Impacto das alteracoes climaticas
nas doencas associadas a vetores.
Que solucoes?

Rita de Sousa

(OREGILIENCE

Regional Pathways to Climate Resilience

Madeira Regional training programme

7 maio de 2025




Centro Estudos de Vectores e Doencas Infecciosas (CEVDI)

INSTITUTO NACIONAL DE SAUDE DOUTOR RICARDO JORGE

- n’\n}.:dur"_a ;
Queluz 80 ¥

PAlcabideche, r ‘ A - . L - P ’
ST £ 4 £ : 5 B Aguas de Moura,

(Liﬁb.r‘\‘n‘ ‘L;isboa

Palmela, Portugal
O()cxr.ns

I ada




vectores

* \Vector é definido como um organismo vivo artrépode (ex.: mosquito, carraca, pulga, caracol) que transporta e pode transmitir um agente
infeccioso a um individuo suscetivel.
* Exemplos de artropodes, gastropodes

« Podem transmitir virus, bactérias e parasitas que podem causar doencas nho homem e nos animais



Vector Disease caused Type of pathogen
Maosquito Aedes Chikungunya Virus
Dengus Virus
Lymphatic filariasis Parasite
Rift Valley fever Virus
Yellow Fever Virus
Zika Virus
Anopheles Lymphatic filariass Parasite
Malana Parasite
O'nyong'nyong virus Virus
Culex japanese encephalitis Virus
Lymphatic filariasis Parasite
West Nile fever Virus
Aquatic snails Schistosomiasis (bilharziasis) Parasite
Culicoides flies Oropouche fever Virus
Blackflies Onchocerciasis (river blindness) Parasite
Heas Plague (transmitted from rats to humans) Bacteria
funglasis Ectoparasite
Lice lyphus Bacteria
Louse-borne relapsing fever Bacteria
Sandflies Leishmaniasis Parasite
Sandfly fever (phlebotomus fever) Virus
licks Crimean-Congo haemeorrhaagic fever Virus
Lyme disease Bactera
Relapsing fever (borreliosis) Bacteria
Rickettsia! diseases (eq: spotted fever and Q fever) Bacteria
lick-bormne encephalitis Virus
fularaemia Bactera
[riatome bugs Chagas disease (American trypanosomiasis) Parasite
Isetse flies Sleeping sickness (African trypanosomiasis) Parasite

https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
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Leishmaniasis
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Lymphatic filariasis

21 November 2024

Malaria
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Onchocerciasis
29 January 2025

Plague
7 July 2022

Rift Valley fever
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Elementos envolvidos na Transmissao de agentes patogénicos ao Homem e aos Animais

Fig. 1 Vector, pathogen, host relationship
https://doi.org/10.1007/s11831-022-09724-9



O que sao alteracbes climaticas?

& Definigédo IPCC ) Gases de Efeito

Estufa

As alteracOes climaticas sao

TEMPERATURE

mudancas de longo prazo
nos padrdes de
temperatura, precipitacao e
eventos extremos devido ao
aguecimento global.

Associado ao aumento das
concentracdes de gases
como CO2, metano e oxido
nitroso.

-

* IPCC_ Painel Intergovernamental sobre Mudancgas Climaticas



Como o clima influencia os vectores

@ Temperatura

Temperaturas mais elevadas aceleram os
ciclos de vida e actividade dos vectores.
Reduzem o periodo de incubacao dos
patdgenos (e.g periodo extrinseco).

' Sazonalidade

Periodos de actividade mais extensos
com aumento da sua actividade em
varios meses do ano.

Ciclo de Vida
do Mosquito

CICLO DE VIDA

0 Precipitacao

Chuvas criam habitats de reproducao
para vectores aumentando a densidade
populacional (e.g mosquitos).

