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Abstract

Background: Cross-border malariais a significant obstacle to achieving malaria control and elimination worldwide.

Objective: This study aimed to build a cross-border surveillance system that can make comparable and qualified data available
to al partiesinvolved in malaria control between French Guiana and Brazil.

Methods: Data reconciliation rules based on expert knowledge were defined and applied to the heterogeneous data provided
by the existing malaria surveillance systems of both countries. Visualization dashboards were designed to facilitate progressive
data exploration, analysis, and interpretation. Dedicated advanced open source and robust software solutions were chosen to
facilitate solution sharing and reuse.
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Results: A database gathering the harmonized data on cross-border mal ariaepidemiol ogy is updated monthly with new individual
malaria cases from both countries. Online dashboards permit a progressive and user-friendly visualization of raw data and
epidemiological indicators, in the form of time series, maps, and data quality indexes. The monitoring system was shown to be
ableto identify changesin time series that are related to control actions, aswell as differentiated changes according to space and
to population subgroups.

Conclusions: This cross-border monitoring tool could help produce new scientific evidence on cross-border malaria dynamics,
implementing cross-border cooperation for malaria control and elimination, and can be quickly adapted to other cross-border

contexts.

(JMIR Public Health Surveill 2020;6(3):€15409) doi: 10.2196/15409
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Introduction

The Global Technical Strategy of the World Health Organization
(WHO) [1] aimsfor a90% reduction in global malariamortality
and incidence by 2030 in comparison with 2015 levels, notably
by “transforming malariasurveillanceinto acoreintervention.”

However, several obstacles make such a strategy difficult to
apply and the elimination target challenging to reach. One of
them is cross-border malaria [2-7]. Cross-border malaria does
not only refer to the malaria cases that cross international
borders, but a so to all aspects of the disease within cross-border
living territories that require actual cross-border visions.
However, from one country to another, differences are observed
in disease diagnosisand treatment protocol's, the epidemiol ogical
information collected, database structures, information
representations (ie, database attribute names, formats, encoding,
etc), data access protocols and rights, and so forth. Such
differences prevent the border countries from having a shared
and unified view of the cross-border epidemiological situation
and, thus, to jointly design and implement efficient control
actions. Cross-border epidemiological surveillance systemsare
required to overcome such obstacles. One solution is to build
them into existing national systems, when they exist, by ensuring
data interoperability. However, data reconciliation implies
dealing with semantic, structural, and syntactic heterogeneities.
Moreover, the diversity of recipients of the harmonized data
(ie, health actors, health and territory managers, the general
public, etc) challenges the actual and advantageous
dissemination of cross-border harmonized dataand knowledge.
Infact, the potential recipients differ notably intheir objectives,
background knowledge on the disease, technol ogical skills, and
languages.

The French Guiana—Brazil border isan endemic malariaregion
[8]. The Franco-Brazilian cooperation agreement of May 28,
1996, led to the creation of the Joint Commission for
Cross-Border Cooperation between French Guiana and Brazil .
A subworking group has been working exclusively on

http://publichealth,jmir.org/2020/3/e15409/

health-related issues since 2009. Notably, thisresulted in regular
epidemiological data exchanges on malaria between French
Guianese and Brazilian malaria surveillance authorities.
However, differencesin dataformats, update frequencies, spatial
and temporal aggregation units, and nature of information; the
lack of contextual information (ie, metadata) and shared frame
of reference, notably, a cartographic representation; as well as
the limited numbers of recipients of the information on both
sides of the border make such a procedure inefficient in
providing a unified vision of the malaria situation in the
cross-border area. This consequently prevents the design and
implementation of concerted control and elimination actions.

In this context, building a cross-border malaria information
system (CBMIS) is needed. This requires specifying easily
reproducible methods based on explicit data harmonization
rules, free technological solutions, as well as information
representation and dissemination good practices. Moreover,
datavisualization solutionsfor health actors, health and territory
managers, and the general public are necessary to facilitate data
and knowledge dissemination. This paper addresses such issues
by describing across-border system for dataharmonization and
visualization implemented between French Guiana and Brazil.

