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Why are we concerned about mosquitoes?
AUOAY3I | OUAGDAGE

w IS annoying and can interfere with
our dalily activities.

w can potentially transmit pathogens
that cause iliness in people, pets
and domestic animals.




1955 Salt Marsh Mosquito Study Commission

. Now that our principal concern with malaria is the prevention of reintroductisather
than the application of control measures in areas of lregdemicity we have time and
facilities todevote to pest mosquitoes

. The duty of this Commission is to make a study of gakhirsh mosquito problemsn
eastern North Carolina, investigate the capacity of each county, town and city to
provide funds for control operations, and make a report of its findings, along with
recommendations, to the Governor

. With no legislative appropriation for the coming season, operations will again be
dependent upon funds given us from the Contingency and Emergency Fund

. Itis hoped, however, that the 1957 General Assembly will appropriate a sizeable sum
and enact legislation that will provide for the formation of mosquito control districts
similar tothose in other states

-- Mosquito News Vol. 16, No. 2, June 1956



North Carolina General Statutes: Mosquito and
Vector Control

130A352.Creation and purpose of mosquito control districts.

For the purpose of protecting armmromoting the public health and
welfare by providing for the control of mosquitoeand other

arthropods of public health significance, mosquito control districts may
be created in accordance with the provisions of this Parosquito
control district may be comprised of one or more contiguous counties
or contiguous parts of one or more counties.

130A353. Nature of district; procedure for forming districts
130A354. Governing bodies for mosquito control districts
130A355. Corporate powers

130A356. Adoption of plan of operation



Past versus Present

| ~195510 2011 2016¢ Present
Mosquito and Vector Control Program  Vector-borne Disease Surveillance and
Response

Environment and Natural Resources (DENR) Health and Human Servic3HHS)
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repealed by Session Laws 205, s. 13.3(j) " Communicable Disease Branch "
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NC DHHS Vectdrorne Staff

o (el
Michael Doyle, MS

State PH Entomologist

Alexis M. Barbarin, PhD

State PH Entomologist

Carl Willilams, DVM

State Public Health Veterinarian

Erica Berl, DVM Teresa Fisher, RN, BSN

Public Health Veterinarian Vector-borne Nurse
Consultant



B
Roles of the DHHS Vdotone Disease Program

1. Human Disease Survelillance
Mosquito andtickborne diseasehuman case investigation and reporting
Veterinary arboviral case reportingn collaboration with NCDA&CS

Targeted tick surveillanceto identify areas of pathogen emergence or disease risk
areas

-_( —( —

2. Education/Subject Matter Expertise
I Assist Local Health Departmentsind public with Vectorborne disease concerns
3. Support development of Integrated Mosquito Management

(IMM) at local level

AA 908 funding and oversight
Mosquito population dataoversight (e.g., MosquitoNet)
Insecticide Resistance testingn collaboration with local and university partners

—( — —




NC Statewide Mosquito
Abatement Contract (MAC)

U Active as of August 2021 \

~,
0 Issued by the NC Dept. of P b Q%
(U ued by the ep iﬁ\%%%

U Threeyear contr
Jnn\sntal

\\ aerlal ULV, truck ULV, barrier spraying,

jar iIciding, granular larviciding, backpack
dump & toss, mosquito trapping, plus more.

Mngt

U Awarded to

U |
tru\
Iarv |\

U DeS|gned to range from a small singb®unty disease
outbreak to 20+ county poshurricane aerial spray event
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U Statewided can be activated by individual local
govots, multiple | ocal govd

U NOT intended for private businesses or ferofit
agricultural or livestock operations

U Undeclared emergenciesThe local government may
use the contract, but must pay for all services without
reimbursement

U Declared Emergencies

A State of NC and FEMA reimbursements are available

A  NC declaration requires thamusta | oc
(heg(cheed 1% of its general operating budget or $10,000, whichever is
igher.

A NC reimburses 75% of the costs; local government pays 25%

To

FEMA typically reimburses >= 75% of costs above normal mosquito
control costs for that time period



U Who will manage the contract?

C Undeclared events: The local government
C Declared events: Still in discussion

U What will be typically required from local programs
for reimbursement?