(¥ Humidade

Niveis elevados de humidade prolongam a
vida dos vectores. Melhoram a sobrevivéncia
de algumas fases do ciclo de vida dos
vectores



Relagao entre clima e propagacao das doencgas associadas a vectores

* As doencas transmitidas por vetores representam mais de 17% de todas VECTORS CAN CAUSE NUMEROUS DISEASES IN HUMANS

as doengas infeciosas, causando mais de 700 000 mortes anualmente.

* Malaria 249 milhoes de casos a nivel global, com mais de 608 000

mortes todos os anos.

| e s Nice:

fckettsalpos,

* Ainfec¢ao pelo virus dengue ¢é a infecao viral mais prevalente transmitida

por mosquitos Aedes. S
_96 milhoes de casos sintomaticos e aproximadamente 40 000

mortes anuais.

Popu Iagéo em riSCO de co ntrair dengue: 3’9 mil milhaes de Rapid unplanned urbanization, changing land use In recent years, vector-borne diseases have moved
- patterns and increased international travel and into new territory: many diseases once limited ko
. , trade bring humans inte more Frequent contact tropical and subkropical zones are now increasingly
pessoas em mais de 132 palses wikh vectors, while climate and other environmental seen in kemperakte areas. Vector-borne diseases cause
changes fuel their spread worldwide. ongoing disease or outbreaks in all WHO regions.

RISK BURDEN MORTALITY

80% of the world's 17 % of the global burden Over 700 000 deaths
populaticn is at risk of one of communicable diseases is are caused by veckor-borne
or more vector-borne disease due ko vector-borne diseases diseases annually

&) Crgonizavon |1 DR &y




Expansao Geografica dos Vectores (mosquitos)

Twelve-month dengue virus disease case notification rate per 100 000 population, April 2024- March2025

Since the beginning of 2025, and as of March, over 1.4 million dengue cases and over 400 dengue-related deaths have been reported from
53 countries/territories in the WHO Regions of the Americas, South-East Asia and West Pacific Regions, in the Eastern Mediterranean WHO

Region and in Africa.

A dengue antes limitada a zonas
troipicais, aparece agora em
areas sub-tropicais e temperadas
pela adaptacdao do seu vector

Aedes aegypti
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EU outermost regions reporting
cases and not visible in the main
map extent

B Martinique
Bl Mayotte
- Guadeloupe and Saint Martin
B French Guiana
Madeira

B Reunion

Notification rate per 100 000 persons
No reported cases 0.001-0.009 0.01-0.99 Bl 099 Bl oo B -

Note: Data refer to dengue cases reported in the last 12 months (April 2024-March 2025) [Data collection: March 2025].

Case numbers are collected from both official public health authorities and non-official sources, such as news media, and depending on the source, autochthonous and non-autochthonous cases may be included.
Administrative boundaries: @ EuroGeographics

The boundaries and names shown on this map do not imply official endorsement or acceptance by the European Union. ECDC. Map produced on 27 March 2025



Expansao Geografica dos Vectores

A introducao do Aedes albopictus na europa
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Expansdo Geografica dos Vectores (mosquitos)

Aedes albopictus

2024 2017 2012

s efsam Aedes albopictus, July 2024 Ades aibopictus
BT g ot Sk by i ] i Current known distribution: :Seuembuzﬁ?
Legend : 1 = Racently prasent
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I Established = Nodata
Uaknown
Introduced
I Absent
I No data
[ Unknown -8 e
»  Azores (PT) ?
» Canary Islands (ES)
= Madeira (PT) f
= Svalbardidan Mayen (NO)
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not viewable in the
main map extent*

'\ Malta

P ' Gibraltar
m Liechtenstein
. Azores (PT)

Canary Islands
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‘ \ I Madeira (PT)
,‘ Jan Mayen (NO)

ECDC and EFSA, map produced on 4 Jul 2024. Data presented in this map are collected by the VectoriNet project. Maps are validated by exteral experts prior to publication. Please note that the depicted data do not reflect the official views of the countries.
* Countries/Regions are displayed at different scales to facilitate their visualisation. The boundaries and names shown on this map do not imply official or by the European Union. © UNFAO.