Methods

Study Area

French Guiana—83,534 km? in areawith an estimated 290,691
inhabitants in 2020 [9]—is a French overseas region located in
the Amazon, South America. French Guiana consists of 22
municipalities, with four of them bordering Brazil: Maripasoula,
Camopi, Saint-Georges de I’ Oyapock (hereafter referred to as
Saint-Georges), and Ouanary. Amapa—142,829 km? in area
with an estimated 845,731 inhabitants in 2019 [10]—is one of
the 27 states, including the federal district, of the Federative
Republic of Brazil. The Amapa state islocated in the Brazilian
Amazon, bordering French Guianato the north (see Figure 1).
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Figure 1. Cross-border area delimitation and administrative structuration of the region.
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For the development of the CBMIS, the cross-border area
between French Guiana and Brazil was defined by the border
municipalities of both countries, which define a coherent and
continuous living territory for local populations (see Figure 1):
for French Guiana, this includes Ouanary, Saint-Georges, and
Camopi, with 201, 4220, and 1828 inhabitants in 2017,
respectively [9]; for Brazil, thisincludes Oiapoque, with 27,270
inhabitants in 2019 [10]. The population living in this areais
distributed over two main urban centers, Saint-Georges and
Oiapoque, as well as in villages mainly located along the
Oiapogue River, adong the BR-156 road in Amapa, and in
territories with restricted access (ie, natural parks on both sides
of the border and the Brazilian Amerindian Territories).

Data Sources and Definition of Cross-Border Malaria
Cases

Concerning French Guiana, anonymized information regarding
individual malaria cases is collected monthly from the
surveillance system of the delocalized Centers for Prevention
and Care (Centres Délocalisés de Prévention et de Soins
[CDPSs]) operated by the Cayenne Hospital, which has been
operating since 2007. Four CDPSs are present in the
cross-border area: in Ouanary, Saint-Georges, Camopi, and
Trois-Sauts (Camopi municipality). In this system, a maaria
case is defined as any positive rapid diagnostic test (RDT) (SD
BIOLINE Malaria Ag Pf/Pan in French Guiana). Such tests
only distinguish P falciparum and non-P falciparum species.
New attacks of malaria (ie, new infections due to new mosquito
bites, to be distinguished from malaria notifications related to
thefollow-up of patients, treatment failures, or P vivax rel apses)
are not explicitly identified in the database. Each patient in the
database is identified by a unique coded identifier.

Regarding Brazil, information on individual malaria cases is
provided by the Malaria Epidemiologica Surveillance
Information System (Sistema de Informagdes de Vigilancia

http://publichealth,jmir.org/2020/3/e15409/
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French Guiana

EpidemiolégicadaMalaria[SIVEP-Maléria]), operated by the
information technology department of the unified health system
(Departamento de Informética do Sistema Unico de Saiide) of
the Brazilian Ministry of Health. Brazil mainly usesthick smear
microscopy, alowing for the identification of all Plasmodium
species and development stages, but also the RDT (SD
BIOLINE Ag Pf/Pf/Pv).

In the Brazilian database, malaria attacks related to follow-up
consultations, treatment failures, and relapses are all referred
to as treatment verification dides (Iaminas de verificacdo de
cura [LVCsg]). A malaria case is considered as an LVC for P
vivax (or for P falciparum) if the patient received treatment
against P vivax (or for P falciparum) within the last 60 days (40
days for P falciparum) [11]. A non-LVC case is considered a
new case. Patients are not identified by aunique coded identifier.
The SIVEP-Malaria supplies anonymized data on a monthly
basis to the CBMIS through a partnership with the Oswaldo
Cruz Foundation (Fundagdo Oswaldo Cruz [Fiocruz]). Database
fields of the French and Brazilian surveillance systemsthat were
considered in the CBMIS are detailed in Multimedia A ppendix
1, Table S1.

A cross-border malaria case was defined as any malaria case
as defined by the national surveillance systems and that was
associated with (1) a notification center, (2) a patient’s
residential address, or (3) a possible transmission location,
located in the previously defined cross-border area.

The two surveillance systems report on the locations of
notification centers, residences, or putative contamination
locations, with respect to predefined and scalable lists of
localities (ie, alocality being either isolated but inhabited places,
villages, or urban neighborhoods), but without systematically
providing their geographical coordinates [12]. Thus,
geographical coordinates of localities were obtained through
various sources. knowledge of the researchers and partners
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involved in the project; OpenStreetMap collaborative project;
National Indigenous Foundation (for Brazilian Amerindian
villages); Google and Bing satellite imagery; and Sentinel-2
satellite images from the European Space Agency, retrieved
from the operating platform (Plateforme d'Exploitation des
Produits Sentinel) of the Sentinel products developed by the
French space agency (Centre National d’ Etudes Spatiales).

