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Title in English

“An integrated approach to epidemic intelligence: the importance of pluridisciplinary
collaborations in the framework of the development of methods to collect and analyze health
data”

Summary

In response to the growing threat of emerging infectious diseases, several countries have
implemented epidemic intelligence activities to complement traditional surveillance systems.
Epidemic intelligence is the process of early detection, verification, analysis and reporting of
health events in order to recommend publish health measures. In addition to indicator-based
surveillance, it also relies on event-based surveillance and the use of both official and unofficial
information sources to improve the early detection of potential health threats.

Through two case studies of tool development (PADI-web and OpenESSENCE), | illustrate
examples of pluridisciplinary collaborations between computer scientists, epidemiologists and
local health agencies to ensure the co-design of automated data collection and analysis tools in
the context of the online media monitoring for animal health in France (PADI-web) and the
enhanced electronic surveillance for human mass gatherings in the Pacific (OpenESSENCE). These
developments aimed to mobilize generic and automated tools in a pluridisciplinary and One
Health approach to improve the early detection and alerting of health threats.

Through two case studies analyzing epidemic intelligence data (spatio-temporal analysis and
spread rate modelling), | highlight the integration of expert knowledge and innovative
methodologies to better characterize disease threats and inform risk analyses using a
pluridisciplinary approach. Strengthening the links between epidemic intelligence and risk analysis
provides real-time data on the epidemiological situation and improves disease knowledge to
adapt and target epidemic intelligence systems.

With the emergence of three novel coronavirus in the past two decades, there is a strong need
for an integrated approach to epidemic intelligence involving cross-border collaborations in a One
Health context to promote the pooling of pluridisciplinary data, expertise and tools through a
common strategy. The monitoring of weak signals and genetic information can help improve the
timely detection of the emergence of unknown pathogens.

The integration of new sources of information and innovative technologies into existing epidemic
intelligence systems can form the basis for an enhanced risk detection, monitoring and
assessment platform. Mathematical models can identify environmental and socio-economic
drivers of disease emergence and spread to facilitate the surveillance and prediction of future
outbreaks. The implementation of an integrated approach should extend beyond scientific
disciplines to bring together scientists, health professionals, governmental agencies and private
stakeholders to implement contextualized and collaborative actions that foster a pluridisciplinary
culture across human and animal interfaces.

Keywords: epidemic intelligence, early detection, infectious diseases, integration,
pluridisciplinary



Résumé

Malgré une amélioration des systéemes de surveillance et des avancées technologiques et
scientifiques, la menace des maladies infectieuses émergentes continue de s’accroitre. Dans le
contexte actuel de changements globaux et de mobilité accrue des personnes, animaux et des
biens, les systemes de surveillance traditionnels basés sur la surveillance d’indicateurs ne suffisent
plus pour assurer une détection précoce des émergences et de la propagation de foyers infectieux,
particulierement dans le cas d’agents pathogenes inconnus. Pour faire face a cette menace, de
nouvelles approches telles que la veille sanitaire et I'intégration des données non-officielles ont
été développées pour améliorer la performance des systemes de surveillance et permettre aux
autorités d’anticiper les menaces liées aux maladies infectieuses émergentes.

La veille sanitaire (également appelée intelligence épidémiologique d’apreés la traduction du terme
anglais « epidemic intelligence ») est le processus de collecte, de vérification, d’analyse et de
communication de toute information permettant la détection, la vérification, I'évaluation et
I'investigation de dangers sanitaires dans un but d’alerte précoce (source : OMS).

La veille sanitaire intégre des informations provenant de deux composantes complémentaires : la
surveillance basée sur des indicateurs (SBI) et la surveillance basée sur des événements (SBE). La
SBI est fondée sur la surveillance en continu d’informations structurées récoltées par des systémes
de surveillance routiniers. La SBE se base sur la détection d’événements sanitaires inhabituels a
travers le suivi de sources d’information non structurées qui peuvent étre officielles ou non-
officielles (ex : médias, communication personnelle).

