will be explored.

171 More than West Nile virus - maintaining priorities within a full vector program 
Jennifer A. Henke, jhenke@cvmvcd.org, Jeremy Wittie 

The Coachella Valley Mosquito and Vector Control District in southern California was founding in 1928 for the 
control of eye gnats and added mosquitoes to its program in 1951. Surveillance for arboviruses began in 1977 following 
several residents contracting St. Louis encephalitis virus.

West Nile virus was first detected in the Coachella Valley in 2003, which was also the last time that SLEV positive 
mosquito samples were detected until 2015. In the time of SLEV no longer being a priority, West Nile virus was the 
priority of the District’s surveillance, operations, and public outreach teams. Besides the re-emergence of SLEV, the 
District has also added a robust red imported fire ant surveillance and control program (2005) and inspections and 
treatments for the invasive mosquito Aedes aegypti (2016). Since 2014, West Nile detections have not followed the 
previous patterns of SLEV or western equine encephalomyelitis virus (WEEV). Whereas the latter two viruses are 
typically first detected near the Salton Sea at the east end of the valley and slowly move their way inward to the 
western cities, West Nile has recently been detected sporadically in the western cities and then detected later in the 
season in the eastern end of the valley. In 2019, West Nile was detected in multiple cities simultaneously, at higher rates 
and more abundantly than in any other year.

Maintaining priorities and balance at a vector control district is a necessary and sometimes difficult balance. Here, 
we will review the changing structure of the programs to ensure that the district could minimize the risk of virus 
transmission to the residents while maintaining other vector control programs.

172 Making the most of mosquito and arbovirus surveillance data 
Christopher M Barker, cmbarker@ucdavis.edu 

Integrated vector management programs typically rely on surveillance data to guide mosquito control 
decisions to protect human health. These data arise from diverse sources and vary in both quality and quantity, with 
a high degree of uncertainty associated with surveillance observations when evaluated at spatial and temporal scales 
fine enough to target control. In this presentation, I review advances in information on optimal sampling strategies and 
new tools to increase the utility of surveillance data that have emerged during the twenty years of West Nile virus in 
the USA.
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173 Vector index as a driver for control 
Roxanne Connelly, csz5@cdc.gov, Brad J. Biggerstaff, Hannah E. Romo 

Surveillance-generated indices such as mosquito abundance, sentinel avian seropositivity, or vector infection 
rates help control agencies determine when control actions mediating adult mosquito populations should occur. 
The Vector Index (VI), the sum of the products of the average number of mosquitoes collected per trap-night and an 
estimate of the infection rate over vector species, was incorporated into many vector surveillance programs following 
the introduction of West Nile Virus (WNV) into the continental United States. The index is roughly proportional to 
the number of WNV positive mosquitoes in a given area per trap night and studies have shown that the VI is positively 
correlated with human risk. For agencies making public health vector control decisions, the VI represents a measure 
of action, with thresholds for control often set at the community level. In areas where there is a single primary WNV 
vector, species-specific surveillance strategies and integration of surveillance data into the VI is straightforward. For 
communities with multiple WNV vectors, incorporation of abundance and infection rate data from multiple species 
and traps into the VI can be challenging. We examine different components of the VI and analyze how the inclusion of 
surveillance data from multiple WNV vectors can impact the association of the VI with human cases.

174 Real-time West Nile virus forecasts during 2018 
Nicholas DeFelice, nicholas.defelice@mssm.edu 

West Nile virus (WNV) is the leading cause of domestically acquired arthropod-borne viral disease in the 
United States. However, there is considerable inter-annual variation in the number of human cases. As a consequence, 
effective allocation of public health resources is challenging and often reactive, a circumstance that highlights the need 
for accurate, real-time forecasts of the burden of disease. Recently, we showed that accurate and reliable predictions 
of seasonal WNV outbreaks can be made using a mathematical model that represents WNV transmission dynamics 
among mosquitoes and birds, as well as spillover to humans.  The mathematical model representing WNV transmission 
is optimized using a data assimilation method and two observed data streams: mosquito infection rates and reported 
human WNV cases. The coupled model-inference framework is then used to generate retrospective ensemble 
forecasts of historical WNV outbreaks. Next, these retrospective forecasts are used to calibrate estimation of real-
time expected accuracies for various predicted features: outbreak peak timing, peak magnitude, and total number of 
infected mosquitoes for the season and the number of human cases in the next 4 weeks and over the season. Weekly 
forecasts of WNV are generated in real-time using this calibrated system for four California Counties during the 2018 
outbreak season. Here, we present the forecasting framework and an evaluation of the real-time forecasts, and we 
discuss limitations of the current real-time monitoring network. Overall, the real-time forecasts are able to estimate 
accurately the peak timing, peak magnitude, and total number of infected mosquitoes for the season in real-time prior 
to the peak of infected mosquitoes. WNV forecasting is potentially an important evidence-based decision support tool 
for public health officials and mosquito abatement districts; however, to operationalize real-time forecasting, more 
resources are needed to reduce human case reporting lags between illness onset and case confirmation.

175 CDC perspective and recommendations for future West Nile Virus vector control 
Roxanne Connelly, csz5@cdc.gov, Christopher Gregory 

Vector control programs across the United States vary widely. The distinctiveness of each control program 
can be attributed to funding, disease burden, the complex natural cycle of mosquitoes, movement and variation of 
amplifying hosts, weather, and human behavior. After 20 years of West Nile virus presence in the continental United 
States, many advances have been made involving scientific-based evidence as drivers for mosquito control actions, 
including use of the Vector Index, early season control and integrated mosquito management, and mosquito or other 
sentinel-based surveillance as early warnings that inform triggers for control activities. Unfortunately, there are still 
major gaps in the capacity to conduct surveillance and evidence-based recommendations for vector control across 
the US.

The Centers for Disease Control and Prevention (CDC), Division of Vector-borne Diseases (DVBD), funds states 
through Epidemiology and Laboratory Capacity funds and five Vector-borne Disease Centers of Excellence. 
Additionally, CDC works with states and local agencies to evaluate vector control techniques for vectors of West Nile 
virus. The Arboviral Diseases Branch within DVBD is developing a 5-year West Nile Virus Strategic Plan composed of 
multiple intersecting components that together address the key questions of where, when, and how interventions 
should be implemented and maintained to reduce the total burden of WNV neuro-invasive disease. The strategy 
assumes the need for multidisciplinary expertise including public health entomology, communications, social sciences, 
epidemiology, ecology, health economics & analysis, virology, policy, program evaluation, program management, and 
modeling, and simultaneously explores prevention at the personal and community level.
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Biology/Behavior III
176 Attraction to humans by male Aedes aegypti and Aedes albopictus mosquitoes in an  

air flow olfactometer 
Shawn N,D Ward, shawn.n.d.ward@gmail.com, Robert G Hancock, Connor O’Brien-Stoffa 

Most mosquito reproduction starts in swarms of males waiting for a female candidate to present itself. In 
Ae. aegypti and Ae. albopictus these swarms can occur around potential blood meal hosts for biting females such 
as humans.  Mate finding then occurs by male positive phonotaxis to the approaching female’s mosquito wing beat 
sounds followed by aerial coupling and positioning.  The way males locate hosts for swarming however, is little 
understood.  In this experiment we have designed an airflow olfactometer to test close range responses of male Ae. 
aegypti and Ae. albopictus mosquitos to “swarm host” stimuli including breath and exposed hands.  In comparison 
to blank controls, both species exhibited positive responses to composite human swarm host stimuli consisting of a 
human hand and exhalant from a tube.  On going work is aimed at identifying the relative importance of chemo, hydro 
and thermal components.  Through these tests of overall attraction to swarm hosts by males, new avenues of control 
and surveillance can be exploited.

177 Larval violence in Neotropical jungle mosquitoes: investigations of interspecific  
predation mechanics in two Sabethine mosquitoes 
Taylor E Boyd, tboyd12@msudenver.edu, Shannon M MacFadden, Robert Hancock 

Intraguild predation by mosquito larvae has been widely recorded in at least thirteen genera of mosquitoes. 
The manifestation of this behavior is however highly varied across the genera from the motive to the specific 
mechanisms used to execute. To categorize the predation (if any) of larvae from the Neotropic species Sabethes 
cyaneus and Sabethes chloropterus, second-, third-, and fourth-instars were isolated and paired with either an 
instar of the same species, a species within the genus, or an instar from a different genus (Aedes aegypti). High-
speed microvideography was used to elucidate the details of prey capture by the mosquito larvae. The facultative 
predators Sa. cyaneus and Sa. chloropterus utilize a prey-capture mechanism that involves forward thrusting of the 
head and anterior abdomen towards prey larvae, which are captured by ventrally directed and open maxillae bearing 
elongate apical teeth. Prey consumption, which is typically incomplete in this species, involves the action of teeth on 
the mandibles, which cut into the held prey. In experiments set up under laboratory conditions fourth-instars of Sa. 
cyaneus and Sa. cholorpterus were observed preying on Ae. aegypti larvae as well as larvae from their same tribe. Sa. 
cyaneus and especially Sa. cholorpterus were observed committing fratricide: predation within their own cohort.

178 The curious case of nasophilia in Sabethes mosquitoes: Mechanisms and cues of a  
successful blood meal, exclusively from blood host facial features 
Connor O’Brien-Stoffa, cobriens@msudenver.edu, Shawn Ward, Robert Hancock 

Female mosquitoes use a combination of anemotaxis, thermotaxis, chemotaxis, and phototaxis to locate 
suitable blood hosts. We observed that lab populations of Sabethes species (Sa. cyaneus and Sa. chloropterus) 
displayed a strong preference for the nasal region of the human face. That nasal focused behavior appeared 
consistently under varying treatments within our bioassay arena, such as manipulations of blood host exhalation and 
skin odor. We are using a comparison of living hosts to inanimate sensory models, with controllable thermal, chemical 
and visual cues to identify the relative importance of different host stimuli in this unique behavior. Our study will 
contribute to a modern understanding of this rarely documented behavior, to the benefit of epidemiological concerns 
as the sylvatic cycle of arbovirus-vectoring Sabethes is disrupted more often by anthropogenic expansion in Central 
and South America.

179 Mosquito species of South Punjab, Pakistan 
Shafia Saba, sabashafia@yahoo.com, Unsar Naeem-Ullah, Shafqat Saeed,  
Ishtiaq Ahmad Rajwana, Alamgir Akhtar Khan 

The determination of mosquito species diversity of an area is an important aspect of mosquito control 
strategies. This also provides a forecast for possible outbreaks of diseases associated with different mosquito species. 
A study was carried out to determine the species diversity and habitat preference of mosquitoes of Multan, Pakistan. 
Larval collections were made and a total of 11 species were identified. It was observed that Culex tritaeniorhynchus was 
most abundant species found in outdoors while in indoors Aedes aegypti was plentiful. Most common cohabitation 
existed between Culex tritaeniorhynchus and Cullex quinquefasciatus. Other parameters including water quality and 
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colour, sun exposure, type and material of container, and physicochemical properties of water were also recorded and 
evaluated with all the species recorded. The pH range for water samples collected was 7.5-10. It was detected that the 
EC and TDS (Total Dissolved Salts) values were highly variable ranging from 450-8618 (m/mol) and 225-4305 (ppm) 
respectively. These findings will be helpful in getting an insight into the most preferred living and breeding conditions 
for various mosquito species which will ultimately aid into the control strategies.

180 A synthetic lure for Anopheles gambiae (Diptera: Culicidae) 
Nick Nikbakht, nik.nikbakht@gmail.com, Woodbridge A. Foster 

Sugar is the only diet for male mosquitoes and a complementary meal for females. Searching for 
natural sources of sugar is a common behavior of many mosquito species, which is believed to be mediated by 
semiochemicals. Floral nectars, extra floral nectaries, damaged tissues of plants and rotten fruits are the most 
source of sugar in nature. We have provided further evidence for the high attraction of Parthenium hysterophorus 
L. (Asterales: Asteraceae) for Anopheles gambiae Giles. Furthermore it has been shown what chemicals could be 
involved in chemical attraction of A. gambiae to this favorite plant. Successive olfactory assays helped us to recognize 
the attractive chemicals of Parthenium to A. gambiae and a synthetic mimic lure was developed based on these 
compounds, consisted of  -pinene, camphene and cis- -ocimene. Laboratory experiments indicated attraction strength 
of this blend for A. gambiae. This lure can be used in surveillance or control programs of mosquitoes in tropical Africa, 
where A. gambiae sensu stricto transfer malaria among local residents.

181 Effects of atmospheric turbulence on female mosquito flight activity 
Neil J Vickers, n.vickers@utah.edu, Kelly Huang, Nadja Reissen, Greg White, Ary Faraji, Marcus Hultmark 

Successful host location by adult female mosquitoes is modulated by a number of sensory inputs including 
visual cues, carbon dioxide, temperature, moisture and body odors. With the exception of visual cues, these signals 
are considered to be scalars because once they are emitted from a potential host, their movement is passive, 
and displacement from the source in the form of a plume is the result of turbulent conditions in the atmosphere. 
Mosquitoes must maintain periodic contact with a scalar plume in order to sustain orientation toward the host. 
Behavioral studies to characterize flight responses to these scalars has most often been performed in laminar flow 
wind tunnels or other small scale bioassay chambers. Such approaches are designed to reduce or eliminate turbulence 
and can only capture a small part of the dynamic, turbulent conditions present in natural habitats. Here we report the 
results of studies designed to determine the turbulent dynamic range during periods when mosquitoes are actively 
responding to scalar cues in natural habitats. Anemometers that measure three dimensional attributes of wind were 
positioned in close proximity to CO2-baited mosquito traps located in the wetland areas near the Great Salt Lake.  
Anemometer recordings were correlated with mosquito activity based on aggregate trap counts typically accumulated 
over 15-min periods. Our results indicate that female mosquitoes are capable of responding to scalar plumes over 
a wide range of turbulent conditions and wind magnitudes.  We plan to use these data to accurately recreate flows 
that mimic those occurring under natural conditions in controlled wind tunnel experiments with the goal of more 
fully characterizing the orientation behaviors and strategies utilized by adult female mosquitoes to effectively locate 
potential hosts.

182 Acetylcholinesterase inhibition in adult Aedes aegypti using terpenes and a new class  
 of natural insecticides 
 Jacob Boyd Johnson, jacob14@iastate.edu, Joel R Coats 

The yellow fever mosquito, Aedes aegypti, is a vector of multiple debilitating diseases including dengue fever, 
Zika fever, and chikungunya. Malathion, naled, and other synthetic insecticides are commonly used to prevent the 
spread of disease and control mosquito populations. Malathion and naled are known acetylcholinesterase inhibitors. 
Acetylcholinesterase is an enzyme responsible for breaking down acetylcholine, an important neurotransmitter. This 
inhibition leads to overstimulation of the insect’s nervous system causing muscle twitching, convulsions, paralysis, 
and eventually death. The efficacy of these compounds has been diminished in some populations due to insecticide-
resistant strains, which has prompted a search for alternatives. Here we explore the ability of terpenes and a new 
class of natural insecticides to inhibit acetylcholinesterase in adult mosquitoes. Additionally, the experimental setup 
was used to screen various other natural products for inhibitory properties. We conclude that, while these natural 
products show some inhibitory potential on mosquito acetylcholinesterase, this is probably not the primary mode of 
action by which they operate as insecticides.
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Mosquito Control District and DOD Collaborations 
Symposium
184 Enhancement of Collier Mosquito Control District’s insecticide resistance  

management program through collaborative efforts with the Navy Entomology  
Center of Excellence – CMAVE Detachment 
Keira J Lucas, klucas@cmcd.org, Rachel B Bales, Alden S Estep, Christy M Waits,  
Neil D Sanscrainte, Rhoel R Dinglasan 

The use of integrated mosquito management (IMM) is paramount to reducing populations of disease vector 
mosquitoes, such as Aedes aegypti and Culex quinquefasciatus. IMM approaches should include a comprehensive 
insecticide resistance management program for the rational use of mosquito control materials. For Collier Mosquito 
Control District (CMCD) and many other vector control agencies, the CDC bottle bioassay has previously been the 
only method for insecticide resistance testing. In 2017, CMCD joined an interagency collaborative effort with the Navy 
Entomology Center of Excellence – CMAVE Detachment, United States Department of Agriculture – Agricultural 
Research Service, CDC Southeastern Center of Excellence in Vector Borne Disease and several other Florida mosquito 
control districts to better understand the status of pyrethroid resistance in the State of Florida. Here we report 
widespread pyrethroid resistance in Collier’s vector mosquito populations, the impact of interagency collaborations on 
CMCD’s pesticide resistance management program and operational decision making, and CMCD’s role in the current 
cooperative efforts in understanding pyrethroid resistance in the State of Florida.

185 Cooperative Research Linkages of local Florida Mosquito Control Districts with the  
Navy Entomology Center of Excellence 
James Cilek, james.e.cilek.civ@mail.mil 

The Navy Entomology Center of Excellence (NECE) is the only US Department of Defense activity whose 
Mission is dedicated to world-wide operational entomology support that includes development and evaluation of 
novel products and insecticide application technologies to better protect deployed forces from arthropod vectors 
that transmit human disease. Since NECE’s previous designation as the Disease Vector Control Center in 1957, we 
have worked with civilian collaborators at over 50 US Federal, State, and local entities in various capacities to achieve 
this Mission. Working with local mosquito control districts in Florida has allowed several of our research projects 
the expanded capacity to conduct studies in an operational manner. We will be presenting some of the highlights of 
the cooperative work of the Center conducted at Key West, the City of Gainesville, and Anastasia Mosquito Control 
Districts.

(The views expressed in this abstract are those of the authors and do not necessarily reflect the official policy or 
position of the Department of the Navy, Department of Defense, nor the U. S. Government. The author is an employee 
of the U.S. Government. This work was prepared as part of his official duties. Title 17, U.S.C., 105 provides that 
copyright protection under this title is not available for any work of the U.S. Government. Title 17, U.S.C., 101 defines a 
U.S. Government work as a work prepared by a military Service member or employee of the U.S. Government as part 
of that person’s official duties.)

186 Mutual Benefits from the Collaboration between Anastasia Mosquito Control District  
and the Related DoD Agencies 
Rui-De Xue, xueamcd@gmail.com 

Since 2004 Anastasia Mosquito Control District (AMCD), St. Augustine, Florida has started to collaborate 
with Navy Entomology Center for Excellence (NECE), Jacksonville, Florida to conduct the evaluation of new 
technology for control of mosquitoes. The 1st successful collaboration project was evaluating the YAMAHA drone for 
killing caged mosquitoes in Cecil airport field, Jacksonville, FL in 2004-2005. Then we had a number of collaboration 
projects with NECE, such as insecticide resistance detection in St. Johns County, new ULV formulation of the IGRs 
larvicide testing in west St. Augustine, the IGRs autodissemination against Aedes albopictus in Ponte Vedra, ULV and 
other spraying machine evaluation, especially droplet size collection and analysis, data analysis, trap comparison, and 
several other projects in St. Augustine. Through the many collaboration projects done at St. Augustine and St. Johns 
County, the citizens of the St. Johns County and the District received directly and indirectly the benefits from the 
projects, such as new technology and methods for mosquito control. Due to these new technology and collaboration, 
the District has gradually adopted and improved the control operation and made the local mosquito control operation 
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more efficiently. Also, AMCD collaborated with Army about insect repellent evaluation against mosquitoes and ticks, 
and surveillance data analysis and risk assessment.

187 Innovative Readiness Training: An Air Force and mosquito abatement district  
collaboration to benefit public health 
Mark Breidenbaugh, mbreiden@kent.edu 

The Air Force is tasked with maintaining a large-area aerial spray capability to protect troops from disease 
vectors world-wide. In order to maintain proficiency and readiness for prompt emergency response, the Air Force 
Aerial Spray Unit engages with real world integrated mosquito management programs in various locations within 
the continental United States, where aerial mosquito control is an effective tool. Many of these locations are 
federal property but also include local communities. The formal process used to comply with federal regulations is 
called “Innovative Readiness Training” (IRT). This mechanism allows the Air Force to interact directly with civilian 
communities to complete mutually beneficial projects. This talk will discuss the various ways in which IRT projects 
partner with mosquito abatement districts to be an effective collaborations ultimately protecting public health. The 
discussion will also include basic information on how to participate in this program.

Adult Control II
188 Frequency of kdr alleles in Aedes aegypti populations from coastal and high jungle  

areas in Peru 
Fanny  Castro-Llanos, fanny.castro.ln@mail.mil, Carmen  Flores-Mendoza, Karin  Escobedo- 
Vargas, Marisa  Lozano, Victor O. Osiel Zorrilla, Liz  Espada, Helvio  Astete,  
Victor Lopez-Sifuentes, Michael L. Laurin Fisher, Gissella M. Maria Vasquez, Alden S. S Estep,   

The use of chemical insecticides for Aedes aegypti control has led to the development of resistance. 
Pyrethroid resistance has been associated with the co-occurrence of two knockdown resistance (kdr) mutations 
(V1016I and F1534C) of the voltage gated sodium channel (VGSC) gene. We characterized and quantified kdr mutations 
in Peruvian Ae. aegypti, vector of dengue, Zika and Chikungunya viruses, collected during 2017-2019 from coastal 
communities in Arequipa, Piura and Tumbes (10) and high jungle communities in Amazonas and San Martin (3). 
Mosquitoes were genotyped using standard melt curve analysis for 1016 and 1534 SNPs; ORL1952 and Puerto Rico 
strains were used as susceptible and resistant strains, respectively. Genotype frequencies were calculated. Amazonas, 
Piura and Tumbes populations were fixed or nearly fixed (≥ 95%) for 1534CC, unlike Arequipa and San Martin where 
1534FF mosquitoes were found (50-100%). Moderate levels of 1016II were found in populations from Tumbes (31-74%) 
and Piura (20-39%); very low or no 1016II were found in Arequipa (17%), Amazonas (6%) and San Martin (0-8%). Seven 
genotypes were observed (IICC, IIFC, VICC, VIFC, VVCC, VVFC, VVFF) with resistant genotypes (IICC, VICC), indicative 
of higher resistance (20X-60X) recorded in Tumbes and Piura, and less resistant genotypes (VVCC, VVFC, VVFF) 
indicative of lower resistance (4X) in Arequipa, Amazonas and San Martin. Only the wildtype (VVFF) was found in one 
San Martin population. Results suggest that pyrethroid resistance genetic markers are widely present in Peruvian Ae. 
aegypti, yet resistance levels vary across regions with a higher frequency of kdr mutations in mosquitoes from Tumbes 
and Piura, high dengue transmission areas. This may explain why pyrethroid insecticides are not being effective against 
Ae. aegypti in coastal areas in northern Peru. Further sampling and analysis is needed to confirm these results. This 
study provides insights into pyrethroid resistance mechanisms and may guide mosquito control operations.

189 Evaluation of Lambda-cyhalothrin Barrier Sprays for Mosquito Control in  
Southwestern Virginia 
Benjamin E. McMillan, benm93@vt.edu, Carlyle C. Brewster, Nicola T. Gallagher,  
Sally L. Paulson 

Mosquitoes function as both important vectors of disease and as nuisance organisms across the globe. In the 
United States, mosquito control has become a major service provided by pest control companies, which increases the 
importance of limiting the amount of chemical product that is released into the environment. This study evaluated the 
residual effectiveness of a lambda-cyhalothrin barrier spray treatment when applied to suburban yards in Roanoke, 
Virginia. This evaluation took place from July 26th through October 3rd, 2018. Two BG-Sentinel traps baited with 
BG Lures were deployed weekly at each participating location for roughly 24 hours to determine the population of 
host-seeking mosquitoes present. Homeowner opinions of treatment efficacy were obtained using questionnaires 
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at the beginning, middle, and end of the study.  Properties treated with lambda-cyhalothrin experienced significantly 
lower mosquito catch numbers than the control properties, but both had similar population trends. This finding 
was supported by the survey responses from the participating homeowners, who were unaware of which treatment 
group they had been assigned. This result indicates that a lambda-cyhalothrin barrier spray treatment applied at 
the recommended label rate should reduce the pressure from the local population of adult mosquitoes. This study 
suggests that such a reduction would persist for 8 weeks, regardless of population trends of mosquitoes in the area, 
and despite the harsh conditions from the environment. As part of an integrated pest management approach, barrier 
sprays can be used to reduce exposure to the local mosquito population by deterring mosquitoes from resting on 
treated substrates in the nearby area.

190 High, Medium, Low: Using a Standardized County-Wide Grid Surveillance System to  
Prioritize Operational Areas for West Nile Virus Control in Orange County, CA 
Laura Krueger, lkrueger@ocvector.org, Kiet Nguyen, Tim Morgan, Amber Semrow,  
Sokanary Sun, Robert Cummings 

Following the West Nile Virus (WNV) epidemic of 2014 that resulted in 278 human cases with exposure in 
Orange County, California, the Orange County Mosquito and Vector Control District (the District) spent the next five 
seasons optimizing and enhancing the District’s WNV Response Plan and adult mosquito control activities. In 2019, the 
District developed action thresholds based on 15 years of WNV infection data in mosquitoes (Vector Index, VI) and 
GIS analysis, and a standardized county-wide grid surveillance system (7.24 km2) to detect increasing WNV infection 
rates in mosquitoes and dead birds.  The use of a surveillance grid allows the District to prioritize operational areas for 
WNV control in Orange County, CA. This presentation summarizes the development of the county-wide standardized 
surveillance grid, IVM action thresholds, and operational deployment and efficacy of the response in 2019.  Analysis of 
4 treatment blocks (pre and post spray WNV infection rates as compared to control areas without treatment using 
the Henderson-Tilton equation) shows a significant reduction in the West Nile Virus infection rates, as measured by 
the VI, in Culex quinquefasciatus (Say) the week after pesticide treatment within spray blocks.

191 Underlying mechanisms of the pyriproxyfen-induced sterilization in female  
Aedes aegypti 
Tahmina Ahmed, tahmi88@vt.edu, Thomas Saunders, Jinsong Zhu 

Aedes aegypti mosquitoes transmit several arboviral diseases including dengue, yellow fever, chikungunya and 
zika fever which lead to enormous burdens in health and economic sectors. The juvenile hormone analog, pyriproxyfen 
(PPF) is well-known for its larvicidal and pupacidal effects on mosquitoes. Its effect on adult mosquito reproduction 
has been found in several studies. However, the underlying mechanism of PPF in adult female sterilization was not 
comprehensively studied in Ae. aegypti. Here, female mosquitoes were exposed for 30 min to the set-up of PPF-
treated cotton gauzes and dose-dependent response was evaluated for a serial of PPF concentrations, considering 
untreated and cyclohexane solvent treated as control groups. In this study, 100% sterilization was achieved at a 
minimum of 70 µg/cm2 dose. The extent of female sterilization was also depended on the exposure time relative to 
blood-feeding (regimens include 48h pre to 36h post-blood meal) and maximum sterilization effect was observed 
at 48h pre-blood meal regimen. We further investigated the phenotypic changes throughout the first gonotrophic 
cycle and found that PPF exposure resulted in substantial reprogramming of follicular development. Interestingly, 
PPF induced significant deposition of yolk proteins into follicles before blood-feeding, whereas follicular growth 
was arrested later at 48h post-blood meal and the primary follicles never proceeded to complete the development. 
Additionally, PPF significantly enhanced the stored glycogen and TAG prior to blood-feeding, however, depleted at 24h 
after blood-meal relative to the control groups. Our transcriptomic analysis also corroborated the metabolic shifting 
observed in direct metabolite measurement. Expression of several crucial 20-hydroxyecdysone-regulated genes (Vg, 
E75A, HR3, etc.) was also significantly altered in PPF-treated mosquitoes. Therefore, we concluded that PPF exposure 
disturbed normal hormonal responses and metabolism, leading to the female sterilization in Ae. aegypti. Overall, 
this comprehensive study shed light on the physiological effect and mechanisms of PPF action in female mosquito 
reproduction.

192 Aedes albopictus resistance: a case of study of adulticide rotation and  
cross-resistance 
Peter Jiang, jiangy1@cityofgainesville.org 

Field trials using different malathion products against several mosquito species indicated that one of the 
USDA-ARS Gainesville laboratory-raised mosquito species (USDA colony) Aedes albopictus, was highly resistant to 
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malathion. The colony was initially started in 2001 from a field collection in Gainesville, Florida and has been since 
maintained in the USDA-ARS Gainesville laboratory.  In order to measure the current resistance status, three field-
collected populations (via egg collection using ovitraps) of Ae. albopictus from Gainesville, Florida were tested for 
resistance to malathion, chlorpyrios, naled, and permethrin using CDC bottle bioassays. Results of the CDC bottle 
bioassays confirmed that the USDA laboratory colony was still highly resistant to malathion after being maintained in 
the laboratory for 18 years. The three field-collected populations were also resistant to malathion, but slightly less so 
than the USDA colony. The rotation of permethrin 17 years ago did not cause any significant declination of malathion-
resistance in the field collected populations (Malathion was the only adulticide routinely used in the City of Gainesville 
mosquito control program prior to 2002; it was completely replaced by permethrin products after that). Interestingly, 
neither the USDA colony nor the field-collected Ae. albopictus populations showed cross-resistance to the other two 
organophosphate adulticides, chlorpyrios and naled. Resistance was not detected for permethrin in either the USDA 
colony or field-collected populations.

193 Toxicity of Different Groups of Insecticides and Determination of Resistance in  
Aedes albopictus from Different Habitats 
Shabab Nasir, flourenceshabab@yahoo.com, Sadia Abbas, Iqra Yousaf 

Huge amount of insecticides are used for the control of agricultural pests and house hold pests like 
mosquitoes with over and under doses in Punjab, Pakistan. Moreover, after dengue epidemics during 2010, insecticides 
in huge amount with high doses were sprayed in major cities of the Punjab to control mosquito. This also resulted 
in insecticidal resistance in mosquitoes. So, the present study was undertaken. Mosquitocidal assays were evaluated 
against larvae and adults after 24 h. Larvicidal LC50 of temephos ranged 0.0075 to 0.422 µg gm-1. In case of adulticides, 
three groups of insecticides used on papers to twelve different populations collected from populated, agricultural and 
industrial areas of Lahore, Rawalpindi, Sialkot and Faisalabad. Among insecticide group, synthetic pyrethroids were 
recorded as highly potent and extremely toxic at lowest concentration followed by Organophosphates (OP’s) and 
carbamates. However, Synthetic pyrethroid group included Deltamethrin, recorded as highly potent (0.483–9.245 µg 
gm-1) followed by cypermethrin (1.831–32.189 µg gm-1) and permethrin (5.05–100.453 µg gm-1). OP’s group comprised 
of Pirimphosmethyl found highly toxic (12.123 – 311.712 µg gm-1) followed by Malathion (20.961 – 612.525 µg gm-1) and 
Fenitrothion (36.12 – 601.413 µg gm-1). Carbamate group included Bendiocarb (70.08 – 6154.79 µg gm-1). The Chi 
square value showed no heterogeneity in all experiments. The results also indicated that LHR population was highly 
resistant followed by RWP, SKT and FSD population, moreover, mosquito populations from agricultural areas were 
more resistant than populated and industrial areas. Biochemical analysis showed the elevated activity of enzymes 
(esterases, mixed function oxidases, gluthione S transferase and acetyl-cholinesterase) in resistant populations. It 
was concluded that injudicious application of chemicals in an area, initiated risks of resistance, reappearance and 
resurgence of certain mosquitoes. Further, research must be needed to identify health, environmental risks and devise 
an effective program by using selective and specific insecticides.

194 Insecticide Resistance in Culex Mosquitoes throughout the Upper Midwest 
Trisha R Dubie, trishadubie@gmail.com, Edward Walker, Lyric Bartholomay 

Pesticide resistance is an important issue worldwide, and in the United States, resistance in mosquitoes has 
been neglected in areas such as the upper Midwest. The Midwest Center of Excellence for Vector-borne Disease aims 
to address these deficiencies through research, training, and public outreach. Following a survey in 2018, given to 
public health and mosquito control practitioners, an extensive outreach program was launched to promote insecticide 
resistance testing and management throughout the region. This program was centered around regional mosquito and 
vector control association meetings and specific workshops focused on vector surveillance and control. Beginning in 
January 2019 and continuing through May 2019, a series of presentations were given at three meetings and four hands-
on workshops, including one specifically focused on insecticide resistance testing, reaching over 500 regional public 
health and mosquito and vector control practitioners. Materials compiled in a resistance testing kit were distributed 
to 39 organizations to aid in the implementation of annual resistance testing using the Centers for Disease Control 
bottle bioassay. Follow-up efforts, to determine the success of resistance testing by kit recipients was also conducted 
at the conclusion of the mosquito season in October 2019. Additionally, during the 2019 mosquito season, insecticide 
resistance surveillance was conducted with Culex spp. mosquitoes from 26 sites in seven states, including MI, IL, OH, 
IN, MN, WI, and IA. Following World Health Organization guidelines and CDC procedures, decreased susceptibility to 
permethrin was detected in seven of 26 locations.
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195 Response to the first discovery of Aedes aegypti in San Joaquin County,  
California, 2019: from surveillance to control 

 Shaoming Huang, shuang@sjmosquito.org, Andrew Provencio, Sumiko De La Vega,  
Aaron Devencenzi, Keith Nienhuis, John Fritz, Eddie Lucchesi 

The distribution of Aedes aegypti continues to expand since its first discovery in California in 2013. The San 
Joaquin County Mosquito and Vector Control District (The District) developed a response plan in 2015 in anticipation 
of the arrival of Ae. aegypti. In August 2019, Ae. aegypti was found in San Joaquin County in the event of responding 
to a service request complaining of small aggressive biting flies. Following the species confirmation, the District 
reacted quickly by following the response plan that prescribes major intervention measures including public outreach, 
surveillance, source reduction, adult and larval control. The surveillance data showed that intervention measures 
were able to reduce the population level at the epi center from 108 adults per trap night to less than two adults per 
trap night (BG-Sentinel traps), and that the distribution was limited within a range of a 1,500 ft radius. This paper will 
discuss our experience in using different methods and products for the management of Ae. aegypti.

Social Media and Mosquito Control Symposium
196 Don’t bring back the Aedes: Video content creation demystified 

Levy Sun, lsun@sgvmosquito.org 

Videos are one of many ways agencies can educate residents. According to Cisco, more than 80% of 
internet traffic will be in the form of video streaming within two years. In health communication, social media users 
engage with health-oriented behavior change videos 25% more than any other post types (e.g., text and photos). 
Unfortunately, there is no research on the effectiveness of mosquito-borne disease prevention videos in terms of 
stakeholder engagement. This gap in knowledge is partially attributed to lack of time and/or restrictive budgets in 
many mosquito control agencies. To address this gap in knowledge, in 2018, the San Gabriel Valley Mosquito & Vector 
Control District devoted resources to produce video content in-house. This resulted in a series of short videos and 
a music video called Don’t Bring Back the Aedes. Data showed that video content outperformed all other forms of 
content. There was an increase of 221.86% minutes watched from 2017 to 2019 on the District’s YouTube channel. 
Videos on Facebook, on average, have higher engagement than photos and text, 29.88% and 206.48% respectively. The 
presenter will discuss how to track performance of video content in health communication strategy and provide tips 
to create health communication videos, especially for agencies exploring this field to increase resident engagement.

197 Who said mosquitoes can’t be fun? 
Jillian Meek, jthomas@pascomosquito.org 

Mosquito Control is fun!  Wait, what?  Yes, I said it, mosquito control is FUN!  For those of us working in this 
field we may enjoy our jobs and can find the fun in it, but this isn’t the case for the citizens in our areas. For them they 
think of pesky mosquitoes biting them, or the buzzing ULV trucks coming through the neighborhood.  It is important 
not only get the buy-in from your citizens, but also make it fun for everyone at the same time.  This presentation will 
give examples of sharing information in a way that allows citizens to understand and get engaged with their district 
through social media, all while encouraging them to take part in the action themselves.  The presentation will also 
share ways to tie mosquito control to popular events, pop culture, and more; so come join in on the fun!

198 Best practices for managing negative or inflammatory comments on social media 
Miranda Schield, mschield@clarke.com 

Social media channels like Facebook and Twitter are an impactful way for mosquito abatement entities to 
amplify their resident communications efforts. Even though approximately two-thirds of American adults use social 
media for news and information (Pew Research Institute), some agencies continue to be uncertain about how to have 
a dialogue with their constituents on these channels, particularly when faced with negative comments or inflammatory 
questions about mosquito control products and application methods. Based on real-world situations, this session will 
explore best practices for diffusing intense resident interactions online.
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199 Video content: Information that will leave a mark 
Phillip Stokes, p.stokes@ufl.edu, Ricky Telg, Ashley McLeod-Morin 

Communicating the science of mosquitoes and mosquito control to the general public can be challenging 
as the public does not engage in these topics with any regularity. Social media provides a platform for individuals to 
be exposed to this information without actively searching for it, and furthermore the use of video can help engage 
viewers in the content being presented. The University of Florida Institute of Food and Agricultural Sciences Center 
for Public Issues Education in Agriculture and Natural Resources (UF/IFAS PIE Center) developed easy-to-use 
resources for public officials to inform the public about the importance of mosquito control in Florida. Four videos 
were created with a video production company on the following topics: mosquito biology, mosquito-borne illnesses, 
personal responsibility, and application methods. The video topics were selected based on public opinion research 
conducted by the UF/IFAS PIE Center. This presentation will provide insight into the type of content the general public 
is most interested in and concerned about as it relates to mosquitoes and mosquito control. Recommendations will be 
given based on the public opinion research conducted, as well as lessons learned from the production process of the 
four videos through a case study approach.

200 Social Media 202 
Michael Mut, mmut@miamidade.gov 

This presentation will cover the basics of content creation for three platforms: Facebook, Twitter, and 
Instagram, including a step by step how-to tutorial for each. I will discuss best practices for each site, including 
hashtags, using images, calls to action, and hyperlinks. We will also dive into the concept of content scheduling, how 
to best utilize it, and will run through the basics of using Hootsuite’s free software version. In addition, I will provide 
examples of how the Miami-Dade County Mosquito Control & Habitat Management Division uses each (I am the 
division’s chief content creator, with the exception of YouTube) and also further discuss the benefits of using each 
platform to communicate with residents. I also hope to address any questions the audience may have, offer my 
contact information for networking purposes, and discuss social media with attendees afterwards. It is my hope that 
novice users and those with intermediary knowledge of social media use will walk away with the knowledge they will 
need to launch and manage their own channels for their respective organizations.

Disease/Vector Studies I
201 Sentinel Chicken Surveillance Methodologies and Best Practices 

Milton P Sterling, sterling@lcmcd.org 

Mosquito-borne disease monitoring includes sentinel chicken surveillance among the arsenal of surveillance 
tools being utilized in an integrated mosquito management program to prevent the potential for a substantial number 
of human and horse cases. This presentation provides an overview of the sentinel chicken surveillance methods and 
best practices as it relates to mosquito-borne disease surveillance, in particular the various types of Encephalitis such 
as West Nile, St. Louis, and Eastern Equine. Topics include program methods and tools utilized in serum collection, 
serum data analysis and interpretation, serum testing, and the importance of sentinel chicken monitoring for vector 
populations. The sentinel chicken surveillance program as an epidemiological tool provides precise data on location 
and time of viral transmission, continuous detection of virus activity throughout the season, and detects virus activities 
in locations where dead bird and/or mosquito surveillance is not practical or performed.

202 Vector competence of Peruvian mosquitoes for orthobunyaviruses isolated from  
mosquitoes captured in Peru 
Michael J. Turell, mturell@erols.com, David J. Dohm, Robert B. Tesh, Terry A. Klein 

Mosquitoes collected in the Amazon Basin, near Iquitos, Peru, were evaluated for their susceptibility to two 
orthobunyaviruses; Itaqui and Mutucuru viruses (order Bunyavirales). The virus strains used were originally isolated 
from pools of mosquitoes captured near Iquitos, Peru, in 1996 and 1997. Mosquitoes were fed on hamsters inoculated 
with one of the two viruses, and then held in an incubator maintained at 26°C for 7-21 d until tested for infection, 
dissemination, and transmission by bite. At moderate viremias, several Culex (Melanoconion) species were susceptible 
to Murutucu virus, while none of the Aedes serratus, Psorophora albigenu, or Culex (Culex) coronator that fed on the 
same hamster became infected. However, at higher viremias (>109plaque-forming units/ml), both Ae. serratus and Cx. 
coronator became infected. When exposed to Itaqui virus, both Culex (Melanoconion) pedroi and Cx. coronator had 
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similar infection profiles. Additional studies on biting behavior, mosquito population densities, and vertebrate reservoir 
hosts of these viruses are needed to determine the role that these species play in nature in the maintenance and 
transmission of these viruses in the Amazon Basin region.

203 West Nile virus hospitalizations and costs, California, 2004-2017 
Vicki Kramer, vicki.kramer@cdph.ca.gov, Robert Snyder, Duc Vugia 

West Nile virus (WNV) is the most commonly reported mosquito-borne disease in the United States, 
and California reported more WNV disease than any other state. We analyzed WNV-associated hospitalizations in 
California Patient Discharge Data from 2004 through 2017 and describe the epidemiology, disease incidence, and 
hospital charges from these hospitalizations. From 2004 through 2017, 3,109 Californians were hospitalized with WNV 
disease (median: 214 patients per year, range: 72 – 449 patients). These hospitalizations represented an annual median 
of 54% of all WNV disease cases that were reported to the CDPH between 2004 and 2017 (range: 25%-67% of cases 
each year). Hospitalization rates increased with increasing age; the highest annual median hospitalization incidence 
was in those ≥60 years old. Regionally, the highest median annual hospitalization rate was in California’s Central Valley, 
followed by southern California. Most patients were hospitalized with West Nile neuroinvasive disease, and had at 
least one underlying condition, including hypertension, cardiovascular disease, diabetes, chronic kidney disease, or 
immunosuppression due to drug or disease. WNV disease in California has been substantial and costly. Among the 
2,726 patients with available charge data, the median inflation-adjusted charge per-patient was $142,321, a median daily 
charge of $12,602. Mean annual WNV charge was $59,905,762 / year.

204 Predicting mosquito distributions: Spatiotemporal forecasting for Aedes mosquitoes  
 in the United States 
 Michael A Johansson, mjohansson@cdc.gov, Andrew J Monaghan, Sarah T Abusaa,  
 Chris M Barker 

Aedes aegypti and Ae. albopictus mosquitoes vector arboviruses such as chikungunya, dengue, yellow 
fever, and Zika, yet surveillance is limited and varied leading to substantial uncertainty about where key species are 
found and when they are active. We reconstructed six and eight published distribution maps for Ae. aegypti and Ae. 
albopictus, respectively, for the U.S., and evaluated them against the most up-to-date presence dataset available and 
two metrics of absence at the county level. We used the evaluation results to create a weighted ensemble model 
of the probability of presence for each species in each U.S. county. This model was well-calibrated on in-sample 
and reserved, out-of-sample data and identified key uncertainties and biases in the historical data and models. To 
address these uncertainties and the need to understand the current spatiotemporal distribution of these species, the 
Centers for Disease Control and Prevention, Council of State and Territorial Epidemiologists, Centers of Excellence 
in Vector-Borne Diseases, and 95 counties across eight states launched a real-time forecasting challenge for 2019. A 
diverse group of forecasting teams employed a wide variety of modelling approaches to make real-time probabilistic 
predictions of the monthly observation of these species, including predictions based on historical data alone, recent 
weather, and climatological variability across the 95 counties. Evaluation of these forecasts provides key insights 
for future model development, evaluation of forecasts, deployment of Aedes forecasts, communication of spatial-
temporal forecasts, and the development of future infectious disease modelling challenges.

205 Expansion of Borrelia-infected Ixodes scapularis ticks in a leading edge Lyme  
disease state 
Abelardo C. Moncayo, Abelardo.Moncayo@tn.gov, Graham Hickling, Brent C. Newman,  
Sarah Maes, Christine Graham, Rebecca J. Eisen 

The geographic distribution of Lyme disease risk is shifting, with recent surveys in Tennessee revealing 
that many counties now have established or reported populations of the vector tick Ixodes scapularis. Borrelia 
burgdorferi sensu stricto (s.s.), the causative agent of Lyme disease, has not been detected in the majority of these 
counties. During fall 2018 and winter 2019, we conducted further surveys across Tennessee to track the expansion of 
I. scapularis ticks in counties not covered in previous surveys. Over 200 adult I. scapularis ticks were collected from 
west, middle, and east Tennessee through drag sampling. Drags were economically made using a 1x1 m square of 100% 
white cotton flannel fabric. Since Ixodes ticks are sparse in Tennessee, we chose most locations for our field surveys 
based on deer harvest density maps. Our objectives were to classify counties as having established or reported I. 
scapularis populations and to identify the presence of pathogens in these ticks. Unfed I. scapularis ticks dragged from 
vegetation were tested using a CDC protocol that detected and differentiated B. burgdorferi s.s., Borrelia miyamotoi, 
Anaplasma phagocytophilum, and Babesia microti. We followed CDC’s county status classification criteria, whereby 
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established refers to a county with >6 I. scapularis or 2 or more life stages collected within a 12-month period and 
reported refers to < 6 I. scapularis of a single life stage collected within a 12-month period. All tick and pathogen data 
were submitted to ArboNET. Based on these criteria we report 73 of Tennessee’s 95 counties as having either reported 
or established I. scapularis populations. Borrelia burgdorferi s.s. infected ticks were detected in 9 counties, one of 
which had ticks infected with both B. burgdorferi s.s. and B. miyamotoi. Our findings suggest a need for increased 
awareness of the risk of Lyme disease throughout the state of Tennessee.

206 Effects of storage temperature and freeze-thaw cycles on the stability of West Nile  
virus positive mosquito homogenate in the Ambion® MagMAXTM lysis/binding Solution 
Jesse Erandio, jerandio@deltavcd.com, Crystal Grippin, Mark Nakata, Mir Bear-Johnson 

Viral samples require specific storage conditions in order to preserve target nucleic acids for diagnostic and 
surveillance testing. These storage conditions can vary based on the stability of viral nucleic acids in different buffer 
solutions. This project aims to enhance our understanding of the stability of West Nile Virus (WNV) positive mosquito 
homogenates in the Ambion® MagMAXTM lysis/binding solution. We compared the effects of four different storage 
temperatures and freeze-thaw cycles on the cyclic threshold (Ct) values of WNV positive mosquito homogenates over 
a 120-day period. WNV positive homogenates were stored as aliquoted samples at room temperature, +4°C, -20°C, and 
-80°C. Two sets of aliquots were stored in the -80°C freezer where one set underwent one freeze-thaw cycle every 
testing day. On the 120th day of the project, Ct values were still detectable through real-time reverse transcription 
polymerase chain reaction for all aliquoted samples under the four different storage temperatures as well as after 47 
freeze-thaw cycles. Our results showed that all aliquoted samples differed no greater than two Ct values throughout 
the testing period. If a lab does not have access to an ultralow temperature freezer, or is experiencing a freezer 
breakdown, viral samples can still be stored and used under non-optimal conditions for at least four months.

207 Mosquitoes of the United States Virgin Islands:  New and Questionable Records 
Brian D Byrd, bdbyrd@wcu.edu, Krystal R. Seger, Aubrey Drummond II, David Delgado,  
Corey Day, Brett Ellis 

The paucity of recent studies documenting the Culicidae fauna in the United States Virgin Islands (USVI) 
limits the ability of public health officials to prepare for and address emerging mosquito-borne diseases.  Natural 
disasters (e.g. Hurricane Irma and Maria) and outbreaks of dengue, chikungunya, and Zika viruses within the USVI 
clearly underscore the need for robust integrated mosquito surveillance and management efforts.  Recently initiated 
mosquito surveillance and surveys within the islands are expected to improve the accuracy of the valid species 
records for the islands.  Here, we describe our findings (to date) drawn largely from larval surveys conducted in 2019.  
Specifically, we 1) reconcile historical mosquito inventory records from the literature for the USVI, 2) report known 
valid species collected during the past 2 years, 3) report the first records of Mansonia dyari (Belkin, Heinemann & 
Page) on the island of St. Croix, and 4) describe annual phenological trends for adult mosquitoes collected by BG-
Sentinel traps.

208 The optimization and use of scented sugar baits as a possible early monitoring  
system for West Nile virus activity 
Kara L Kelley, kkelley@fightthebite.net, Sarah S Wheeler, Marcia Reed 

At the Sacramento-Yolo Mosquito and Vector Control District (SYMVCD) continuous effort is made to 
improve the early detection of West Nile virus (WNV) activity. To that effect, the use of sugar bait stations to expand 
WNV surveillance was examined in collaboration with the University of California Davis. Virus titers in sugar baits tend 
to be extremely low compared to other surveillance methods therefore multiple steps were taken to optimize the 
sugar bait apparatus for increased sensitivity. Evaluations began with assessment of wicking materials to determine 
whether hydrophilic foam provided a better alternative to the cotton plugs that had previously been deployed. The 
RNA extraction and RT-qPCR parameters were optimized for this sample type. Additionally, evaluations were made 
 to determine if the sugar solution or the hydrophilic foam would have an effect on the outcome of the RT-qPCR 
results.  Sugar bait stations were deployed for a week in areas where dead birds or mosquito pools came back positive 
for WNV. This presentation will also touch on future plans on how sugar bait stations will be integrated into  
a surveillance program.
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Biology/Behavior IV
209 Ecological role as a vector of Aedes albopictus (Diptera: Culicidae) in Korea 

Hyunwoo Kim, hyunwookim@korea.kr, Sung-Chan Yang, Ji Young Kwon, Hee-Il Lee,  
Wook-Gyo Lee, Shin-Hyeong Cho 

Aedes albopictus, called as the Asian tiger mosquito, transmitting viruses that cause dengue fever, 
chikungunya fever, and etc. Although the case of autonomous dengue fever has not been reported in Korea, it leaves 
rich possibility of influx of this disease. Therefore, the ecological studies are urgently needed to establish a strategy 
for control of this vector mosquito. In this study, we evaluated the daily activity, blood feeding preference, and virus 
infection rate. Ae. albopictus showed a very aggressive daytime biting. Its peak active times are during the early 
morning (8:00-9:00) and late afternoon (16:00-17:00). However, in a deep forest reduced light intensity, the peak 
activity showed a single broad peak in the afternoon. The main blood meal source of Ae. albopictus was mammals 
(71%) followed by birds (26%), amphibians (2%) and fish (1%). The main mammalian blood source was human (86%). 
These results showed that Ae. albopictus is deeply related with human activity and also ready to attack human as a 
blood meal resource, representing the potential as a vector of dengue virus in Korea.

Key words: Aedes albopictus, blood-feeding preference, DENV, artificial infection

210 Ovipositional responses of Culex tarsalis to semiochemicals isolated from the  
Western mosquitofish, Gambusia affinis 
Adena Why, adena.why@acgov.org, William Walton 

We isolated and characterized semiochemicals associated with the Western mosquitofish, Gambusia affinis 
(Baird & Girard), in the laboratory and tested their effect on the oviposition behavior of the Western encephalitis 
mosquito, Culex tarsalis Coquillett (Diptera: Culicidae). Semiochemicals were isolated from water containing 
mosquitofish using solid-phase microextraction (SPME) and liquid-phase chromatography and were analyzed using a 
variety of chemical ecology techniques, mainly gas-chromatograph mass spectrometry (GCMS).  These compounds, 
as well as the natural blend of semiochemicals, were presented to gravid female Cx. tarsalis to determine their affect 
on ovipositional site-selection.  The volatile compounds identified appear to act as an oviposition attractant, indicating 
to the female that a suitable oviposition site is present while the second class of compounds appear to be acting as 
oviposition deterrents.

211 Systematics of Australian Culex (Culex) mosquitoes using whole genome shotgun  
data and steps toward the description of new species 
Bryan D Lessard, Bryan.Lessard@csiro.au, David K Yeates,   

Australia is home to 12 described species of Culex (Culex) Linnaeus, 1758, including the common banded 
mosquito Culex (Culex) annulirostris Skuse, 1889 which is a known vector of Japanese Encephalitis virus, Ross River 
virus, Murray Valley encephalitis virus and Kunjin virus. Despite their medical importance, the taxonomy of Australian 
mosquitoes has waned since the passing of prominent mosquito taxonomist Dr Elizabeth ‘Pat’ Marks. She designated 
three unnamed species in the subgenus Culex, including species Culex “Marks No. 32”, a manuscript name that has 
since been used for decades by Australian mosquito workers. An additional two undescribed species and six proposed 
cryptic species have also been identified in the subgenus. Recent advances in whole genome shotgun sequencing 
technology has enabled sampling of mitochondrial genomes from historical pinned collections. We have digitised 
and sequenced mitochondrial genomes from authoritatively identified pinned mosquito specimens held in the CSIRO 
Australian National Insect Collection to reconstruct the phylogeny of Australian mosquitoes, with a focus on subgenus 
Culex. This data will be used to accurately identify freshly collected specimens, assign authoritative species names to 
molecular clades and inform the description of new species.

212 State-level Mosquito Species Distributions and their Voucher Status in the  
NMNH Collection 
David B Pecor, pecord@si.edu, Alexander Potter 

The United States National Mosquito Collection is housed within the Smithsonian Institution National 
Museum of Natural History (NMNH) and managed by the Walter Reed Biosystematics Unit (WRBU). It is the largest 
and most comprehensive mosquito collection in the World, comprising nearly 1.7 million specimens, preserved on 
insect pins, glass slides and in ethanol. The Collection serves many purposes, yet arguably one of the most important 
is to document current and historical species distributions with independently verifiable evidence. With recent 
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outbreaks of vector-borne diseases in the United States, including west Nile,  Zika and Eastern equine encephalitis, it is 
more important than ever to track species distributions for each US state. Here we report on an exhaustive literature 
search of all state-level mosquito distributions from 1900 to the present date. In addition, publicly available datasets 
such as VectorMap, the National Ecological Observation Network (NEON) and the Barcode of Life Database (BOLD) 
were also reviewed for state-level distributions. A recent effort to inventory all specimens reported from the US was 
completed, providing the first complete account of all mosquito species collected in the US and deposited in the 
NMNH. A gap analysis was also completed to highlight which state-level mosquito distributions are not reflected in the 
USNM collection. It is critical to fill this gap to track changes in species distributions overtime, provide opportunities 
for mosquito identification training, and to lay the foundation for future work, including integrated taxonomy and 
genomics. Fundamentally, the NMNH collection ensures that scientific evidence of mosquito species distributions is 
reproducible by making voucher specimens publicly available. Here we not only present our findings but seek voucher 
specimen submissions from the American Mosquito Control Association (AMCA) community to fill this gap and to 
track mosquito species reported from each state on an annual basis.

213 Larval Ecology of Invasive Aedes aegypti and Aedes albopictus Mosquitoes in  
Southern California 
Xiaoming Chloe Wang, xiaomiw1@uci.edu, Andrew T Shin, Stacia Octaviani, Philip I Shin,  
Jessica L Bastear, Robert F Cummings, Guiyun Yan 

Abstract: Aedes aegypti and Ae. albopictus are important vectors of dengue, Zika and chikungunya viruses. 
Ae. aegypti is abundantly distributed in central and Southern California, while Ae. albopictus is more focal and less 
abundant in southern California. The main aim of this study was to determine the temporal-spatial dynamics in 
southern California, and how life-history characteristics of wild Ae. aegypti and Ae. albopictus populations may 
influence their dynamics and distribution. In this study, we examined the spatial distribution patterns and population 
dynamics of Ae. aegypti and Ae. albopictus larvae and adults in the Los Angeles (San Gabriel Valley) and Orange 
Counties. The impact of ubiquitous Culex quinquefasciatus larvae and water sources on oviposition preference and 
larval development of Ae. albopictus and Ae. aegypti was also determined. We found significant spatial heterogeneity 
in the distribution of these two Aedes species: Ae. aegypti has become increasingly abundant in both areas, whereas 
the density of Ae. albopictus was high in the San Gabriel Valley but very low in Orange County. Oviposition preference 
tests showed that these invasive Aedes mosquitoes prefer to lay eggs in habitat water with Cx. quinquefasciatus larvae. 
Furthermore, gravid Ae. albopictus preferred water from underground drains compared to flowerpot water for egg 
laying, whereas Ae. aegypti showed no preference. The life table study found a 94% pupation rate in natural flowerpot 
water, but zero pupation rate in underground water for both Ae. aegypti and Ae. albopictus, even though their eggs 
demonstrated a modest hatching rate (18 – 38%) in underground water. The finding that underground water does 
not permit successful larval-to-pupal development suggests that this habitat is not productive for Ae. aegypti and Ae. 
albopictus. Understanding spatial distribution of Ae. aegypti and Ae. albopictus and the underlying mechanisms will 
help direct surveillance and control efforts by local mosquito control agencies.

214 Establishment of the Yellow Fever Mosquito Aedes aegypti (Diptera: Culicidae) in  
West Valley Mosquito and Vector Control District 
Patrick Mullens, pmullens@wvmvcd.org, Tianyun Steven Su, Michelle Q. Brown 

Aedes aegypti (Diptera: Culicidae), the yellow fever mosquito was first detected in California in 2013. As of 
October 2019, this species has been found in over 250 cities of 16 counties in the State.  As a vector for numerous 
arboviral pathogens (dengue, yellow fever, Zika, chikungunya) and a significant nuisance species, its introduction 
and ensued establishment in the state pose serious public health concern. The West Valley Mosquito and Vector 
Control District was founded in 1983 and comprises the six cities and some unincorporated areas in the southwest 
corner of San Bernardino County, California. The District serves over 600,000 residents that dwell within an area 
of approximately 210 square miles. Aedes aegypti was first detected in 2015 in the District, and its spatiotemporal 
distribution has expanded drastically, and the population density has increased considerably since then. Based on the 
results of extensive trapping of adult populations across the District during 2017 to 2019, the establishment of this 
species was well documented by spatiotemporal distributions and population density of adult males and females. 
The establishment was further evidenced by overlapping larval populations. The BG Sentinel Trap (BGS), augmented 
with carbon dioxide (CO2) was the most sensitive tool to monitor this species, even though adults were also noticed 
sometimes in EVS traps and occasionally in gravid traps which were intended for Culex spp. collections. The difference 
in trapping sensitivity between BGS and EVS/gravid traps seemed more profound when population density was low. 
Decision on trap selection and strategic trapping was critical in detection of introduction and assessment of spread 
and establishment of invasive mosquito species.
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215 Site-specific factors associated with West Nile virus vectors in southern Georgia 
Mark S Blackmore, mblackmo@valdosta.edu 

Long-term surveillance of mosquito populations in Lowndes Co., GA has shown site-specific differences in 
West Nile virus (WNV) detection that remain constant over time. Mosquito diversity, and habitat variation are two 
factors that appear to be associated with MIR at different sampling locations. Investigations of seasonal patterns 
in vector populations, avian diversity, and human exposure to WNV are on-going. Data from these studies will be 
discussed.

216 Impact of Radiation on Aedes aegypti Microbiome in Relation to SIT 
Robert L Aldridge, robert.aldridge@usda.gov, Adam Rivers, Alden Estep, Neil Sanscrainte,  
Kenneth J Linthicum 

The sterile insect technique is making a return and is seen as a potential method of control for Aedes 
aegypti populations. Radiation is commonly used to sterilize the mosquitoes for SIT, however radiation may also 
impact the microbiome of the adults following exposure and emergence. We explore the differences in the mosquito 
bacterial microbiome between irradiated (low and high dose), and non-irradiated adults. Furthermore, we assess 
if a microbiome can be introduced to the irradiated cohorts and if there is any difference in survivorship between 
inoculated/irradiated and non-inoculated/irradiated treatment groups.

Larval Control I
217 Field evaluation of modified emergence traps for surveillance of Coquillettidia  

perturbans in Pasco County, FL 
 Agne Janusauskaite, ajanus@pascomosquito.org, Dennis Moore 

In an integrated mosquito management program, larval surveillance provides important information 
regarding breeding sources, species distribution and seasonal occurrence; enhances information provided through 
adult surveillance and permits the evaluations of larval control strategies. Larval surveillance of Coquillettidia 
perturbans is challenging due to their ability to pierce the gaseous tissues of aquatic plants and complete oxygen 
uptake without surfacing. This complicates larval control efficacy evaluations for Cq perturbans. Modifications 
were made to previous designs of pyramidal emergence traps. The newly constructed traps allow for indirect larval 
surveillance through easy collections of the emerged adults. Eight local retention ponds in Pasco County were selected 
as part of an ongoing surveillance study targeting Cq perturbans. Weekly collections were completed from March 
through November of 2019. Emergence results were compared to weekly CDC light trap collections at each site. These 
results will help to gauge the seasonal population dynamics and set a baseline for future control strategy efficacy trials 
in 2020.

218 How low can we go?  Keeping Culex trap counts below 10 three years in a row 
Jennifer L. Mullins, jmullins548@hotmail.com 

The Leavenworth Mosquito Control District kept Culex (Culex pipiens and Culex tarsalis) trap counts below 
10 from 2017 through 2019 including Culex tarsalis counts below 6.  This success was also achieved in 2010 and 2013.  
The regular use of Vectomax FG in areas with high organic matter starting in 2017 has contributed to consistently 
low trap counts for Culex sp. This added to a treatment program which identifies most sources of standing water 
(through advertising and on the ground checks) has kept the numbers of Culex caught per trap night consistently 
low.  Vectomax FG is used in many areas when the hatch of Aedes sp. is mostly over: starting in July, or as early as 
May or June depending on the site.  In 2019 Aedes sp. numbers per trap were kept below 10 except for in August 
when a leaking well increased hatch in a wetland that would normally be dry then (20 Aedes were caught).  The lower 
snowpack in 2019 contributed to successful control of Aedes sp.

219 Wide-area larval control of floodwater mosquitoes with a Buffalo Turbine and  
Vectolex WDG 
Mark E Clifton, mclifton@nsmad.com, Amy Runde 

During the summer of 2019 the North Shore Mosquito Abatement District (Northfield, IL) evaluated the 
effectiveness of Vectolex WDG (51.2% Lysinibacillus sphaericus; Valent Biosciences) distributed with a Buffalo Turbine 
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(CSM-6) equipped with an AU5000 Micronair atomizer. Droplet characterization of the equipment revealed that 
the droplet size ranged from 71 to 221 µm with a DV0.5 of 145 µm. Droplet density was measured over a 300’ swath 
width and ranged from a high of 43 droplets per cm2 at 120’ to a low of 6 droplets per cm2 at 300’. A field evaluation 
of Vectolex WDG was conducted over one acre of flooded Aedes vexans larval habitat. Vectolex WDG was applied 
at a rate of 1 lb/g/acre. Random weekly sampling of both the control and treated sites by dipper demonstrated that 
Vectolex WDG, when applied by Buffalo Turbine/Rotary Atomizer, was able to exert nearly 100% control (Mann-
Whitney U-test; U=20, p<0.01) for a period of at least 7 w post-treatment.