1. Three years of typical mosquito spending
2. Three years of historical mosquito data for that time period

3. Postandfall and postspray mosquito data
C Mosquito traps, BG Counter, and/or landing rate counts
C Counts from several locations in the county (to determine spray areas)
C Larval dip data (optionald to determine timing of adult emergence)

U https://www.ncdps.gov/mosquito -abatement-
contract
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https://www.ncdps.gov/mosquito-abatement-contract

Roles of the State Laboratory of Public Health

1. Human Disease Testing

0 EndemicArboviral Diseases
ALa Crosse Encephalitis
AWest Nile Virus
AEastern Equine Encephalitis
0 TravelAssociatedArboviral Diseases

ADengue
A Chikungunya
AZika

d EndemicTickbornediseases

ARocky Mountain Spotted Fever
AEhrlichiosis
A Anaplasmosis

2. Mosquito Pool and Tick Testing

AEndemicArboviral Diseases




Total Events Reviewed a

Total Confirmed cases byTotal Probable cases by| closed by NC DPH 1/1/18

Disease 12/31/2018
La Crosse Enceph. < 18 > @ 36
East. Equine Enceph. 0 0 3

West Nile Virus (neuro.) < 3 (2 fatalities) > @ 72

Chikungunya** 0 3 14
Dengue** 11 3 27
Zika** . 2 > 5 39
Malaria** 62 0 69

* 2018 data are preliminary **Imported

NC EDSS Event [@@tases
Submitted to CDC




Confirmed and Probable Cases of La Crosse
Encephalitis by Year, NC, 2012-2018

W Confirmed OProbable

# Reported Cases

2012 2013 2014 2015 2016 2017 2018

Historical La Crosse Encephalitis




LAC Encephalitis Incidence by County, Jan. 1, 2018 - Dec. 31, 2018

Incidence (per 100,000) - Quintiles*®

[ 1 o000

/] 001 -2.20
/[0 221-570
@ 5.71 -6.50
N 551 - 1180
N 11.81 -14.00

*Counties with at least one case were ranked by incidence rate and placed into quintiles (5 roughly equal groups divided at 20-percentile intervals).

2018 La Crosse Encephalitis




LaCrosse Encephalitis -- Confirmed + Probable Cases by Age, NC, 2010-16 vs. 2017
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WHNV Encephalitis Incidence by County, Jan. 1, 2018 - Dec. 31, 2018

Incidence (per 100,000} - Quintiles*

—ooo

C— 0.01-0.20
C 0.21-0.30
[ 0.31-0.40
B 0.41 - 3.70
E .71 -3.80

*Counties with at least one case wene ranked by incidence rate and placed into quintiles (5 roughly equal groups divided at 20-percentile intervals).

2018 West Nile Encephalitis
(Neuroinvasive)




Confirmed and Probable Cases of West Nile
Encephalitis by Year, NC, 2012-2018

12

@ Confirmed [0 Probable
10

# Reported Cases
o)

g

2012 2013 2014 2015 2016 2017 2018

Historical West Nile Encephalitis




Confirmed and Probable West Nile Encephalitis
Cases by Month of lllness Onset, NC
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MOSQUITO

Positive  Total

Mosquito Pools

Pools in Tested as
Pathogen 2018 2018

% pools
positive

Counties Dateof Trap Setting Species Tested

Cs. melanura*, Cerraticus Cx.

7 170 4.1% Brunswick 7117 el VS e DErTEnE
: New Cs. Melanura, Cerraticus Ae.
East. Equine 0 103 0.0% Hanover 7117 taeniorhynchus
Enceph. : - :
Ae. albopictus, Ae. j. japonicu
Ae. triseriatus, Ae. vexans, C
0 oL 0.0% Forsyth 7112 erraticus Cx. pipiens, Cx.
salinarius Cx. restuans
0 170 0.0% Brunswick n/a Seeabove
. . New
West Nile Virus 0 104 0.0% n/a See above
Hanover
3 121 2.4% Forsyth 8/30 Cx. pipiens*, + above
*positive

SLPH DatsResults Submitted to
ArboNet




EQUINE

Total Positive Dates of Diseas
Disease Horses in 2018  Counties Onset
Onslow 6/28
Richmond 712
Onslow 7/12
East. Equine Encef 7 Duplin 7121
Craven 7122
Carteret 8/1
Duplin 8/23
Pender 8/27
Surry 9/8
West Nile Virus 5 Yadkin 9/18
Davie 10/15

Johnston 10/29

NCDA & CS Dafaesults Submitted
to ArboNet




MOSQUITO BIOLOGY
AND
ITS EFFECT ON DISEA
TRANSMISSION
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Mosquito Life Cycle

22

Photo courtesy of Woodstream Corp.



Mosquito Facts

MosquitoesNEEDwater to complete their life Cycle.
All mosquitoes feed on plant nectar (sugar source).

Femalemosquitoes bite animals because they need a

blood meal as a protein source to produce eggs.

. There are e
A ~3200 species of AT St

mosquitoes worldwide.

A 176 species in the U.S.

A 67 species in NC
Not all mosquito species feed
on people.



