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s Z Focus: Vector-borne Disease Ecology

Understanding enzootic transmission
EASTWOD ;&B and the emergence potential of disease

pathogens with a One Health lens

Based at VT since 2018
Department of Entomology




ONE-HEALTH

* HUMANS

* LIVESTOCK

* WILDLIFE

* DOMESTIC ANIMALS
* ARTHOPODS

* ENVIRONMENT

It is all interrelated!
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VECTOR-BORNE DISEASE TRANSMISSION CYCLES

* VECTORS include ticks, mosquitoes, tsetse flies, culicoides midges,
sandflies, kissing bugs, fleas, flies

* Etiological AGENT can be viral, bacterial, protozoan or filarial worm

* Vertebrate HOSTS
e.g: WNV (birds®mosquitoes)

Lyme disease Borrelia (white-footed mice~/xodes ticks)
Trypanosomiasis (cattle/tsetse flies) Q:? 27

Arthropod-borne (arbo-) viruses EﬁéTWUD;ﬂ‘B



Understanding Enzootic Spread
and Spillover:

Urbanization
Declining population immunity to infection
Deforestation

Population movement
Encroachment on wildlife habitat
Climate change

Pathogen evolution

Invasive species

Insight for wildlife disease & spill-back




Land-use change

3.2. Distinguishing farming, ranching, and land speculation

We manually interpreted all 4582 of the 2015 aerial photographs to
test our hypothesis that illegal cattle ranching, rather than farming, is
driving forest loss in the three sample areas of our study. It is important
to reiterate that we not able to quantify narco-cattle ranching, just il-
legal cattle ranching.

percentage of suspected ranching (20.83 %), which is a category we
argue captures land speculation associated with cattle ranching activ-
ities. Our qualitative research reveals that even when deforestation is
not directly financed by drug money, narco-cattle ranching fuels land
speculation in the park. Our interviewees describe opportunists with
access to capital and equipment that engage in land speculation by il-
legally occupying large tracts of land, clearing the forest or natural
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Fig. 4. Land Cover and Land Use Change: 2000 — 2015.



'Like Poking a Beehive': The Worrisome
Link Between Deforestation And Disease

June 22, 2020 - 5:00 AM ET

IE MNATHAN ROTT
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Degraded soils mean tropical forests may
never fully recover from logging

December 17, 2019

"When you disturb a forest, it
. actually upsets the balance of
o s o v, e e v spore s o s . (VQAEUFE, the balance between

pathogens & people”




Tropical deforestation & increased risk of malaria
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Mosquito Species Composition
across a forest degradation gradient

- Key species predominate at each habitat

[_Tlevelof disturbance >
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Disturbance and mosquito diversity'
in the lowland tropical rainforest of
central Panama

Jose R. Loaiza™*?, Larissa C. Dutari', Jose R. Rovira™?, Oris |. Sanjur®, Gabriel Z. Laporta(®*”,
James Pecor®, Desmond H. Foley®, Gillian Eastwood’, Laura D. Kramer’, Meghan Radtke® &
Montira Pongsiri®

The Intermediate Disturbance Hypothesis (IDH) is well-knewn in ecology providing an explanation
for the role of disturbance in the coexistence of climax and colonist species. Here, we used the IDH as
a framework to describe the role of forest disturbance in shaping the mosquite community structure,
and to identify the ecological processes that increase the emergence of vector-borne disease.
Mosquitoes were collected in central Panama at immature stages along linear transects in colonising,
mixed and climax forest habitats, representing different levels of disturbance. Species were identified
taxonomically and classified into functional categories (i.e., colonist, climax, disturbance-generalist,
and rare). Using the Huisman-Olff-Fresco multi-model selection approach, IDH testing was done. We
did not detect a unimodal relationship between species diversity and forest disturbance expected under
the IDH; instead diversity peaked in old-growth forests. Habitat complexity and constraints are two
mechanisms proposed to explain this alternative postulate. Moreaver, colonist mosquito species were
more likely to be involved in or capable of pathogen transmission than climax species. Vector species
occurrence decreased notably in undisturbed forest settings. Old-growth forest conservation in tropical
ko ; eraro iGN y= #lualualdalelds - - -

parasitic diseases in anthropic environments.