Le processus de la veille sanitaire comprend cing étapes : la collecte, le tri, la vérification, I'analyse
et la communication d’informations concernant de potentielles menaces sanitaires afin d’alerter
les autorités sanitaires et de pouvoir fournir des recommandations de mesures de lutte efficace.
Chaque étape de ce processus se fait en étroite collaboration avec un réseau pluridisciplinaire
d’experts nationaux et internationaux, pour assurer la vérification et l'interprétation des
événements sanitaires détectés.

Un exemple de systéme de veille sanitaire est le dispositif « Veille sanitaire internationale » (VSI)
de la Plateforme d’épidémiosurveillance en santé animale (ESA), que j’ai animé en réseau avec
d’autres acteurs de la santé animale en France dont I’Anses. La Plateforme ESA a été créée en
octobre 2011 et associe les principaux acteurs de la santé animale : Etat, scientifiques,
organisations d’éleveurs, de chasseurs, de vétérinaires et de laboratoires d’analyse. Cette
plateforme vise a améliorer I'efficience de la surveillance a travers notamment la mise en place
de synergies entre recherche et surveillance, ainsi que le développement, I'amélioration et la
promotion de différents dispositifs de surveillance.

La veille sanitaire internationale (VSI), et notamment la détection précoce de I'émergence et de
la propagation d’agents pathogénes au niveau mondial, est I'un des maillons permettant de
prévenir I'introduction en France de dangers sanitaires. L'intégration de la nouvelle thématique
VSI au sein du programme d’activité de la Plateforme ESA a ainsi été décidée en janvier 2013. La
VS| a pour objectif la détection, la vérification et I'interprétation d’événements inhabituels au
niveau international pouvant diffuser et présenter un caractére de gravité pour la santé animale
en France. Elle produit des informations sanitaires validées et interprétées a des fins d’évaluation
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du risque, de gestion du risque et d’information des professionnels de santé. Les signaux sanitaires
détectés et analysés par la VSI proviennent de sources officielles (ex : bases de données de
notifications et rapports de I'OIE, la Commission européenne et de la FAO), mais aussi des sources
non officielles, de natures diverses, telles que les médias ou des communications obtenues a
travers un réseau d’experts nationaux et internationaux. La VS| participe également au
développement d’outils permettant d’améliorer la performance du dispositif a travers, par
exemple, la collecte automatisée d’informations a partir de médias sur internet ou la modélisation
de la vitesse de propagation d’agents pathogénes infectieux.

Dans le cadre de problématiques de santé qui sont a la fois complexes et trans-sectorielles, la
pluridisciplinarité est un enjeu majeur de la veille sanitaire qui permet d’adopter une approche
globale et intégrée de la surveillance des risques sanitaires. Elle permet de disposer de visions
complémentaires et polyvalentes de la problématique pour en assurer une meilleure
compréhension. L'intérét d’'une approche pluridisciplinaire est illustré dans ce manuscrit par
quatre cas d’étude répartis en deux chapitres, 'un basé sur I'amélioration de la collecte de
données pour alerter et I'autre sur I'analyse de données pour caractériser et prédire.

Les deux premiers cas d’étude (chapitre 3) présentent deux outils, PADI-web et OpenESSENCE,
développés dans le cadre d’'une approche pluridisciplinaire visant a améliorer la détection et
I'alerte précoce de dangers sanitaires dans des contextes de santé animale et de santé humaine.

L’outil PADI-web (« Platform for Automated extraction of animal Disease Information from the
web ») est un outil de veille automatisée des médias électroniques qui se base sur des techniques
innovantes de fouilles de texte. L’outil identifie des articles de médias en ligne en utilisant une
liste prédéfinie de mots clés qui peuvent étre spécifiques (hom de maladies) ou non spécifiques
(liste de syndromes ou d’hotes). PADI-web a été développé pour la VSI de la Plateforme ESA afin
d’améliorer la détection précoce d’événements sanitaires a partir de données non officielles et
non structurées disponibles sur internet. Les experts en veille sanitaire de la VS| ont été inclus des
les premieres étapes du développement au groupe comprenant des chercheurs en sciences
informatiques et en épidémiologie, afin d’assurer une co-conception de I'outil pour qu’il réponde
aux besoins des utilisateurs et que ces derniers puissent se |'approprier plus facilement et
durablement.

