Drivers of spread of Aedes aegypti-borne
infections in Latin America

1Y
00
eee
0o

BUENOS AIRES, ARGENTINA

%R 18th International
A 4 Congress on Infectious
Ry Diseases

, | XVIIl Congreso SAD
. ¥ i

000000000000000
00000000000000°
00000000000000°0

0000000000000000000 ’
©00000000000000000000°°
900000000000000000000°
P0000000000000000000°

100000000000000000°
000000000000000°
YYYYYXXXXXIXZREX
DOOOOOOO

900000
"000000
90000090

o0

WWW.ISID.ORG/ICID

Jaime R. Torres , MD
Tropical Medicine Institute
Universidad Central de Venezuela




Dengue, Zika, Chikungunya
World's Most Dangerous Animals. or Yellow Fever,

(As per number of annual kills) that is the question...
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AFRICAN LION

Areas of the world at risk of diseases transmitted by the Aedes aegypti mosquito




Are some of us tastier than others...?

Why Do Some People Get Bitten More Than Others?

-How attractive you are to mosquitoes may be genetically based
(about 85%, through gene control of body odor)

-ldentical twins experience a similar number of mosquito bites while

non-identical twins have a large disparity

-Movement and heat attract mosquitoes. Other factors include:

—

People with high concentrations of steroids or
cholesterol on their skin surface

——

People who produce excess amounts of uric acid

People who give off more carbon dioxide, including
pregnant women and those who are larger or
overweight

People with Type O blood®

People who are exercising, as this increases sweat,
heat, lactic acid, and movement, all factors that lure
in mosguitoes

Beer drinkers (for reasons that remain a mystery,
drinking alcohol stimulates mosquito attraction)®




Wyeomyia smithii

Evolutionary transition from blood feeding to obligate
nonbiting in a mosquito Bradshaw et al. PNAS, Nov 2017

If there is no bite, there is
no disease transmission...
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of nonbiting. The 902 biting genes are concentrated in the lower left; the
478 biting genes are concentrated in the upper right. The orthogonal
axis of 79 genes shows DGE not associated with selection on blood feeding.




ZIKA, CHIK, DENGUE AEDES COINFECTIONS

@PLOS | TROPICAL Diseases  June, 2017

Mosquito co-infection with Zika and chikungunya virus allows
simultaneous transmission without affecting vector
competence of Aedes aegypti

tal B.F Vog Col P Pilman @

nature —<Z 3\ - . icati
D AN L Ruckert C, et al. Nature Communications

2017, 8, Article number: 15412

Susceptibility of Aedes aegypti to arbovirus infection after
single and dual exposure.
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Nuckols J, et al J Med Entomol, March 15, 2015
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What Impacts a Vector's Ability to Transmit?
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RESEARCH ARTICLE

Zika virus alters the microRNA expression profile and elicits an
RNAIi response in Aedes aegypti mosquitoes

EA. Charles E. Hart, Steven G. Widen, Thomas G. Woed, Saravanan Thangamani

v | Published: July 17, 2017 » https://doi org/10.1371/journal pntd. 0005760
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Original Article

MicroRNA levels are modulated in Aedes aegypti after
exposure to Dengue-2

C.L. Campbell 2, T.Harrison, A. M. Hess, G.D. Ebel

First published: 15 November 2013 F

oe-Bomne Diseases, Naticeal Center for Emerging

Conwal and Prevention, Fomt Collins, Coloradc

Idwaoces in Views Research, Volume 89
ISSN 0065-3527

Virus

Viral mutations
Allered RNAI antagonism

RNAI: RNA interference response

Figure 2.1 Diagram depicting the interaction between the vector, virus, and environ-
mental factors. Area in the center of the diagram depicts concordance of all three of
these factors that would hypothetically lead to enhanced interactions for optimal trans-
missibility of arboviral agents.