Saldanhaet al

Data Harmonization System

Harmonization was aimed at transforming the data from the
two national information systemsin order to make them satisfy
a common harmonized data model; see Figure 2 for a
representation of the global data flow, with the main
harmoni zation steps and the data transfer protocols used.

Figure 2. Overall system architecture and data and information flow. CDPS: Service des Centres Délocalisés de Prévention et de Soins (Department
of the Centers for Prevention and Care); CHC: Centre Hospitalier de Cayenne (Cayenne Hospital); DB: database; Fiocruz: Fundagdo Oswaldo Cruz
(Oswaldo Cruz Foundation); HTTPS: hypertext transfer protocol secure; ICICT: Instituto de Comunicacéo e Informagdo Cientifica e Tecnol6gicaem
Salide (Institute of Scientific and Technological Communication and Information in Health); IRD: Institut de Recherche pour le Dével oppement (French
National Research Institute for Sustainable Development); SFTP: secure shell file transfer protocol; SIVEP-Maléria: Sistema de Informagdes de
Vigilancia Epidemioldgicada Malaria (Malaria Epidemiological Surveillance Information System).
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This common harmonized data model relied, as much as
possible, on existing standards: international standards or, if
not available, national ones or even de facto normative
representations, due to their extensive and consensual use in
the knowledge areas involved in the study. In practice,
harmonization consisted of changesin datatypes (eg, conversion
from string type to integer type for the sex field in the
SIVEP-Maléria database), unit conversions (eg, patient age
conversion from days or months to years), and data
transformations that required more deep knowledge on malaria
surveillance and parasitol ogy, especially regarding Plasmodium
species specification and new malaria case detection. The
information provided by the RDT on Plasmodium species was
more general and was the only information shared by both
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countries. In the harmonized database, Plasmodium species
were  consequently coded as ‘P falciparum,”
“non-P falciparum,” “mixed infection with P falciparum,” or
“Unspecified” (see Multimedia Appendix 1, Table S2, for
details). Eventually, a new attack was defined in the CBMIS:
for data from the SIVEP-Malaria (Brazil), this was defined as
any case notification that isnot an LV C; for datafrom the CDPS
database (French Guiana), this was defined as any P vivax (or
P falciparum) case notification that occurs at least 91 days (41
days for P falciparum) after the last new attack of P vivax (or
P falciparum). In fact, French epidemiologists consider that a
P vivax malaria notification can be considered as a new case if
it occurs more than 90 days after the last contamination [13].
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Unique patient identifiers were used to reconstruct the patient
notification history and to apply this new case detection rule.

Theinitial data representations within the national systems, the
harmonized data model, and associated standards, as well as
the harmonization rules, are provided in Multimedia A ppendix
1, Table S1.

An extract, transform, and load (ETL) process, implemented
by the free software Talend Open Studio for Big Data, was used
to apply al the transformation rules.

Harmonized Data Visualization and Dissemination

To deal with the previously mentioned barriers to information
and knowledge dissemination, progressive accessto information
was implemented using the Shneiderman et a mantra [14]:
“Overview first, zoom and filter, then details-on-demand.”
Dashboards in three languages—Portuguese, French, and
English—accessible to the users via the internet, using any
updated browser on a computer or mobile device, were
developed. The visualization tool has been implemented in two
versions. a general public version, accessible without any
authentication procedure but with restricted functionalities and
data access, and an expert version, accessible through log-in
and password and with full access to master harmonized data
and functionalities. Multimedia Appendix 1, Table S3, details
the functionalities of the two versions.