Total Passengers

Aumento de viagens, movimentacao da populacao

Africa m Asia-Pacific ™ Europe
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Global total passengers (2019-2024)
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Middle East ® North America
https://aci.aero/2025/01/28/joint-aci-world-icao-passenger-traffic-report-trends-and-outlook/

Latin America-Caribbean

In 2024, global passenger traffic is expected
to surpass pre-pandemic levels, reaching 9.5
billion passengers(104% of 2019 levels)

Airport council internacional



Transmissao autoctone de chikungunya em Italia, 2007

Traveller ™

first local transmission of chikungunya fever in Italy

During August health authorities
in the province of Emilia-Romagna

detected an unusually high number
of cases of febrile illness in two small
villages nearRavenna, Castiglione di

Cervia and Castiglione di Ravenna.

Subsequent analyses confirmed the

diagnosis of chikungunya fever,
Between & July and 4 September

197 caseswere reported of patients

experiencing high fever, joint and
muscle pains, headaches, rashes,

and gastraintestinal problems. The
symptoms generally lasted one to
twoweeks. One death had been
reported: an 83 year old man with
underlying medical conditions.

The cause of the outbreak is
understood to be a visitor from the
Indian subcontinent, The person was
already infected and developed the
symptoms two days afteramiving
inItaly. The “Asian tiger” mosquito
(Aedes albopicius) isthought to

be responsible fartransmitting the
infection in taly. The height of the
epidemic was in the third week of
August,

The Stockhalm based European
Centre for Disease Prevention and
Controlis working with the Italian
health authorities and has issued
advice to people visiting or retuming
from areas where chikungunya fever
is present. It emphasises the need
tominimise the risk of mosguito

bites and recommends that anyone
experiencing a fever or unexpected
joint pain within 12 days of returning
home should seek medical attention,
Treatment takes the form of non-
steroidal anti-inflammatory drugs or
non-salicylic analgesics.

The centre is also encouraging EU
governments to raise awareness
amoeng healthcare providers of the
current outbreakin Italy.
Seewww.ecdc.europa.eu.
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NUTS-3 areas where dengue authochtonous NUTS-3 areas where chikungunya authochtonous

transmission were reported transmission were reported L .
Espanha, Franca, Italia, Croacia
8 e . Eventos 2007-2024, N=75
S B © - ad + DEN (68), ZiKa (1), Chick (6)
3 "t ‘ - . 71%FR
o+ ' e 19%IT
Identificar rotas de importacgao:
 35% DEN, 80% Chick
¥ -3 Re

2007 - 2012

Transmission of autochthonous Aedes-borne arboviruses and related public health challenges in Europe 2007-2023: a systematic review and secondary analysis.
Cattaneo, Paolo et al.



Eventos de transmissao autdctone de arboviroses associadas aos mosquitos do género
Aedes na Europa

LTE = local transmission events

Number of local transmission events
9
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We have observed a gradual increase of Aedes-borne arboviral LTEs in Europe over time, and a considerable
delay in outbreak detection. Improving the timeliness of LTE identification is essential.

Transmission of autochthonous Aedes-borne arboviruses and related public health challenges in Europe 2007-2023: a systematic review and secondary analysis.
Cattaneo, Paolo et al.



Expansdo Geografica dos Vectores (carragas)

Temperature Movimento da
increase carracas para
outras latitudes  Ixodes ricinus

Borreliose de Lyme e
virus da encefalite
transmitida por carraca
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Rickettsioses

Rhipicephalus
sanguineos

« Expansao para norte e maiores altitudes.
* Novos focos de transmissao da doenca em zonas anteriormente livres.
« Actividade durante todo o ano!



