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Malaria continues to spread in most regions
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Malaria is on the rise in northeastern Cambodia, where villages are expanding.

Malaria’s ticking time bomb

Scientists are racing to stamp out the disease in southeast Asia before unstoppable strains spread.

By Amy Maxmen
Photography by Adam Dean for Nature



Malaria by numbers: global and regional malaria burden

In 2016, there were 216 million cases of malaria in 91 countries, 5 million more than
the 211 million cases reported in 2015. This marks a return to 2012 levels.

Malaria continues to claim a significant number of lives: in 2016, 445 000 people died
from malaria globally, compared to 446 000 estimated deaths in 2015.

Children under 5 are particularly susceptible to malaria. The disease claims the life of
a child every 2 minutes.

Fifteen countries — all but one in sub-Saharan Africa — carry 80% of the global
malaria burden.

Estimated malaria burden by WHO region in 2016

WHO REGION MALARIA CASES MALARIA DEATHS
African | 194 million 407 000
Americas . &m’0o0 650
Eastern Mediterranean | 43miion | 800
South-EastAsia | 146milion | 27000
Western Pacific | 16milion 3300

7%, World Health
Organization

World 216 million 445 000




COLLECTION REVIEW
malERA: An updated research agenda for
malaria elimination and eradication
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. Ongoing malaria transmission
@ 21 countries with the potential to eliminate malaria by 2020

@ Countries certified as malaria-free since 2007

Fig 1. Map of 21 countries with the potential to eliminate malaria by 2020. There are 91 countries and territories with ongoing malaria
transmission [9]. An analysis by WHO has identified 21 countries with the potential to eliminate by 2020: Algeria, Belize. Bhutan, Botswana, Cabo
Verde, China, Comoros, Costa Rica, Ecuador, El Salvador, Iran (Islamic Republic of), Malaysia, Mexico. Nepal, Paraguay, Republic of Korea,
Saudi Arabia, South Africa, Suriname, Swaziland, and Timor-Leste [10]. Countries and territories that have been certified malaria-free since 2007
are the United Arab Emirates (2007}, Morocco (2010), Turkmenistan (2010), Armenia (2011), Maldives {2015}, Sri Lanka {(2016), and Kyrgyzstan
{2016) [2,10]. Argentina and Paraguay have formally requested certification of malaria elimination and are in the process. Note that not all countries
that have achieved zero indigencus cases for 3 consecutive years have sought certification from WHO. Map base vecior created by Freepik.

https://doi.org/10.1371/journal pmed.1002456.g001




Project overview

Integrating socioeconomic and healthcare data to combat malaria

v Phase I: November 2016 - October 2018
v Focus on i) data aggregation and ii) epidemic forecasting.

Q / Coverage: 2003-2018 % / Coverage: 2003-2018
== . Records: 5,340,564 == ./ Records: 1,004
SIVEP v Attributes: 52 SIM v Attributes: 37
v Coverage: 2003-2018 v Coverage: 2003-2018
v Records: 46,170 v Records: 5,570
SINAN Y Attributes: 20 Climate Y Attributes: 5
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Unified Database of Malaria Notifications
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Variables aggregated by \
Gender
Race e Notification system
Schooling level e Diagnosis
Type of parasite e Treatment
Age group e Health zone
Symptoms e Federation unit
Pregnant? e Municipality

Examination result
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Visual analytics tool
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http://200.128.60.86:3838/shiny integracao/
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INTEGRATING SOCIOECONOMIC, CLIMATIC AND HEALTH DATA TO COMBAT
MALARIA

A Malaria ainda é um grande problema de saude publica mundial. A Organizacao Mundial da Saude (OMS) quer
aumentar os esfor¢os globais de preven¢ao da doenga para salvar vidas. Segundo relatério da OMS langado em
2016, os casos notificados e as mortes por Malaria no mundo reduziram em 41% e em 62%, respectivamente, entre
2000 e 2015. A agéncia calcula que os numeros revisados deste relatorio podem mostrar que 6.8 milhoes de vidas
foram salvas por causa de medicamentos, tratamentos e mosquiteiros. A estratégia global da OMS para a Malaria
entre 2016 e 2030 determina uma reducao de pelo menos 90% dos casos da doenca em 35 paises. O plano quer
também prevenir a reintroducao da Malaria em todos os paises considerados livres da doenca. Mas apesar dos
avangos conquistados até agora, a doenga continua sendo considerada uma grande ameaca a saude publica

Tal doenga ainda possui altos indices de incidéncia no Brasil, especialmente na regiao da Amazonia, onde as
condigdes ambientais favorecem a proliferacao do mosquito. Para erradica-la, o governo brasileiro criou, através da
Lei~4.709, de 6 de setembro de 1965, a Campanha de Erradicacao da Malaria (CEM), baseada na a¢ao intradomiciliar
de aplicacao do dicloro-difenil-tricloroetano (DDT) contra os anofelinos transmissores. Esta acao foi capaz de
eliminar a Malaria de extensas areas do territorio brasileiro, a exce¢ao da Amazonia, onde o mesmo procedimento
nao pode ser aplicado. Hoje, 99% dos casos notificados de Malaria se encontram na Amazonia.
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» Base de dados