OTHER FACTORS INVOLVED IN SPREAD OF AEDES AEGYPTI-BORNE DISEASES

3 MEMORIAS DO d A_fedes aegypti Aedes aegypti Q

i OSWALDO
‘ Intrathoracic = Oral infection

Mem Inst Oswaldo Cruz. 2018 Jan; 113(1): 56-61 | injection of ZIKV of ZIKV
Published online 2017 Nov 27_ doi: 10 1580/0074-02760170329 o
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First evidence of Zika virus venereal transmission in Aedes aegypti &
mosquitoes
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Genetic Evidence of Expansion by Passive Transport of Aedes
(Stegomyia) aegypti in Eastern Argentina
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AEDES DISPERSAL BY VEHICLES

Argentina: average vector
passive dispersal of >60 km
a year by automotive vehicles
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Global airline traffic trends

5% 2%

GLOBALIZATION
AND VECTOR-BORNE
DISEASES

> 1.3 bhillion international
travelers, globally
World Bank, 2017

Among the fastest growing countries in passenger demand we find

chite 21% 8razil 1% The Phippines 15% ndonesia 11% aMaDEUS

o Modern contributing factors to the rapid expansion of vector-borne disease include
globalization of travel and trade, associated with vector accommodating trends in
modern human settlement and suitable climate conditions

o The contributions of increased mobility, both of vector and human populations, may be
the most important variable to explain the recent increase in dengue transmission
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o Historically, the increase in the number of cases of DH/ T L T
DF has been correlated closely with the growth of urban  [SSSaEEs
human population. In addition, complacency by health ";‘-ﬁ"”” "
authorities, as well as lack of public health resources for v-z ' 'uw' i fn w _-
research, surveillance, prevention and control programs | [0 1% AR, 0 9clomr o o e
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o The increased epidemic activity caused by several viral
serotypes increases the rate of genetic variation of the
virus, thus increasing the probability of emergence of
strains of viruses or genotypes with greater potential for
epidemic or virulence, an important risk factor for
severe dengue

Gubler and Meltzer, Adv Virus Res 1990, 53, 35-70

- - &
e o
- - - - -

- - - - . -
e ans @ W W S

=
- -



Population growth
and uncontrolled/
unplanned urban-
ization

Percentage of urban population

in Latin America

http://www.ub.es/geocrit/sn/sn-194-101.htm> [ISSN: 1138-9788
http://www.ub.edu/geocrit/sn/sn-194-101.htm
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‘Social and economical drivers:
Lack of access to drmkmg water and drainage

Dengue incidence in the Americas according to sanitation
coverage, 2011 and 2013
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DENGUE DRIVERS
Dengue incidence in The Americas according to % of urban LA TIN AMERICA

population with access to an improved source of drinking water

o Figure 8B. Dengue incidence in the Americas according to literacy level,

2011 and 2013
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Social drivers involved in the transmission of dengue
Level of inequity

-

Pais
Honduras 57.0
Colombia 55,9
Brasil 54,7
Paraguay 52,4
Chile 52,1
Panama 51,9
Costa Rica 50,7
Ecuador 49.3
El Salvador 48,3
Perl 48,1
México 47,2
Replblica
Dominicana 472
Uruguay 45,3
Argentina 44,5
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Dengue incidence in The Americas according to GINI index, 2013 100 = absolute inequity




Table 5. Multivariate logistic regression model of risk factors associated with living in a hot spot
housshold.

Final model of risk factors for dengue hot spots at household level (n = 1983)
OR Clas
Domestic workerhousewife

Mo
Yas

Type of housing
Housel/Apartment/ other
Rancho®

Number of persons per housshold

1=6

=7

Water storage in containers

Mo

Yas

Litter sutdoors

Mo

Yas 0.002
Use of repellent

Mo - -
Yas 2.03 1.17=3.51 0011

#n Venazuela, the word “rancho” is used 1o define a “shack”, an informal substandard type of housing typical
of glum areas.

dioi:10.1371/joumal pritd 000531 7_t005

POVERTY AS A

RISK FACTOR
FOR DENGUE

Vicenti M, et al. PL0oS
Negl Trop Dis 2017, 11
(1): e0005317




Other drivers involved

Technical failures of the national
vector control programs (i.e., lack of
proper training and/or human and
material resources)

Absence of national policies (or inade
guate application) in the correct use
of insecticides

