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Being Prepared

• As we go through the workshop today,
• How to start a program
• What is needed
• How we can help
• West Nile Virus, nuisance
• New ways/tools adjust your program to 

combat/prepare for Zika Virus.



Zika Virus, West Nile, etc.
• Nuisance program that can be ramped up 

to respond to disease
– Not re-creating wheel
– Change a few spokes
– Tools in place; adult and larval
– Different control

• West Nile Virus, Zika Virus, other
– More adult tools
– Traditional control



Can you provide assurance to your community 
that you’re ready to respond to a Zika or other 

mosquito-borne disease outbreaks? 

• 2016 taught us two things: mosquito-
borne viruses are not going away

• We have to employ new protocols for 
control.  

• With Zika virus entering the U.S. it’s time 
to assess your mosquito control 
program’s effectiveness



When it comes to 
killing humans, no 
animal even comes 
close to the mosquito.

Waging a War 
Against Mosquitoes…



Zika Virus
• PPP

• Plan, Prepare, Panic
–Plan and Prepare
–Plan in place
–Plan can/may change
–Prepare to implement
–Not Panic
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Zika changed 
everything
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VIDEO HERE



What Are “New” Emerging 
Diseases?

Emerging diseases are 

not necessarily “new”... 

• May be newly recognized  

infections to the public or geographic location OR         
mutations or new strains of infective agents



Background



Zika Cases in the U.S.

• 4,900 cases confirmed
• 217 confirmed locally acquired
• 4,682 imported/travel related

– 1,292 pregnancy cases
• 875 births

–36 with defects
–5 deaths

Calendar year 2016
Source:  Arbonet



5 Zika Transmission Routes
1. Mosquito 
to human

4. Mother to 
baby in utero

5. Sexual 
transmission

2. Human to 
mosquito

3. Blood 
Transfusion



Aedes aegypti and Aedes albopticus
• Lay eggs in very small amounts of water—
earning the nickname ‘container breeders’ 

• Like to live near people and bite during the day 
•Have very short flight radius
• Eggs can survive dry conditions up to six months

Mosquito vectors
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Mosquito Control

Wide Area
Open water breeders
Opportunistic feeders

Case / Site 
Centric

Container breeders
Human feeders

(Traditional) (New)
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The challenge:
Cryptic breeding sites



New 
scalable 
services
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Treatment Education

Surveillance Inspection

Clarke SITE GuardTM
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Feb Mar Apr May Sep

Miami Dade SITE Guard Evolution
SITE Guard 
proposed to 
Miami Dade 
in February. 
Contingency 

put in place in 
March

Zika traveler 
cases spike
Increased to 

10 crews

Jun Jul Aug

Local 
Transmission 
Increased to 

30 crews

Aerial 
larvicide 

work 
begins

DOH 
sweeps on 
the rise –
increase to 
45 crews

45 crews 
continue
7 days a 

week

Hired / trained over 200 employees from inception.

Oct

Ground ULV 
larvicide 
work begins

Miami Dade 
activates 

SITE Guard
One 2-person crew
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Miami Dade  |  Hiring Seasonal Staff
•Hired and trained over 180 seasonal 
employees from inception. (12 to 173 in 42 
days)

• Pass drug testing, motor vehicle records 
check and background check

•Training
– Classroom OSHA safety
– Chemical training
– Public Relations /Resident Interaction Training
– 1 day classroom training of operation field procedures 
directly with Field Supervisor

– Field training working with a veteran technician
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Miami‐Dade  |  June 2016

6 2‐person crews
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Miami‐Dade  |  August 2016

45 2‐person crews!



New control 
methods





Making communities around the world more livable, safe and comfortable.



Making communities around the world more livable, safe and comfortable.



Making communities around the world more livable, safe and comfortable.