Close-Up View of Mosquito Bite - YouTube.wmv
Mosquito life cycle - YouTube.mp4

Like birds, all mosquito species
are not the same

"

Dansphotoarti Dan Ripplingér
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Mosquito Egg Layinc

Some mosquitoes breed In
permanent waters. They
overwinter as adults and lay
eggs singly or in rafts on the
water surface

These eggs hatch in 24-36 hours.




Mosquito Egg Laying

Other mosquitoes deposit eggs
In/on objects or depressions

| (such as tree holes). These ec
fiFloodwater o eggektonyearshat carg resistant tadesiccation, and
i smsw remain viable for months and

| even years. Eggs hatch after
several flooding/drying

events (rather than all at once)

These mosquitoes overwinter
In the egg stage.

26



Mosquito Larvae

w Eggs hatch intdarvaecalled
GogAIIfSNERE GKAO
and other microorganisms in the
water. Larvae must come to the
surface of the water to breathe
0 KNRJdZAK (GKSAN Y

w Larvae pass through 4 growth
adol3saz OFffSR
Depending on water
temperature, larvae mature 14-
10 days.


EH-Video/Mosquito life cycle - YouTube.mp4

Physical/Morphological Differences

-

Aedes aegypti Aedes albopictus

28



Aedesaegypti
w Very closely associated with people

w Does not depend greatly on
vegetation

w Indoor/outdoor (resting, biting,
oviposition)

w Urban/suburban/rural areas

w Greater resistance to desiccation

w Vector of Dengue, Chikungunya and
Zika

ZikaVectors % = % n

]
b
B -
‘
» i
v N ! v
a9 v -
T = %
3 ) : & +
. i ! fer
. S . P

Aedesalbopictus
A Less dependent on people
A Rests in/near vegetation
A Outdoor mosquito

A Suburban/rural areas

A Greater cold hardiness

A In some areas, may be

main vector of Dengue
A Vector WNV an&ika

Both are container-inhabiting

Adapted from R. Barrera (DB/CDC)



Physical Differences

Aedes aegypti (Linnaeus)

Mosquitoes of North America
Carpenter and Lacasse, 1955
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Physical Differences

Culiseta melannura
(Coquillet)

Mosquitoes of North America
Carpenter and Lacasse, 1955

Aedes aegypti (Linnaeus)

Mosquitoes of North America
s

Zika Eastern LaCrosse
Yellow Fever Equine Encephalitis

Dengue Encephalitis >



Geographic Differences within U.S.

S

Aedes aegypti
last found in NC
in 2004

Known distribution is
estimated and actual
distribution may shift quickly

M Aedes albopictus
B Aedes aegypti

due to mosquito movement and
weather puh‘vrns.



Geographic Differences within N. Carolina

Ovitrap Collections (2016)
Relative Proportions by Region

Bl Ae. albopictus
B Ae. triseriatus

[1 Ae. japonicus

MT CP

MT: Mountains

PD: Piedmont

CP: Coastal Plains

CP-T: Coastal Plains-Tidewater




LAC Encephalitis Incidence by County, Jan. 1, 2017 - Dec. 31, 2017

'Counti&s‘{with at least one case were ranked by incidence rate and placed into quintiles (5 roughly equal groups divided at 20-percentile intervals).
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Flight Range Differences

(]
Saltmarsh mosqwto

Flight range
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Seasonal Population
Differences
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Human Host Seeking Time
Differences

O P R I I N I O P O
O Pe PP CPPPS PSSP PSP
PNFPFPE QPO NN RPN P

BG-Counter Results -- Trap 038

Marie Hemmen, New Hanover County, NC
(424 ml CO2/min)

37



North Carolina
Vector Control Capacity



Structure of U.S. and NC Vector Control Programs

Respondents represent vector control programs from different
organizations across the United States

Local Health Department 53%
Mosquito Control District _
Other Department 27%
NACCHO

Mosquito District I 1%

Other Department 4% 0 =100 Kt Carchen
Public Health
0 10 20 30 40 50 60 70 80 90 100




Geographic differences in Mosquito Programs

Percentage of vector control programs ranked as “fully capable” or “competent”

by state
| |

T\

NHatwonal Assnclation -'Hl;_|'||'|l'|..l.'. Lity Health CHficiaks
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2021-22 Counti es Recel Vving .
Countyo Funds for Mosquit

Albemarle Health District

nnnnnnnn
ton

ffffff

CCCCC

Counties of Regional *

Expertise (CRE) $16,000 d
Basic Aid *
$2,000



# Total Municipalities inside counties doing

| STOKE| ROCKI - A A
R et ons fornd L
m@ﬁ%ﬁ? e e

CON
CHER.(lAX

o

Non-County Mosquito Programs

LLE CASWE

&
PERSQO

TES o CURR
b

@

“RAVID| Lavpo | CHATH /) »

some form of mosquito control (2017)

Brunswick

Pitt

Carteret

Robeson

Sampson

Northampton

Bladen

cIQU-ICDCDCD.