Lag in availability of new molecules
(insecticides) for the health sector
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Dengue endemicity and seroprevalence between neighboring border cities
in Northern Mexico and Southern Texas, where climatic suitability is similar,
in 2005, n=276 participants

Socioeconomic and behavioral factors including income, water storage,
usage of air-conditioning, waste disposal, and cross-border travel differed




Highly focal patterns of DENV transmission \
e : around the home (<100 m) indicating that
rocent ; ‘ transmission occurs among multiple, fine-
pre _* ; scale foci connected by the movements
: of infected and susceptible people. At these

; short distances from the home, the relative
: . contribution of mosquitoes versus humans
1000 00268 10055 10"._ [, "N to pathogen dispersal is still uncertain, but

clearly both are important

DENV-infection risk among contacts. Diagrams A and B show two clusters plotted in
relative space (index house is at the center). Each segment represents one participant,
color indicates serological status.. (A) DENV+ cluster (o = 1.1). (B) DENV- cluster (o =
—0.71). Both clusters were initiated in the same neighborhood, in the same week of the
second season of transmission in Iquitos, Peru.

Stoddard et al. PNAS 2013, 110: 995-1003
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Fig 2. Confirmed cases of ZIKV and CHIKV per week in the state of Rio de Janeiro, March 2015 to May
2016 (LABFLA data set).
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Rainy season ZIKV peak ZIKV decreases, CHKV increases

Rainfall appears to precede ZIKV and CHIKV epidemics suggesting that an early warning system based on weather
that predicts these outbreaks 3-4 weeks in advance would provide policy-makers and clinicians a warning to prepare
countermeasures, which could lead to improved prognoses for ZIKV patients

The incubation period of CHIKV in Aedes aegypti is 2—4 days whereas that of ZIKV is at least 10 days

Fuller TL, et al. PLOS ONE 2017, 12(11): e0188002. https://doi.org/10.1371/journal.pone.0188002 @ P Los | ONE
ENTH ANNIVERSAR
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Proportion of Ae. aegypti with a detectable infection after being held at low temperatures
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Days post-exposure

o Increased infection and transmission rates at higher temperatures, as well as altered infection rates
and extrinsic incubation period (EIP) in response to fluctuating temperatures and diurnal temperature

range (DTR)

o DTRs have been shown to enhance DENV infection rates and reduce EIPs at low temperatures, but

decrease infection rates (and not affect DENV EIP) at higher temperatures
Carrington L, et al. PLOS Neglected Tropical Diseases, April 25, 2013



Hierarchy of factors that influence ZIKV transmission, illness, and social consequences.

Climate Varibili
Climate Change
LLand Use
e Vector Contro
N Natural Distaster
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Climate suitability, mosquito
abundance & human—mosquito 5 =
contact partly determine rates | e — il
of ZIKV transmission, which e :
causes illness in some cases. A - g*“““ Pl
Social consequences depend - %m*%
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CULEX AS NATURAL VECTOR OF ZIKA VIRUS?
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Figure 2 Quantification of ZIKV in Ae. aegypti and Cx. quinquefasciatus
saliva expectorated onto FTA cards 9-12 days post infection (dpi). Green
and red bars show the Ae. aegypti (Reclab) and Cx. quinquefasciatus
populations blood-fed with ZIKV at 10® PFU/mL, respectively. The hashed
pattern gray and black bars show the Ae. aegypti (ReclLab) and Cx.
quinquefasciatus populations, respectively, blood-fed with ZIKV at 10% PFU/
mL. Parallel dashed lines indicate variations of ZIKV viremia in humans.



GENERAL CONCLUSIONS

« The individual role played by climate change in the resurgence of
Aedes aegyti-transmitted infections remains uncertain

» The contributions of increased mobility, both of vector and human
populations due to globalization factors, such as travel and trade,
associated with vector accommodating trends in modern human
settlements, may be the most important variable to explain the
recent increase in Aedes-borne diseases

« To better understand the likely impact of climate change on VBDs,
it is important to view climate-driven disease systems as complex
socio-ecological dynamical systems
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