220 The influence of mangrove cover and tidal flushing on the efficacy and persistence of  
 liquid Bacillus thuringiensis var israelensis applications 

Brian J. Johnson, brian.johnson@qimrberghofer.edu.au, Russell Manby, Gregor J. Devine 

In the Australian southeast, the saltmarsh mosquito Aedes vigilax (Skuse), a dominant pest species and 
primary vector of Ross River virus, is the focus of area-wide larviciding campaigns employing the biological agent 
Bacillus thuringiensis var. israelensis (Bti).  Local operators prefer the use of liquid Bti formulations due to their greater 
uniformity in coverage and considerable aircraft payload advantages relative to dry formulations. Although generally 
effective, frequent inundating tide events and considerable mangrove cover can make control challenging.  Here, we 
describe the efficacy and persistence of a widely used liquid Bti formulation (Vectobac® 12 AS, Valent BioSciences) 
within a mixed saltmarsh-mangrove system that experiences frequent inundating tides. Patterns of droplet deposition, 
larval mortality and Bti concentration in water samples indicate that moderate to high levels of canopy cover (40-
77%) reduce deposition by 55.6 % (95% CI 30.1-80.9 %) at ground level resulting in a mean decrease in larval mortality 
of 27.7% (95% CI 8.5-33.5 %). Overall, site-wide mortality at the maximum label rate was ca. 80 %, representing 
significant survival in a high-density species like Ae. vigilax. Tidal inundation associated with >95% reductions in Bti 
concentration further complicated control efforts by greatly reducing effective application windows. Although these 
findings highlight the complex operational challenges presented by such environments, it was found that inexpensive 
unmanned aerial vehicles (drones) can help operators optimize treatment strategies by accurately mapping and 
quantifying levels of canopy cover associated with suboptimal control.

221 Controlling WNV Vectors in Minnesota Catch Basins with Altosid® P35, Altosid®  
pellets and Vectolex® FG 
Stephen A Manweiler, mmcd_sam@mmcd.org, Kirk A Johnson 

The Metropolitan Mosquito Control District has treated catch basins in the Minneapolis – St. Paul area since 
2002 with Altosid® pellets to control WNV vectors (primarily Culex restuans and Culex pipiens). Between June and 
September 2019, Altosid® P35 (3.5 g/cb) and Vectolex® FG (20 g/cb) controlled WNV vector larvae for 28 days as well 
as Altosid® pellets (3.5 g/cb). This talk will focus on methods to evaluate control material effectiveness and advantages 
of having two or more different control materials (different actives) available.

222 Controlling Vectors using Drone Technology at the Minnesota State Fairgrounds 
Katherine Beadle, kabeadle@mmcd.org 

Staff at Metropolitan Mosquito Control District work to reduce West Nile Virus vectors every year around 
the Minnesota State Fairgrounds. Along with locating and treating wetlands, structures, and containers at ground 
level, newly available drone technology allowed staff to quickly locate potential breeding sites to target for treatment 
on rooftops during the 2019 season. This increased safety, efficiency, and the overall proportion of sites detected and 
treated.

223 Treating Black Flies on large rivers using a bulk treatment system to save staff  
resources and being more sustainable 
Casey Herrmann, cherrmann@mmcd.org 

Metropolitan Mosquito Control District surveys and treats several large rivers to control Black Fly larvae 
throughout the short Minnesota summer, about 4 to 5 months. Treatments in the past have involved using 2.5-gallon 
jugs of liquid BTI and accounted for hundreds of staff hours and a lot of waste. By working with Valent BioSciences 
to develop a bulk treatment system, which is entirely enclosed in the bed of a pickup truck, MMCD has been able to 
greatly reduce the amount of staff needed for treatments as well as reducing our waste stream. This talk will focus on 
how using bulk liquid BTI containers can positively impact treatment operations and increase sustainability for a Black 
Fly program.
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224 The community-wide effectiveness of larviciding Culex pipiens pipiens larval habitats 
along the public right-of-way for control of West Nile virus in Connecticut, USA 

Joseph R McMillan, joseph.mcmillan@ct.gov, Christina A Harden, David Roach,  
James C Burtis, Joseph D Poggi, Laura C Harrington, Theodore G Andreadis,  
Philip M Armstrong 

Applying larvicides in catch basins is the most common form of mosquito control for West Nile virus (WNV) 
in urban environments in the State of Connecticut (CT), yet the impact of larvicding on entomological risk metrics 
associated with WNV exposure in humans has not been critically evaluated. Accordingly, we performed targeted 
WNV surveillance and quality assessments (QA) of larvicide applications in catch basins in Milford and Stratford, CT 
from May through October 2019 in order to better link reductions in Culex pipiens larval populations to reductions 
in WNV mosquito infection prevalence. Mosquito surveillance included collecting mosquitoes weekly with gravid 
and CO2-baited light traps (N = 8 sites/town) and testing pooled samples for WNV infections. QA methods included 
sampling basins for the presence of eggs, larvae, and pupae and the development of an in-lab bioassay to determine 
Cx. pipiens larval mortality in a subset of basins (N = 40 basins/town). Additionally, Cx. pipiens egg rafts were screened 
for resistance to Bacillus sphaericus (applied as VectoLex FG) through the NEVBD pesticide resistance monitoring 
program at Cornell University. In each town, QA methods confirmed the active presence of the larvicide for up to 
3-weeks post-application and no resistance to B. sphaericus was detected. There was a strong effect of seasonality 
and surveillance site on the number of Cx. pipiens mosquitoes collected in gravid and light traps with only a moderate 
negative relationship to pupal presence in basins sampled near surveillance sites. The application of larvicides in catch 
basins reduced the number of pupae in the basin environment. However, further research is needed to establish a link 
between Cx. pipiens breeding dynamics, mosquito control, and WNV transmission.

225 Evaluation of Larvicidal Efficacy of Ricinus communis (Castor) Plant Extract and  
Synthesized Green Silver Nanoparticles against Aedes aegypti L. (Diptera: Culicidae) 
Shabab Nasir, flourenceshabab@yahoo.com, Muhammad Waris, Iqra Yousaf 

Aedes mosquitoes are the most important group of vectors having ability of transmitting pathogens including 
arboviruses that can cause serious diseases like Chikungunya fever, Dengue fever and Zika virus in human. Biosynthesis 
and the use of green silver nanoparticles (AgNPs) is an important step in the search of reliable and ecofriendly 
control of these vectors. In this study, leaves extract of Ricinus communis (Castor) and silver nanoparticles (AgNPs) 
synthesized from this extract were evaluated as larvicidal agent for 2nd and 3rd instar larvae of the Aedes (Ae.) aegypti. 
Synthesized AgNPs were characterized by UV-Vis spectroscopy, Fourier transform infrared spectroscopy (FTIR), and 
energy-dispersive X-ray spectroscopy (XRD). Different concentrations (50-250 ppm) were prepared from leaf extract 
and synthesized AgNPs and applied on Ae. aegypti larvae. Five replications of each treatment were run along with 
positive control (temephos) and negative control (dechlorinated water). Mortality data was noted after 12, 24, 36 and 
48h and subjected to Probit analysis. The nanoparticles were more toxic against larvae of Ae. aegypti with least LC50 
(46.22 ppm) & LC90 (85.30 ppm) values as compared to the plant extract (106.24 & 175.73 ppm) respectively. The 
leaves extract of Ricinus communis was also analysed through HPLC to know its chemical constituents. Our results 
suggest the extract of R. communis and synthesized nanoparticles as excellent alternative to the most hazardous 
existing chemical pesticides to control the vector mosquitoes. This is a vibrant technique to reduce the aquatic toxicity 
due the use of insecticides for larval control of mosquitoes.

Education I
226 Building an APP (Aedes Predator Pod) by calling on Mosquito Assassins as Mosquito  

Awareness Ambassadors 
Anita Schiller, aschiller@hcp4.net 

Tired of the same ol’ “protect, inspect, toss and drain” message? Feel like your plea to the public is going 
unheard? Well, so are we and we’re trying something new. Harris County Precinct 4 (Texas) Biological Control Initiative 
has rolled out an APP against backyard mosquitoes. APP stands for Aedes Predator Pod and utilizes native Mosquito 
Assassins, Toxorhynchites rutilus as mosquito awareness ambassadors in the form of RTU adoption animals during 
outreach events. By adopting an APP, folks sign up as citizen scientists by reporting predator releases and project 
outcomes directly back to the team for analysis and further engagement. The project promises an immense growth 
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potential for engaging the general public, students K-12 and concerned citizens about mosquitoes in a fun, new way. 
Here we provide an APP building blocks overview.

227 G.R.A.V.I.D.:  Generating, Retrieving, Academic and Visual Information 
Cynthia J. Mulla, ladybugspotted@att.net 

The summer of 2018 inspired the development of three unique science based academic laboratories for 
grades third through fifth. Real time mosquito control surveillance, trapping sessions and operational support became 
the baseline to reinforce the academic standards, scientific method and S.T.E.A.M. (Science, Technology, Engineering, 
Arts and Mathematics). Each of the pilot programs took flight during the 2018/19 academic calendar year and 
successfully made a pinpoint landing for educators, students and local mosquito control. These programs have been 
approved and are now entering into their second academic season.

228 Medical Entomology & Geospatial Analyses:  Bringing Innovation To Teacher  
Education & Surveillance Studies (MEGA:BITESS) 
R. T. Trout Fryxell, rfryxell@utk.edu, M. Camponovo, K. Butefish, B.  Smith, J. Andseage,  
J. M.  Rosenberg 

There is a critical need to increase the awareness of entomology and geospatial technologies, to develop 
a workforce with the desire to pursue these careers, and to cultivate innovative methods for targeted vector 
surveillance. To answer these needs, we developed a yearlong Teaching-Research-Extension academy that leverages 
medical entomology, geospatial techniques, science communication, and educational pedagogies in our development 
and enactment of professional development experiences for east Tennessee educators. Known as the MEGA:BITESS 
Academy, we will host 45 secondary STEAM educators (15 educators/year with 6 facilitators) and prepare them for 
classroom implementation, while simultaneously developing a community-driven surveillance program with tailored 
educational materials. Our central hypothesis is that the development of the UT MEGA:Bitess Academy will stimulate 
innovative classroom teaching and learning, facilitate a workforce interested in entomology and geospatial sciences, 
and foster a community aware of vector-borne diseases. To make the project relevant to our community, we focus on 
mosquito surveillance for La Crosse virus, as La Crosse encephalitis is the leading pediatric arbovirus transmitted by 
mosquitoes in the continental United States. The academy includes three in-service workshops, classroom support 
for educator/student inquiry-driven surveillance programs, and student-developed educational material for the local 
community. Preliminary results and findings from the first educator cohort will be discussed.

229 Developing and Implementing an Education Program Designed to Impact Student  
Awareness in Lee County, Florida 
Mark McCreary, markcm@leeschools.net, Jenifer McBride, Wendy Samz, Eric Jackson 

The Lee County Mosquito Control District takes great pride in having an education program that is designed 
to teach students about mosquitoes and the role that mosquito control plays in the local community. The Lee County 
Mosquito Education program teaches standards-based science, which directly supports the Florida science curriculum, 
to both public and private schools. These hands-on learning units, which are conducted collaboratively with classroom 
teachers, are taught in Kindergarten, 5th Grade, 7th Grade, High School Biology, and Chemistry. Students learn to 
identify different species of mosquitoes, their habitats and life cycles, and become familiarized with the techniques 
currently being utilized to control mosquitoes. In addition, the program collaborates with the community through 
outreach events and other environmental initiatives, to educate about the importance of controlling mosquitoes and 
LCMCD methodologies.

230 Integration and evaluation of formal education programs about Aedes aegypti  
ecology and control in Puerto Rico 
Natasha DeLeon-Rodriguez, ndeleon@prvectorcontrol.org, Julieanne Miranda-Bermudez,  
Marianyoly Ortiz, Luz A Crespo-Valentin, Grayson Brown 

Despite the history of arboviral diseases in Puerto Rico, there is no official education program at schools 
that focuses on the biology, ecology, and control of the Aedes aegypti mosquito. For the past two years, the Puerto 
Rico Vector Control Unit established a formal and informal education program to be implemented in the schools of 
Puerto Rico. The Education Division prepared a one-hour class, a five-day curriculum, and a Project-Based Learning 
(PBL) program. These programs are been evaluated in order to understand which of them increase short- and long-
term knowledge of the students. The evaluation explores if students are taking the information that they have learned 
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to their parents. In the PBL program, 15 schools are implementing a 6-week project about the Ae. aegypti mosquito 
and a pre- and post- Knowledge, Attitude, and Practices (KAP) questionnaire will be administered to students and 
teachers participating in the program. Preliminary results from the pre-KAP showed that students are aware of the 
importance of controlling the mosquito but are not concerned about the diseases mosquitoes transmit. For the one-
hr class and the 5-day curriculum, a pre- and post-test were administered to the students, and the same test will be 
administered after three and six months. Preliminary results showed up to a 40% increase in knowledge with the 1-hr 
class. After interviewing the first set of parents, it was found that 72% of students are talking to their parents about 
what they learned about the mosquito. These interventions and evaluations will provide a robust idea of which long-
term program should be implemented as part of the Education Division of the Puerto Rico Vector Control Unit and 
the Puerto Rico Department of Education.

231 Engaging community residents in mosquito control: Public perceptions, knowledge,  
and information search behaviors 
Shelli D Rampold, srampold@ufl.edu, Sandra Anderson, Angela Lindsey, Ricky W Telg 

This study was conducted as part of a larger project designed to help facilitate public education about 
mosquito control topics. The objectives of this study were to examine the Florida public’s (a) knowledge of mosquito 
control topics, (b) perceived importance of control mosquito populations, (c) attitudes toward mosquito control 
application methods, and (d) informational needs and search behaviors. Data collection methods included an online 
survey questionnaire administered to Florida residents (n = 500), as well as eight public focus groups conducted at 
four locations across the state (n = 70). Findings revealed Florida residents had some knowledge of mosquitoes and 
mosquito control topics (e.g. at-home methods of mosquito control, mosquito-spread illnesses, risks associated with 
increased mosquito populations). Respondents in both the survey and focus groups perceived mosquito control 
as important, particularly as a means of protecting themselves and their pets from illnesses. Respondents did not 
perceive controlling the mosquito population as being important year-round, but rather during peak breeding seasons, 
after natural disasters, and during an outbreak of a mosquito-borne illness. Overall, respondents demonstrated fairly 
positive attitudes toward aerial and truck-mounted application methods; however, many focus group participants 
expressed uncertainty and concern regarding the safety and health impacts associated with such methods. Lastly, 
respondents were not likely to actively seek information about mosquitoes or mosquito control topics. If they were 
to seek such information, overall trends in the data indicate they would be more likely to use websites over social 
media, regardless of the source. These findings offer practical recommendations for enhancing public engagement 
in mosquito control, navigating public concern about mosquito control applications, and identifying best methods of 
disseminating key information to targeted audiences.

232 Humanizing Mosquito Control and Educating Your Community Members 
Elizabeth A Morabito, elizabethm@newsreview.com 

Mosquito control can be a difficult and oftentimes thankless job. Community members are frustrated when 
you spray, but also when they are being pestered by mosquitoes. They oftentimes don’t understand your role or how 
hard you work to keep them disease free. N&R Publications can help you change that.

We have found your websites tend to contain informative and meaningful content, but are the people who need this 
information reading it? N&R Publications specializes in helping you reach your community members through custom 
newsprint publications. We have worked with mosquito and vector control organizations throughout the country in an 
effort to inform residents about:

- types of mosquitoes in their neighborhoods

- ways to safeguard their homes and yards

- how to disrupt mosquito breeding cycles

We combine your institutional knowledge with our storytelling expertise to help educate, engage and encourage your 
communities. By using stories of real people living in the neighborhoods you serve, we effectively engage a reader’s 
emotions causing them to change their behaviors and beliefs. Our publications illuminate organizations whose services 
really matter, but are often overlooked or misunderstood...such as yours. 

We work nationwide and offer an affordable and effective solution to your community outreach needs. For only 
$16,000 we will create a custom 8-page publication, providing you with the pdf and online flipbook, plus rights to all 
photos we take and stories we write - think content! You can use these digital assets in any way you choose - website, 
social media, on other marketing materials, etc. We will then build a personalized distribution plan for your agency. 
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Costs are as low as $.09 each to print, $.07 each to insert into your local newspapers and $.22 each to mail  
to households.

To see our body of mosquito and vector-focused work, go to https://www.nrpubs.com/mosquito-vector-control/.

233 Verifying students are “competent vectors” of our mosquito control message at home 
 Carol Anne Hagele, cahagele@sgvmosquito.org, Levy Sun, Alejandra Gaspar, Kriztian Luna 

Education programs are costly. Justifying the costs for our own agency and for the school districts we 
are visiting has become increasingly important. This makes inexpensive assessment methods and tools essential. In 
April 2018, our department purchased a Meridia Interactive Solutions, E-Z Vote electronic polling system to capture 
individual students’ answers to questions about our agency’s core message of bite prevention and source reduction. In 
the 2018-2019 academic year, we visited seven schools and presented to 772 students, Grades 1 through Grade 6. Using 
the E-Z Vote system, we designed PowerPoint slides with questions students could answer during the presentation 
to determine whether we effectively communicated our core messages and linked those messages to one or more 
California Next Generation State Science Standards. E-Z Vote allowed us to capture and store each student’s answer to 
determine student baseline knowledge at the beginning and knowledge gained at the end of the presentation. Seventy-
four percent of the students measured were knowledgeable of our core messages at the beginning of the program. 
Despite this high level, students showed an average 21% gain in knowledge by the end of the presentation. We sent 
a follow-up survey home with each student to assess how much of our core messages students communicated to 
their families after the classroom program. We found students communicated our core messages 81% of the time. 
Ultimately, we would like to assess long-term behavior change in response to our education programs. These methods 
get us closer to that goal.

234 Multifaceted educational opportunities for local mosquito control 
Annie Rich Thompson, annie.thompson@dph.ga.gov 

The importance of public outreach and education in association with mosquito control is well-known 
and even listed as an AMCA best practice. Often we focus on public outreach or youth education as our way of 
implementing educational opportunities for our community. However, the importance of a multi-tiered educational 
program including annual training for mosquito operational personnel, educational opportunities for local private pest 
management companies, targeted outreach with groups such as beekeepers and schools, tactful use of social media, 
and general public outreach and education is something that needs to be highlighted for mosquito control operations. 
Richmond County Mosquito Control has completed our first year of achieving all of these facets of education in our 
program, and seeks opportunities to share and discuss this experience with other mosquito control entities.

Sewage-associated Mosquito Symposium I
235 The Science Behind Gravid Water 

Nina M Dacko, nmdacko@tarrantcounty.com 

Mosquito control professionals should be aware that open sewage sources can be troublesome when talking 
about factors contributing to mosquito breeding sources. Many may not know why. Have you ever wondered why the 
stink water in your gravid traps actually works to attract certain species of mosquitoes or what mosquitoes are looking 
for in water sources that contain sewage? This presentation will help introduce this symposium by reviewing factors 
that attract Culex mosquitoes to water sources containing decaying organic materials. It will also review different trap 
types, explain why we utilize gravid traps, what different types of gravid traps there are and which work to attract more 
mosquitoes, how surface area may affect attractiveness to Culex mosquitoes, and even the effect of the color of bin 
choice in gravid trap set up. So sit back, and be indoled!

236 Larval source reduction in combined sewers and catch basins and its relationship to  
West Nile virus transmission risk in Atlanta, GA 
Joseph R McMillan, joseph.mcmillan@ct.gov, Gonzalo Vazquez-Prokopec 

Combined sewers systems (CSSs) and road-side catch basins (CBs) are important larval habitats for Culex 
quinquefasciatus, the primary vector of West Nile virus (WNV), in Atlanta, GA. Accordingly, these habitats are targets 
of larval source reduction methods, including stream remediation (CSSs) and larvicide applications (CBs). This talk 
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presents the results of enhanced WNV surveillance in Atlanta, GA urban parks focused on: 1) pre- & post CSS stream 
remediation, and 2) larvicide applications in CBs. In Project 1, two urban streams (one affected by combined sewer 
overflows and a control stream) were sampled weekly during the 2008 – 2012 WNV transmission seasons with gravid 
traps and Prokopak handheld aspirators, and collected adult mosquitoes were tested for WNV using a combination of 
cell culture and RT-PCR techniques. In Project 2, we compared adult trap numbers and their WNV mosquito infection 
rates in CBs and gravid traps between two urban parks that were proactively treated with 30-day Altosid briquets 
(S-methoprene 8.62%) and two control parks. In each project, despite significant reductions in Cx. quinquefasciatus 
larval/pupal abundance (CSSs) and pupal productivity (CBs), indexes of WNV transmission were comparable between 
treated and untreated habitats. Larval source reduction remains an important component of Atlanta’s integrated 
vector management program; however, further research is needed to establish the link between Cx. quinquefasciatus 
breeding dynamics, mosquito control interventions, and risk of WNV transmission. These results are discussed in the 
greater context of Atlanta and its waste water treatment and mosquito larval control practices.

237 Combined sewers, stream pollution and West Nile virus transmission risk in Atlanta, GA 
Gonzalo M Vazquez Prokopec, gmvazqu@emory.edu, Joseph R McMillan 

Combined sewers are a significant source of urban water pollution due to periodic discharges into natural 
streams and waterways. Such events (called combined sewer overflows, or CSOs) contribute to stream impairment 
and are associated with increased mosquito productivity and elevated risk of West Nile virus transmission. This talk will 
present the results of field-based longitudinal studies and retrospective data analyses investigating the impact of CSOs 
on Culex quinquefasciatus life history traits and population dynamics, and on water quality and mosquito productivity 
in the city of Atlanta, Georgia. Additionally, the impact of stream remediation on mosquito population dynamics was 
evaluated in a before-after control-intervention design. Laboratory and semi-field experiments evaluated the impact 
of water quality supplemented by CSOs on Cx. quinquefasciatus oviposition and larval performance. In two urban 
streams (one affected by CSO and a control stream), water quality (ammonia, phosphate, nitrate and dissolved oxygen 
concentrations), immature mosquitoes (larvae and pupae), water temperature and rainfall were quantified biweekly 
during 2008–2012 (a year before and 3 years after remediation of CSO facilities). CSOs increase ammonia, nitrate and 
phosphate, leading to increased oviposition by female Cx. quinquefasciatus. Additionally, faster and increased larval 
development occurs in water from CSOs. Ammonia and phosphate concentrations and late immature (fourth-instar 
and pupae) mosquito populations were significantly higher in CSO than in non-CSO creeks, while dissolved oxygen 
concentrations were lower. CSO remediation significantly improved water quality estimates (particularly ammonia and 
dissolved oxygen) and reduced the number of overflows, mosquito productivity and the overall contribution of CSO-
affected streams as sources of vectors of West Nile virus. The quality of water in CSOs provided a suitable habitat for 
Cx. quinquefasciatus. Remediation of the CSO facility improved water quality indices and reduced the productivity of 
mosquito species that can serve as vectors of West Nile virus.

238 Septic system density is associated with increased West Nile virus detections in  
Culex mosquitoes 
Mark Myer, mark.myer.nola@gmail.com, Scott R Campbell, John M Johnston 

Culex spp. mosquitoes, the main vectors of West Nile virus (WNV), have been associated with septic tanks 
and sewage in several studies worldwide. We investigated an arboviral surveillance dataset spanning 2008-2015 in 
Suffolk County, Long Island, New York to determine whether there was an association between septic systems and 
WNV detections in Culex mosquitoes. Suffolk County is 74% unsewered, and the dominant septic system type is 
the buried cesspool. This type of system is prone to failure and seepage in sandy soils and areas with a high water 
table such as Long Island, and may contaminate surface waters or provide Culex mosquito habitat. We fit a Bayesian 
spatiotemporal model with ecological and meteorological covariates to determine the effect of septic system density 
on WNV detection. 

We found that the count of septic systems within 1 km of a trap site was associated with an increase in WNV 
detection in mosquitoes, and land cover classified as open water and woody wetlands had a negative association. 
Air temperature at a two-week lag was associated with a strong positive impact, while mean weekly precipitation 
at no lag and one-week lag was associated with positive and negative impacts on WNV, respectively. The predictive 
power of the model was evaluated on 2015 surveillance results, where the best model achieved a sensitivity of 80.9% 
and a specificity of 77.0%. Our study confirms previously found associations between weather conditions and WNV 
and suggests that wetland cover has a mitigating effect on WNV in mosquitoes, while high septic system density is 
associated with an increase in WNV detection.
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Larval Control II
239 Urban larviciding with WALS™ from Culex pipiens to Aedes aegypti 
 Sarah S Wheeler, swheeler@fightthebite.net, Steve Ramos, Marcia Reed, Marti Towery,  
 Samer Elkashef 

 Cryptic breeding sources are a critical challenge for controlling mosquitoes in urban settings. In 2019 
Sacramento-Yolo Mosquito and Vector Control District aimed to better understand the utility of WALS™ for the 
control of Culex pipiens. WALS™ is the trademarked name for VectoBac WDG applied to a landscape in a low-volume 
larvicide application (WDG-LVL), and is designed to target cryptic or difficult to access mosquito breeding sources. 
The primary goal of our 2019 work was to determine whether early WDG-LVL applications led to decreased population 
levels later in the season and reduced West Nile virus (WNV) activity. To make this assessment four neighborhoods 
with historically high levels of Cx. pipiens were selected and control and treatment areas in each neighborhood were 
identified. Starting in May, weekly WDG-LVL applications were made for four consecutive weeks. Mosquito trapping 
for adult mosquito abundance and WNV activity was conducted in both control and treatment areas. In August 
of 2019 Aedes aegypti was detected for the first time in Sacramento County which shifted the focus of WDG-LVL 
from Cx. pipiens to Ae. aegypti. The results of the Cx. pipiens targeted applications and the lessons learned while 
transitioning to Ae. aegypti control will be presented and discussed.

240 Impact of invasive Aedes species targeted backyard mosquito control measures on  
 local Culex populations 
 Susanne Kluh, skluh@glacvcd.org 

 The establishment of three container breeding invasive Aedes species in Los Angeles County, California, 
since 2011, has significantly altered the demand on agencies like Greater Los Angeles County Vector Control District’s 
(District). The never before experienced level of biting pressure these daytime biters unleash upon Sothern California 
residents has increased the number of requests for service to the District more than tenfold over the pre Aedes 
infestation monthly call average. While the overall emphasis of the District’s control effort remains on larval control 
and source reduction, additional staff resources and their response to the service requests have resulted in the 
inspection of unprecedented numbers of backyards in the District’s service area. While targeted to reduce Aedes 
populations, these efforts also provide additional Culex control above and beyond the standard control of publicly 
accessible mosquito sources and reported unmaintained swimming pools. This presentation examines the impact of 
backyard source reduction and treatment on district wide Culex abundance.

241 Altosid® P-35 field trial to flood-irrigated mosquito production sites in  
 Gem County, Idaho 
 Cody D. Johns, codyjohns199@gmail.com, Jason Kinley 

 The Gem County Mosquito Abatement District (GCMAD) conducted a field trial with Altosid® P-35, an 
extended insect growth regulator granular product, on a 60-acre flood-irrigated mosquito production site in Emmett, 
Idaho. Emmett experiences a high elevation desert climate; with high daytime temperatures, long day lengths, and 
a high groundwater table with flood irrigation as the primary form of agricultural irrigation. The primary mosquito 
species targeted was Aedes nigromaculis. The P-35 product was applied at a rate of 3.3 pounds of granule per acre 
using an all-terrain vehicle with a Fimco® granule spreader mounted to the back. The test site was repeatedly irrigated 
at 2 to 3 paddocks at an irrigation event, and access was limited after the first flooding. Nearby “control” sites irrigated 
similarly by same property owner provided larval abundance counts for comparison. The trial yielded >90% efficacy in 
larval suppression for at least 33 days.

242 Sacramento-Yolo Mosquito and Vector Control District Evaluation of Sumilarv 0.5G  
 in difficult to control Culex pipiens sources 
 Steven R Ramos, sramos@fightthebite.net, Samer Elkashef, Ryan Wagner, Demetri Dokos,  
 Tony Hedley 

 The Sacramento-Yolo Mosquito and Vector Control District (District) performed efficacy evaluations of 
Sumilarv 0.5G, a sand granule pyproxifen-based insect growth regulator in catch basins and dairy lagoons.  These types 
of sources were chosen because they are difficult to control Culex pipiens breeding habitats due to the fluctuations 
in water depth and/or have organic byproduct that tends to diminish the effectiveness of other residual products 
currently available. In dairy lagoons, the District evaluated Sumilarv 0.5G at the annual max label rate of 20 lbs per 
acre and the mid label rate of 10 lbs per acre and observed extended control at both rates. These applications were 
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performed on similar dairy lagoons in close geographical proximity to one another. In catch basins, Sumilarv 0.5G 
was tested at multiple application rates ranging from 10 grams to 70 grams per basin with some level of season long 
control achieved at these varying rates. This presentation will discuss the potential effectiveness of Sumilarv 0.5G as a 
new control option in difficult to control Culex pipiens sources.

243 Variation in efficacy of four larvicides applied as a residual with three sprayers in a  
hot-arid environment 

 Frances V Golden, frances.golden@usda.gov, Seth C Britch, Kenneth J. Linthicum,  
Robert L Aldridge, Bianca J Moreno, Barbara E Bayer, Camila M Leon, Jeremy Wittie,  
Kim Hung, Arturo Gutierrez, Melissa Snelling, Jennifer Henke

The efficacy of application of pesticide formulations can vary based on the pieces of equipment being used 
as well as environmental conditions at the time of application. The Aedes aegypti mosquito is a container breeder, 
exploiting microhabitats (such as plant containers and gutters) which are found around a typical home and are nearly 
impossible to eliminate completely. Even in extreme hot-arid environments, irrigated and vegetated residential yards 
provide abundant microhabitats to this species, allowing it to thrive and pose a public health risk. Therefore, we 
investigated the ability of four different larvicides with spinosad, pyriproxyfen, methoprene, and Bti active ingredients, 
respectively, to kill larval Ae. aegypti mosquitoes in a natural hot-arid field environment when applied with portable 
thermal fog as well as portable electric and gas powered ultra-low volume (ULV) sprayers. We deployed pairs of 
empty plastic sentinel cups in a variety of exposed and cryptic locations to mimic microhabitats that could be found 
in a southern California residential yard and conducted spray applications. After spray applications, the sentinel cups 
were collected and capped. Upon returning to the laboratory, water and 30 colony-reared Ae. aegypti larvae were 
immediately introduced into one cup from each pair, while the other half of the cups were weathered by allowing 
them to sit uncapped outside, but protected from rain, for one week, after which they received the water and larvae. 
Larval mortality was determined by counting the number of adults that successfully emerged from each cup. We 
compare relative efficacy of each larvicide/sprayer combination in this hot-arid environment and discuss the efficacy 
of each larvicide after weathering.

244 Impacts of wide area larviciding on Culex and Aedes mosquitoes in the Coachella  
Valley, CA 
Jennifer A. Henke, jhenke@cvmvcd.org, Gabriela Perezchica-Harvey, Gerald Chuzel,  
Chris Cavanaugh, Melissa Snelling, Arturo Gutierrez, Kim Y. Hung, Roberta Dieckmann,  
Greg Alvarado, Olde Avalos, Mike Martinez

Aedes aegypti were initially detected in the Coachella Valley in May 2016. Since then, the Coachella Valley 
Mosquito and Vector Control District has conducted several missions of wide area larviciding for the control of 
mosquitoes in residential yards. In 2019, helicopter applications were made in Palm Springs during an outbreak of West 
Nile virus activity using VectoBac WDG. Truck larviciding applications were made with (Cathedral City) and without 
(Palm Desert) adulticide applications to target Ae. aegypti. This presentation will discuss evaluation methods used, 
including the results from mosquito traps, and the subsequent bounce-back of populations following the end of the 
treatment cycle. A comparison to previous work will be presented examining the cost effectiveness compared with 
other control strategies employed by the District.

Disease/Vector Studies II
245 First report of AChE1 (G119S) mutation in Anopheles gambiae s.s. in Nigeria. 
 Ifeoluwa Kayode Fagbohun, fagbohunife@gmail.com, Emmanuel Taiwo Idowu, Olubunmi  
 Adetoro Otubanjo, Taiwo Sam Awolola 

Malaria remains one of the major infectious diseases of public concern in sub-Saharan Africa. Knowledge of 
susceptibility status and associated resistance mechanism of the malaria vector population is vital for effective malaria 
control. In this study, we subjected Anopheles gambiae form Lagos State to different World Health Organization 
(WHO) approved insecticides and also investigated the presence of point mutation (L1014F, L1014S and G119S) and 
metabolic resistance mechanisms.Susceptibility and PBO synergist bioassays were done using 3-5 days old female 
Anopheles mosquito collected from Lagos State, Nigeria with WHO test papers DDT (4%), permethrin (0.75%), 
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Bendiocarb (1%) and PBO (4%) according standard procedures. Biochemical assays were used to examine the 
activities of cytochrome P450s, glutathione S-tranferase and carboxylesterase. The presence of kdr-w, kdr-e and 
Ace-1R mutations were examined using molecular assays. Resistance to DDT and permethrin was recorded in An 
gambiae s.s from the four LGAs while suspected resistance to bendiocarb was recorded in mosquitoes from Alimosho 
and Kosofe LGA. PBO synergist reduced the knockdown time and also recorded significantly (P<0.05) higher 24hrs 
percentage mortality compared to non-synergized bioassays. Increased activities of detoxifying enzymes was recorded 
in wild mosquito compared to the insecticides susceptible laboratory strain and this was significant (P<0.05) in P450s, 
esterase  and . Kdr-w was detected in An. gambiae s.s from all the LGAs, kdr-e (L1014S) was detected in Alimosho, 
Kosofe and Ibeju-Lekki, while the Ace-1R gene was detected in Alimosho and Kosofe.  Results from this study provides 
evidence for resistance of An. gambiae from Lagos State to multiple classes of neurotoxic insecticides with multiple 
resistance mechanisms to these insecticides.

246 Effect of locally isolated Wolbachia wAlbB induced in Aedes aegypti to suppress  
dengue transmission in Pakistan 
Nusrat Jahan, dr.nusratjahan@gcu.edu.pk, Muhammad Sajjad Sarwar 

Wolbachia is an intracellular endosymbiotic bacterium which occurs naturally in many invertebrates with a 
broad range of insect species. In recent decade Wolbachia has got much importance due to its potential of altering 
host reproductive processes and to suppress indirectly vector borne human diseases such as dengue etc. One of the 
most common phenotypic effects of Wolbachia on its host population is through cytoplasmic incompatibility (CI) 
which occurs when non-infected females mate with infected males resulting no offspring. In addition Wolbachia inhibit 
pathogen replication and cause shortening of the life span in mosquito vectors. Dengue is becoming an epidemic in 
Pakistan with over 400 deaths since 2006. Dengue situation in Pakistan is alarming with tremendous risk of epidemics 
in future. Lack of effective vaccine and antiviral drugs make it urgent to find the novel alternate approaches for dengue 
control in Pakistan. The current study involves detection and molecular characterization of local strain of Wolbachia 
from Ae. albopictus using PCR by targeting the wsp, 16S rRNA and ftsZ genes. The wAlbB Wolbachia isolated from 
wild collected Ae. albopictus was successfully induced in dengue vector Ae. aegypti via embryonic micro-injection. 
Wolbachia presented strong CI effect with no egg hatching in crosses between Wolbachia infected males and wild 
uninfected females. In addition Wolbachia infected females reduced life span significantly as compared to wild females. 
Reduction of the life span and CI effect are promising features of this Wolbachia strain to be used as biological control 
agent and block dengue transmission in Pakistan.

247 The Inactivity of West Nile Virus and What Can Result 
Nina M Dacko, nmdacko@tarrantcounty.com 

There is much discussion about West Nile virus activity, how to deal with it, and what results come from 
outbreaks; however, there is not a lot of discussion about what can happen when there isn’t any activity. The aim 
of this presentation is to cover the potential of what happens when there is very little West Nile virus activity. 
Environmental and genetic external factors that affect transmission cycle dynamics will be discussed. Additionally, the 
effects of political decision making and funding sources within different vector control program structures will also be 
discussed.

248 Surveillance of mosquito vectors in migratory bird habitats of South Korea 
EunJung Lee, sys305@korea.kr, Bong Gu Song, Hak Seon Lee, Byung-Eon Noh, Tae-Kyu Kim,  
Seong Yoon Kim, Jong Yul Roh, Shin-Hyeong Cho, Wook-Gyo Lee 

The members of the genus Flavivirus are noteworthy, as they cause infectious diseases in humans, such as 
Zika, dengue fever, yellow fever, West Nile, and Japanese encephalitis. Due to the increased awareness of the public 
health risk posed by flavivirus-infected mosquitoes and migratory birds which are the most common reservoir for 
zoonotic flaviviruses (e.g., West Nile virus and Japanese encephalitis virus), mosquito surveillance was performed in 
three migratory bird habitats of South Korea. We examined the diversity and abundance of mosquito species and 
conducted molecular diagnostics for the detection of flavivirus infections. Further, the mitochondrial COI and Cytb 
genes of mosquitoes were amplified and sequenced to investigate the genetic diversity and blood meal sources of 
mosquitoes, respectively. A total of 4,891 mosquitoes (4 genera and 11 species) were collected using CDC light traps 
from June to September in 2019. Pathogenic flavivirus infections causing human diseases were observed in the field-
collected mosquitoes. Low genetic variation of COI was observed in both Aedes albopictus and Culex pipiens complex, 
whereas Aedes vexans nipponii showed a high level of genetic diversity. Their host use was evidenced by identification 
of species of vertebrate hosts, namely mammals and birds. Human was the most commonly identified host in blood 
meals. We expect that the results will help guide vector control programs and demonstrate the need of monitoring 
mosquitoes in migratory bird habitats of South Korea.
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249 Ivermectin-treated bird feed for West Nile virus control 
Chilinh Nguyen, pcy3@cdc.gov, Nicholas A Panella, Nicholas Hamby, Nicholas Komar,  
Brian D Foy 

West Nile virus (WNV) control with insecticides sprayed into the environment are often reactive 
interventions, inadequate for localized outbreak control, poorly-targeted, and face opposition due to environmental 
concerns. In this study, we developed ivermectin-treated feed as a systemic endectocide for wild birds to target blood-
feeding Culex tarsalis, the primary WNV vector in the western United States, and conducted preliminary field trials. 
In lab tests, ivermectin (IVM) was the most effective endectocide tested against Cx. tarsalis. Chickens and Eurasian 
Collared Doves consuming IVM-treated feed exhibited no signs of toxicity, and most mosquitoes blood fed on these 
IVM-fed birds died compared to control birds. Three pilot trials were conducted during the summers of 2016, 2017, 
and 2019. The 2016 season used three field sites, each with a central IVM-treated feeder with mosquito traps at 10 
and 150 m distances from the feeder. 2016 results showed that wild birds frequented the IVM-treated feeders and 
there was an observable trend where 150 m traps expected to be beyond the zone of control had more WNV-positive 
Cx. tarsalis compared to 10 m traps. The 2017 trial was designed with three control and three IVM sites, where each 
site had three bird feeders around a mosquito trap. Results from 2017 demonstrated that 87% of birds captured 
around IVM-treated feeders had detectable IVM levels, and entomological data suggested that treatment may have 
reduced WNV transmission around treated bird feeders. In 2019, four control and four IVM-fed chicken coops were 
randomly distributed among field sites. Mosquito trapping was done at 10 and 150 m distances from the coops. 
Mosquito abundance, WNV-infection rate, and blood meal composition were assessed. Chicken health, ivermectin 
concentrations, and WNV serostatus were also evaluated. With further development, ivermectin-treated feed may 
effectively control WNV transmission and reduce the need for widespread treatment with chemical insecticides.

250 Honey-card based arbovirus surveillance in the United States 
Kristen L Burkhalter, ktb3@cdc.gov, Brad Biggerstaff 

The collection, species identification, processing, and testing methods commonly performed for mosquito 
pool-based testing are time- and labor-intensive. “Honey card” surveillance has been proposed as an alternative or 
supplement to pool-based testing, but there have been few systematic field evaluations of this method in the United 
States. We conducted field trials during the summers of 2018 and 2019 to develop algorithms for the operational 
implementation of honey cards into routine arbovirus surveillance programs conducted by mosquito control districts 
in the US.

251 Scientific Risk Assessment for Genetic Control of Malaria Vectors in Africa 
Geoffrey R. Hosack, geoff.hosack@csiro.au, Keith R Hayes 

The development of novel genetic control methods for the suppression of mosquito populations is receiving 
global interest as a possible approach to effectively combat mosquito borne diseases. Such approaches have the 
potential to reduce morbidity and mortality in areas with high transmission of pathogens by mosquitoes in a cost-
effective manner. Genetic control methods that have been suggested as potentially applicable to dominant malaria 
vectors in Africa include sterile insect technique (SIT) and gene drive. The latter method theoretically has greater 
potential benefit due to its capacity to spread and disperse within the target vector population. On the other hand, 
this potential for spread and dispersal suggests a heightened need for awareness of possible adverse effects to the 
receiving environment. Before deployment of any gene drive can be considered, the National Academies of Science, 
Engineering, and Medicine have specified that there is need for both further scientific research of gene drive and 
the application of fit-for-purpose probabilistic risk assessments within a staged testing and development pathway. A 
framework for the formal incorporation of the scientific method into probabilistic risk assessments of novel genetic 
control methods is presented. Key elements identified include the structured elicitation of expert opinion and the 
incorporation of empirical information provided by surveillance monitoring and experimental studies. Examples are 
drawn from scientific risk assessments that have been recently completed for genetic control technology serving as a 
staged pathway toward developing a gene-drive based control method of dominant malaria vectors in the Anopheles 
gambiae species complex in Africa.

252 Introduction, establishment, and expansion of Aedes aegypti in Albuquerque  
New Mexico 
Melise Taylor, mtaylor@cabq.gov 

Aedes aegypti is an anthropophilic mosquito species invasive to the Americas that has recently spread to 
new areas of the continental U.S.; thus creating new challenges for cities, counties, and their vector control programs. 
Ae. aegypti is of particular importance because it is the principal vector for several disease causing arboviruses, such 
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as Yellow Fever, Dengue, Zika, and Chikungunya. In New Mexico, Ae. aegypti presence has been documented in the 
southern counties but until recently had been absent from the central and northern counties. The city of Albuquerque 
and Bernalillo County have a combined vector control program that includes trapping and identification of mosquito 
populations at different sites throughout the city and county going back more than 20 years. In 2018, we identified 
the presence of Ae. aegypti in the city for the first time. The presence of this mosquito was limited to two locations, 
it was identified in late August-October, and there were a total of 61 individuals collected. In 2019, we again identified 
Ae. aegypti between June-October (ongoing as of submission of this abstract) in a much more wide spread area of 
the city. The increased numbers of individuals collected (1677), combined with the wide spread distribution, suggests 
robust establishment and expansion throughout Albuquerque. Although local Ae. aegypti-borne disease transmission 
has not been reported in New Mexico, the frequent introduction of arboviruses, coupled with the presence of the 
preferred vector, are cause for concern. We will present our trapping data and distribution mapping, as well as discuss 
previous efforts to prevent establishment, current challenges and future adaptations to be implemented to our vector 
control program in order to effectively control Ae. Aegypti in Albuquerque.

253 Ixodes scapularis range expansion and tick-borne illnesses in Manitoba, Canada a  
ten-year snapshot (2009 – 2018) 
Scott Graham-Derham, scott.graham-derham@gov.mb.ca, Richard Baydack, Dana Race,  
Richard Rusk, Kateryn Rochon, Robbin Lindsay 

Since 2009, the range of Ixodes scapularis (blacklegged tick) in Manitoba, Canada has expanded considerably. 
From a single established population in the extreme southeast corner, Ix. scapularis populations are now found 
throughout most of the southern third of the province wherever suitable habitat is present. Numerous pathogens, 
including Anaplasma phagocytophilum, Babesia microti, Borrelia burgdorderi, Borrelia miyamotoi and Powassan virus 
(lineage II) have been isolated from locally collected specimens. B. burgdorferi infection rates have hovered around 
20% at the provincial level since 2013, while in some areas rates exceeding 50% have been detected.

Coupled with this range expansion is an increasing human health burden associated with tick borne illnesses. Between 
2009 and 2018 the number of Lyme disease cases has increased more than 10-fold, while the proportion of cases 
acquired locally jumped from 40 to 93%. Increased detection of the A. phagocytophilum and B. microti in locally 
collected Ix. scapularis specimens, as well as detection of human infection resulted in Anaplasmosis and Babesiosis 
being made provincially reportable in 2015. Similar to Lyme disease, the number of Anaplasmosis cases has increased 
five-fold. The continued establishment of Ix. scpaularis and their associated pathogens in Manitoba has created an 
increasing public health burden associated with multiple tick-borne illnesses.

Education II
254 Resources for mosquito control practitioners provided by the Centers of Excellence  

in Vector-borne Diseases 
Christopher M Barker, cmbarker@ucdavis.edu, Lyric Bartholomay, Rhoel Dinglasan,  
Laura Harrington, Emily M Mader, Kaci D McCoy, Leslie Nemeth, Susan Paskewitz,  
Danielle Smith, William Walton, Scott Weaver, Caroline Weldon

Five Regional Centers of Excellence in Vector-Borne Diseases (CoEs) were established in 2017 by the CDC to 
strengthen our nation’s ability to prevent and rapidly respond to current and emerging vector-borne disease (VBD) 
threats. The CoEs combine innovative applied research and educational programs with public health expertise and 
practice to support the vector-borne disease workforce through workshops, resources, and networks.  Each COE 
has different resources and areas of expertise in vector biology and vector-borne diseases tailored to address the 
vectors and arthropod-borne pathogens found in the geographic region served by the CoE. The COEs work towards 
enhancing prevention of and response to VBD challenges in their regions by coordinating efforts with public health 
agencies and institutions, building partnerships across state lines, as well as synergizing activities among CoEs when 
faced with similar VBD challenges.  More than 5,000 individuals have utilized the in-person training sessions, web-
based applications, training videos, internships and other innovative training methods.  Such opportunities enhance 
the training and readiness of vector control in the nation. For example, short courses (1-3 days in length) provide 
mosquito control practitioners the equivalent of 2-3 years of practical experience in vector control and a strong 
foundation in the principles of surveillance, integrated vector management, resistance detection and management, 
and response to public health emergencies posed by VBDs.  This presentation will highlight some of the resources 
provided by the CoEs to mosquito control practitioners.
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255 GLOBE Observer Mosquito Habitat Mapper: promoting vector education,  
surveillance and mitigation through a public participatory science campaign 
Russanne D Low, rusty_low@strategies.org 

The GLOBE Observer Mosquito Habitat Mapper is a mobile app that empowers citizen scientists of all ages to 
reduce risk of mosquito borne disease in their community. The app enables users to photograph and report breeding 
sites. Using an inexpensive clip-on microscope, citizen scientists submit voucher photographs of larvae they encounter 
and use a built-in dichotomous key to determine whether their specimen is a potential vector of disease. Finally, the 
user is prompted to report if they can mitigate the breeding site. All data is archived in the GLOBE database, which is 
freely available to all at https://www.globe.gov/globe-data.

The app is now used in a variety of data collection, education and outreach settings internationally. We discuss the 
application of GLOBE Observer Mosquito Habitat Mapper application in projects monitoring invasive species (Aedes 
aegypti) and locating mosquito populations in conjunction with WNV research, as well as the app’s role in promoting 
Zika awareness and prevention in Brazil and Peru. The Mosquito Habitat Mapper provides important data for 
scientists, while simultaneously promoting vector education, surveillance and mitigation by the public. Education and 
public outreach materials, as well as outcomes of local scale projects by both school age students and citizen scientists 
of all ages will be presented.

256 Geographic Information Systems (GIS) as a tool to build vector-borne disease  
surveillance capacity in state/territorial health agencies 
Courtney Youngbar, cyoungbar@astho.org 

The Association of State and Territorial Health Officials (ASTHO) is the national nonprofit organization 
representing public health agencies in the United States, the US Territories, the District of Columbia, and the public 
health professionals these agencies employ. ASTHO’s Environmental Health team has a successful history of enhancing 
vector-borne disease surveillance capacity in state and territorial health agencies using Geographic Information 
System (GIS). Over the last 11 years, ASTHO, with funding from the Centers for Disease Control and Prevention (CDC), 
has led the Peer-to-Peer Environmental Public Health Tracking Fellowship. The goal of this fellowship is to support 
CDC in providing unfunded states and territories with an opportunity to build environmental health surveillance 
capacity in their state. The Fellowship Project builds relationships between funded and unfunded health agencies 
through a unique mentorship experience. Three fellows throughout the years have completed pilot projects using 
GIS for vector-borne disease tracking and surveillance, specifically focusing on West Nile Virus, Zika, and other 
arboviral diseases. Through the fellowship, these states and territories were able to expand their surveillance activities 
by learning key tracking methods from an experienced state health department and using Esri software such as 
ArcDesktop, ArcGIS online, and Survey123. As part of a separate project, ASTHO hosted its first Climate Summit in 
2018, which included a GIS training for insular areas on vector-borne disease surveillance workflow using free, open-
source software. This same training continued in 2019 for the Pacific territories. ASTHO added an additional training 
on vector-borne disease surveillance using GIS for state health agencies that same year. This presentation will discuss 
the success of the fellowship and trainings in enhancing GIS capabilities for vector-borne disease surveillance in state 
and territorial health agencies.

257 Revision of the technical manuals of the Ministry of Health aiming at the control of  
Aedes aegypti: Survey of technical gaps, suggestion of updating of contents and  
proposal of rational use of methodologies and / or technologies in contingency plans  

 for t 
Fabio Castelo B F P Njaime, fabiocastello@gmail.com 

In this project we intend to promote the literature review on specific aspects of Aedes aegypti biology 
relevant to control actions, based on the MS manuals, looking for technical gaps in relation to the current knowledge 
of this vector in the specialized literature and provide a reference framework and guidelines. techniques for the 
planning and implementation of surveillance, prevention and control actions of Ae. aegypti based on risk stratification 
to support the construction of possible local operational scenarios. Operational scenarios serve as a reference for 
selecting the most appropriate vector control tools and their most efficient use. The revision of the MS manuals will 
allow them to be updated in the future, with a critical analysis of the new knowledge and methodologies available in 
recent years. For this review the key topics were chosen: Ae Bioecology. aegypti and its importance for surveillance 
and control purposes; Entomological surveillance; Vector control; Operational scenarios for addressing Ae surveillance 
and control. aegypti; Risk stratification in scenarios. Current knowledge on these topics will be gathered from different 
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databases (Web of Science, Scielo and PUBMED). In addition, the manuals of MS and FUNASA, which exist only in 
print, will be digitized and made digitally available to the public on the Program website.

The review proposed in this project, as well as its developments, aims to suggest to field agents to take into account 
operational scenarios that form in vector occurrences, these scenarios serve as a reference for the selection of the 
most appropriate vector control tools and their best use. based on local entomological and epidemiological facts, 
empowering itself to make the decision to use the best available methodology and technology, which best suits their 
risk situation and resource availability, in a rational, cost-effective manner. city and for the health of its population.

258 Wing Beats: The Greatest Stories Never Told 
Stephen Sickerman, sickerman@comcast.net 

Wing Beats magazine is the official quarterly trade journal of the American Mosquito Control Association 
and the Florida Mosquito Control Association, in publication since 1990, with a circulation of nearly 4000. The editors 
encourage prospective authors – members within the professional mosquito control community – to share with 
readers their experiences and observations of their routine control, surveillance and outreach activities, as well as 
operations conducted under emergency conditions or challenging situations. High quality photographs of mosquitoes 
and mosquito control operations are also welcomed.

259 Early Michigan’s scourge of mosquitoes and malaria 
Carl W Doud, cdoud@co.midland.mi.us 

The challenge of mosquitoes and malaria to early settlers of Michigan was profound. Alexis de Tocqueville, 
who visited Michigan in July of 1831, commented a number of times as to how burdensome the mosquitoes were. 
The state of Michigan was known to early 19th century Americans as an area profuse with swamps, disease and other 
hardships. Malaria was so widespread throughout the region that all expected to suffer from it and it was viewed less 
as a disease than simply a reality of life. Efforts by early Michiganders to find relief from mosquitoes included the 
use of smudges and other techniques of limited efficacy. Quinine was a highly sought after to relieve ague (malaria) 
symptoms. Three aspects of early Michigan made for significant populations of mosquitoes and associated malaria; 
topography, the extent of forests and the amount of wetlands. Efforts to develop land through wetland drainage, and 
the lumber industry that cleared much of the virgin forest in the state, altered and in many cases reduced much of 
the mosquito habitats. Yet, many of the land attributes remain and still contribute to a significant mosquito burden in 
parts of the state.

Sewage-associated Mosquito Symposium II
260 Use of microbial profiles to detect adult mosquitoes produced in septic tanks 

Luisa M Otero, nrs4@cdc.gov, Eric Caragata, George Dimopoulos, Roberto Barrera 

Septic tanks in Puerto Rico represent an important source of mosquitos of medical relevance. Previous 
research has estimated that some tanks produce thousands of adults per day (around ~18000 Aedes aegypti and ~ 
170000 Culex quinquefasciatus) in suburban and rural communities of the island. Consequently, septic tanks could 
provide a means for mosquito populations to remain high, even during the dry seasons. Since these habitats are often 
overlooked during conventional mosquito control activities, it is important to develop new and innovative ways to 
track the origin of these vectors. We investigated the microbial profiles of whole adult mosquitoes and the water 
from their aquatic habitats to establish if microbial fingerprinting can be used to identify mosquitoes that developed 
in septic tanks. We searched for septic tanks producing mosquitoes in the south of the island and collected water and 
adults from them using sterile plastic cups (for the water) and sterilized exit traps (for the adults) over several days. 
Samples were kept in coolers while taken to the laboratory where they were sorted and preserved at -80°C for DNA 
extractions. DNA from Ae. aegypti female and water were sequenced commercially at MrDNA (Shallowater, TX) using 
2x 300bp 16S Illumina sequencing. We found that mosquito and water microbial profiles were quite distinct and saw 
high levels of mosquito to mosquito microbiome variability. We observed that time of collection (month) strongly 
influenced mosquito profiles. Despite this variability, we identified a range of differentially abundant bacterial taxa that 
were associated with different aquatic habitats and have used these taxa to develop a putative model for fingerprinting 
septic tank mosquitoes. We are currently processing additional samples to validate that model and to differentiate 
mosquitoes from other types of aquatic habitats.
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261 Examining relationships between septic tank effluent on Culex quinquefasciatus trap  
 counts and West Nile Virus 

Marissa K Grossman, xmc9@cdc.gov, Andrew Ruiz 

Mosquito abundance and West Nile Virus (WNV) infection rates are associated with several environmental 
factors including temperature and the presence of standing water. Failing and poorly-designed on-site wastewater 
treatment systems (e.g. septic systems) can introduce organic-rich effluent into the environment, creating an ideal 
habitat for WNV vectors, including Culex quinquefasciatus. However, the relationship between these systems and 
WNV vector abundance and infection rates is not well documented. Using data from the St. Tammany Mosquito 
Abatement District in Louisiana, we investigate the associations between on-site sewage systems, Cx. quinquefasciatus 
abundance, and WNV infection in Cx. quinquefasciatus populations. We found that Cx. quinquefasciatus trap counts 
in subdivisions with on-site sewage systems were statistically higher than the trap counts in subdivisions with 
municipal sewer systems. However, there was no difference in the proportion of mosquitoes that tested positive for 
WNV between sewered and un-sewered (septic-dependent) areas. Further research should focus on how failing and 
improperly designed on-site wastewater systems may affect WNV transmission dynamics.

The findings and conclusions in this presentation have not been formally disseminated by the Centers for Disease 
Control and Prevention/the Agency for Toxic Substances and Disease Registry and should not be construed to 
represent any agency determination or policy.

262 The feces of our fathers: mosquito and water quality associations in 600 miles of  
contaminated ditches 
Nicholas DeLisi, ndelisi@stpmad.org, Evan Davies, Kevin Caillouet 

Under- and un-processed sewage from onsite wastewater treatment systems contaminate >600 miles of 
roadside ditch in St. Tammany Parish, Louisiana. These organically-polluted ditches are common in suburban and rural 
areas of Louisiana and are highly attractive to ovipositing Culex quinquefasciatus. We measured water quality and Cx. 
quinquefasciatus/mosquitofish presence within these ditches during the 2019 mosquito season to better understand 
relationships between organisms and pollution in this ecosystem.

Water quality measurements (pH, dissolved oxygen [ODO], total dissolved solids [TDS]), the presence of mosquitoes/
mosquitofish, and whether the corresponding residence passed or failed a septic system inspection were observed 
and measured from ditches at 163 randomly chosen properties. The effect of variables on predicting mosquito 
presence, and separately fish presence, were compared using binary logistic regression ( =0.05).

Mosquitoes and fish were almost entirely segregated, with fish present in 42% of ditch samples, mosquitoes in 
10%, and co-occurrence in only 3% of observations. Ditches high in TDS, a marker of organic pollution, were less 
likely to contain fish ( 2= 10.7; P=0.001), while deeper ditches had increased likelihood of fish presence ( 2=10.9; 
P=0.001). Mosquitoes were encountered less frequently  2=8.0; P=0.005) when ODO was high. Results indicated 
ditch contamination significantly impacted mosquito and mosquito-predator habitation, suggesting that residential 
contamination may be an important target for remediation and public information campaigns.

263 Advocating for change in the way we treat our waste 
Jennifer Bushnell, jbushnell@stpmad.org, Kevin Caillouet 

St. Tammany Parish has an estimated 60,000 homes operating individual on-site septic systems. These 
systems are piped directly into a network of drainage ditches, leaving over 600 linear miles of heavily polluted water in 
roadside ditches. St. Tammany’s primary vector of West Nile virus, Culex quinquefasciatus, preferentially chooses these 
ditches for oviposition.

Rather than simply continuing to treat the problem, Mosquito Abatement officials decided to take a more proactive 
approach in tackling the problem at the source. A campaign was launched to communicate with both residents and 
local leaders the need to determine long-term solutions focused on remediating this source of mosquito production.

Local governing officials were approached to raise awareness of the problem these systems create environmentally 
and with the proliferation of mosquito production. Mosquito Abatement is actively engaged in advocating for changes 
in legislative and local ordinances to limit future problems and to allocate resources to take corrective action in 
problem areas. Messages on homeowner maintenance of these systems have been folded into all aspects of West Nile 
virus-related messaging to communicate with residents the importance of making certain that the individual systems 
are functioning properly. Finally, we approached local community and non-profit groups to engage them in the 
conversation and rally support behind the mission. This is an evolving conversation with the community that will grow 
and change as the dialogue continues.
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Managing the Workforce in the 21st Century 
Symposium
264 Straight Talk On Why Diversity Causes Such Heartburn And What We Can Do To  

Change That 
Gerry Preciado, gerrypreciado@EPLtrainers.com 

Public organizations like Mosquito Control organizations that are harnessing the talents, life experience, 
and cultural differences of a diverse workforce benefit in a variety of ways. From increased creativity and innovation, 
broadening the scope of effective service to the public, to improving professional development of its labor force, 
much good can come from harnessing diversity. So why does the very word “diversity” cause so much heartburn 
and trigger a range of negative emotions for so many? The answer lies in “how” we implement diversity into our 
organizations rather than the “why” we implement diversity. This session examines the need to more effectively 
implement and develop support for policies and practices supporting a diverse work culture.

265 Diversity and Inclusivity Policies among Professional Associations 
R. T. Trout Fryxell, rfryxell@utk.edu 

In order to assess diversity and inclusivity policies among professional associations, I contacted senior 
personnel or executive directors at associations similar to the American Mosquito Control Association. I defined 
similar associations as those that hold an annual conference, are represented at the national (and potential global 
scale), have an integrated community (e.g., academic, industry, government, student professionals), and are connected 
to the entomology discipline. I specifically asked for policies or templates that include information on (1) code of 
ethics / ethics policies, (2) code of conduct (either professional and/or at society conferences), and (3) diversity and 
inclusion policies. This presentation will highlight those polices that exist (and those that do not) among professional 
associations.

266 Diversity and inclusivity in the AMCA 
Jennifer A. Henke, jhenke@cvmvcd.org, Kristen Healy 

In 2018, the authors, conducted a survey of known members of the American Mosquito Control Association 
to examine the experiences within the organization and within their professional roles in mosquito and vector control. 
The results indicated that members feel there are issues of discrimination, inclusivity, and development opportunities 
within AMCA that could and should be addressed. In this presentation, we will review the activities of 2018, including 
a pre-conference survey, a mini-SWOT analysis of AMCA by members, and a proposal for the AMCA to create a new 
standing committee on Diversity and Inclusion.

267 Panel Discussion of Diversity and Inclusivity 
Kristen Healy, KHealy@agcenter.lsu.edu 

A panel of industry, government and academic members of AMCA discuss how their respective organizations 
work on diversity and inclusivity in the 21st Century.

Larvicides for Mosquito Control: Development and 
Applications Symposium
268 Physiology studies aiming the development of insecticides targeting Aedes aegypti larvae 
 Fernando Genta, gentafernando@gmail.com 

Several strategies for the control of Aedes aegypti target the larval stage, mainly because the density of 
populations of this vector is largely dependent on the presence of breeding sites. However, studies on mosquito 
biology preferentially focus in adult stage, and especially in hematophagy and pathogen transmission. Whereas, 
several important features of larval physiology, which might be relevant for the development of a new generation of 
insecticides, are largely unknown. We focused in the last years in the characterization of molecular and physiological 
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aspects of digestion in A. aegypti larvae, with the identification and description of a major class of glycoside hydrolases 
from family 16, that are essential for digestion and development in this insect. These enzymes are necessary for 
the digestion of yeast cells and, conversely, A. aegypti is able to nourish exclusively from live S. cerevisiae, with 
developmental parameters that are similar to those obtained with artificial diet, the gold standard fish food Tetramin®. 
We extended those observations and showed that A. aegypti larvae are able to ingest different species of bacteria, 
fungi and microalgae. Those observations are relevant for the development of new insecticides and delivery strategies, 
based on RNAi and paratransgenesis.

269 Yeast-Encapsulated Essential Oils as Novel Larvicides 
Ivy Hurwitz, ihurwitz@salud.unm.edu 

Mosquito population control rely principally on the elimination of the adult insect. These efforts can be labor 
intensive, difficult to sustain, and are fraught with issues of vector resistance. Conversely, larvicides can be broadly 
administered and are highly effective in reducing the risk of mosquito-borne diseases. We have developed a new 
approach to mosquito larvae control using a yeast-based delivery system for essential oils (EOs). Though the efficacy 
of EOs against larvae of many mosquito species has been demonstrated, there are currently no commercial EO-
based larvicides available. One compelling reason for this is while most EOs are non-toxic at low concentrations, the 
introduction of large amounts of EO into an aquatic environment is likely to be disruptive. In addition, the dispersed 
oils are vulnerable to rapid degradation by UV radiation. The use of Saccharomyces cerevisiae (bakers’ yeast) as a 
biocompatible and biodegradable container for a variety of exogenous compounds has long been recognized. We 
incorporated selected EOs into yeast through a simple established process utilizing heat and agitation. The process 
was optimized to maximize encapsulation efficiency for each EO. Once the EO enters the cell, the yeast becomes 
nonviable. The thick outer envelope of the yeast cell however, remains intact, and sequesters the EO from the 
surrounding environment. The efficiency of this approach is further facilitated by the fact that mosquito larvae can 
readily digest S. cerevisiae. Release of the EO into the insect midgut following ingestion results in a series of events 
leading to larval death. This novel class of ingestible larvicide can therefore be delivered in an efficient, efficacious, 
and sustainable manner with minimal impact to non-yeast digesting non-target species. The efficacy of several 
encapsulated EOs against Aedes aegypti and Culex larvae will be discussed.