Expansao Geografica dos Vectores (carracas)

Animais de estimacgao
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Aves migratorias Animais de importacdo



Alteracao das rotas migratorias

VYolume 18, Number 12—December 2012

Letter Fatal Case of Crimean-Congo
Migratory Birds, Ticks, and Crimean-Congo Hemorrhagic Hemorrhagic Fever, Portugal, 2024
FEVE r Vi’ I'US Libia Zé&-Zé," Cristina Nunes,' Micaela Sousa, Rita de Sousa, Carla Gomes,

Ana S. Santos, Rui T. Alexandre, Fatima Amaro, Tiago Loza, Miriam Blanco, Maria J. Alves
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Alteracoes na Ecologia dos Hospedeiros

Roedores

Expanséo das populactes devido a

INnVvernos mais amenos.

Animais Domeésticos

Aumento do contacto com fauna

selvagem e seus parasitas.

@

R

Ungulados Selvagens

Alteracao das rotas migratorias e
areas de distribuicao.

Aves Migratorias

Modificacao dos padroes de migracao
sazonal.

Carnivoros

Maior proximidade com areas

humanizadas em busca de recursos.



Roedores como hospedeiros

Ciclo de transmisséo Yersinia pestis
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_Madagascar Surto 2017

PLAGUE OUTBREAK
Madagascar

External Situation Report 14
V, World Health
¥ Organization

Date of issue: 4 December 2017

Grade Cases Deaths CFR
1. Situation update 9 w 2 417 W 209 9,

Due to concerted national and international response the current and unprecedented outbreak of plague in Madagascar,
which started on 1 August 2017, has been contained.

WHO Reports 1,000 to 3,000 cases of of PLAGUE worldwide every year



Tifo murino na llha de Porto Santo

Eurosurvelillance, Volume 3, Issue 2, 01
February 1998 llha de Porto Santo

Surveillance report Endémica Surtos ocasionais
Bacellar et al. Is murine typhus re-emerging relacionados com

in Portugal campanhas de desratizagao
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MOLECULAR DETECTION OF RICKETTSIA FELIS, RICKETTSIA TYPHI AND TWO
GENOTYPES CLOSELY RELATED TO BARTONELILA ELIZABETHAE

RITA DESOUSA,* PIERRE EDOUARD-FOURNIER, MARGARIDA SANTOS-SILVA, FATIMA AMAROD,
FATIMA BACELLAR, arD DIDIER RAOULT
Centro de Extudos de Vectores ¢ Doencas Infecciosa, Instituto Nacional de Saude Dr. Ricardo Jorge, Av da Liberdade No 5, 2065
Aguas de Movwra, Portugal: Unite des Rickettsies, CNRY UMR 6020, IFR 48, Faculte de Medecine, Universite de la Mediterranee,
Marseille, France

Absiract, A total of 36 fleas were collected from mice, rats, and one hedpehog in national parks of mainland Portugal
and the Madeira Island. All fleas were tested for the presence of bacteria of the genera Rickeftsia and Barfonella using
PCR assays. In fleaas from mainland Portugal, we detected Ricketisia felis in one Archacopsylla erinacei maura flea and
in ane Clepophtalmus sp. In ive Leptopsyila segnis fleas taken from rats in the Madeira Island, we identified Rickertsia
typhi. In addition, in four fleas from the genera Cranithophaga and Stenoponia collect from mice and a rat in mainland
Portugal, we detected the presence of two new Baronella penotypes closely related wo Banenella elizabethae, Our
findings emphasize the potential risk of flea-transmitted infections in mainland Portugal and the Madeira archipelago,
and extend our knowledge of the potential flea vectors of human pathogens.




Resposta para as alteracdes climaticas em

relacéo aos vectores: Mitigacao e Adaptacao

Recolha de Dados

Monitorizacao continua de vectores, dos agentes patogenicos
em circulacao Integracao com dados climaticos e ambientais.

Analise Preditiva

Utilizacao de modelos matematicos que identificam padrdes
e prevém por ex. expansao geografica e janelas de
transmissao.