Vector-borne disease ecology in the Eastern USA
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Phenology of Container-Breeding Mosquitoes
in Southwest Virginia

Melanie Turner?, Lindsey Faw?, Gillian Eastwood?

Wirginia Tech, Department of Biological Sciences, Blacksburg, VA. #Virginia Tech, Department of Entomology, Blacksburg, VA

. Abstract

Phenology of living organisms is an impartant area of study that focuses on the natural
events that occur seasonally throughout plant and animal populations. Understanding
the phenology of mosquitnes can help us to determine when certain vector-bome
diseases may be a greater fisk according to trends in local mosquito populations. By
kooking at the time of year that container breeding mosquitoes are depositing their
e0gs. we can determine vector seasonality in the New River Valley region. Mosquito
e0gs wers collected weekly across the Montgomery County area from June through
October 2021 using oviposition cups lined with seed germination paper. We expect to
see three specific mosquito species. Asdes albopictus, Aedes tnsensius, and Aedes
Jsponicus. all container-breeding mosquitoes. We have been rearing the mosquito eggs
into adults, then identsfying them as one of the three specified species. So far, we have
2,266 Aa. tisenates adults, 60 As. slbopictus adults, and 0 Ae. Jsponicus adults. We
will continue to fiood &gy mosquito papers tracking the dates we collected them. With
80 papers flooded so far, we still have 390 papers keft to flood.

Background

#Phanology is the study of natural events that occur seasonally throughout
plant and animal populations.=

“Temperature and precipitation are two of the main influendng factors that
alter phenclogy.

#Phanology can help us gain a better understanding of the spread of various
mosquito-bome diseases.? /

Introduction

% Focus was on three speciic container-bresding VA mosquito species:
- Andes trserstus (figure 1)
- Aades sibophelus (figure 3)
- Apdes faponicus (figune 2)

% Phenology of lecal moesquilo species can help us determine when certain vector-bomse
diseases might be a greater risk in specific mosquio populations.

% Ae. japonicus are an invasive species that are known to be competent veclors of many
arboviruses ke chikungunya, dengue, eastem equine encephalitis, and West Nile under
laboratory comnditions. "

% Ae. albapictus have high phenatypic plastcity, making them a top invasive species
throughaut the world, as well as being known vectors of dengue and chikunguenya vines ®

& Ae. Irfsanatue is the native vector of La Crosse vinus. This vector-bome dissass typically
occurs bebween July and September in the United States

Research Question: What time of year are container-breading mosquitos actively
laying eggs?

Acknowledgements
< | would like to thank Alex Cumbie for her help in the field and for taking
photographs for the project.
4% 1'would also like to thank the VT landowners that gave us permission to
use their properties for our research.
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Materials and Methods

Collection of mosquito eggs:

4 Mosquito oviposition cups (figure 9) were sat up at multiple locations across
the Blacksburg. VA area (figura 7).

+ Egg papers were collected weekly and stored in the incubator at 25°C and
80% humidity for embryonation.

“Egg papers were collected from the end of June through the baginning of
October.

Rearing of mosquito eggs:

# Liver-yeast powder (3:2) was used for lanval food when floeding papers.

#Egpg papers wera aach flooded twice.

<+ Pupae wera separated from larvae and placed in emeargence containers
(figure 8).

< Adults were collected from emergence containers then chilled for
morphodogical 1.0. under the microscope (figure 4 & 10).

#Egg papers (n=470), thus far 80 have bean flooded between 62821 and
TI2621
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/ Discussion/Future Direction

Figure T: Map of fald sites:

Figure 18: Counting of
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Results (to date) \

Container Breeding Mosquitoes in SW VA
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Figum 11: Phanology graph of container-braeding mosquitoes

#Collacted a iotal of 470 mosquito papers from 82721 — 1008/21.

“Eighty egg papers have baen floodad.

W have reared 2,326 adult F1 mosquitos.