270 Yeast-encapsulated essential oils efficiency as larvicide and its impact on oviposition  
 for Aedes mosquitoes 
 Bruno Gomes, gsilva.bruno@gmail.com 

Control measures targeting aquatic environments are an important component for integrated mosquito 
management. They aim to stop larvae development by reducing breeding sites and/or the application of larvicides. 
Essential oils have been considered an environmentally friendly alternative for chemical larvicides, but they present 
challenges in their application (e.g. rapid degradation by UV radiation). Here, we explore the impact of the larvicide 
based on yeast-encapsulated orange oil (yeast-OO) in larvae of Aedes aegypti and Aedes albopictus. Larvicide 
activity was tested in multiple populations of both mosquito species. The yeast-OO was highly effective (LD50 < 
50 mg·L-1) against all 8 populations under laboratory conditions, regardless of their species, geographic origin or 
resistance phenotype for chemical insecticides. The LD50 values for A. aegypti vary between 8 – 26 mg·L-1 and they 
are consistently lower than those observed for A. albopictus (26 – 32 mg·L-1). When we tested yeast-OO activity in 
A. aegypti larvae maintained in natural light and without temperature control, the larvicide was still highly effective 
(LD50 < 50 mg·L-1) but larvae of A. aegypti seem more tolerant for the yeast-OO. The larvicide activity of yeast-
OO is consistent across multiple populations in different settings. Moreover, oviposition assays were carried inside 
BugDorm-2400 Insect Rearing Tent with one blood fed female (3 – 4 days) of A. aegypti. All valid assays had eggs in 
ovitraps with water whereas only 60% of assays had positive ovitraps with yeast-OO. Females seem to lay more eggs in 
ovitraps without yeast-encapsulated orange oil (Wilcoxon-ranked test: W = -314, z = -3.57, P < 0.0004). This indicates a 
potential secondary effect for the larvicide based on orange oil. The repelling action against Aedes aegypti oviposition 
may provide a strategy for reducing egg laying in primary breeding sites that cannot be removed by control agencies.

271 Gene expression analyses and killing mechanism following mosquito larvae feeding  
on EO-encapsulated larvicide 
Marcelo Ramalho-Ortigao, jose-marcelo.ramalho-ortigao@usuhs.edu 

We have developed an environmentally friendly, yeast-encapsulated orange oil larvicide that is effective 
and inexpensive to produce. This essential oil (EO)-based larvicide maintains lethality against mosquito larvae at 
concentrations below 50ppm. Typically, essential oils have been used as contact agents for mosquito control. However, 
our approach is based on encapsulation into yeast particles that are taken up by the larvae with subsequent release of 
the EO within the larval gut presumably following digestion of the yeast particles. Significant changes in the expression 
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profiles of genes associated with innate response and epithelial regeneration were also followed by epithelial damage 
and sclerotization in Aedes and Anopheles larvae following exposure to encapsulated EO. Midguts and carcasses 
isolated from Ae. aegypti exposed to EBL for 4 hours and 24 hours demonstrated >20-fold induction of caspases 
CASPS7 and CASPS8, the midgut epithelial regenerator (Vein). In addition, 10-fold and 2-fold differences in expression 
were observed in the inhibitor of apoptosis IAP1 and IAP2, respectively. Confocal microscopic analysis of EBL-exposed 
midguts confirmed DNA degradation associated with apoptosis (TUNEL analysis). Our results demonstrate that the 
yeast-encapsulated EO killing is due to induction of apoptosis within the mosquito larva midgut. Combining both low 
production costs with a likely resistant-proof killing mechanisms, our encapsulated EO represents a practical approach 
for mosquito larval control.

Evidence based Action Decision Making Thresholds 
Symposium I
272 What is the minimum density of Aedes aegypti that prevents rampant outbreaks of  

urban arboviruses? 
Roberto Barrera, rbarrera@cdc.gov, Veronica Acevedo, Manuel Amador 

Epidemics would not occur when the density of susceptible people or vectors are below a critical level or 
threshold. Aedes aegypti thresholds have been proposed using data on immature prevalence (Stegomyia indices). 
However, conducting immature surveys is labor intensive, some important aquatic habitats may be cryptic, and there 
is not always a relationship between numbers of immature and adult mosquitoes. The availability of efficient traps 
for adult Ae. aegypti makes it possible to develop density thresholds based on female adult mosquitoes. Mosquito 
thresholds depend on several factors, such as frequency of virus introductions, herd immunity, temperature, and host 
protection. They also vary with the type of trap used to capture adults. Our investigations in Puerto Rico have shown 
protection against chikungunya virus infection when the density of gravid females of Ae. aegypti was below 2-3/AGO 
trap/week. Comparisons with other traps suggested a threshold of less than one female/BG trap/ week (BG trap with 
black skirt and no lures), and less than three eggs of Ae. aegypti in ovicups/day. Here, we present the experimental 
design of a field study where we will evaluate at what Ae. aegypti densities local transmission of dengue viruses is 
prevented. Numbers of Ae. aegypti will be kept at various density levels for months using increasing densities of AGO 
traps per dwelling (0, 1, 2, and 3 AGO traps/dwelling). Incidence of arboviruses will be monitored in both mosquitoes 
and people.

273 Considerations in Developing an Arbovirus Response Plan 
Sherry Burroughs, s.burroughs@irmosquito2.org, Mark Kartzinel 

There are several elements that should be considered when developing an arbovirus response plan.  
Components may vary on whether the plan is addressing a response to a zoonotic or an anthropogenic virus and 
are dependent upon such aspects as the type of disease surveillance methods employed to the resources available, 
including but not limited to personnel and budgetary constraints. The presentation will outline the elements of a 
response plan and discuss some of the challenges that may be encountered.

274 Collecting and using surveillance data to drive mosquito control 
Gregory White, greg@slcmad.org, Nadja Reissen, Brad Sorensen, Jason Hardman,  
Andrew Dewsnup, Ary Faraji 

Publicly funded mosquito control programs have mandates to protect public health, preserve quality of life, 
and responsibly use provided resources. In order to meet these objectives, it is important to base control decisions 
on data which delineates where threats to public health are highest and what types of control strategies are most 
efficient and effective. Salt Lake City Mosquito Abatement District (SLCMAD) uses surveillance from different types 
of mosquito traps to help determine where to concentrate control measures. The newly adopted UtahSurv database, 
a part of California’s CalSurv system, is used to store data, and in combination with the Tableau software, generates 
reports, graphs and maps which direct supervisors and managers at SLCMAD to conduct evidence-based control 
decisions. Additionally, insecticide effectiveness is evaluated through post-treatment inspections and resistance 
surveillance. These two activities have played crucial roles in product selection and treatment methodology choices 
at SLCMAD. Acquiring data to drive mosquito control enables public health practitioners to best target threats to the 
public and use resources efficiently.
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275 Optimizing gravid traps to target Aedes aegypti and Ae. albopicutus mosquitoes in  
southern California 
Melissa A Doyle, mdoyle@sgvmosquito.org 

Mosquito traps have been developed to target mosquitoes at specific points in their lifecycle. Trap specificity 
is particularly useful in monitoring mosquitoes that vector arboviral diseases, such as Culex quinquefasciatus a 
vector of West Nile virus (WNV) in southern California. The Reiter-Cummings CDC Gravid trap is adept at capturing 
Cx. quinquefasciatus when baited with water infusion made of organic matter and brewer’s yeast. Gravid water 
formulations are not uniform across mosquito control districts and infusions are often chosen based on historical 
use in the area. These traps capture large numbers of mosquitoes and are a common surveillance tool in southern 
California. In 2018 and 2019 several gravid water infusion recipes were evaluated in southern California to determine 
the utility of using gravid traps to monitor Aedes aegypti and Ae. albopictus populations. Increasing the species 
attracted to these traps can greatly enhance mosquito surveillance while preserving current WNV vector surveillance, 
especially in areas of California where Ae. aegypti and Ae. albopictus are not established.

Enhancing Mosquito Control Capacity for Response 
to Natural Disasters I
276 CDC Hurricane Cooperative Agreement Funding 

Roxanne Connelly, csz5@cdc.gov 

The Centers for Disease Control and Prevention awarded $51,136,347 in extramural funding for response, 
recovery, preparation, mitigation, and other expenses directly related to the consequences of Hurricanes Harvey, Irma, 
or Maria that made landfall in 2017. Funding specific to vector-borne diseases, including intramural and extramural 
(partners and jurisdictions), was $37,628,235. States and territories that received funding were Florida, Georgia, 
Louisiana, Mississippi, Texas, Puerto Rico, and United States Virgin Islands. Intramural work utilizing these funds was 
focused on mosquito surveillance, insecticide resistance, and evaluation of novel mosquito control techniques in the 
hurricane-affected areas. Extramural funding recipients’ activities included implementation of novel mosquito control 
techniques, training for public health pest control applicators, replacement mosquito surveillance and control supplies 
utilized in the aftermath of the 2017 hurricanes, insecticide resistance testing and training, and source reduction. All 
grantees were expected to develop, or revise, hurricane preparedness and response plans specific to vector control. 
One deliverable resulting from the hurricane funding will be a special issue of the Journal of the American Mosquito 
Control Association, planned for release in 2020, that will address natural disasters and mosquito control response.

277 It’s best to be prepared: Lessons learned from the past prepared Georgia for  
Hurricane Michael 
Thuy-Vi T Nguyen, thuy-vithi.nguyen@dph.ga.gov, Rosmarie Kelly, Byron Lobsinger,  
R. Christopher Rustin 

BACKGROUND: Onsite assessments for mosquito breeding sites are critical after a hurricane makes landfall. 
Due to lack of forward assessment activities and the uncertain path of hurricane Irma, it was difficult to determine 
what areas would be most affected, making it challenging to determine the availability of Environmental Health Strike 
Team (EHST) members from unaffected areas. However, lessons learned from assessing the public health response 
from hurricane Irma has helped improve future responses. With the continuation of positive human cases of arboviral 
diseases in Georgia, mosquito control methods, especially during emergency response related to hurricanes, are 
critical components of the public health system.

METHODS: Vector Surveillance Coordinators (VSC) and Environmental Health Specialists (EHS) in the EHST around 
the state are trained to respond during natural disasters regarding mosquito surveillance and control. The state 
entomologists organized and revised state emergency response plans for mosquito control to include VSC and EH 
response activities and strategically staged Vector Surveillance and Control Trailers within public health districts 
throughout the state. 

RESULTS: Prior to hurricane Michael making landfall, EHST members from potentially unaffected areas were notified 
to prepare for deployment. While surveillance and control trailer supplies had been replenished after hurricane Irma, 
additional supplies were shipped to the affected area to be readily available for EHS to use after hurricane Michael to 
protect the public and expedite recovery activities.
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CONCLUSIONS: Previous experiences with natural disaster response led to an increased focus on responding 
to mosquito issues after the storms. The operational experience documented in an after-action report from the 
hurricane Irma EH response provided a good reference for improving the EH operational response activities before 
and after hurricane Michael. The DPH’s Vector Surveillance and Control program in collaboration with EHST support 
are major components to reduce the public’s risk of exposure to mosquito-borne disease.

278 Enhancing Mosquito Control Capacity in Texas through Hurricane Crisis Cooperative  
 Agreement Funding 
 Whitney A Qualls, whitney.qualls@dshs.texas.gov, Heather Ward 

Hurricanes Harvey, Irma, and Maria in 2017 resulted in severe weather disasters throughout the Gulf Coast 
regions, Florida, and Puerto Rico causing a combined 265 billion dollars in damages, being three of the top six costliest 
hurricanes in history. In response, the United States Center for Disease Control and Prevention (CDC) activated its 
cooperative agreement to aid in response, recovery, preparation, mitigation, and other expenses related to these 
three hurricanes. Areas impacted by the three hurricanes were invited to apply for funds under the 2017 Hurricane 
Crisis Cooperative Agreement (Hurricane Crisis CoAg) to build capacity in several public health areas directly related 
to Harvey, Irma, and Maria. The Texas Department of State Health Services (DSHS) under the Hurricane Crisis CoAg 
received >$6,000,000 to use towards increasing capacity and to aid in recovery for vector control projects related 
to Hurricane Harvey. These funds have been contracted to local health departments and mosquito control entities 
throughout jurisdictions impacted by Hurricane Harvey. This paper will introduce the twenty-nine contracts awarded, 
their proposed projects, statuses, and challenges to date for Hurricane Harvey impacted jurisdictions in Texas that 
were awarded funds.

279 Overview of Florida’s enhancement of mosquito control response after a  
natural disaster 
Marah S Clark, marah.clark@fdacs.gov 

In 2018, the Florida Department of Health (FDOH) was awarded funding from the Hurricane Crisis grant 
through the Center for Disease Control and Prevention’s (CDC) Cooperative Agreement to augment the state’s 
mosquito control response capacity after a natural disaster. The funding is divided between five projects and the 
Florida Department of Agriculture and Consumer Services (FDACS) provides technical support and guidance.  It is 
important to note that unlike other states, FDACS, not the FDOH, provides the regulatory framework and support 
for the 88 Mosquito Control Programs (MCPs) in the state. The MCPs vary greatly in size based on budget, area of 
responsibility, and administration. The projects include mosquito control operations, mosquito resistance testing, 
operational sterile insect techniques, community clean ups and tire amnesty, and also administrative needs. Overall, 
this funding has been well received by Florida’s MCPs and their response capacity improvements have varied based 
on the program needs and range between adding equipment that will aid the MCPs functions and response time, 
outreach materials, and pesticides.

280 Investigating insecticide susceptibility in Florida domestic mosquito populations 
Eva A Buckner, eva.buckner@ufl.edu, Barry W Alto, Daviela L Ramirez, Sierra Schluep,  
Ana L Romero-Weaver, Amy Hallock, Natalie Kendziorski 

Aedes aegypti, Aedes albopictus, and Culex quinquefasciatus are domestic mosquitoes in Florida. Aedes 
aegypti and Ae. albopictus are vectors of dengue, chikungunya, and Zika viruses. Culex quinquefasciatus is a vector 
of West Nile, eastern equine encephalitis, and St. Louis encephalitis viruses. Control of these mosquitoes is essential 
to protecting the public health of Floridians. However, resistance to multiple adulticide active ingredients (AI) has 
been detected in populations of these mosquitoes, and the extent of this resistance unclear. Therefore, we evaluated 
the susceptibility of Florida populations of Ae. aegypti, Ae. albopictus, and Cx. quinquefasciatus to four pyrethroid 
(deltamethrin, etofenprox, permethrin, sumethrin) and two organophosphate (malathion, naled) AI using the CDC 
bottle bioassay method. The Ae. albopictus populations tested were susceptible to all AI. The Ae. aegypti and Cx. 
quinquefasciatus populations tested were most susceptible to malathion (Ae.: 99 ± 1%; Cx.: 57 ± 20%) and naled (Ae.: 
79 ± 16%; Cx.: 26 ± 25%). Deltamethrin was the pyrethroid that caused the highest Ae. aegypti mortality (38 ± 20%), 
followed by sumethrin (18 ± 14%), etofenprox (9 ± 5%), and permethrin (9 ± 1%). No pyrethroid achieved a mortality 
rate > 20% against Cx. quinquefasciatus. Knowing which insecticide active ingredients yield the highest mortality rates 
for domestic mosquito populations ahead of a natural disaster will allow for faster, targeted, more effective mosquito 
control post-disaster.
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Innovative Techniques
281 Innovative Software to Manage Integrated Vector Management in Real Time 

Zia Siddiqi, zsiddiqi@servday.com 

Integrated vector management (IVM) is promoted and encouraged by the World Health Organization. IVM 
strategy is a rational decision-making process to optimize the use of resources, a pivotal platform for combating 
vector-borne diseases. This strategy has five key elements: advocacy; social mobilization and legislation; collaboration 
within the health sector and with other sectors; integrated approaches; evidence-based decision-making and capacity 
building.

Salient attributes of IVM include methods based on knowledge of factors. These factors influence local vector biology, 
disease transmission and morbidity; use of a wide range of interventions, often in combination and synergistically; 
pesticide resistance and adaptation. The IVM program promotes collaboration within the health sector and with other 
public and private sectors that directly impact vectors while engaging local communities and other stakeholders to 
create a complete public health regulatory, decision-making, outreach and operational framework.

Availability of data and analysis in real-time are critical to decision making, collaboration and mobilizing resources 
among these stakeholders. Without datasets, databases, and relational analysis understanding scientific and factual 
information can be an extremely tedious task. Also, without the ability to easily visualize this data geo-spatially for 
trend analysis of vectors, a tactical and timely response becomes challenging. This presentation gives an insight to a 
cloud-based - software as a service (SaaS) solution, a pioneering technology called “ServDay IVM System”. ServDay 
IVM system is a geographic information system (GIS) enabled software which helps collect data, provide user friendly 
spatial statistical analysis to implement an area-wide IVM strategy. Adopting and applying this technology in novel 
and increasingly effective ways can help all IVM stakeholders organize, coordinate, monitor and guide the prevention, 
surveillance, and control activities required to protect human populations around the world.

282 Study to determine spatial repellent effects of Synexis Biodefense System on  
mosquito species in an indoor environment 
Tristan Grush, tgrush@synexis.com, Neta Wicker, Jing Zhai 

The Synexis Biodefense System produces continuous Dry Hydrogen Peroxide (DHP) through a patented 
photocatalytic process that involves combining ambient oxygen (O2) and humidity (H2O). DHP is a nontoxic gas 
and has shown to be effective against microorganisms. The objective of this study is to determine the efficacy of the 
Synexis Dry Hydrogen Peroxide (DHP) on the control or repel of mosquito species in an indoor environment.

The test units were constructed mesh cages, (L 12  x W 8  x H 8 ). The cages were divided into two compartments 
separated by a piece of mesh with 0.5” diameter holes cut. The Synexis DHP System was placed inside the larger 
compartment suspended from the top of the cage directly aimed at a CO2 – baited mosquito trap which was also be 
placed inside the larger compartment. The mosquitoes were released into the smaller compartment in the evening.

A paired comparison of treated with Synexis DHP system vs. untreated was carried out in two scenarios: 1) Untreated 
control unit didn’t deploy a Synexis DHP system, and 2) Untreated control was set up in the exact same manner, 
except there will be no air permeable substrate (“the Sail”) present in the Synexis DHP System which contains the 
photocatalyst.

A paired test was run each night for four nights. Mosquitoes captured in CO2 baited traps were collected and counted 
in the following morning. Preliminary results indicated that continuous DHP at 10 to 20 ppb could provide an average 
of greater than 80% repellency against all three genera of mosquito species. Additional data will be collected after the 
abstract is submitted.

283 Computer vision algorithms for identification of mosquito species 
Adam Goodwin, adamgoodwin617@gmail.com, Margaret Glancey, Tristan Ford,  
Sanket Padmanabhan, Sanchit Hira, Rakhil Immidisetti, Soumyadipta Acharya 

Vector surveillance is a key pillar for successful integrated pest management. Despite its importance, it is 
logistically challenging and expensive. One critical bottleneck in many surveillance systems is insufficient expertise 
during peak season to accurately identify species being caught in the field in real-time to inform vector control and 
disease risk potential when it is most needed. Our team has developed a large database of images spanning over 70 
wild-caught species either molecularly or morphologically identified by experts to address this gap using computer 
vision algorithm techniques. Currently, the computer vision algorithm is able to identify 25 species with an average 
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accuracy of 93%.  Of note, Aedes aegypti and Aedes albopictus accuracy are both 99%, Culex quinquefasciatus 
accuracy is 94% and Culex pipiens accuracy is 89%.  Images used in testing are from a USB microscope approximately 
28 lp/mm resolution. The team is actively expanding the number of species able to be identified and improving 
algorithm design in preparation for operational deployment.

284 Machine learning algorithms efficiently identify swimming pools in aerial imagery  
that could produce mosquitoes 
Sarah Erspamer, sarah@mosquitoes.org, Robert Ferdan, Ryan Clausnitzer 

pools that are not filtered or contain high quantities of organic material often support the breeding of 
mosquitoes. These unmaintained swimming pools (USP) constitute a problematic breeding source because they 
are often colonized by mosquitoes that can transmit arboviruses. Alameda County Mosquito Abatement District 
(ACMAD) captures aerial imagery of residential neighborhoods so that USP could be identified for treatment to 
control mosquito breeding. ACMAD staff visually inspected each photograph to determine if a swimming pool was 
present on a parcel, and the sought to discern whether it was an USP. Differences in shadowing or the coloring of 
the swimming pool made this effort tedious. Each parcel that was flagged with USP was inspected by ACMAD staff, 
a time-intensive and dangerous prospect. Sacramento-Yolo Mosquito and Vector Control District followed by San 
Gabriel Valley Mosquito and Vector Control District sought to streamline the workflow by mailing violation notices to 
homeowners with USP. An opportunity was provided for residents to demonstrate via phone, text or email that the 
USP was cleaned. ACMAD built upon this process in contract with Leading Edge Associates to implement a machine 
learning algorithm that processed over 132,000 georectified parcels to automatically identify USP so that violation 
notices could be rapidly provided to homeowners. Violation notices contained contact information for residents to 
text message a photo of cleaned swimming pools with the violation notice in the foreground. The violation number in 
the image was automatically ingested into software that recorded a cleared violation. Of the 562 violation notices that 
were mailed to homeowners, 45% were cleared after the first notice, with all but 29 cleared with a physical inspection 
by ACMAD staff after the final third notice. This workflow offloaded the effort to office staff, allowing field staff to 
focus their efforts on mosquito control.

285 Mosquito Species Classification from Infrared Spectroscopy and Chemometrics of  
Container-Inhabiting Aedes Eggs 
Scott Huffman, shuffman@wcu.edu, Connor Larmore, Bradley Guilliams,  
Harrison Edmonds, Brian Byrd 

Mosquito control interventions are more effective when informed by routine entomologic surveillance. 
Thus, accurate and rapid species identification remains a critical component of operational mosquito control. 
Current methods to identify container-inhabiting Aedes mosquitoes collected as eggs rely chiefly on hatching and 
rearing specimens for microscopic identification of 4th instar larvae or adults.   The major limitation of this type of 
species identification is the inherent time lag introduced between surveillance and control interventions.  In some 
larger mosquito control programs, molecular methods may be used for species identification of the eggs.  However, 
these methods are labor intensive and subject to a series of operator and/or laboratory errors (e.g., contamination). 
Therefore, there is a need for rapid species identification techniques that can be used on a scale that is ecologically, 
economically, and epidemiologically meaningful. Our current research aims are to develop methods of biochemical 
discrimination between different mosquito species using infrared spectroscopy.  Infrared spectroscopy is a sensitive, 
information rich technique capable of detecting a wide range of molecular signals ranging from subtle changes in 
protein secondary structure to adult mosquito identification. The resulting spectral data, when coupled with numerical 
analysis (chemometrics) methods may be used to classify mosquitoes by species. To date, we have applied infrared 
spectroscopy to identify multiple container-inhabiting Aedes species (e.g., Ae. aegypti, Ae. albopictus, Ae. atropalpus, 
Ae. japonicus, and Ae. triseriatus) as eggs.  We posit that spectroscopic and chemometric methods have the potential 
to improve identification accuracy and decrease labor costs/time associated with measures of mosquito species 
identification when collected as eggs.

286 Probe-based multiplex qPCR identifies bloodmeal hosts in Anopheles mosquitoes  
from Papua New Guinea 
John B Keven, kevenjoh@msu.edu, Georgia Artzberger, Mary Gillies, Rex Mbewe,  
Edward Walker 

Determination of bloodmeal hosts in blood-fed female Anopheles mosquitoes is important for evaluating 
vectorial capacity of vector populations and assessing effectiveness of vector control measures. Sensitive molecular 
methods are needed to detect traces of host blood in mosquito samples, to differentiate hosts, and to detect mixed 
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host blood meals. This paper describes a molecular probe-based quantitative PCR for identifying bloodmeal hosts 
in Anopheles malaria vectors from Papua New Guinea. TaqMan oligonucleotide probes targeting specific regions 
of mitochondrial or nuclear DNA of the three primary Anopheles bloodmeal hosts – humans, pigs and dogs – were 
incorporated into a multiplex, quantitative PCR which was optimized for sensitivity and specificity. Amplification of 
serially diluted DNA showed that the quantitative PCR detected as low as 10-4 ng/ul of host DNA. Application to field-
collected, blood-fed Anopheles showed that the quantitative PCR identified the vertebrate hosts for 335/375 (89%) of 
mosquitoes whereas only 104/188 (55%) of bloodmeal samples tested in a conventional PCR were identified. Of 188 
blood-fed Anopheles that were analyzed in both PCR methods, 16 (8.5%) were identified as mixed bloodmeals by the 
quantitative PCR whereas only 3 (1.6%) were mixed bloodmeals by the conventional PCR. The multiplex quantitative 
PCR described here is sensitive at detecting low DNA concentration and mixed host DNA in samples and useful for 
bloodmeal analysis of field mosquitoes, in particular mixed-host bloodmeals.

287 Mosquito science with iNaturalist: big data collection and validation, knowledge  
sharing with ‘mosquito AI’ and modeling distributions with citizen observations 
Durrell D. Kapan, dkapan@calacademy.org 

Please come and learn how to use iNaturalist (iNat) to both capture and share your expertise in mosquito 
biology for the benefit of the communities you serve.  In this talk, I will show how the photo-based iNat database can 
acquire and disseminate knowledge about the species of mosquitoes in your vector-control district.  I will demo the 
iNat app and quickly cover tips on mosquito smart-phone photography. Next, I will show how individual records are 
validated by users, whose knowledge is grown and shared across the community.  As a case study, I will demonstrate 
how a small but dedicated group of volunteers in Hawai`i collected a spatially representative database of over 1000 
mosquito observations with only a small investment in time and training.  Using this example, I will directly show 
how the dataset of images has helped train the iNat artificial intelligence algorithms to learn how to positively ID 
key vectors such as Ae. aegypti and Ae. albopictus.  I will then compare the information value of the citizen science 
data to that of data collected by professionals and demonstrate how we integrated these data to model mosquito 
distributions in Hawai`i.   I will then explain how to build your own mosquito project for your own district or 
community so you can help build out the database of images for other similar looking species so that the regularly 
updated machine learning algorithm can improve.  I will discuss global efforts to build mosquito citizen science tools 
and engage communities to tackle the problem of controlling and ultimately eliminating the threat of vector-borne 
disease worldwide. In summary, I call on mosquito professionals to help iNat scale for mosquitoes: build an iNat 
mosquito project, help simultaneously train your local community and the iNaturalist machine-learning algorithm to 
identify the key mosquitoes in your community!

288 Automated Real-time Collection and High-Fidelity Identification of Vectors  
(ARCHIVe): Mosquito Wingbeat-Based Recognition and Identification 
Dongmin Kim, kimdongmin@ufl.edu, Terry DeBriere, Satish Cherukumalli, Greg White,  
Nadja Reissen, Ary Faraji, Nathan Burkett-Cadena 

Mosquito surveillance (trapping and species identification) is a cornerstone of mosquito control programs, 
as it represents the most direct measure of vector and nuisance species populations. However, mosquito surveillance 
is an extremely labor-intensive and time-consuming process and may lead inadequate results because of time lags and 
spatial constraints. In an effort to develop an efficient, accurate, and reliable tool for mosquito sampling and species-
level identification, Automated Real-time Collection and High-Fidelity Identification of Vectors (ARCHIVe) system was 
developed, using a library of wingbeat profiles from 11 genera and 28 mosquito species, including important vectors 
of pathogenic arboviruses (e.g., West Nile virus, dengue viruses) and major nuisance species (e.g., Psorophora) in the 
eastern and western US. The sensitivity and compatibility of ARCHIVe system for commercially available traps (BG-
Sentinel, CDC light trap and CDC gravid trap) was evaluated in Utah and Florida. In both locations, ARCHIVe BG Trap 
and CO2-baited light trap collected the greatest numbers and diversity of species. Trap indices (females/night) in 
ARCHIVe updraft was higher (456.5) than downdraft configuration (196.7). Compatibility of the ARCHIVe system with 
traps was assessed using BG-Sentinel with and without ARCHIVe system. Recapture rate of mixed mosquito species 
cohorts (i.e., Culex quinquefasciatus, Aedes albopictus, and Aedes aegypti) under semi-field conditions revealed that 
the ARCHIVe system recaptured 56.5% of released mosquitoes, compared to 53.0% by BG-Sentinel alone, suggesting 
that ARCHIVe system is applicable to existing trapping device without interference. In laboratory tests, the ARCHIVe 
system was able to differentiate Ae. aegypti and Cx. quinquefasciatus, based upon wingbeat frequency. Implementation 
of ARCHIVe system may improve quality of integrated vector management, detecting invasive mosquito species, and 
provide real-time data on vector and nuisance mosquito populations.
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289 An update on MosquitoMate’s autocidal approaches to control Aedes mosquitoes 
Stephen Dobson, sdobson@mosquitomate.com, Jimmy Mains 

Aedes aegypti and Aedes albopictus are both invasive species and public health concerns due to their 
aggressive day-biting behavior and ability to vector medically important pathogens (e.g., Zika, dengue, chikungunya).  
Despite the heavy use of chemical pesticides to manage these species, they have colonized much of the U.S.A. and 
continue to expand their range.  Multiple autocidal approaches have been proposed for the control of these species. 
Autocidal technologies are ‘self delivering,’ and there is no known insecticide resistance.  These technologies use the 
‘mosquito against itself,’ and include Wolbachia-based and auto-dissemination of insecticides.  Similar to traditional 
Sterile Insect Technique, the Wolbachia approach is based upon repeated, inundative releases of incompatible male 
mosquitoes, with the goal of decreasing the number of viable eggs. The ADAM approach uses repeated, inundative 
releases of non-biting males as vehicles to deliver small doses of a potent insect juvenile hormone analogue 
(pyriproxyfen; ‘PPF’) into the small, cryptic containers in which Ae. aegypti and Ae. albopictus often breed. Males can 
deliver PPF to breeding sites either directly or indirectly, by cross contaminating females during copulation attempts. 
Presented here, are regulatory updates related to these technologies and results from recent open field trials used to 
examine for efficacy under field conditions.

Equipment/GPS
290 Correction method for determining droplet size from rotating impactor slides 

Bradley K Fritz, brad.fritz@ars.usda.gov, Wesley C Hoffmann, Jane A.S. Bonds, Mark Latham, 
Bill Reynolds 

Measurements of spray volume and droplet size are critical in evaluating the movement of applied sprays 
associated with vector control applications for public health.  Any sampling device used for this purpose will have 
an efficiency of collection that is a function of the mechanics of the device, the droplet size being sampled, and the 
meteorological conditions at the time of sampling.  The fine sprays used in most public health adulticide applications 
typically require a sampler with some active mechanical operation designed to improve the impaction efficiency 
of smaller droplets onto the sampling surface.  While these previous efforts examined a variety of methods and 
techniques for incorporating both theoretical calculations and quantitative measures, an approach accounting for 
each of the contributing factors mentioned above that provides end-users with a direct method for correcting field 
measured data for collection efficiency is needed.  This work revisits previous efforts focused on characterizing the 
operational collection efficiencies of rotary impaction devices used to samples various ranges of droplet size under 
varying wind speeds.  A comprehensive correction method for adjusting field calibration droplet size data from 
rotating slides will be presented.

291 Development of an Improved Indoor Residual Spraying System 
Wesley Clint Hoffmann, clint.hoffmann@gmail.com, Inigo Garmendia 

Indoor residual spraying (IRS) is one of the primary vector control interventions for reducing and 
interrupting malaria and other vector-borne disease transmissions in countries where malaria is endemic. IRS is 
the application of insecticide to the inside of dwellings, on walls, and other surfaces that serve as a resting place 
for infected mosquitoes. For IRS to be effective the appropriate insecticide should be applied on the walls at the 
recommended active ingredient dosage. Spray operators are employed and trained to spray the insecticide uniformly 
on to the walls following a very specific spraying technique (45 cm spraying distance and 2.5 sec/m speed). However, 
there are many instances showing a serious insecticide dose variation applied on the walls (up to 70% of houses were 
under sprayed) affecting significantly the effectiveness and cost of IRS interventions.  To reduce this variation, a device 
(iK SmartLight by Goizper) has been created to improve the spray quality of IRS sprays by reducing areas of over and 
under spray inside of treated huts.  The device easily and continuously guides spray operators during their spraying 
operations and will provide supervisors with valuable information to know and evaluate the spraying quality of their 
operators.  Results of using the iK Smartlight in IRS campaigns in Tanzania and Mozambique will be presented.

292 Rad Source Technologies RS 2400Q x-ray emitter, an improved and reliable radiation  
 source for the sterile insect technique 

Brent D. Phelan, bphelan@radsource.com 

The Rad Source Technologies RS 2400Q featuring QuaStar x-ray tube technology is a safe and reliable 
radiation source for the sterile insect technique (SIT). Unlike gamma (nuclear) radiation sources, Rad Source utilizes 
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patented x-ray technology to generate a 4-pi ionizing radiation field without the use of a radioactive source. Because 
no nuclear material is utilized, the RS 2400Q is much safer, less expensive to own & operate, and can be easily 
shipped anywhere in the world. The SIT is a biological approach to insect pest control that involves the mass-rearing, 
reproductive-sterilization, and release of male insects over a localized area. Sterilized males are released into the 
environment in large numbers and mate with wild females—leading to a decline in numbers of wild insects in the area. 
SIT programs have traditionally relied on gamma radiation for their sterilization source, however the process can be 
expensive to obtain, dangerous to operate, and the radioactive source diminishes over time. Despite SIT being used 
successfully for ~70 years, the number of SIT programs have been limited due to the high costs and dangers of using a 
gamma source. Recent advances in x-ray technology have made it possible to reliably utilize x-rays, instead of nuclear 
material, as a radiation source for the SIT. Now that x-rays can be successfully and reliably utilized for SIT, pest control 
programs now have access to a safer and cheaper version of the SIT.

293 Cutting fogging costs with IOT devices 
Tim Sloncz, tim@foggerlog.com, Shawn Emerick, Mike Schem 

With the ever-growing logistical complexity of mosquito adulticiding, new Internet of Things (IOT) solutions 
can be used to make mosquito spraying cheaper by making processes more efficient.  In the past 3 years FoggerLog 
(a mosquito technology company) has helped improve multiple fogging operations more efficiently fog a collective 
million acres. In this talk we will address a few key tools to help improve the efficiency of mosquito adulticiding. First, 
we will introduce a physical Bluetooth controller that can be connected to most pesticides sprayers. The bluetooth 
controller when paired iPhone app can record when and where fogging is done along with about 20 other metrics 
including temperature, wind speed, wind direction, acres fogged, and much more. Next we will reveal how you can 
use another tool to plan spray missions by drawing polygons on Google Maps and deploy them straight to the field so 
technicians can know where they have sprayed as well as where they need to spray next. Finally, we will review a tool 
that allows the technician in the field to see where specific no-spray zones are located so that they can avoid spraying 
residences that have reported they do not want to have their house sprayed for either beekeeping or other health 
concerns.

294 Evaluation of a Consumer Light Trap, could this be a Substitute for the Standard CDC  
 Light Trap? 
 Caroline Efstathion, cefstathionamcd@gmail.com, Lea Bangonan, Mandi Pearson,  
 Rui-De Xue 

The CDC miniature light trap has been the go-to surveillance trap for mosquito control districts for more 
than 50 years. Although effective, these traps are costly and require frequent maintenance and repairs. Recently, 
the consumer market has exploded with light traps claiming to be effective at catching mosquitoes. Our aim was 
to determine if a consumer light trap could be a substitute replacement for the CDC light traps commonly used in 
districts. We compared the consumer product DynaTrap (model # DT 160) to the CDC miniature light trap with either 
an incandescent or a UV bulb. Testing was conducted at two different locations utilizing a Latin Square Design for nine 
trap nights. No lures or CO2 were used. Results comparing the number and species of mosquitoes captured in all three 
traps along with the number of non-targets collected will be presented. Could the DynaTrap model tested be a suitable 
substitute for the more expensive CDC light traps?

295 What Makes a software project successful? Notes from the field 
Chad Minteer, chad@frontierprecision.com, Linda Glover 

Electronic data capture along with Web GIS saves money, increases efficiencies, ensures data quality, 
empowers decision making, and helps meet regulatory compliance. However, what makes the difference between 
a successful software project and an unsuccessful one? Frontier will share insights and lessons learned from other 
mosquito control and public health agencies who recently updated to Web GIS. Making the proper plans and involving 
the right people will help ensure success.

296 Software development does not have to be hard: One district’s path to a new data  
collection and management system for mosquito and vector control and surveillance. 
Peter Bonkrude, MS, pbonkrude@shastamosquito.org 

One of the more intimidating purchases a mosquito agency can make is an investment in its data collection 
software. It can be the one choice that can lead to endless hours of either time savings and efficiency or endless 
hours of handwringing and frustration. In 2019, the Shasta Mosquito and Vector Control district began the process 
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of replacing the district’s data collection software that had been used in the field for almost 10 years. The District’s 
software was still functional and provided the necessities for reporting, storing and tracking the activities of the 
district, however the infrastructure and technology platforms that formed the base were aging and causing disruptions 
for the field staff. After reviewing the options that were available, the district chose to work with the designers of 
the VeeMac mosquito and control software to replace the district’s current software platform. We will describe the 
journey, including lesson learned and process tips that eased the development.

297 Surveillance of Michigan mosquitoes with GIS technology 
Douglas W. Allen, dwallen@co.midland.mi.us, Joyce R McLaughlin, Nathan Fazer 

Midland County Mosquito Control has been developing programs using ESRI based software to collect and 
analyze mosquito surveillance data.  Mobile devices are provided to the field staff to locate potential breeding areas 
and collect the pertinent information observed in the field. We have developed maps and forms for tracking the 
development of mosquitoes. Using ArcGIS Online, ArcGIS Collector, Survey123 and ArcGIS Pro we have been able to 
utilize data in aspects of precipitation, larval development, landing rates and trapping operations in more effective 
and efficient manners.  Valuable information such as larval breeding sites, trapping information and landing rates are 
observed in the field.  Mosquito samples collected in the field are identified in the lab to complete the surveillance 
record.  Providing information regarding the date, location and species of mosquitoes observed.  This system has 
significantly increased the volume and quality of mosquito surveillance data collected.

298 Mapping mosquito oviposition sites in conjunction with high resolution land cover  
data using the NASA GLOBE Observer citizen science mobile app 
Peder Vernon Nelson, peder.nelson@oregonstate.edu, Russanne D. Low, Heather  
Ann Fischer 

Satellite data are used in the development of early warning tools to alert communities when there is 
heightened risk of vector borne disease. Land cover and mosquito vector observations reported by citizen scientists 
using the NASA GLOBE Observer citizen science tool provide a new source of data to test, validate and support the 
refinement of satellite-data based risk models that are used to assess the conditions associated with disease outbreaks 
and epidemics. We describe how high granularity mosquito surveillance and land cover data are used to augment 
environmental data obtained by satellites and how mapping these data can support community scale analysis and 
better understanding of the spatial distribution of disease vectors.

Evidence based Action Decision Making Thresholds 
Symposium II
299 Does the squeaky wheel deserve the attention? 

Steve Mulligan, smulligan@mosquitobuzz.net, Jodi Holeman 

Mosquito abatement and vector control districts often are faced with simultaneous events, challenges or 
threats that require action. Such challenges may appear mutually exclusive with divergent approaches. Decisions 
to address them may require temporary responses or longer-term solutions. Responses to co-occurrent events 
may need to be addressed in either a concerted or divided manner, and responses are also contingent on available 
resources. This presentation will review processes involved in deciding control responses to resident requests for 
service for nuisance mosquitoes (Aedes aegypti and Ae. nigromaculis) versus response to threat of mosquito-borne 
diseases (West Nile virus and St. Louis encephalitis virus).

300 Overview of established thresholds for mosquito adulticides in Florida 
Marah S Clark, marah.clark@fdacs.gov 

Prior to 1987, thresholds for pesticide applications for the purpose of controlling adult mosquitoes in Florida 
were determined in Chapter 10D-54 of the Florida Administrative Code (F.A.C). The rule defined specific criteria for 
determining need for adult mosquito control applications and was oversight was originally provided by the Florida 
Department of Health. In 1987, it was moved to the Florida Department of Agriculture and Consumer Services and 
became a part of Chapter 5E-13 F.A.C “Mosquito Control Administration” and has been modified very little since its 
inception. Any pesticide applications targeting adult mosquitoes conducted by mosquito control programs (MCPs) 
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must have documentation of increased mosquito activity. The primary baseline criteria used by Florida’s MCPs utilizes 
data collected from light trap surveillance, however standard surveillance methods such as landing rate counts are also 
acceptable. More stringent thresholds than those outlined specifically in 5E-13.036 can be created by individual MCPs. 
Currently, the F.A.C. only defines applications made in response to an increase of adult mosquitoes and does not 
address preventative adulticide mechanisms such as barrier treatments and does not have separate thresholds for in 
response to disease vector mosquitoes compared to pestiferous mosquitoes.

301 To spray or not to spray, that is the question 
Michael J. Turell, mturell@erols.com 

Diseases caused by arboviruses such as chikungunya, dengue, eastern equine encephalitis, West Nile, and 
Zika viruses are now occurring in the Americas. In addition, there are about 1,500 imported cases of malaria reported 
each year in the U.S. These diseases can be severe, and possibly fatal. Recognition of the disease in humans as a 
requirement for mosquito control before initiating control is too late. We need to initiate control before actual 
disease is recognized, but what indicators should we consider? This presentation will discuss various surveillance 
techniques including which mosquito species are present in the area, mosquito population size, serosurveillance (e.g., 
sentinel chicken flocks), environmental factors (e.g., rainfall and temperature), detection of virus from field-collected 
mosquitoes, and presence of disease in domestic or wild animals combined with what is known about potential 
vectors to determine where and when preventive mosquito control is needed.

302 Aerial Adulticiding Planning and Evaluation at Manatee County MCD 
 Mark D Latham, marklatham@manateemosquito.com 

Manatee County MCD operates a fully integrated program that utilizes comprehensive surveillance data to 
ensure appropriate, targeted and effective mosquito control applications. Large scale larviciding is generally limited 
to areas with high larval densities in concentrated and defined habitats, usually in the proximity of human population 
centers (urban and suburban areas), and primarily against Aedes taeniorhynchus and Psorophora columbiae, 
secondarily against Culex nigripalpus.

For wide-area adulticiding, the primary surveillance tools are 58 CO2-baited CDC light traps and, for Aedes 
taeniorhynchus, routine daily landing-rate counts. There is no single “threshold number” in the traps that triggers 
an adulticide application, since different mosquito species are attracted/captured with widely varying efficiencies. 
Different mosquito species also vary widely in the degree to which they cause nuisance, or create the potential 
for vector-borne disease transmission. And finally, even within the same species, trap catches are highly influenced 
by their placement (proximity to habitats, light sources), moon phase and local meteorological conditions. When 
considering wide-area adulticiding, MCMCD staff weigh a number of factors including public service requests, trap 
collections in comparison to the historical average for that specific trap site, species makeup of the trap, arbovirus 
activity in sentinel chicken flocks, and potential human/mosquito interactions (proximity to public sports facilities and 
outdoor public events). Evaluation of efficacy is conducted by comparing pre-spray and post-spray collections on a 
per-trap basis for traps in the spray zones, then correcting for natural variation using one or more unsprayed traps 
as controls and applying Mulla’s Formula. Care must be taken in the timing and evaluation of wide-area sprays, since 
rainfall patterns may cause asynchronous mosquito hatch within a species, and widely different development times 
across different species.

303 How Anastasia Mosquito Control District makes the decision for control action based 
on the evidence thresholds 
Rui-De Xue, xueamcd@gmail.com 

Anastasia Mosquito Control District (AMCD), St. Augustine, Florida makes the decision for control action 
based on the following evidence thresholds. The suspect and confirmed human cases of any mosquito-borne diseases, 
especially Zika, Dengue, Chik-virus, malaria, WNV, EEE, and SLE, regardless of local-acquired or imported cases; 
suspected and confirmed animal cases, especially horse case of EEE, WNV, sentinel chickens tested positive EEE, 
WNV, and SLE, positive mosquito pools with WNV, EEE, SLE, Zika, Dengue, and Chik-virus; high number of landing rate 
counts (2-3/min), more than 25 vector mosquitoes caught per CDC trap per night, more than 3 Aedes mosquitoes 
caught per BG trap and per day, positive eggs from ovitraps, after hurricanes and tropic storm with flooding, special 
events and activity at hot spots or areas. The control action included enhancing and promoting public education 
for prevention and personal/community protection at the areas, increasing surveillance of mosquito population and 
insecticide resistance, increasing larval and adult control by thermal fog, ULV spray, barrier spray, and other control 
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methods. Due to the evidence- based decision making for any control action, the citizens in St. Johns County, Florida, 
one of the top tourist areas in the U.S.A. with multi millions of tourists from the world every year and the threat/risk of 
import disease outbreak, has not had any local-acquired mosquito-borne diseases since 2004.

Enhancing Mosquito Control Capacity for Response 
to Natural Disasters II
304 CDC grant supports Louisiana gulf coast mosquito district 

Herff MP Jones, hjones@iberiagov.net 

It is no surprise when the tropics are most active in the Gulf of Mexico that the southern United States 
are most vulnerable to the impacts of hurricanes and tropical weather events.   Iberia parish, a southwest Louisiana 
coastal parish surrounded by hundreds of thousands of agriculture and aquaculture acres, adjacent to the nation’s 
largest hardwood swamp with its southern border the Gulf of Mexico is often exposed to these weather events.  
These periodic extreme weather events coupled with sixty inches annual average rainfall elicit enormous floodwater 
mosquito populations.  Typically, during a named storm event more than half of the state’s parishes are declared 
for disaster relief.  Aerial mosquito control operations are a significant part of our overall operational program.  
The efficacy of aerial mosquito abatement, particularly after storm events is of great value to the citizens of our 
parish.   The utilization of CDC grant funding to acquire, outfit and modify an aircraft for aerial mosquito spraying will 
dramatically reduce the costs of providing aerial abatement and save valuable local tax dollars.  Additionally, in-house 
aerial operations will increase efficiency, efficacy, and reliability of these operational interventions.  More importantly,  
these enhanced operational capacities directly translate to the added protection of the citizens of Iberia parish.

305 Enhancing Mosquito Control Capacity in Pasco County, Florida 
Adriane N. Rogers, arogers@pascomosquito.org 

Hurricane Irma made landfall in Florida as a major category 4 hurricane in September of 2017 and left 
widespread flooding, power outages, and structural damage in its wake. Irma was merely one of 6 major hurricanes 
named in the 2017 Atlantic hurricane season. The intensity and frequency of such major tropical storm systems is 
increasing as global temperatures rise and the potential for public health threats increases along with it, as shifts in 
mosquito biology and ecology occur. Because of this, mosquito control capabilities of impacted regions were given 
a lot of attention in the U.S. territories and states that were severely impacted by major hurricanes that year. The 
Centers for Disease Control and Prevention (CDC) was able to secure federal funding to provide to U.S. territories 
and states in an attempt to increase the capacity for mosquito control activities in areas subjected to such natural 
disasters. The funding provided to the states has allowed local jurisdictions, such as the Pasco County Mosquito 
Control District in Florida to respond to concerns that were a direct result from Hurricane Irma and to better prepare 
for future threats of this kind.

306 Breaking Ground on Mosquito Control and Surveillance in the City of Harlingen, Texas 
 Josh Ramirez, jramirez@myharlingen.us 

The Texas 2017 Hurricane Public Health Crisis Response Cooperative Agreement funding provided the 
opportunity to improve mosquito control and surveillance to the City of Harlingen Health Department.  The city 
benefitted from the CDC $200 million in funding for recovery, preparedness, mitigation, and other related expenses 
in relation to Hurricane Harvey, and others.  Improving traditional vector methods of control, and it also helped 
improved surveillance through Novel methods of control in comparison to Integrated Pest Management programs 
versus using AGO’S ( Autocidal Gravid Ovitraps) to reduce the presence of Aedes mosquitoes known to carry Zika, 
Chikungunya, and Dengue.

307 Enhancing Mosquito Abatement Efforts to Local Municipalities During  
Natural Disasters 
Martin Reyes Jr, martin.reyes@co.cameron.tx.us, Edgar Chapa 

Cameron County Public Health Department, Environmental Health Program is responsible for the following 
municipalities: Bayview, Brownsville, Combes, Harlingen, Indian Lake, La Feria, Laguna Vista, Los Fresnos, Los Indios, 
Palm Valley, Port Isabel, Primera, Rancho Viejo, Rio Hondo, San Benito, Santa Rosa and South Padre Island.
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Our goal is to aid with the prevention and control of vector-borne diseases. Vector control in the other areas within 
our county is conducted by 17 different local municipalities. With the CDC Crisis Cooperative Agreement funding we 
have developed the position of mosquito control liaison that serves to link these 17 different municipalities. Through 
funding we have been able to purchase ULV Machines mounted on trailers, BG Sentinel Traps, CDC Light Traps, Larval 
Dippers, larvacide briquettes and adulticide chemical. Having all these resources has allowed us to efficiently handle 
our abatement efforts along with assisting any municipality that needs the extra help, equipment or insecticide to 
control and prevent vector-borne diseases.

308 Building Mosquito Control Response Capacity in Harris County through the 2017  
Public Health Response Cooperative Agreement 
Chris Fredregill, chris.fredregill@phs.hctx.net, Kendra Dagg, Elaine Chu, Salvador Rico,  
Rebecca Riley, Dagne Duguma 

The 2017 Public Health Response Cooperative Agreement funding from the Centers for Disease Control 
and Prevention has allowed the Harris County Public Health (HCPH) Mosquito & Vector Control Division (MVCD) 
to address gaps in the delivery of post disaster mosquito control services to affected communities. The gaps were 
identified during response efforts to the unprecedented flooding produced by Hurricane Harvey which dumped ~1 
trillion gallons of water on Harris County, in 4 days, flooding many areas, destroying homes and vehicles and stranding 
residents from services. Specific gaps identified included: a sustainable effort to provide mosquito education and 
personal protective supplies, the ability to quickly survey/treat inaccessible areas, the ability to larvicide large areas, 
the deployment of novel control techniques, the incorporation of novel Insecticide Resistance Management, and the 
need for increased adulticiding capacity. Projects currently in progress are in various stages of completion and will be 
discussed in this presentation.

Rated SIT: Sexual Activity – No Children Allowed 
Symposium
309 Developing Sterile Insect Technique for Aedes aegypti control in the U.S. 

Kenneth J Linthicum, kenneth.linthicum@usda.gov, Robert L. Aldridge, JD Kline,  
Barbara Bayer, Bianca Moreno, Seth C. Britch, Rudy Xue, Vindhya Aryaprema,  
Courtney Cunningham, Chen Chao, Dylan Tussey, Daniel A. Hahn

Aedes aegypti mosquitoes pose a significant public health threat to the world as a vector of Zika, dengue, 
chikungunya and yellow fever viruses. The control of this domestic mosquito is highly problematic given the multitude 
of cryptic immature stage development sites that they can utilize. Sterilization of insect pest populations through 
radiation using Sterile Insect Technique (SIT) has been in use for controlling agricultural pests and has been available 
for mosquito control since the mid-1950s. However, SIT is not currently used by mosquito districts in the U.S. as a 
routine control method in Integrated Vector Management plans. Given the recent interest in genetically modified 
mosquitoes and Wolbachia infected mosquitoes for controlling mosquito populations, a potentially more cost 
effective and in-house operation involving radiation is being developed between the U.S. states of Florida, California 
and Texas and some of their local mosquito control districts, the University of Florida, and the USDA to sterilize locally 
colonized strains of mosquitoes. To properly evaluate the survivorship and population size of wild populations and the 
movement of released Ae. aegypti following treatment and release, a mark-release-recapture study was performed. 
Marked irradiated male Ae. aegypti were released every week in a North Florida community. We present our findings 
on survivorship, distribution, movement of released mosquitoes, and issues encountered with such a technique and its 
application towards control programs involving Ae. aegypti male sterilization with radiation.

310 Large-scale suppression of Aedes aegypti in California by release of Wolbachia- 
infected male mosquitoes 
Jacob E Crawford, jacobcrawford@verily.com, Stephen Dobson, Jodi Holeman,  
Steve Mulligan, Bradley White 

Aedes aegypti presents an immense burden on human health globally and is a major nuisance biter in many 
areas, particularly California, where there is currently no disease transmission. Traditional mosquito abatement 
techniques have not been sufficient to control this invasive mosquito, underscoring the need for new, cost-effective 
technologies such as the Incompatible (or Sterile) Insect Technique that can be deployed across large areas. We have 
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developed new automated processes to rear and release millions of competitive, male-only Wolbachia-infected male 
mosquitoes.  Building on highly successful suppression in three Fresno County, California communities in 2018, we 
significantly expanded releases in 2019 while also varying the target overflooding ratio of released-to-wild males.  Due 
to permitting delays, daily releases did not begin until mid-June and lasted until the end of the mosquito season in 
Fresno County. We monitored wild Aedes aegypti in the release areas as well as similar non-release neighborhoods 
and found that 1) the mosquito population grew much slower in areas where mosquitoes were previously released 
in 2018 relative to areas that did not have previous releases, and 2) in areas where the target overflooding ratio was 
highest, the number of female mosquitoes was more than 75% lower in the release areas compared to non-release 
areas at peak mosquito season.  Our results demonstrate that significant suppression of Aedes aegypti using SIT/IIT is 
feasible when mosquito densities are already high, while also highlighting the advantage of starting SIT programs when 
mosquito densities are lowest.

311 Automated sex sorting, packaging and distribution for simple SIT at scale for  
operators or abatement districts 
Ralph Breslauer, rsb5779@gmail.com 

As Sterile insect technique (SIT) becomes an important part of vector control in many geographies the 
challenges of scale and complexity grow. Come and hear about tremendous breakthroughs in the use of artificial 
intelligence (AI) for automated sex sorting of millions of mosquitos, loading into release devices and then distribution 
options which allow both operators and mosquito abatement districts to handle SIT in a simpler way. By automating 
the complex areas, in high volumes, SIT now becomes an option for many. Come and learn about the technology as 
well as real world examples of actual usage by a significant abatement district.

312 The role of SIT in an IVM programme against Aedes albopictus in Germany 
Norbert Becker, NorbertFBecker@web.de, Bjoern Plukota, Artur Jost, Xenia Augsten 

In South-West Germany the Asian tiger mosquito Aedes albopictus expands rapidly aided by climate 
change and human mobility. It is found almost at each resting/service station along highway A5 coming from Italy 
via Switzerland towards Frankfurt. Whereas, up to 2017 in 5 communities established populations were recorded, in 
2019 16 communities were infested by Aedes albopictus. Our ultimate goal is the immediate assessment of new Ae. 
albopictus populations and the implementation of control operations in close cooperation with the city authorities 
and health departments. The control strategy comprises 3 columns: 1) Community participation stimulated by 
thorough information of the public including providing help for self-help by providing Bti-fizzy-tablets. 2) The main 
asset to strongly reduce or even eliminate the population are „door-to-door“ inspections in a three week interval 
going along with the applications of high dosages of Bti (Vectobac WDG) to achieve long-term effects for at least 
two months in mass breeding sites like rainwater containers or small water collections. Despite all efforts in some 
locations, we achieved only a reduction of the Aedes albopictus population for about 95% due to cryptic breeding 
sites or non-accessible promises. Therefore, we implement 3) the SIT (Sterile Insect Techique) in close cooperation 
with the Centro Agricolura Ambiente (CAA) in Crevalcore (Italy). About 1500 gamma-radiated sterile males/ha are 
released at a weekly from May till October. As a result, in some areas the Aedes albopictus populations were wiped out 
in others strongly reduced.

313 Autocidal methods against Aedes mosquitoes 
Stephen L Dobson, sdobson@mosquitomate.com 

Presented here will be a summary of recent advances, related to autocidal mosquito control technologies, 
including experimental data, community engagement, regulatory decisions and communication between industry, 
abatement district managers and federal/state decision makers. Autocidal methods employ ‘self-delivering’ strategies 
of ‘mosquitoes against themselves.’ The presentation will include the Wolbachia approach, which is based on repeated, 
inundative releases of Wolbachia-infected males to cause a form of conditional sterility in the targeted populations. 
A second method known as “Auto Dissemination Augmented by Males” (ADAM) will also be discussed. The ADAM 
approach employs repeated, inundative introductions of male Aedes mosquitoes to distribute pyriproxyfen as an 
inhibitor of immature Aedes development. Data from recent laboratory and field trials will be summarized in relation 
to targeting Aedes mosquitoes as globally invasive pests and medically important vectors.
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314 Wolbachia SIT for urban control of Aedes aegypti: A four-year study 
Jodi J Holeman, jholeman@mosquitobuzz.net, Steve Mulligan, Jacob Crawford,  
Stephen Dobson 

From 2016-2019 the Consolidated Mosquito Abatement District (CMAD) has operated under a USEPA 
experimental use permit (EUP) to study the use of Wolbachia infected male Aedes aegypti mosquitoes for control 
in selected urban areas of Fresno County, California. This presentation will summarize the four-year process of 
this evaluation including the necessary partnerships for evaluation, the tools and resources required to meet EUP 
requirements and key factors for success in public engagement. This presentation will also summarize final outcomes 
of the study and the future of SIT as a component of an integrated mosquito management program at CMAD.

Public Relations/ Management
315 Comparing the information needs of the [State] public with [State] mosquito control 

programs online content 
Ashley McLeod-Morin, ashleynmcleod@ufl.edu, Michaela Shaw, Ricky Telg, Angie Lindsey,  
Sandra Anderson 

To determine the communication and education needs of mosquito-related topics in [State], a series 
of focus groups with [State] residents and a content analysis of [State] mosquito control program websites was 
conducted. Residents identified what they wanted more information about, specifically related to mosquito control 
and mosquito-borne illnesses, and how they wanted to receive information. Majority of programs did have a website 
or webpage, but only a small portion had a full website dedicated to the mosquito control program. Through the 
content analysis, the online content was assessed to determine what information is being shared by the mosquito 
control programs. It was determined that mosquito control programs were providing information wanted by 
[State] residents on some occasions, such as contact information. However, mosquito control programs have the 
opportunity to better meet the needs of residents by providing spray schedules and providing links to social media. 
It is also recommended that mosquito control programs provide more diverse media content as to better meet the 
diverse information-seeking behaviors of residents. As public relations specialist at mosquito control programs better 
understand the needs of local residents, programs can provide more effective information to avoid misperceptions 
related to mosquito-related issues.

316 Public health vector control logo: national unification 
Aaron M Lloyd, lloyd@lcmcd.org, Eric D Jackson, Joe Conlon 

In 2017, the National Association of County and City Health Officials (NACCHO) released an eye-opening 
report regarding Mosquito Control Capabilities in the U.S.  The report stated that the “overwhelming majority (84%) 
of vector control programs are in need of improvement”. Strengthening public perception and confidence in our field 
may be possible through a greater unification of our mosquito/vector control districts. Those of us in operational 
mosquito control are well aware that we are very capable to respond to mosquito-borne disease emergencies. A 
unifying logo used by vector control districts across the U.S. on uniforms, marketing materials, websites, etc. can bring 
together our agencies and districts through a common identifier. Will you join us in this effort to unify vector control 
professionals across the U.S.?

317 Public cognizance and sensitization 
Shafia Saba, sabashafia@yahoo.com, Ata-ur-Rehman Khan 

Pakistan is facing continuous outbreaks of Dengue Fever from last decade. Health Department, in spite of 
investing and exerting plenty of resources is still unable to control the menace. The only loop hole in the process 
is public ignorance. Special teams are constituted to visit and monitor water holding containers at regular basis 
throughout the dengue season. But people are still not willing to manage and monitor their own households. 
Consequently, lot of larvae positive sites are being detected on daily basis resulting a flare in patient influx. It is need 
of time to create public awareness and sensitize them for their self-defense against mosquito and to join hands with 
Government sector to combat this peril. There is no other way to get control over Dengue.
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318 Outreach to beehive owners in our district: lessons learned 
Patrick M Irwin, pirwin@nwmadil.com, Dan R Bartlett 

With the rise of pollinator health awareness over the past decade, due to coverage of colony collapse 
disorder, more people are deciding to have residential beehives in their yard. Starting in 2015, NWMAD Started an 
outreach program to all beehive owners in our district. There were two goals for this program. First, to locate and 
map all registered beehives in the district. The second was to personally contact each hive owner and explain how the 
district manages mosquito populations, the products used, and the precautions taken to dramatically reduce the risk 
of off target effects on their bees. We have conducted a complete review of beehives in our district every two years. 
In this presentation we will talk about how we went about identifying the beehives in our district and the lessons we 
learned when we spoke to the hive owners.

319 The NACCHO model for capacity-building in local vector programs 
Shannon Davis, sdavis@naccho.org, Chelsea Gridley-Smith 

Mosquito-borne diseases are an ongoing public health concern in the United States. In 2018 alone, 
mosquitoes caused over 2,600 cases of endemic West Nile Virus (WNV). As of September 19, 2019, the Centers for 
Disease Control and Prevention (CDC) has received reports of 18 confirmed cases of Eastern equine encephalitis 
(EEE). Controlling the spread of vector-borne diseases (e.g., WNV, EEE) is the responsibility of a variety of 
departments across the country, including local health departments. The National Association of County and City 
Health Officials (NACCHO) and the CDC have worked to support local public health in this effort by establishing a 
framework of necessary operational capabilities of a vector control program: aligned with the American Mosquito 
Control Association’s best practices. A 2017 NACCHO survey of all identified vector control programs in the United 
States revealed, based on this framework, that 84% of vector control programs need improvement related to one 
or more core capabilities. On the heels of this assessment, NACCHO launched the Vector Control Collaborative 
(VCC), a technical assistance program for local vector control programs that provides expertise and resources to 
support capacity-building efforts. To date, the VCC has provided nearly 170 hours of technical assistance to 23 health 
departments and funded 14 vector control programs to purchase equipment, enhance community outreach efforts, 
train program staff, build jurisdictional partnerships, and expand their programs’ surveillance and control capabilities.

This presentation will provide an overview of NACCHO’s technical assistance framework for vector control programs 
and describe how peer-to-peer learning can improve a program’s capability to adequately assess, prepare for, prevent, 
and respond to vector-borne disease threats. This presentation will also highlight the perspectives and successes of 
participating programs.

320 Employee morale - how mosquito program managers can support a quality work  
experience 
Mark E Smith, mmcd_mes@mmcd.org 

Mosquito abatement districts, like any other organization, deal with many personnel issues in their daily 
operations. Good employee morale plays an important role in a productive workplace. A review of what you are doing 
may lead to the improvement of your employees’ outlook and overall satisfaction in their jobs.