Alertas Precoces

Sistemas integrados ONEHE ALTH, internacionais e
programas nacionais ex. REVIVE




Vigilancia e Monitorizacao Integrada

?

Ty

Mapeamento de Vectores o

Rede Nacional REVIVE e Rede europeia VectorNet
actualiza distribuicao geografica. Portugal contribui com
dados nacionais regularmente.

Andlise Laboratorial |4

Testagem de vectores para presenca de agentes (virus ,
bacterias, parasitas. Rastreio de resisténcia a insecticidas.

Vigilancia Entomoldgica

Monitorizacao regular de populacdes de mosquitos,
carracas e flebétomos.

Integragao de Dados

Dados entomoldgicos, epidemiologicos e climaticos.
Permitem analises em tempo real.



Vigilancia e mapeamento dos vectores e dos agentes asso

ciados
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REVIVE 2024
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Educacao e Comunicacao de Risco

Aproveite o ar livre, mas
esteja atento as carracas —%

CONTROLO DO AEDES AEGYPTI: B
COMUNICAR E SENSIBILIZAR u. @
PARA A ACAO 19 = ,;a' o o ¥
3 vy ; "/ \\ mmmmmmmm
£ ; Gt =]
MOSQUITO | = = At
ALERT .
o P S2DOT e TT 0 '}
= Mosquito Alert Mosquito Alert = Apps no Go...
& WwWw.mosquitoalert.com : P Google Play :
Accoes Comunitarias Ferramentas Digitais Materiais Educativos
Workshops préaticos para a populacio Aplicacdes moveis para alerta em Guias praticos sobre protecao
(ex. eliminacdo de criadouros). tempo real. Plataformas de ciéncia individual. Informacdo adaptada a
cidada para reportar vectores. diferentes publicos e faixas etarias.

https://www.jm-madeira.pt/regiao/direcao-regional-de-saude-assinala-dia-mundial-do-mosquito-com-workshops-de-sensibilizacao-
BK16499910



Planos de Adaptacao Nacionais

& DGS =
" O Plano Nacional de Saude de Portugal (2021-2030) integra medidas
ESTRATEGIA especificas para doencas vectoriais. Da prioridade a vigilancia e
Plano Nacional de Prevencao e Controlo de .
Doencas Transmitidas por Vetores resposta réplda.

Planos regionais com controlo de vectores e educacdo comunitéaria.

Homeologado a 31 e margo de 2018

REPUBLICA
PORTUGUESA

wwwdgspt 7 G



O Sucesso da vigilancia e do controlo !

P SOCIEDADE EDUCAGAO SAUDE JUSTICA MEDIA FLORESTAS PUBLICO NAESCOLA  MAIS v

Madeira sinalizou em Janeiro dois casos
de dengue em residentes

O arquipélago registou um surto da doenca entre 2012 e 2013, com 1080 casos
confirmados de infeccido, a maioria no concelho do Funchal.

Lusa
19 de Fevereiro de 2025, 12:08




Conclusao e Caminhos Futuros
. Accdo Integrada

Integracéo entre saude humana, animal e ambiental. .

=8 Abordagem Multissectorial
Colaboracao intersetorial

@ Investigacdo continua e Sistemas de prevencéo e controlo

Novas ferramentas e estratégias adaptadas a cada contexto

. Participacdao Comunitaria

Envolvimento activo da populacdo como factor critico

As alteracOes climaticas representam um desafio crescente para o controlo de doencas vectoriais. Apenas através de esforcos
coordenados e sustentados poderemos mitigar eficazmente 0s seus impactos na saude publica.



MUITO OBRIGADA!
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rita.sousa@insa.min-saude.pt

Instituto Nacional de Saide Doutor Ricardo Jorge
National Institute of Health Doutor Ricardo Jorge

https://orcid.org/0000-0001-6134-6003


http://www.wired.com/wiredscience/
http://www.wired.com/wiredscience/2010/09/disease-mosquitoes-climate-change-uh-oh/