Dans le contexte de crise sanitaire et de mobilisation d’outils existants, PADI-web a été utilisé pour
identifier les premiers articles médias traitant de I'’émergence de la COVID-19 en Chine en
décembre 2019, et en comparant cette détection précoce a deux autres outils de biosurveillance
gue sont HealtMap et ProMED. Outre la précocité de la premiere détection, les termes utilisés
dans ces premiers articles médias ont été analysés pour mieux caractériser le vocabulaire en lien
avec des phénomeénes émergents encore inconnus. Cette étude a montré que I'outil PADI-web
était tout aussi efficace que d’autres outils de biosurveillance internationaux et donc
suffisamment générique pour pouvoir étre utilisé dans un contexte One Health. Les résultats ont
aussi permis d’identifier le vocabulaire le plus adapté a détecter un phénomene de nouvelle
émergence d’'un agent pathogéne inconnu. En intégrant ce nouveau vocabulaire, les outils de



biosurveillance seront un atout considérable dans la détection précoce de nouvelles menaces
sanitaires, en complément des systemes traditionnels basés sur la surveillance d’indicateurs.

L'outil OpenESSENCE est un outil dont l'utilisation s’inscrit dans le cadre du programme mis en
place par la Communauté du Pacifique (CPS) afin de renforcer la surveillance syndromique mise
en place lors de rassemblements de masse organisés dans le Pacifique. Ces événements (religieux,
socio-culturels, sportifs ou autre) rassemblent un nombre important de personnes et risquent de
peser lourdement sur les ressources du systeme sanitaire local en termes de planification et
d'action. A travers les fortes densités de personnes qu’ils génerent, ces événements augmentent
considérablement le risque d’introduction et de propagation d’agents pathogenes infectieux, ainsi
gue leur exportation dans d’autres régions au retour des participants dans leur lieu de résidence.
La surveillance électronique des maladies permet de réduire les délais en termes de collecte,
d’analyse et de communication d’information sanitaire, particulierement dans des contextes de
ressources limitées, et d’'améliorer ainsi I'alerte précoce et le contréle des maladies infectieuses.
L'outil OpenESSENCE, développé en collaboration avec des chercheurs de I'Université de Johns
Hopkins, permet la collecte, I'analyse et la consolidation de rapports de maniére centralisée et
électronique, donc un gain de temps significatif dans la production journaliere de rapports pour
les autorités sanitaires et organisateurs de I'événement. Le deuxiéme cas d’étude présente
I'utilisation de cet outil pour le renforcement de la surveillance pour les Jeux de la Micronésie qui
ont eu lieu a Pohnpei en juillet 2014. L'outil a été adapté a I'’événement par une équipe composée
d’informaticiens, de programmateurs, d’épidémiologistes et d’experts en veille sanitaire, et des
autorités gouvernementales locales, permettant ainsi la formation du personnel de santé,
I"appropriation de I'outil par les autorités sanitaires locales, et le renforcement durable des
capacités locales en veille sanitaire.

Ces deux cas d’étude illustrent I'intérét de I'automatisation des méthodes utilisées a différentes
étapes du processus de veille sanitaire, de la collecte a I'analyse et la conception de rapports
permettant la dissémination d’information validée et analysée. Toutefois, I'intervention humaine
demeure indispensable pour valider et interpréter ces informations afin de mieux formuler les
recommandations de mesures de controle qui pourraient en découler. L’intégration
pluridisciplinaire peut concerner différentes disciplines scientifiques dans le cadre de la recherche,
mais également l'inclusion des utilisateurs tels que les professionnels de santé en charge de
I’opérationnalité des systémes de veille sanitaire. Au-dela des professionnels de santé, inclure les
parties prenantes et les décideurs permet de donner un appui plus solide a la prise de décision
des politiques et de les sensibiliser aux enjeux.