< So far, we have 2,266 adult Ae. Inseraifs, 60 adult Ae. albopicius, and 0
adult Ae. japonicus.

|Send PDFs

< We are currently still in the process of flooding mosquito papers, with about
390 papers left io flood.
< As we continue to flood more papers, we expect to see more As.
albopictus and Ae. faponicus adults and will evaluate seasonal patterns in
these local mosquito veciors. /
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Isolated LACV (lineage Ill) in 2018 ™
from Connecticut mosquitoes A

: : : ®
Local persistence of novel regional variants =

of La Crosse virus in the Northeast USA

Gillian Eastwood'#", John J. Shepard', Michael J. Misencik', Theodore G. Andreadis' and Philip M. Armstrong'

Abstract

Background: La Crosse virus (LACVY) (genus Orthobunyavirus, family Peribunyaviridae) is a mosquito-borne virus that
causes pediatric encephalitis and accounts for 50-150 human cases annually in the USA. Human cases occur primar-
ily in the Midwest and Appalachian regions whereas documented human cases occur very rarely in the northeastern
USA.

Methods: Following detection of a LACV isolate from a field-collected mosquito in Connecticut during 2005, we
evaluated the prevalence of LACY infection in local mosqguito populations and genetically characterized virus isolates
to determine whether the virus is maintained focally in this region.

Results: During 2018, we detected LACY in multiple species of mosquitoes, including those not previously associ-
ated with the virus. We also evaluated the phylogenetic relationship of LACV strains isolated from 2005-2018 in Con-

State.

within this region. We highlight the need to determine more about the phenotypic behavior of these isolates, and
whether this virus lineage poses a threat to public health.

necticut and found that they formed a genetically homogeneous clade that was maost similar to strains from New York

Conclusion: Our analysis argues for local isolation and long-term persistence of a genetically distinct lineage of LACY

Journal of Medical Entomology, 57(2), 2020, 534-541
doi: 10.1093/jme/tjz200
Advance Access Publication Date: 25 December 2019

Vector-Borne Diseases, Surveillance, Prevention Research

Evaluation of Novel Trapping Lures for Monitoring Exotic
and Native Container-Inhabiting Aedes spp. (Diptera:
Culicidae) Mosquitoes

Gillian Eastwood,*" Andrew K. Donnellycolt,” John J. Shepard,' Michael J. Misencik,’
Robert Bedoukian,? Lacey Cole,? Philip M. Armstrong,' and Theodore G. Andreadis’

'Center for Vector Biology & Zoonotic Diseases, The Connecticut Agricultural Experiment Station, 123 Huntington St, New Haven,
CT 06511, 2Bedoukian Research, Inc., 6 Commerce Drive, Danbury, CT 06819, and *Corresponding author, e-mail: geastwood@vt.edu

Subject Editor: Lawrence Hribar

Received 26 July 2019; Editorial decision 9 October 2019

Abstract

Surveillance for diurnal container-inhabiting mosquitoes such as Aedes albopictus (Skuse), Aedes japonicus
japonicus (Theobald), and Aedes triseriatus (Say) have routinely relied on the deployment of multiple trap
types, including CO,-baited light traps, gravid traps, oviposition traps, and BG-Sentinel. These trap config-
urations have met with varying degrees of effectiveness and in many instances likely undersample these
key mosquito vectors. Most recently, the BG-Sentinel trap used in conjunction with the human-scent lure
has been largely accepted as the gold-standard for monitoring Ae. albopictus. However, its ability to attract
other containerinhabiting Aedes species has not been fully evaluated. During 2018, we tested new scent lures,
TrapTech Lure-A and Lure-H (Bedoukian Research, Inc.), using BG-Sentinel traps with CO, in two regions of
Connecticut, Stamford and Hamden, against the BG-Lure. Pooled mosquitoes were additionally screened for
arbovirus infection. A total of 47,734 mosquitoes representing 8 genera and 32 species were captured during
the study, with the Stamford site deriving on average three times as many mosquitoes per trap, adjusting for
sampling effort. Lure-A and Lure-H outperformed the BG-Lure in terms of total numbers, diversity evenness,
and the proportion of both Ae. j. japonicus and Ae. triseriatus. There were no significant differences among
lures in capturing Ae. albopictus, and in terms of species richness. Fifty-seven isolates of virus (West Nile,
Jamestown Canyon, and La Crosse viruses) were obtained during the study, with no significant difference be-

trarmmsts trarm liires WAMa Bimblicsht ot movmsl] lhirome oo offoctivim attractamte Fmae ciom 1 m mrsmmers i 1ifbe ctirmeesill smmoe  snrkby teby