Miami‐Dade  |  Clarke Aerial Services

Liquid Larvicide Application
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Current 
Buffalo 
Turbine & 
Trapping 
Zones
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Data and 
Reporting
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Learnings



A season‐long 
suppression 
approach needs 
to be used for 
container breeder 
control.
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Control Methods
for Container Breeders

Wide Area

• Adulticiding by 
truck/aerial

• Larviciding by 
truck/aerial

Site Centric

• House‐to‐House
• Inspect & tip
• Larviciding
• Duet ULV 
• Education



Zika control 
requires an 
understanding 
of mosquito 
AND people 
proximity.
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Mosquitoes Humans

Dual Focus
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Breeding

Tourists & Locals



New wide area 
larviciding
methods can 
suppress 
populations 
early. 
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Door‐to‐door site 
inspections are a 
key element in 
controlling a 
human‐host 
epidemic cycle.



Boots
on the
ground

Modified 
wide‐area
methods

Control lessons learned?
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2016

Radius Approach Biology Block Approach

2017

Door-to-door 
treatment

Infection 
case

Wide-area 
treatment
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Miami‐Dade | What We Have Done
Personnel: Professional Appearance
– ID Badges

– Standard Uniform

•Clarke grey shirt
•Dark blue pants
•Dark blue hat
•Miami‐Dade Vest

– Truck wrapped to identify as 
Miami‐Dade Contractor 
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Product & equipment containment, 
and important safety step



Recent Zika‐related 
innovations are 
relevant for any 
program.
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• DT

• T30

• G30

Spinosad (Natular®) Larvicide



Video



Simplified Patterns of Vector‐Borne 
Disease Transmission

National Center for Emerging and Zoonotic Infectious Diseases

Division of Vector‐Borne Diseases | Bacterial Diseases Branch

Scenario one:
People are incidental hosts

Scenario two:
People are primary hosts

Enzootic
cycle

Epidemic
cycle

ZIKV, DENV and CHIKV
Harry M. Savage

Division of Vector‐Borne Diseases
Centers for Disease Control and PreventionWNV
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Aedes  |  How They Are Different
•Both like to lay eggs in very small amounts of water, 
earning the nickname ‘container breeder’.
– Bottle caps, flower pots, bird baths, gutters, downspout 
drains, rain barrels, ponds, junk piles, tires, boat covers

• Like to live near people and bite during the day.
–Opposite of night‐biting mosquitoes that can carry West 
Nile virus. Prefer to rest at night and have a very short 
flight radius.  Resting spots can include garages, 
carports, sheds . . . In homes if you let them.  Eggs can 
sustain dry conditions for up to 6 months!
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Same Time/Day Time Biters
•The mosquitoes that can transmit Zika are biting 
during the same time children are out playing, 
people are enjoying their yards & people are working 
outside.

Dawn Dusk



Estimated range of Aedes albopictus and Aedes 
aegypti in the United States, 2016*



Zika Confirmed Reported Travel Cases in US as of 
1/18/17
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Kentucky City areas
•Greater Louisville area: 1,269,702

•Greater Lexington area: 723,849 

•Greater Bowling Green area: 218,870 



Education & Public 
Engagement



ZKit™ Community 
Engagement Program

Pull-up Banner
Acrylic holders
Use Instructions – Bilingual
Natular DT tablets – 12/card –
Bilingual label
Use Instruction Video - Bilingual

Zika Infographic

Planning Guide
Template Press Release
Template Social Media Messaging
Template Live Read PSAs
Q&As
Support Material List / Reorder 
Instructions 
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• 60+ days control
• Counties purchase Natular DT 

tablets
• Counties then distribute to 

residents
• Clarke provides free support 

tools for points of distribution 

Community Engagement 
Program



West Nile Virus



Vectors

• Culex species are 1o vectors

• Aedes albopictus is a competent 2o vector 



West Nile Virus Activity by State – United 
States, 2016 (as of January 17, 2017)



WNV National Update
• In 2016

– 2,038 cases – (2,060 2015)
– 94 fatalities

• California was major WNV epicenter in 2016
– 424 cases, 19 deaths

• Ohio 18 cases, 4 deaths

• Illinois 153 cases, 5 deaths

• Michigan 42 cases, 3 deaths

• Penn. 16 cases, 2 deaths



Malaria



Malaria
Malaria is a leading cause of death and disease 

worldwide, especially in developing countries.