Dans le chapitre 4, I'importance d’une démarche pluridisciplinaire est a nouveau illustrée par deux
cas d’étude présentant des méthodes d’analyse de données de veille sanitaire visant a caractériser
les dangers sanitaires pour alimenter les analyses de risque et les modéles de prédiction.

La premiéere étude présente I'analyse spatio-temporelle de la circulation de la dengue, du
chikungunya et du Zika dans les pays et territoires insulaires du Pacifique de 2012 a 2014. Cette
étude a été réalisée par la CPS avec des données de circulation de dengue, chikungunya et Zika
dans le Pacifique de janvier 2012 a septembre 2014, dans le but d’analyser une possible évolution
de I'épidémiologie de ces arboviroses dans la région. A travers une série temporelle et une carte



de la localisation des épidémies et de circulation (= lorsque des cas sont déclarés sans qu’il n'y ait
de mention d’une épidémie par les autorités locales) des trois arboviroses, I'étude a confirmé
I'intensification de la circulation des trois arboviroses a I'échelle régionale, avec la réémergence
du chikungunya en 2011 et I'’émergence du Zika en 2013 dans la région, ainsi qu’une augmentation
de la co-circulation de plusieurs sérotypes de virus de la dengue. Cette derniére constatation
représente un changement dans I'épidémiologie de la dengue dans le Pacifique, qui était jusque-
la marquée par la circulation d’un sérotype dominant ensuite remplacé par un nouveau sérotype
introduit et se propageant a travers la région sous forme de vague épidémique. Cette propagation
en vagues épidémiques est caractéristique d’une épidémiologie insulaire, marquée par un
isolement géographique, une importante mobilité et la présence de plusieurs espéces de vecteurs
d’arboviroses, ce qui augmente le risque d’épidémie. L'étude présente aussi une carte de
distribution des principales especes vectrices de moustiques Aedes présentes dans la région. Cette
étude a été réalisée dans une démarche pluridisciplinaire rassemblant des épidémiologistes, des
microbiologistes et des entomologistes afin de mobiliser plusieurs expertises complémentaires
pour mieux caractériser et comprendre la circulation des arboviroses a I'échelle régionale.

La deuxieme étude présente la modélisation de la vitesse de propagation de la dermatose
nodulaire contagieuse bovine (DNCB) dans les Balkans de 2015 a 2016. Cette étude, que j'ai menée
lorsque j’étais en poste au CIRAD, se base sur des donnés de foyers de DNCB dans les Balkans de
mai 2015 a décembre 2016, extraites de bases de données de la Commission européenne et de la
FAO. Le modeéle utilise la date et la géolocalisation de foyers de DNCB pour en extraire et interpoler
la semaine de premiére invasion sur toute la zone d’étude. La vitesse de propagation
(km/semaine) est estimée a partir de linverse d’un indice de friction (semaine/km),
correspondant a la résistance de I'environnement a la propagation du virus. La vitesse médiane
de propagation de la DNCB dans les Balkans a été estimée a 7,3 km/semaine. La saisonnalité de la
DNCB semble marquée par une augmentation du nombre de foyers de mai a ao(t, ce qui
correspond a des températures plus élevées et favorables a I'activité d’insectes vecteurs. Les
résultats de I’étude nous ont permis d’identifier deux processus de diffusion distincts. Le premier
processus, caractérisé par de faibles vitesses de propagation (inférieures a 15 km/semaine),
correspond a une diffusion locale de la maladie essentiellement due a la transmission vectorielle
ou un contact entre animaux malades et sains. Le deuxiéme processus est marqué par des vitesses
de propagation de plus de 15 km/semaine (dont un maximum observé de 544 km/semaine) et
correspond plutot au transport d’animaux malades ou de produits contaminés, ce qui expliquerait
ce « bond » de plusieurs centaines de kilomeéetres. Nous prévoyons d’incorporer des variables
explicatives dans le modeéle afin d’expliquer ces différences de vitesse observées. Une des limites
du modele est qu’il ne tient pas compte des campagnes de vaccination qui ont été mises en place
a travers la région et qui ont permis de ralentir et au final d’arréter la progression de la maladie a
d’autres régions d’Europe.