321 Building Capacity Through the Vector Control Collaborative 
Rebecca Riley, rebecca.riley@phs.hctx.net, Chris Fredregill, Dagne Duguma, Maxime Vigilant, 
Kendra Dagg 

Prior to an assessment conducted in 2016 by the National Association of County & City Health Officials 
(NACCHO), limited data was available on the preparedness of local agencies in the United States to respond to a 
mosquito-borne disease outbreak. The assessment, which included nearly 2,000 programs nationwide, provided 
much needed baseline data on core capabilities. Utilizing assessment findings, the Vector Control Collaborative (VCC) 
was established by NACCHO and the Centers for Disease Control and Prevention (CDC) to build the capacity of local 
programs. Harris County Public Health (HCPH) Mosquito and Vector Control Division (MVCD) participated in the first 
cohort of the VCC in 2019 serving as a mentor for the Brazos County Health District (BCHD). Mentoring the BCHD 
enabled HCPH-MVCD to assist in capacity building for the mentee and provided HCPH-MVCD the opportunity to 
review strategies, techniques, and resources currently in use. Successes, insights gained, and future implementation 
plans with additional local vector control programs will be presented.
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322 Developing a program to address the breeding of Aedes and Culex mosquitoes  
associated with stormwater structures in Los Angeles County 
Mark A. Daniel, mdaniel@glacvcd.org 

Securing a sustainable supply of water for Los Angeles County has been a top priority as a result of an 
increasing population. Most of the water we use is purchased and stored in reservoirs or used to augment our ground 
water reserves to be pumped out later. Stormwater capture and use is gaining attention throughout the region as a 
way to improve water security. Unfortunately, the structures built to capture, clean and store stormwater can also be 
conducive to mosquito breeding. My paper describes our process for developing a program to address the breeding 
of Aedes and Culex in stormwater structures.

We currently have an Urban Water Program Manager and two full time Vector Control Specialists working to identify 
and catalog structures. We are also working with agencies, contractors and manufacturers to raise awareness of the 
potential for these structures to breed mosquitoes and ways to prevent breeding. Measure W, the safe clean water act, 
was approved by Los Angeles County residents and will provide funding for water projects into the foreseeable future, 
many of which will create breeding habitat for mosquitoes.

The program is in its infancy and has the potential to play a significant role in our mosquito reduction efforts. We are 
already seeing progress by raising our concerns with agencies, contractors and manufacturers.

POSTER PRESENTATION ABSTRACTS
Adult Control
P-01 Comparison of Mosquito Repellency Efficacy on Textiles Sprayed with DEET and  

Permethrin 
Manni Mo, manni.mo@asu.edu, Songying Mo 

N,N-Diethyl-meta-toluamide (DEET) and Permethrin are the most common active ingredients in mosquito repellents.  
They are commonly sprayed on textiles and clothing to repel insects, specifically, mosquito, in order to avoid the 
vector-borne diseases spreading through community.  In this article, we first identified the chemical structures, 
composition and characteristic of DEET and Permethrin. We then conducted experiments and tests to evaluate the 
functionality of each ingredients. We also compared the anti-mosquito efficacy of the textiles and clothing sprayed 
with DEET and Permethrin; the government restriction of application of these pesticides to textiles and clothing due 
to their toxicity level and impact to human body; and any damages to textile and clothing materials.

P-02 Monitoring insecticide resistance patterns of Aedes aegypi and Aedes albopictus  
in Texas 
Thalia Rios, thalia.rios02@utrgv.edu, Christopher Vitek 

Monitoring insecticides resistance is a major concern in the effort in controlling vectors and vector-borne diseases. 
In many counties in Texas, insecticide resistance is not actively monitored. We initiated a study to assess the 
insecticide resistance patterns of Aedes aegypti and Aedes albopictus in Texas. Ten counties were recruited based 
on the following criteria: a) little to no insecticide resistance data exists, b) presence/absence of data based on the 
Texas Stegomyia project, c) willingness to participate. Participating counties were sent 20-60 oviposition cups and 
germination paper to collect eggs, with instruction for collection and returning field collections. Eggs received by 
our lab were then counted, hatched, identified, and the adult females were tested for insecticide resistance using 
the CDC Bottle Bioassay. Preliminary results suggest resistance to malathion and permethrin in Aedes aegypti, while 
Aedes albopictus showed susceptibility of permethrin. Updated results will be discussed. These data will be useful for 
determining the efficacy of control efforts and future efforts to monitor insecticide resistance.

P-03 Ultra-smooth and hydrophobic surface coating for disrupting the landing of mosquito 
 Chang-Ho Choi, ch_choi@gnu.ac.kr, Dong Gun Kim 

Mosquito is the most important taxon which affects human health and most prolific invasive species contributing to 
the spread of endemic or exotic diseases. To prevent infections by mosquitos, many mosquito control methods have 
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been proposed based on the physical, chemical, and biological mechanisms. Here, an ultra-smooth and hydrophobic 
surface coating is introduced on the substrate to disrupt the landing of mosquito. The coating is developed 
by spraying hydrophobic silica nanoparticles (NPs) onto the substrate. The silica NPs could be functionalized 
hydrophobically by immobilizing silane-coupling agents on the surface of the silica NPs. Coating the hydrophobic silica 
NPs on the substrate gives rise to the fabrication of an ultra-smooth and hydrophobic surface, which would disrupt 
the landing of mosquito, and eventually prevent the breeding of mosquito.

P-04 Screening for insecticide resistance in Aedes sp. and Culex sp. across Central Iowa 
Samuel James Andrews, sandrews@iastate.edu, Caleb L Corona, Joel Coats 

With the increased prevalence of diseases such as West Nile virus, La Crosse encephalitis virus, Eastern Equine 
Encephalitis and Saint Louis encephalitis virus in Iowa and other Midwestern states, it has become increasingly 
important to monitor and control mosquito populations. Insecticides are integral to the control of mosquito 
populations in Iowa, but it is currently unknown whether Central Iowa populations have developed resistance 
to common commercial insecticides such as pyrethroids or organophosphates. To screen for the presence of 
resistance, populations of mosquito larvae were collected from various locations across Central Iowa. Using the 
CDC bottle bioassay, our team screened adult Aedes sp. and Culex sp. mosquitoes against representative pyrethroid 
and organophosphate insecticides. Results from these assays can be taken into account in order to choose the best 
mosquito control strategies.

P-05 Deploying biorational products as components of mosquito bait strategies 
Caleb L. Corona, clcorona@iastate.edu, James S. Klimavicz, Joel R. Coats 

Attractive toxic sugar baits (ATSB) have been developed to control adult mosquito populations by giving presenting 
a sugar source which has paired with an insecticide. This method is commonly deployed in the form of an aqueous 
solution. This deployment method presents problems for more hydrophobic compounds. Our lab has shown that 
when mixed with solid sucrose biorational compounds are capable of controlling mosquito populations.

P-06 Study on mosquito control using integrated mosquito management (IMM) in Ansan,  
South Korea 
Sumi Na, fau_chon_@naver.com, Jiseon Doh, Jae Seung Yoo, Myoung-ae Yi, Yeon Jae Bae,  
Hoonbok Yi 

This study was conducted in Ansan city auto camping area of South Korea from 2017 to 2019 to create the effective 
mosquito population reduction in this area. For the study, we applied the integrated mosquito management (IMM). 
For the biological control, we used the larvae of Hydrochara affinis, which eats on mosquito larvae. As for the chemical 
control, B.t.i was used, and water draining and installing mesh nets in sewers were physical control. To control and 
monitor mosquito population, DMS (digital mosquito monitoring system) and MOS-HOLE PRO, which uses carbon 
dioxide to attract mosquitoes, were used. 5 DMS were installed to monitor mosquito population. Also, to study for the 
mosquito free zone, we installed 26 MOS-HOLE PRO additionally. It consequently caused a considerable decrease in 
mosquito population. The mosquito free zone concept study was implemented for a month in July, 2018. As a result, 
the daily mosquito population captured had decreased, which was statistically significant. In conclusion, we found 
that the number of mosquitoes in the mosquito free zone study was significantly lower than that of the control area. 
During the research period, we also conducted a survey, subjected to citizens and most of them responded that the 
number of mosquito bites have reduced. Our research is expected to serve as the basis for a strategy for effective 
mosquito population reduction.

P-07 An assessment of a lethal ovitrap’s efficacy for time-mortality in a zone of high  
probability concerning populations of Aedes albopictus (Skuse, 1895) 
Michael T Riles, michael.riles@comcast.net, James Clauson, Katlyn Cullen, Mark Clifton 

A series of experiments were performed in the years spanning 2014-2017 in Panama City Beach, FL concerning the 
Springstar Trap N Kill lethal ovitrap Observations will show that the initial claim of the manufacturer of a 45-day 
interval efficacy for time-mortality concerning container inhabiting mosquitoes is not efficient. 30-day intervals in 
these experiments characterize a more conclusive time frame when placing these lethal ovitraps in zones of high 
probability for Aedes container mosquitoes.  The presence of mosquito larvae is clearly shown to not occur through 
the 30-day interval even after observed egg deposition hatching behavior. The presence of larval activity occurs 
after the suggested 30-day time frame within these experiments.  The population dynamics of Aedes albopictus as 
measured and observed through Biogents Sentinel 2 surveillance traps in both control and treatment zones are also 
discussed.
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P-08 Study on current status of mosquitoes in Sejong, South Korea using mosquito trap 
Jiseon Doh, doraji02@swu.ac.kr, Sumi Na, Myoung-ae Yi, Young-Cheol Yang,  
Jae Seung Yoo, Hoonbok Yi 

Insect-borne diseases are increasing due to global warming via climate change. In particular, the increasing number 
of domestic and international population flow and patients with mosquito-borne diseases are raising the awareness 
of infectious diseases from abroad. Therefore, Sejong City of South Korea tried to establish the prevention system 
by identifying the occurrence of mosquitoes to prevent the mosquito-borne infection. The purpose of this study is 
to identify the number of mosquitoes in Sejong City. Mosquito population data was accummulated by investigating 
both the larval and adult mosquito simultaneously in each eup, myeon, dong once a week from August 2019 to mid-
October. DMS, MOS-HOLE PRO, and black hole was used for the adult mosquito investigation, and dipper was used 
for the larvae investigation. For the adult mosquito, 2-3 traps were installed in each eup, myeon, dong, and a total of 
27 traps, in which 2 DMS, 15 MOS-HOLE PRO and 10 black hole trap, was used. As for the larvae investigation, 1-3 sites 
were investigated in total of 30 sites. As a conclusion, we were able to identify the mass mosquito habitat of Sejong 
and the population patterns of summer and autumn. As a result of comparing the number of mosquitoes in the old 
town and new town, it turned out that there were more than twice as many mosquitoes in the old town. This was 
found to be the difference between land use and waterway development in new and old towns. We expect that this 
study can be used as a basic data for establishing a long-term control system and evaluation of the implementation of 
the quarantine system.

P-09 Logistics of a 2,000 trap mosquito surveillance program 
Nicole Nazario, nnazario@prvectorcontrol.org, Jose Sanchez, Pablo Rios, Cesar Piovanetti,  
Marianyoly Ortiz, Grayson Brown, Lucy Crespo 

The Puerto Rico Vector Control Unit (PRVCU) was established to implement an integrated vector management 
strategy for Aedes aegypti in Puerto Rico. To date, the PRVCU has established a surveillance program in the principal 
population centers of Puerto Rico (6 municipalities and 73 surveillance zones). This program currently deploys 2,000 
Autocidal Gravid Ovitraps (AGO) which are serviced weekly. Such a large number of traps requires an industrialized 
process to keep track of the traps, maintain a chain of custody, and process the trap data in near real time so as to 
support decision making. The key to the program has been custom built software and tracking system that maintains 
a complete record of the status of each individual trap at all times. Having a unique mosquito surveillance system 
like this has been key to demonstrate the importance of mosquito control programs in arbovirus endemic areas to 
stakeholders and public health agencies.

P-10 Does temperature influence mosquito susceptibility to insecticides 
Ludmila Adobea Akyea, ludaa1123@hotmail.com, Christopher Vitek 

Insecticide resistance is a major concern when it comes to controlling mosquito population, and by extension, 
controlling mosquito-borne diseases.  Increased use of insecticides has also corresponded with the increase 
of resistance alleles in mosquito populations. In addition, unexplored environmental factors may also influence 
resistance of mosquitoes. One such environmental characteristic, temperature, may change the insecticide resistance 
in mosquitoes. We examined this topic using Aedes aegypti from South Texas. We hypothesized that increased 
temperature adds greater physiological stress, resulting in increased susceptibility of mosquitoes to insecticides. In 
addition, we hypothesized that longer exposure (such as during the larval stage) will further increase susceptibility 
compared to being maintained at different temperature regimes as adults only. We tested susceptibility of Ae. aegypti 
to permethrin and deltamethrin by rearing larvae and keeping adult populations at temperatures 26oC, 30oC and 
36oC.  We examined the insecticide resistance using the CDC Bottle Bioassay.  The potential of temperature to 
influence the efficacy of mosquito control through the change in insect susceptibility is discussed.

P-11 The Protective Power of Nootkatone 
Jean Amick, jeana@evolva.com, Giovanni Salerno 

Nootkatone is a naturally-occurring sesquiterpene found in the heartwood of Alaskan yellow cedar trees and 
grapefruit rind.  Sesquiterpenes, with their natural chemical properties help protect plants from insects and disease.  
Despite their importance in products from flavors and fragrances to insect repellents and biopesticides, they remain 
cost prohibitive and supply constrained. Evolva holds a strong competitive advantage for production of highly pure, 
renewable, nootkatone. Evolva’s patented technology alleviates the need to harvest from scarce natural resources or 
costly extraction processes and enables commercial alternatives to meet growing demand for more effective nature-
identical pesticide product.
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The US Centers for Disease Control (CDC) has demonstrated that nootkatone, as an active ingredient, is highly 
effective at repelling and controlling the ticks that transmit Lyme disease and a variety of other nuisance pests.

In recent years, the spread of mosquito-borne diseases such as Zika has prompted further testing of nootkatone for 
public health initiatives.  Evolva is the recipient of a CDC funded grant to develop NootkaShield™ nootkatone based 
end-user products against select mosquito-borne diseases like Zika. This award has been funded in whole with Federal 
funds from the Center for Disease Control and Prevention, and managed by the Office of the Assistant Secretary for 
Preparedness and Response (ASPR), Biomedical Advanced Research and Development Authority (BARDA), under 
Contract No. HHSO100201700015C.

Evolva and partners have undertaken efforts on two fronts: (1) understanding the range of insect targets and potential 
related applications and (2) enhancing the potential use of nootkatone by reduction of the cost of goods sold 
(COGS) and by exploring formulations that can improve efficacy. Evolva’s efforts to advance the commercialization 
of nootkatone from EPA registration efforts to formulation efforts have positioned Evolva as a leader in providing a 
critical Manufacturing Product to address various public health concerns.

P-12 Using annual pesticide resistance testing results of the mosquito vectors Aedes  
 albopictus and Culex pipiens to guide the procurement and application of adulticides  
 in Suffolk, VA. 
 Charles F Abadam, cabadam@suffolkva.us 

Suffolk, VA mosquito control began testing adult mosquitoes for pesticide resistance in 2018 and it is now integrated 
into their seasonal operations. Testing is concentrated on Aedes albopictus and Culex pipiens against the active 
ingredients: sumithrin, prallethrin, and permethrin. In 2018, it was found that Cx. pipiens populations were resistant to 
all three active ingredients and Ae. albopictus was susceptible to all three active ingredients. These results informed 
our program to re-evaluate our adulticide inventory and find a replacement adulticide with an active ingredient that 
was effective against Cx. pipiens. Late in 2018, Cx. pipiens was tested against the active ingredients: chlorpyrifos, 
deltamethrin, etofenprox, malathion, and naled. This testing revealed that Cx. pipiens was resistant to chlorpyrifos, 
deltamethrin, etofenprox, and malathion but susceptible to naled. Although naled seemed like a viable option, the 
hazards it poses to human health and recommendations from professionals and vendors persuaded Suffolk against 
spraying it from a truck mounted ULV machine. Pesticide resistance testing was not presenting a viable replacement 
adulticide to deal with Cx. pipiens. Suffolk had two options: 1) Halt adulticide sprays for Cx. pipiens altogether in order 
to allow pesticide susceptibility to come back naturally to the species 2) In times of need have an adulticide on hand 
that Cx. pipiens is least resistant to among those tested. Prior to the 2019 mosquito season Suffolk had a plan for 
Cx. pipiens, a decision was made to halt adult spray operations for the species and handle it solely with larvacides 
also a chlorpyrifos based pesticide was purchased to deal with Cx. pipiens if disease transmission became a problem. 
This plan was fortuitous because in 2019 pesticide resistance testing revealed that Cx. pipiens was susceptible to 
chlorpyrifos, WNV positive Cx. pipiens was low, and focusing on larvaciding habitats of this species was beneficial.

P-13 Geospatial Response Identification System (GRIdS): Developing a Risk-Based Driven  
 West Nile Virus Response Grid System using ArcGIS Hot-Spot Analysis 
 Kiet Nguyen, knguyen@ocvector.org, Tim Morgan, Amber Semrow, Laura Krueger,  
 Sokanary Sun, Robert Cummings 

Following Orange County’s worst West Nile virus (WNV) epidemic in 2014, Orange County Mosquito and Vector 
Control District (OCMVCD) has taken steps to increase early detection of focused WNV virus activity and decrease 
control response time. In 2019, OCMVCD implemented a Geospatial Response Identification System (GRIdS) derived 
from 15 years (2004 – 2018) of location data for WNV human cases and virus positive dead birds. OCMVCD used 
this information to construct a hot-spot analysis to spatially identify three County regions based on WNV risk: high, 
medium, and low, with a goal of distributing surveillance resources more efficiently. Each area was divided into blocks 
(one gravid trap per block) with dimensions set to accommodate OCMVCD’s ground based adulticiding resources. 
Each block was further divided into smaller cells to delineate sections for additional weekly mosquito sampling that 
was activated upon an initial WNV detection. The area with the highest density of WNV activity, based on human cases 
and dead birds, was assigned a tighter surveillance grid compared to the medium and low risk areas. Within each risk 
area, the blocks established a standard unit for calculating infection rates based on routine and extended trapping 
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efforts. During 2019, the grid system proved to enhance the communication of risk to constituents and stakeholders 
at a neighborhood level. The grid system and surveillance plan further strengthened inter- and intra-agency 
communication allowing for a more rapid control response.

Behavior/Biology
P-14 Comparative field evaluation of the CDC light traps baited with different colored  

lights and attractants for collecting Phlebotomine sand flies (Diptera: Psychodidae)  
in Thailand 
Nattaphol Pathawong, nattapholp@afrims.org, Thanyalak Fansiri, Arissara Pongsiri,  
Silas A Davidson, Alongkot Ponlawat 

Sand flies (Diptera: Phlebotominae) are medically important blood-feeding insects that transmit parasites from the 
genus Leishmania (Kinetoplastida: Trypanosomatidae) causing leishmaniasis. Leishmaniasis is ranked to the ninth place 
of all human infectious diseases and considered as a public health importance in the tropics and subtropics. Sampling 
for adult sand fly populations is a means of evaluating the efficacy of Leishmaniasis vector control operations. The 
objectives of this study was to evaluate the influence of the conventional CDC light trap (CDC LT) and the modified 
CDC LT with different light wavelengths including green LED (520-560 nm), red LED (635-700 nm), UV lights (300-400 
nm) and different attractants (BG-Lure®, CO2 and un-baited) for the collection of sand flies under field conditions. 
Trap comparison experiments were conducted in rubber tree plantation in Chanthaburi province, Thailand using a 
Latin square design. A total of 2,380 sand flies including 1,293 females and 1,087 males were collected from a total of 
32 trap nights in April 2019. The results showed the number of sand fly captured from CDC LT augmented with UV 
LED was significantly higher than Red LED (P = 0.02). In addition, the numbers of sand flies captured by CDC LT with 
UV LED, Green LED and incandescent light were not different. The data also revealed that sex proportion of collected 
sand flies and light wavelengths are not correlated (P = 0.75). Moreover, we didn’t detect the effect of attractants on 
the number (P = 0.69) and sex proportion (P = 0.13) of sand flies. According to the results of the current study, the 
CDC LT equipped with incandescent light or UV LED (without attractants) can be used as the effective tool for sand fly 
collection and surveillance program in Thailand.

P-15 Chronologic Age Characterization of Mosquitoes using IR Spectroscopy and  
Chemometrics 
Bradley Guilliams, bfguilliams1@catamount.wcu.edu, Harrison Edmonds, Scott Huffman,  
Brian Byrd 

Determining a mosquito population’s species composition and age is crucial for estimating the risk of pathogen 
transmission. At present, age-grading methods are chiefly physiologic and classify the mosquitoes in terms of parity 
(e.g., nulliparous or parous).  Less commonly used chronologic methods (e.g., qPCR or near infrared spectroscopy 
[NIR]) have limited temporal resolution (NIR), or require consumable reagents and technological expertise with 
molecular methods. The current lack of robust methods to rapidly evaluate a population’s chronologic age limits our 
ability to assess pathogen transmission risk in the context of vectorial capacity estimations (i.e., daily survivability). Our 
current research seeks to develop methods of mosquito characterization utilizing mid-infrared spectroscopy. Infrared 
(IR) spectroscopy is a type of vibrational spectroscopy that is both sensitive and information rich.  Subtle changes 
in IR spectra correlate with changes in the biochemistry of mosquitoes as they age.  These changes in the IR spectra 
when coupled with advanced numerical analysis (chemometrics) may be used to predict the age of mosquitoes.  We 
present our results successfully classifying Culex quinquefasciatus mosquitoes categorically (e.g., old [>2 weeks old] 
versus young [< 1 week old]) and discuss these advances in the context of population risk assessment.  In addition, 
we will present our ongoing work demonstrating that adult mosquito age can be chronologically predicted using IR 
spectroscopy and chemometrics.

P-16 Mosquito population characterization in two urban farms in Miami-Dade County,  
Florida 
Augusto C. Carvajal-Velez, augusto.carvajal@miamidade.gov, Andre Wilke,  
Chalmers Vazquez, William Petrie, John C. Beier 

Urban farming is currently responsible for approximately 15% of the overall food production and is on the rise 
worldwide. New complex ecosystems and production techniques associated with urban agriculture are bringing 
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new challenges to control vector mosquitoes adequately in cities. Although urban farming has been related to the 
increment of mosquitoes populations in irrigated fields in Africa, little information on this matter exist abroad. In this 
study, we sampled two urban farms in Miami-Dade County, Florida. Our results suggest that urban farms provide a 
diverse environment to sustain mosquito populations up to five times higher when compared to surveillance trap 
counts in nearby areas. We observed differences in species diversity among urban farms, comprising the collection 
of three mosquito species in their adult form at the Wynwood urban farm [H = 0.327 (95% IC: 0.288-0.371)]. Culex 
quinquefasciatus was the most abundant species, followed by Aedes aegypti, and Anopheles quadrimaculatus.

At the Golden Glades urban farm, we found 12 species [H = 1.86 (95% IC: 1.812-1.906)], with the most abundant species 
being Cx. nigripalpus, followed by Culex coronator, Ae. aegypti, Aedes albopictus, and Cx. quinquefasciatus. Immature 
samples revealed 3 and 4 different mosquito species at the Wynwood and Golden Glades urban farms, respectively. 
Culex quinquefasciatus was the most abundant species found in the immature stage at the Wynwood urban farm, 
while Ae. albopictus was the most frequent species found at Golden Glades in its immature form. Our data suggest 
that urban farms provide diverse microenvironments that offer more resources for sustaining mosquito populations 
than in typical residences. With urban farms increasing in metropolitan areas, a potential adequation for mosquito 
control strategies could be needed in urban areas.

P-17 Socio-ecological risk factors for mosquito production in residential neighborhoods 
Allison T Parker, parkera10@nku.edu 

In residential neighborhoods, natural and artificial water-holding containers in which adult female mosquitoes lay 
eggs are critical habitats for mosquito development. In this study, we examined how social (i.e. socioeconomic status, 
SES) and ecological (i.e. tree canopy cover) factors affect mosquito production in container habitats in residential 
neighborhoods. We then conducted a knowledge, attitudes, and practices questionnaire to determine which social 
factors correlate with mosquito production. These studies were conducted in nine neighborhoods stratified across 
three levels of SES and three levels of canopy cover. Overall mosquito abundance was affected by both SES and 
canopy cover; low SES neighborhoods and high canopy cover neighborhoods have the greatest abundance of juvenile 
mosquitoes. Mosquito juveniles were collected from a wide range of container types; large containers had the greatest 
mosquito densities and the highest species richness. Aedes albopictus, the most commonly collected mosquito, was 
found in all container types.

Residents living in high SES neighborhoods were both more knowledgeable about mosquito ecology and more likely to 
self-report controlling for larval mosquitoes. Older residents were less likely to report being bitten by mosquitoes, and 
were more knowledgeable about mosquito ecology. Understanding how social and ecological factors interact to affect 
mosquito production, and subsequent disease risk, is necessary to implement effective mosquito control campaigns 
targeted at reducing water-holding containers in residential neighborhoods.

P-18 Is water the most important stimulus for oviposition site-seeking Aedes aegypti  
mosquitoes? 
Stephanie Musick, smusick@msudenver.edu, Leena Visnak, Robert Hancock, PhD 

The container-breeding vector mosquito Ae. aegypti is commonly surveilled and controlled by using various ovicups 
or ovitraps.  The stimuli used by oviposition site-seeking gravid females is multimodal involving visual, volatile chemical, 
and water cues.  We are developing a two-port olfactometer bioassay to assess the relative roles of these sensory 
cues in the orientation of gravid females to oviposition site related stimuli.  All tests have been 60 min long during 
the end of photophase of a 14:10 Light:Dark rearing and maintenance cycle.  Responding gravid test animals did not 
exhibit significant choices in two different preference tests: 1) water infused with high nutrient content versus pure 
water, and 2) dark ports with pure water (wrapped in opaque black material) versus transparent ports with pure water.  
Continuing research is focused on identifying attractant stimuli in addition to water.  This basic behavioral research 
may aid in the development of more effective ovicups and ovitraps for diurnal container breeders like Ae. aegypti and 
Ae. albopictus.

P-19 Adult Mosquito Identification using IR Spectroscopy and Chemometrics 
Harrison Edmonds, hoedmonds1@catamount.wcu.edu, Bradley Guilliams, Connor Larmore,  
Lamyae Sroute, Scott Huffman, Brian Byrd 

At present, mosquito control districts are reliant on the work of the entomologist to identify pathogen vectoring 
populations. Accurate and rapid methods for determining the composition of mosquito populations are critical 
first steps for combating mosquito-borne disease.  Current methods of identifying an adult mosquito rely primarily 
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on microscopic identification by highly trained personnel. These processes are both labor intensive and subject to 
human fatigue induced error.  Therefore, there is a need for rapid and non-destructive adult mosquito identification 
techniques that can be used on a scale that is ecologically, economically, and epidemiologically meaningful.  Our 
current research aims to develop methods of biochemical discrimination between multiple species using infrared 
spectroscopy. Infrared spectroscopy is a sensitive, information rich technique that is capable of detecting a wide 
range of molecular signals, ranging from subtle changes in protein secondary structure to transmembrane protein-
lipid interactions. The resulting data when coupled with numerical analysis (chemometric) methods such as principal 
component analysis, linear discriminate analysis, and partial least squares may be used to classify mosquito insecticide 
resistance.  Currently, we have applied Fourier transform infrared (FT-IR) microspectroscopy to identify a subset 
of mosquito species including seven container-inhabiting Aedes species (Ae. epactius, Ae. aegypti, Ae. albopictus, 
Ae. atropalpus, Ae. japonicus, Ae. sierrensis, and Ae. triseratus) as well as three Culex species Cx. quinquefasciatus, 
Cx. salinarius and Cx. restuans) obtained from both the field and/or laboratory settings. This method, which is rapid 
and easy to use, has the potential to decrease labor cost and time associated with species identification. Further 
development, coupled with the process automation, may provide operationally useful methods for rapid species 
identification as well as many other discriminating physical characteristics (e.g., age or other informative phenotypes) 
of mosquitoes.

Disease/Vector Studies
P-20 Evidence of West Nile virus and Saint Louis encephalitis virus in pools of mosquitoes  
 testing negative for both viruses using real-time PCR 

Steven T Peper, steve.peper@ttu.edu, Cynthia Reinoso Webb, Shannon L Johnson,  
Cheryl D Gleasner, Bethany G Bolling, Steven M Presley 

Vector-borne diseases have been on the rise during the past fifteen years in the United States. Regular surveillance 
of such diseases is critical for maintaining the public health of a region. Screening of mosquito pools for arboviruses 
using polymerase chain reaction assay (PCR) is a commonly used practice. As part of an ongoing surveillance 
program in northwest Texas, Flavivirus-positive but West Nile virus (WNV) and Saint Louis encephalitis virus (SLEV) 
PCR-negative mosquito pools increased drastically in 2018 (2009-2017 average = 16.3%; 2018 = 69.0%). In an effort 
to determine the genetic structure of these Flavivirus-positive, WNV/SLEV-negative mosquito pools (n = 20), cDNA 
PCR product was sent to the Los Alamos National Laboratory for Next Generation Sequencing. Analysis of amplicon 
products matched 95% (19/20) of our samples to WNV and/or SLEV in various databases. Though further analysis is 
required, our findings demonstrate the need for continued evaluation of currently accepted surveillance tools. The 
primers and probes employed in this study have been utilized by various studies over the years. The potential of these 
primers to no longer capture all WNV or SLEV positive samples is alarming and may have a negative effect on vector 
surveillance operations that currently utilize these primer sets.

P-21 Mosquito-borne disease surveillance in South Texas 
Christopher Vitek, christopher.vitek@utrgv.edu, Juan Garcia, John Thomas 

Disease surveillance is critical to assessing the presence or threat of vector-borne diseases.  Working with the multiple 
cities and counties, we have assisted in year round surveillance efforts in the Lower Grande Valley region of South 
Texas.  Partners in public health and vector-control provide weekly mosquito samples that are sorted, identified to 
species, and then processed and tested for Zika virus, dengue virus, chikungunya virus, and West Nile virus.  Viral 
testing is conducted using quantitative real-time PCR analysis, and results are disseminated to the city, county, and 
state offices.  To date, we have sorted and identified over 30,000 mosquitoes, and tested over 17,000.  While testing 
is ongoing, to date no positive mosquitoes have been identified.  While the current results have not found any virus 
circulating in the mosquito populations, continued cases of mosquito-borne diseases in this region indicate the need 
to remain vigilant and continue with surveillance efforts.

P-22 Blood meal analysis and virus detection in mosquitoes collected from U.S. Air Force  
installations, 2018 - 2019 
LeahColton, leah.colton@us.af.mil, Aubri M Pritchett, Faye Geary 

400 blood fed mosquitoes captured in surveillance traps from 49 Air Force installations around the world were 
analyzed for blood meal host identity and presence of arbovirus. Mosquitoes, which were initially stored at room 
temperature (RT), sometimes for weeks and months, were scored for quantity of blood ingested, from trace to fully 
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engorged, and abdomens were processed separately from the rest of the mosquito. Primers targeting vertebrate 
mitochondrial cytochrome c oxidase subunit 1 were used to PCR amplify blood meal DNA, followed by amplicon 
sequencing to determine host identity. RNA was extracted from mosquito thoraces and heads and subjected to 
arbovirus testing. Results indicate whether the lab’s routine samples (RT stored mosquitoes; no preservative methods) 
can be used for host meal identity and arbovirus infection status analyses, and whether meaningful information can 
be generated for local area risk assessments. Results will be stratified for analysis by blood meal quantity and duration 
of RT sample storage, which will help us understand the limitations of Air Force mosquito surveillance samples in 
providing actionable information about local epidemiologic and ecological conditions.

P-23 First report of natural vertical transmission of dengue virus in Aedes aegypti  
(Linnaeus) in Koror, Palau 
Aidil Rahman, aidil.rahman@palauhealth.org, Eden Uchel, Tmong Udui, Osiro Lorin,  
Jorge Munoz, Gilberto Santiago 

Larvae of Aedes subgenus Stegomyia were collected from a wide variety of both artificial and natural breeding 
containers during an outbreak of dengue serotype-3 (DEN-3) in Palau between December 2018 and April 2019. The 
larvae specimen collected during the surveys were colonized in the laboratory and reared to adulthood for species 
identification. The identified mosquito specimens were pooled according to their species, date and locality and stored 
at -80°C. A total of 52 mosquito pools were shipped to the CDC Dengue Branch in Puerto Rico for viral ribonucleic 
acid (RNA) extraction and reverse-transcriptase polymerase chain reaction (RT-PCR) analysis. The 52 pools consisted 
of 21 pools of Ae. aegypti, 21 pools of Ae. hensilli, 4 pools of Ae. albopictus, 4 pools of Ae. scutellaris and 2 pools of Ae. 
palauensis. Results showed that 4 out of 21 pools of Ae. aegypti were found to be positive for dengue virus. This is the 
first report of transovarial vertical transmission of dengue virus in Ae. aegypti from Palau through RT-PCR detection, 
serotyping and sequencing.

Keywords: Dengue; Aedes subgenus Stegomyia; Aedes aegypti; Transovarial transmission; Koror; Palau

P-24 Towards a semi-automatic early warning system for vector-borne diseases 
Panagiotis Pergantas, pergantas@bioapplications.gr, Chrisovalantis Malesios,  
Andreas Tsatsaris, Marios Kondakis, Iokasti Perganta, Yiannis Tselentis, Nikos Demiris 

The economic and societal burden of vector-borne diseases like malaria and West Nile virus depends upon a number 
of time-varying factors. This work is concerned with the development of an early warning system which can act as a 
predictive tool for public health preparedness and response. The underlying technology is based on a spatially-explicit 
model which integrates entomological, geographical, social and environmental evidence. The output consists of 
appropriate maps depicting suitable risk measures such as the basic reproduction number, R0, and the probability of 
getting infected by the disease. Maps of this kind are generated automatically using the freely available R software and 
are ideal for guiding recommendations regarding mosquito control efforts and related mitigation measures.

P-25 Dengue virus Transmission Ability of Aedes albopictus in Korea 
Yang Sung-Chan, npros33@korea.kr, Cho shin-Hyeong 

To identify Dengue virus transmission in Korean strain of Aedes albopictus, we performed a microinjection and 
artificial feeding of Dengue virus (DENV) with different concentration. After injection of DENV, mosquitoes were 
incubated for 14day and fed with 10% sucrose in insectarium. Virus detection was performed every two or three days 
by Real-time PCR. DENV was detected for 20days in all microinjected mosquitoes and cycle threshold (CT) value was 
significantly decreased with time. It showed that there was a virus amplification in mosquito body. Also, DENV was 
detected uninfected male by horizontal transmission from infectedfemale. Infection rate of DENV by artificial feeding 
(2.83 x 104 pfu/ml) was decreased 100% (0dpi) to 8% (4dpi) following the day after infection and not detected 5day 
after infection (dpi). On the other hand DENV was detected 14dpi (66.7%) and even showed higher infection rate 
than 7dpi (38.2%) when the virus infected at a higher concentration (2.26 x 106 pfu/ml). When we checked virus 
amplification in each part of mosquitoes on 7day after infection, salivary gland infection rate was showed 36.1% and 
ovary was 22.3%. Besides DENV was even detected in there leg (2.8%) but not detected in midgut. These results was 
first case of DENV infection to Ae. albopictus by microinjection and artificial feeding in Korea. In our results, low 
concentration dengue virus was degradation in mosquito body by their immune system. So it seems that an accurate 
comparition of virus concentration will be necessary to confirm a virus transmission ability of Ae. albopictus in Korea.
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P-26 Evaluation of a large scale Dengue Virus surveillance technology using adult  
oviposition traps in Espirito Santo state, Brazil 

 Carlos V Peçanha, carlos.pecanha@rentokiol-intial.com, Amanda C Freitas,  
Ana Paula M V Matos, Victor A I Maia, Bruna R D Souza, Lucas F R Zanandrez 

INTRODUCTION - Aedes aegypti mosquito is known for transmitting Dengue virus, which causes new 390 million 
Dengue disease human cases every year. About half of the world is at risk of Dengue outbreaks, including Brazil, 
which has a high prevalence rate. This fact leads to the need of monitoring the vector and the viral circulation in 
the mosquito. OBJECTIVE - The present study was developed with the aim of evaluating the presence of DENV and 
its respective serotypes in Aedes aegypti mosquitoes collected by adult oviposition traps, commercially traded as 
MosquiTRAPs, in the metropolitan region of Vitoria, in the state of Espirito Santo, Brazil between 2017 and 2019. 
METHODOLOGY - 3.499 MosquiTRAPs were deployed in six strategic municipalities belonging to the metropolitan 
region of Vitoria and adult Aedes aegypti specimens were collected. Mosquitoes were macerated and viral RNA was 
extracted, with subsequent qRT-PCR reaction using Taqman technology. The fluorogenic probes used were from 
DENVall, DENV 1, DENV 2, DENV 3 and DENV 4. RESULTS - 39.384 samples collected in field were sent to laboratorial 
analysis. Of these, 145 presented viral positivity until the 32th epidemiological week of 2019. Serotypes identified in 
these samples were DENV1 and DENV2 corroborating available data of viral isolation in humans. CONCLUSION - From 
the results obtained, relevance of the viral analysis directly in mosquitoes has been proven as a source of information 
for improving entomological surveillance programs.

Keywords: Dengue,Taqman, Mosquitrap, Intelligent monitoring of virus, Aedes aegypti.

Financial support: Ecovec Comércio e Licenciamento de Tecnologias LTDA

P-27 Early season predictors of West Nile virus activity in Lowndes County, Georgia 
Mark Blackmore, mblackmo@valdosta.edu, Emily Evans, Dariana Rodriguez,  
Christopher Adam Slaton 

Mosquito surveillance data collected in Lowndes County, Georgia was compiled to search for potential factors 
associated with year to year variation in West Nile virus infection rates. Abundance of the early season vector, Culex 
restuans, demonstrated a moderate covariance with maximum likelihood estimates of infection rates in the principal 
vector, Culex quinquefasciatus. Other variables, such as the crossover period between the two vectors and Cx. 
restuans persistence showed no correlation. Ongoing studies are assessing additional factors to determine if one or a 
combination of several variables can be used to forecast annual levels of West Nile virus activity in the region. Possible 
implications of these data as they relate to West Nile virus overwintering and early season mosquito control will be 
discussed.

P-28 Evaluation of WNV and SLE co-infected mosquito samples in Maricopa County, AZ 
James Will, james.will@maricopa.gov, John Townsend, Dan Damian, Kirk Smith,  
Steven Young 

For several years we have had concurrent outbreaks of West Nile virus and St. Louis encephalitis circulating in our bird 
and local mosquito populations in Maricopa County, Arizona.

2019 proved to be our worst year on record for both viruses. We currently set 801 EVS traps weekly and over the last 
2 years we have had 5 single Culex spp. mosquitoes test positive for West Nile virus and St. Louis encephalitis virus. 
Samples of these collections were sent to CDC and several Universities for confirmation of the coinfection of each 
single Culex spp. mosquito. This is a follow up to last year’s poster.

We would like to discuss the findings of this occurrence.

P-29 The effects of pyriproxyfen on Aedes albopictus fitness and the potential for non-t 
arget dissemination 
Corey L Brelsfoard, corey.brelsfoard@ttu.edu, Cameron Crabtree 

Pyriproxyfen (PPF) if commonly used in autodissemination strategies, which are based on the self-delivery of lethal 
doses of highly potent insecticides for mosquito control. However, effects of PPF on adult mosquitoes and non-target 
effects are not well studied. Here we examine the effects of PPF on Aedes albopictus adult female longevity and 
fecundity. To examine for an effect on fecundity, adult female Ae. albopictus were dusted with ESTEEM 35WP. Eggs 
were collected and counted to compare the fecundity of treated and untreated adult females. Adult survivorship and 
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longevity was also recorded. The number of eggs collected from the PPF dusted females was significantly lower than 
the control group. The longevity of PPF dusted mosquitoes was also reduced compared to untreated mosquitoes. In 
addition, we tested for the dissemination of PPF to artificial sugar sources as evidence for non-target dissemination. 
The transfer of PPF to artificial nectar sources was determined using larval bioassays. Sugar sources from cages with 
PPF treated males were associated with a significant reduction in survivorship of larvae in bioassays. Results suggest 
the need to further investigate the application of PPF to adult mosquitoes to reduce fecundity rates and to investigate 
non-target effects of using PPF as part of autodissemination approaches to control mosquito vectors of disease.

P-30 Jamestown Canyon virus associations with Michigan mosquitoes: 2018-2019 
Edward Walker, walker@msu.edu, Mary McCarry, Chuck Pearce, John Keven,  
Rebecca Brandt, William Stanuszek 

Jamestown Canyon virus (JCv), a member of the California serogroup of viruses within the genus Orthobunyavirus, 
family Bunyaviridae, has emerged as a significant cause of neurovirulent disease in the upper Midwest of the United 
States.  However, within this region the associations between this virus and mosquito vectors are poorly known.  
The first two confirmed human cases of neurovirulent disease due to JCv infection were reported in Michigan in 
2018.  We sampled adult mosquitoes in Saginaw and Bay counties in lower Michigan from May to September, 2018-19, 
using CDC light traps, pooled mosquitoes by species, date and location, and analyzed them for JCv using a verified 
reverse transcription, real time PCR method incorporating a JCv-specific molecular probe.  Of 101,420 mosquitoes 
of 15 species (10 Aedes, 4 Anopheles, 1 Psorophora) in 5,303 pools, there were 241 (4.5%) positive pools.  Most 
(81.7%) positive pools were Aedes canadensis (minimum infection rate, 1.4) and the remainder were other Aedes and 
Anopheles species, suggesting that Aedes canadensis may be the dominant vector of JCv in the region.

P-31 Testing for Wolbachia infections in Aedes aegypti from El Salvador 
Andrea Joyce, ajoyce2@ucmerced.edu, Ryan Torres, Jose Luis Ramirez 

Wolbachia are symbiotic bacteria present in mosquitoes as well as in many other arthropods. These bacteria can 
influence reproduction and vector capacity, and thus are currently employed in mosquito release programs for Aedes 
aegypti control. While a number of studies have found populations of Ae. aegypti are free of Wolbachia, there are 
several cases where Ae. aegypti has been found to harbor Wolbachia. In this study, we examined Wolbachia presence 
and prevalence in Aedes aegypti collected from diverse locations in El Salvador. Our previous study, examining genetic 
variability of Ae. aegypti in El Salvador, detected two mosquito lineages present throughout the country. The purpose 
of the study herein was to screen these populations, and examine whether one or both lineages had Wolbachia. This 
information can be used to further understand the origin of the introduction of Aedes aegypti into this country. 
Samples were screened via qPCR using two Wolbachia-specific primer sets. Results will be presented and discussed.

Education
P-32 Harnessing the Power of the Science Classroom for Outreach Education 

Wendy M Samz, wendyms@leeschools.net, Jenifer McBride, Mark McCreary, Eric Jackson 

The Lee County Mosquito Education program is a cooperative effort, spanning over thirty years between the 
Environmental Education Department of the Lee County School District and the Lee County Mosquito Control 
District.

The mission of the Lee County Mosquito Education program is to enhance the scientific and environmental literacy 
of the younger citizens of Lee County and to augment their lifetime understanding of the science related to mosquito 
control. The goal is to make sure that the public knows who the Lee County Mosquito Control is, what it does and why 
it is so important.

The only one of its kind in the country, Lee County Mosquito Control, the largest mosquito control in the nation, 
recognized very early on that in order to be successful combating mosquito vectored diseases they would need a 
strong environmentally based education program. In 2018-2019 the program was conducted in over 1500 classrooms 
in over 80 schools to over 19,000 students.

Our classroom programs are conducted in collaboration with classroom teachers. Programs are designed for grades 
kindergarten, five, seven, high school chemistry and biology classes and support Florida’s Sunshine State Standards 
in a variety of areas. These hands-on learning experiences are being offered county-wide to public and private 
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schools. Students learn to identify different kinds of mosquitoes, their habitats and life cycles, and are familiarized 
with the techniques currently being used to control mosquitoes. This is a learning experience many will never 
forget. In addition, instructors are active with local, state and national committees devoted to mosquito control and 
environmental education.

P-33 Vector Biology Degree Programs, Training, and Research at Uniformed  
Services University 
James C. Dunford, jdunford@odu.edu 

The Preventive Medicine and Biostatistics Department, Division of Global Public Health at Uniformed Services 
University offers degree tracks in vector biology and parasitology. Graduate degrees include Master of Science 
in Public Health (MSPH) and Doctor of Philosophy (PhD); a Master of Science (MS) will also soon be available. 
Vector Biology faculty foster domestic and interagency partnerships aimed to improve public health capabilities 
internationally to provide active duty and civilian students a global perspective on preventing vector-borne disease 
transmission.

P-34 Utilizing Community Partnerships to Provide Interactive STEM Learning  
Opportunities 
Rebecca Riley, rebecca.riley@phs.hctx.net, Ismat Bhuiyan, Elisa Castillo 

Harris County Public Health (HCPH) Mosquito and Vector Control Division (MVCD) has a robust and well-established 
community engagement program in place utilizing traditional outreach tools. Although, interactive presentations have 
been provided for many years, more recently HCPH-MVCD has piloted a different approach to community outreach 
when engaging both students and educators. This approach focused on partnering with local school districts, 
national education curriculum providers, and international governmental agencies focused in vector control.  These 
collaborations allowed HCPH-MVCD and its partners to look at community education through a unique lens.  Viewing 
community education through this lens brought local to global opportunities in STEM education specifically related 
to vector control.  This poster presentation will explore and evaluate the tools used to impact and inspire students, 
educators, and vector control programs.

Equipment
P-35 APC: Trials of an automated mosquito dispenser for laboratory rearing of mosquitoes 
 Mark Quentin Benedict, mbenedict@cdc.gov, Priscila Bascuñán, Ellen M Dotson 

Attaining consistent mosquito culture requires a method of controlling larval density in rearing containers. This is 
important when producing mosquitoes for e.g. experimental pathogen infections, insecticide testing and behavior 
studies. As one means of obtaining consistent numbers of larvae, we tested a large particle flow-cytometer type device 
called ‘Automated Particle Counter (APC)’. The APC is a gravity feed, self-contained unit that detects larvae by changes 
in optical density when larvae pass the detector in a water stream. When the pre-set number has been dispensed, a 
valve closes preventing additional larvae from being dispensed. The device includes a touch pad display and computer, 
thus no external computer is required for operation and data can be observed through a WiFi connection to an 
external computer. The device is usable with all common voltages and connector types.

We determined the error and throughput rates using 1 day old Anopheles gambiae G3 strain and Aedes aegypti New 
Orleans strain larvae to test the device. We observed that error rates are less than 5% and the throughput rate is 
suitable for typical laboratory scale rearing. Survival after passing through the dispenser is not distinguishable from 
that of larvae that had been manually counted.

P-36 Bait & switch: determining a preferred CO2 source for mosquito surveillance 
Rachel E Pollreis, rpollreis@adacounty.id.gov 

Two standard carbon dioxide (CO2) sources, dry ice and compressed CO2 cylinders, were compared as attractants for 
mosquito surveillance using BioQuip Encephalitis Vector Surveillance (EVS) mosquito traps. Nightly comparisons were 
made in Ada County, Idaho for the duration of the 20 week season lasting from May 6, 2019 through September 20, 
2019. A total of 5,646 mosquitoes were collected over 258 trap nights. Paired traps remained at the sampling locations 
from 8:00pm – 6:00am with dry ice sublimation ranging from 130mL/min to 220 mL/min depending on ambient 
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temperature over the 10 hour window and compressed cylinders were calibrated to release CO2 at a rate of 160 mL/
min. Control groups releasing no CO2 were also deployed. Traps using compressed CO2 cylinders (xÒ=26.5969 ±2.7302, 
n=129) were shown to collect more adult mosquitoes than traps using dry ice (xÒ=17.1705 ±2.3404, n=129). Using a 
one-way analysis of variance (ANOVA) it was determined that compressed CO2 cylinders at a rate of 160mL/min were 
significantly more effective (P<0.05) at trapping adult mosquitoes than dry ice at rates between 130 mL/min and 220 
mL/min.

Genetics
P-37 Utilization of qPCR to enhance current methodologies to monitor insecticide  

resistance in Harris County, Texas 
Kendra Dagg, kendra.dagg@phs.hctx.net, Elaine Chu, Isabel Cornejo, Christina Alvarez,  
Chris Fredregill 

Currently, the Harris County Public Health Mosquito and Vector Control Division (MVCD) depends exclusively on field 
cage tests (FCT) and Center of Disease Control and Prevention (CDC) bottle bioassays to establish an insecticide 
resistance profile of key public health mosquitoes Culex quinquefasciatus, Aedes aegypti and Ae. albopictus.  
However, these methods are limited to only the detection of resistance and tell very little about the resistance 
mechanisms involved; target-site and metabolic.  To improve operational resistance monitoring, the MVCD Test and 
Evaluation Section (TES) is trialing the incorporation of molecular assays into the program to pinpoint the resistance 
mechanisms present in mosquito populations.  Molecular assays were conducted on mosquitoes collected via 
two methods; 1) through regular surveillance within Harris County and 2) F0 – F1 generation mosquitoes assessed 
with permethrin and malathion in FCTs and CDC bottle bioassays (separated into susceptible and resistant).  Two 
knockdown resistance (kdr) mutations found to be associated with resistance to permethrin in the Americas, F1534C 
and V1016I, were investigated in Ae. aegypti and Ae. albopictus species.  We aim to present preliminary data on the 
molecular resistance profile of these two Aedes spp., key lessons learned, challenges faced, and next steps for the 
program.  The combined results from adulticide tests and molecular assays will provide the evidence needed to make 
informed decisions on the most appropriate mosquito control strategy for a given operational area and vector control 
emergency response.

GIS/GPS
P-38 Projected suitable habitat of Toxorhynchites rutilus by the year 2070 

Daniel S Marshall, dmarshall8@uco.edu, Christopher J Butler 

Mosquitoes are projected to invade new areas of North America due to climate change. Vector control will be 
imperative as mosquito-borne disease incidence is expected to rise in response to vector expansion. The predatory 
mosquito Toxorhynchites rutilus is used in the United States as a biocontrol agent. Changes in climate will create new 
habitats for its use by vector control organizations. Using a maxent approach and four greenhouse gas scenarios, 
the potential habitat distribution of T. rutilus was determined by the year 2070. Our extreme model shows suitable 
habitat for this mosquito as far northwest as central Canada and all models indicate southern habitats to be stable 
for the next 50 years. Suitable habitats on the west coast will become established by this time as well. These results 
are promising for North American mosquito control programs. They show that areas currently utilizing T. rutilus may 
continue to do so for at least the next 50 years. Control organizations currently not using T. rutilus due to poor habitat 
suitability will be able to add it to their mosquito control arsenal in the coming decades.

P-39 Mapping genetic diversity and insecticide resistance of Aedes aegypti in Florida 
Helen Wagner, hwagn008@fiu.edu, Andre da Costa da Silva, Anthony Bellantuono,  
Matthew DeGennaro 

Populations of Ae. aegypti are expanding through Florida due to the state’s tropical and subtropical climate which 
cater to the life cycle of Ae. aegypti, suitable for the mosquito’s survival. With the addition of an increasing human 
population, Florida has increased urbanization which could perchance drive the genomic flexibility of Ae. aegypti to 
overcome heterogeneous selective pressures. Pyrethroids, organophosphates and other biological toxins have been 
used against mosquitos in Florida in order to control Ae. aegypti populations, however, the exposure of insecticides is 
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not evenly distributed through every county. Every county has its own regulation and until now, interest in regulating 
pesticide use in Florida is impeded by the desire for a local jurisdiction. Ae. aegypti populations may be influenced by 
the exposure to different volumes and types of insecticide use, and so genetic diversity may exist in target populations. 
With the availability of the new AaegL5 genome and the high-resolution genetic variance it comprises not seen 
in previous genomes released, next-generation sequencing (NGS) can be used to determine the structure of the 
different populations in Florida. Currently, only low levels of genetic variability have been observed throughout South 
Florida. However, the availability of genome-wide analysis as a potent tool may reveal different levels of gene flow 
and variability. Landscape ecology and other environmental factors and population characteristics will be observed 
alongside vector genetic diversity through the generation of a geographical map of Ae. aegypti relationships using 
a geographic information system (ArcGIS) with Google Earth georeferencing. We also want to collect information 
on any variance detected having to do with population dynamics in introduction history, expansions, and insecticide 
resistance in multiple populations across Miami-Dade. The analyses made may help us predict invasion pathways 
through rate and range of migration in association to fine-scale genetic relationships and environmental factors.

Innovative Techniques
P-40 Using Computer Vision to Count Aedes aegypti Eggs with a Smartphone 

Gabriel Krieshok, Gabriel_Krieshok@abtassoc.com, Carolina Torres Gutierrez 

The Zika AIRS Project (ZAP), a USAID-funded initiative, worked across the Latin America and Caribbean regions to 
support governments to plan and implement vector control activities and conduct entomological monitoring to 
reduce the spread of Zika and other arboviruses. A critical element of ZAP was to maintain consistent surveillance 
of Aedes aegypti populations. Collecting and counting mosquito eggs are essential when conducting surveillance of 
Ae. aegypti populations. When mosquito surveillance is conducted as a regular activity by public health programs, 
the labor of counting eggs is generally done using a magnifying glass, and in some cases, an stereoscope. Tracking 
numbers of mosquito eggs is useful when this surveillance is applied in a large scale, including hundreds of houses as 
sampling units. In this way, health authorities attempt to capture a more realistic picture of the actual distribution of 
the mosquitoes in any municipality under risk of arbovirus transmission. However, when egg counting is attempted 
through manual labor, it is eye-straining, time-consuming and prone to errors. The objective of this initiative was to 
create a simple and free tool to track Ae. aegypti mosquitoes through ovitrap surveillance. We created an accessible, 
and free smart phone application that can be used to conduct fast and accurate egg counts of Ae. aegypti mosquitoes. 
The application can be used with no internet connectivity, in any type of smart phone, iOS or Android or even desktop 
web browsers. The comparison between human counts vs. machine counts had no significant difference. Our ultimate 
goal is to support global health teams to solve a problem that could improve the quality of mosquito surveillance in 
regions of the world where Ae. aegypti is widely abundant and tropical diseases such as dengue, Zika and chikungunya 
represent a serious burden for the local communities and health authorities.

Larval Control
P-41 Prioritizing door-to-door yard inspections based on prior breeding status to control  

Aedes aegypti 
Crystal Grippin, clgrippin@deltavcd.com, Jesse Erandio, Mark Nakata, Mir Bear-Johnson

The American Mosquito Control Association lists source reduction as “the single most effective means of vector 
control”, which for Aedes aegypti, means labor intensive door-to-door inspections in infested areas. Nearly all 
mosquito control programs lack the man-power or resources to inspect every property. As such, programs must 
prioritize control efforts by inspecting properties that are most likely to be breeding in order to have the largest 
impact on mosquito abundance. This evaluation aims to determine if households with a prior history of breeding Ae. 
aegypti increases the chance of that household breeding in future mosquito seasons. From 2017 to 2019, Delta Vector 
Control District recorded the breeding status of households that were inspected for Ae. aegypti. Of the properties 
inspected during multiple mosquito seasons, households with a history of breeding Ae. aegypti were more likely to be 
found breeding again in future seasons. This was despite receiving education during inspections on how to fix sources 
and reduce the risk of breeding. Households that were not breeding in previous years were less likely to begin breeding 
in later years. With limited resources, door-to-door yard inspections for Ae. aegypti should focus on properties with a 
prior or unknown history of breeding to maximize control efforts.
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P-42 Cemetery vector control: key in the implementation of larviciding in cemeteries  
breathing sites. 
Jose C Sanchez, jsanchez@prvectorcontrol.org, Nicole Nazario, Grayson Brown,  
Marianyoly Ortiz, Lucy Crespo 

The Puerto Rico Vector Control Unit (PRVCU) is an initiative of the private non-profit organization the Puerto Rico 
Science, Technology, and Research Trust. The PRVCU was established to leverage Puerto Rico’s capacity to control the 
Aedes aegypti mosquito, the vector for the diseases zika, chikungunya, and dengue in Puerto Rico. The PRVCU focuses 
on strengthening the capacity for vector control in Puerto Rico as well as implementing vector surveillance, creating 
innovative information systems, carrying out vector control operations, and boosting community engagement 
through citizen mobilization and education programs. The PRVCU has a Field Team division within its organizational 
structure that is developing strategies to reduce the number of mosquito breeding sites. With the implementation 
of a surveillance around different areas in Puerto Rico we can gather the mosquito populated areas around the 
island. During this surveillance we encounter a large number of Aedes aegypti in the traps that were placed inside the 
cemeteries, giving consideration of the large amounts found of breathing sites we started a program of larviciding 
the cemeteries on a weekly basis with Vectobac WDG with backpack sprayers. With this practice we can lower the 
mosquito population inside the cemeteries that are near urban areas and can affect the communities near this 
cemeteries in case of a virus spreading to this dense mosquito and human populated areas. The outcome will serve 
as guidance for stakeholders and municipalities of Puerto Rico, reinforcing the need of implementing integrated 
strategies for the control of Aedes aegypti especially in cemeteries.

P-43 Characterization and efficacy of VectoBac® WDG against Aedes aegypti utilizing  
Unmanned Aerial Systems 
Keira J Lucas, klucas@cmcd.org, Peter Brake, Sara Grant, Leanne Lake, Rachel Bales,  
Richard Ryan, Nate Phillips 

Application of Bacillus thuringiensis israelensis (Bti)-based liquid larvicide for the control of container inhabiting 
mosquito species, such as Aedes aegypti, is typically performed through the use of ground sprayers, truck-mounted 
mist systems or fixed and rotary-wing aerial applications. Recently, Unmanned Aerial Systems (UAS) have provided a 
new avenue for control material applications. Here we report the characterization and efficacy of WALS™ applications 
of Vectobac® WDG (Bti strain AM65Ò52; Valent Biosciences) using UAS technology. Collier Mosquito Control District’s 
(CMCD) PrecisionVision 13 UAS was outfitted with the PrecisionVision Liquid Application System (Leading Edge) using 
four flat-fan TeeJet nozzles capable of producing fine/extra fine droplets for WALS™ applications of Vectobac® WDG 
at a rate of 0.5 lbs/acre. While average droplet size was slightly larger than desired for WALS™ applications, we have 
achieved nearly 100% efficacy within a 30-40 ft swath. Furthermore, field testing has signified proper delivery of the 
control material to containers and other cryptic habitats at the desired application rate within the treatment block, 
resulting in the reduction of container inhabiting mosquito larvae.

P-44 Multicentric evaluation of Sumilarv 2MR in semi-field for Aedes aegypti control 
Josiane Nogueira Müller, jnmuller@outlook.com, Allan Kardec Ribeiro Galardo, Maria de  
Lourdes da Graça Macoris, Maria Alice Varjal Melo Santos, Ana Paula Sales de Andrade  
Corrêa, José Bento Pereira Lima 

The susceptibility status of an insect population to any larvicide is dependent of genetic constitution, environmental 
conditions, among other factors. Aedes aegypti is a known vector of several viral diseases including Zika, Dengue, and 
Chikungunya. With outbreaks of mosquito-transmitted diseases in Brazil, susceptibility tests of vectors in different 
environments is needed. Sustained mosquito control efforts are important to prevent diseases considering the impact 
of environmental factors, such as temperature, for an effective prevention and control of the vector. The aim of this 
study was to evaluate Sumilarv 2MR in four Brazilian states considering the different climate conditions. Sumilarv 
is a resin-based long-lasting larvicide for water container breeding mosquitoes. Semi-field tests were conducted in 
Sao Paulo and Pernambuco in water containers of 100 liters; in Rio de Janeiro and Amapá the product was tested 
in 250, 500 and 1000 liters containers in concentrations (0,04mg/L, 0,08mg/L, and 0,16mg/L); for all tests the water 
was replaced 3 times a week. The mosquito larvae were exposed to water containers with and without larvicide 
concentration; to assess persistence, 50 third instar larvae of Ae. aegypti were collected in the corresponding states 
and bioassays were performed every 15 days to evaluate the inhibition rate. In Sao Paulo, the inhibition rate was 420 
days with water temperature less than 25°C; the state of Pernambuco showed an inhibition rate of 300 to 420 days 
with water temperature above 25°C.  Rio de Janeiro and Amapa both presented a 420 days inhibition rate, with water 
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temperature between 25 and 35°C. The Sumilarv 2MR presented a long residual effect, however, the influence of 
temperature in smaller containers could have influenced its residuality in Pernambuco. Considering that this study was 
conducted in three critical regions in the national territory, this new formulation has great potential for improving Ae. 
aegypti control in Brazil.

Latin American
P-45 Mechanisms associated with pyrethroid resistance in populations of Aedes aegypti  

(Diptera: Culicidae) along the Caribbean coast of Colombia 
 Paula Pareja Loaiza, pareja.paula@unisimonbolivar.edu.co, Liliana Santacoloma Varon,  

Gabriela Rey Vega, Doris Gomez Camargo, Ronald Maestre Serrano, Audrey Lenhart 

Aedes aegypti is the main vector of dengue, chikungunya, and Zika viruses, which are of great public health importance 
in Colombia. Aedes control strategies in Colombia rely heavily on the use of organophosphate and pyrethroid 
insecticides, providing constant selection pressure and the emergence of resistant populations. In recent years, 
insecticide selection pressure has increased due to the increased incidence of dengue and recent introductions of 
chikungunya and Zika.

In the present study, pyrethroid resistance was studied across six populations of Ae. aegypti along the Caribbean coast 
of Colombia. Susceptibility to  -cyhalothrin, deltamethrin, and permethrin was assessed, and resistance intensity was 
determined using WHO and CDC methodologies. Activity levels of enzymes associated with resistance were measured, 
and the frequencies of three kdr alleles (V1016I, F1534C, V410L) were calculated. Results showed variations in the 
susceptibility status of Ae. aegypti to the evaluated pyrethroids across populations and altered enzyme activity levels 
were detected. The kdr alleles were detected in all populations, with high variations in frequencies: V1016I (frequency 
ranging from 0.15–0.70), F1534C (range 0.94–1.00), and V410L (range 0.05–0.72). In assays of phenotyped individuals, 
associations were observed between the presence of V1016I, F1534C, and V410L alleles and resistance to the evaluated 
pyrethroids, as well as between the VI1016/CC1534/VL410 tri-locus genotype and  -cyhalothrin and permethrin 
resistance. The results of the present study contribute to the knowledge of the mechanisms underlying the resistance 
to key pyrethroids used to control Ae. aegypti along the Caribbean coast of Colombia.

P-46 Susceptibility to pyrethroids and kdr mutation L1014F in populations of Culex  
quinquefasciatus in Colombia 
Ronald Maestre Serrano, rmaestre22@gmail.com, Juan Lara Cobos, Doris Gómez Camargo,  
Gustavo Ponce Garcia, Paula Pareja Loaiza, Adriana E. Flores 

We evaluated the status of susceptibility to pyrethroids in two populations of Culex quinquefasciatus in the 
department of Atlantico (Colombia) and its possible mechanism of resistance (kdr mutation).