The visualization dashboards were implemented with the R
package Shiny (RStudio) [15]. They were made accessible
online[16,17]. Accessto dashboardswas also provided through
the Brazilian Climate and Health Observatory [18], more
precisely via the webpage dedicated to the Amapad—French
Guiana surveillance area [19].

http://publichealth,jmir.org/2020/3/e15409/
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Legal and Ethical Considerations

Data on malaria cases are received already anonymized from
the CDPS department and the SIVEP-Maéaria. The CBMIS
ensures the automatic processing of patient-related personal
data and the transfer of these data to the Brazilian partner. This
required the following: (1) the authorization from the French
data protection authority (Commission Nationae de
I'Informatique et des Libertés [CNIL]), which verifies
compliance with the General Data Protection Regulation (EU)
2016/679 (CNIL deliberation No. 2019-025 of 28 February
2019, request for authorization No. 2135363), and (2) the
ratification of the European Union standard contractual clauses
for transfers between two data controllers. In Brazil, al the
actions carried out were authorized as part of the Fiocruz public
health activities, as per the Brazilian free access law 12.527 of
November 18, 2011, and in compliance with law 13.709 of
August 14, 2018.

The compliance with legal requirements demanded a specific
algorithmic development for new case identification in the
French Guiana database, which is detailed in Multimedia
Appendix 1, Figure S1.

Results

The CBMI S hasbeen implemented and updated and harmonized
data are delivered monthly. Data are available starting from
2003 and 2007 for the SIVEP-Malaria Brazilian system and the
CDPS French Guiana database, respectively. Some key
harmoni zed database contents for the common period (ie, since
2007) are presented heregfter.

Figure 3 shows the number of new malaria cases in the
cross-border area as a whole and as a function of the country
of natification.
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Figure 3. Number of new monthly malaria cases reported in the cross-border area from 2007 to 2019: (a) the cross-border area as awhole; (b) cases
recorded in the database of the Department of the Centers for Prevention and Care (Service des Centres Délocalisés de Prévention et de Soins [CDPS))
in French Guiana (FR-GF); (c) casesrecorded in the Maaria Epidemiological Surveillance Information System (Sistema de Informagbes de Vigilancia
EpidemiolégicadaMaléria[SIVEP-Malérial) in Brazil (BR).
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Casesnotified by both countries, globally, presented comparable
dynamics, with a clear seasonality showing a peak between
October and December (ie, at the end of the dry season and the
early beginning of the rainy season). Four main phases can be
distinguished over the total period:

1

January 2007 to June 2013: high but decreasing number of
cases. Figure 3 (b) shows a two-peak epidemic curve in
cases notified in the CDPS database (French Guiana) for
thisperiod, except for theyear 2010. Thesetwo peakswere
associated with different subregions and, to alesser extent,
with different Plasmodium species (see Figure 4). Thefirst
peak (October to November) corresponded with the lower
Oyapock River region (ie, Saint-Georges and Ouanary),
with amagjority of non-P falciparum cases, asseenin Figure
4 (a); the second peak (December to January) corresponded
to the upper Oyapock River region (ie, Trois Sauts and
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Camopi), with amajority of P falciparum cases, asseenin
Figure 4 (b). Moreover, two subphases can be seen during
this period in the cases provided by the CDPS database: a
high and quite stable number of cases in 2007 and 2008
and a significant drop in the number of cases in 2009,
followed by a progressive decrease up to 2013.

July 2013 to December 2016: low number of cases with
relative interannual stability, despite a higher number of
cases in 2015. The year 2013 particularly corresponded to
asignificant drop in the number of P falciparum cases (see
Figure 3).

January 2017 to December 2018: recrudescence of P vivax
Cases.

January 2019: number of cases comparable with the
2013-2016 period, even lower for CDPS data, with a peak
earlier in the year in May, particularly marked in the data
provided by the SIVEP-Maléria (Brazil).
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Figure 4. Monthly reported malaria cases by species at the Centers for Prevention and Care (Centres Délocalisés de Prévention et de Soins [CDPSs])
of (a) Saint Georges de I’ Oyapock and Ouanary and (b) Camopi and Trois Sauts, between January 2007 to June 2013.
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For non-P fal ciparum species, asignificantly higher percentage  respectively. Asthe number of casesbecamevery low in French
of cases related to follow-up, treatment failures, and relapses Guiana in 2016 and 2019, no malaria case was reported for
were identified in the CDPS database (see Figure 5). During some months; for other months, 100% of the cases were
the whole period, the average percentages were 28.7% and associated with follow-ups, putative treatment failures, or
12.7% in the CDPS database and in the SIVEP-Maléria, relapses.

