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Intfroduction

Global importance and situation in Brazil

* Emerging infectious diseases represent a global threat, because a disease can
emerge or re-emerge anywhere in the planet and spread quickly to other

regions through trade and ftravel: “A health threat anywhere is a health threat
everywhere” (om.int)

CDC Warns
Vector Borne Infections
have Tripled

N



Global Examples of Emerging and Infroduction

Re-Emerging Infectious Diseases

Antimicrobial- Enterovirus D68 Cryptosporidiosis  Epola virus disease Diphtheria , MERS-CoV
r?sclsntgnt threats West Nile E. coli0O104:H4 / Drug-fesistant malaﬂa/ Akhmeta virus

- MRSA VIFiR \ AN Rift Valley fever

- C. difficile Y > - T N -

- N. gonorrhoeae ‘”1‘} L}/, SN | AN ol TVP"'O:::;GSV:V
H3N2v influenza R o / bunyavirus
Cyclosporiasis u _Hepatitis Cg .;, - y

< /. : E. coli
E. coli O157:H7 : B\ T 0157:H7
Measles 2T Sy 10

Human
monkeypox :;:::nza
Listeriosis Sl
Bourbon
virus iH?lm
nfluenza
2009 H1N1
influenza SARS
Adenovirus 14 / Nipah
Anthrax virus
bioterrorism” £/ Hendra
T ys Enterovirus 71
p|mnal:y Human monkeypox
Ebola virus disease

syndrome

Marburg MDR/ XDR tuberculosis Zika virus
Human African flasis’ Cholera hemorrhagic fever Plague
O Newly emerging ©O Re-emerging/resurging @ “Deliberately emerging” o S
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Global importance and situation in Brazil

= Mosquito-borne viruses (DENV, CHIKV, ZIKV and YFV) major challenges in
public health.

+ The scenario.in Brazil — possibility of large epidemics due to several factors:

/\/ Widespread infestation by the two main vectors, Ae. aegyplti and Ae. albopictus; \
v The simultaneous circulation of arboviruses (DENV, CHIKV, YF, ZIKV);
v Difficulty of an accurate diagnosis and therapeutic approach;
v Susceptibility of most of the human population, favoring the rapid spread of the virus;

v Great territorial extension of the country, which hinders surveillance and access to
\ health services, such as laboratory tests for diagnostic confirmation. /
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Global importance and situation in Brazil

= Simultaneous outbreaks and epidemics = simultaneous circulation of DENV-I,
DENV-2, DENV-3 and DENV-4, CHIKV and ZIKV in recent years in Brazil

Distribuic@o geogrdfica’da incidéncia de Distribuico de incidéncia de casos Distribuicdo de incidéncia de casos
dengue por Regido de Saude, Brasil, até provaveis de chikungunya por Regido de provaveis de Zika por Regido de
a SE 34 (2019). SIN Saude, até a SE 34 (2019). SINAN Saude, até a SE 33 (2019). SINAN
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The processes of emergence and re-emergence of arboviruses in a territory pass
through the understanding of different factors that parficipate in the fransmission

chain:
Vertebrate hosts Invertebrate hosts Etiological agent

Transmjgsion between humans in urban and periurban environments by the same
specigs of mosquitoes:

[Aedes aegypti and Ae. albopictus ]

derstanding of their biology and ecology becomes of paramount importance.



Intfroduction

Main vectors

= Global distribution of Ae. aegypti (left) and Ae. albopictus (right)

o Native e Introduced o Intarcepted o Lywidias ot s Lot

undefined

Khormi, 2014)
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= Femdle is infected during blood feeding in a viraemic vertebrate host, or
thrgugh vertical fransmission, remaining infected throughout ifs life.

olometabolic biological cycle comprises 4 stages of
evelopment: egg, larva, pupa and adult.

DA LARVA



Intfroduction

= Aedes mosquitoes develop in different natural and artificial breeding

sites:

% Animal burials

% Tree hollows

% Bamboo internodes

< Large animal
footprints

% Cracks in rocks

% Fallen leaves

‘

% Tires
< Water boxes
% Drums

< Barrels
% Pots of plants
< Disposable garbage




Intfroduction

= Only female blood feeding — oviposits 200 to 450 eggs,
inner walls near the water, which remain viable for several
nths.