Bioassays were performed for permethrin, deltamethrin, and  -cyhalothrin in Cx. quinquefasciatus, according to 
the CDC methodology. The resistance ratios were determined to KC50 and LC50 for each insecticide in the field 
populations and the susceptible strain Cartagena. The kdr mutation L1014F was identified in the para gene for the 
voltage-dependent sodium channel and its allelic and genotypic frequency.

Moderate knock-down resistance to permethrin was observed in the populations of Puerto Colombia (RRKC50: 
5x) and Soledad (RRKC50:7x), low resistance to deltamethrin in both populations (RRKC50: 4,6x y 1,9x), while for  
-cyhalothrin moderate resistance was observed in Puerto Colombia (RRKC50: 5x) and low in Soledad (RRKC50: 3,8x). 
In relation to permethrin, low resistance at 24 hours post-exposure was observed in Cx. quinquefasciatus from Puerto 
Colombia (RRLC50: 3,9x) and moderate in Soledad (RRLC50: 7,6x); moderate resistance for deltamethrin in Puerto 
Colombia (RRLC50: 5,1x) and low in Soledad (RRLC50: 4,5x); in relation to  -cyhalothrin, low resistance was observed in 
Puerto Colombia (RRLC50: 3,6x) and moderate resistance in Soledad (RRLC50: 5,2x).

With respect to the L1014F mutation, allelic frequencies of 0.28 were determined for Cx. quinquefasciatus from Puerto 
Colombia and 0.38 for Soledad.

Variability in the status of susceptibility in the populations of Cx. quinquefasciatus evaluated was found. We also  
report for the first time for Colombia the kdr mutation L1014F as a possible mechanism of resistance to pyrethroid in 
this species.
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P-47 Population genetics of the malaria vector Anopheles cruzii (Diptera: Culicidae) in  
areas with different levels of anthropogenic modifications 
Laura C. Multini, multini.laura@gmail.com, Ana L.S. Souza, André B. B. Wilke,  
Mauro T. Marrelli 

Anopheles cruzii is a neotropical mosquito and the main vector of both simian and human malaria in the Atlantic 
Forest biome. The Atlantic Forest has been undergoing an intense process of fragmentation and deforestation due 
to anthropogenic interference. Due to An. cruzii close relation with the Atlantic Forest environment and for having 
an acrodendrophilous behavior (i.e., preference for inhabiting forest canopies), this mosquito ecology and phenotype 
are believed to be affected by the fragmentation of this biome. We hypothesized that anthropogenic alterations in the 
environment are an important driver for the genetic structure and diversity of An. cruzii. Five different hypotheses 
using both a cross-sectional and longitudinal design were tested to assess the processes driving An. cruzii populations 
from areas with distinct levels of anthropogenic modifications. We used SNPs to assess the microgeographical genetic 
structure of An. cruzii populations from Natural, Suburban/Rural, and Urban areas in a malaria hypo-endemic region 
in the city of São Paulo, Brazil. After filtering and removal of outlier loci, 1,235 SNPs were considered independent and 
neutral, and therefore, suitable to perform the analyses. Global population structure estimates, principal component 
analysis, and Bayesian analysis showed an overall weak genetic structure and lack of diversity among populations. 
There was significant genetic structure between ground level and tree canopies populations from the Urban area, 
with the population from ground level showing higher levels of genetic diversity. Indicating that anthropogenic 
modifications leading to habitat fragmentation could be driving the vertical dispersion of An. cruzii and maintaining 
genetic diversity and structure in populations from ground level.

P-48 Mosquito control with parasitic nematodes Romanomermis iyengari and  
Strelkovimermis spiculatus in water of breeding sites of mosquito larvae 

 Noemi Juarez-Perez, chemistry_noemi@hotmail.com, Rafael Perez-Pacheco,  
Nadia Angeles-Valencia, Rafael Perez-Pacheco 

The mosquitoes are important vectors of Dengue, Malaria, Chikungunya and Zika virus. An alternative to mosquito 
control is the biological control with parasitic nematodes. The objective of this research was to determine the 
potential parasitic of nematodes Strelkovimermis spiculatus and Romanomermis iyengari in mosquito larvae of Culex 
quinquefaciatus with  in four different types of water, three types water of breeding sites of mosquito larvae (water 
stored in storage tank, water breeding sites of mojarras, water artificial lagoon and distilled water as a control). 
Three doses of nematodes (3:1, 5:1 and 10:1 nematodes for larvae) were evaluated, comparing the two nematode 
species. Three days after infestation a sample of 20 larvae was taken; each experimental unit (100 mosquito larvae), 
to determinate the number of nematodes to emerged of each mosquito larvae (Mean infestation). The three 
doses of parasitic nematodes caused 100% of infestation, with dose de10 nematodes / larva. R. iyengari caused a 
MI of 8.18 (nem/larvae) and S. spiculatus a MI 4.55 (nem/larvae). R. iyengari, caused the highest MI in distilled water 
(control), water storage, pond water and water from the artificial lake,  with values of 8.73, 8.63, 8.13 nematodes / larva 
respectively. S. spiculatus caused the highest MI in distilled water with a value of 5.48 nematodes / larva of mosquito 
and water mojarras pond, water storage tank and pond water from the artificial lake near the river Atoyac, Oaxaca 
Mexico with MI 4.48, 4.31, and 3.95 nematodes / mosquito larvae respectively

Management
P-49 Surveillance and management of Mansonia in power plant area 

José Bento P Lima, jbento@ioc.fiocruz.br, Allan KR Galardo, Nercy VR Furtado, Noel F  
 Santos Neto, Jéssica Fernanda S Barroso, Dario P Carvalho, Kaio N Ribeiro, Cynara M Rodovalho 

In large areas of water damming for electricity production, mosquitoes, especially Mansonia, have been reported 
causing bite problems to the human population due to overgrowth. In the area of Santo Antônio Energia Hydroelectric 
Power Plant (SAE) in Porto Velho, Brazil, mosquito infestation is already a problem for the surrounding population. 
Thus, the monitoring and evaluation of different methods and strategies for Mansonia control, seeking the definition 
of actions that can be promptly applied, are necessary. Adult collection was carried out at eight points, from 
September 2018 to June 2019. More than 25,000 Mansonia mosquitoes were captured and May was the month 
with the largest number of individuals (8,293), more than twice as many as September, the second month with the 
largest number of mosquitoes collected. Mansonia specimens were collected at all points, representing six species. 
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The highest abundance was found for Mansonia humeralis, with almost 50% of the specimens collected, followed 
by Mansonia wilsoni (18.79%). Larval research was conducted at 13 points in March and June 2019. Macrophyte 
communities formed by different combinations of the dominant genera Pistia, Salvinia and Eichhornia were 
recorded. Associated to these plants, five genera of culicidae were observed, with the largest numbers of Mansonia 
(67.6%), followed by Aedeomyia squamipennis (28.2%). Five insecticides were tested in the laboratory to assess 
their effectiveness in controlling Mansonia adults using the WHO tube methodology. Permethrin and malathion had 
mortality higher than 98% after 24 h of exposure, being the most suitable for field use. The next steps will be field and 
semi-field experiments with larvicides (Bacillus thuringiensis) and adulticides. The obtained results will be important 
for tool selection and strategy definitions in order to control Mansonia at SAE area.

P-50 Using a spatially explicit mosquito population model to assess mosquito-borne risk  
in the US Southern High Plains 
Daniel Eugene Dawson, daniel.dawson1081@gmail.com, Chris J. Salice, Lucas Heintzman 

Mosquitoes have a complex ecology that make predicting and controlling their populations at landscape scales 
challenging. In particular, the aquatic larval and highly mobile terrestrial adult phases of mosquitoes utilize different 
habitats and are treated in different ways. In addition, mosquito populations respond dynamically to changes in 
weather, season, and habitat availability. Spatially explicit, mechanistic population models are a tool that can help 
mosquito control authorities by providing predictions of mosquito populations given habitat, weather, and treatment 
conditions. Further, by combining model predictions with information on the distribution of human population in 
space, a measure of spatially variable contact risk can made. We developed a spatially explicit population model 
for the western encephalitis mosquito, Culex tarsalis, that accounts for both aquatic and adult life phases. Using 
Lubbock County, TX, as a representative model landscape, we calibrated the model to reasonably replicate field-
collected surveillance data. We then ran the model under variable habitat, weather, and larvicide treatment scenarios 
to investigate how human contact risk is influenced by these factors. We demonstrate that this type of model is a 
potentially useful planning and risk-management tool for mosquito control.

P-51 Insecticide resistance evaluation of Culex quinquefasciatus in Jackson, MS 
 Milena C Guajardo, kri2@cdc.gov, Broox Boze, Kris New, Mariah “Cassie” L Scott,  
 Cara Nighohossian, Janet C McAllister 

Appropriate use of insecticides for vector management is vital to the prevention of vector-borne diseases. Misuse 
or overuse of insecticides can result in insecticide resistance, which is a threat to public health. In collaboration 
with Vector Disease Control International, bottle bioassays were performed on Culex quinquefasciatus mosquitoes 
collected as egg rafts from known larval production sites from four zones in Jackson, MS. The reared adult mosquitoes 
were evaluated to determine the presence of permethrin resistance since mosquito control in Jackson, MS utilizes 
a product in which the active ingredient is permethrin. Bottle bioassay results indicate phenotypic resistance to 
permethrin in all four zones tested from Jackson, MS. It is recommended that testing of additional insecticides be 
conducted to find a suitable alternative. Insecticide resistance surveillance is essential to guide future management 
strategies in Jackson, MS.

New Product Trials
P-52 Toxic effects of botanical extracts on adult and immature stages of Aedes aegypti  

and Culex pipiens mosquitoes 
Nicholas A Panella, nap4@cdc.gov, Dominic Rose 

Plant extracts, derived from north American botanical species, were evaluated in bioassays for their toxic effects on 
two medically important mosquito vectors. Cohorts of larvae and adults of Aedes aegypti and Culex pipiens were 
exposed to these phytochemicals in doses ranging from 0.002% to 2% (wt./vol.). Mortality was recorded at various 
time intervals over a 24 hour period and data was converted to lethal concentrations. Toxic effects included ataxia, 
morbidity and mortality. Lethal doses for the extracts varied by plant species, but several demonstrated high mortality 
and relatively low concentrations. In both stages and in both species of mosquitoes, the Incense cedar (Calocedrus 
decurrens) extract proved to be the most biologically active. Ae. aegypti larvae and adults were overall more 
susceptible to the extracts than Cx. pipiens although the difference was not significant. Plant based pesticides, which 
lower the risk of environmental contamination and adverse effects on non-target organisms, represent an alternative 
method to traditional mosquito control that relies on synthetic chemicals.
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Other
P-53 Performance of topical natural 25b exempt mosquito repellents in Florida and Mali,  

West Africa 
Gunter C. Muller, guntercmuller@hotmail.com, Mohamad M. Traore, Edita E. Revay,  
Amy Junnila, Aboubakr S. Kone, Rabiatou A. Diarra, Sekou F. Traore, Rui-de Xue 

There is an increasing awareness by consumers of the potential risks of mosquito vector born diseases. At the same 
time, there is a significantly growing demand for natural, chemical-free products. In the present study, we purchased 
a broad cross-section of available natural mosquito repellents in St. Augustine, Florida and in Bamako, Mali. The 
products included mosquito sprays, towelettes, repellent-patches and a vitamin B product. These were tested in both 
countries in the laboratory and the field, against three common local mosquito vectors (three genera), as well as: 
stable flies, horse flies, biting midges, filth flies and ticks. The trials were conducted according to published EPA test 
protocols and standards. The performance of the natural products was compared to a 25% DEET mosquito spray. 
The protection time of the tested natural products (95% repellency) varied greatly depending on the tested target 
organisms from 0 to 180 minutes. Materials and methods as well as results and discussion will be presented in detail 
on the poster.

P-54 Traditional and Novel Vector Projects in Texas Funded through the Centers for  
Disease Control 2017 Hurricane Crisis Cooperative Agreement 
Heather Marie Ward, Heather.Ward@dshs.texas.gov, Whitney A Qualls 

Hurricanes Harvey, Irma, and Maria in 2017 resulted in severe weather disasters throughout the Gulf Coast regions, 
Florida, and Puerto Rico causing a combined 265 billion dollars in damages, being three of the top six costliest 
hurricanes in history. In response, the United States Center for Disease Control activated its cooperative agreement 
to aid in response, recovery, preparation, mitigation, and other expenses related to these three hurricanes. Areas 
impacted by the three hurricanes were invited to apply for funds under the 2017 Hurricane Crisis Cooperative 
Agreement (Hurricane Crisis CoAg) to build capacity in several public health areas directly related to Harvey, Irma, 
and Maria. The Texas Department of State Health Services under the Hurricane Crisis CoAg received >$6,000,000 to 
use towards increasing capacity and to aid in recovery for vector control projects related to Hurricane Harvey. These 
funds have been used to increase state and local capacity. At the local level funds have been contracted to local health 
departments and mosquito control districts throughout jurisdictions impacted by Hurricane Harvey. This poster will 
introduce the work completed to date by the state and the twenty-eight contracts awarded. Local proposed projects, 
statuses, and challenges to date will also be shown for the Hurricane Harvey impacted jurisdictions in Texas that were 
awarded funds.

P-55 Efficacy of CDC bottle bioassay kits over time in insecticide resistance testing 
Cara Nighohossian, phi6@cdc.gov, Cassie Scott, Milena Guajardo, Janet McAllister 

Testing for insecticide resistance is integral for instituting appropriate insecticide application regimes. Bottle bioassay 
kits offer a quick and easy method for assessing insecticide resistance in mosquito populations. Upon request, CDC 
sends these bottle bioassay kits containing requested insecticides to mosquito control districts in the United States 
and its territories. In this study, we are determining the longevity of the kits to provide guidance for and ensure 
efficacy of the components used in insecticide resistance testing. The kits provided contain insecticides in sealed 
drams with the inert gas, argon. Once delivered, these insecticides are mixed with acetone to produce insecticide-
coated bottles for testing local mosquito populations. It was previously unknown how long the insecticides remained 
viable in each stage of this process. For this study, each available insecticide has been evaluated for longevity under 
five separate conditions: in the sealed drams that are sent to the districts (storage at room temperature and at 4°C), in 
the acetone mixtures that are prepared on site (storage at room temperature and at 4°C), and in the bottles that have 
been coated with the insecticide-acetone mixtures. This data is being used to establish guidelines for storage and use 
of materials in bottle bioassays.

114



P-56 Topical trials in St. Tammany, LA: the state of susceptibility toward pyrethroids and  
organophosphates 
Nicholas DeLisi, ndelisi@stpmad.org, Sydney Johnson, Lisa Rowley 

St. Tammany Parish, Louisiana, is home to >600 miles of sewage-contaminated roadside ditches. Culex 
quinquefasciatus, the primary vector of West Nile virus in Louisiana, makes extensive use of contaminated ditches for 
oviposition, and neighborhoods with polluted ditches produce thousands of adults daily in peak mosquito season. As 
a result, St. Tammany Mosquito Abatement (STPMAD) has used pyrethroid and organophosphate adulticides in the 
same problematic areas for decades. We evaluated the state of insecticide resistance within our parish using topical 
assays throughout 2019 to better understand resistance distribution and intensity, and inform operations.

Two- to seven-day-old adult Cx. quinquefasciatus from over a dozen sites were anesthetized and topically exposed 
to microscopic aliquots of resmethrin, phenothrin, or naled. Dose response curves were plotted with at least 
eight different insecticide doses causing between 1% and 99% mortality, and probit analysis produced an LD50 for 
comparison between wild and susceptible populations.

Results indicate resistance development toward all adulticides in use by STPMAD. The type I pyrethroids resmethrin 
(resistance ratio (RR) ±st.dev=103 ±33.8) and phenothrin (RR=68 ±24.8) had comparable resistance intensity. Naled 
resistance was lower (RR=20 ±4.5) but still statistically greater than a susceptible population (P<0.001). In response to 
these findings, STPMAD has begun investigating alternative adulticides for use in rotation and has adjusted thresholds 
required to trigger spray events. We will continue to monitor insecticide resistance in 2020 to determine the effect of 
operational interventions and maintain a database of resistance intensity.

P-57 Determining insecticide resistance levels and resistance mechanisms in populations  
of Culex tarsalis in San Joaquin County, California 
Sumiko De La Vega, sdelavega@sjmosquito.org, Bonnie Ryan, Shaoming Huang,  
Eddie Lucchesi, Tara Thiemann 

Culex tarsalis is one of the most common mosquito vector species of West Nile Virus (WNV) and other encephalitis 
viruses in the Western United States.  While insecticide resistance has been frequently documented in other mosquito 
species including the WNV vector, Culex pipiens, relatively little is known about the resistance status or resistance 
mechanisms of Cx. tarsalis.  In this study, populations of Cx. tarsalis from San Joaquin County, California were evaluated 
for pyrethroid and organophosphate resistance and tested for enzymatic and target-site resistance mechanisms.  All 
San Joaquin County Cx. tarsalis populations tested were susceptible to organophosphates.  Most populations exhibited 
pyrethroid resistance but the use of the synergist, piperonyl butoxide, improved pyrethroid efficacy against all tested 
populations.  The P450 oxidase family of enzymes as well as acetylcholinesterase was found to be elevated in some 
of the pyrethroid-resistant populations.  While acetylcholinesterase insensitivity was not detected in any populations, 
several kdr genotypes were identified in San Joaquin County Cx. tarsalis.

P-58 Yeast fermentation as a cost affordable CO2 source for BG-Sentinel traps 
Mark Nakata, mnakata@deltavcd.com, Crystal Grippin, Jesse Erandio, Mir Bear-Johnson 

Adult mosquito surveillance for invasive Aedes plays an essential role in allowing mosquito control programs to 
monitor populations, virus activity, and target control efforts. Carbon dioxide (CO2), an olfactory cue for host seeking 
mosquitoes, in the form of dry ice and compressed gas is widely used as an attractant for BG-Sentinel traps. Both dry 
ice and compressed gas have numerous challenges that affect surveillance efforts including: cost to implement on a 
large-scale, difficulty obtaining these forms of CO2 in remote areas, relying on supply stores that often have shortages, 
concerns regarding storage, and potential hazards when placed in public areas. This study evaluates CO2 produced 
from yeast fermentation as a more affordable, accessible, and safer option for capturing adult mosquitoes using 
BG-Sentinel traps in a large-scale invasive Aedes surveillance program. Adult mosquitoes were collected daily for six 
weeks using BG-Sentinel traps from three suburban locations with established Aedes aegypti populations. Each trap 
set contained a BG-Lure and rotated between a yeast fermentation mixture, dry ice, or no CO2 source. Traps baited 
with dry ice caught significantly more mosquitoes than yeast fermentation, while both dry ice and yeast fermentation 
caught significantly more mosquitoes than no CO2 source. Since 2018, Delta Vector Control District sets an average 
of 80 BG-Sentinel traps per week using yeast fermentation as the CO2 source, instead of dry ice, saving the district 
approximately $14,000 a year. This benefits the district by allowing more trap sets than originally budgeted to provide 
greater resolution when mapping surveillance information for more effective control practices.
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P-59 Local tick diversity and abundance on companion animals in Richmond County,  
Georgia 
Annie Rich Thompson, annie.thompson@dph.ga.gov, Tiffany Nguyen 

Despite the year-round high numbers of tick encounters experienced by humans and animals in Georgia, there is 
a lack of local data on tick species, abundance, and seasonality. In Richmond County, Georgia, Richmond County 
Mosquito Control (RCMC) has partnered with the Georgia Department of Agriculture and the Georgia Public Health 
Department to collect ticks from companion animals in the area and catalogue data from these collections. Here we 
share the process of putting together a local tick collection program working with veterinarians and animal shelters. 
Over the past year more than 60 ticks have been collected, identified, and catalogued. This data has confirmed that in 
Richmond county we have seasonality in our dominant tick species collected, and three species of ticks were the most 
commonly collected in within this year on companion animals.

P-60 Combating Zika and Future Threats: GO Mosquito Community Challenge Campaign 
Russanne D. Low, rusty_low@strategies.org, Theresa Schwerin, Renee Codsi 

This presentation describes a vector-borne disease risk reduction project conducted in Brazil and Peru as part of 
USAID’s Combating Zika and Future Threats Initiative. The myriad factors contributing to vector borne disease risk 
stem from interactions in a system that includes local ecology and environmental parameters, urbanization, access to 
health services, economic resources, human behavior, and the presence of disease vectors and pathogens.

The emergence of technologies such as smart phones, cloud-based data servers, and data visualization and analysis 
tools have fostered rapid growth in citizen science programs and tools. The phenomenon of citizen science is seen 
by many as an important sociocultural development that has the potential to democratize science. While a number 
of citizen science projects may be characterized as transdisciplinary research, in many cases stakeholder engagement 
is limited to participation in crowd-sourced data collection. In this project, the stakeholders- educators, students, 
community leaders and public health officials- all contributed to the project at levels of effort and in ways that were 
most meaningful for them.

A key innovation employed in this project was a mobile citizen science app that enabled stakeholders to locate, identify 
and mitigate mosquito breeding habitats. While there are many data collection apps that enable citizen scientists to 
report environmental observations for use by the science community, the NASA GLOBE Observer Mosquito Habitat 
Mapper also enables users to tally their efforts as they eliminate mosquito oviposition sites. This app capability 
supports municipalities keen on promoting behaviors that reduce the risk of vector-borne disease. We discuss the 
transdisciplinary approach employed through each phase of the project: ideation, realization, experimentation and 
evaluation, and how prioritizing local stakeholder knowledge and experience resulted in recommendations that will be 
used to improve a citizen science app that is employed internationally.

Systematics
P-61 State-level Mosquito Species Distributions and their Voucher Status in the NMNH  

Collection 
Alexander Potter, PotterA@si.edu, David B Pecor 

The United States National Mosquito Collection is housed within the Smithsonian Institution National Museum of 
Natural History (NMNH) and managed by the Walter Reed Biosystematics Unit (WRBU). It is the largest and most 
comprehensive mosquito collection in the World, comprising nearly 1.7 million specimens, preserved on insect 
pins, glass slides and in ethanol. The Collection serves many purposes, yet arguably one of the most important is to 
document current and historical species distributions with independently verifiable evidence. With recent outbreaks 
of vector-borne diseases in the United States, including west Nile, Zika and Eastern equine encephalitis, it is more 
important than ever to track species distributions for each US state. Here we report on an exhaustive literature 
search of all state-level mosquito distributions from 1900 to the present date. In addition, publicly available datasets 
such as VectorMap, the National Ecological Observation Network (NEON) and the Barcode of Life Database (BOLD) 
were also reviewed for state-level distributions. A recent effort to inventory all specimens reported from the US was 
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completed, providing the first complete account of all mosquito species collected in the US and deposited in the 
NMNH. A gap analysis was also completed to highlight which state-level mosquito distributions are not reflected in the 
USNM collection. It is critical to fill this gap to track changes in species distributions overtime, provide opportunities 
for mosquito identification training, and to lay the foundation for future work, including integrated taxonomy and 
genomics. Fundamentally, the NMNH collection ensures that scientific evidence of mosquito species distributions is 
reproducible by making voucher specimens publicly available. Here we not only present our findings but seek voucher 
specimen submissions from the American Mosquito Control Association (AMCA) community to fill this gap and to 
track mosquito species reported from each state on an annual basis.

P-01 Comparison of Mosquito Repellency Efficacy on Textiles Sprayed with DEET  
and Permethrin 
Manni Mo, manni.mo@asu.edu, Songying Mo 

N,N-Diethyl-meta-toluamide (DEET) and Permethrin are the most common active ingredients in mosquito repellents.  
They are commonly sprayed on textiles and clothing to repel insects, specifically, mosquito, in order to avoid the 
vector-borne diseases spreading through community.  In this article, we first identified the chemical structures, 
composition and characteristic of DEET and Permethrin. We then conducted experiments and tests to evaluate the 
functionality of each ingredients. We also compared the anti-mosquito efficacy of the textiles and clothing sprayed 
with DEET and Permethrin; the government restriction of application of these pesticides to textiles and clothing due 
to their toxicity level and impact to human body; and any damages to textile and clothing materials.

P-02 Monitoring insecticide resistance patterns of Aedes aegypi and Aedes albopictus  
in Texas 
Thalia Rios, thalia.rios02@utrgv.edu, Christopher Vitek 

Monitoring insecticides resistance is a major concern in the effort in controlling vectors and vector-borne diseases. 
In many counties in Texas, insecticide resistance is not actively monitored. We initiated a study to assess the 
insecticide resistance patterns of Aedes aegypti and Aedes albopictus in Texas. Ten counties were recruited based 
on the following criteria: a) little to no insecticide resistance data exists, b) presence/absence of data based on the 
Texas Stegomyia project, c) willingness to participate. Participating counties were sent 20-60 oviposition cups and 
germination paper to collect eggs, with instruction for collection and returning field collections. Eggs received by 
our lab were then counted, hatched, identified, and the adult females were tested for insecticide resistance using 
the CDC Bottle Bioassay. Preliminary results suggest resistance to malathion and permethrin in Aedes aegypti, while 
Aedes albopictus showed susceptibility of permethrin. Updated results will be discussed. These data will be useful for 
determining the efficacy of control efforts and future efforts to monitor insecticide resistance.

P-03 Ultra-smooth and hydrophobic surface coating for disrupting the landing of mosquito 
 Chang-Ho Choi, ch_choi@gnu.ac.kr, Dong Gun Kim 

Mosquito is the most important taxon which affects human health and most prolific invasive species contributing to 
the spread of endemic or exotic diseases. To prevent infections by mosquitos, many mosquito control methods have 
been proposed based on the physical, chemical, and biological mechanisms. Here, an ultra-smooth and hydrophobic 
surface coating is introduced on the substrate to disrupt the landing of mosquito. The coating is developed 
by spraying hydrophobic silica nanoparticles (NPs) onto the substrate. The silica NPs could be functionalized 
hydrophobically by immobilizing silane-coupling agents on the surface of the silica NPs. Coating the hydrophobic silica 
NPs on the substrate gives rise to the fabrication of an ultra-smooth and hydrophobic surface, which would disrupt 
the landing of mosquito, and eventually prevent the breeding of mosquito.

P-04 Screening for insecticide resistance in Aedes sp. and Culex sp. across Central Iowa 
Samuel James Andrews, sandrews@iastate.edu, Caleb L Corona, Joel Coats 

With the increased prevalence of diseases such as West Nile virus, La Crosse encephalitis virus, Eastern Equine 
Encephalitis and Saint Louis encephalitis virus in Iowa and other Midwestern states, it has become increasingly 
important to monitor and control mosquito populations. Insecticides are integral to the control of mosquito 
populations in Iowa, but it is currently unknown whether Central Iowa populations have developed resistance 
to common commercial insecticides such as pyrethroids or organophosphates. To screen for the presence of 
resistance, populations of mosquito larvae were collected from various locations across Central Iowa. Using the 
CDC bottle bioassay, our team screened adult Aedes sp. and Culex sp. mosquitoes against representative pyrethroid 
and organophosphate insecticides. Results from these assays can be taken into account in order to choose the best 
mosquito control strategies.
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P-05 Deploying biorational products as components of mosquito bait strategies 
Caleb L. Corona, clcorona@iastate.edu, James S. Klimavicz, Joel R. Coats 

Attractive toxic sugar baits (ATSB) have been developed to control adult mosquito populations by giving presenting 
a sugar source which has paired with an insecticide. This method is commonly deployed in the form of an aqueous 
solution. This deployment method presents problems for more hydrophobic compounds. Our lab has shown that 
when mixed with solid sucrose biorational compounds are capable of controlling mosquito populations.

P-06 Study on mosquito control using integrated mosquito management (IMM) in Ansan,  
South Korea 
Sumi Na, fau_chon_@naver.com, Jiseon Doh, Jae Seung Yoo, Myoung-ae Yi, Yeon Jae Bae,  
Hoonbok Yi 

This study was conducted in Ansan city auto camping area of South Korea from 2017 to 2019 to create the effective 
mosquito population reduction in this area. For the study, we applied the integrated mosquito management (IMM). 
For the biological control, we used the larvae of Hydrochara affinis, which eats on mosquito larvae. As for the chemical 
control, B.t.i was used, and water draining and installing mesh nets in sewers were physical control. To control and 
monitor mosquito population, DMS (digital mosquito monitoring system) and MOS-HOLE PRO, which uses carbon 
dioxide to attract mosquitoes, were used. 5 DMS were installed to monitor mosquito population. Also, to study for the 
mosquito free zone, we installed 26 MOS-HOLE PRO additionally. It consequently caused a considerable decrease in 
mosquito population. The mosquito free zone concept study was implemented for a month in July, 2018. As a result, 
the daily mosquito population captured had decreased, which was statistically significant. In conclusion, we found 
that the number of mosquitoes in the mosquito free zone study was significantly lower than that of the control area. 
During the research period, we also conducted a survey, subjected to citizens and most of them responded that the 
number of mosquito bites have reduced. Our research is expected to serve as the basis for a strategy for effective 
mosquito population reduction.

P-07 An assessment of a lethal ovitrap’s efficacy for time-mortality in a zone of high  
probability concerning populations of Aedes albopictus (Skuse, 1895) 
Michael T Riles, michael.riles@comcast.net, James Clauson, Katlyn Cullen, Mark Clifton 

A series of experiments were performed in the years spanning 2014-2017 in Panama City Beach, FL concerning the 
Springstar Trap N Kill lethal ovitrap Observations will show that the initial claim of the manufacturer of a 45-day 
interval efficacy for time-mortality concerning container inhabiting mosquitoes is not efficient. 30-day intervals in 
these experiments characterize a more conclusive time frame when placing these lethal ovitraps in zones of high 
probability for Aedes container mosquitoes.  The presence of mosquito larvae is clearly shown to not occur through 
the 30-day interval even after observed egg deposition hatching behavior. The presence of larval activity occurs 
after the suggested 30-day time frame within these experiments.  The population dynamics of Aedes albopictus as 
measured and observed through Biogents Sentinel 2 surveillance traps in both control and treatment zones are also 
discussed.

P-08 Study on current status of mosquitoes in Sejong, South Korea using mosquito trap 
Jiseon Doh, doraji02@swu.ac.kr, Sumi Na, Myoung-ae Yi, Young-Cheol Yang, Jae Seung Yoo,  

 Hoonbok Yi 

Insect-borne diseases are increasing due to global warming via climate change. In particular, the increasing number 
of domestic and international population flow and patients with mosquito-borne diseases are raising the awareness 
of infectious diseases from abroad. Therefore, Sejong City of South Korea tried to establish the prevention system 
by identifying the occurrence of mosquitoes to prevent the mosquito-borne infection. The purpose of this study is 
to identify the number of mosquitoes in Sejong City. Mosquito population data was accummulated by investigating 
both the larval and adult mosquito simultaneously in each eup, myeon, dong once a week from August 2019 to mid-
October. DMS, MOS-HOLE PRO, and black hole was used for the adult mosquito investigation, and dipper was used 
for the larvae investigation. For the adult mosquito, 2-3 traps were installed in each eup, myeon, dong, and a total of 
27 traps, in which 2 DMS, 15 MOS-HOLE PRO and 10 black hole trap, was used. As for the larvae investigation, 1-3 sites 
were investigated in total of 30 sites. As a conclusion, we were able to identify the mass mosquito habitat of Sejong 
and the population patterns of summer and autumn. As a result of comparing the number of mosquitoes in the old 
town and new town, it turned out that there were more than twice as many mosquitoes in the old town. This was 
found to be the difference between land use and waterway development in new and old towns. We expect that this 
study can be used as a basic data for establishing a long-term control system and evaluation of the implementation of 
the quarantine system.
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P-09 Logistics of a 2,000 trap mosquito surveillance program 
Nicole Nazario, nnazario@prvectorcontrol.org, Jose Sanchez, Pablo Rios, Cesar Piovanetti,  
Marianyoly Ortiz, Grayson Brown, Lucy Crespo 

The Puerto Rico Vector Control Unit (PRVCU) was established to implement an integrated vector management 
strategy for Aedes aegypti in Puerto Rico. To date, the PRVCU has established a surveillance program in the principal 
population centers of Puerto Rico (6 municipalities and 73 surveillance zones). This program currently deploys 2,000 
Autocidal Gravid Ovitraps (AGO) which are serviced weekly. Such a large number of traps requires an industrialized 
process to keep track of the traps, maintain a chain of custody, and process the trap data in near real time so as to 
support decision making. The key to the program has been custom built software and tracking system that maintains 
a complete record of the status of each individual trap at all times. Having a unique mosquito surveillance system 
like this has been key to demonstrate the importance of mosquito control programs in arbovirus endemic areas to 
stakeholders and public health agencies.

P-10 Does temperature influence mosquito susceptibility to insecticides 
Ludmila Adobea Akyea, ludaa1123@hotmail.com, Christopher Vitek 

Insecticide resistance is a major concern when it comes to controlling mosquito population, and by extension, 
controlling mosquito-borne diseases.  Increased use of insecticides has also corresponded with the increase 
of resistance alleles in mosquito populations. In addition, unexplored environmental factors may also influence 
resistance of mosquitoes. One such environmental characteristic, temperature, may change the insecticide resistance 
in mosquitoes. We examined this topic using Aedes aegypti from South Texas. We hypothesized that increased 
temperature adds greater physiological stress, resulting in increased susceptibility of mosquitoes to insecticides. In 
addition, we hypothesized that longer exposure (such as during the larval stage) will further increase susceptibility 
compared to being maintained at different temperature regimes as adults only. We tested susceptibility of Ae. aegypti 
to permethrin and deltamethrin by rearing larvae and keeping adult populations at temperatures 26oC, 30oC and 
36oC.  We examined the insecticide resistance using the CDC Bottle Bioassay.  The potential of temperature to 
influence the efficacy of mosquito control through the change in insect susceptibility is discussed.

P-11 The Protective Power of Nootkatone 
Jean Amick, jeana@evolva.com, Giovanni Salerno 

Nootkatone is a naturally-occurring sesquiterpene found in the heartwood of Alaskan yellow cedar trees and 
grapefruit rind.  Sesquiterpenes, with their natural chemical properties help protect plants from insects and disease.  
Despite their importance in products from flavors and fragrances to insect repellents and biopesticides, they remain 
cost prohibitive and supply constrained. Evolva holds a strong competitive advantage for production of highly pure, 
renewable, nootkatone. Evolva’s patented technology alleviates the need to harvest from scarce natural resources or 
costly extraction processes and enables commercial alternatives to meet growing demand for more effective nature-
identical pesticide product.

The US Centers for Disease Control (CDC) has demonstrated that nootkatone, as an active ingredient, is highly 
effective at repelling and controlling the ticks that transmit Lyme disease and a variety of other nuisance pests.

In recent years, the spread of mosquito-borne diseases such as Zika has prompted further testing of nootkatone for 
public health initiatives.  Evolva is the recipient of a CDC funded grant to develop NootkaShield™ nootkatone based 
end-user products against select mosquito-borne diseases like Zika. This award has been funded in whole with Federal 
funds from the Center for Disease Control and Prevention, and managed by the Office of the Assistant Secretary for 
Preparedness and Response (ASPR), Biomedical Advanced Research and Development Authority (BARDA), under 
Contract No. HHSO100201700015C.

Evolva and partners have undertaken efforts on two fronts: (1) understanding the range of insect targets and potential 
related applications and (2) enhancing the potential use of nootkatone by reduction of the cost of goods sold 
(COGS) and by exploring formulations that can improve efficacy. Evolva’s efforts to advance the commercialization 
of nootkatone from EPA registration efforts to formulation efforts have positioned Evolva as a leader in providing a 
critical Manufacturing Product to address various public health concerns.
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P-12 Using annual pesticide resistance testing results of the mosquito vectors Aedes  
albopictus and Culex pipiens to guide the procurement and application of adulticides  

 in Suffolk, VA. 
Charles F Abadam, cabadam@suffolkva.us 

Suffolk, VA mosquito control began testing adult mosquitoes for pesticide resistance in 2018 and it is now integrated 
into their seasonal operations. Testing is concentrated on Aedes albopictus and Culex pipiens against the active 
ingredients: sumithrin, prallethrin, and permethrin. In 2018, it was found that Cx. pipiens populations were resistant to 
all three active ingredients and Ae. albopictus was susceptible to all three active ingredients. These results informed 
our program to re-evaluate our adulticide inventory and find a replacement adulticide with an active ingredient that 
was effective against Cx. pipiens. Late in 2018, Cx. pipiens was tested against the active ingredients: chlorpyrifos, 
deltamethrin, etofenprox, malathion, and naled. This testing revealed that Cx. pipiens was resistant to chlorpyrifos, 
deltamethrin, etofenprox, and malathion but susceptible to naled. Although naled seemed like a viable option, the 
hazards it poses to human health and recommendations from professionals and vendors persuaded Suffolk against 
spraying it from a truck mounted ULV machine. Pesticide resistance testing was not presenting a viable replacement 
adulticide to deal with Cx. pipiens. Suffolk had two options: 1) Halt adulticide sprays for Cx. pipiens altogether in order 
to allow pesticide susceptibility to come back naturally to the species 2) In times of need have an adulticide on hand 
that Cx. pipiens is least resistant to among those tested. Prior to the 2019 mosquito season Suffolk had a plan for 
Cx. pipiens, a decision was made to halt adult spray operations for the species and handle it solely with larvacides 
also a chlorpyrifos based pesticide was purchased to deal with Cx. pipiens if disease transmission became a problem. 
This plan was fortuitous because in 2019 pesticide resistance testing revealed that Cx. pipiens was susceptible to 
chlorpyrifos, WNV positive Cx. pipiens was low, and focusing on larvaciding habitats of this species was beneficial.

P-13 Geospatial Response Identification System (GRIdS): Developing a Risk-Based Driven  
West Nile Virus Response Grid System using ArcGIS Hot-Spot Analysis 
Kiet Nguyen, knguyen@ocvector.org, Tim Morgan, Amber Semrow, Laura Krueger,  
Sokanary Sun, Robert Cummings 

Following Orange County’s worst West Nile virus (WNV) epidemic in 2014, Orange County Mosquito and Vector 
Control District (OCMVCD) has taken steps to increase early detection of focused WNV virus activity and decrease 
control response time. In 2019, OCMVCD implemented a Geospatial Response Identification System (GRIdS) derived 
from 15 years (2004 – 2018) of location data for WNV human cases and virus positive dead birds. OCMVCD used 
this information to construct a hot-spot analysis to spatially identify three County regions based on WNV risk: high, 
medium, and low, with a goal of distributing surveillance resources more efficiently. Each area was divided into blocks 
(one gravid trap per block) with dimensions set to accommodate OCMVCD’s ground based adulticiding resources. 
Each block was further divided into smaller cells to delineate sections for additional weekly mosquito sampling that 
was activated upon an initial WNV detection. The area with the highest density of WNV activity, based on human cases 
and dead birds, was assigned a tighter surveillance grid compared to the medium and low risk areas. Within each risk 
area, the blocks established a standard unit for calculating infection rates based on routine and extended trapping 
efforts. During 2019, the grid system proved to enhance the communication of risk to constituents and stakeholders 
at a neighborhood level. The grid system and surveillance plan further strengthened inter- and intra-agency 
communication allowing for a more rapid control response.

P-14 Comparative field evaluation of the CDC light traps baited with different colored  
lights and attractants for collecting Phlebotomine sand flies (Diptera: Psychodidae)  
in Thailand. 
Nattaphol Pathawong, nattapholp@afrims.org, Thanyalak Fansiri, Arissara Pongsiri, Silas A 

Davidson, Alongkot Ponlawat 

Sand flies (Diptera: Phlebotominae) are medically important blood-feeding insects that transmit parasites from the 
genus Leishmania (Kinetoplastida: Trypanosomatidae) causing leishmaniasis. Leishmaniasis is ranked to the ninth place 
of all human infectious diseases and considered as a public health importance in the tropics and subtropics. Sampling 
for adult sand fly populations is a means of evaluating the efficacy of Leishmaniasis vector control operations. The 
objectives of this study was to evaluate the influence of the conventional CDC light trap (CDC LT) and the modified 
CDC LT with different light wavelengths including green LED (520-560 nm), red LED (635-700 nm), UV lights (300-400 
nm) and different attractants (BG-Lure®, CO2 and un-baited) for the collection of sand flies under field conditions. 
Trap comparison experiments were conducted in rubber tree plantation in Chanthaburi province, Thailand using a 
Latin square design. A total of 2,380 sand flies including 1,293 females and 1,087 males were collected from a total of 
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32 trap nights in April 2019. The results showed the number of sand fly captured from CDC LT augmented with UV 
LED was significantly higher than Red LED (P = 0.02). In addition, the numbers of sand flies captured by CDC LT with 
UV LED, Green LED and incandescent light were not different. The data also revealed that sex proportion of collected 
sand flies and light wavelengths are not correlated (P = 0.75). Moreover, we didn’t detect the effect of attractants on 
the number (P = 0.69) and sex proportion (P = 0.13) of sand flies. According to the results of the current study, the 
CDC LT equipped with incandescent light or UV LED (without attractants) can be used as the effective tool for sand fly 
collection and surveillance program in Thailand.

P-15 Chronologic Age Characterization of Mosquitoes using IR Spectroscopy and  
Chemometrics 
Bradley Guilliams, bfguilliams1@catamount.wcu.edu, Harrison Edmonds, Scott Huffman,  
Brian Byrd 

Determining a mosquito population’s species composition and age is crucial for estimating the risk of pathogen 
transmission. At present, age-grading methods are chiefly physiologic and classify the mosquitoes in terms of parity 
(e.g., nulliparous or parous).  Less commonly used chronologic methods (e.g., qPCR or near infrared spectroscopy 
[NIR]) have limited temporal resolution (NIR), or require consumable reagents and technological expertise with 
molecular methods. The current lack of robust methods to rapidly evaluate a population’s chronologic age limits our 
ability to assess pathogen transmission risk in the context of vectorial capacity estimations (i.e., daily survivability). Our 
current research seeks to develop methods of mosquito characterization utilizing mid-infrared spectroscopy. Infrared 
(IR) spectroscopy is a type of vibrational spectroscopy that is both sensitive and information rich.  Subtle changes 
in IR spectra correlate with changes in the biochemistry of mosquitoes as they age.  These changes in the IR spectra 
when coupled with advanced numerical analysis (chemometrics) may be used to predict the age of mosquitoes.  We 
present our results successfully classifying Culex quinquefasciatus mosquitoes categorically (e.g., old [>2 weeks old] 
versus young [< 1 week old]) and discuss these advances in the context of population risk assessment.  In addition, 
we will present our ongoing work demonstrating that adult mosquito age can be chronologically predicted using IR 
spectroscopy and chemometrics.

P-16 Mosquito population characterization in two urban farms in Miami-Dade County,  
Florida 
Augusto C. Carvajal-Velez, augusto.carvajal@miamidade.gov, Andre Wilke,  
Chalmers Vazquez, William Petrie, John C. Beier 

Urban farming is currently responsible for approximately 15% of the overall food production and is on the rise 
worldwide. New complex ecosystems and production techniques associated with urban agriculture are bringing 
new challenges to control vector mosquitoes adequately in cities. Although urban farming has been related to the 
increment of mosquitoes populations in irrigated fields in Africa, little information on this matter exist abroad. In this 
study, we sampled two urban farms in Miami-Dade County, Florida. Our results suggest that urban farms provide a 
diverse environment to sustain mosquito populations up to five times higher when compared to surveillance trap 
counts in nearby areas. We observed differences in species diversity among urban farms, comprising the collection 
of three mosquito species in their adult form at the Wynwood urban farm [H = 0.327 (95% IC: 0.288-0.371)]. Culex 
quinquefasciatus was the most abundant species, followed by Aedes aegypti, and Anopheles quadrimaculatus.

At the Golden Glades urban farm, we found 12 species [H = 1.86 (95% IC: 1.812-1.906)], with the most abundant species 
being Cx. nigripalpus, followed by Culex coronator, Ae. aegypti, Aedes albopictus, and Cx. quinquefasciatus. Immature 
samples revealed 3 and 4 different mosquito species at the Wynwood and Golden Glades urban farms, respectively. 
Culex quinquefasciatus was the most abundant species found in the immature stage at the Wynwood urban farm, 
while Ae. albopictus was the most frequent species found at Golden Glades in its immature form. Our data suggest 
that urban farms provide diverse microenvironments that offer more resources for sustaining mosquito populations 
than in typical residences. With urban farms increasing in metropolitan areas, a potential adequation for mosquito 
control strategies could be needed in urban areas.

P-17 Socio-ecological risk factors for mosquito production in residential neighborhoods 
Allison T Parker, parkera10@nku.edu 

In residential neighborhoods, natural and artificial water-holding containers in which adult female mosquitoes lay 
eggs are critical habitats for mosquito development. In this study, we examined how social (i.e. socioeconomic status, 
SES) and ecological (i.e. tree canopy cover) factors affect mosquito production in container habitats in residential 
neighborhoods. We then conducted a knowledge, attitudes, and practices questionnaire to determine which social 
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factors correlate with mosquito production. These studies were conducted in nine neighborhoods stratified across 
three levels of SES and three levels of canopy cover. Overall mosquito abundance was affected by both SES and 
canopy cover; low SES neighborhoods and high canopy cover neighborhoods have the greatest abundance of juvenile 
mosquitoes. Mosquito juveniles were collected from a wide range of container types; large containers had the greatest 
mosquito densities and the highest species richness. Aedes albopictus, the most commonly collected mosquito, was 
found in all container types.

Residents living in high SES neighborhoods were both more knowledgeable about mosquito ecology and more likely to 
self-report controlling for larval mosquitoes. Older residents were less likely to report being bitten by mosquitoes, and 
were more knowledgeable about mosquito ecology. Understanding how social and ecological factors interact to affect 
mosquito production, and subsequent disease risk, is necessary to implement effective mosquito control campaigns 
targeted at reducing water-holding containers in residential neighborhoods.

P-18 Is water the most important stimulus for oviposition site-seeking Aedes aegypti  
mosquitoes? 
Stephanie Musick, smusick@msudenver.edu, Leena Visnak, Robert Hancock, PhD 

The container-breeding vector mosquito Ae. aegypti is commonly surveilled and controlled by using various ovicups 
or ovitraps.  The stimuli used by oviposition site-seeking gravid females is multimodal involving visual, volatile chemical, 
and water cues.  We are developing a two-port olfactometer bioassay to assess the relative roles of these sensory 
cues in the orientation of gravid females to oviposition site related stimuli.  All tests have been 60 min long during 
the end of photophase of a 14:10 Light:Dark rearing and maintenance cycle.  Responding gravid test animals did not 
exhibit significant choices in two different preference tests: 1) water infused with high nutrient content versus pure 
water, and 2) dark ports with pure water (wrapped in opaque black material) versus transparent ports with pure water.  
Continuing research is focused on identifying attractant stimuli in addition to water.  This basic behavioral research 
may aid in the development of more effective ovicups and ovitraps for diurnal container breeders like Ae. aegypti and 
Ae. albopictus.

P-19 Adult Mosquito Identification using IR Spectroscopy and Chemometrics 
Harrison Edmonds, hoedmonds1@catamount.wcu.edu, Bradley Guilliams, Connor Larmore,  
Lamyae Sroute, Scott Huffman, Brian Byrd 

At present, mosquito control districts are reliant on the work of the entomologist to identify pathogen vectoring 
populations. Accurate and rapid methods for determining the composition of mosquito populations are critical 
first steps for combating mosquito-borne disease.  Current methods of identifying an adult mosquito rely primarily 
on microscopic identification by highly trained personnel. These processes are both labor intensive and subject to 
human fatigue induced error.  Therefore, there is a need for rapid and non-destructive adult mosquito identification 
techniques that can be used on a scale that is ecologically, economically, and epidemiologically meaningful.  Our 
current research aims to develop methods of biochemical discrimination between multiple species using infrared 
spectroscopy. Infrared spectroscopy is a sensitive, information rich technique that is capable of detecting a wide 
range of molecular signals, ranging from subtle changes in protein secondary structure to transmembrane protein-
lipid interactions. The resulting data when coupled with numerical analysis (chemometric) methods such as principal 
component analysis, linear discriminate analysis, and partial least squares may be used to classify mosquito insecticide 
resistance.  Currently, we have applied Fourier transform infrared (FT-IR) microspectroscopy to identify a subset 
of mosquito species including seven container-inhabiting Aedes species (Ae. epactius, Ae. aegypti, Ae. albopictus, 
Ae. atropalpus, Ae. japonicus, Ae. sierrensis, and Ae. triseratus) as well as three Culex species Cx. quinquefasciatus, 
Cx. salinarius and Cx. restuans) obtained from both the field and/or laboratory settings. This method, which is rapid 
and easy to use, has the potential to decrease labor cost and time associated with species identification. Further 
development, coupled with the process automation, may provide operationally useful methods for rapid species 
identification as well as many other discriminating physical characteristics (e.g., age or other informative phenotypes) 
of mosquitoes.

P-20 Evidence of West Nile virus and Saint Louis encephalitis virus in pools of mosquitoes  
 testing negative for both viruses using real-time PCR 
 Steven T Peper, steve.peper@ttu.edu, Cynthia Reinoso Webb, Shannon L Johnson,  

Cheryl D Gleasner, Bethany G Bolling, Steven M Presley 

Vector-borne diseases have been on the rise during the past fifteen years in the United States. Regular surveillance 
of such diseases is critical for maintaining the public health of a region. Screening of mosquito pools for arboviruses 
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using polymerase chain reaction assay (PCR) is a commonly used practice. As part of an ongoing surveillance 
program in northwest Texas, Flavivirus-positive but West Nile virus (WNV) and Saint Louis encephalitis virus (SLEV) 
PCR-negative mosquito pools increased drastically in 2018 (2009-2017 average = 16.3%; 2018 = 69.0%). In an effort 
to determine the genetic structure of these Flavivirus-positive, WNV/SLEV-negative mosquito pools (n = 20), cDNA 
PCR product was sent to the Los Alamos National Laboratory for Next Generation Sequencing. Analysis of amplicon 
products matched 95% (19/20) of our samples to WNV and/or SLEV in various databases. Though further analysis is 
required, our findings demonstrate the need for continued evaluation of currently accepted surveillance tools. The 
primers and probes employed in this study have been utilized by various studies over the years. The potential of these 
primers to no longer capture all WNV or SLEV positive samples is alarming and may have a negative effect on vector 
surveillance operations that currently utilize these primer sets.

P-21 Mosquito-borne disease surveillance in South Texas 
Christopher Vitek, christopher.vitek@utrgv.edu, Juan Garcia, John Thomas 

Disease surveillance is critical to assessing the presence or threat of vector-borne diseases.  Working with the multiple 
cities and counties, we have assisted in year round surveillance efforts in the Lower Grande Valley region of South 
Texas.  Partners in public health and vector-control provide weekly mosquito samples that are sorted, identified to 
species, and then processed and tested for Zika virus, dengue virus, chikungunya virus, and West Nile virus.  Viral 
testing is conducted using quantitative real-time PCR analysis, and results are disseminated to the city, county, and 
state offices.  To date, we have sorted and identified over 30,000 mosquitoes, and tested over 17,000.  While testing 
is ongoing, to date no positive mosquitoes have been identified.  While the current results have not found any virus 
circulating in the mosquito populations, continued cases of mosquito-borne diseases in this region indicate the need 
to remain vigilant and continue with surveillance efforts.

P-22 Blood meal analysis and virus detection in mosquitoes collected from U.S. Air Force  
installations, 2018 - 2019 
Leah Colton, leah.colton@us.af.mil, Aubri M Pritchett, Faye Geary 

400 blood fed mosquitoes captured in surveillance traps from 49 Air Force installations around the world were 
analyzed for blood meal host identity and presence of arbovirus. Mosquitoes, which were initially stored at room 
temperature (RT), sometimes for weeks and months, were scored for quantity of blood ingested, from trace to fully 
engorged, and abdomens were processed separately from the rest of the mosquito. Primers targeting vertebrate 
mitochondrial cytochrome c oxidase subunit 1 were used to PCR amplify blood meal DNA, followed by amplicon 
sequencing to determine host identity. RNA was extracted from mosquito thoraces and heads and subjected to 
arbovirus testing. Results indicate whether the lab’s routine samples (RT stored mosquitoes; no preservative methods) 
can be used for host meal identity and arbovirus infection status analyses, and whether meaningful information can 
be generated for local area risk assessments. Results will be stratified for analysis by blood meal quantity and duration 
of RT sample storage, which will help us understand the limitations of Air Force mosquito surveillance samples in 
providing actionable information about local epidemiologic and ecological conditions.

P-23 First report of natural vertical transmission of dengue virus in Aedes aegypti  
(Linnaeus) in Koror, Palau 
Aidil Rahman, aidil.rahman@palauhealth.org, Eden Uchel, Tmong Udui, Osiro Lorin, Jorge Munoz,  
Gilberto Santiago 

Larvae of Aedes subgenus Stegomyia were collected from a wide variety of both artificial and natural breeding 
containers during an outbreak of dengue serotype-3 (DEN-3) in Palau between December 2018 and April 2019. The 
larvae specimen collected during the surveys were colonized in the laboratory and reared to adulthood for species 
identification. The identified mosquito specimens were pooled according to their species, date and locality and stored 
at -80°C. A total of 52 mosquito pools were shipped to the CDC Dengue Branch in Puerto Rico for viral ribonucleic 
acid (RNA) extraction and reverse-transcriptase polymerase chain reaction (RT-PCR) analysis. The 52 pools consisted 
of 21 pools of Ae. aegypti, 21 pools of Ae. hensilli, 4 pools of Ae. albopictus, 4 pools of Ae. scutellaris and 2 pools of Ae. 
palauensis. Results showed that 4 out of 21 pools of Ae. aegypti were found to be positive for dengue virus. This is the 
first report of transovarial vertical transmission of dengue virus in Ae. aegypti from Palau through RT-PCR detection, 
serotyping and sequencing.

Keywords: Dengue; Aedes subgenus Stegomyia; Aedes aegypti; Transovarial transmission; Koror; Palau
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P-24 Towards a semi-automatic early warning system for vector-borne diseases 
Panagiotis Pergantas, pergantas@bioapplications.gr, Chrisovalantis Malesios,  
Andreas Tsatsaris, Marios Kondakis, Iokasti Perganta, Yiannis Tselentis, Nikos Demiris 

The economic and societal burden of vector-borne diseases like malaria and West Nile virus depends upon a number 
of time-varying factors. This work is concerned with the development of an early warning system which can act as a 
predictive tool for public health preparedness and response. The underlying technology is based on a spatially-explicit 
model which integrates entomological, geographical, social and environmental evidence. The output consists of 
appropriate maps depicting suitable risk measures such as the basic reproduction number, R0, and the probability of 
getting infected by the disease. Maps of this kind are generated automatically using the freely available R software and 
are ideal for guiding recommendations regarding mosquito control efforts and related mitigation measures.

P-25 Dengue virus Transmission Ability of Aedes albopictus in Korea 
Yang Sung-Chan, npros33@korea.kr, Cho shin-Hyeong 

To identify Dengue virus transmission in Korean strain of Aedes albopictus, we performed a microinjection and 
artificial feeding of Dengue virus (DENV) with different concentration. After injection of DENV, mosquitoes were 
incubated for 14day and fed with 10% sucrose in insectarium. Virus detection was performed every two or three days 
by Real-time PCR. DENV was detected for 20days in all microinjected mosquitoes and cycle threshold (CT) value was 
significantly decreased with time. It showed that there was a virus amplification in mosquito body. Also, DENV was 
detected uninfected male by horizontal transmission from infectedfemale. Infection rate of DENV by artificial feeding 
(2.83 x 104 pfu/ml) was decreased 100% (0dpi) to 8% (4dpi) following the day after infection and not detected 5day 
after infection (dpi). On the other hand DENV was detected 14dpi (66.7%) and even showed higher infection rate 
than 7dpi (38.2%) when the virus infected at a higher concentration (2.26 x 106 pfu/ml). When we checked virus 
amplification in each part of mosquitoes on 7day after infection, salivary gland infection rate was showed 36.1% and 
ovary was 22.3%. Besides DENV was even detected in there leg (2.8%) but not detected in midgut. These results was 
first case of DENV infection to Ae. albopictus by microinjection and artificial feeding in Korea. In our results, low 
concentration dengue virus was degradation in mosquito body by their immune system. So it seems that an accurate 
comparition of virus concentration will be necessary to confirm a virus transmission ability of Ae. albopictus in Korea.

P-26 Evaluation of a large scale Dengue Virus surveillance technology using adult  
oviposition traps in Espirito Santo state, Brazil 
Carlos V Peçanha, carlos.pecanha@rentokiol-intial.com, Amanda C Freitas,  
Ana Paula M V Matos, Victor A I Maia, Bruna R D Souza, Lucas F R Zanandrez 

INTRODUCTION - Aedes aegypti mosquito is known for transmitting Dengue virus, which causes new 390 million 
Dengue disease human cases every year. About half of the world is at risk of Dengue outbreaks, including Brazil, 
which has a high prevalence rate. This fact leads to the need of monitoring the vector and the viral circulation in 
the mosquito. OBJECTIVE - The present study was developed with the aim of evaluating the presence of DENV and 
its respective serotypes in Aedes aegypti mosquitoes collected by adult oviposition traps, commercially traded as 
MosquiTRAPs, in the metropolitan region of Vitoria, in the state of Espirito Santo, Brazil between 2017 and 2019. 
METHODOLOGY - 3.499 MosquiTRAPs were deployed in six strategic municipalities belonging to the metropolitan 
region of Vitoria and adult Aedes aegypti specimens were collected. Mosquitoes were macerated and viral RNA was 
extracted, with subsequent qRT-PCR reaction using Taqman technology. The fluorogenic probes used were from 
DENVall, DENV 1, DENV 2, DENV 3 and DENV 4. RESULTS - 39.384 samples collected in field were sent to laboratorial 
analysis. Of these, 145 presented viral positivity until the 32th epidemiological week of 2019. Serotypes identified in 
these samples were DENV1 and DENV2 corroborating available data of viral isolation in humans. CONCLUSION - From 
the results obtained, relevance of the viral analysis directly in mosquitoes has been proven as a source of information 
for improving entomological surveillance programs.

Keywords: Dengue,Taqman, Mosquitrap, Intelligent monitoring of virus, Aedes aegypti.

Financial support: Ecovec Comércio e Licenciamento de Tecnologias LTDA
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P-27 Early season predictors of West Nile virus activity in Lowndes County, Georgia 
Mark Blackmore, mblackmo@valdosta.edu, Emily Evans, Dariana Rodriguez,  
Christopher Adam Slaton 

Mosquito surveillance data collected in Lowndes County, Georgia was compiled to search for potential factors 
associated with year to year variation in West Nile virus infection rates. Abundance of the early season vector, Culex 
restuans, demonstrated a moderate covariance with maximum likelihood estimates of infection rates in the principal 
vector, Culex quinquefasciatus. Other variables, such as the crossover period between the two vectors and Cx. 
restuans persistence showed no correlation. Ongoing studies are assessing additional factors to determine if one or a 
combination of several variables can be used to forecast annual levels of West Nile virus activity in the region. Possible 
implications of these data as they relate to West Nile virus overwintering and early season mosquito control will be 
discussed.

P-28 Evaluation of WNV and SLE co-infected mosquito samples in Maricopa County, AZ 
James Will, james.will@maricopa.gov, John Townsend, Dan Damian, Kirk Smith,  
Steven Young 

For several years we have had concurrent outbreaks of West Nile virus and St. Louis encephalitis circulating in our bird 
and local mosquito populations in Maricopa County, Arizona.

2019 proved to be our worst year on record for both viruses. We currently set 801 EVS traps weekly and over the last 
2 years we have had 5 single Culex spp. mosquitoes test positive for West Nile virus and St. Louis encephalitis virus. 
Samples of these collections were sent to CDC and several Universities for confirmation of the coinfection of each 
single Culex spp. mosquito. This is a follow up to last year’s poster.

We would like to discuss the findings of this occurrence.

P-29 The effects of pyriproxyfen on Aedes albopictus fitness and the potential for non- 
target dissemination 
Corey L Brelsfoard, corey.brelsfoard@ttu.edu, Cameron Crabtree 

Pyriproxyfen (PPF) if commonly used in autodissemination strategies, which are based on the self-delivery of lethal 
doses of highly potent insecticides for mosquito control. However, effects of PPF on adult mosquitoes and non-target 
effects are not well studied. Here we examine the effects of PPF on Aedes albopictus adult female longevity and 
fecundity. To examine for an effect on fecundity, adult female Ae. albopictus were dusted with ESTEEM 35WP. Eggs 
were collected and counted to compare the fecundity of treated and untreated adult females. Adult survivorship and 
longevity was also recorded. The number of eggs collected from the PPF dusted females was significantly lower than 
the control group. The longevity of PPF dusted mosquitoes was also reduced compared to untreated mosquitoes. In 
addition, we tested for the dissemination of PPF to artificial sugar sources as evidence for non-target dissemination. 
The transfer of PPF to artificial nectar sources was determined using larval bioassays. Sugar sources from cages with 
PPF treated males were associated with a significant reduction in survivorship of larvae in bioassays. Results suggest 
the need to further investigate the application of PPF to adult mosquitoes to reduce fecundity rates and to investigate 
non-target effects of using PPF as part of autodissemination approaches to control mosquito vectors of disease.

P-30 Jamestown Canyon virus associations with Michigan mosquitoes: 2018-2019 
Edward Walker, walker@msu.edu, Mary McCarry, Chuck Pearce, John Keven,  
Rebecca Brandt, William Stanuszek 

Jamestown Canyon virus (JCv), a member of the California serogroup of viruses within the genus Orthobunyavirus, 
family Bunyaviridae, has emerged as a significant cause of neurovirulent disease in the upper Midwest of the United 
States.  However, within this region the associations between this virus and mosquito vectors are poorly known.  
The first two confirmed human cases of neurovirulent disease due to JCv infection were reported in Michigan in 
2018.  We sampled adult mosquitoes in Saginaw and Bay counties in lower Michigan from May to September, 2018-19, 
using CDC light traps, pooled mosquitoes by species, date and location, and analyzed them for JCv using a verified 
reverse transcription, real time PCR method incorporating a JCv-specific molecular probe.  Of 101,420 mosquitoes 
of 15 species (10 Aedes, 4 Anopheles, 1 Psorophora) in 5,303 pools, there were 241 (4.5%) positive pools.  Most 
(81.7%) positive pools were Aedes canadensis (minimum infection rate, 1.4) and the remainder were other Aedes and 
Anopheles species, suggesting that Aedes canadensis may be the dominant vector of JCv in the region.
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P-31 Testing for Wolbachia infections in Aedes aegypti from El Salvador 
Andrea Joyce, ajoyce2@ucmerced.edu, Ryan Torres, Jose Luis Ramirez 

Wolbachia are symbiotic bacteria present in mosquitoes as well as in many other arthropods. These bacteria can 
influence reproduction and vector capacity, and thus are currently employed in mosquito release programs for Aedes 
aegypti control. While a number of studies have found populations of Ae. aegypti are free of Wolbachia, there are 
several cases where Ae. aegypti has been found to harbor Wolbachia. In this study, we examined Wolbachia presence 
and prevalence in Aedes aegypti collected from diverse locations in El Salvador. Our previous study, examining genetic 
variability of Ae. aegypti in El Salvador, detected two mosquito lineages present throughout the country. The purpose 
of the study herein was to screen these populations, and examine whether one or both lineages had Wolbachia. This 
information can be used to further understand the origin of the introduction of Aedes aegypti into this country. 
Samples were screened via qPCR using two Wolbachia-specific primer sets. Results will be presented and discussed.