Figure5. Percentages of cases associated with follow-up, treatment failures, or relapses for non-P falciparum cases in the database of the Department
of the Centers for Prevention and Care (Service des Centres Délocalisés de Prévention et de Soins [CDPS]) in French Guiana (FR-GF) and the Malaria
Epidemiological Surveillance Information System (Sistema de Informagdes de Vigilancia Epidemiol6gicadaMalaria[SIVEP-Maléria)) in Brazil (BR).
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In the CDPS database, the percentage of cases associated with  morethan 80% since 2017, asseenin Figure 6 (a). On the other
a place of residence increased from less than 30% in 2007 to  hand, 100% of the new casesfrom the SIVEP-Malaria database
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were associated with a place of residence since 2008, as seen

Saldanhaet al

in Figure 6 (a).

Figure 6. Percentage of malaria cases in the database of the Department of the Centers for Prevention and Care (Service des Centres Délocalisés de
Prévention et de Soins[CDPS)) in French Guiana (FR-GF) and inthe Ma aria Epidemiological Surveillance Information System (Sistemade Informages
de Vigilancia Epidemiol6gica da Malaria [SIVEP-Malaria]) in Brazil (BR) associated with (a) a place of residence; (b) a putative place of infection;
(c) ageolocalized place of residence; and (d) ageolocalized putative place of infection. Putative places of infection were not stored in the CDPS database

before 2017.
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Concerning the putative place of infection of the new cases, the
information has only been stored in the CDPS database since
2017. Such information remained rare and even tended to be
rarer in the CDPS database, passing from about 20% of the new
casesin 2017 to less than 10% in 2019 as seen in Figure 6 (b).
In the SIVEP-Malaria database, such information was much
more present, with more than 80% of the new cases associated
with a possible place of infection since 2015 as seen in Figure
6 (b).

The specific work carried out in this study to geolocalize, or
geocode, localitiesresulted in 100% and 52.4% of geolocalized
localities of the cross-border area for the French Guiana and
Brazilian sides, respectively. However, in the SIVEP-Maléria,
therelatively small proportion of geolocalized localities (52.4%)
had little impact on the number of cases actually geolocalized,
with about 90% and 80% of the cases geocoded since 2015 in
relation with the places of residence and probable places of
infection, respectively, as seen in Figure 6 (c) and (d).

Figure 7 shows an example of a map realized with the
harmonized data of the CBMIS. It represents the numbers of
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new cases asafunction of the places of residence of the patients,
from January 2007 to December 2019, jointly with the
percentage of change in the case numbers between thetwo main
periods previously described: January 2007 to June 2013 and
July 2013 to December 2019. The map shows a significant
decrease in amost the entire cross-border area. The decrease
wasvery significant in the Camopi municipality and in the urban
guarters of the Oiapoque city. The decrease was significant but
lessimportant in the Amerindian communities of the Oiapoque
municipality and in the Saint-Georges municipality. Some
localities experienced an increase in case numbers between the
two periods: the two Amerindian localities Benoa and Trois
Palétuviers, in Brazil and French Guiana, respectively, had a
significant increase from 34 to 84 cases (144%) and 93 to 142
cases (53%), respectively. The Amerindian locality Mangue 11
(Brazil), thelocality Santo Anténio (Brazil), aswell asthe two
Amerindian localities Civette and Miso in the Camopi
municipality (French Guiana) experienced a nonsignificant
increase in regard to the total number of cases.

JMIR Public Health Surveill 2020 | vol. 6 | iss. 3| e15409 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Sadanhaet d

Figure 7. Number of reported malaria cases as a function of patients’ places of residence. Triangles with apexes oriented to the right correspond to
Brazilian localities; triangles with apexes oriented to the left correspond to French localities. The triangle size is a function of the case number. The
triangle color isafunction of the percentage of change in the case number between the following two periods: January 2007 to June 2013 and July 2013

to December 2019.
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Discussion

Principal Findings
The results showed the potential of the CBMISfor the analysis

of cross-border malariadynamics, in both space and time. Such
asystem also allowsfor pointing out similarities and differences
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in the epidemiological situations of both countries. As it is
shown hereafter, such similarities and differences can be
interpreted in terms of control strategies. In the following
paragraphs, methodological aspects of the proposed approach
and the previoudly presented results are discussed. However,
specific and deep investigations of cross-border epidemiological
issues are out of the scope of this paper.
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Definition of Cross-Border Malaria Cases

Human mobility isan important issue when considering border
regions [2]. By differentiating between places of residence,
notification, and infection, the CBMIS allows an estimation of
internal and external flows in the area and facilitates the
identification of autochthonous and imported malaria cases.
Such differentiation also allows for conducting studies from
different viewpoints, notably on environmental determinants
of the transmission, population profiles, identification of spatial
clusters of malaria cases, provision of and access to care, and
activity level of health infrastructures.