Max likelihood analysis
LACV M-seg sequences

73

100

100

DQ196119 Mosquito WI1977
GU206115 Mosquito NY 1967
U18979 Human MN 1960
GU206133 Human WV 1995
GU596384 Ae. triseriatus WI12006
U18980 Human WI1978
GU596381 Ae. triseriatus WI12007
78V-8853 Ae. triseriatus MN 1978
GU206139 Human MO 1993

L—— TNO00-2266 Ae. albopictus TN 1999
EF485037 Mosquito NC 1978
Gu206112 Mosquito NC 2000

KP226847 Ae. japonicus VA 2009
GU206148 Mosquito WV 2000
a9- WV96-653 Ae. triseriatus WV 1995
GU206124 Ae. triseriatus OH 1965
100 /596383 Ae. triseriatus WI2007
GU206127 Ae. triseriatus NC 1997
39206136 Human OH 1995
—roo- A3-4851 Ps. howardii AL 1963
88-23128 Dog GA 1988

GU591168 Aedes sps. TX 2009

100

92

90

GU206145 Mosquito WV 1996
GU206118 Mosquito NY 2006
(G9206121 Mosquito NY 2006

100GU206109 Mosquito NY 2006

GU206130 Mosquito NY 2003

GU206142 Ae. triseriatus NY 1974
1%®U591165 Ae. albopictus TX 2009

10V-1307 Ae. triseriatus CT 2018
—g§74-1 5 Ae. triseriatus CT 2015
FLV-2254 Ae. triseriatus CT 2018
1y LV-990 Ae. cinereus CT 2018

17040-18 Ae. cinereus CT 2018
6716-05 Ae. triseriatus CT 2005

10846-18 Ae. cinereus CT 2018
LV-1864 Ae. triseriatus CT 2018

12390-16 Ae. triseriatus CT 2016

K02539 Snowshoe hare virus

KF719222 Chatanga virus

AF 123483 California encephalitis virus

AF123486 San Angelo virus

AF123484 Lumbo virus

0.05

HMO036212 Tahyna virus

Intensive mosquito trapping
at LACV foci indicates

local persistence of
lineage lll strains in NE USA

An entomological risk exists
What is the human risk?

Eastwood et al. 2020 P&V; Eastwood et al. 2020 JME



Third lineage of La Crosse virus (Northeast USA)
Is there an underlying public health risk?

Entomological Risk ~ . em
%& LACV-infection in mosquitoes: \‘ L L
- multiple species

- several areas
- multi-years)

Vector-competence determination

Why have we not seen clinical cases?
e Under/mis-diagnosis?
* How does LACV Il persist?
&Z Horizontal vs. Vertical transmission only ?
FASTWOOD LAB » Pathogenicity or virulence of LACV Ill strains?
2NN & (compared to other lineages)



S £ 2! Characterization of La Crosse Virus lineage lll strains

~ Pathogenicity & Vectorial Competence
in potential vector mosquitoes
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Tick sampling

* 8 counties in Virginia
1 pasture site,
1 urban site,
1 forest site
=24 total sites

* Each site dragged for 30 mins ~every 2 wks
* Temp, humidity, & time recorded

7

VIRGINIA TECH.






| Objective 1: Determine tick species
diversity across habitat

N=7508 ticks collected ~ June 2019-Nov 2020

» 5782 Haemaphysalis longicornis

768 Amblyomma americanum

703 Ixodes scapularis

140 Haemaphysalis leporipolustris

97 Dermacentor variabilis

* 6 Ixodes brunneus

6 Ixodes dentatus

3 Dermacentor albipictus

2 Ixodes cookei v Z

VIRGINIA TECH

1 Ixodes minor EASTWgUD;éB




Objective 2: Determine tick-borne
MR pathogen prevalence in SW Virginia

Ixodes scapularis|(\hitlow & Schiff)

Borrelia spp., Babesia microti,
Anaplasma phagocytophilum,
Powassan virus

Amiblyomima americanuim)(hitlow

Ehrlichia spp.,
Heartland virus, Bourbon virus

Haemaphysalislongicornis| 1vimble & Cumbie)

Theileria orientalis,
Heartland virus, Bourbon virus




into the Asian

- longhorned tick,

E

Haemaphysalis
longicornis in

Virginia NS

ASTWO 0 D LAB :“' AL
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Rebecca Trimble
Undergraduate researcher