P-32 Harnessing the Power of the Science Classroom for Outreach Education 
Wendy M Samz, wendyms@leeschools.net, Jenifer McBride, Mark McCreary, Eric Jackson 

The Lee County Mosquito Education program is a cooperative effort, spanning over thirty years between the 
Environmental Education Department of the Lee County School District and the Lee County Mosquito Control 
District.

The mission of the Lee County Mosquito Education program is to enhance the scientific and environmental literacy 
of the younger citizens of Lee County and to augment their lifetime understanding of the science related to mosquito 
control. The goal is to make sure that the public knows who the Lee County Mosquito Control is, what it does and why 
it is so important.

The only one of its kind in the country, Lee County Mosquito Control, the largest mosquito control in the nation, 
recognized very early on that in order to be successful combating mosquito vectored diseases they would need a 
strong environmentally based education program. In 2018-2019 the program was conducted in over 1500 classrooms 
in over 80 schools to over 19,000 students.

Our classroom programs are conducted in collaboration with classroom teachers. Programs are designed for grades 
kindergarten, five, seven, high school chemistry and biology classes and support Florida’s Sunshine State Standards 
in a variety of areas. These hands-on learning experiences are being offered county-wide to public and private 
schools. Students learn to identify different kinds of mosquitoes, their habitats and life cycles, and are familiarized 
with the techniques currently being used to control mosquitoes. This is a learning experience many will never 
forget. In addition, instructors are active with local, state and national committees devoted to mosquito control and 
environmental education.

P-33 Vector Biology Degree Programs, Training, and Research at Uniformed Services  
University 
James C. Dunford, jdunford@odu.edu 

The Preventive Medicine and Biostatistics Department, Division of Global Public Health at Uniformed Services 
University offers degree tracks in vector biology and parasitology. Graduate degrees include Master of Science 
in Public Health (MSPH) and Doctor of Philosophy (PhD); a Master of Science (MS) will also soon be available. 
Vector Biology faculty foster domestic and interagency partnerships aimed to improve public health capabilities 
internationally to provide active duty and civilian students a global perspective on preventing vector-borne disease 
transmission.

P-34 Utilizing Community Partnerships to Provide Interactive STEM Learning Opportunities 
Rebecca Riley, rebecca.riley@phs.hctx.net, Ismat Bhuiyan, Elisa Castillo 

Harris County Public Health (HCPH) Mosquito and Vector Control Division (MVCD) has a robust and well-established 
community engagement program in place utilizing traditional outreach tools. Although, interactive presentations have 
been provided for many years, more recently HCPH-MVCD has piloted a different approach to community outreach 
when engaging both students and educators. This approach focused on partnering with local school districts, 
national education curriculum providers, and international governmental agencies focused in vector control.  These 
collaborations allowed HCPH-MVCD and its partners to look at community education through a unique lens.  Viewing 
community education through this lens brought local to global opportunities in STEM education specifically related 
to vector control.  This poster presentation will explore and evaluate the tools used to impact and inspire students, 
educators, and vector control programs.
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P-35 APC: Trials of an automated mosquito dispenser for laboratory rearing of mosquitoes 
 Mark Quentin Benedict, mbenedict@cdc.gov, Priscila Bascuñán, Ellen M Dotson 

Attaining consistent mosquito culture requires a method of controlling larval density in rearing containers. This is 
important when producing mosquitoes for e.g. experimental pathogen infections, insecticide testing and behavior 
studies. As one means of obtaining consistent numbers of larvae, we tested a large particle flow-cytometer type device 
called ‘Automated Particle Counter (APC)’. The APC is a gravity feed, self-contained unit that detects larvae by changes 
in optical density when larvae pass the detector in a water stream. When the pre-set number has been dispensed, a 
valve closes preventing additional larvae from being dispensed. The device includes a touch pad display and computer, 
thus no external computer is required for operation and data can be observed through a WiFi connection to an 
external computer. The device is usable with all common voltages and connector types.

We determined the error and throughput rates using 1 day old Anopheles gambiae G3 strain and Aedes aegypti New 
Orleans strain larvae to test the device. We observed that error rates are less than 5% and the throughput rate is 
suitable for typical laboratory scale rearing. Survival after passing through the dispenser is not distinguishable from 
that of larvae that had been manually counted.

P-36 Bait & switch: determining a preferred CO2 source for mosquito surveillance 
Rachel E Pollreis, rpollreis@adacounty.id.gov 

Two standard carbon dioxide (CO2) sources, dry ice and compressed CO2 cylinders, were compared as attractants for 
mosquito surveillance using BioQuip Encephalitis Vector Surveillance (EVS) mosquito traps. Nightly comparisons were 
made in Ada County, Idaho for the duration of the 20 week season lasting from May 6, 2019 through September 20, 
2019. A total of 5,646 mosquitoes were collected over 258 trap nights. Paired traps remained at the sampling locations 
from 8:00pm – 6:00am with dry ice sublimation ranging from 130mL/min to 220 mL/min depending on ambient 
temperature over the 10 hour window and compressed cylinders were calibrated to release CO2 at a rate of 160 mL/
min. Control groups releasing no CO2 were also deployed. Traps using compressed CO2 cylinders (xÒ=26.5969 ±2.7302, 
n=129) were shown to collect more adult mosquitoes than traps using dry ice (xÒ=17.1705 ±2.3404, n=129). Using a 
one-way analysis of variance (ANOVA) it was determined that compressed CO2 cylinders at a rate of 160mL/min were 
significantly more effective (P<0.05) at trapping adult mosquitoes than dry ice at rates between 130 mL/min and 220 
mL/min.

P-37 Utilization of qPCR to enhance current methodologies to monitor insecticide  
resistance in Harris County, Texas 
Kendra Dagg, kendra.dagg@phs.hctx.net, Elaine Chu, Isabel Cornejo, Christina Alvarez,  
Chris Fredregill 

Currently, the Harris County Public Health Mosquito and Vector Control Division (MVCD) depends exclusively on field 
cage tests (FCT) and Center of Disease Control and Prevention (CDC) bottle bioassays to establish an insecticide 
resistance profile of key public health mosquitoes Culex quinquefasciatus, Aedes aegypti and Ae. albopictus.  
However, these methods are limited to only the detection of resistance and tell very little about the resistance 
mechanisms involved; target-site and metabolic.  To improve operational resistance monitoring, the MVCD Test and 
Evaluation Section (TES) is trialing the incorporation of molecular assays into the program to pinpoint the resistance 
mechanisms present in mosquito populations.  Molecular assays were conducted on mosquitoes collected via 
two methods; 1) through regular surveillance within Harris County and 2) F0 – F1 generation mosquitoes assessed 
with permethrin and malathion in FCTs and CDC bottle bioassays (separated into susceptible and resistant).  Two 
knockdown resistance (kdr) mutations found to be associated with resistance to permethrin in the Americas, F1534C 
and V1016I, were investigated in Ae. aegypti and Ae. albopictus species.  We aim to present preliminary data on the 
molecular resistance profile of these two Aedes spp., key lessons learned, challenges faced, and next steps for the 
program.  The combined results from adulticide tests and molecular assays will provide the evidence needed to make 
informed decisions on the most appropriate mosquito control strategy for a given operational area and vector control 
emergency response.

P-39 Mapping genetic diversity and insecticide resistance of Aedes aegypti in Florida 
Helen Wagner, hwagn008@fiu.edu, Andre da Costa da Silva, Anthony Bellantuono,  
Matthew DeGennaro 

Populations of Ae. aegypti are expanding through Florida due to the state’s tropical and subtropical climate which 
cater to the life cycle of Ae. aegypti, suitable for the mosquito’s survival. With the addition of an increasing human 
population, Florida has increased urbanization which could perchance drive the genomic flexibility of Ae. aegypti to 
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overcome heterogeneous selective pressures. Pyrethroids, organophosphates and other biological toxins have been 
used against mosquitos in Florida in order to control Ae. aegypti populations, however, the exposure of insecticides is 
not evenly distributed through every county. Every county has its own regulation and until now, interest in regulating 
pesticide use in Florida is impeded by the desire for a local jurisdiction. Ae. aegypti populations may be influenced by 
the exposure to different volumes and types of insecticide use, and so genetic diversity may exist in target populations. 
With the availability of the new AaegL5 genome and the high-resolution genetic variance it comprises not seen 
in previous genomes released, next-generation sequencing (NGS) can be used to determine the structure of the 
different populations in Florida. Currently, only low levels of genetic variability have been observed throughout South 
Florida. However, the availability of genome-wide analysis as a potent tool may reveal different levels of gene flow 
and variability. Landscape ecology and other environmental factors and population characteristics will be observed 
alongside vector genetic diversity through the generation of a geographical map of Ae. aegypti relationships using 
a geographic information system (ArcGIS) with Google Earth georeferencing. We also want to collect information 
on any variance detected having to do with population dynamics in introduction history, expansions, and insecticide 
resistance in multiple populations across Miami-Dade. The analyses made may help us predict invasion pathways 
through rate and range of migration in association to fine-scale genetic relationships and environmental factors.

P-41 Prioritizing door-to-door yard inspections based on prior breeding status to control  
Aedes aegypti 
Crystal Grippin, clgrippin@deltavcd.com, Jesse Erandio, Mark Nakata, Mir Bear-Johnson

The American Mosquito Control Association lists source reduction as “the single most effective means of vector 
control”, which for Aedes aegypti, means labor intensive door-to-door inspections in infested areas. Nearly all 
mosquito control programs lack the man-power or resources to inspect every property. As such, programs must 
prioritize control efforts by inspecting properties that are most likely to be breeding in order to have the largest 
impact on mosquito abundance. This evaluation aims to determine if households with a prior history of breeding Ae. 
aegypti increases the chance of that household breeding in future mosquito seasons. From 2017 to 2019, Delta Vector 
Control District recorded the breeding status of households that were inspected for Ae. aegypti. Of the properties 
inspected during multiple mosquito seasons, households with a history of breeding Ae. aegypti were more likely to be 
found breeding again in future seasons. This was despite receiving education during inspections on how to fix sources 
and reduce the risk of breeding. Households that were not breeding in previous years were less likely to begin breeding 
in later years. With limited resources, door-to-door yard inspections for Ae. aegypti should focus on properties with a 
prior or unknown history of breeding to maximize control efforts.

P-42 Cemetery vector control: key in the implementation of larviciding in cemeteries  
breathing sites. 
Jose C Sanchez, jsanchez@prvectorcontrol.org, Nicole Nazario, Grayson Brown,  
Marianyoly Ortiz, Lucy Crespo 

The Puerto Rico Vector Control Unit (PRVCU) is an initiative of the private non-profit organization the Puerto Rico 
Science, Technology, and Research Trust. The PRVCU was established to leverage Puerto Rico’s capacity to control the 
Aedes aegypti mosquito, the vector for the diseases zika, chikungunya, and dengue in Puerto Rico. The PRVCU focuses 
on strengthening the capacity for vector control in Puerto Rico as well as implementing vector surveillance, creating 
innovative information systems, carrying out vector control operations, and boosting community engagement 
through citizen mobilization and education programs. The PRVCU has a Field Team division within its organizational 
structure that is developing strategies to reduce the number of mosquito breeding sites. With the implementation 
of a surveillance around different areas in Puerto Rico we can gather the mosquito populated areas around the 
island. During this surveillance we encounter a large number of Aedes aegypti in the traps that were placed inside the 
cemeteries, giving consideration of the large amounts found of breathing sites we started a program of larviciding 
the cemeteries on a weekly basis with Vectobac WDG with backpack sprayers. With this practice we can lower the 
mosquito population inside the cemeteries that are near urban areas and can affect the communities near this 
cemeteries in case of a virus spreading to this dense mosquito and human populated areas. The outcome will serve 
as guidance for stakeholders and municipalities of Puerto Rico, reinforcing the need of implementing integrated 
strategies for the control of Aedes aegypti especially in cemeteries.
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P-43 Characterization and efficacy of VectoBac® WDG against Aedes aegypti utilizing  
Unmanned Aerial Systems 
Keira J Lucas, klucas@cmcd.org, Peter Brake, Sara Grant, Leanne Lake, Rachel Bales,  
Richard Ryan, Nate Phillips 

Application of Bacillus thuringiensis israelensis (Bti)-based liquid larvicide for the control of container inhabiting 
mosquito species, such as Aedes aegypti, is typically performed through the use of ground sprayers, truck-mounted 
mist systems or fixed and rotary-wing aerial applications. Recently, Unmanned Aerial Systems (UAS) have provided a 
new avenue for control material applications. Here we report the characterization and efficacy of WALS™ applications 
of Vectobac® WDG (Bti strain AM65 52; Valent Biosciences) using UAS technology. Collier Mosquito Control District’s 
(CMCD) PrecisionVision 13 UAS was outfitted with the PrecisionVision Liquid Application System (Leading Edge) using 
four flat-fan TeeJet nozzles capable of producing fine/extra fine droplets for WALS™ applications of Vectobac® WDG 
at a rate of 0.5 lbs/acre. While average droplet size was slightly larger than desired for WALS™ applications, we have 
achieved nearly 100% efficacy within a 30-40 ft swath. Furthermore, field testing has signified proper delivery of the 
control material to containers and other cryptic habitats at the desired application rate within the treatment block, 
resulting in the reduction of container inhabiting mosquito larvae.

P-44 Multicentric evaluation of Sumilarv 2MR in semi-field for Aedes aegypti control 
Josiane Nogueira Müller, jnmuller@outlook.com, Allan Kardec Ribeiro Galardo,  
Maria de Lourdes da Graça Macoris, Maria Alice Varjal Melo Santos,  
Ana Paula Sales de Andrade Corrêa, José Bento Pereira Lima 

The susceptibility status of an insect population to any larvicide is dependent of genetic constitution, environmental 
conditions, among other factors. Aedes aegypti is a known vector of several viral diseases including Zika, Dengue, and 
Chikungunya. With outbreaks of mosquito-transmitted diseases in Brazil, susceptibility tests of vectors in different 
environments is needed. Sustained mosquito control efforts are important to prevent diseases considering the impact 
of environmental factors, such as temperature, for an effective prevention and control of the vector. The aim of this 
study was to evaluate Sumilarv 2MR in four Brazilian states considering the different climate conditions. Sumilarv 
is a resin-based long-lasting larvicide for water container breeding mosquitoes. Semi-field tests were conducted in 
Sao Paulo and Pernambuco in water containers of 100 liters; in Rio de Janeiro and Amapá the product was tested 
in 250, 500 and 1000 liters containers in concentrations (0,04mg/L, 0,08mg/L, and 0,16mg/L); for all tests the water 
was replaced 3 times a week. The mosquito larvae were exposed to water containers with and without larvicide 
concentration; to assess persistence, 50 third instar larvae of Ae. aegypti were collected in the corresponding states 
and bioassays were performed every 15 days to evaluate the inhibition rate. In Sao Paulo, the inhibition rate was 420 
days with water temperature less than 25°C; the state of Pernambuco showed an inhibition rate of 300 to 420 days 
with water temperature above 25°C.  Rio de Janeiro and Amapa both presented a 420 days inhibition rate, with water 
temperature between 25 and 35°C. The Sumilarv 2MR presented a long residual effect, however, the influence of 
temperature in smaller containers could have influenced its residuality in Pernambuco. Considering that this study was 
conducted in three critical regions in the national territory, this new formulation has great potential for improving Ae. 
aegypti control in Brazil.

P-45 Mechanisms associated with pyrethroid resistance in populations of Aedes aegypti  
(Diptera: Culicidae) along the Caribbean coast of Colombia 
Paula Pareja Loaiza, pareja.paula@unisimonbolivar.edu.co, Liliana Santacoloma Varon,  
Gabriela Rey Vega, Doris Gomez Camargo, Ronald Maestre Serrano, Audrey Lenhart 

Aedes aegypti is the main vector of dengue, chikungunya, and Zika viruses, which are of great public health importance 
in Colombia. Aedes control strategies in Colombia rely heavily on the use of organophosphate and pyrethroid 
insecticides, providing constant selection pressure and the emergence of resistant populations. In recent years, 
insecticide selection pressure has increased due to the increased incidence of dengue and recent introductions of 
chikungunya and Zika.

In the present study, pyrethroid resistance was studied across six populations of Ae. aegypti along the Caribbean coast 
of Colombia. Susceptibility to  -cyhalothrin, deltamethrin, and permethrin was assessed, and resistance intensity was 
determined using WHO and CDC methodologies. Activity levels of enzymes associated with resistance were measured, 
and the frequencies of three kdr alleles (V1016I, F1534C, V410L) were calculated. Results showed variations in the 
susceptibility status of Ae. aegypti to the evaluated pyrethroids across populations and altered enzyme activity levels 
were detected. The kdr alleles were detected in all populations, with high variations in frequencies: V1016I (frequency 
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ranging from 0.15–0.70), F1534C (range 0.94–1.00), and V410L (range 0.05–0.72). In assays of phenotyped individuals, 
associations were observed between the presence of V1016I, F1534C, and V410L alleles and resistance to the evaluated 
pyrethroids, as well as between the VI1016/CC1534/VL410 tri-locus genotype and  -cyhalothrin and permethrin 
resistance. The results of the present study contribute to the knowledge of the mechanisms underlying the resistance 
to key pyrethroids used to control Ae. aegypti along the Caribbean coast of Colombia.

P-46 Susceptibility to pyrethroids and kdr mutation L1014F in populations of Culex  
quinquefasciatus in Colombia 
Ronald Maestre Serrano, rmaestre22@gmail.com, Juan Lara Cobos, Doris Gómez Camargo,  
Gustavo Ponce Garcia, Paula Pareja Loaiza, Adriana E. Flores 

We evaluated the status of susceptibility to pyrethroids in two populations of Culex quinquefasciatus in the 
department of Atlantico (Colombia) and its possible mechanism of resistance (kdr mutation).

Bioassays were performed for permethrin, deltamethrin, and -cyhalothrin in Cx. quinquefasciatus, according to 
the CDC methodology. The resistance ratios were determined to KC50 and LC50 for each insecticide in the field 
populations and the susceptible strain Cartagena. The kdr mutation L1014F was identified in the para gene for the 
voltage-dependent sodium channel and its allelic and genotypic frequency.

Moderate knock-down resistance to permethrin was observed in the populations of Puerto Colombia (RRKC50: 
5x) and Soledad (RRKC50:7x), low resistance to deltamethrin in both populations (RRKC50: 4,6x y 1,9x), while for   
-cyhalothrin moderate resistance was observed in Puerto Colombia (RRKC50: 5x) and low in Soledad (RRKC50: 3,8x). 
In relation to permethrin, low resistance at 24 hours post-exposure was observed in Cx. quinquefasciatus from Puerto 
Colombia (RRLC50: 3,9x) and moderate in Soledad (RRLC50: 7,6x); moderate resistance for deltamethrin in Puerto 
Colombia (RRLC50: 5,1x) and low in Soledad (RRLC50: 4,5x); in relation to  -cyhalothrin, low resistance was observed in 
Puerto Colombia (RRLC50: 3,6x) and moderate resistance in Soledad (RRLC50: 5,2x).

With respect to the L1014F mutation, allelic frequencies of 0.28 were determined for Cx. quinquefasciatus from Puerto 
Colombia and 0.38 for Soledad.

Variability in the status of susceptibility in the populations of Cx. quinquefasciatus evaluated was found. We also report 
for the first time for Colombia the kdr mutation L1014F as a possible mechanism of resistance to pyrethroid in this 
species.

P-47 Population genetics of the malaria vector Anopheles cruzii (Diptera: Culicidae) in  
areas with different levels of anthropogenic modifications 
Laura C. Multini, multini.laura@gmail.com, Ana L.S. Souza, André B. B. Wilke,  
Mauro T. Marrelli 

Anopheles cruzii is a neotropical mosquito and the main vector of both simian and human malaria in the Atlantic 
Forest biome. The Atlantic Forest has been undergoing an intense process of fragmentation and deforestation due 
to anthropogenic interference. Due to An. cruzii close relation with the Atlantic Forest environment and for having 
an acrodendrophilous behavior (i.e., preference for inhabiting forest canopies), this mosquito ecology and phenotype 
are believed to be affected by the fragmentation of this biome. We hypothesized that anthropogenic alterations in the 
environment are an important driver for the genetic structure and diversity of An. cruzii. Five different hypotheses 
using both a cross-sectional and longitudinal design were tested to assess the processes driving An. cruzii populations 
from areas with distinct levels of anthropogenic modifications. We used SNPs to assess the microgeographical genetic 
structure of An. cruzii populations from Natural, Suburban/Rural, and Urban areas in a malaria hypo-endemic region 
in the city of São Paulo, Brazil. After filtering and removal of outlier loci, 1,235 SNPs were considered independent and 
neutral, and therefore, suitable to perform the analyses. Global population structure estimates, principal component 
analysis, and Bayesian analysis showed an overall weak genetic structure and lack of diversity among populations. 
There was significant genetic structure between ground level and tree canopies populations from the Urban area, 
with the population from ground level showing higher levels of genetic diversity. Indicating that anthropogenic 
modifications leading to habitat fragmentation could be driving the vertical dispersion of An. cruzii and maintaining 
genetic diversity and structure in populations from ground level.
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P-48 Mosquito control with parasitic nematodes Romanomermis iyengari and  
Strelkovimermis spiculatus in water of breeding sites of mosquito larvae 

 Noemi Juarez-Perez, chemistry_noemi@hotmail.com, Rafael Perez-Pacheco,  
Nadia Angeles-Valencia, Rafael Perez-Pacheco 

The mosquitoes are important vectors of Dengue, Malaria, Chikungunya and Zika virus. An alternative to mosquito 
control is the biological control with parasitic nematodes. The objective of this research was to determine the 
potential parasitic of nematodes Strelkovimermis spiculatus and Romanomermis iyengari in mosquito larvae of Culex 
quinquefaciatus with  in four different types of water, three types water of breeding sites of mosquito larvae (water 
stored in storage tank, water breeding sites of mojarras, water artificial lagoon and distilled water as a control). 
Three doses of nematodes (3:1, 5:1 and 10:1 nematodes for larvae) were evaluated, comparing the two nematode 
species. Three days after infestation a sample of 20 larvae was taken; each experimental unit (100 mosquito larvae), 
to determinate the number of nematodes to emerged of each mosquito larvae (Mean infestation). The three 
doses of parasitic nematodes caused 100% of infestation, with dose de10 nematodes / larva. R. iyengari caused a 
MI of 8.18 (nem/larvae) and S. spiculatus a MI 4.55 (nem/larvae). R. iyengari, caused the highest MI in distilled water 
(control), water storage, pond water and water from the artificial lake,  with values of 8.73, 8.63, 8.13 nematodes / larva 
respectively. S. spiculatus caused the highest MI in distilled water with a value of 5.48 nematodes / larva of mosquito 
and water mojarras pond, water storage tank and pond water from the artificial lake near the river Atoyac, Oaxaca 
Mexico with MI 4.48, 4.31, and 3.95 nematodes / mosquito larvae respectively

P-49 Surveillance and management of Mansonia in power plant area 
José Bento P Lima, jbento@ioc.fiocruz.br, Allan KR Galardo, Nercy VR Furtado,  
Noel F Santos Neto, Jéssica Fernanda S Barroso, Dario P Carvalho, Kaio N Ribeiro,  
Cynara M Rodovalho 

In large areas of water damming for electricity production, mosquitoes, especially Mansonia, have been reported 
causing bite problems to the human population due to overgrowth. In the area of Santo Antônio Energia Hydroelectric 
Power Plant (SAE) in Porto Velho, Brazil, mosquito infestation is already a problem for the surrounding population. 
Thus, the monitoring and evaluation of different methods and strategies for Mansonia control, seeking the definition 
of actions that can be promptly applied, are necessary. Adult collection was carried out at eight points, from 
September 2018 to June 2019. More than 25,000 Mansonia mosquitoes were captured and May was the month 
with the largest number of individuals (8,293), more than twice as many as September, the second month with the 
largest number of mosquitoes collected. Mansonia specimens were collected at all points, representing six species. 
The highest abundance was found for Mansonia humeralis, with almost 50% of the specimens collected, followed 
by Mansonia wilsoni (18.79%). Larval research was conducted at 13 points in March and June 2019. Macrophyte 
communities formed by different combinations of the dominant genera Pistia, Salvinia and Eichhornia were 
recorded. Associated to these plants, five genera of culicidae were observed, with the largest numbers of Mansonia 
(67.6%), followed by Aedeomyia squamipennis (28.2%). Five insecticides were tested in the laboratory to assess 
their effectiveness in controlling Mansonia adults using the WHO tube methodology. Permethrin and malathion had 
mortality higher than 98% after 24 h of exposure, being the most suitable for field use. The next steps will be field and 
semi-field experiments with larvicides (Bacillus thuringiensis) and adulticides. The obtained results will be important 
for tool selection and strategy definitions in order to control Mansonia at SAE area.

P-50 Using a spatially explicit mosquito population model to assess mosquito-borne risk  
in the US Southern High Plains 
Daniel Eugene Dawson, daniel.dawson1081@gmail.com, Chris J. Salice, Lucas Heintzman 

Mosquitoes have a complex ecology that make predicting and controlling their populations at landscape scales 
challenging. In particular, the aquatic larval and highly mobile terrestrial adult phases of mosquitoes utilize different 
habitats and are treated in different ways. In addition, mosquito populations respond dynamically to changes in 
weather, season, and habitat availability. Spatially explicit, mechanistic population models are a tool that can help 
mosquito control authorities by providing predictions of mosquito populations given habitat, weather, and treatment 
conditions. Further, by combining model predictions with information on the distribution of human population in 
space, a measure of spatially variable contact risk can made. We developed a spatially explicit population model 
for the western encephalitis mosquito, Culex tarsalis, that accounts for both aquatic and adult life phases. Using 
Lubbock County, TX, as a representative model landscape, we calibrated the model to reasonably replicate field-
collected surveillance data. We then ran the model under variable habitat, weather, and larvicide treatment scenarios 
to investigate how human contact risk is influenced by these factors. We demonstrate that this type of model is a 
potentially useful planning and risk-management tool for mosquito control.
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P-51 Insecticide resistance evaluation of Culex quinquefasciatus in Jackson, MS 
Milena C Guajardo, kri2@cdc.gov, Broox Boze, Kris New, Mariah “Cassie” L Scott,  
Cara Nighohossian, Janet C McAllister 

Appropriate use of insecticides for vector management is vital to the prevention of vector-borne diseases. Misuse 
or overuse of insecticides can result in insecticide resistance, which is a threat to public health. In collaboration 
with Vector Disease Control International, bottle bioassays were performed on Culex quinquefasciatus mosquitoes 
collected as egg rafts from known larval production sites from four zones in Jackson, MS. The reared adult mosquitoes 
were evaluated to determine the presence of permethrin resistance since mosquito control in Jackson, MS utilizes 
a product in which the active ingredient is permethrin. Bottle bioassay results indicate phenotypic resistance to 
permethrin in all four zones tested from Jackson, MS. It is recommended that testing of additional insecticides be 
conducted to find a suitable alternative. Insecticide resistance surveillance is essential to guide future management 
strategies in Jackson, MS.

P-52 Toxic effects of botanical extracts on adult and immature stages of Aedes aegypti  
and Culex pipiens mosquitoes 

 Nicholas A Panella, nap4@cdc.gov, Dominic Rose 

Plant extracts, derived from north American botanical species, were evaluated in bioassays for their toxic effects on 
two medically important mosquito vectors. Cohorts of larvae and adults of Aedes aegypti and Culex pipiens were 
exposed to these phytochemicals in doses ranging from 0.002% to 2% (wt./vol.). Mortality was recorded at various 
time intervals over a 24 hour period and data was converted to lethal concentrations. Toxic effects included ataxia, 
morbidity and mortality. Lethal doses for the extracts varied by plant species, but several demonstrated high mortality 
and relatively low concentrations. In both stages and in both species of mosquitoes, the Incense cedar (Calocedrus 
decurrens) extract proved to be the most biologically active. Ae. aegypti larvae and adults were overall more 
susceptible to the extracts than Cx. pipiens although the difference was not significant. Plant based pesticides, which 
lower the risk of environmental contamination and adverse effects on non-target organisms, represent an alternative 
method to traditional mosquito control that relies on synthetic chemicals.

P-53 Performance of topical natural 25b exempt mosquito repellents in Florida and Mali,  
West Africa 
Gunter C. Muller, guntercmuller@hotmail.com, Mohamad M. Traore, Edita E. Revay,  
Amy Junnila, Aboubakr S. Kone, Rabiatou A. Diarra, Sekou F. Traore, Rui-de Xue 

There is an increasing awareness by consumers of the potential risks of mosquito vector born diseases. At the same 
time, there is a significantly growing demand for natural, chemical-free products. In the present study, we purchased 
a broad cross-section of available natural mosquito repellents in St. Augustine, Florida and in Bamako, Mali. The 
products included mosquito sprays, towelettes, repellent-patches and a vitamin B product. These were tested in both 
countries in the laboratory and the field, against three common local mosquito vectors (three genera), as well as: 
stable flies, horse flies, biting midges, filth flies and ticks. The trials were conducted according to published EPA test 
protocols and standards. The performance of the natural products was compared to a 25% DEET mosquito spray. 
The protection time of the tested natural products (95% repellency) varied greatly depending on the tested target 
organisms from 0 to 180 minutes. Materials and methods as well as results and discussion will be presented in detail 
on the poster.

P-54 Traditional and Novel Vector Projects in Texas Funded through the Centers for  
Disease Control 2017 Hurricane Crisis Cooperative Agreement 
Heather Marie Ward, Heather.Ward@dshs.texas.gov, Whitney A Qualls 

Hurricanes Harvey, Irma, and Maria in 2017 resulted in severe weather disasters throughout the Gulf Coast regions, 
Florida, and Puerto Rico causing a combined 265 billion dollars in damages, being three of the top six costliest 
hurricanes in history. In response, the United States Center for Disease Control activated its cooperative agreement 
to aid in response, recovery, preparation, mitigation, and other expenses related to these three hurricanes. Areas 
impacted by the three hurricanes were invited to apply for funds under the 2017 Hurricane Crisis Cooperative 
Agreement (Hurricane Crisis CoAg) to build capacity in several public health areas directly related to Harvey, Irma, 
and Maria. The Texas Department of State Health Services under the Hurricane Crisis CoAg received >$6,000,000 to 
use towards increasing capacity and to aid in recovery for vector control projects related to Hurricane Harvey. These 
funds have been used to increase state and local capacity. At the local level funds have been contracted to local health 
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departments and mosquito control districts throughout jurisdictions impacted by Hurricane Harvey. This poster will 
introduce the work completed to date by the state and the twenty-eight contracts awarded. Local proposed projects, 
statuses, and challenges to date will also be shown for the Hurricane Harvey impacted jurisdictions in Texas that were 
awarded funds.

P-55 Efficacy of CDC bottle bioassay kits over time in insecticide resistance testing 
Cara Nighohossian, phi6@cdc.gov, Cassie Scott, Milena Guajardo, Janet McAllister 

Testing for insecticide resistance is integral for instituting appropriate insecticide application regimes. Bottle bioassay 
kits offer a quick and easy method for assessing insecticide resistance in mosquito populations. Upon request, CDC 
sends these bottle bioassay kits containing requested insecticides to mosquito control districts in the United States 
and its territories. In this study, we are determining the longevity of the kits to provide guidance for and ensure 
efficacy of the components used in insecticide resistance testing. The kits provided contain insecticides in sealed 
drams with the inert gas, argon. Once delivered, these insecticides are mixed with acetone to produce insecticide-
coated bottles for testing local mosquito populations. It was previously unknown how long the insecticides remained 
viable in each stage of this process. For this study, each available insecticide has been evaluated for longevity under 
five separate conditions: in the sealed drams that are sent to the districts (storage at room temperature and at 4°C), in 
the acetone mixtures that are prepared on site (storage at room temperature and at 4°C), and in the bottles that have 
been coated with the insecticide-acetone mixtures. This data is being used to establish guidelines for storage and use 
of materials in bottle bioassays.

P-56 Topical trials in St. Tammany, LA: the state of susceptibility toward pyrethroids and  
organophosphates 
Nicholas DeLisi, ndelisi@stpmad.org, Sydney Johnson, Lisa Rowley 

St. Tammany Parish, Louisiana, is home to >600 miles of sewage-contaminated roadside ditches. Culex 
quinquefasciatus, the primary vector of West Nile virus in Louisiana, makes extensive use of contaminated ditches for 
oviposition, and neighborhoods with polluted ditches produce thousands of adults daily in peak mosquito season. As 
a result, St. Tammany Mosquito Abatement (STPMAD) has used pyrethroid and organophosphate adulticides in the 
same problematic areas for decades. We evaluated the state of insecticide resistance within our parish using topical 
assays throughout 2019 to better understand resistance distribution and intensity, and inform operations.

Two- to seven-day-old adult Cx. quinquefasciatus from over a dozen sites were anesthetized and topically exposed 
to microscopic aliquots of resmethrin, phenothrin, or naled. Dose response curves were plotted with at least 
eight different insecticide doses causing between 1% and 99% mortality, and probit analysis produced an LD50 for 
comparison between wild and susceptible populations.

Results indicate resistance development toward all adulticides in use by STPMAD. The type I pyrethroids resmethrin 
(resistance ratio (RR) ±st.dev=103 ±33.8) and phenothrin (RR=68 ±24.8) had comparable resistance intensity. Naled 
resistance was lower (RR=20 ±4.5) but still statistically greater than a susceptible population (P<0.001). In response to 
these findings, STPMAD has begun investigating alternative adulticides for use in rotation and has adjusted thresholds 
required to trigger spray events. We will continue to monitor insecticide resistance in 2020 to determine the effect of 
operational interventions and maintain a database of resistance intensity.

P-57 Determining insecticide resistance levels and resistance mechanisms in populations  
of Culex tarsalis in San Joaquin County, California 
Sumiko De La Vega, sdelavega@sjmosquito.org, Bonnie Ryan, Shaoming Huang,  
Eddie Lucchesi, Tara Thiemann 

Culex tarsalis is one of the most common mosquito vector species of West Nile Virus (WNV) and other encephalitis 
viruses in the Western United States.  While insecticide resistance has been frequently documented in other mosquito 
species including the WNV vector, Culex pipiens, relatively little is known about the resistance status or resistance 
mechanisms of Cx. tarsalis.  In this study, populations of Cx. tarsalis from San Joaquin County, California were evaluated 
for pyrethroid and organophosphate resistance and tested for enzymatic and target-site resistance mechanisms.  All 
San Joaquin County Cx. tarsalis populations tested were susceptible to organophosphates.  Most populations exhibited 
pyrethroid resistance but the use of the synergist, piperonyl butoxide, improved pyrethroid efficacy against all tested 
populations.  The P450 oxidase family of enzymes as well as acetylcholinesterase was found to be elevated in some 
of the pyrethroid-resistant populations.  While acetylcholinesterase insensitivity was not detected in any populations, 
several kdr genotypes were identified in San Joaquin County Cx. tarsalis.
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P-58 Yeast fermentation as a cost affordable CO2 source for BG-Sentinel traps 
Mark Nakata, mnakata@deltavcd.com, Crystal Grippin, Jesse Erandio, Mir Bear-Johnson 

Adult mosquito surveillance for invasive Aedes plays an essential role in allowing mosquito control programs to 
monitor populations, virus activity, and target control efforts. Carbon dioxide (CO2), an olfactory cue for host seeking 
mosquitoes, in the form of dry ice and compressed gas is widely used as an attractant for BG-Sentinel traps. Both dry 
ice and compressed gas have numerous challenges that affect surveillance efforts including: cost to implement on a 
large-scale, difficulty obtaining these forms of CO2 in remote areas, relying on supply stores that often have shortages, 
concerns regarding storage, and potential hazards when placed in public areas. This study evaluates CO2 produced 
from yeast fermentation as a more affordable, accessible, and safer option for capturing adult mosquitoes using 
BG-Sentinel traps in a large-scale invasive Aedes surveillance program. Adult mosquitoes were collected daily for six 
weeks using BG-Sentinel traps from three suburban locations with established Aedes aegypti populations. Each trap 
set contained a BG-Lure  and rotated between a yeast fermentation mixture, dry ice, or no CO2 source. Traps baited 
with dry ice caught significantly more mosquitoes than yeast fermentation, while both dry ice and yeast fermentation 
caught significantly more mosquitoes than no CO2 source. Since 2018, Delta Vector Control District sets an average 
of 80 BG-Sentinel traps per week using yeast fermentation as the CO2 source, instead of dry ice, saving the district 
approximately $14,000 a year. This benefits the district by allowing more trap sets than originally budgeted to provide 
greater resolution when mapping surveillance information for more effective control practices.

P-59 Local tick diversity and abundance on companion animals in Richmond County,  
Georgia 
Annie Rich Thompson, annie.thompson@dph.ga.gov, Tiffany Nguyen 

Despite the year-round high numbers of tick encounters experienced by humans and animals in Georgia, there is 
a lack of local data on tick species, abundance, and seasonality. In Richmond County, Georgia, Richmond County 
Mosquito Control (RCMC) has partnered with the Georgia Department of Agriculture and the Georgia Public Health 
Department to collect ticks from companion animals in the area and catalogue data from these collections. Here we 
share the process of putting together a local tick collection program working with veterinarians and animal shelters. 
Over the past year more than 60 ticks have been collected, identified, and catalogued. This data has confirmed that in 
Richmond county we have seasonality in our dominant tick species collected, and three species of ticks were the most 
commonly collected in within this year on companion animals.

P-60 Combating Zika and Future Threats: GO Mosquito Community Challenge Campaign 
Russanne D. Low, rusty_low@strategies.org, Theresa Schwerin, Renee Codsi 

This presentation describes a vector-borne disease risk reduction project conducted in Brazil and Peru as part of 
USAID’s Combating Zika and Future Threats Initiative. The myriad factors contributing to vector borne disease risk 
stem from interactions in a system that includes local ecology and environmental parameters, urbanization, access to 
health services, economic resources, human behavior, and the presence of disease vectors and pathogens.

The emergence of technologies such as smart phones, cloud-based data servers, and data visualization and analysis 
tools have fostered rapid growth in citizen science programs and tools. The phenomenon of citizen science is seen 
by many as an important sociocultural development that has the potential to democratize science. While a number 
of citizen science projects may be characterized as transdisciplinary research, in many cases stakeholder engagement 
is limited to participation in crowd-sourced data collection. In this project, the stakeholders- educators, students, 
community leaders and public health officials- all contributed to the project at levels of effort and in ways that were 
most meaningful for them.

A key innovation employed in this project was a mobile citizen science app that enabled stakeholders to locate, identify 
and mitigate mosquito breeding habitats. While there are many data collection apps that enable citizen scientists to 
report environmental observations for use by the science community, the NASA GLOBE Observer Mosquito Habitat 
Mapper also enables users to tally their efforts as they eliminate mosquito oviposition sites. This app capability 
supports municipalities keen on promoting behaviors that reduce the risk of vector-borne disease. We discuss the 
transdisciplinary approach employed through each phase of the project: ideation, realization, experimentation and 
evaluation, and how prioritizing local stakeholder knowledge and experience resulted in recommendations that will be 
used to improve a citizen science app that is employed internationally.
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P-61 State-level Mosquito Species Distributions and their Voucher Status in the  
NMNH Collection 
Alexander Potter, PotterA@si.edu, David B Pecor 

The United States National Mosquito Collection is housed within the Smithsonian Institution National Museum of 
Natural History (NMNH) and managed by the Walter Reed Biosystematics Unit (WRBU). It is the largest and most 
comprehensive mosquito collection in the World, comprising nearly 1.7 million specimens, preserved on insect 
pins, glass slides and in ethanol. The Collection serves many purposes, yet arguably one of the most important is to 
document current and historical species distributions with independently verifiable evidence. With recent outbreaks 
of vector-borne diseases in the United States, including west Nile, Zika and Eastern equine encephalitis, it is more 
important than ever to track species distributions for each US state. Here we report on an exhaustive literature 
search of all state-level mosquito distributions from 1900 to the present date. In addition, publicly available datasets 
such as VectorMap, the National Ecological Observation Network (NEON) and the Barcode of Life Database (BOLD) 
were also reviewed for state-level distributions. A recent effort to inventory all specimens reported from the US was 
completed, providing the first complete account of all mosquito species collected in the US and deposited in the 
NMNH. A gap analysis was also completed to highlight which state-level mosquito distributions are not reflected in the 
USNM collection. It is critical to fill this gap to track changes in species distributions overtime, provide opportunities 
for mosquito identification training, and to lay the foundation for future work, including integrated taxonomy and 
genomics. Fundamentally, the NMNH collection ensures that scientific evidence of mosquito species distributions is 
reproducible by making voucher specimens publicly available. Here we not only present our findings but seek voucher 
specimen submissions from the American Mosquito Control Association (AMCA) community to fill this gap and to 
track mosquito species reported from each state on an annual basis.

P-01 Comparison of Mosquito Repellency Efficacy on Textiles Sprayed with DEET  
and Permethrin 
Manni Mo, manni.mo@asu.edu, Songying Mo 

N,N-Diethyl-meta-toluamide (DEET) and Permethrin are the most common active ingredients in mosquito repellents.  
They are commonly sprayed on textiles and clothing to repel insects, specifically, mosquito, in order to avoid the 
vector-borne diseases spreading through community.  In this article, we first identified the chemical structures, 
composition and characteristic of DEET and Permethrin. We then conducted experiments and tests to evaluate the 
functionality of each ingredients. We also compared the anti-mosquito efficacy of the textiles and clothing sprayed 
with DEET and Permethrin; the government restriction of application of these pesticides to textiles and clothing due 
to their toxicity level and impact to human body; and any damages to textile and clothing materials.

P-02 Monitoring insecticide resistance patterns of Aedes aegypi and Aedes albopictus  
in Texas 
Thalia Rios, thalia.rios02@utrgv.edu, Christopher Vitek 

Monitoring insecticides resistance is a major concern in the effort in controlling vectors and vector-borne diseases. 
In many counties in Texas, insecticide resistance is not actively monitored. We initiated a study to assess the 
insecticide resistance patterns of Aedes aegypti and Aedes albopictus in Texas. Ten counties were recruited based 
on the following criteria: a) little to no insecticide resistance data exists, b) presence/absence of data based on the 
Texas Stegomyia project, c) willingness to participate. Participating counties were sent 20-60 oviposition cups and 
germination paper to collect eggs, with instruction for collection and returning field collections. Eggs received by 
our lab were then counted, hatched, identified, and the adult females were tested for insecticide resistance using 
the CDC Bottle Bioassay. Preliminary results suggest resistance to malathion and permethrin in Aedes aegypti, while 
Aedes albopictus showed susceptibility of permethrin. Updated results will be discussed. These data will be useful for 
determining the efficacy of control efforts and future efforts to monitor insecticide resistance.

P-03 Ultra-smooth and hydrophobic surface coating for disrupting the landing of  
mosquito 
Chang-Ho Choi, ch_choi@gnu.ac.kr, Dong Gun Kim 

Mosquito is the most important taxon which affects human health and most prolific invasive species contributing to 
the spread of endemic or exotic diseases. To prevent infections by mosquitos, many mosquito control methods have 
been proposed based on the physical, chemical, and biological mechanisms. Here, an ultra-smooth and hydrophobic 
surface coating is introduced on the substrate to disrupt the landing of mosquito. The coating is developed 
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by spraying hydrophobic silica nanoparticles (NPs) onto the substrate. The silica NPs could be functionalized 
hydrophobically by immobilizing silane-coupling agents on the surface of the silica NPs. Coating the hydrophobic silica 
NPs on the substrate gives rise to the fabrication of an ultra-smooth and hydrophobic surface, which would disrupt 
the landing of mosquito, and eventually prevent the breeding of mosquito.

P-04 Screening for insecticide resistance in Aedes sp. and Culex sp. across Central Iowa 
Samuel James Andrews, sandrews@iastate.edu, Caleb L Corona, Joel Coats 

With the increased prevalence of diseases such as West Nile virus, La Crosse encephalitis virus, Eastern Equine 
Encephalitis and Saint Louis encephalitis virus in Iowa and other Midwestern states, it has become increasingly 
important to monitor and control mosquito populations. Insecticides are integral to the control of mosquito 
populations in Iowa, but it is currently unknown whether Central Iowa populations have developed resistance 
to common commercial insecticides such as pyrethroids or organophosphates. To screen for the presence of 
resistance, populations of mosquito larvae were collected from various locations across Central Iowa. Using the 
CDC bottle bioassay, our team screened adult Aedes sp. and Culex sp. mosquitoes against representative pyrethroid 
and organophosphate insecticides. Results from these assays can be taken into account in order to choose the best 
mosquito control strategies.

P-05 Deploying biorational products as components of mosquito bait strategies 
Caleb L. Corona, clcorona@iastate.edu, James S. Klimavicz, Joel R. Coats 

Attractive toxic sugar baits (ATSB) have been developed to control adult mosquito populations by giving presenting 
a sugar source which has paired with an insecticide. This method is commonly deployed in the form of an aqueous 
solution. This deployment method presents problems for more hydrophobic compounds. Our lab has shown that 
when mixed with solid sucrose biorational compounds are capable of controlling mosquito populations.

P-06 Study on mosquito control using integrated mosquito management (IMM) in Ansan,  
South Korea 
Sumi Na, fau_chon_@naver.com, Jiseon Doh, Jae Seung Yoo, Myoung-ae Yi, Yeon Jae Bae,  
Hoonbok Yi 

This study was conducted in Ansan city auto camping area of South Korea from 2017 to 2019 to create the effective 
mosquito population reduction in this area. For the study, we applied the integrated mosquito management (IMM). 
For the biological control, we used the larvae of Hydrochara affinis, which eats on mosquito larvae. As for the chemical 
control, B.t.i was used, and water draining and installing mesh nets in sewers were physical control. To control and 
monitor mosquito population, DMS (digital mosquito monitoring system) and MOS-HOLE PRO, which uses carbon 
dioxide to attract mosquitoes, were used. 5 DMS were installed to monitor mosquito population. Also, to study for the 
mosquito free zone, we installed 26 MOS-HOLE PRO additionally. It consequently caused a considerable decrease in 
mosquito population. The mosquito free zone concept study was implemented for a month in July, 2018. As a result, 
the daily mosquito population captured had decreased, which was statistically significant. In conclusion, we found 
that the number of mosquitoes in the mosquito free zone study was significantly lower than that of the control area. 
During the research period, we also conducted a survey, subjected to citizens and most of them responded that the 
number of mosquito bites have reduced. Our research is expected to serve as the basis for a strategy for effective 
mosquito population reduction.

P-07 An assessment of a lethal ovitrap’s efficacy for time-mortality in a zone of high  
probability concerning populations of Aedes albopictus (Skuse, 1895) 
Michael T Riles, michael.riles@comcast.net, James Clauson, Katlyn Cullen, Mark Clifton 

A series of experiments were performed in the years spanning 2014-2017 in Panama City Beach, FL concerning the 
Springstar Trap N Kill lethal ovitrap Observations will show that the initial claim of the manufacturer of a 45-day 
interval efficacy for time-mortality concerning container inhabiting mosquitoes is not efficient. 30-day intervals in 
these experiments characterize a more conclusive time frame when placing these lethal ovitraps in zones of high 
probability for Aedes container mosquitoes.  The presence of mosquito larvae is clearly shown to not occur through 
the 30-day interval even after observed egg deposition hatching behavior. The presence of larval activity occurs 
after the suggested 30-day time frame within these experiments.  The population dynamics of Aedes albopictus as 
measured and observed through Biogents Sentinel 2 surveillance traps in both control and treatment zones are  
also discussed.
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P-08 Study on current status of mosquitoes in Sejong, South Korea using mosquito trap 
Jiseon Doh, doraji02@swu.ac.kr, Sumi Na, Myoung-ae Yi, Young-Cheol Yang, Jae Seung Yoo,  

 Hoonbok Yi 

Insect-borne diseases are increasing due to global warming via climate change. In particular, the increasing number 
of domestic and international population flow and patients with mosquito-borne diseases are raising the awareness 
of infectious diseases from abroad. Therefore, Sejong City of South Korea tried to establish the prevention system 
by identifying the occurrence of mosquitoes to prevent the mosquito-borne infection. The purpose of this study is 
to identify the number of mosquitoes in Sejong City. Mosquito population data was accummulated by investigating 
both the larval and adult mosquito simultaneously in each eup, myeon, dong once a week from August 2019 to mid-
October. DMS, MOS-HOLE PRO, and black hole was used for the adult mosquito investigation, and dipper was used 
for the larvae investigation. For the adult mosquito, 2-3 traps were installed in each eup, myeon, dong, and a total of 
27 traps, in which 2 DMS, 15 MOS-HOLE PRO and 10 black hole trap, was used. As for the larvae investigation, 1-3 sites 
were investigated in total of 30 sites. As a conclusion, we were able to identify the mass mosquito habitat of Sejong 
and the population patterns of summer and autumn. As a result of comparing the number of mosquitoes in the old 
town and new town, it turned out that there were more than twice as many mosquitoes in the old town. This was 
found to be the difference between land use and waterway development in new and old towns. We expect that this 
study can be used as a basic data for establishing a long-term control system and evaluation of the implementation of 
the quarantine system.

P-09 Logistics of a 2,000 trap mosquito surveillance program 
Nicole Nazario, nnazario@prvectorcontrol.org, Jose Sanchez, Pablo Rios, Cesar Piovanetti,  
Marianyoly Ortiz, Grayson Brown, Lucy Crespo 

The Puerto Rico Vector Control Unit (PRVCU) was established to implement an integrated vector management 
strategy for Aedes aegypti in Puerto Rico. To date, the PRVCU has established a surveillance program in the principal 
population centers of Puerto Rico (6 municipalities and 73 surveillance zones). This program currently deploys 2,000 
Autocidal Gravid Ovitraps (AGO) which are serviced weekly. Such a large number of traps requires an industrialized 
process to keep track of the traps, maintain a chain of custody, and process the trap data in near real time so as to 
support decision making. The key to the program has been custom built software and tracking system that maintains 
a complete record of the status of each individual trap at all times. Having a unique mosquito surveillance system 
like this has been key to demonstrate the importance of mosquito control programs in arbovirus endemic areas to 
stakeholders and public health agencies.

P-10 Does temperature influence mosquito susceptibility to insecticides 
Ludmila Adobea Akyea, ludaa1123@hotmail.com, Christopher Vitek 

Insecticide resistance is a major concern when it comes to controlling mosquito population, and by extension, 
controlling mosquito-borne diseases.  Increased use of insecticides has also corresponded with the increase 
of resistance alleles in mosquito populations. In addition, unexplored environmental factors may also influence 
resistance of mosquitoes. One such environmental characteristic, temperature, may change the insecticide resistance 
in mosquitoes. We examined this topic using Aedes aegypti from South Texas. We hypothesized that increased 
temperature adds greater physiological stress, resulting in increased susceptibility of mosquitoes to insecticides. In 
addition, we hypothesized that longer exposure (such as during the larval stage) will further increase susceptibility 
compared to being maintained at different temperature regimes as adults only. We tested susceptibility of Ae. aegypti 
to permethrin and deltamethrin by rearing larvae and keeping adult populations at temperatures 26oC, 30oC and 
36oC.  We examined the insecticide resistance using the CDC Bottle Bioassay.  The potential of temperature to 
influence the efficacy of mosquito control through the change in insect susceptibility is discussed.

P-11 The Protective Power of Nootkatone 
Jean Amick, jeana@evolva.com, Giovanni Salerno 

Nootkatone is a naturally-occurring sesquiterpene found in the heartwood of Alaskan yellow cedar trees and 
grapefruit rind.  Sesquiterpenes, with their natural chemical properties help protect plants from insects and disease.  
Despite their importance in products from flavors and fragrances to insect repellents and biopesticides, they remain 
cost prohibitive and supply constrained. Evolva holds a strong competitive advantage for production of highly pure, 
renewable, nootkatone. Evolva’s patented technology alleviates the need to harvest from scarce natural resources or 
costly extraction processes and enables commercial alternatives to meet growing demand for more effective nature-
identical pesticide product.
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The US Centers for Disease Control (CDC) has demonstrated that nootkatone, as an active ingredient, is highly 
effective at repelling and controlling the ticks that transmit Lyme disease and a variety of other nuisance pests.

In recent years, the spread of mosquito-borne diseases such as Zika has prompted further testing of nootkatone for 
public health initiatives.  Evolva is the recipient of a CDC funded grant to develop NootkaShield™ nootkatone based 
end-user products against select mosquito-borne diseases like Zika. This award has been funded in whole with Federal 
funds from the Center for Disease Control and Prevention, and managed by the Office of the Assistant Secretary for 
Preparedness and Response (ASPR), Biomedical Advanced Research and Development Authority (BARDA), under 
Contract No. HHSO100201700015C.

Evolva and partners have undertaken efforts on two fronts: (1) understanding the range of insect targets and potential 
related applications and (2) enhancing the potential use of nootkatone by reduction of the cost of goods sold 
(COGS) and by exploring formulations that can improve efficacy. Evolva’s efforts to advance the commercialization 
of nootkatone from EPA registration efforts to formulation efforts have positioned Evolva as a leader in providing a 
critical Manufacturing Product to address various public health concerns.

P-12 Using annual pesticide resistance testing results of the mosquito vectors Aedes  
albopictus and Culex pipiens to guide the procurement and application of adulticides  

 in Suffolk, VA. 
Charles F Abadam, cabadam@suffolkva.us 

Suffolk, VA mosquito control began testing adult mosquitoes for pesticide resistance in 2018 and it is now integrated 
into their seasonal operations. Testing is concentrated on Aedes albopictus and Culex pipiens against the active 
ingredients: sumithrin, prallethrin, and permethrin. In 2018, it was found that Cx. pipiens populations were resistant to 
all three active ingredients and Ae. albopictus was susceptible to all three active ingredients. These results informed 
our program to re-evaluate our adulticide inventory and find a replacement adulticide with an active ingredient that 
was effective against Cx. pipiens. Late in 2018, Cx. pipiens was tested against the active ingredients: chlorpyrifos, 
deltamethrin, etofenprox, malathion, and naled. This testing revealed that Cx. pipiens was resistant to chlorpyrifos, 
deltamethrin, etofenprox, and malathion but susceptible to naled. Although naled seemed like a viable option, the 
hazards it poses to human health and recommendations from professionals and vendors persuaded Suffolk against 
spraying it from a truck mounted ULV machine. Pesticide resistance testing was not presenting a viable replacement 
adulticide to deal with Cx. pipiens. Suffolk had two options: 1) Halt adulticide sprays for Cx. pipiens altogether in order 
to allow pesticide susceptibility to come back naturally to the species 2) In times of need have an adulticide on hand 
that Cx. pipiens is least resistant to among those tested. Prior to the 2019 mosquito season Suffolk had a plan for 
Cx. pipiens, a decision was made to halt adult spray operations for the species and handle it solely with larvacides 
also a chlorpyrifos based pesticide was purchased to deal with Cx. pipiens if disease transmission became a problem. 
This plan was fortuitous because in 2019 pesticide resistance testing revealed that Cx. pipiens was susceptible to 
chlorpyrifos, WNV positive Cx. pipiens was low, and focusing on larvaciding habitats of this species was beneficial.

P-13 Geospatial Response Identification System (GRIdS): Developing a Risk-Based Driven  
West Nile Virus Response Grid System using ArcGIS Hot-Spot Analysis 

 Kiet Nguyen, knguyen@ocvector.org, Tim Morgan, Amber Semrow, Laura Krueger,  
Sokanary Sun, Robert Cummings 

Following Orange County’s worst West Nile virus (WNV) epidemic in 2014, Orange County Mosquito and Vector 
Control District (OCMVCD) has taken steps to increase early detection of focused WNV virus activity and decrease 
control response time. In 2019, OCMVCD implemented a Geospatial Response Identification System (GRIdS) derived 
from 15 years (2004 – 2018) of location data for WNV human cases and virus positive dead birds. OCMVCD used 
this information to construct a hot-spot analysis to spatially identify three County regions based on WNV risk: high, 
medium, and low, with a goal of distributing surveillance resources more efficiently. Each area was divided into blocks 
(one gravid trap per block) with dimensions set to accommodate OCMVCD’s ground based adulticiding resources. 
Each block was further divided into smaller cells to delineate sections for additional weekly mosquito sampling that 
was activated upon an initial WNV detection. The area with the highest density of WNV activity, based on human cases 
and dead birds, was assigned a tighter surveillance grid compared to the medium and low risk areas. Within each risk 
area, the blocks established a standard unit for calculating infection rates based on routine and extended trapping 
efforts. During 2019, the grid system proved to enhance the communication of risk to constituents and stakeholders 
at a neighborhood level. The grid system and surveillance plan further strengthened inter- and intra-agency 
communication allowing for a more rapid control response.

138



P-14 Comparative field evaluation of the CDC light traps baited with different colored  
lights and attractants for collecting Phlebotomine sand flies (Diptera: Psychodidae)  
in Thailand 

 Nattaphol Pathawong, nattapholp@afrims.org, Thanyalak Fansiri, Arissara Pongsiri,  
Silas A Davidson, Alongkot Ponlawat 

Sand flies (Diptera: Phlebotominae) are medically important blood-feeding insects that transmit parasites from the 
genus Leishmania (Kinetoplastida: Trypanosomatidae) causing leishmaniasis. Leishmaniasis is ranked to the ninth place 
of all human infectious diseases and considered as a public health importance in the tropics and subtropics. Sampling 
for adult sand fly populations is a means of evaluating the efficacy of Leishmaniasis vector control operations. The 
objectives of this study was to evaluate the influence of the conventional CDC light trap (CDC LT) and the modified 
CDC LT with different light wavelengths including green LED (520-560 nm), red LED (635-700 nm), UV lights (300-400 
nm) and different attractants (BG-Lure®, CO2 and un-baited) for the collection of sand flies under field conditions. 
Trap comparison experiments were conducted in rubber tree plantation in Chanthaburi province, Thailand using a 
Latin square design. A total of 2,380 sand flies including 1,293 females and 1,087 males were collected from a total of 
32 trap nights in April 2019. The results showed the number of sand fly captured from CDC LT augmented with UV 
LED was significantly higher than Red LED (P = 0.02). In addition, the numbers of sand flies captured by CDC LT with 
UV LED, Green LED and incandescent light were not different. The data also revealed that sex proportion of collected 
sand flies and light wavelengths are not correlated (P = 0.75). Moreover, we didn’t detect the effect of attractants on 
the number (P = 0.69) and sex proportion (P = 0.13) of sand flies. According to the results of the current study, the 
CDC LT equipped with incandescent light or UV LED (without attractants) can be used as the effective tool for sand fly 
collection and surveillance program in Thailand.

P-15 Chronologic Age Characterization of Mosquitoes using IR Spectroscopy and  
Chemometrics 
Bradley Guilliams, bfguilliams1@catamount.wcu.edu, Harrison Edmonds, Scott Huffman,  
Brian Byrd 

Determining a mosquito population’s species composition and age is crucial for estimating the risk of pathogen 
transmission. At present, age-grading methods are chiefly physiologic and classify the mosquitoes in terms of parity 
(e.g., nulliparous or parous).  Less commonly used chronologic methods (e.g., qPCR or near infrared spectroscopy 
[NIR]) have limited temporal resolution (NIR), or require consumable reagents and technological expertise with 
molecular methods. The current lack of robust methods to rapidly evaluate a population’s chronologic age limits our 
ability to assess pathogen transmission risk in the context of vectorial capacity estimations (i.e., daily survivability). Our 
current research seeks to develop methods of mosquito characterization utilizing mid-infrared spectroscopy. Infrared 
(IR) spectroscopy is a type of vibrational spectroscopy that is both sensitive and information rich.  Subtle changes 
in IR spectra correlate with changes in the biochemistry of mosquitoes as they age.  These changes in the IR spectra 
when coupled with advanced numerical analysis (chemometrics) may be used to predict the age of mosquitoes.  We 
present our results successfully classifying Culex quinquefasciatus mosquitoes categorically (e.g., old [>2 weeks old] 
versus young [< 1 week old]) and discuss these advances in the context of population risk assessment.  In addition, 
we will present our ongoing work demonstrating that adult mosquito age can be chronologically predicted using IR 
spectroscopy and chemometrics.

P-16 Mosquito population characterization in two urban farms in Miami-Dade County,  
Florida 
Augusto C. Carvajal-Velez, augusto.carvajal@miamidade.gov, Andre Wilke,  
Chalmers Vazquez, William Petrie, John C. Beier 

Urban farming is currently responsible for approximately 15% of the overall food production and is on the rise 
worldwide. New complex ecosystems and production techniques associated with urban agriculture are bringing 
new challenges to control vector mosquitoes adequately in cities. Although urban farming has been related to the 
increment of mosquitoes populations in irrigated fields in Africa, little information on this matter exist abroad. In this 
study, we sampled two urban farms in Miami-Dade County, Florida. Our results suggest that urban farms provide a 
diverse environment to sustain mosquito populations up to five times higher when compared to surveillance trap 
counts in nearby areas. We observed differences in species diversity among urban farms, comprising the collection 
of three mosquito species in their adult form at the Wynwood urban farm [H = 0.327 (95% IC: 0.288-0.371)]. Culex 
quinquefasciatus was the most abundant species, followed by Aedes aegypti, and Anopheles quadrimaculatus.
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At the Golden Glades urban farm, we found 12 species [H = 1.86 (95% IC: 1.812-1.906)], with the most abundant species 
being Cx. nigripalpus, followed by Culex coronator, Ae. aegypti, Aedes albopictus, and Cx. quinquefasciatus. Immature 
samples revealed 3 and 4 different mosquito species at the Wynwood and Golden Glades urban farms, respectively. 
Culex quinquefasciatus was the most abundant species found in the immature stage at the Wynwood urban farm, 
while Ae. albopictus was the most frequent species found at Golden Glades in its immature form. Our data suggest 
that urban farms provide diverse microenvironments that offer more resources for sustaining mosquito populations 
than in typical residences. With urban farms increasing in metropolitan areas, a potential adequation for mosquito 
control strategies could be needed in urban areas.

P-17 Socio-ecological risk factors for mosquito production in residential neighborhoods 
Allison T Parker, parkera10@nku.edu 

In residential neighborhoods, natural and artificial water-holding containers in which adult female mosquitoes lay 
eggs are critical habitats for mosquito development. In this study, we examined how social (i.e. socioeconomic status, 
SES) and ecological (i.e. tree canopy cover) factors affect mosquito production in container habitats in residential 
neighborhoods. We then conducted a knowledge, attitudes, and practices questionnaire to determine which social 
factors correlate with mosquito production. These studies were conducted in nine neighborhoods stratified across 
three levels of SES and three levels of canopy cover. Overall mosquito abundance was affected by both SES and 
canopy cover; low SES neighborhoods and high canopy cover neighborhoods have the greatest abundance of juvenile 
mosquitoes. Mosquito juveniles were collected from a wide range of container types; large containers had the greatest 
mosquito densities and the highest species richness. Aedes albopictus, the most commonly collected mosquito, was 
found in all container types.