General Harmonization Strategy

The chosen approach relies on current national health system
data reconciliation and does not require any previous system
modifications. Such an approach is comparable to the one in
Dell’Erba et al [20], which was developed for the domains of
travel and tourism information systems and data, or Zinszer et
al [21] for malaria data integration. This approach is likely to
facilitate the participation of surveillance agencies in the
development of a CBMIS, whereas these agencies would be
“reluctant to abandon their own data schemata in favor of a
standard schema supplied by someone else” [20]. In that sense,
the proposed approach differsfrom recommendations provided
in D’Agostino et a [22] to facilitate data sharing in public
health, which include the devel opment of regional frameworks
that “ can be adopted or adapted by each country through national
or subnational policies’ as a prerequisite for the realization of
datainteroperability.

In Al Manir et a [23], the authors developed a set of services
to query multisource heterogeneous malaria-related data using
standard terminologies and rules to match database fields and
controlled vocabularies. They illustrated the functioning of the
system by answering thematic questions provided by the Uganda
Ministry of Health and by querying two data repositories: the
Scalable Data Integration for Disease Surveillance platform
[21] and the Global Malaria Mapper from the WHO, now
integrated into the Global Health Observatory data [24]. The
system was not designed to provide and visualize comparable
and qualified raw epidemiological data as in this study.
However, it can automatically identify any change in source
databases and provides tool s to reconfigure the system in order
to maintain itsintegrity, unlike our method. Such functionality
would be of interest in applying the approach proposed in this
article to alarge number of surveillance systems.

Data Completeness, Quality, and Limitations

In French Guiana, CDPSs are not the only malaria notifiers.
Nevertheless, given the care pathway of the people living in or
frequenting the three border municipalities, the quasi-totality
of the malaria cases is retrieved by the system. On the other
hand, the three French Guiana border municipalities have only
been reporting putative places of infection since 2017, and alot
of missing dataare associated with thisfield. Asaconsequence,
some malaria cases can be omitted by the system if their
notifications and places of residence are out of the cross-border
area, but the putative places of infection would belong to it.
However, we can expect such a humber to be negligible. In
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Brazil, the legal Amazon, whose malaria cases are reported in
the SIVEP-Malaria, accountsfor morethan 99% of the Brazilian
malariacases[25,26]. In conclusion, the CBMISreportsreliably
on the number of cases within the cross-border area.

Some database attributes exhibit alot of missing data. Among
them, the putative place of contamination, and to alesser extent
the place of residence, is by far the least informed in the CDPS
database. However, the information on putative places of
contamination has been collected for a long time in French
Guiana and has been used for malaria control. The
epidemiological bulletins on malaria in French Guiana,
published by the national agency for epidemiological
surveillance (Santé Publique France), reported that, for the
whole French Guianaareaand the period between January 2017
and September 2019, the suspected place of contamination is
known for 76.9% of cases on average, with a globa upward
trend (minimum of 54.4% for the first trimester of 2017,
maximum of 87% for the first trimester of 2019) (see
Multimedia Appendix 1, Table $4). These numbers are
comparable with those on the Brazilian side and considerably
contrast with those previously shown for French Guiana. In
fact, when the CDPS transmits the information on new malaria
casestothelocal health surveillance authority, the latter requests
that the vector control service of the French Guiana territorial
collectivity carry out intradomiciliary insecticide spraying and
to investigate the context of contamination, in particular, the
putative place of contamination. There is currently no
back-feeding of the CDPS database with the collected
information, which should be considered in the future.

It is worth noting that, despite the difficulties encountered in
geocoding al localities on the Brazilian side, the great majority
of the new cases reported in Brazil are finaly geocoded
according to their residence and the place of infection. In fact,
only very small localities, and localities that no longer exist,
that are associated with very low numbers of cases could not
be geocoded. However, efforts are continuing to reach the target
of 100% geocoded localities on the Brazilian side.