Eastwood Disease Ecology Lab

Department of Biochemistry, Virginia Tech




Amblyomma
americanum

All 1nitial pools negative
for presence of:

Ehrlichia spp.,
Heartland Virus,
Bourbon Virus

Further screening of ticks 1n 2022
(New & Fall 2021 collections)

LA
Whitlow et al (in press) JoVE ZINS 7&



Surveillance of Pathogens in Blacklegged Ticks from Southwest Virginia
EASTWOOD LAB Peter Schiff!, Alexandra Cumbie?, Gillian Eastwood?
QO % \a

'Department of Biology, Virginia Tech, Blacksburg, Virginia
*Department of Entomology, Virginia Tech, Blacksburg Virginia

Abstract

Sovhwest Yispmia 5 8 suggesied hotspot for tck-borne pathegens, specifically those
carad by the Blacklepged lick [Tiodes sogpulard). Tn the sludy we surveyed
blickicgped ticks from theee counties in Southwest Vinginia in 2021 (Flowd, Wthe,
andd Moagomery), and screened them for vanous pathopers including Rereelia
Burpdacfiri, Barredfia Bn.ln'n-r.ml'r .Jln.l‘n'n:l-rlpﬁagw_m.p*n'- ard
P imdan vin, Tacks were collectod vid Irad 1 Mlaggesg technigoes sl were
sloged &l ST prios o meeplologesal identilfcation snd mcler scald cxiraction. DNA
and BMA were extracted from ticks poaled by site and lile stage and wone tested foar the
aforementioned pathopors using real-time PCR assays. Al counties contamed positrie
results for all pathogens except for Saberky sdoron. Too of the three counties showed
evidene of Powscsan vins. High ries of Asaplarma phagontopiilem were delccied
in gach of the coumties, however, farther sequencing is necded do sdamtify if i is the
decr or Burman vanianl. Funher expansion on i study sheuld msclade the sddition of
mvare cousied asd sdditiosal Bek pooli 1o 1651 ih each cously, aleag with Sanger

o for £i o pailkog Saich siudacs are usclful indieaton of ook-
wtpmgmwdmm publmb:-]fhmw:Jq,um

Background and Introduction

* Ixodes scapularis, the blacklegged tick

* Vector of multiple pathogens,
including the causative agents of

Lyme disease, anaplasmosis, 'r._ :
babesiosis, and Powassan virus e 5
infection’ o * : ’#
* Frequently found in forested and

edge habitats®
= Prominent tick species collected in

Southwest Virginia

* Based on passive surveillance data, Southwest Virginia is
considered a hot spot for Lyme disease and potentially other
pathogens including 8. mivamatod,

Ba. microti, A, phagocytophilum, and Powassan virs,

Active surveillance of local tick populations is needed o

continue monitoring thek-borne pathogen prevalence and
incldence

References
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Research Objective m

To monitor the prevalence of tick-bome pathogens in the southwest region
of Virginia, specifically surveying £ scapularis ticks.

Ticks were collected monthly from 14 sites in 3 counties
in Southwest Virginda (Fig 1) from Janusary 2021 — August
202 1 using standard flagging technigques,
= Ticks were identified morphologically and stored at
-B0°C prioy to extraction.
= DMNA and BNA was extracted from the ticks using a
QlAamp MinElute Vires Spin kil
* Pathogen testing was sccomplished using multiplex real-
niene PCR assays ™7
*  Duplex real-tbme PCR reaction for B burgdorfiend and B,
iy fod
*  [haplex real-time PCE reaction for 4 phagociophilon and
B microd
*  SBingle-plex RT-PCE reaction for Powassan vires

Eigure 1 Mapof Vieginis, highlighting tbe serveilled counties. We surveyed B aites in
Slsatpemecry, 3 abies in Flayd, amd ¥ sives in Wyihe coungies. The red doi indicwies fhee Tabar
Valley wrem of Mealpssery SEanty.