Dicionario de dados

il Mineracao de dados bl Mineracao de dados
¥ CIaLay U Ualus

M Mineracao Visual de dados < Lﬂ Mineraqéo Visual de dados ™

|||| -
2 |

|#” Estatistica T
||||

v l#” Operacional
L

’ Analytics
il

|~ Operac onal

Operacional

Analytics




Malaria GCE
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Malaria GCE

@ Informacoes Gerais

Input Grafico de controle
»  Basededados Select the Variable: cco0 Feb, 2012: total_soma: 7284
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il Mineracao Visual de dados v Visual analytics

Collect Search Visualize
& & &
Transform Analyze Manage

@ -—’2—"‘

logstash elasticsearch  kibana



Total casos por resultado exame

4,783,335 1,098,721 73,116

VIVAX - Total casos FALCIPARUM - Total casos MISTA - Total casos
999 - Total casos OVALE - Total casos
Total casos por raca e sexo ) Total casos por gestante e sintoma
oM . @SV
— oF ®NAO
@999 5,000,000 @999

PARDA -

INDIGENA -

Raga x Sexo

BRANCA |

Total casos

PRETA -|

AMARELA -|

(
SIM

Total casos gestante.keyword: Descending



Guyana

.Colombia Suriname

+
(5

.ﬂ
Ecuador?

A Colombia

Paraguay ! "S__;‘:‘\}’ !




Total casos por Estado

Estado.keyword: Descending ~
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Total casos por sexo e faixa etaria
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Total de casos por pais de infeccao e resultado exame
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Distribuicao de total de casos de malaria por Municipio
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il Mineracao Visual de dados v Visual analytics

Shiny

by RStudio




IPA - Annual Parasitic Index
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Dec, 2007: VIVAX: 22452
FALCIPARUM: 4649 MISTA: 303

Analise Temporal

Time Series
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Pilot study - Manaus (AM)

* Focusing on:
» vector control

* how to engage public health
agents to improve data
collection about vector-related
data (laboratory, spraying
zones, hotspots, and spas)

e encourage other
municipalities to do the same.



Pilot study - Manaus (AM)

MALARIA

v Laboratory

Hotspots
Records: 325
Attributes: 26

- v Records: 75
— :
s v Attributes: 11
=

Vector control

(2016-2018) v Spas
v Records: 45
v Attributes: 19

Spraying zones
Records: 80
Attributes: 15




Example: hotspots (breeding sites)

“ LATITUDE
1 -3.018670
2 -3.020630
3 -3.020610
4 -3.023880
5 -3.022930
6 -3.023840
7 -3.023840
8 -3.024320
9 -3.007430
10 -3.007470
11 -3.007890
12 -3.007740
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~
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SITIO DO LABIBI - 31501003



Example: heatmap

|¥ Malaria
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[ | Borrificacdo

|_| Laboratério
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NO_INFO

POSITIVO

Getmapping, Aerogrid, IGN. IGP, UPR-EGP. and the GIS User Community




Example: multilayer visual mining

b v malaria
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Predictive analytics

* Test ensembles of machine and deep learning algorithms over malaria data

* Predict the number of cases reported monthly by municipality to assist in
surveillance and control actions

* Available attributes: Demographics / Environmental / Climate /
Socioeconomic
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Comparacao accuracy - Careiro - AM

Pilot study - Manaus (AM)

MLP

Comparacao accuracy - Manaus - AM

Random Forest
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Random Forest

Comparacao accuracy - Barcelos - AM
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Pilot study - Manaus (AM) -

Manaus - Prediction of Number of Monthly Cases
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Existing results
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Next steps #, cidacs
v/ Moving to Phase Il: 2019-2020
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v Focusing on a set of case studies to generate i) routine tools for MEDICINE &
malaria surveillance, and ii) evidences for policy making.
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v Case study #1: real-time data collection + alert system (Red Flag)
v Case study #2: imported x autochthonous cases (Roraima state)

v Case study #3: evidence-targeted predictive analytics
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Case study #1: real time data collection and alert system (Red Flag)
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REVIEW Open Access

Malaria in Brazil, Colombia, Peru @
and Venezuela: current challenges in malaria
control and elimination

Judith Recht”"®, André M. Siqueira’®, Wuelton M. Monteiro®, Sonia M. Herrera®, Socrates Herrera*
and Marcus V. G. Lacerda®®
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Fig. 2 Confirmed malaria cases 2011-2015. Number of confirmed
malaria cases in Brazil, Colombia, Peru and Venezuela are shown per
1000 population Data from [1]
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