Some of the missing information in the harmonized database
may be due to inadequate coding of the information at the time
of notification. However, al possible errors cannot be
anticipated and considered within an automatic processing
framework unless a highly specific system is built, the
functioning of which may become difficult to understand and
maintain. The strategy chosen for the CBMIS is instead to
provide quality indicators, especially relative to missing
information, in order to (1) provide users with the primary
interpretation keys in order to let them decide whether an
information item is significant or not and (2) give feedback to
health actorsin charge of surveillance, to allow them to identify
surveillance system weaknesses and improve their practice.

The far more difficult point is the interpretation biases derived
from differencesin country surveillance cultures and practices.
Some of these differences are not surmountable, and the
harmonization requires making choices and compromises, as
with the new attack notion discussed above and in Multimedia
Appendix 1. Here again, the solution lies in clarifying these
differences and the implemented harmonization rules.
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Multimedia Appendix 1 gathers complementary discussion
points that can help inform interpretation of the harmonized
data. Eventualy, for complementary knowledge on
SIVEP-Maléria data quality, readers are encouraged to refer to
existing publications on the subject [12,27].

Method Reproducibility

The entire devel opment of the harmonization and visualization
applicationswas carried out with the constant concern that they
can be easily and rapidly implemented in other cross-border
contexts.

This was ensured by satisfying standards and using existing
dedicated and open source tools for data harmonization and
visualization. Moreover, the objects of study (ie, patient,
consultation, locality, etc) and their properties were formalized
by an application knowledge model that currently takes two
forms: a dump of the database structure in Structured Query
Language (SQL) for its implementation within a database
management system such as PostgreSQL, and an ontological
formalization in Web Ontology Language (OWL) [28] that
enables the knowledge model to be represented according to
web data standards and thus ensures its dissemination and reuse
by other projects and platforms. Future work will focus on
updating and enriching this ontology.

The French Guiana—Brazil cross-border area proved to be an
excellent laboratory for the cross-border malaria surveillance
issue. It gathers all the specific characteristics of cross-border
territories, which make the cross-border malaria issue a major
obstaclefor the elimination of the disease[2]. The characteristics
areasfollows: ahigh diversity of cultures, activities, lifestyles,
and languages among the populations; different conceptions,
strategies, and means of surveillance, prevention, and control
of the disease from one country to another; difficulties in
following up with some populations due to their high mobility
and possible situations of illegality (ie, undocumented people,
illegal activities, etc); and marginalization of border areas with
respect to national territorial management and implementation
of national public health policies. Moreover, the existing
national surveillance systems present significant systemic,
syntactic, and semantic differences, and both countriesimpose
different and constraining legal requirements. All the previously
listed features make the study area representative of situations
we are likely to encounter elsewhere, especialy at the
international borders of the Brazilian Amazon.

All of the above ensures reproducibility of the method. In fact,
the approach was successfully tested at the border between
Colombia and Brazil, where a similar monitoring system is
currently being devel oped.

Cross-Border Malaria Dynamics

Interannual dynamics of malaria case numbers result from a
conjunction of multiple factors, and it is difficult to state which
one is predominant. However, afew suggestions can be made.
Thus, theuse of RDTsand theintroduction of artemisinin-based
combination therapies from 2007 in the CDPSs of French
Guiana can explain the drop in cases in French Guiana from
2008 [29]. Moreover, in 2008 with the start of the military
operation Harpie, which followed operations Anaconda and
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Toucan, the French army significantly increased pressure on
illegal gold mining in French Guiana, expelling more illegal
workers, mainly to Brazil, and tending to make illegal gold
mining unprofitable. Although thereis adelay of oneyear, this
may partly explain the drop in the number of cases reported in
French Guiana from 2009 onward, since the gold-miner
population represents one of the major Plasmodium species
reservoirsin French Guiana[30,31].

In 2012, a binational campaign of distribution of long-lasting

insecticide-treated mosquito nets (55 mg/m? concentration of
deltamethrin) was carried out on both sides of the French
Guiana—Brazil border, co-conducted by the regional health
agency of French Guiana (Agence Régionale de Santé de la
Guyane) and the health secretariat of the municipality of
Oiapogue in Brazil. This may have contributed to the drop in
P falciparum cases from 2013.