Residents living in high SES neighborhoods were both more knowledgeable about mosquito ecology and more likely to 
self-report controlling for larval mosquitoes. Older residents were less likely to report being bitten by mosquitoes, and 
were more knowledgeable about mosquito ecology. Understanding how social and ecological factors interact to affect 
mosquito production, and subsequent disease risk, is necessary to implement effective mosquito control campaigns 
targeted at reducing water-holding containers in residential neighborhoods.

P-18 Is water the most important stimulus for oviposition site-seeking Aedes aegypti  
mosquitoes? 
Stephanie Musick, smusick@msudenver.edu, Leena Visnak, Robert Hancock, PhD 

The container-breeding vector mosquito Ae. aegypti is commonly surveilled and controlled by using various ovicups 
or ovitraps.  The stimuli used by oviposition site-seeking gravid females is multimodal involving visual, volatile chemical, 
and water cues.  We are developing a two-port olfactometer bioassay to assess the relative roles of these sensory 
cues in the orientation of gravid females to oviposition site related stimuli.  All tests have been 60 min long during 
the end of photophase of a 14:10 Light:Dark rearing and maintenance cycle.  Responding gravid test animals did not 
exhibit significant choices in two different preference tests: 1) water infused with high nutrient content versus pure 
water, and 2) dark ports with pure water (wrapped in opaque black material) versus transparent ports with pure water.  
Continuing research is focused on identifying attractant stimuli in addition to water.  This basic behavioral research 
may aid in the development of more effective ovicups and ovitraps for diurnal container breeders like Ae. aegypti and 
Ae. albopictus.

P-19 Adult Mosquito Identification using IR Spectroscopy and Chemometrics 
Harrison Edmonds, hoedmonds1@catamount.wcu.edu, Bradley Guilliams, Connor Larmore,  
Lamyae Sroute, Scott Huffman, Brian Byrd 

At present, mosquito control districts are reliant on the work of the entomologist to identify pathogen vectoring 
populations. Accurate and rapid methods for determining the composition of mosquito populations are critical 
first steps for combating mosquito-borne disease.  Current methods of identifying an adult mosquito rely primarily 
on microscopic identification by highly trained personnel. These processes are both labor intensive and subject to 
human fatigue induced error.  Therefore, there is a need for rapid and non-destructive adult mosquito identification 
techniques that can be used on a scale that is ecologically, economically, and epidemiologically meaningful.  Our 
current research aims to develop methods of biochemical discrimination between multiple species using infrared 
spectroscopy. Infrared spectroscopy is a sensitive, information rich technique that is capable of detecting a wide 
range of molecular signals, ranging from subtle changes in protein secondary structure to transmembrane protein-
lipid interactions. The resulting data when coupled with numerical analysis (chemometric) methods such as principal 
component analysis, linear discriminate analysis, and partial least squares may be used to classify mosquito insecticide 
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resistance.  Currently, we have applied Fourier transform infrared (FT-IR) microspectroscopy to identify a subset 
of mosquito species including seven container-inhabiting Aedes species (Ae. epactius, Ae. aegypti, Ae. albopictus, 
Ae. atropalpus, Ae. japonicus, Ae. sierrensis, and Ae. triseratus) as well as three Culex species Cx. quinquefasciatus, 
Cx. salinarius and Cx. restuans) obtained from both the field and/or laboratory settings. This method, which is rapid 
and easy to use, has the potential to decrease labor cost and time associated with species identification. Further 
development, coupled with the process automation, may provide operationally useful methods for rapid species 
identification as well as many other discriminating physical characteristics (e.g., age or other informative phenotypes) 
of mosquitoes.

P-20 Evidence of West Nile virus and Saint Louis encephalitis virus in pools of mosquitoes  
 testing negative for both viruses using real-time PCR 
 Steven T Peper, steve.peper@ttu.edu, Cynthia Reinoso Webb, Shannon L Johnson,  

Cheryl D Gleasner, Bethany G Bolling, Steven M Presley 

Vector-borne diseases have been on the rise during the past fifteen years in the United States. Regular surveillance 
of such diseases is critical for maintaining the public health of a region. Screening of mosquito pools for arboviruses 
using polymerase chain reaction assay (PCR) is a commonly used practice. As part of an ongoing surveillance 
program in northwest Texas, Flavivirus-positive but West Nile virus (WNV) and Saint Louis encephalitis virus (SLEV) 
PCR-negative mosquito pools increased drastically in 2018 (2009-2017 average = 16.3%; 2018 = 69.0%). In an effort 
to determine the genetic structure of these Flavivirus-positive, WNV/SLEV-negative mosquito pools (n = 20), cDNA 
PCR product was sent to the Los Alamos National Laboratory for Next Generation Sequencing. Analysis of amplicon 
products matched 95% (19/20) of our samples to WNV and/or SLEV in various databases. Though further analysis is 
required, our findings demonstrate the need for continued evaluation of currently accepted surveillance tools. The 
primers and probes employed in this study have been utilized by various studies over the years. The potential of these 
primers to no longer capture all WNV or SLEV positive samples is alarming and may have a negative effect on vector 
surveillance operations that currently utilize these primer sets.

P-21 Mosquito-borne disease surveillance in South Texas 
Christopher Vitek, christopher.vitek@utrgv.edu, Juan Garcia, John Thomas 

Disease surveillance is critical to assessing the presence or threat of vector-borne diseases.  Working with the multiple 
cities and counties, we have assisted in year round surveillance efforts in the Lower Grande Valley region of South 
Texas.  Partners in public health and vector-control provide weekly mosquito samples that are sorted, identified to 
species, and then processed and tested for Zika virus, dengue virus, chikungunya virus, and West Nile virus.  Viral 
testing is conducted using quantitative real-time PCR analysis, and results are disseminated to the city, county, and 
state offices.  To date, we have sorted and identified over 30,000 mosquitoes, and tested over 17,000.  While testing 
is ongoing, to date no positive mosquitoes have been identified.  While the current results have not found any virus 
circulating in the mosquito populations, continued cases of mosquito-borne diseases in this region indicate the need 
to remain vigilant and continue with surveillance efforts.

P-22 Blood meal analysis and virus detection in mosquitoes collected from U.S. Air Force  
installations, 2018 - 2019 
Leah Colton, leah.colton@us.af.mil, Aubri M Pritchett, Faye Geary 

400 blood fed mosquitoes captured in surveillance traps from 49 Air Force installations around the world were 
analyzed for blood meal host identity and presence of arbovirus. Mosquitoes, which were initially stored at room 
temperature (RT), sometimes for weeks and months, were scored for quantity of blood ingested, from trace to fully 
engorged, and abdomens were processed separately from the rest of the mosquito. Primers targeting vertebrate 
mitochondrial cytochrome c oxidase subunit 1 were used to PCR amplify blood meal DNA, followed by amplicon 
sequencing to determine host identity. RNA was extracted from mosquito thoraces and heads and subjected to 
arbovirus testing. Results indicate whether the lab’s routine samples (RT stored mosquitoes; no preservative methods) 
can be used for host meal identity and arbovirus infection status analyses, and whether meaningful information can 
be generated for local area risk assessments. Results will be stratified for analysis by blood meal quantity and duration 
of RT sample storage, which will help us understand the limitations of Air Force mosquito surveillance samples in 
providing actionable information about local epidemiologic and ecological conditions.
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P-23 First report of natural vertical transmission of dengue virus in Aedes aegypti  
(Linnaeus) in Koror, Palau 
Aidil Rahman, aidil.rahman@palauhealth.org, Eden Uchel, Tmong Udui, Osiro Lorin,  
Jorge Munoz, Gilberto Santiago 

Larvae of Aedes subgenus Stegomyia were collected from a wide variety of both artificial and natural breeding 
containers during an outbreak of dengue serotype-3 (DEN-3) in Palau between December 2018 and April 2019. The 
larvae specimen collected during the surveys were colonized in the laboratory and reared to adulthood for species 
identification. The identified mosquito specimens were pooled according to their species, date and locality and stored 
at -80°C. A total of 52 mosquito pools were shipped to the CDC Dengue Branch in Puerto Rico for viral ribonucleic 
acid (RNA) extraction and reverse-transcriptase polymerase chain reaction (RT-PCR) analysis. The 52 pools consisted 
of 21 pools of Ae. aegypti, 21 pools of Ae. hensilli, 4 pools of Ae. albopictus, 4 pools of Ae. scutellaris and 2 pools of Ae. 
palauensis. Results showed that 4 out of 21 pools of Ae. aegypti were found to be positive for dengue virus. This is the 
first report of transovarial vertical transmission of dengue virus in Ae. aegypti from Palau through RT-PCR detection, 
serotyping and sequencing.

Keywords: Dengue; Aedes subgenus Stegomyia; Aedes aegypti; Transovarial transmission; Koror; Palau

P-24 Towards a semi-automatic early warning system for vector-borne diseases 
Panagiotis Pergantas, pergantas@bioapplications.gr, Chrisovalantis Malesios,  
Andreas Tsatsaris, Marios Kondakis, Iokasti Perganta, Yiannis Tselentis, Nikos Demiris 

The economic and societal burden of vector-borne diseases like malaria and West Nile virus depends upon a number 
of time-varying factors. This work is concerned with the development of an early warning system which can act as a 
predictive tool for public health preparedness and response. The underlying technology is based on a spatially-explicit 
model which integrates entomological, geographical, social and environmental evidence. The output consists of 
appropriate maps depicting suitable risk measures such as the basic reproduction number, R0, and the probability of 
getting infected by the disease. Maps of this kind are generated automatically using the freely available R software and 
are ideal for guiding recommendations regarding mosquito control efforts and related mitigation measures.

P-25 Dengue virus Transmission Ability of Aedes albopictus in Korea 
Yang Sung-Chan, npros33@korea.kr, Cho shin-Hyeong 

To identify Dengue virus transmission in Korean strain of Aedes albopictus, we performed a microinjection and 
artificial feeding of Dengue virus (DENV) with different concentration. After injection of DENV, mosquitoes were 
incubated for 14day and fed with 10% sucrose in insectarium. Virus detection was performed every two or three days 
by Real-time PCR. DENV was detected for 20days in all microinjected mosquitoes and cycle threshold (CT) value was 
significantly decreased with time. It showed that there was a virus amplification in mosquito body. Also, DENV was 
detected uninfected male by horizontal transmission from infectedfemale. Infection rate of DENV by artificial feeding 
(2.83 x 104 pfu/ml) was decreased 100% (0dpi) to 8% (4dpi) following the day after infection and not detected 5day 
after infection (dpi). On the other hand DENV was detected 14dpi (66.7%) and even showed higher infection rate 
than 7dpi (38.2%) when the virus infected at a higher concentration (2.26 x 106 pfu/ml). When we checked virus 
amplification in each part of mosquitoes on 7day after infection, salivary gland infection rate was showed 36.1% and 
ovary was 22.3%. Besides DENV was even detected in there leg (2.8%) but not detected in midgut. These results was 
first case of DENV infection to Ae. albopictus by microinjection and artificial feeding in Korea. In our results, low 
concentration dengue virus was degradation in mosquito body by their immune system. So it seems that an accurate 
comparition of virus concentration will be necessary to confirm a virus transmission ability of Ae. albopictus in Korea.

P-26 Evaluation of a large scale Dengue Virus surveillance technology using adult  
oviposition traps in Espirito Santo state, Brazil 

 Carlos V Peçanha, carlos.pecanha@rentokiol-intial.com, Amanda C Freitas,  
Ana Paula M V Matos, Victor A I Maia, Bruna R D Souza, Lucas F R Zanandrez 

INTRODUCTION - Aedes aegypti mosquito is known for transmitting Dengue virus, which causes new 390 million 
Dengue disease human cases every year. About half of the world is at risk of Dengue outbreaks, including Brazil, 
which has a high prevalence rate. This fact leads to the need of monitoring the vector and the viral circulation in 
the mosquito. OBJECTIVE - The present study was developed with the aim of evaluating the presence of DENV and 
its respective serotypes in Aedes aegypti mosquitoes collected by adult oviposition traps, commercially traded as 
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MosquiTRAPs, in the metropolitan region of Vitoria, in the state of Espirito Santo, Brazil between 2017 and 2019. 
METHODOLOGY - 3.499 MosquiTRAPs were deployed in six strategic municipalities belonging to the metropolitan 
region of Vitoria and adult Aedes aegypti specimens were collected. Mosquitoes were macerated and viral RNA was 
extracted, with subsequent qRT-PCR reaction using Taqman technology. The fluorogenic probes used were from 
DENVall, DENV 1, DENV 2, DENV 3 and DENV 4. RESULTS - 39.384 samples collected in field were sent to laboratorial 
analysis. Of these, 145 presented viral positivity until the 32th epidemiological week of 2019. Serotypes identified in 
these samples were DENV1 and DENV2 corroborating available data of viral isolation in humans. CONCLUSION - From 
the results obtained, relevance of the viral analysis directly in mosquitoes has been proven as a source of information 
for improving entomological surveillance programs.

Keywords: Dengue,Taqman, Mosquitrap, Intelligent monitoring of virus, Aedes aegypti.

Financial support: Ecovec Comércio e Licenciamento de Tecnologias LTDA

P-27 Early season predictors of West Nile virus activity in Lowndes County, Georgia 
Mark Blackmore, mblackmo@valdosta.edu, Emily Evans, Dariana Rodriguez, Christopher  
Adam Slaton 

Mosquito surveillance data collected in Lowndes County, Georgia was compiled to search for potential factors 
associated with year to year variation in West Nile virus infection rates. Abundance of the early season vector, Culex 
restuans, demonstrated a moderate covariance with maximum likelihood estimates of infection rates in the principal 
vector, Culex quinquefasciatus. Other variables, such as the crossover period between the two vectors and Cx. 
restuans persistence showed no correlation. Ongoing studies are assessing additional factors to determine if one or a 
combination of several variables can be used to forecast annual levels of West Nile virus activity in the region. Possible 
implications of these data as they relate to West Nile virus overwintering and early season mosquito control will be 
discussed.

P-28 Evaluation of WNV and SLE co-infected mosquito samples in Maricopa County, AZ 
James Will, james.will@maricopa.gov, John Townsend, Dan Damian, Kirk Smith,  
Steven Young 

For several years we have had concurrent outbreaks of West Nile virus and St. Louis encephalitis circulating in our bird 
and local mosquito populations in Maricopa County, Arizona.

2019 proved to be our worst year on record for both viruses. We currently set 801 EVS traps weekly and over the last 
2 years we have had 5 single Culex spp. mosquitoes test positive for West Nile virus and St. Louis encephalitis virus. 
Samples of these collections were sent to CDC and several Universities for confirmation of the coinfection of each 
single Culex spp. mosquito. This is a follow up to last year’s poster.

We would like to discuss the findings of this occurrence.

P-29 The effects of pyriproxyfen on Aedes albopictus fitness and the potential for non- 
target dissemination 
Corey L Brelsfoard, corey.brelsfoard@ttu.edu, Cameron Crabtree 

Pyriproxyfen (PPF) if commonly used in autodissemination strategies, which are based on the self-delivery of lethal 
doses of highly potent insecticides for mosquito control. However, effects of PPF on adult mosquitoes and non-target 
effects are not well studied. Here we examine the effects of PPF on Aedes albopictus adult female longevity and 
fecundity. To examine for an effect on fecundity, adult female Ae. albopictus were dusted with ESTEEM 35WP. Eggs 
were collected and counted to compare the fecundity of treated and untreated adult females. Adult survivorship and 
longevity was also recorded. The number of eggs collected from the PPF dusted females was significantly lower than 
the control group. The longevity of PPF dusted mosquitoes was also reduced compared to untreated mosquitoes. In 
addition, we tested for the dissemination of PPF to artificial sugar sources as evidence for non-target dissemination. 
The transfer of PPF to artificial nectar sources was determined using larval bioassays. Sugar sources from cages with 
PPF treated males were associated with a significant reduction in survivorship of larvae in bioassays. Results suggest 
the need to further investigate the application of PPF to adult mosquitoes to reduce fecundity rates and to investigate 
non-target effects of using PPF as part of autodissemination approaches to control mosquito vectors of disease.
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P-30 Jamestown Canyon virus associations with Michigan mosquitoes: 2018-2019 
Edward Walker, walker@msu.edu, Mary McCarry, Chuck Pearce, John Keven,  
Rebecca Brandt, William Stanuszek 

Jamestown Canyon virus (JCv), a member of the California serogroup of viruses within the genus Orthobunyavirus, 
family Bunyaviridae, has emerged as a significant cause of neurovirulent disease in the upper Midwest of the United 
States.  However, within this region the associations between this virus and mosquito vectors are poorly known.  
The first two confirmed human cases of neurovirulent disease due to JCv infection were reported in Michigan in 
2018.  We sampled adult mosquitoes in Saginaw and Bay counties in lower Michigan from May to September, 2018-19, 
using CDC light traps, pooled mosquitoes by species, date and location, and analyzed them for JCv using a verified 
reverse transcription, real time PCR method incorporating a JCv-specific molecular probe.  Of 101,420 mosquitoes 
of 15 species (10 Aedes, 4 Anopheles, 1 Psorophora) in 5,303 pools, there were 241 (4.5%) positive pools.  Most 
(81.7%) positive pools were Aedes canadensis (minimum infection rate, 1.4) and the remainder were other Aedes and 
Anopheles species, suggesting that Aedes canadensis may be the dominant vector of JCv in the region.

P-31 Testing for Wolbachia infections in Aedes aegypti from El Salvador 
Andrea Joyce, ajoyce2@ucmerced.edu, Ryan Torres, Jose Luis Ramirez 

Wolbachia are symbiotic bacteria present in mosquitoes as well as in many other arthropods. These bacteria can 
influence reproduction and vector capacity, and thus are currently employed in mosquito release programs for Aedes 
aegypti control. While a number of studies have found populations of Ae. aegypti are free of Wolbachia, there are 
several cases where Ae. aegypti has been found to harbor Wolbachia. In this study, we examined Wolbachia presence 
and prevalence in Aedes aegypti collected from diverse locations in El Salvador. Our previous study, examining genetic 
variability of Ae. aegypti in El Salvador, detected two mosquito lineages present throughout the country. The purpose 
of the study herein was to screen these populations, and examine whether one or both lineages had Wolbachia. This 
information can be used to further understand the origin of the introduction of Aedes aegypti into this country. 
Samples were screened via qPCR using two Wolbachia-specific primer sets. Results will be presented and discussed.

P-32 Harnessing the Power of the Science Classroom for Outreach Education 
Wendy M Samz, wendyms@leeschools.net, Jenifer McBride, Mark McCreary, Eric Jackson 

The Lee County Mosquito Education program is a cooperative effort, spanning over thirty years between the 
Environmental Education Department of the Lee County School District and the Lee County Mosquito Control 
District.

The mission of the Lee County Mosquito Education program is to enhance the scientific and environmental literacy 
of the younger citizens of Lee County and to augment their lifetime understanding of the science related to mosquito 
control. The goal is to make sure that the public knows who the Lee County Mosquito Control is, what it does and why 
it is so important.

The only one of its kind in the country, Lee County Mosquito Control, the largest mosquito control in the nation, 
recognized very early on that in order to be successful combating mosquito vectored diseases they would need a 
strong environmentally based education program. In 2018-2019 the program was conducted in over 1500 classrooms 
in over 80 schools to over 19,000 students.

Our classroom programs are conducted in collaboration with classroom teachers. Programs are designed for grades 
kindergarten, five, seven, high school chemistry and biology classes and support Florida’s Sunshine State Standards 
in a variety of areas. These hands-on learning experiences are being offered county-wide to public and private 
schools. Students learn to identify different kinds of mosquitoes, their habitats and life cycles, and are familiarized 
with the techniques currently being used to control mosquitoes. This is a learning experience many will never 
forget. In addition, instructors are active with local, state and national committees devoted to mosquito control and 
environmental education.

P-33 Vector Biology Degree Programs, Training, and Research at Uniformed Services  
University 
James C. Dunford, jdunford@odu.edu 

The Preventive Medicine and Biostatistics Department, Division of Global Public Health at Uniformed Services 
University offers degree tracks in vector biology and parasitology. Graduate degrees include Master of Science 
in Public Health (MSPH) and Doctor of Philosophy (PhD); a Master of Science (MS) will also soon be available. 
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Vector Biology faculty foster domestic and interagency partnerships aimed to improve public health capabilities 
internationally to provide active duty and civilian students a global perspective on preventing vector-borne disease 
transmission.

P-34 Utilizing Community Partnerships to Provide Interactive STEM Learning  
Opportunities 
Rebecca Riley, rebecca.riley@phs.hctx.net, Ismat Bhuiyan, Elisa Castillo 

Harris County Public Health (HCPH) Mosquito and Vector Control Division (MVCD) has a robust and well-established 
community engagement program in place utilizing traditional outreach tools. Although, interactive presentations have 
been provided for many years, more recently HCPH-MVCD has piloted a different approach to community outreach 
when engaging both students and educators. This approach focused on partnering with local school districts, 
national education curriculum providers, and international governmental agencies focused in vector control.  These 
collaborations allowed HCPH-MVCD and its partners to look at community education through a unique lens.  Viewing 
community education through this lens brought local to global opportunities in STEM education specifically related 
to vector control.  This poster presentation will explore and evaluate the tools used to impact and inspire students, 
educators, and vector control programs.

P-35 APC: Trials of an automated mosquito dispenser for laboratory rearing of mosquitoes 
 Mark Quentin Benedict, mbenedict@cdc.gov, Priscila Bascuñán, Ellen M Dotson 

Attaining consistent mosquito culture requires a method of controlling larval density in rearing containers. This is 
important when producing mosquitoes for e.g. experimental pathogen infections, insecticide testing and behavior 
studies. As one means of obtaining consistent numbers of larvae, we tested a large particle flow-cytometer type device 
called ‘Automated Particle Counter (APC)’. The APC is a gravity feed, self-contained unit that detects larvae by changes 
in optical density when larvae pass the detector in a water stream. When the pre-set number has been dispensed, a 
valve closes preventing additional larvae from being dispensed. The device includes a touch pad display and computer, 
thus no external computer is required for operation and data can be observed through a WiFi connection to an 
external computer. The device is usable with all common voltages and connector types.

We determined the error and throughput rates using 1 day old Anopheles gambiae G3 strain and Aedes aegypti New 
Orleans strain larvae to test the device. We observed that error rates are less than 5% and the throughput rate is 
suitable for typical laboratory scale rearing. Survival after passing through the dispenser is not distinguishable from 
that of larvae that had been manually counted.

P-36 Bait & switch: determining a preferred CO2 source for mosquito surveillance 
Rachel E Pollreis, rpollreis@adacounty.id.gov 

Two standard carbon dioxide (CO2) sources, dry ice and compressed CO2 cylinders, were compared as attractants for 
mosquito surveillance using BioQuip Encephalitis Vector Surveillance (EVS) mosquito traps. Nightly comparisons were 
made in Ada County, Idaho for the duration of the 20 week season lasting from May 6, 2019 through September 20, 
2019. A total of 5,646 mosquitoes were collected over 258 trap nights. Paired traps remained at the sampling locations 
from 8:00pm – 6:00am with dry ice sublimation ranging from 130mL/min to 220 mL/min depending on ambient 
temperature over the 10 hour window and compressed cylinders were calibrated to release CO2 at a rate of 160 mL/
min. Control groups releasing no CO2 were also deployed. Traps using compressed CO2 cylinders (xÒ=26.5969 ±2.7302, 
n=129) were shown to collect more adult mosquitoes than traps using dry ice (xÒ=17.1705 ±2.3404, n=129). Using a 
one-way analysis of variance (ANOVA) it was determined that compressed CO2 cylinders at a rate of 160mL/min were 
significantly more effective (P<0.05) at trapping adult mosquitoes than dry ice at rates between 130 mL/min and 220 
mL/min.

P-37 Utilization of qPCR to enhance current methodologies to monitor insecticide  
resistance in Harris County, Texas 
Kendra Dagg, kendra.dagg@phs.hctx.net, Elaine Chu, Isabel Cornejo, Christina Alvarez,  
Chris Fredregill 

Currently, the Harris County Public Health Mosquito and Vector Control Division (MVCD) depends exclusively on field 
cage tests (FCT) and Center of Disease Control and Prevention (CDC) bottle bioassays to establish an insecticide 
resistance profile of key public health mosquitoes Culex quinquefasciatus, Aedes aegypti and Ae. albopictus.  
However, these methods are limited to only the detection of resistance and tell very little about the resistance 
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mechanisms involved; target-site and metabolic.  To improve operational resistance monitoring, the MVCD Test and 
Evaluation Section (TES) is trialing the incorporation of molecular assays into the program to pinpoint the resistance 
mechanisms present in mosquito populations.  Molecular assays were conducted on mosquitoes collected via 
two methods; 1) through regular surveillance within Harris County and 2) F0 – F1 generation mosquitoes assessed 
with permethrin and malathion in FCTs and CDC bottle bioassays (separated into susceptible and resistant).  Two 
knockdown resistance (kdr) mutations found to be associated with resistance to permethrin in the Americas, F1534C 
and V1016I, were investigated in Ae. aegypti and Ae. albopictus species.  We aim to present preliminary data on the 
molecular resistance profile of these two Aedes spp., key lessons learned, challenges faced, and next steps for the 
program.  The combined results from adulticide tests and molecular assays will provide the evidence needed to make 
informed decisions on the most appropriate mosquito control strategy for a given operational area and vector control 
emergency response.

P-38 Projected suitable habitat of Toxorhynchites rutilus by the year 2070 
Daniel S Marshall, dmarshall8@uco.edu, Christopher J Butler 

Mosquitoes are projected to invade new areas of North America due to climate change. Vector control will be 
imperative as mosquito-borne disease incidence is expected to rise in response to vector expansion. The predatory 
mosquito Toxorhynchites rutilus is used in the United States as a biocontrol agent. Changes in climate will create new 
habitats for its use by vector control organizations. Using a maxent approach and four greenhouse gas scenarios, 
the potential habitat distribution of T. rutilus was determined by the year 2070. Our extreme model shows suitable 
habitat for this mosquito as far northwest as central Canada and all models indicate southern habitats to be stable 
for the next 50 years. Suitable habitats on the west coast will become established by this time as well. These results 
are promising for North American mosquito control programs. They show that areas currently utilizing T. rutilus may 
continue to do so for at least the next 50 years. Control organizations currently not using T. rutilus due to poor habitat 
suitability will be able to add it to their mosquito control arsenal in the coming decades.

P-39 Mapping genetic diversity and insecticide resistance of Aedes aegypti in Florida 
Helen Wagner, hwagn008@fiu.edu, Andre da Costa da Silva, Anthony Bellantuono,  
Matthew DeGennaro 

Populations of Ae. aegypti are expanding through Florida due to the state’s tropical and subtropical climate which 
cater to the life cycle of Ae. aegypti, suitable for the mosquito’s survival. With the addition of an increasing human 
population, Florida has increased urbanization which could perchance drive the genomic flexibility of Ae. aegypti to 
overcome heterogeneous selective pressures. Pyrethroids, organophosphates and other biological toxins have been 
used against mosquitos in Florida in order to control Ae. aegypti populations, however, the exposure of insecticides is 
not evenly distributed through every county. Every county has its own regulation and until now, interest in regulating 
pesticide use in Florida is impeded by the desire for a local jurisdiction. Ae. aegypti populations may be influenced by 
the exposure to different volumes and types of insecticide use, and so genetic diversity may exist in target populations. 
With the availability of the new AaegL5 genome and the high-resolution genetic variance it comprises not seen 
in previous genomes released, next-generation sequencing (NGS) can be used to determine the structure of the 
different populations in Florida. Currently, only low levels of genetic variability have been observed throughout South 
Florida. However, the availability of genome-wide analysis as a potent tool may reveal different levels of gene flow 
and variability. Landscape ecology and other environmental factors and population characteristics will be observed 
alongside vector genetic diversity through the generation of a geographical map of Ae. aegypti relationships using 
a geographic information system (ArcGIS) with Google Earth georeferencing. We also want to collect information 
on any variance detected having to do with population dynamics in introduction history, expansions, and insecticide 
resistance in multiple populations across Miami-Dade. The analyses made may help us predict invasion pathways 
through rate and range of migration in association to fine-scale genetic relationships and environmental factors.

P-40 Using Computer Vision to Count Aedes aegypti Eggs with a Smartphone 
Gabriel Krieshok, Gabriel_Krieshok@abtassoc.com, Carolina Torres Gutierrez 

The Zika AIRS Project (ZAP), a USAID-funded initiative, worked across the Latin America and Caribbean regions to 
support governments to plan and implement vector control activities and conduct entomological monitoring to 
reduce the spread of Zika and other arboviruses. A critical element of ZAP was to maintain consistent surveillance 
of Aedes aegypti populations. Collecting and counting mosquito eggs are essential when conducting surveillance of 
Ae. aegypti populations. When mosquito surveillance is conducted as a regular activity by public health programs, 
the labor of counting eggs is generally done using a magnifying glass, and in some cases, an stereoscope. Tracking 
numbers of mosquito eggs is useful when this surveillance is applied in a large scale, including hundreds of houses as 

146



sampling units. In this way, health authorities attempt to capture a more realistic picture of the actual distribution of 
the mosquitoes in any municipality under risk of arbovirus transmission. However, when egg counting is attempted 
through manual labor, it is eye-straining, time-consuming and prone to errors. The objective of this initiative was to 
create a simple and free tool to track Ae. aegypti mosquitoes through ovitrap surveillance. We created an accessible, 
and free smart phone application that can be used to conduct fast and accurate egg counts of Ae. aegypti mosquitoes. 
The application can be used with no internet connectivity, in any type of smart phone, iOS or Android or even desktop 
web browsers. The comparison between human counts vs. machine counts had no significant difference. Our ultimate 
goal is to support global health teams to solve a problem that could improve the quality of mosquito surveillance in 
regions of the world where Ae. aegypti is widely abundant and tropical diseases such as dengue, Zika and chikungunya 
represent a serious burden for the local communities and health authorities.

P-41 Prioritizing door-to-door yard inspections based on prior breeding status to control  
Aedes aegypti 
Crystal Grippin, clgrippin@deltavcd.com, Jesse Erandio, Mark Nakata, Mir Bear-Johnson

The American Mosquito Control Association lists source reduction as “the single most effective means of vector 
control”, which for Aedes aegypti, means labor intensive door-to-door inspections in infested areas. Nearly all 
mosquito control programs lack the man-power or resources to inspect every property. As such, programs must 
prioritize control efforts by inspecting properties that are most likely to be breeding in order to have the largest 
impact on mosquito abundance. This evaluation aims to determine if households with a prior history of breeding Ae. 
aegypti increases the chance of that household breeding in future mosquito seasons. From 2017 to 2019, Delta Vector 
Control District recorded the breeding status of households that were inspected for Ae. aegypti. Of the properties 
inspected during multiple mosquito seasons, households with a history of breeding Ae. aegypti were more likely to be 
found breeding again in future seasons. This was despite receiving education during inspections on how to fix sources 
and reduce the risk of breeding. Households that were not breeding in previous years were less likely to begin breeding 
in later years. With limited resources, door-to-door yard inspections for Ae. aegypti should focus on properties with a 
prior or unknown history of breeding to maximize control efforts.

P-42 Cemetery vector control: key in the implementation of larviciding in cemeteries  
breathing sites. 
Jose C Sanchez, jsanchez@prvectorcontrol.org, Nicole Nazario, Grayson Brown,  
Marianyoly Ortiz, Lucy Crespo 

The Puerto Rico Vector Control Unit (PRVCU) is an initiative of the private non-profit organization the Puerto Rico 
Science, Technology, and Research Trust. The PRVCU was established to leverage Puerto Rico’s capacity to control the 
Aedes aegypti mosquito, the vector for the diseases zika, chikungunya, and dengue in Puerto Rico. The PRVCU focuses 
on strengthening the capacity for vector control in Puerto Rico as well as implementing vector surveillance, creating 
innovative information systems, carrying out vector control operations, and boosting community engagement 
through citizen mobilization and education programs. The PRVCU has a Field Team division within its organizational 
structure that is developing strategies to reduce the number of mosquito breeding sites. With the implementation 
of a surveillance around different areas in Puerto Rico we can gather the mosquito populated areas around the 
island. During this surveillance we encounter a large number of Aedes aegypti in the traps that were placed inside the 
cemeteries, giving consideration of the large amounts found of breathing sites we started a program of larviciding 
the cemeteries on a weekly basis with Vectobac WDG with backpack sprayers. With this practice we can lower the 
mosquito population inside the cemeteries that are near urban areas and can affect the communities near this 
cemeteries in case of a virus spreading to this dense mosquito and human populated areas. The outcome will serve 
as guidance for stakeholders and municipalities of Puerto Rico, reinforcing the need of implementing integrated 
strategies for the control of Aedes aegypti especially in cemeteries.

P-43 Characterization and efficacy of VectoBac® WDG against Aedes aegypti utilizing  
Unmanned Aerial Systems 
Keira J Lucas, klucas@cmcd.org, Peter Brake, Sara Grant, Leanne Lake, Rachel Bales,  
Richard Ryan, Nate Phillips 

Application of Bacillus thuringiensis israelensis (Bti)-based liquid larvicide for the control of container inhabiting 
mosquito species, such as Aedes aegypti, is typically performed through the use of ground sprayers, truck-mounted 
mist systems or fixed and rotary-wing aerial applications. Recently, Unmanned Aerial Systems (UAS) have provided a 
new avenue for control material applications. Here we report the characterization and efficacy of WALS™ applications 
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of Vectobac® WDG (Bti strain AM65 52; Valent Biosciences) using UAS technology. Collier Mosquito Control District’s 
(CMCD) PrecisionVision 13 UAS was outfitted with the PrecisionVision Liquid Application System (Leading Edge) using 
four flat-fan TeeJet nozzles capable of producing fine/extra fine droplets for WALS™ applications of Vectobac® WDG 
at a rate of 0.5 lbs/acre. While average droplet size was slightly larger than desired for WALS™ applications, we have 
achieved nearly 100% efficacy within a 30-40 ft swath. Furthermore, field testing has signified proper delivery of the 
control material to containers and other cryptic habitats at the desired application rate within the treatment block, 
resulting in the reduction of container inhabiting mosquito larvae.

P-44 Multicentric evaluation of Sumilarv 2MR in semi-field for Aedes aegypti control 
Josiane Nogueira Müller, jnmuller@outlook.com, Allan Kardec Ribeiro Galardo,  
Maria de Lourdes da Graça Macoris, Maria Alice Varjal Melo Santos,  
Ana Paula Sales de Andrade Corrêa, José Bento Pereira Lima 

The susceptibility status of an insect population to any larvicide is dependent of genetic constitution, environmental 
conditions, among other factors. Aedes aegypti is a known vector of several viral diseases including Zika, Dengue, and 
Chikungunya. With outbreaks of mosquito-transmitted diseases in Brazil, susceptibility tests of vectors in different 
environments is needed. Sustained mosquito control efforts are important to prevent diseases considering the impact 
of environmental factors, such as temperature, for an effective prevention and control of the vector. The aim of this 
study was to evaluate Sumilarv 2MR in four Brazilian states considering the different climate conditions. Sumilarv 
is a resin-based long-lasting larvicide for water container breeding mosquitoes. Semi-field tests were conducted in 
Sao Paulo and Pernambuco in water containers of 100 liters; in Rio de Janeiro and Amapá the product was tested 
in 250, 500 and 1000 liters containers in concentrations (0,04mg/L, 0,08mg/L, and 0,16mg/L); for all tests the water 
was replaced 3 times a week. The mosquito larvae were exposed to water containers with and without larvicide 
concentration; to assess persistence, 50 third instar larvae of Ae. aegypti were collected in the corresponding states 
and bioassays were performed every 15 days to evaluate the inhibition rate. In Sao Paulo, the inhibition rate was 420 
days with water temperature less than 25°C; the state of Pernambuco showed an inhibition rate of 300 to 420 days 
with water temperature above 25°C.  Rio de Janeiro and Amapa both presented a 420 days inhibition rate, with water 
temperature between 25 and 35°C. The Sumilarv 2MR presented a long residual effect, however, the influence of 
temperature in smaller containers could have influenced its residuality in Pernambuco. Considering that this study was 
conducted in three critical regions in the national territory, this new formulation has great potential for improving Ae. 
aegypti control in Brazil.

P-45 Mechanisms associated with pyrethroid resistance in populations of Aedes aegypti  
(Diptera: Culicidae) along the Caribbean coast of Colombia 

 Paula Pareja Loaiza, pareja.paula@unisimonbolivar.edu.co, Liliana Santacoloma Varon,  
Gabriela Rey Vega, Doris Gomez Camargo, Ronald Maestre Serrano, Audrey Lenhart 

Aedes aegypti is the main vector of dengue, chikungunya, and Zika viruses, which are of great public health importance 
in Colombia. Aedes control strategies in Colombia rely heavily on the use of organophosphate and pyrethroid 
insecticides, providing constant selection pressure and the emergence of resistant populations. In recent years, 
insecticide selection pressure has increased due to the increased incidence of dengue and recent introductions of 
chikungunya and Zika.

In the present study, pyrethroid resistance was studied across six populations of Ae. aegypti along the Caribbean coast 
of Colombia. Susceptibility to  -cyhalothrin, deltamethrin, and permethrin was assessed, and resistance intensity was 
determined using WHO and CDC methodologies. Activity levels of enzymes associated with resistance were measured, 
and the frequencies of three kdr alleles (V1016I, F1534C, V410L) were calculated. Results showed variations in the 
susceptibility status of Ae. aegypti to the evaluated pyrethroids across populations and altered enzyme activity levels 
were detected. The kdr alleles were detected in all populations, with high variations in frequencies: V1016I (frequency 
ranging from 0.15–0.70), F1534C (range 0.94–1.00), and V410L (range 0.05–0.72). In assays of phenotyped individuals, 
associations were observed between the presence of V1016I, F1534C, and V410L alleles and resistance to the evaluated 
pyrethroids, as well as between the VI1016/CC1534/VL410 tri-locus genotype and  -cyhalothrin and permethrin 
resistance. The results of the present study contribute to the knowledge of the mechanisms underlying the resistance 
to key pyrethroids used to control Ae. aegypti along the Caribbean coast of Colombia.
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P-46 Susceptibility to pyrethroids and kdr mutation L1014F in populations of Culex  
 quinquefasciatus in Colombia 
 Ronald Maestre Serrano, rmaestre22@gmail.com, Juan Lara Cobos, Doris Gómez Camargo,  
 Gustavo Ponce Garcia, Paula Pareja Loaiza, Adriana E. Flores 

We evaluated the status of susceptibility to pyrethroids in two populations of Culex quinquefasciatus in the 
department of Atlantico (Colombia) and its possible mechanism of resistance (kdr mutation).

Bioassays were performed for permethrin, deltamethrin, and  -cyhalothrin in Cx. quinquefasciatus, according to 
the CDC methodology. The resistance ratios were determined to KC50 and LC50 for each insecticide in the field 
populations and the susceptible strain Cartagena. The kdr mutation L1014F was identified in the para gene for the 
voltage-dependent sodium channel and its allelic and genotypic frequency.

Moderate knock-down resistance to permethrin was observed in the populations of Puerto Colombia (RRKC50: 
5x) and Soledad (RRKC50:7x), low resistance to deltamethrin in both populations (RRKC50: 4,6x y 1,9x), while for  
-cyhalothrin moderate resistance was observed in Puerto Colombia (RRKC50: 5x) and low in Soledad (RRKC50: 3,8x). 
In relation to permethrin, low resistance at 24 hours post-exposure was observed in Cx. quinquefasciatus from Puerto 
Colombia (RRLC50: 3,9x) and moderate in Soledad (RRLC50: 7,6x); moderate resistance for deltamethrin in Puerto 
Colombia (RRLC50: 5,1x) and low in Soledad (RRLC50: 4,5x); in relation to  -cyhalothrin, low resistance was observed in 
Puerto Colombia (RRLC50: 3,6x) and moderate resistance in Soledad (RRLC50: 5,2x).

With respect to the L1014F mutation, allelic frequencies of 0.28 were determined for Cx. quinquefasciatus from Puerto 
Colombia and 0.38 for Soledad.

Variability in the status of susceptibility in the populations of Cx. quinquefasciatus evaluated was found. We also report 
for the first time for Colombia the kdr mutation L1014F as a possible mechanism of resistance to pyrethroid in this 
species.

P-47 Population genetics of the malaria vector Anopheles cruzii (Diptera: Culicidae) in  
areas with different levels of anthropogenic modifications 
Laura C. Multini, multini.laura@gmail.com, Ana L.S. Souza, André B. B. Wilke,  
Mauro T. Marrelli 

Anopheles cruzii is a neotropical mosquito and the main vector of both simian and human malaria in the Atlantic 
Forest biome. The Atlantic Forest has been undergoing an intense process of fragmentation and deforestation due 
to anthropogenic interference. Due to An. cruzii close relation with the Atlantic Forest environment and for having 
an acrodendrophilous behavior (i.e., preference for inhabiting forest canopies), this mosquito ecology and phenotype 
are believed to be affected by the fragmentation of this biome. We hypothesized that anthropogenic alterations in the 
environment are an important driver for the genetic structure and diversity of An. cruzii. Five different hypotheses 
using both a cross-sectional and longitudinal design were tested to assess the processes driving An. cruzii populations 
from areas with distinct levels of anthropogenic modifications. We used SNPs to assess the microgeographical genetic 
structure of An. cruzii populations from Natural, Suburban/Rural, and Urban areas in a malaria hypo-endemic region 
in the city of São Paulo, Brazil. After filtering and removal of outlier loci, 1,235 SNPs were considered independent and 
neutral, and therefore, suitable to perform the analyses. Global population structure estimates, principal component 
analysis, and Bayesian analysis showed an overall weak genetic structure and lack of diversity among populations. 
There was significant genetic structure between ground level and tree canopies populations from the Urban area, 
with the population from ground level showing higher levels of genetic diversity. Indicating that anthropogenic 
modifications leading to habitat fragmentation could be driving the vertical dispersion of An. cruzii and maintaining 
genetic diversity and structure in populations from ground level.

P-48 Mosquito control with parasitic nematodes Romanomermis iyengari and  
Strelkovimermis spiculatus in water of breeding sites of mosquito larvae 

 Noemi Juarez-Perez, chemistry_noemi@hotmail.com, Rafael Perez-Pacheco,  
Nadia Angeles-Valencia, Rafael Perez-Pacheco 

The mosquitoes are important vectors of Dengue, Malaria, Chikungunya and Zika virus. An alternative to mosquito 
control is the biological control with parasitic nematodes. The objective of this research was to determine the 
potential parasitic of nematodes Strelkovimermis spiculatus and Romanomermis iyengari in mosquito larvae of Culex 
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quinquefaciatus with  in four different types of water, three types water of breeding sites of mosquito larvae (water 
stored in storage tank, water breeding sites of mojarras, water artificial lagoon and distilled water as a control). 
Three doses of nematodes (3:1, 5:1 and 10:1 nematodes for larvae) were evaluated, comparing the two nematode 
species. Three days after infestation a sample of 20 larvae was taken; each experimental unit (100 mosquito larvae), 
to determinate the number of nematodes to emerged of each mosquito larvae (Mean infestation). The three 
doses of parasitic nematodes caused 100% of infestation, with dose de10 nematodes / larva. R. iyengari caused a 
MI of 8.18 (nem/larvae) and S. spiculatus a MI 4.55 (nem/larvae). R. iyengari, caused the highest MI in distilled water 
(control), water storage, pond water and water from the artificial lake,  with values of 8.73, 8.63, 8.13 nematodes / larva 
respectively. S. spiculatus caused the highest MI in distilled water with a value of 5.48 nematodes / larva of mosquito 
and water mojarras pond, water storage tank and pond water from the artificial lake near the river Atoyac, Oaxaca 
Mexico with MI 4.48, 4.31, and 3.95 nematodes / mosquito larvae respectively

P-49 Surveillance and management of Mansonia in power plant area 
José Bento P Lima, jbento@ioc.fiocruz.br, Allan KR Galardo, Nercy VR Furtado,  
Noel F Santos Neto, Jéssica Fernanda S Barroso, Dario P Carvalho, Kaio N Ribeiro,  
Cynara M Rodovalho 

In large areas of water damming for electricity production, mosquitoes, especially Mansonia, have been reported 
causing bite problems to the human population due to overgrowth. In the area of Santo Antônio Energia Hydroelectric 
Power Plant (SAE) in Porto Velho, Brazil, mosquito infestation is already a problem for the surrounding population. 
Thus, the monitoring and evaluation of different methods and strategies for Mansonia control, seeking the definition 
of actions that can be promptly applied, are necessary. Adult collection was carried out at eight points, from 
September 2018 to June 2019. More than 25,000 Mansonia mosquitoes were captured and May was the month 
with the largest number of individuals (8,293), more than twice as many as September, the second month with the 
largest number of mosquitoes collected. Mansonia specimens were collected at all points, representing six species. 
The highest abundance was found for Mansonia humeralis, with almost 50% of the specimens collected, followed 
by Mansonia wilsoni (18.79%). Larval research was conducted at 13 points in March and June 2019. Macrophyte 
communities formed by different combinations of the dominant genera Pistia, Salvinia and Eichhornia were 
recorded. Associated to these plants, five genera of culicidae were observed, with the largest numbers of Mansonia 
(67.6%), followed by Aedeomyia squamipennis (28.2%). Five insecticides were tested in the laboratory to assess 
their effectiveness in controlling Mansonia adults using the WHO tube methodology. Permethrin and malathion had 
mortality higher than 98% after 24 h of exposure, being the most suitable for field use. The next steps will be field and 
semi-field experiments with larvicides (Bacillus thuringiensis) and adulticides. The obtained results will be important 
for tool selection and strategy definitions in order to control Mansonia at SAE area.

P-50 Using a spatially explicit mosquito population model to assess mosquito-borne risk  
in the US Southern High Plains 
Daniel Eugene Dawson, daniel.dawson1081@gmail.com, Chris J. Salice, Lucas Heintzman 

Mosquitoes have a complex ecology that make predicting and controlling their populations at landscape scales 
challenging. In particular, the aquatic larval and highly mobile terrestrial adult phases of mosquitoes utilize different 
habitats and are treated in different ways. In addition, mosquito populations respond dynamically to changes in 
weather, season, and habitat availability. Spatially explicit, mechanistic population models are a tool that can help 
mosquito control authorities by providing predictions of mosquito populations given habitat, weather, and treatment 
conditions. Further, by combining model predictions with information on the distribution of human population in 
space, a measure of spatially variable contact risk can made. We developed a spatially explicit population model 
for the western encephalitis mosquito, Culex tarsalis, that accounts for both aquatic and adult life phases. Using 
Lubbock County, TX, as a representative model landscape, we calibrated the model to reasonably replicate field-
collected surveillance data. We then ran the model under variable habitat, weather, and larvicide treatment scenarios 
to investigate how human contact risk is influenced by these factors. We demonstrate that this type of model is a 
potentially useful planning and risk-management tool for mosquito control.

P-51 Insecticide resistance evaluation of Culex quinquefasciatus in Jackson, MS 
Milena C Guajardo, kri2@cdc.gov, Broox Boze, Kris New, Mariah “Cassie” L Scott,  
Cara Nighohossian, Janet C McAllister 

Appropriate use of insecticides for vector management is vital to the prevention of vector-borne diseases. Misuse 
or overuse of insecticides can result in insecticide resistance, which is a threat to public health. In collaboration 
with Vector Disease Control International, bottle bioassays were performed on Culex quinquefasciatus mosquitoes 
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collected as egg rafts from known larval production sites from four zones in Jackson, MS. The reared adult mosquitoes 
were evaluated to determine the presence of permethrin resistance since mosquito control in Jackson, MS utilizes 
a product in which the active ingredient is permethrin. Bottle bioassay results indicate phenotypic resistance to 
permethrin in all four zones tested from Jackson, MS. It is recommended that testing of additional insecticides be 
conducted to find a suitable alternative. Insecticide resistance surveillance is essential to guide future management 
strategies in Jackson, MS.

P-53 Performance of topical natural 25b exempt mosquito repellents in Florida and Mali,  
West Africa 
Gunter C. Muller, guntercmuller@hotmail.com, Mohamad M. Traore, Edita E. Revay,  
Amy Junnila, Aboubakr S. Kone, Rabiatou A. Diarra, Sekou F. Traore, Rui-de Xue 

There is an increasing awareness by consumers of the potential risks of mosquito vector born diseases. At the same 
time, there is a significantly growing demand for natural, chemical-free products. In the present study, we purchased 
a broad cross-section of available natural mosquito repellents in St. Augustine, Florida and in Bamako, Mali. The 
products included mosquito sprays, towelettes, repellent-patches and a vitamin B product. These were tested in both 
countries in the laboratory and the field, against three common local mosquito vectors (three genera), as well as: 
stable flies, horse flies, biting midges, filth flies and ticks. The trials were conducted according to published EPA test 
protocols and standards. The performance of the natural products was compared to a 25% DEET mosquito spray. 
The protection time of the tested natural products (95% repellency) varied greatly depending on the tested target 
organisms from 0 to 180 minutes. Materials and methods as well as results and discussion will be presented in detail 
on the poster.

P-54 Traditional and Novel Vector Projects in Texas Funded through the Centers for  
Disease Control 2017 Hurricane Crisis Cooperative Agreement 
Heather Marie Ward, Heather.Ward@dshs.texas.gov, Whitney A Qualls 

Hurricanes Harvey, Irma, and Maria in 2017 resulted in severe weather disasters throughout the Gulf Coast regions, 
Florida, and Puerto Rico causing a combined 265 billion dollars in damages, being three of the top six costliest 
hurricanes in history. In response, the United States Center for Disease Control activated its cooperative agreement 
to aid in response, recovery, preparation, mitigation, and other expenses related to these three hurricanes. Areas 
impacted by the three hurricanes were invited to apply for funds under the 2017 Hurricane Crisis Cooperative 
Agreement (Hurricane Crisis CoAg) to build capacity in several public health areas directly related to Harvey, Irma, 
and Maria. The Texas Department of State Health Services under the Hurricane Crisis CoAg received >$6,000,000 to 
use towards increasing capacity and to aid in recovery for vector control projects related to Hurricane Harvey. These 
funds have been used to increase state and local capacity. At the local level funds have been contracted to local health 
departments and mosquito control districts throughout jurisdictions impacted by Hurricane Harvey. This poster will 
introduce the work completed to date by the state and the twenty-eight contracts awarded. Local proposed projects, 
statuses, and challenges to date will also be shown for the Hurricane Harvey impacted jurisdictions in Texas that were 
awarded funds.

P-55 Efficacy of CDC bottle bioassay kits over time in insecticide resistance testing 
Cara Nighohossian, phi6@cdc.gov, Cassie Scott, Milena Guajardo, Janet McAllister 

Testing for insecticide resistance is integral for instituting appropriate insecticide application regimes. Bottle bioassay 
kits offer a quick and easy method for assessing insecticide resistance in mosquito populations. Upon request, CDC 
sends these bottle bioassay kits containing requested insecticides to mosquito control districts in the United States 
and its territories. In this study, we are determining the longevity of the kits to provide guidance for and ensure 
efficacy of the components used in insecticide resistance testing. The kits provided contain insecticides in sealed 
drams with the inert gas, argon. Once delivered, these insecticides are mixed with acetone to produce insecticide-
coated bottles for testing local mosquito populations. It was previously unknown how long the insecticides remained 
viable in each stage of this process. For this study, each available insecticide has been evaluated for longevity under 
five separate conditions: in the sealed drams that are sent to the districts (storage at room temperature and at 4°C), in 
the acetone mixtures that are prepared on site (storage at room temperature and at 4°C), and in the bottles that have 
been coated with the insecticide-acetone mixtures. This data is being used to establish guidelines for storage and use 
of materials in bottle bioassays.
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P-56 Topical trials in St. Tammany, LA: the state of susceptibility toward pyrethroids and  
organophosphates 
Nicholas DeLisi, ndelisi@stpmad.org, Sydney Johnson, Lisa Rowley 

St. Tammany Parish, Louisiana, is home to >600 miles of sewage-contaminated roadside ditches. Culex 
quinquefasciatus, the primary vector of West Nile virus in Louisiana, makes extensive use of contaminated ditches for 
oviposition, and neighborhoods with polluted ditches produce thousands of adults daily in peak mosquito season. As 
a result, St. Tammany Mosquito Abatement (STPMAD) has used pyrethroid and organophosphate adulticides in the 
same problematic areas for decades. We evaluated the state of insecticide resistance within our parish using topical 
assays throughout 2019 to better understand resistance distribution and intensity, and inform operations.

Two- to seven-day-old adult Cx. quinquefasciatus from over a dozen sites were anesthetized and topically exposed 
to microscopic aliquots of resmethrin, phenothrin, or naled. Dose response curves were plotted with at least 
eight different insecticide doses causing between 1% and 99% mortality, and probit analysis produced an LD50 for 
comparison between wild and susceptible populations.

Results indicate resistance development toward all adulticides in use by STPMAD. The type I pyrethroids resmethrin 
(resistance ratio (RR) ±st.dev=103 ±33.8) and phenothrin (RR=68 ±24.8) had comparable resistance intensity. Naled 
resistance was lower (RR=20 ±4.5) but still statistically greater than a susceptible population (P<0.001). In response to 
these findings, STPMAD has begun investigating alternative adulticides for use in rotation and has adjusted thresholds 
required to trigger spray events. We will continue to monitor insecticide resistance in 2020 to determine the effect of 
operational interventions and maintain a database of resistance intensity.

P-57 Determining insecticide resistance levels and resistance mechanisms in populations  
of Culex tarsalis in San Joaquin County, California 
Sumiko De La Vega, sdelavega@sjmosquito.org, Bonnie Ryan, Shaoming Huang,  
Eddie Lucchesi, Tara Thiemann 

Culex tarsalis is one of the most common mosquito vector species of West Nile Virus (WNV) and other encephalitis 
viruses in the Western United States.  While insecticide resistance has been frequently documented in other mosquito 
species including the WNV vector, Culex pipiens, relatively little is known about the resistance status or resistance 
mechanisms of Cx. tarsalis.  In this study, populations of Cx. tarsalis from San Joaquin County, California were evaluated 
for pyrethroid and organophosphate resistance and tested for enzymatic and target-site resistance mechanisms.  All 
San Joaquin County Cx. tarsalis populations tested were susceptible to organophosphates.  Most populations exhibited 
pyrethroid resistance but the use of the synergist, piperonyl butoxide, improved pyrethroid efficacy against all tested 
populations.  The P450 oxidase family of enzymes as well as acetylcholinesterase was found to be elevated in some 
of the pyrethroid-resistant populations.  While acetylcholinesterase insensitivity was not detected in any populations, 
several kdr genotypes were identified in San Joaquin County Cx. tarsalis.

P-58 Yeast fermentation as a cost affordable CO2 source for BG-Sentinel traps 
Mark Nakata, mnakata@deltavcd.com, Crystal Grippin, Jesse Erandio, Mir Bear-Johnson 

Adult mosquito surveillance for invasive Aedes plays an essential role in allowing mosquito control programs to 
monitor populations, virus activity, and target control efforts. Carbon dioxide (CO2), an olfactory cue for host seeking 
mosquitoes, in the form of dry ice and compressed gas is widely used as an attractant for BG-Sentinel traps. Both dry 
ice and compressed gas have numerous challenges that affect surveillance efforts including: cost to implement on a 
large-scale, difficulty obtaining these forms of CO2 in remote areas, relying on supply stores that often have shortages, 
concerns regarding storage, and potential hazards when placed in public areas. This study evaluates CO2 produced 
from yeast fermentation as a more affordable, accessible, and safer option for capturing adult mosquitoes using 
BG-Sentinel traps in a large-scale invasive Aedes surveillance program. Adult mosquitoes were collected daily for six 
weeks using BG-Sentinel traps from three suburban locations with established Aedes aegypti populations. Each trap 
set contained a BG-Lure  and rotated between a yeast fermentation mixture, dry ice, or no CO2 source. Traps baited 
with dry ice caught significantly more mosquitoes than yeast fermentation, while both dry ice and yeast fermentation 
caught significantly more mosquitoes than no CO2 source. Since 2018, Delta Vector Control District sets an average 
of 80 BG-Sentinel traps per week using yeast fermentation as the CO2 source, instead of dry ice, saving the district 
approximately $14,000 a year. This benefits the district by allowing more trap sets than originally budgeted to provide 
greater resolution when mapping surveillance information for more effective control practices.
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P-59 Local tick diversity and abundance on companion animals in Richmond County,  
Georgia 
Annie Rich Thompson, annie.thompson@dph.ga.gov, Tiffany Nguyen 

Despite the year-round high numbers of tick encounters experienced by humans and animals in Georgia, there is 
a lack of local data on tick species, abundance, and seasonality. In Richmond County, Georgia, Richmond County 
Mosquito Control (RCMC) has partnered with the Georgia Department of Agriculture and the Georgia Public Health 
Department to collect ticks from companion animals in the area and catalogue data from these collections. Here we 
share the process of putting together a local tick collection program working with veterinarians and animal shelters. 
Over the past year more than 60 ticks have been collected, identified, and catalogued. This data has confirmed that in 
Richmond county we have seasonality in our dominant tick species collected, and three species of ticks were the most 
commonly collected in within this year on companion animals.

P-60 Combating Zika and Future Threats: GO Mosquito Community Challenge Campaign 
Russanne D. Low, rusty_low@strategies.org, Theresa Schwerin, Renee Codsi 

This presentation describes a vector-borne disease risk reduction project conducted in Brazil and Peru as part of 
USAID’s Combating Zika and Future Threats Initiative. The myriad factors contributing to vector borne disease risk 
stem from interactions in a system that includes local ecology and environmental parameters, urbanization, access to 
health services, economic resources, human behavior, and the presence of disease vectors and pathogens.

The emergence of technologies such as smart phones, cloud-based data servers, and data visualization and analysis 
tools have fostered rapid growth in citizen science programs and tools. The phenomenon of citizen science is seen 
by many as an important sociocultural development that has the potential to democratize science. While a number 
of citizen science projects may be characterized as transdisciplinary research, in many cases stakeholder engagement 
is limited to participation in crowd-sourced data collection. In this project, the stakeholders- educators, students, 
community leaders and public health officials- all contributed to the project at levels of effort and in ways that were 
most meaningful for them.

A key innovation employed in this project was a mobile citizen science app that enabled stakeholders to locate, identify 
and mitigate mosquito breeding habitats. While there are many data collection apps that enable citizen scientists to 
report environmental observations for use by the science community, the NASA GLOBE Observer Mosquito Habitat 
Mapper also enables users to tally their efforts as they eliminate mosquito oviposition sites. This app capability 
supports municipalities keen on promoting behaviors that reduce the risk of vector-borne disease. We discuss the 
transdisciplinary approach employed through each phase of the project: ideation, realization, experimentation and 
evaluation, and how prioritizing local stakeholder knowledge and experience resulted in recommendations that will be 
used to improve a citizen science app that is employed internationally.