Edgecombe

2.2

Nash 2.2 Craven 1 Lenoir 1

Pender 3 Durham 0.5 Martin 1

Duplin 2 Guilford 1 Orange 0.5

Greene 2 Halifax 1 Pamlico 1

Onslow 2 Hertford 1 Scotland 1

Wayne 2 Hoke 1 Tyrell 1

Bertie 1 Hyde 1 Wilson 0.33

Cherokee 1 Johnston 1 42




Public Works
Unkown
Administrative
Public Services
Water
Mosq. Abatement/Control
Utilities
Streets
Comm. Code
Pest Control
Maintenance

Buildings and Ground

NC Vector Programs
80 CITIES/TOWNS/VILLAGES

—
—

1
1 n = 80
1

0 5 10 15 20 25 30 35 40 45
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Emergency Vector Control o
Contraat Continuifighin 2018

|

Se

1. To bg dcal t (or other

MOoSsquIts

2. Includes My iImple surveillance
to complex neig pTtS

3. Largescale ould perform
treatments

QOSquito
2sources

4. Partp
surveills

1. Publi
2. Mosquit®
3. GIS assistdnce
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DISEASE
TRANSMISSION CYCLE



Spread oZikaVirus

e o Ao Wl 3 .:\._: e e o : "
Reservoir Host
www.wikihow.com



| 26 %A1l A& GNJVYa

Zika Virus

a7
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Bridge Vector

Reservoir &
Amplifying Hosts

Bridge Vector
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Diseases often have unigue Mosquito Specie(s) whi
CNF YaYAUl UGKSYX

Culex spp.

LaCrossé&ncephalitugLAC)

3 = »&»w r@or

Aedes triseriatus

Culiseta melanura

Eastern Equme Encephalitis (EEE)

» =




Integrated Mosquito
Management



! OZYLINBKSYaAgdS Y2z2aldza a2
strategy that utilizes all available mosquito control
methods,either singly or in combinatiqrio exploit the
known vulnerabilities of mosquitoes to reduce their
VdzZYO SNB GKATS YIFIAYUlFAYyAyYy3d

-- Best Practices for Mosquito Management: A Focused Update
(American Mosquito Control Association Technical Report 2017)
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GXFLILIX éeAy3a |yeée Y22aldz a2
predetermined schedule,

absent a documented need,
Ad Y20 Iy | OOSLIiloft S

-- Best Practices for Mosquito Management: A Focused Update
(American Mosquito Control Association Technical Report 2017)
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Integrated Mosquito Management

Source Reduction

s
‘_’ Larviciding

Adult
Surveillance
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Integrated Mosquito Management

Survelllance
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Integrated Mosquito Management

Source Reduction

N
4_» Larviciding

Adult
Surveillance
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2 K0 Qa |, 2dzNJ a2 alj dza

w Public education Mosquito control (chemical & nen
chemical) requires a community effort oMM ILLfail to
meet expectations

w Source reduction
Remove/reduce mosquitg

breeding sites.
w Effectivelongterm
strategy.




Mosquito
Survelllance
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Collection, Identification & Testing

State Lab of Public Health
(SLPH) currently tests ~500
mosquito Apool so a
3 counties

59



2 dzN.J

A

\

Ju

N
©
N
=
—J

~liees A E

2O T HiMutray St n.m_mcpm:
UL

a l

-
o
1S EA

™~
rl‘
Q¢
w \

t

| - i

) : .
r ”Om:\mvm”
! -
k ol

eaufor:

].“ le? A\ I .:... .
.h.lL Q_m«_x.\.,.,.,\m ) A TR, ,_..sﬁj_.rw.ﬂi,

A

1

-

!.f m.»j m,.ﬂ,.l.. <o}

- 1 A
| AN

ldentify the problem

l—49thsSts
) |

L R\




SOURCE RECUCTION &
REMOVAL



Source Reduction




a¢ALI 3 G

wEmpty or (preferably)
eliminate temporary
water sources.

wWho Is responsible for it?

wWhat can be done by the
property occupant/owner?

wWhat can/should be done
by governmental agencies




Containers used as breeding sites

by Aedesalbopictus
Misc. Containers Buckets Dishesheneath Tree Holes
plants
No. + | No.- | %Pos| No. +| No.- | %Pos | No. +| No.- | %Pos| No. +| No.- | %Pos
02 56 62.2 | 24 15 61.5 | 33 15 68.8 7 1 87.5

PlasticFilm Bird Baths
No. + | No.- | %Pos| No. +| No.- | %Pos | No. +
8 3 12.7 8 19 296 | 11







Source Reduction