The recrudescence of the case numbers in 2017 and 2018 is
moredifficult to explain. In fact, such arecrudescence concerned
five countries of the Americas according to the Pan American
Health Organization [32]: Brazil, Ecuador, Mexico, Nicaragua,
and Venezuela. Brazil reported 174,522 cases between January
and November 2017 (ie, 56,690 cases more than for the same
period in 2016, which represents a 48% increase) [32]. The
Amapa state, meanwhile, has seen the number of casesincrease
by 23%. French Guiana experienced a significant increase of
malaria case numbers for the same period, especidly in the
municipalities at the border with Brazil [33].

The low number of cases in 2019 can be partly explained by
concomitant action-research projects, even if their impacts have
gill to be evaluated. In 2017 and 2018, the
ELIMALAR-PALUSTOP (Elimination of Malaria — Stop
Paludisme) project performed an active Plasmodium species
mass screening by molecular biology—polymerase chain
reaction method—among 1566 inhabitants of the Saint-Georges
municipality, followed by the treatment of all symptomatic and
asymptomatic cases. This should have contributed to the
decrease of transmission in this cross-border area. In addition,
in 2018 and 2019, the French-Brazilian Malakit project
distributed self-diagnosis and self-treatment kits to the gold
minersin this cross-border area[34].

Differencesin follow-up protocols between French Guianaand
Brazil can explaintherelatively high number of cases associated
with follow-up, possible treatment failures, and relapses in
French Guiana. The Brazilian health system involves community
health workers who visit patients and help with compliance
with treatment. On the other hand, in French Guiana, the health
system does not benefit from the action of community health
workers. Moreover, Brazil systematically gives primaquine to
patients with P vivax—except for specific cases including
pregnancy—which significantly reduces the risk of relapses,
whereas prior glucose-6-phosphate dehydrogenase testing is
required in French Guiana, which tendsto restrict and delay the
use of primaquine[33,35]. Thissituation makes French Guiana
more likely to observe P vivax relapses than Brazil. In Brazil,
patients with good compliance do not experience relapses; in
addition, their follow-up does not require consultations at the
health centers and does not generate new notifications in the
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Brazilian system. Eventually, such differences can be explained
by the fact that the rule for the non-P falciparum new case
identification impliesalonger delay in French Guiana (90 days)
than in Brazil (60 days) (see Methods section and Multimedia
Appendix 1).

International Cooper ation

Partnership was a key factor in the success of the CBMIS
development. In fact, an operational multilevel—from local
health actors to national organizations—and multidisciplinary
partnership, including data science, information systems,
epidemiology, parasitology, geography, and geomatics, has
been strengthening for about eight years within the framework
of several research and regional cooperation programs. Such a
partnership is able to mobilize skills and know-how to study
other cross-border contexts. The co-construction of the system
with all partners ensures its appropriation by health actors so
that the system can actually enter into the practice of
surveillance and ensure targeted and coordinated public health

Saldanhaet al

Conclusions

We propose a system that provides comparable and qualified
dataon the cross-border malariaepidemiological situation. The
system isbuilt on technological advances and existing national
monitoring systems. Implementing such a system required the
application of development good practices, some of which are
compulsory, such as those related to privacy, while others
contribute to the easy and regular updating of data, facilitate
the method’s reproducibility, and ensure confidence in the
system, thus ensuring the appropriation of results by user
communities.

The resulting system is accessible to territory managers,
caregivers, researchers, and the general public. The system can
notably help in producing new scientific evidence on disease
dynamics and determinants, facilitate cross-border cooperation
regarding malaria prevention and control, and contribute to
citizens' informed participation in public debate and in public
authority accountability, in order to achieve malariaelimination.

responses from both countries in order to achieve maaria
elimination.
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Harmonization rules and algorithm (Tables S1 and S2; Figure S1); online dashboard description (Table S3); and percentage of
cases with a specified putative infection location in French Guiana, according to epidemiological bulletins of the interregional
epidemiology unit of French Guiana (CIRE [Cellule Inter-Regional d Epidemiologie; Inter-Regional Epidemiological
Center]-Guyane/Santé Publique France) (Table $4).
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