P-61 State-level Mosquito Species Distributions and their Voucher Status in the  
NMNH Collection 
Alexander Potter, PotterA@si.edu, David B Pecor 

The United States National Mosquito Collection is housed within the Smithsonian Institution National Museum of 
Natural History (NMNH) and managed by the Walter Reed Biosystematics Unit (WRBU). It is the largest and most 
comprehensive mosquito collection in the World, comprising nearly 1.7 million specimens, preserved on insect 
pins, glass slides and in ethanol. The Collection serves many purposes, yet arguably one of the most important is to 
document current and historical species distributions with independently verifiable evidence. With recent outbreaks 
of vector-borne diseases in the United States, including west Nile, Zika and Eastern equine encephalitis, it is more 
important than ever to track species distributions for each US state. Here we report on an exhaustive literature 
search of all state-level mosquito distributions from 1900 to the present date. In addition, publicly available datasets 
such as VectorMap, the National Ecological Observation Network (NEON) and the Barcode of Life Database (BOLD) 
were also reviewed for state-level distributions. A recent effort to inventory all specimens reported from the US was 
completed, providing the first complete account of all mosquito species collected in the US and deposited in the 
NMNH. A gap analysis was also completed to highlight which state-level mosquito distributions are not reflected in the 
USNM collection. It is critical to fill this gap to track changes in species distributions overtime, provide opportunities 
for mosquito identification training, and to lay the foundation for future work, including integrated taxonomy and 
genomics. Fundamentally, the NMNH collection ensures that scientific evidence of mosquito species distributions is 
reproducible by making voucher specimens publicly available. Here we not only present our findings but seek voucher 
specimen submissions from the American Mosquito Control Association (AMCA) community to fill this gap and to 
track mosquito species reported from each state on an annual basis.
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Duzy, Leah  46
Eason, Jeffrey T 7
Ebrahimi, Babak  144
Edmonds, Harrison  285, P-15, P-19
Efstathion, Caroline  294
Egan, Seth  120
Eiras, Alvaro E. 88
Eisen, Rebecca J. 205
Elkashef, Samer  25, 27, 239, 242
Ellis, Brett  89, 111, 207
Ellis, Esther M. 111
Elman, Noel  134
Emerick, Shawn  293
Engelthaler, David  31
Epple, Maximilian  162
Epstein, Ph.D., Howard  107
Erandio, Jesse  206, P-41, P-58
Erickson, Daryn E 31
Erspamer, Sarah  284
Escobar, Jesús Eduardo 160
Escobedo-Vargas, Karin S 158, 188
Espada, Liz  188
Espinoza, Carlos  83
Estep, Alden S 184, 188, 216
Estrada, Xochitl  34
Evans, Emily  P-27
Fagbohun, Ifeoluwa Kayode 245
Falco, Richard  60



160

Fansiri, Thanyalak  P-14
Faraji, Ary  1, 181, 274, 288
Fast, Katie  24
Fazer, Nathan  297
Ferdan, Robert  284
Fernandez, Maria  39
Fernández Salas, Ildefonso  121, 122, 153, 155
Fischer, Heather Ann 298
Fisher, Michael L 134, 158, 188
Flanders-Wanner, Bridgette  45
Flores, Adriana E. 78, P-46
Flores, Carmen  134
Flores Suarez, Adriana E. 82
Flores-Mendoza, Carmen  188
Flores-Solís, Christian Eduardo 77
Flores-Suarez, Adriana E. 81, 77, 79
Ford, Tristan  283
Foster, Woodbridge  144, 180
Foy, Brian D 249
Frank, Ashlea  46
Fredregill, Chris  58, 125, 308, 321, P-37
Freitas, Amanda C P-26
Fritz, Bradley K 290
Fritz, John  195
Furtado, Nercy VR P-49
Galardo, Allan KR P-49, P-44
Gallagher, Nicola T. 189
Gan, Jay  27
Gangavarapu, Karthik  140
Gaona, Erick  164
Garcia, Juan  P-21
Garmendia, Inigo  291
Garza-Rodríguez, María de Lourdes 79
Gaspar, Alejandra  233
Geary, Faye  P-22
Geier, Martin  162
Genta, Fernando  268
Giantsis, Ioannis A 99
Gibson, Daragh A. 114, 116
Gillies, Mary  286
Glancey, Margaret  283
Gleasner, Cheryl D P-20
Glover, Linda  295
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Golden, Frances V 97, 99, 131, 243
Gomes, Bruno  270
Gomez, Mayra  65, 66
Gomez Camargo, Doris  P-45, P-46
Gómez-Govea, Mayra A. 77
Gonzalez, Leopoldo  114
González, Cassandra  83
Gonzalez-Santillan, Francisco Javier 78
Goodman, Gary W 25
Goodwin, Adam  283
Graham, Christine  205
Graham-Derham, Scott  253
Grant, Sara  59, 86, 91, P-43
Grayson, Brown  118
Gregory, Christopher  175
Greig, Brian  56
Grewal, Saran  103
Gridley-Smith, Chelsea  319
Grieco, John Paul 153, 155
Grieco, John  166
Grippin, Crystal  206, P-41, P-58
Grossman, Marissa K 261
Grush, Tristan  282
Guajardo, Milena C P-51, P-55
Guedot, Christelle  33
Guilliams, Bradley  285, P-15, P-19
Gurfield, Nikos  103
Gutierrez, Arturo  131, 243, 244
Gutierrez Rodriguez, Selene  78
Gutierrez-Melo, Flor  115
Guzmán, Hernmán  154
Haas-Stapleton, Eric  164
Hagele, Carol Anne  233
Hager, Kelli  164
Hahn, Daniel A. 98, 309
Hallock, Amy  280
Hamby, Nicholas  249
Hamer, Gabriel  17
Hancock, Robert G. 19, 176, 177, 178, P-18
Harbison, Justin  67
Harden, Christina A 224
Hardman, Jason  274
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Harrington, Laura  39, 60, 71, 224, 254
Hartle, Jake W 57
Hassett, Erin  39
Hayes, Keith R 251
Haynes, John A 72
Healy, Kristen  266, 267
Hedley, Tony  242
Heinig, Rebecca  42, 86
Heintzman, Lucas  P-50
Henke, Jennifer  25, 29, 31, 131, 171, 243, 244, 

266
Hepp, Crystal M 31
Hernandez, Heather M. 168
Herrmann, Casey  223
Hetherington, Matthew  33
Hickling, Graham  205
Hira, Sanchit  283
Hoel, David  108
Hoffmann, Wesley Clint 290, 291
Hogsette, Jerome A. 133
Hogsette, Jerry  14
Holeman, Jodi  299, 310, 314
Horvath, Edward S 90
Hosack, Geoffrey R. 251
Hribar, Lawrence J 123
Huang, Kelly  181
Huang, Shaoming  195, P-57
Huffman, Scott  285, P-15, P-19
Hultmark, Marcus  181
Hung, Kim Y 131, 243, 244
Hurwitz, Ivy  269
Hutchison, Robert  144
Idowu, Emmanuel Taiwo 245
Immidisetti, Rakhil  283
Irwin, Patrick  33, 318
Isenberg, Amy  71
Isis, Nour  145
Jackson, Eric  229, 316, P-32
Jahan, Nusrat  246
Janusauskaite, Agne  217
Jeyaranjan, Aadithya  145
Jiang, Peter  192
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Jimenez, Mariana  65
Jiménez, Andrea Rubí 85
Johansson, Michael A 204
Johns, Cody D. 241
Johnson, Brian J. 109, 220
Johnson, Jacob Boyd 182
Johnson, Kirk A 221
Johnson, Shannon L P-20
Johnson, Sydney  P-56
Johnston, John M 238
Jones, Herff MP 304
Jost, Artur  312
Joyce, Andrea  P-31
Juache Villagrana, Alan  78
Juarez-Perez, Noemi  P-48
Junnila, Amy  P-53
Kaftan, David  169
Kahl, Steve  45
Kapan, Durrell D. 287
Karl, Stephan  166
Kartzinel, Mark  69, 273
Kaufman, Phillip E. 98
Kelley, Kara L 208
Kelly, Sandor  149
Kelly, Rosmarie  277
Kendziorski, Natalie  280
Kenney, Joan L 146
Kesavaraju, Banu  15
Keven, John B 286
Keven, John  P-30
Khan, Alamgir Akhtar 179
Khan, Ata-ur-Rehman  317
Killingsworth, Dan  55
Kim, Chang-Hyun  63
Kim, Dae-Yun  112
Kim, Dong Gun  P-03
Kim, Dongmin  288
Kim, Hyunwoo  209
Kim, Seong Yoon  248
Kim, Tae-Kyu  248
Kinley, Jason  241
Kiser, Jay P 151
Kistler, Amy  164
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Klein, Terry A. 202
Klimavicz, James S. 35, P-05
Kline, Dan  14
Kline, Daniel L 99, 100, 131, 133, 134
Kline, JD  309
Kluh, Susanne  240
Komar, Nicholas  30, 249
Kondakis, Marios  P-24
Kone, Aboubakr S. P-53
Kordus, Armin  162
Kothera, Linda  146
Kouam, Cedric N 128
Kovach, Beth  56
Kramer, Vicki  203
Krieshok, Gabriel  P-40
Krueger, Laura  190, P-13
Kumar, Udit  145
Kwan, Michael  132
Kwon, Ji Young  209
Lake, Leanne  P-43
Lara Cobos, Juan  P-46
Larmore, Connor  285, P-19
Latham, Mark  PL-2, 290, 302
Lee, EunJung  248
Lee, Hak Seon  248
Lee, Hee-Il  209
Lee, Wook-Gyo  209, 248
Lemmer, Darrin  31
Lenhart, Audrey  P-45
Leon, Camila M 243
Lepek, Hanan  52, 87
Lessard, Bryan D 211
Lewandowski, Kaylin  37
Liang, Hongwei  79
Liew, Christina  1
Lima, José Bento Pereira P-44, P-49
Limpraset, Theerachart  112
Lindsay, Robbin  253
Lindsey, Angela  231, 315
Linn, Patrick P 91
Linthicum, Kenneth J. 40, 96, 97, 99, 131, 216, 243, 

309
Liu, Jianyi  166
Liu, Nannan  104
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Lloyd, Aaron  108, 316
Lobsinger, Byron  277
Lopez, David  51
Lopez, Kristina  33
Lopez Monroy, Beatriz  78
López Solís, Alma D 152
Lopez-Rodriguez, Martha P. 81
Lopez-Sifuentes, Victor M 158, 188
Lora, Cirilo  131
Lorin, Osiro  P-23
Low, Russanne D 255, 298, P-60
Lozano, Marisa  188
Lozano, Saul  125
Lucas, Keira J 59, 86, 91, 105, 130, 154, P-43
Lucchesi, Eddie  195, P-57
Luckow, Drew  59
Luna, Kriztian  233
Luvall, Jeffrey  74
MacFadden, Shannon M 177
Mackenzie, Kaylee W 183
Macoris, Maria de Lourdes da Graça P-44
Mader, Emily M 254
Maes, Sarah  205
Maestre Serrano, Ronald  P-45, P-46
Maia, Victor A I P-26
Mains, Jimmy  289
Majambere, Silas  43
Malampy, Rachel Christine 61
Malesios, Chrisovalantis  P-24
Manby, Russell  109, 220
Manguin, Sylvie  165
Manrique-Saide, Pablo  166
Manweiler, Stephen A 221
Markowski, Daniel  139
Marrelli, Mauro T. P-47
Marshall, Carly  169
Marshall, Daniel S P-38
Marshall, Jeremy S 38
Martinez, Mike  244
Martínez-de-Villarreal, Laura E. 77, 79
Martínez-Fierro, Margarita de la Luz 77, 79
Maspero, Renato  159
Mathew, Mona  132
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Matos, Ana Paula M V P-26
Matton, Priscilla  170
Mbewe, Rex  286
McAllister, Janet C 137, P-51, P-55
McBride, Jenifer  229, P-32
McCarry, Mary  P-30
McCaw, Jennifer  88
McCoy, Kaci D. 130, 254
McCreary, Mark  229, P-32
McKenzie, Karen  113
McLaughlin, Joyce R 297
McLeod-Morin, Ashley  199, 315
McMillan, Benjamin E. 189
McMillan, Joseph R 71, 224, 236, 237
Medina, Joanelis  118
Meek, Jillian  197
Mendez-Galvan, Jorge F 156
Meredith, William H. 44
Miaoulis, Michail  99
Miller, Danny M. 106
Mina Possu, Neila Julieth 116
Minteer, Chad  295
Miranda-Bermudez, Julieanne  117, 230
Mo, Manni  P-01
Mo, Songying  P-01
Monaghan, Andrew J 204
MONCADA, LIGIA INÉS 160
Moncayo, Abelardo C. 205
Montalvan, Wilberto  116
Moo Llanes, David Alejandro 121
Moore, Dennis  217
Moore, Jason  169
Moore, Sarah  169
Morabito, Elizabeth A 232
Morales, Harold A 110
Moreno, Bianca J 243, 309
Morgan, Tim  68, 190, P-13
Morreale, Rachel  108
Morrison, Michael  59
Mosquera Renteria, Mariela  114
Mulla, Cynthia J. 129, 227
Mullens, Patrick  214
Muller, Gunter C. P-53
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Müller, Josiane Nogueira P-44
Mulligan, Steve  299, 310, 314, 
Mullins, Jennifer L. 218
Multini, Laura C. P-47
Munoz, Jorge  P-23
Murray, Heidi L 123, 163
Musick, Stephanie  P-18
Mut, Michael  200
Mutebi, John-Paul  146, 148
Myer, Mark  238
Na, Sumi  P-06, P-08
Naeem-Ullah, Unsar  179
Nakata, Mark  206, P-41, P-58
Nakayama, Silvana  107
Nararak, Jirod  165
Nasir, Shabab  193, 225
Navarro-Kraul, Jose Ignacio 155
Nazario, Nicole 118, P-09, P-42
Neal, Craig  145
Nelson, Peder Vernon 298
Nemeth, Leslie  254
New, Kris  P-51
Newman, Brent C. 205
Nguyen, Chilinh  249
Nguyen, Kiet  68, 190, P-13
Nguyen, Tiffany  P-59
Nguyen, Thuy-Vi T 277
Nicolas Zambrano, Jose Orlinder 116
Nienhuis, Keith  195
Nighohossian, Cara  P-51, P-55
Nikbakht, Nick  180
Njaime, Fabio Castelo B F P 257
Noel, Kylee  63
Noh, Byung-Eon  248
Norris, Ed  126
Novak, Mark  150
Nuñez Azzad, Diana  116
Nyberg, Herbert Joseph 147
O'Brien-Stoffa, Connor  176, 178
Octaviani, Stacia  213
Odufuwa, Olukayode  169
Ogoma, Sheila B 116
Ojeda, Rafael  85
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Okech, Bernard A 40
Ordoñez González, José Genaro 119, 121, 15
Ortega, Aldo  83
Ortiz, Marianyoly  117, 118, 230, P-09, P-42
Ostrum, Erik  148
Otero, Luisa M 260
Otubanjo, Olubunmi Adetoro 245
Outten, Marcela  114
Owers, Rebecca  56
Padmanabhan, Sanket  283
Paiz-Moscoso, Keila Elizabeth 153, 155
Panella, Nicholas A 249, P-52
Pareja Loaiza, Paula  P-45, P-46
Parker, Allison T P-17
Parker, Casey  101
Parra-Henao, Gabriel  115
Paskewitz, Susan  33, 254
Pathawong, Nattaphol  97, P-14
Paulson, Sally L. 189
Pearce, Chuck  P-30
Pearson, Mandi  294
Peçanha, Carlos V P-26
Pecor, David B 212, P-61
Pelley, Dave  149
Penilla Navarro, Patricia  119, 152
Peper, Steven T P-20
Perezchica-Harvey, Gabriela  244
Perez-Pacheco, Rafael  P-48
Perganta, Iokasti  P-24
Pergantas, Panagiotis  P-24
Perry, Melynda  134
Peterson, Jon  94
Petrie, William  P-16
Phelan, Brent D. 292
Phillips, Nate  59, 86, P-43
Piedmonte, Nicholas  60
Piedrahita, Estefani  80
Pinto, Rosilene Alcantara 84
Piovanetti, Cesar  118, P-09
Plukota, Bjoern  312
Poggi, Joseph D 71, 224
Pollreis, Rachel E P-36
Ponce Garcia, Gustavo  77, 78, 79, 81, 82, P-46
Pongsiri, Arissara  97, P-14
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Ponlawat, Alongkot  97, P-14
Potter, Alexander  212, P-61
Powers, Donald  167
Prather, Benjamin  142
Preciado, Gerry  264
Presas, Henry  148
Presley, Nicholas  114
Presley, Steven M P-20
Pritchett, Aubri M P-22
Pritts, Kevin S 125
Provencio, Andrew  195
Pruñosa, Javier A 156
Puente, Jorge  86
Pulido-Murillo, Wilson  115
Pulver, Janice  71
Qiu, Jaylan  27
Qualls, Whitney  16, 168, 278, P-54
Quintero-Donis, Ingrid Marcela 153
Race, Dana  253
Rahman, Aidil  P-23
Rajagopal, Nagarajan  100
Rajwana, Ishtiaq Ahmad 179
Ramalho-Ortigao, Marcelo  271
Ramirez, Daviela  101, 280
Ramirez, Jose Luis 306, P-31
Ramos, Steve  54, 239, 242
Rampold, Shelli D 231
Rao, Gouthami  111
Ratnasiri, Kalani  164
Reed, Marcia  27, 208, 239
Reeves, Lawrence E. 20
Reinoso Webb, Cynthia  P-20
Reissen, Nadja  181, 274, 288
Retallack, Hanna  164
Revay, Edita E. P-53
Rey Vega, Gabriela  P-45
Reyes Garcias, Allan  116
Reyes Jr, Martin  307
Reynolds, Bill  290
Ribeiro, Kaio N P-49
Richardson, Jason H 8, 135
Richoux, Gary  96
Rico, Salvador  308
Ridenour, Chase L 31
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Riles, Michael T 129, P-07
Riley, Rebecca  308, 324, P-34
Rios, Pablo  P-09
Rios, Thalia  P-02
Ritchie, Scott A. 36, 88, 166
Rivers, Adam  216
Roach, David  224
Robertson, Suzanne  12
Robinson, Eneristo  114
Rochon, Kateryn  253
Rodovalho, Cynara M P-49
Rodriguez, Americo D 152
Rodriguez, Arturo  148
Rodriguez, Cristina  152
Rodriguez, Dariana  P-27
Rodriguez, Iram  65, 66
Rodriguez, Jesus  148
Rodriguez Servin, Rocio  78
Rodriguez-Rojas, Jorge E. 122
Rodriguez-Sanchez, Iram P 81
Rodríguez-Sánchez, Irám Pablo 65, 66, 77, 79
Rogers, Adriane N. 305
Roh, Jong Yul  248
Romero-Weaver, Ana L 280
Romo, Hannah E. 173
Rosas, Ruben S 54
Rose, Dominic  P-52
Rosenberg, J. M.  228
Ross, Amanda  169
Rowley, Lisa  P-56
Rubio-Palis, Yasmin  154
Ruiz, Andrew  261
Rund, Samuel S.C. 6
Runde, Amy  219
Rusk, Richard  253
Rustin, R. Christopher  277
Ryan, Bonnie M. 102, P-57
Ryan, Richard  P-43
Saavedra, Vanessa  80
Saavedra-Hernández, Rafael  117
Saavedra-Rodriguez, Karla  152
Saba, Shafia  179, 317
Saddler, Adam  169
Saeed, Shafqat  179
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Sakthivel, Tamil Selvan 145
Saldaña-Torres, Daniel Rafael 79
Salerno, Giovanni  P-11
Salice, Chris J. P-50
Samz, Wendy  229, P-32
Sanchez, Jose  P-09, P-042
Sánchez, Daniel  152
Sanchez-Casas, Rosa Ma  122
Sanchez-Rodriguez, Iram P. 82
Sanscrainte, Neil D 184
Sanscrainte, Neil  216
Santacoloma Varon, Liliana  P-45
Santiago, Gilberto  P-23
Santos, Maria Alice Varjal Melo P-44
Santos Neto, Noel F P-49
Sarwar, Muhammad Sajjad 246
Satterfield, Brent  120
Saunders, Thomas  191
Savage, Harry M 146
Sawlis, Scott  141
Saxton-Shaw, Kali D 146
Schem, Mike  293
Schermerhorn, Scott  56
Schield, Miranda  198
Schiller, Anita  226
Schluep, Sierra  280
Schuenzel, Erin  61
Schwerin, Theresa  P-60
Scott, Cassie  P-55, P-51
Scott, Jeffrey G 128
Scott-Waldron, Christine  143
Seal, Sudipta  145
Seethaler, Tara  114, 116
Seger, Krystal R. 89, 111, 207
Segura, René  85
Segura-Cardona, Angela  115
Semrow, Amber  190, P-13
Shah, Purva  39
Shaw, Michaela  315
Sherpa, Phurchhoki  60
Shin, Andrew T 213
Shin, Philip I 213
shin-Hyeong, Cho  P-25
Sickerman, Stephen  258
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Siddiqi, Zia  281
Siegfried, Blair  40
Silva, Juan J 128
Simonson, Sean  143
Singh, Sushant  145
Slaton, Christopher Adam P-27
Sloncz, Tim  293
Smith, B.  228
Smith, Danielle  254
Smith, Danta Marie 90
Smith, John P 161
Smith, Kirk  31, P-28
Smith, Marjorie Ann 161
Smith, Mark E 320
Smith, Nicholas  132
Snelling, Melissa  131, 243, 244
Snoad, Nigel  166
Snyder, Robert  203
Soler-Tovar, Diego  160
Solis Santoyo, Francisco  152
Song, Bong Gu  248
Sorensen, Brad  274
Souza, Ana L.S. P-47
Souza, Bruna R D P-26
Sroute, Lamyae  P-19
Stanuszek, William  P-30
Staunton, Kyran M 36, 166
Stenhouse, Steven  108
Sterling, Milton P 201
Stevenson, Jennifer  134
Stewart, David  169
Stokes, Phillip  199
Stone, Chris  63
Stoops, Craig  134
Su, Tianyun  68, 70, 214
Sua, Jeimy Tatiana 160
Sukkanon, Chutipong  124
Summers, Edward  129
Sun, Levy  196, 233
Sun, Sokanary  68, 190, P-13
Sung-Chan, Yang  P-25
Swan, Tom  36
Taylor, David  68
Taylor, Melise 252
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Telg, Ricky  199, 231, 315
Terrill, Wally  92
Tesh, Robert B. 202
Thiemann, Tara C. 102, P-57
Thomas, John  38, P-21
Thompson, Annie Rich 234, P-59
Tonzel, Julius  143
Torres, Ryan  P-31
Torres Gutierrez, Carolina  P-40
Torres-Estrada, Jose Luis 153, 155
Towery, Marti  239
Townsend, John  28, 31, P-28
Traore, Mohamad M. P-53
Traore, Sekou F. P-53
Trout Fryxell, R. T. 228, 265
Trujillo-Rodriguez, Gerardo J. 82
Tsatsaris, Andreas  P-24
Tsecouras, Julie C 62
Tselentis, Yiannis  P-24
Turell, Michael J. 202, 301
Turnipseed, Rakim  167
Tussey, Dylan  309
Uchel, Eden  P-23
Udui, Tmong  P-23
Unlu, Isik  2
Valdez Delgado, Kenia Mayela 119, 121
Valentine, Michael  31
Vasquez, Gissella  41, 134, 158, 188
Vásquez-Trujillo, Adolfo  115
Vazquez, Chalmers  P-16
Vázquez, Rafael  83
Vazquez Prokopec, Gonzalo M 236, 237
Vázquez Samoya, Geovanni  152
Velez, Juan Pablo 80
Vickers, Neil J 181
Vigilant, Maximea  58, 321
Villanueva Segura, Olga Karina  77, 78
Villegas-Trejo, Alejandro  156
Visnak, Leena  P-18
Vitek, Christopher  34, 38, 61, 168, P-02, P-10, P-21
Vugia, Duc  203
Wagner, Helen  P-39
Wagner, Ryan  242
Waits, Christy M 184
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Walker, Edward  PL-1, 194, 286, P-30
Walton, William  22, 62, 210, 254
Wang, Xiaoming Chloe 68, 213
Ward, Heather Marie 278, P-54
Ward, Michael P 146
Ward, Shawn  176, 178
Waris, Muhammad  225
Watkins, Alexandria  105
Weaver, Scott  254
Weber, Michael  162
Weldon, Caroline  130, 254
Wheeler, Sarah S 11, 27, 164, 208, 239
White, Bradley  310
White, Greg  181, 288, 274
Why, Adena  210
Wicker, Neta  282
Wilke, André B. B. P-16, P-47
Will, James  28, 31, P-28
Willenberg, Bradley Jay 132, 145
Williams, Gregory  3
Wittie, Jeremy  131, 171, 243
Wojahn, Braden  113
Wood, Clark E. 92
Wunderlin, Kathryn  60
Xiang, Wei  166
Xue, Rui-De  98, 186, 294, 303, 309
Yan, Guiyun  213
Yang, Liu  96
Yang, Sung-Chan  209
Yang, Young-Cheol  P-08
Yeates, David K 211
Yi, Hoonbok  P-06, P-08
Yi, Myoung-ae  P-06, P-08
Yoo, Jae Seung  P-06, P-08
Young, Steven  31, P-28
Youngbar, Courtney  256
Yousaf, Iqra  193, 225
Zanandrez, Lucas F R P-26
Zhai, Jing  282
Zhang, Chen-Yu  79
Zhou, Yu  79
Zhu, Jinsong  191
Zorrilla, Victor O. Osiel 188
Zuluaga, Yeraldine  80
Zurlage, Jutta  107
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AMCA AWARDS 

 

HONORARY MEMBERS 

1937 Leland O. Howard (USDA) 1970 Robert L. Vannote (NJ) 1998 Eugene J. Gerberg (MD) 

1938 C. C. Adams (NY) 1971 Richard W. Fay (USPHS)  Glen C. Collett (UT) 

1944 Thomas J. Headlee (NJ) 1972 Christian T. Williamson (NY) 1999 Donald R. Johnson (GA) 

 William B. Herms (CA)  Alan R. Stone (MD) 2001 Fred W. Knapp (KY) 

 J. A. LePrince (USPHS) 1974 Edward S. Hathaway (LA) 2003 E. John Beidler (FL) 

 Louis L. Williams, Jr. (USPHS) 1976 Theodore G. Raley (CA) 2004 David A. Dame (FL) 

1948 Robert D. Glascow (NY) 1979 John A. Mulrennan, Sr. (FL) 2005 Donald J. Sutherland (NJ) 

 Willard V. King (USDA)  Thomas D. Mulhern (CA) 2006 Martin S. Chomsky (NJ) 

 1951 Lewis W. Hackett (CA) 1981 Austin W. Morrill, Jr. (CA) 2013 Judy Hansen (NJ) 

  Robert Matheson (NY) 1983 William R. Horsfall (IL) 2013 Henry Rupp (NJ) 

 

 

 

1955 Harold F. Gray (CA)  Anthony W. A. Brown (WHO) 2017 Sammie Dickson 

 1958 Louis A. Stearns (DE) 1991 Kenneth L. Knight (NC)   

1964 George H. Bradley (USPHS/USDA) 1994 Harold C. Chapman (LA)   

1965 Arthur W. Lindquist (KS)  Lewis T. Nielsen (UT)   

1967 Fred L. Stutz (FL)     

HAROLD FARNSWORTH GRAY MEMORIAL CITATION 
MERITORIOUS SERVICE TO MOSQUITO CONTROL AWARD 

This now discontinued award was presented to an active member of AMCA for exceptional service to the Association and to mosquito 
control or related vector control. 

    
 1964 Fred C. Bishopp (DC)  

    

 
DR. THOMAS J. HEADLEE MEMORIAL AWARD 

This now discontinued award recognizes a living member of the Association for outstanding service to the field of mosquito control, while 
simultaneously commemorating the name of a deceased member. 

.     
 1968 George H. Bradley (USDA/USPHS)  
    

 
MEDAL OF HONOR 

Next to honorary membership, the Medal of Honor is the highest award regularly given by AMCA. The only specific limitation for the Medal 
of Honor is AMCA membership, and nominees are selected on the basis of exceptional contributions to mosquito control or related fields. 
After 1982, the Board of Directors set a suggested maximum of one Medal of Honor per year. 

    
1972 Maurice W. Provost (FL) 1983 Harry D. Pratt (GA) 2001 Gary G. Clark (USPHS) 

 

 

 William R. Horsfall (IL)  John A. Mulrennan, Sr. (FL) 2002 Lucas G. Terracina (LA) 
1973 Don M. Rees (UT) 1984 George T. Carmichael (LA) 2003 Robert J. Novak (IL) 

 Thomas D. Mulhern (CA) 1985 Norman G. Gratz (WHO) 2004 James D. Long (TX) 
1974 Anthony W. A. Brown (WHO) 1986 James R. Caton (CA) 2005 James W. Robinson (FL) 

 Donald L. Collins (NY) 1987 Jay E. Graham (UT) 2006 John L. Clark Jr. (IL) 
1975 Daniel M. Jobbins (NJ) 1988 Lewis T. Nielsen (UT) 2007 E. John Beidler (FL) 

 Arthur W. Lindquist (USDA) 1989 Andrew J. Spielman (MA) 2008 David A. Dame (FL) 
1976 Austin W. Morrill, Jr. (CA) 1990 Glen C. Collett (UT) 2009 Dan Ariaz (NV) 

  Carroll N. Smith (USDA) 1991 Harold C. Chapman (LA)  Gary Breeden (VA) 
1978 James B. Kitzmiller (FL) 1992 D. Bruce Francy (CO) 2010 Mir S. Mulla (CA) 

 William D. Murray (CA) 1993 Gilbert L. Challet (CA) 2011 Dave Brown (CA) 
1979 Richard F. Peters (CA) 1994 Ronald A. Ward (MD) 2012 Sammie L. Dickson (UT) 

 
1980 William E. Bickley (MD) 1995 T. Wayne Miller (FL) 2013 Wayne Crans (NJ) 

 John N. Belkin (CA) 1996 Marshall Laird (New Zealand) 2014 Chester G. Moore (CO) 
1981 Stanley J. Carpenter (CA) 1997 Robert K. Washino (CA) 2015 Jorge Arias  

 Roland E. Dorer (VA) 1998 John D. Edman (MA) 2016 Graham White (FL) 
1982 Kenneth L. Knight (NC) 1999 Bruce F. Eldridge (CA) 2017 Randy Gaugler (NJ) 

 William C. Reeves (CA) 2000 Judy A. Hansen (NJ)  Allan Inman (CA) 

 

 

              2018      Bill Meredith (DE) 
            Roger Nasci (IL) 
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MERITORIOUS SERVICE AWARD 

Given to individuals for outstanding service, the contributions of the nominees must be considered outstanding as judged by their peers. Only 
AMCA members in good standing who are not past presidents of AMCA are eligible. After 1982, the Board of Directors set a suggested 
maximum of no more than two awards per year. 

    

1972 Charles F. Scheel (IL) 1980 Donald E. Weidhaas (FL) 1997 Thomas J. Zavortink (CA) 

 Donald L. Collins (NY)  E. John Beidler (FL) 1998 James D. Long (TX) 

 Theodore G. Raley (CA)  Eugene J. Gerberg (MD) 1999 Hilton B. Munns (CA) 

1973 Francis P. Creadon (CA) 1981 A. Ralph Barr (CA) 2000 Leroy J. Bohn (VA) 

 Vernon Conant (NJ)  Gilbert L. Challet (CA)  Dreda McCreary (VA) 

 Austin W. Morrill, Jr. (CA)  Edgar A. Smith (VA) 2001 Charles T. Palmisano (LA) 

1974 Leslie D. Beadle (USPHS) 1982 Hugo A. Jamnback (NY) 2002 Thomas G. Floore (FL) 

 John H. Brawley (CA)  Donald R. Johnson (GA)  Sherry McLaughlin (TX) 

 John W. Kilpatrick (GA)  Harold D. Newsome (MI) 2003 Wayne L. Kramer (NE) 

 T. Oscar Fultz (GA)  James V. Smith (GA)  John L. Clarke, Jr. (IL) 

 Howard R. Greenfield (CA) 1983 Richard F. Darsie (CO) 2004 Yadira N. Rangel (Venezuela)  

 Paul J. Hunt (FL)  Ronald A. Ward (DC)  James W. Robinson (FL) 

 William C. McDuffie (USDA)  1984 Samuel G. Breeland (FL) 2005 Major S. Dhillon (CA) 

 Donald R. Johnson (GA)  Donald J. Sutherland (NJ)  William H. Meredith (DE) 

 Helen Sollers-Riedel (DC) 1985 John C. Kuschke (NJ) 2006 William J. Sames (WA) 

1975 Lewis E. Fronk (UT)  James R. Caton (CA) 2007 Henry R. Rupp (NJ)  

 Joseph G. McWilliams (USN) 1986 C. Lamar Meek (LA) 2008 Allan Inman (CA) 

 Lewis J. Ogden (USPHS) 1987 John C. Combs (CA)  Manuel Lluberas (FL) 

 Rajindar M. Pal (WHO)    1988 Chester G. Moore (CO) 2009 Joe Conlon (FL) 

 Kenneth D. Quarterman (USPHS)  Margaret Parsons (OH) 2010 Norbert Becker (Germany) 

 Herbert F. Schoof (USPHS) 1989 John S. Billodeaux (LA) 2011 Harry Savage (CO) 

1976 Robert A. Armstrong (MA)  Edgar S. Bordes, Jr. (LA)  L.A. Williams (SC) 

 Osmond P. Breland (TX) 1990 Richard D. Morton (WA) 2012 Lal S. Mian (CA) 

 George B. Craig, Jr. (IN)  Lucas G. Terracina (LA)  Edsel M. Fussell (FL) 

 Claude M. Gjullin (USDA) 1991 David A. Dame (FL) 2013 Kenneth J. Linthicum (FL) 

 T. Wayne Miller (FL) 1992 Jerry Mix (TX)  2014 Diann Crane (MN) 

1976 Donald J. Pletsch (Mexico) 1993 William E. Hazeltine (CA)  Daniel Kline (FL) 

 Glenn M. Stokes (LA) 1994 Sally A. Wagner (MI) 2015 Mark Latham (FL) 

 Luis M. Vargas (Mexico) 1995 Frederick W. Wagner (KY) 2016 Rui-de Xue (FL) 

1978 Richard C. Axtell (NC) 1996 Donald J. Sutherland (NJ)  William Reisen (CA) 

1979 Marco. E. C. Giglioli (BWI)  Ronald A. Ward (MD) 2017 Michael Turell (MD) 

 1980 James D. Gorman (FL) 1997 Roger S. Nasci (CO) 2018 

 

 

 

20 

 Gary Goodman (CA) 
 

    2019 Angela Beehler (WA) 

      

  
 
 
 
 
 
 
 
 

PRESIDENTIAL CITATION 
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The Presidential Citation recognizes individuals not eligible to receive other awards but who are eminently deserving of special 
recognition by AMCA. Recipients need not be AMCA members. After 1982 the Board of Directors set a suggested maximum of no more 
than 2 awards per year. 

    
1980 John M. Poché (LA)  1995 Sally Kuzenski (LA) 2008 Wiliam H. Meredeth (DE) 
 Leslie E. Fronk (UT) 1996 Carl R. Tanner (IL) 2009 Rep. Dennis Cardoza (CA) 
 Jesse B. Leslie (NJ)  Sammie L. Dickson (UT) 2010 Gordon Patterson (FL) 
1981 Linda G. Raiche (CA) 1997 Charles T. Palmisano (LA)  Gary Clark (FL) 
 Margaret S. Slater (NY)  George J. Wichterman (FL)  Yasmin Rubio-Palis (Venezuela) 
1982 K. G. Nolan (NY) 1998 Douglas B. Carlson (FL) 2011 Angela Beehler (WA) 
 Charles F. Scheel (IL) 1999 Charles Beesley (CA)  Roxanne Connelly (FL) 
1983 Coyle E. Knowles (NY)  Donald R. Johnson (GA) 2012 Truc Dever (CA) 

2 
1984 Ray Treichler (DC) 2000 Peter B. Ghormley (CA)  201

3 
Robert Peterson (MT) 

1985 Lawrence T. Cowper (USAID)  David A. Brown (CA) 2014 Salvador Rico (TX) 

 
 Janice B. Wells (NY) 2001 Donald Menard (LA) 2015  Kristy Burkhalter (CO) 

  

Kristen Burkhalter (CO) 

1986 T. Oscar Fultz (GA)  Joel Margalit (Israel)  Elizabeth Cline (CA) 
1987 Sharon A. Colvin (IL) 2002 Dennis Moore (FL) 2016        Angela Beehler (WA) 
1988 Daniel D. Sprenger (TX)  Henry R. Rupp (NJ)  John Biedler 
1989 Fred C. Roberts (CA) 2003 James R. McNelly (NJ) 2017 Peter Connelly (FL) 

 1990 Leonard E. Munsterman (IN)  Robert Bonnett (MN)  Larry Smith (GA) 
 1991 James D. Long (TX) 2004 James R. Brown (FL) 2018 Stephen Sickerman (FL)                                                                                                                           

1992 Charlie D. Morris (FL) 2005 Mark Newberg (IL)  Isik Unlu (NJ) 
 1993 Robert J. Novak (IL)  Susan Maggy (CA) 2019 Brian Byrd 

1994 James W. Robinson (FL) 2006 Teung Chin  Rui-de Xue 

 Dan L. Ariaz (NV) 2007 Karl Malamud-Roam (CA)          

 

 

 

  
JOHN N. BELKIN AWARD 

The John N. Belkin Award is given for meritorious contributions to the field of mosquito systematics and/or biology and may be given to 
anyone judged by his peers to be worthy. Usually, a maximum of one award per year is given. 

    

1981 Botha de Meillon (PA) 2001 John F. Reinert (FL) 

1982 Lloyd E. Rozeboom (IL) 2002 Richard F. Darsie (FL) 

1983 Kenneth L. Knight (NC) 2003 Richard C. Wilkerson (MD) 

1984 Thomas J. Zavortink (CA) 2004 Kazua Tanaka (Japan) 

1985 Stanley J. Carpenter (CA) 2005 Ronald A. Ward (MD) 

1986 Elizabeth P. Marks & John Reid (Australia) 2006 William K. Reisen (CA) 

1987 James B. Kitzmiller (FL) 2008 Maria-Anice Sallum (Brazil) 

1988 Allan R Stone (MD) 2010 Daniel Strickman (MD) 

1989 Pedro Galindo (Panama) 2011 Rampa Rattanarithikul, Ph.D. (Thailand) 

1990  Peter F. Mattingly (UK) 2012 Maureen Coetzee, Ph. D. (South Africa) 

1991 Jose P. Duret (Argentina) 2013 John F. Anderson (CT) 

1992 Bruce A. Harrison (NC) 2014 Graham White (FL) 

1993 Edward L. Peyton (DC) 2015 Elena B. Vinogradova (Russia) 

1994 Theodore H. G. Aitken (CT) 2016  

1995 Oswaldo P. Forattini (Brazil) 2017 George F. O’Meara (FL) 

 

 

1996 A. Ralph Barr (CA) 2018 Dr. L. Philip Lounibos (FL) 

 Michael W. Service (UK) 2019 Norbert Becker 

1997 Christine J. Dahl (Sweden)   

1998 Ralph E. Harbach (UK)   

1999 Yiau-Min Huang (DC)   

2000 Lewis T. Nielsen (UT)   

                         
 
 
 
 
 
 
 

  
MERITORIOUS SERVICE AWARD 

Given to individuals for outstanding service, the contributions of the nominees must be considered outstanding as judged by their peers. Only 
AMCA members in good standing who are not past presidents of AMCA are eligible. After 1982, the Board of Directors set a suggested 
maximum of no more than two awards per year. 

    

1972 Charles F. Scheel (IL) 1980 Donald E. Weidhaas (FL) 1997 Thomas J. Zavortink (CA) 

 Donald L. Collins (NY)  E. John Beidler (FL) 1998 James D. Long (TX) 

 Theodore G. Raley (CA)  Eugene J. Gerberg (MD) 1999 Hilton B. Munns (CA) 

1973 Francis P. Creadon (CA) 1981 A. Ralph Barr (CA) 2000 Leroy J. Bohn (VA) 

 Vernon Conant (NJ)  Gilbert L. Challet (CA)  Dreda McCreary (VA) 

 Austin W. Morrill, Jr. (CA)  Edgar A. Smith (VA) 2001 Charles T. Palmisano (LA) 

1974 Leslie D. Beadle (USPHS) 1982 Hugo A. Jamnback (NY) 2002 Thomas G. Floore (FL) 

 John H. Brawley (CA)  Donald R. Johnson (GA)  Sherry McLaughlin (TX) 

 John W. Kilpatrick (GA)  Harold D. Newsome (MI) 2003 Wayne L. Kramer (NE) 

 T. Oscar Fultz (GA)  James V. Smith (GA)  John L. Clarke, Jr. (IL) 

 Howard R. Greenfield (CA) 1983 Richard F. Darsie (CO) 2004 Yadira N. Rangel (Venezuela)  

 Paul J. Hunt (FL)  Ronald A. Ward (DC)  James W. Robinson (FL) 

 William C. McDuffie (USDA)  1984 Samuel G. Breeland (FL) 2005 Major S. Dhillon (CA) 

 Donald R. Johnson (GA)  Donald J. Sutherland (NJ)  William H. Meredith (DE) 

 Helen Sollers-Riedel (DC) 1985 John C. Kuschke (NJ) 2006 William J. Sames (WA) 

1975 Lewis E. Fronk (UT)  James R. Caton (CA) 2007 Henry R. Rupp (NJ)  

 Joseph G. McWilliams (USN) 1986 C. Lamar Meek (LA) 2008 Allan Inman (CA) 

 Lewis J. Ogden (USPHS) 1987 John C. Combs (CA)  Manuel Lluberas (FL) 

 Rajindar M. Pal (WHO)    1988 Chester G. Moore (CO) 2009 Joe Conlon (FL) 

 Kenneth D. Quarterman (USPHS)  Margaret Parsons (OH) 2010 Norbert Becker (Germany) 

 Herbert F. Schoof (USPHS) 1989 John S. Billodeaux (LA) 2011 Harry Savage (CO) 

1976 Robert A. Armstrong (MA)  Edgar S. Bordes, Jr. (LA)  L.A. Williams (SC) 

 Osmond P. Breland (TX) 1990 Richard D. Morton (WA) 2012 Lal S. Mian (CA) 

 George B. Craig, Jr. (IN)  Lucas G. Terracina (LA)  Edsel M. Fussell (FL) 

 Claude M. Gjullin (USDA) 1991 David A. Dame (FL) 2013 Kenneth J. Linthicum (FL) 

 T. Wayne Miller (FL) 1992 Jerry Mix (TX)  2014 Diann Crane (MN) 

1976 Donald J. Pletsch (Mexico) 1993 William E. Hazeltine (CA)  Daniel Kline (FL) 

 Glenn M. Stokes (LA) 1994 Sally A. Wagner (MI) 2015 Mark Latham (FL) 

 Luis M. Vargas (Mexico) 1995 Frederick W. Wagner (KY) 2016 Rui-de Xue (FL) 

1978 Richard C. Axtell (NC) 1996 Donald J. Sutherland (NJ)  William Reisen (CA) 

1979 Marco. E. C. Giglioli (BWI)  Ronald A. Ward (MD) 2017 Michael Turell (MD) 

 1980 James D. Gorman (FL) 1997 Roger S. Nasci (CO) 2018 
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 Gary Goodman (CA) 
 

    2019 Angela Beehler (WA) 
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MEMORIAL LECTURE HONOREE & MEMORIAL LECTURER AWARD 

The Memorial Lecture Honoree must be one who has made exceptional contributions to the broad field of mosquito control during his 
lifetime. If there is more than one honoree in a given year, then the group must have made significant contributions as a team or equal 
stature in the same time frame and to the same aspect of mosquito control. The Memorial Lecturer Award is given to an outstanding 
speaker (one per year) to present the annual Memorial Lecture in honor of the Memorial Lecture Honoree. The Memorial Lecture Award 
is not limited to a member of AMCA, but the recipient should be a recognized authority in the broad field of vector control. 

    
 HONOREE LECTURER TOPIC 

1979 Don M. Rees J. David Gillett Out for blood: Flight orientation upwind & in the absence of visual 
clues 

1980 Maurice W. Provost Anthony W. A. Brown What have insecticides done for us? 
1981 Leland O. Howard Leonard J. Bruce-Chwatt Leland Ossian Howard (1857-1950) and malaria control then  

and now 
1982  Carlos Finlay 

Walter Reed 
William Gorgas 
Fred Soper 

William C. Reeves A memorial to Finlay, Reed, Gorgas and Soper as major contributors 
to present-day concepts essential for control of mosquito-borne 
viruses 

1983 Harry H. Stage Michael W. Service Biological control of mosquitoes—Has it a future? 
1984 Louis L. Williams George B. Craig, Jr. Man-made human disease problems: Tires & La Crosse virus 
1985 Thomas J. Headlee William R. Horsfall Mosquito abatement in a changing world 
1986 Marston Bates A. Ralph Barr The basis of mosquito systematics 
1987 William B. Herms 

Harold F. Gray 
Robert K. Washino  

1988 John A. Mulrennan, Sr. Susan B. McIver Mosquitoes, medicine & memories 
1989 Brian Hocking John D. Edman Are biting flies gourmet or gourmand? 
1990 John N. Belkin Thomas J. Zavortink Classical taxonomy of mosquitoes—A memorial to John N. Belkin 
1991 Edward S. Hathaway 

Anderson B. Ritter 
C. Lamar Meek Les maringouins du mech: The legacy of two men 

1992 Sir Patrick Manson Bruce F. Eldridge The man we honor 
1993 Willard V. King Ronald A. Ward Renaissance man of medical entomology 
1994 Stanley B. Freeman Mir S. Mulla Now & in the future 
1995 Maurice T. James Wayne A. Rowley Maurice T. James 
1996 Telford H. Work Charles A. Calisher Telford H. Work—A tribute 
1997 Stanley J. Carpenter Lewis T. Nielsen In honor of Stanley Carpenter 
1998 George B. Craig, Jr.  Robert J. Novak George Brownlee Craig 
1999 A. Ralph Barr Andrew J. Spielman  
2000 John B. Smith Wayne J. Crans  
2001 William R. Horsfall Jimmy K. Olson  
2002 Edward F. Knipling Waldemar Klassen Titan and Driving Force in Ecologically Selective Area-Wide Pest 

Management 
2003 Kenneth L. Knight Ralph E. Harbach Mosquito systematics: From organism to molecules—A tribute to 

Kenneth L. Knight 
2004 Donald J. Pletsch David A. Dame Six Decades of International Commitment 
2005 William E. Hazeltine Bruce F. Eldridge William E. Hazeltine: Rebel with a cause 
2006 William C. Reeves Grant R. Campbell  
2007 Norman G. Gratz Graham B. White     Remembering Norman Gratz (1925-2005) – Doyen of Vector Control 
2008 Andrew Spielman John D. Edman  
2009 Lamar Meek Roxanne Connelly  
2010 Harold C. Chapman Tokuo Fukuda  
2011 H.G. Dyar Terry Klein  
2012 James D. Long John Welch 

 

 

 

2 

 

 
2013 Thomas Mulhern Randy Gaugler 

 

 

 

 

2 

 

2014 Founding Mothers of 
Mosquito Control 

Gordon Patterson 

2015 Dr. Richard F. Darsie, Jr. Dr. Jonathan F. Day 

2016 Oscar Fultz Joe Conlon 

2017 Jimmy Olson Bill Sames 

2018 Fred Knapp Steve Presley 

2019 William Opp Gordon Patterson 
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INDUSTRY AWARD 

Established in 1997, the Industry Award is presented to a representative of a mosquito/vector-related industry who has through 
his/her efforts advanced the work of mosquito and/or vector control or research. 

 

 1997 Charles T. Galley (FL) 2010 Peter Connelly (FL) 

 1998 William German (FL) 2011 David Sullivan (MT) 

 1999 Gary A. Mount (FL) 2012 Stephanie Whitman (WY) 

  Daniel F. Boyd (GA) 2013 Larry Erickson (IL) 

  David W. Waldron (GA) 2014 Gerry Hutney (FL) 

  J. David Waldron (GA) 2015 Joe Strickhouser (NC) 

 2002 Robert E. Richard (TX) 2016 Terry Couch (FL) 

 2003 Allen W. Wooldridge (FL) 2017 Clark Wood (IL) 

  2004 John L. Clarke, Jr. (IL)  Malcom Williams (AR) 

 2005 Ernest Danka (IL)  2018  Larry Smith (FL) 

 2006 Willie N. Cox (IL) 2019 Peter DeChant 

 2007 Bob Bonnett (MN)   

 2009 Clarke Hudson (IL)   

  Bill Strange (ID)   

 
GRASSROOTS AWARD 

This award is given to recognize excellent performance and dedication by mosquito control field staff. 

     
 2005 

\\\\\\\\\\\\\\\\\\\\\ 

Omar S. Akbari Reno Washoe Country, Nevada  
  Christopher Trapp Multnomah County Vector Control, Oregon  
 2006 John Phelps Mercer County, New Jersey  
 2008 

20 

Chris Frame Cape May County, New Jersey  
 2009 Jason Craig Hardman Salt Lake City MAD, Utah  
 2010 Jessica Fales Midland County MC, Michigan  
  Gary Hillsdale Metropolitan MCD, Minnesota  
  Elizabeth Vice Buttle County MVCD, California  
 2011 David Bruget Kings MAD, California  
  Russell Eck Washoe County Health District, Nevada  
  Phillip Henry Butte County MVCD, California  
  Levi Zahn Williston VCD, North Dakota  
 2012 Mike Smith  Anastasia MCD, Florida 

 

 
 2013 Arturo Gutierrez Coachella Valley MVCD, California  
 2013 Michael Martinez  Coachella Valley MVCD, California  
 2013 David Lopez Greater Los Angeles County VCD, California  
 2013 Martin Serrano  Greater Los Angeles County VCD, California  
 2014 Dell Boyd 

 

Butte County MVCD, California 

 

   

John McCready 

 

Jackson County VCD, Oregon 

   

Gaby Perezchica-Harvey 

 

Coachella Valley MVCD, California 

   

Geneva Ginn 

 

Coachella Valley MVCD, California 

Butte County MVCD, California  
  John McCready Jackson County VCD, Oregon  
  Gaby Perezchica-Harvey Coachella Valley MVCD, California  
  Geneva Ginn Coachella Valley MVCD, California  
 2015 Kevin Hill Pasco County MCD, California   
  Richard Ortiz Coachella Valley MVCD, California  
  Terry Sanderson Lake County MVCD, California  
  Melissa Snelling Coachella Valley, MVCD, Califorina  
 2016 Patrick Morgan Indian River MVCD, Florida  
  Janet Nelson Northwest MVCD, California  
  Richard Weaver Anastasia MVCD, Florida  
 2017 Hailey Bastian Shasta MVCD, California  
  Gregorio Alvarado Coachella Valley MVCD, California  
  Aaron Lumsden Butte County MVCD, California  
  Danny Ray Hood Beach MVCD, Floriday  
         2018 Jessica Dieckmann 

James Wynn 
Stefan Sielsch 
Kyle Yager 

County of San Diego VCP, California 
Anastasia MVCD, Florida 
El Dorado County MVCD, California 
Hillsborough County MVCD, Floriday 
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 2019 James Binnall 

Corey Boyer 
David Delgado 
Aubrey Drummond 
Gerald Michael Hart 

North Shore MAD, Illinois 
Shasta MVCD, California 
Virgin Islands DH 
Virgin Islands DH 
Indian River MCD, Florida 

 

STUDENT PAPER COMPETITION AWARDS 
The AMCA Student Competition was established in 1988 to recognize the outstanding student research paper presented at the annual 
meeting. Judging of oral presentations is based upon organization, delivery, clarity and effective use of visual aids. In 1991, a $500 cash award 
was presented to the winner, and in 1998 the Hollandsworth Prize was established by the family of Gerald Hollandsworth to encourage 
student participation in the AMCA national meeting. There is a $250 prize for honorable mention. 

    
1989 Scott Willis McNeese State U. 2008 Jerome Schleier Montana State University 
1990 Andrea Brown Peru State Coll.  Christopher Barker* U. California, Davis 
1991 John Paul Mutebi Notre Dame U.  Lisa Reimer* U. California, Davis 
1992 Rosmarie Kelly U. Massachusetts  2009 Alexandra Chaskopoulou University of Florida 
1993 Merry L. Holliday-Hanson U. California, Davis  Stephanie Larick* University of Florida 
1994 John E. Gimnig U. California, Davis 2010 Sarah Wheeler University of California, Davis 

 Alice Shaeffer* U. Mainz, Germany  Kimmy Mains* University of Kentucky 
1995 Glen Scoles Notre Dame U.   Holly Tuten* Clemson University 

 Jittawadee Rochaeroen* U. California, Riverside 2011 Logan Minter University of Kentucky 
1996 Esther Chow Schaeffer U. Maryland  Kristen Meckel-Parker* San Diego County Vector 

Control Program 1997 Lynn Cooper U. Maryland 2012 Jerome Schleier Montana State University 
1998 C. Roxanne Rutledge Louisiana State U.  Elizabeth Andrews* University of Kentucky 

 Emmalee Kennedy* U. Illinois  Jennifer Gordon* University of Kentucky 
 Timothy Schaub* U. Illinois  Joseph Iberg* University of Georgia 

1999 Laura Harrington U. Massachusetts 2013 Brian Johnson Rutgers University 

 
 Adam S. Jones* U. Massachusetts  Andrea Egizi Rutgers University 
 Hillary Reno* U. Illinois  Brittany Nelms                         U. California, Davis - CVEC 

2000 Jason L. Rasgon U. California, Davis 2014 James Ricci** University of California 
 Hope Q. Liu* Virginia Polytechnic Inst.  Eva Bickner*** University of Florida 

2001 No competition   Allison Gardner*** U of IL  Urbana - Champaign 
2002 Laura B. Goddard U. California, Davis 2015 Maria Carrasquilla** 

 

University of Florida 
 Sharon L. Minnick* U. California, Davis  

2016 

Casey Parker*** University of Florida 
 Margaret Sherriffs* Yale U. 2016 Sydney Crawley*** University of Kentucky 

2003 Sarah Yaremych U. Illinois  Lin Zhu*** University of Miami 
 Laura Goddard* U. California  Cassandra Urquhart** University of Tennessee 
 Jason L. Rasgon* U. California, Davis 2017 

 

Adena Why** 

 

University of California 

 
2004 Gregory M. Williams U. Delaware  Evlyn Pless ** 

 

University of California 

 
 Stephen Aspen* Colorado State U.  Edmund Norris***          Iowa State University 
 Christian Kaufmann* U. Zurich 2018 Annie Rich***                University of Georgia     

2005 Wesley Rubio San Diego State U.  Katelyn Haydett***         University of Georgia     
 Whitney Qualls* Auburn University  Jay Brown* University of Georgia     

 Rebecca Trout* University of Kentucky  Christopher Bibbs*        Anastasia Mosquito Control 
Dist. 2006 Robert D. Anderson University of Winnipeg  Shiloh Judd**              Louisiana State University 

 Linda O'Connor** University of Delaware 2019 Casey Parker* 

 

 
 Joshua R. Ogawa* Oregon State University  Ed Norris**  
 Matthew Eaton* Concordia College  Meredith Beaulieu***  
 Linda M. Styer* U. California, Davis  Raji Joshua***  

2007 Jennifer Armistead University of Florida  Christopher Bibbs***  
 Robert D. Anderson* University of Delaware    
 Thomas M. Mascari* Louisiana State U.    

                                                                                                           

* $500 cash award presented to winner ** Gerald Hollandsworth Prize  *** Honorable mention 

 
 
 
 
 
 
 
 
 

  
 2019 James Binnall 

Corey Boyer 
David Delgado 
Aubrey Drummond 
Gerald Michael Hart 

North Shore MAD, Illinois 
Shasta MVCD, California 
Virgin Islands DH 
Virgin Islands DH 
Indian River MCD, Florida 

 

STUDENT PAPER COMPETITION AWARDS 
The AMCA Student Competition was established in 1988 to recognize the outstanding student research paper presented at the annual 
meeting. Judging of oral presentations is based upon organization, delivery, clarity and effective use of visual aids. In 1991, a $500 cash award 
was presented to the winner, and in 1998 the Hollandsworth Prize was established by the family of Gerald Hollandsworth to encourage 
student participation in the AMCA national meeting. There is a $250 prize for honorable mention. 

    
1989 Scott Willis McNeese State U. 2008 Jerome Schleier Montana State University 
1990 Andrea Brown Peru State Coll.  Christopher Barker* U. California, Davis 
1991 John Paul Mutebi Notre Dame U.  Lisa Reimer* U. California, Davis 
1992 Rosmarie Kelly U. Massachusetts  2009 Alexandra Chaskopoulou University of Florida 
1993 Merry L. Holliday-Hanson U. California, Davis  Stephanie Larick* University of Florida 
1994 John E. Gimnig U. California, Davis 2010 Sarah Wheeler University of California, Davis 

 Alice Shaeffer* U. Mainz, Germany  Kimmy Mains* University of Kentucky 
1995 Glen Scoles Notre Dame U.   Holly Tuten* Clemson University 

 Jittawadee Rochaeroen* U. California, Riverside 2011 Logan Minter University of Kentucky 
1996 Esther Chow Schaeffer U. Maryland  Kristen Meckel-Parker* San Diego County Vector 

Control Program 1997 Lynn Cooper U. Maryland 2012 Jerome Schleier Montana State University 
1998 C. Roxanne Rutledge Louisiana State U.  Elizabeth Andrews* University of Kentucky 

 Emmalee Kennedy* U. Illinois  Jennifer Gordon* University of Kentucky 
 Timothy Schaub* U. Illinois  Joseph Iberg* University of Georgia 

1999 Laura Harrington U. Massachusetts 2013 Brian Johnson Rutgers University 

 
 Adam S. Jones* U. Massachusetts  Andrea Egizi Rutgers University 
 Hillary Reno* U. Illinois  Brittany Nelms                         U. California, Davis - CVEC 

2000 Jason L. Rasgon U. California, Davis 2014 James Ricci** University of California 
 Hope Q. Liu* Virginia Polytechnic Inst.  Eva Bickner*** University of Florida 

2001 No competition   Allison Gardner*** U of IL  Urbana - Champaign 
2002 Laura B. Goddard U. California, Davis 2015 Maria Carrasquilla** 

 

University of Florida 
 Sharon L. Minnick* U. California, Davis  

2016 

Casey Parker*** University of Florida 
 Margaret Sherriffs* Yale U. 2016 Sydney Crawley*** University of Kentucky 

2003 Sarah Yaremych U. Illinois  Lin Zhu*** University of Miami 
 Laura Goddard* U. California  Cassandra Urquhart** University of Tennessee 
 Jason L. Rasgon* U. California, Davis 2017 

 

Adena Why** 

 

University of California 

 
2004 Gregory M. Williams U. Delaware  Evlyn Pless ** 

 

University of California 

 
 Stephen Aspen* Colorado State U.  Edmund Norris***          Iowa State University 
 Christian Kaufmann* U. Zurich 2018 Annie Rich***                University of Georgia     

2005 Wesley Rubio San Diego State U.  Katelyn Haydett***         University of Georgia     
 Whitney Qualls* Auburn University  Jay Brown* University of Georgia     

 Rebecca Trout* University of Kentucky  Christopher Bibbs*        Anastasia Mosquito Control 
Dist. 2006 Robert D. Anderson University of Winnipeg  Shiloh Judd**              Louisiana State University 

 Linda O'Connor** University of Delaware 2019 Casey Parker* 

 

 
 Joshua R. Ogawa* Oregon State University  Ed Norris**  
 Matthew Eaton* Concordia College  Meredith Beaulieu***  
 Linda M. Styer* U. California, Davis  Raji Joshua***  

2007 Jennifer Armistead University of Florida  Christopher Bibbs***  
 Robert D. Anderson* University of Delaware    
 Thomas M. Mascari* Louisiana State U.    

                                                                                                           

* $500 cash award presented to winner ** Gerald Hollandsworth Prize  *** Honorable mention 
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AMCA OFFICERS, EXECUTIVE DIRECTORS AND EDITORS 
    

AMCA PRESIDENTS 
1935-1939 Thomas J. Headlee* 1968-1969 Thomas D. Mulhern 1995-1996 John D. Edman 
1939-1940 Christian T. Williams* 1969-1970 George T. Carmichael 1996-1997 Robert J. Novak 
1940-1942 Louis A. Stearns* 1970-1971 Albert W. Buzicky 1997-1998 Gary G. Clark 
1942-1944 Robert C. Botsford* 1971-1972 Andrew J. Rogers 1998-1999 Dan L. Ariaz 
1944-1945 Robert L. Vannote 1972-1973 Glen C. Collett 1999-2000 William J. Zawicki 
1945-1946 Perry W. Ruth 1973-1974 Kenneth L. Knight 2000-2001 David A. Dame 
1946-1947 Harry H. Stage 1974-1975 Robert M. Altman 2001-2002 Sammie L. Dickson 
1947-1949 H. Duke Peters 1975-1976 Harold C. Chapman 2002-2003 David A. Brown 
1949-1950 Harold F. Gray 1976-1977 D. Bruce Francy 2003-2004 Fred W. Knapp 
1950-1951 Lester W. Smith 1977-1978 Lewis T. Nielsen 2004-2005 Roger S. Nasci 
1951-1952 Don M. Rees 1978-1979 Paul J. Hunt 2005-2006 William R. Opp 
1952-1953 Cecil R. Twinn 1979-1980 Glen M. Stokes 2006-2007 Joseph F. Sanzone 
1953-1954 Fred C. Bishopp 1980-1981 Robert K. Washino 2007-2008 Gene R. Payne 
1954-1955 Roland E. Dorer 1981-1982 Claude H. Schmidt 2008-2009 Major S. Dhillon 
1955-1956 Richard F. Peters 1982-1983 Richard C. Axtell 2009-2010 Doug Carlson 
1956-1957 Fred L. Stutz 1983-1984 Jimmy K. Olson 2010-2011 Janet McAllister 
1957-1958 Arthur W. Lindquist 1984-1985 Gilbert L. Challet 2011-2012 William H. Meredith 
1958-1959 John M. Hirst 1985-1986 T. Oscar Fultz 2012-2013 Thomas R. Wilmot 

 
1959-1960 Archie D. Hess 1986-1987 Donald J. Sutherland 2013-2014 Roxanne Connelly 
1960-1961 Daniel M. Jobbins 1987-1988 George B. Craig, Jr. 2014-2015 Steve Mulligan 

 
1961-1962 William E. Bickley 1988-1989 Bruce F. Eldridge 2015-2016 Ken Linthicum 
1962-1963 Arthur W. Geib 1989-1990 Judy A. Hansen 2016-2017 Stan Cope 
1963-1964 Don W. Micks 1990-1991 Robert C. Sjogren 2017-2018 T. Wayne Gale 
1964-1965 John A. Mulrennan, Sr. 1991-1992 Matthew Yates                    2018-2019 William Walton 
1965-1966 Anthony W. A. Brown 1992-1993 Cyrus R. Lesser 2019-2020 Jason Kinley 
1966-1967 Jay E. Graham 1993-1994 John A. Mulrennan, Jr.   
1967-1968 Harry D. Pratt 1994-1995 Chester G. Moore   

   
* - Eastern Association of Mosquito Control Workers   

 
AMCA TREASURERS 

1935-1943  

 

Thomas D. Mulhern * 1994-2000 Charles T. Palmisano 
1944-1950 Thomas D. Mulhern 2000-2011 Allan D. Inman 
1950-1953 Roland E. Dorer 2011-present  Gary Hatch 
1954-1964 Lester W. Smith   
1965-1979 William D. Murray   
1980-1985 James R. Caton   
1985-1986 Douglas C. White   
1986-1988 C. Lamar Meek   
1989-1994 John S. Billodeaux * - Eastern Association of Mosquito Control Workers  

 
SECRETARY, EXECUTIVE SECRETARY, EXECUTIVE DIRECTOR 

1935-1943 Thomas D. Mulhern* Secretary 1986-1991 Harold C. Chapman Executive Director 

1944-1950 Thomas D. Mulhern Secretary 1991 Lucas G. Terracina Acting Executive Dir. 
1950-1952 Thomas D. Mulhern Executive Secretary 1992 Mark Vinsand Executive Director 
1953-1973 Theodore G. Raley Executive Secretary 1992-1993 Harold C. Chapman Executive Director 

1973 Theodore G. Raley Executive Director 1993-1994 Lucas G. Terracina Acting Executive Dir. 
1974-1978 Thomas D. Mulhern Executive Director 1994-1995 Robert T. Graham Executive Director 
1979-1980 William D. Murray Executive Director 2006-2015 Sarah B. Gazi Executive Director 
1980-1985 Thomas D. Mulhern Executive Director  2015-2016 Lori Jensen Executive Director 
1985-1986 James R Caton  Interim Executive Director 2016-2017 Bill Schankel Executive Director 
   2017-2019 Heather Gosciniak Executive Director 

   2019-present David Butler Executive Director 
* - Eastern Association of Mosquito Control Workers  
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BUSINESS MANAGER 

 

 

 

   1995-1999 Pamela D. Toups  

 

 

 1999-2000 Marlene Comeaux 
 2000-2001 Robertamarie Kiley 
 2001-2004 Martin. S. Chomsky  
 2004-2006 Sarah B. Gazi 

    
TECHNICAL ADVISOR 

 2000-present Joseph M. Conlon 
    

EDITORS OF JOURNAL OF AMCA* 
 1941 Edited by the Publications Committee,  

Lester W. Smith, Chair† 
 1942-1943 Edited by the Publications Committee,  

Ralph W. Vanderwerker, Chair‡ 
 1944 Edited by the Publications Committee, 

 J. T. Hart, Chair 
 1944-1948 Robert D. Glascow 
 1949-1973 Donald L. Collins 
 1973-1981 William E. Bickley 
 1981-1996 Ronald A. Ward 
 1996-1998 

 

Robert K. Washino 
 1999-2003 Bruce F. Eldridge 
 2004-2006 Kenneth J. Linthicum 
 2007- Lal S. Mian 
 present  

* - Mosquito News became the Journal of AMCA in 1985 
† - Publication of the Eastern Association of Mosquito Control Workers 
‡ - Volume 4, Number 1, was edited by the Publications Committee; subsequent volumes 

 had a single editor 
 

EDITORS OF MOSQUITO SYSTEMATICS* 
 1969-1979 Kenneth L. Knight 
 1979-1992 Lewis T. Nielsen 
 1992-1993 Lewis T. Nielsen &  

Ralph E. Harbach, co-editors 
 1993-1995† Thomas J. Zavortink, editor, &  

Lewis T. Nielsen, editor emeritus 
* - Prior to 1973 Mosquito Systematics was named Mosquito Systematics Newsletter 
 † - In 1995 this publication was discontinued 

 

 