Oviposition in “jumps’”, distributing small quantities of eggs in
several breeding places — favors the dispersion of
pathogens.




Ae. aegypti and Ae. albopictus

Ae. aegypti
% African.
% Anthropophilic. Endophilic inside domiciles.

< High human population concentration and high
/ concentration of residences.

< Their breeding sites are usually artificial containers

Ae. albopictus
% Southeast Asia.

< Natural vegetation.

% Artificial containers, natural containers.

% Low human population density. Prefer the peridomicile.

Intfroduction
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Entomo-virological surveillance

= Entomological surveillance: activity based on indicators 1o detect presence,
geographical distribution and density of vectors in fime and space, to estimate
the risks of tfransmission of pathogens.

Mosquitoes are markers for the evaluation of viral circulation.

Virolggical surveillance (virus detection in field-caught vectors) in endemic
s is a viable alternative for the consolidation of local surveillaonce and an
epidemic alert system to direct control actions in critical areas.

any arbovirus surveillance programs in low- and middle-income counftries do
not have resources for pathogen screening with currently available techniques
- new alternatives



Objectives

Main objective: perform integrated surveillance, as part of
several prospective studies in endemic areas, to study the
tfransmission dynamics of arboviruses, through
entfomological monitoring focused on the search for
infected culicidae.
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Entomo-virological Surveillance

Mennfication of receptive areas fof

Schematic representation o warsmision
of the entomo-virological |

Selection of collechon pomis

surveillance sirategy. |
| I

Residentil Mon-residential
Premses |-.r._-|-|-|i~;.;¢

| l

Capture of adult nosquitoes
{U5-20 minutes} using battery-powered
aspiraiors inside and cutside the premises

Transportation of alive
adult mesguitoes b the laboratory
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Sereemng and sepantion

by sen and specica for poals containing a
maaxinen of 1 Aedes individuals

|
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|
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Methods

Study areas « Brazil: Rio de Janeiro

« Rio Grande do Norte

_—

BRAZIL State of Rio Grande do Norte Municipality of Natal

¥

Definition of « Urban areas/periurban areas

. . « High-risk areas for arboviruses
CO”eCTIOﬂ pOIﬂTS ° Dense|y Ur‘bgnized



Methods

Collection points for immature and adults

- > /Junkyords I

| Households ] Thrift stores

a _ ) Factories

Key-sites ) — repair shops

( ) Garages

>Schools < \ Efc. )
Health units

Joyseholds selected according to the report of fever in children or as part of a monitoring
ggram.

|

\ ools, health units and key-sites were selected in strategic areas. Defined as non-
reddential properties suitable for the maintenance of vector infestation, and characterized
byt\gher human concentration, mobility and presence of potential Aedes breeding sites.



Methods

Collection of immature and adults

[Immcﬂures ]

- Active search for breeding sites and collection of Aedes
larvae

Maintgnance of immature stages to adult 2>identification




Methods

Collection of immature and adults

Adults




/

Collection of immature and adults

fovs

Ovitraps remaining 1 week: black PET plastic container
(Polyethylene), with a wide mouth and a palette of
Eucatex containing a rough side, placed vertically
inside i¥'and afttached by an aluminium clip. Filled with
tap water and 30% hay infusion to attfract mosquitoes.

Methods

W




Methods

Collection of immature and adults

= Transport to the laboratory alive / dry ice
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Viral detection

Species identification

Male and female separated

Engorged - not engorged females separated.

Engorged females (mostly) separated in pools (<10 mosquitoes).




Methods

Viral detection - mosquitoes

[ Method of choice in mosquitoes: RT-PCR ]

A 7T

[ C}%er methods: hybridization probes for RNA detection ]

pite its advantages, PCR is not routinely employed in arbovirus diagnostic laboratories
ause it is expensive. Improvements in automated handling of PCR as well as
ction of product are being developed but are not available to most laboratories.



Methods

Molecular detection

= The Polymerase Chain Reaction (PCR) widely used for
defectfion and diagnosis of infectious diseases and virus
detection in mosquitoes > fundamental method of
surveillance in arboviruses prevention programes.

rculating arboviruses can be evaluated to predict
future epidemic outbreaks.