• Malaria risk areas
–Africa, Central and South America, Southeast 

Asia, Middle East

• Each year
–300-500 million cases  
–> 1 million deaths

• In Africa, a child dies  
every 30 seconds



Biology, Species and 
Habitats



Mosquito Life Cycle









Flight Range

5 MILES

10 MILES

15 MILES

Hundreds of  feet



Disease Transmission



What do adult mosquitoes eat?
Blood



Capillary Penetration

Fascicle with 6 
stylets Protective sheath



Infection of mosquito feeding on a viremic animal

Virus particles in blood

Dissemination slides courtesy of Ted Andreadis



Digestion of blood 

Virus particles 
survive



Replication of virus within midgut



Dissemination from the midgut into mosquito tissues

Nervous systemSalivary 
glands

Fat body

Hemocoel



Virus replication in secondary tissues in body

4-5 logs of virus
(10,000 – 100,000 PFU’s)
required for transmission



Transmission of virus from mosquito to new host

Salivary 
glands





Habitats



Potential breeding sites



Education
Potential residential breeding sites



Education
Potential commercial breeding sites



Woodland Pool





Roadside Ditch







Container Breeding

• Tire Piles
• Natural holding spots
• Containers
• Pools
• Catch basins























Survey and Mapping



Survey Objectives

• Locate and clearly define all sources
– Knowing where to treat  - important as what to treat

• Map sources

• Categorize and label sources
– Allows for thorough and efficient treatment

• Record and measure acres or miles

• Prepare operational maps for efficient planning & 
record of treatment

Survey 
and  

Mapping



Mapping is more important 
than ever

Maps played a critical role in the Zika control program in 
Miami-Dade

• Crew maps were distributed daily to define treatment 
areas

• Maps from DOH with local transmission cases 
determined the 1/8 mile radius of concentrated door –
door inspections.

• Mapping of all trap locations for regular surveillance 
and maintenance

• Maps critical for tracking, operational management, 
verification and reporting

Survey and  
Mapping



After yard inspections 
were performed in 
Miami-Dade, door tags
were left.



Mosquito Surveillance



Larval surveillance
• Distinguish 

between 
breeding and 
non-breeding 
habitat

• ID to determine 
nuisance or 
disease species

• Create historical 
database

• Utilize to make 
informed control 
decisions



Adult Surveillance
Adult surveillance



CO2 Baited Traps
ABC Trap

• Captures greater variety of 
species

• Captures greater numbers

• Captures collection alive

• Battery powered 

• Carbon dioxide is primary 
attractant; pull light and get 
“clean collection”



Oviposition Trap
CDC Gravid Trap

• Refines species collection

• Excellent for Cx. pipiens

• Some success for Oc. 
japonicus

• Battery powered, good for 
surveillance in remote 
locations

• Captures collection alive



BG-Sentinel Trap

• Easy, pop-up design

• Excellent for Aedes aegypti & 
albos when used with BG-Lure 

• Can be used with or w/o CO2

• Battery powered, good for 
surveillance in remote 
locations



Mosquito Control



Arthropod-Borne Viruses
“Arboviruses”

• Some pose little/no threat to public health

• Others are major killers

2 methods of prevention:
–Personal protection measures

»3 D’s (Drain, Dress, Defend)
–Public health measures

»Surveillance, monitoring
»Mosquito control: 
Larviciding/Adulticiding



Education
Larval 
Control



Larviciding: 
Timely detection & suppression of mosquito 
breeding

Prescription Larviciding + Rotation of actives to 
prevent resistance

Natural Predators
Fish, G. afffinis

Surfactants
CocoBear

BT Products
Bti, B. thuringiensis israelensis
Bs, B. sphaericus

IGR’s
Spinosad/Natular



Larvicide Offerings by 
IRAC MOA Classification

5 7A 11A 11B
Natular
6 formulations

Altosid
8 formulations

Vectolex
3 formulations

Vectobac
5formulations

Vectomax
2 formulations

Larv Oil
CocoBear
1 formulation
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Oils/surfactants

CocoBear.  
Coconut oil extract, 
same as used in 
foods, candies and 
beverages for 
flavoring, as well as 
many cosmetics.