Results Summary

= Atotal muember of 13 larvae, 39 nymphs, and 308 adulis fedes seapularis
were tested as 15 pools, 75 pools, and & pools, respectively.
15 poals (n=99 ticks) were tested from Floyd with 87% positive pools for
B burgdorferd, 13% for 8. mieamaeraf, 33% for A. phagocyophilion, and
7% for Powassan virus (Fig 2)

* 735 pools (m=240 ticks) were fested from Montgomery with 64% positive
pools for 8, burgdarferd, 26% for B, misamoted, 27% for
A. phagacytaphifum, and 2% for Powassan virus (Fig 3)

= 6 pools (n=21 ticks) were tested from Wythe with §7% positive pools for
B. burpdorfert, 7% for 8. mipamorof, and 17% for A. phuagocyiophilion
(Fig 4)
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Figure 3: Besl-Time PCH testing for pathogens in Floyd, Viegisds,

Flgurg 3: Rewl-Time POR testing for pathopens is Moatpomery, Virginia.
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Figure 4; Real-Time PCH irsiing for pathogens in Wyihe, Virginia,

Discussion & Future Directions

+ Al counties have [ scapularis populations karbaring multiple
pathogens of medical and veterinary concem in relatively high
prevalences,

* High numbers of 8, berpdoren and A, phugocwophilum-positive pools
fram a specific anes in Montgomerny county called the Tabor Valley
(indicated in Figune 1) is & public health concern we would like o
explore further,

*  Future Surveillance and Testing
* Testimg mare ticks from ather counties in SW Virginia
* Pathogen confirmation of 4. phapgecyiophiium and Powassan virus

using Sanger sequencing

Acknowledgements
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Ixodes scapularis
2019-2020 Pooled-infection rates

Max Likelihood
Fathogen Estimate
Borrelia burgdorferi 27.0% (20.7,34.4)
Borrelia miyamotoi 71% (4.3,11.4)

Anaplasma phagocytophilum 71% (4.3, 11.4)

Powassan virus 0.20% (0.04, 1.09)

Babesia microti Not detected

Whitlow et al (in press) JoVE



Key finding:
D .
OWV detected in counties of western VA

First Evidence of powassan Virus (F\aviv'\ridae) in Ixodes Scapularis in Appalachian Virginia, USA

Alexandra N. Cumbie,' Amanda M. Whitlow," and Gillian Eastwood*%*

irginia Tech, Department of Entomology; College of Agriculture and Life Sciences, Blacksburg, Virginia; 2yjirginia Tech, Center for Emerging,

Zoonotic, and Arthropod-Bome Pathogens (CeZAP), Blacksburg, Virginia; Virginia Tech Global Changé Center, Blacksburg, Virginia

Abstract. Here we report the first detection and confirmation of Powassan Virus (POWV) (family: Flaviridae) in Ixodes
scapularis ticks collected from Appalachian Virginia. |xodes scapularis ticks were collected from vegetation across field sites
2 from June 2019 10 April 2021. From these collections, oné nymph and one adult male I.
scapularis were determined to be positive for POWV using real-time RT-PCR and Sanger sequencing. Both positive ticks
were collected from Floyd county, VA, at residential sites; the nymph in June 2020 and the adult male in April 2021. The
presence of POWV in Virginia in its natural tick vector is crucial knowledge in beginning to understand the movement and
transmission of this pathogen into new geograph'\cal areas and the risk it poses 1o medical and veterinary health.

INTRODUCTION POWV 1O determine this pathogens current status/preva-
lence in ticks in Virginia and its posed risk to residents who

Powassan Virus (POWV), transmitted by ixodid ticks, was

i < ' e frequent tick habitat.
first identified as a human pathogen N Powassan, Ontario, In
1958." Since its first detection POWV has been documented
' ' MAT ND M oDS
along the eastern seaboard on North America as far south as ATERIAL AND ETHOD
northern Virginia and as far north as Nova Scotia (Canada); Ixodes scapularis ticks were collected from vegetation

Cumbie et al (in press) AJTMH
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The Influence of FOREST DEGRADATION
on sylvatic mosquitoes in Panama

Four ecologically-similar forest regions in Central Panama

-

gradient of human modification (‘degraded’ to ‘intact’)

2 Gillian Eastwood, Wadsworth Center of the New York State

Department of Health, United States
"The Effect of Land-Use on the Distribution and
Enzootic Cycling of Mosquilo-borne Viruses®

Overseas location
Panama
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