Methods

Molecular detection - steps

> RNA extraction]

> Viral detection]
> [Confirmation]




* Aedes aegypti and Ae. albopictus M e -I- h O d S
PoOl * Species, date, collection place;
00l1S * Up to 10 mosquitoes / pool;
* Macerate;
7
RNA extraction |+ QiaAmp Viral RNA Mini Kit (Qiagen);
_J
> « RT-gPCR;
. . « Kit QuantiTect Probe RT-PCR (Qiagen);
Viral detection DENV, CHIKV, ZIKV, FASV:
* Cq (cut-off point: 28 cycles)
« Conventional PCR;
> N )
« Sequencing and
Confirmation phylogene_tlc anaIyS|s_ to
‘ - ) compare with other strains
Colaboratio with “Departamento de ) from other countries;
Vira a\g ia- UFRJ”, “Laboratério de « Cell culture C6/36 for viral

Bses de Natal” and UFRN.

Entc ogia do Centro de Controle de isolation




Methods

Aedes aegypti and Ae. albopictus, females;

Up to 10 mosquitoes / pool,

Species, date, collection place;

Macerate (pearls, plastic pristiles);




* Aedes aegypti and Ae. albopictus M e -I- h O d S

Species, date, collection place;
* Up to 10 mosquitoes / pool;
* Macerate;

> ~

RNA extraction |+ QiaAmp Viral RNA Mini Kit (Qiagen);

Pools

J

> « RT-gPCR;

. . Kit QuantiTect Probe RT-PCR (Qiagen);
Viral detection DENV, CHIKV, ZIKV, FASV:

* Cq (cut-off point: 28 cycles)

> « Conventional PCR;
| )
+ Sequencing and
Confirmation phylogenetic analysis to
h compare with other strains

atio with “Departamento de P, from other countries;
a- UFRJ”, “Laboratorio de « Cell culture C6/36 for viral
ogia do Centro de Controle de isolation

—_— S

es de Natal” and UFRN.




Methods

RNA extraction

> « QiaAmp Viral RNA Mini Kit (Qiagen);

» “Kitchen recipe’;

* RNA separated and ready for
molecular detection




* Aedes aegypti and Ae. albopictus M e -I- h O d S

Species, date, collection place;
* Up to 10 mosquitoes / pool;
* Macerate;

> ~

RNA extraction |+ QiaAmp Viral RNA Mini Kit (Qiagen);

Pools

J

> « RT-gPCR;

Viral detection Kit QuantiTect Probe RT-PCR (Qiagen);

DENV, CHIKV, ZIKV, FASV,

* Cq (cut-off point: 28 cycles)
) ~N conventional PCR,; iona ;
« Sequencing and
phylogenetic analysis to

_ _ compare with other strains
atio with “Departamento de ) from other countries;

a- UFRJ”, “Laboratorio de « Cell culture C6/36 for viral
ogia do Centro de Controle de isolation

~N Confirmation

—

es de Natal” and UFRN.




Viral detection

aqg polymerase

N

dNTPs
Water

~
L

Primers

Buffer

Methods

Amplified region Primers References
ENV_gncending | ZIKAF-5 -CCGCTGCCCAACACAAGS Lanciptti et
gene (GELR) | ZKAR 5 CCACTAACGTTCTTTTGCAGACAT-S' al. 2008
NS3-encoding | ZikaDiagF-3-CAGAGACTGATGAAGACCAT3 Waghys et al.
gene ZikaDiagR-3 -CCAGCCAAACAGGAAGAT-3' 2014
NS3-encoding | ZIKANS3F-5 -AGAGAGCCTGGAGCTCAGGCT 3’ Washys et L.,
gene ZIKANS3-R-5-CTICCATTATGGTGTTGTTG-3" 2014
NS3-encoding | ZikaD NSIF-5 -CCAATYGATGATAGGTTIGC-3 Cadar et al,
geae ZikaD NS5R-5-TCARTTCATCTTGGTGGCG-3' 013
Envelope ZIKVENVF-3 -GCTGGDGCRGACACHGGRACT 3 Faye et al,
BIRISHR ZIKVENVR-5-RTCYACYGCCATYTGGRCTG-3' 2008
oM ZIK833-TTGGTCATGATACTGCTGATTGE Lanciptti et
ZIK911¢-CCTTCCACAAAGTCCCTATTGC al.. 2008
nspl gene ChikS- 3 -TGATCCCGACTCAACCATCCT-3 Paanige et
al, 2008