Bti – (VectoBac)

•Active ingredient is B. thuringiensis 
israelensis
•Only good for 48 hour control, so timing is 
essential with Bti/(VectoBac).
•Rips out the mid-gut of the mosquito.  



Bs – (VectoLex)
• Active ingredient is B. sphaericus

• Overcomes shortcomings of Bti

• Works better with more larvae present

• Helps promote the regeneration of the 
crystal and spore in the water column

• Regeneration provides the residual 
control of 21 – 45 days



Bti & Bs – (VectoMax)

• Combines Bs & 
Bti for broad-
spectrum and 
residual control



Insect Growth Regulators – (Altosid)



Methoprene Activity



Making communities around the world more livable, safe and comfortable.

• DT

• T30

• G30

Spinosad (Natular®) Larvicide
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• 60+ days of control
• Counties/muni’s purchase 

Natular DT tablets; 
• give to citizens

• Clarke provides free support 
tools for points of distribution 

Community Engagement 
Program



Adult 
Control



Maruyama Backpack 
MM300 

• Even distribution of liquid 
chemical

• Different product (residual)

• Pistol throttle control

• Standard nozzle droplet test: 

• SMD = 55-64 micron 

• Can also be used as a blower



20 ft.

10 MPH

ULV spraying fills a 20-foot column with an 
ultra low volume of active ingredient



Why Do We Adulticide
• Control large numbers of mosquitoes

• Show taxpayers we are doing something 
about the mosquitoes

• Emergency control of disease vectors

• FEE – Fast, Economical, Effective

• Essential political standpoint



Why Do We Adulticide
• Adult control first and most important step in 

halting spread of disease – Zika, West Nile, etc.
• ULV unit (Ultra Low Volume)

• ULV unit properly calibrated and particle tested
• Different adult control methods to fit disease

• Different adult control product to fit disease

• Different application rate (disease vs. nuisance)

• Nuisance control program intensified for disease control



1

2

3

4
5

Guardsman - 1.6 Gal  ULV Backpack 
Power

1. New nozzle: 6 metering restrictors for flow rates 
btwn 1.7 – 8.5 oz/min for true ULV adulticide droplets 
with oil or water-base products

2. Agitation control lever: innovative and efficient 
agitation system using air-flow in the bottom of the 
tank;

3. Super 4 discharge valve: instant interruption 
system, avoids agrochemical waste and 
environmental contamination;

4. Chemical tank with 1.6 gal capacity: innovative 
design, low-center of  gravity, providing better 
balance and comfort for the operator;

5. Kawasaki engine (TK065) - the highest 
technology in 2 stroke engines. Providing low fuel 
consumption and superior performance. 



ULV Equipment: Gas or Electric
right size and fit for your program

• Electric

• 8+ HP gas

• 18+ HP gas



GPS Variable Flow Record Data
• Cover more area in less time

• Save 10% ‐ 15% product

• Total Acres Sprayed

• Total Miles sprayed

• Total pesticide sprayed

• Total time of mission

• Total time of operation of ULV machine

• Pesticide remaining in tank



Complete Control



Adult Control Products 
(Space Spray)

• d-Phenothrin (Sumithrin) Pyrethroid (Duet & Anvil)

• Prallethrin (Duet)

• Deltamethrin Pyrethroid (DeltaGard)

• Etofenprox Pyrethroid (Zenivex)

• Permethrin Pyrethroid (Boimist, Kontrol, Permanon, 
etc.)