1001 Desnaturalizacion
901 VA
- 801 Polimerizacion
éJ 01
- ] A
-
2 504
E Hibridacion
o 404
[0} N\/\
E 0t /\/\/\
20"”-\/\/\
101
0 —tt
Time 0 1 2 3 4
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Viral detection

—

RT-qPCR - quantitative PCR;
Kit QuantiTect Probe RT-PCR (Qiagen);
DENV, CHIKV, ZIKV, YFV;

Cq (cut-off point: 28 cycles)




* Aedes aegypti and Ae. albopictus M e -I- h O d S

Species, date, collection place;
* Macerate;
* Up to 10 mosquitoes / pool;

> ~

RNA extraction |+ QiaAmp Viral RNA Mini Kit (Qiagen);

Pools

J

> « RT-gPCR;

. . Kit QuantiTect Probe RT-PCR (Qiagen);
Viral detection DENV, CHIKV, ZIKV, FASV:

* Cq (cut-off point: 28 cycles)

> « Conventional PCR;
\ .
« Sequencing and

phylogenetic analysis to

_ _ compare with other strains
atio with “Departamento de ) from other countries;

a- UFRJ”, “Laboratorio de « Cell culture C6/36 for viral
ogia do Centro de Controle de isolation

~N Confirmation

—_— S

es de Natal” and UFRN.




Confirmation

Conventional PCR;

Cell culture C6/36 for viral isolation

DNA Purification;

Sequencing and phylogenetic analysis to compare with other
strains from other countries;

Phylogenetic trees / common ancestors and time-scale phylogeny

Methods

1 ;.;_{KM& TT28Wutai Mosquito Vinus/CHIZ012

100 MH188051/Culex Bunyadnug)
i L ot 7ace/Wtai Mescuite Phashins/BRA/01S
= KTEG3183/Bady vins/ALS/2003

; KANSTE4/Phasi Charcen-ike vins BRAZ012

KKB1TTZ2Wuhan Fly Virus/CHY2013
- KFST245/ Comuta vinus TTOR2009

[

100 I_-— HOS41T37 Govleake virus/ CF2004
T

KWE1 7730 Yichang nsect vins/ CHI2013

HM745531/SFTS Phiebovines/CHIY2010



Methods

Socio-environmental and climate data

. o ° ° . Jir-."} o p;\c,‘\o ' POPULACAD INFANTL -
= Socio-environmental data — questionnaires to obfain
socioeconomic data and the conditions of the domicile. _ rouoemenrogio
data — data repository of the Infernafional i . o e 7 [
Resedrch Institute for Climate and Society (IRIl) - Columbia
Unersity, USA: Waw 0T
Accumulated precipitation data (CMORPH and CMAP - NOAA, IIIIIIIIIIIIIIIIIIIII -
TRMM-3B42 and GPCP - NASA). "
o Minimum, medium and maximum atmospheric and soil temperatures
(LST MODIS - USGS). |
o Relative humidity. NEeaaaas w CTTTTT)
o 3




Results




Results

Mosquito collections

» Direct aspiration: 1
o >10,000 mosquitoes captured
o Ae. aegypti predominated over Ae. albopictus
o Other species detected in Rio de Janeiro: Ae. scapularis, Ae.

iatilis and Culex quinquefasciatus

vitraps: >45,000 Aedes spp. eggs counted > Ae. aegypti
predominates over Ae. albopictus.

CDC fraps: >1,000 Culicidae collected, both from strategic points
and schools.



Results

Mosquito collections - species

. Ae. aegypti and Ae. albopictus collected indoors in an urban
endemic area.




Presence of Ae. albopictus within a
i anized and densely
populate ared (hot  commonly
describgd in urban areqs).

As Ae. albopictus can easily move
befween sylvatic and urban
ironment, the entomological
onitoring of Ae. albopictus should be
n intfegral part of mosquito surveillance
nd control.

Results

Mosquito collections 2 Ae. albopictus

Aedes albopictus, originally considered as a secondary vector for arbbovirus fransmission,
especially in areas where this species co-exist with Ae. aegypti.