• Pyrethrins/Pyrethrum Pyrethroid (Merus)

• Chlorpyrifos Organophosphate (Mosquitomist)

• Malathion Organophosphate

• Naled Organophosphate (Dibrom)



Adulticides

• Organophosphates

• Synthetic Pyrethroids

Adulticides 
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Adulticide 
Offerings by 
IRAC MOA 
Classification

1B 3A
MosqitoMist            
3 formulations

Anvil                          
3 formulations (including Aqua)

MosquitoMaster
1 formulation

AquaHalt
1 formulation

Biomist                  
6 formulations

Duet                       
2 formulations (including Aqua)

Merus                    
1 formulation



Organophosphates:
MosquitoMaster 412 and Mosquitomist

• Quick knockdown; non-corrosive

• Ready-to-use/No Mixing

• No PBO

• Ease of use for technicians

• Best resistance fighter (MM412)



Pyrethroids:
Anvil and Duet

• Non-carcinogen

• Ready-to-use/No Mixing

• Synergist

• Sumithrin (prallethrin)

• Agitation = enhanced control



West Nile Virus Control

• Culex mosquito
–Nighttime feeder
–Primarily birds, other mammals
–Strong mosquito 
–Increased flow rate vs. nuisance control

Prallethrin Pyrethroid d-Phenothrin (Sumithrin) Pyrethroid

Deltamethrin Pyrethroid Etofenprox Pyrethroid

Permethrin Pyrethroid Naled Organophosphate

Pyrethrins/Pyrethrum Pyrethroid Chlorpyrifos Organophosphate

Malathion Organophosphate



Zika Virus Control
Difficulties Not Seen with Other 

Disease
• Aggressive daytime biters

– Feed 1 – 4 hours before sunset
– Feed 1 – 2 hours after sunrise

• No inversion
– Product not stay ground level where 

mosquitoes are feeding
• Product with agitation/flushing ability.



2009 proprietary and confidential

Duet
Kentucky Department of 
Agriculture.

The most efficient adulticide 
available to control container 
breeding mosquitoes



Certain mosquito species such as Aedes aegypti and
Aedes albopictus, are most active during the day.



Duet. . .Puts more mosquitoes in the line of fire

• An adulticide works when a droplet comes in contact 
with a mosquito

• Lab research indicates that prallethrin (Duet) 
provokes mosquitoes out of harborage areas in a 
state of benign agitation
– Does NOT create a biting frenzy
– Confuses the mosquito
– Increases probability mosquitoes will come in contact with Duet

If they aren’t flying, they aren’t dying



Plos ONE, November 2012, Vol. 7, Issue 11
“Effectiveness of Ultra-Low volume Nighttime Applications of 

an Adulticide against Diurnal Aedes albopictus, a Critical Vector 
of Dengue and Chikungunya Viruses”

JAMCA, December 2012, Volume 28, No. 4
“Efficacy of Duet Dual-Action Adulticide Against Caged Aedes 
Albopictus with the Use of an Ultra-Low Volume Cold Aerosol 
Sprayer”

Journal of Medical Entomology; Sept. 2013
Aedes aegypti and Aedes albopictus
Duet was the one treatment that consistently increased activity of 
blood-fed mosquitoes; importance being that Duet stops these blood-fed 
mosquitoes from reproducing the next generation and thus stopping 
disease transmission quicker.



Summary  - Basics
•Remember West Nile Virus

–Catch basin
–Wide area control

•Nuisance Control
–Flood areas
–Complaints
–Weather



Summary  - What Learned?
•Zika Virus

–Container breeder
–Live, Work, Play
–New, different control
–Boots on the ground



Summary  - What Learned?
•Larval Control - Zika

–Homeowner use (Natular DT)
–Residual control

•Adult Control - Zika
–Daytime feeders
–Duet (agitation)
–Hand held application



Summary
• Zika Virus 

– Plan and Prepare
– Nuisance, West Nile, Zika, other
– Change a few spokes on the wheel
– Adult control unique; tools are available
– Tip, Toss, Turn, (Gravity),Treat 
– Plans can/may change
– Not Panic;  Ask for Help



2009 proprietary and confidential

Thank you.

Questions?
bdeenihan@clarke.com
630‐235‐3943