[ VT Ve b s ——
;_—-}._:____7';:_@@_3_ i’—’—“iw"&-:—_;_i = \'{\: Legend 4
iy Ay TV = By - TCCSEE [ Cityblocks ~ [=
N T\\,’_,LEJ_L _.\\_lg”? N\ == € FiocrUZ limits

B O \

[ Vegetation cover [z
Households [2] [/
Key sites [9] /

-

S

Coordinate system: UTM Zone 235
Progection: Transverse Mercator
Daturn: SIRGAS 2000

Fig 1. Spatial distribution of collections of Aedes albopictusadults in Manguinhos, Rio de J
sites and schools, respectively, where Ae. albopictus adults were collected.

iro. Yellow triangles, circles, and stars represent the households, key-

httpsy//doi.org/10. 1371/journal. pore 0195014 001




Results

Mosquito collections - sites

(Key—si’res, characterized by high\

¢ More specimens collected in nurmeln Al el pressies o
. . potential Aedes breeding sites,
key-sites, healih units _Cmd should be included in entomological
schools. Key-sites highly _Monitoring. y
favorable to Mosquito
infestation.
100
high infestation  of -
squitoes observed Ig g e
hools shows a high risk of o
robovirus infection in children, g .
n age group particularly | ==

ulnerable to these infections.

Households Schools Key-points

Collection areas



Both species
seasons.

collected during adll

d linear model: we can
the area of collection,

Generali
identify

ictors of the number of Aedes sp.
lected.

Results

Socio-environmental and climate data
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Fig 2. Monthly mean abundance of Ae. aegypti and Ae. albopictus during the three-year study period in Manguinhos, Rio de Janeiro. The figure shows the mean
number of Ae. aegypti and Ae. albopictus mosquitoes collected per month during the study.

hittpe-/idoi.org10.1371/jounal. pone.019501 4.0002




Results

Socio-environmental and climate data

Questionnaires opplied in the Importance of collecting data obou’r\
environment and social conditions to

households: define risk factors for vector

anesiaiion P

Presepice of slab-concrete in the
roof/and the ceramic in the floor
a negative influence on the
pfesence of Ae. aegyptiin
ouseholds (p =0.02583 and p =
03809, respectively).




Results

Molecular results

Mosquitoes PCR negative for YFV and CHIKV.

ZIKV positive mosquitoes (GenBank nr. KY354186 and KY354187) weeks before
reporting autochthonous cases; DENV-3 positive mosquitoes in low infestation
period.

Tool for early detection of arbovirus
circulation, including “low-season”

etection of arboviruses in males - transovarian/venereadl transmission - males
uld play a role in the maintenance of arboviruses in nature > test both sexes!
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Technical Appendix Figure. Bayesian maximum clade credibility (MCC) tree representing the time-scale
phylogeny of the Zika virus outbreaks in the Americas. The time-scaled phylogeny was performed by
using the Bayesian Markov chain Monte Carlo tree-sampling method with BEAST version 1.8.3
(http://beast.bio.ed.ac.uk/) and in parallel the maximume-likelihood method (not shown) using PhyML 3.0

http://www.atgc-montpellier.fr/phyml/versions.php) with 1,000 pseudoreplicates based on near-complete

envelope coding region sequences. The Akaike information criterion was chosen as the model selection
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Conclusions

= |ntegration between entomological and virological surveillance: detection of natural infection in
mosquitoes captured in the field is essential for detecting the prevalence and circulation of new
serotypes or viruses in the community, as well as serving as a surveillance tool for detection and
anticipation of epidemics.

= Continuous virological surveillance for Aedes mosquitoes in municipal government routines as @
tool for monitoring arbovirus circulation in receptive areas, to point out high risk areas for virus
dissemination and as an epidemic alert system to direct control actions in crifical areas.

= Strategies for virological surveillance of Aedes mosquitoes are commonly focused on females
(hematophagous). Vertical and venereal tfransmission suggested as a mechanism to maintain
arbovirus circulation in vectors 2>Include MALES.

= Pursue more access fo viral detftection fools and foster collaborations with other research
institutions (integration academia and health services).

= Other systems being developed, such as modifications to common
mosquito traps that will allow the collection of mosquito excreta, or liquid
waste, from which signs of viral infection can be detected.
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Thank you for your attention
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