L’adaptation et I'application de ce modeéle d’estimation de la vitesse de propagation ont été mises
en place grace a un effort pluridisciplinaire regroupant des épidémiologistes et des modélisateurs,
permettant aux épidémiologistes de comprendre les processus sous-jacents du modele et de
mieux en interpréter les résultats. Un package R appelé « spreadrate » a été développé pour
faciliter I'utilisation du modeéle par les experts de la VS| pour caractériser d’autres dangers
sanitaires surveillés par la VSI. Ces deux cas d’étude présentent des exemples d’analyses rapides
a mettre en place, menées par des équipes de veille sanitaire, permettant ainsi d’optimiser la
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caractérisation des dangers sanitaires détectés et I'information des autorités sanitaires. Les
résultats de ces analyses peuvent aussi étre utilisés pour des analyses de risque plus détaillées. Le
renforcement du lien entre la détection, la caractérisation et I'analyse du risque associé a des
dangers sanitaires permet d’effectuer des analyses de risque avec des informations mises a jour
en temps réel par la veille sanitaire, et de pouvoir cibler les systemes de veille sanitaire en fonction
des résultats des analyses de risque.

Mes contributions aux quatre cas d’étude présentés se décline a deux niveaux. Le premier niveau
correspond a une contribution méthodologique, visant a proposer des méthodes innovantes et
des ajustements techniques d’outils de veille permettant d’en faciliter 'utilisation pour les
utilisateurs. Le deuxiéeme niveau est un méta-niveau qui se base sur lintégration des
connaissances d’experts afin de s’assurer que les outils développés répondent aux besoins, a la
fois théoriques et techniques, des utilisateurs, favorisant ainsi une appropriation et utilisation
durable par la communauté d’utilisateurs.

Il existe de nombreuses variantes a la définition de la veille sanitaire (ou intelligence
épidémiologique), et je suis en accord avec celles fournies par 'ECDC et ’'OMS. Contrairement a
I’'ECDC et a I'OIE par exemple, je considére que la veille sanitaire inclut la détection et la
caractérisation du danger sanitaire, mais n’inclut pas I'étape de quantification et d’estimation du
risque qui requiert une expertise différente, liée a la maladie, a I'agent pathogéne et au mode de
transmission. Cependant, la détection et I'analyse de risques sanitaires font partie d’un processus
continu, qui nécessite donc de renforcer les liens entre la veille sanitaire et les analyses de risque.
Ce lien peut varier a I'échelle internationale en fonction du mandat de l'institution, de I'expertise
des différents experts et des ressources disponibles.

La mise en ceuvre d’une approche pluridisciplinaire et intégrée des différents processus de la veille
sanitaire est essentielle pour améliorer la performance des systemes a travers la mise en place
d’outils et de méthodes innovantes. L’intégration de diverses disciplines scientifiques et
I'implication des acteurs impliqués dans le processus de développement de ces méthodes permet
d’avoir une vision globale de la problématique, de mieux comprendre les principes sous-jacents
et d’en interpréter les résultats, mais aussi de plus facilement s’approprier les outils et méthodes
développés. La crise COVID-19 est le dernier exemple en date du besoin de collaborations
pluridisciplinaires et entre acteurs, avec la mobilisation du secteur de la santé animale et la mise
a disposition de matériels, équipements et experts.

Au-dela de I'intégration de plusieurs disciplines et du renforcement des liens entre la détection et
I'analyse du risque, l'intégration intersectorielle entre la santé humaine et animale est aussi
essentielle afin de mutualiser les données, connaissances, ressources et outils dans le but
d’améliorer la détection précoce de nouvelles émergences, qui se situent souvent a l'interface
homme-animal. L'intégration des différents niveaux géographiques permet aussi une vision
globale des enjeux et stratégies, ainsi qu’une remontée d’information et de problématiques
depuis le niveau local. Elle promeut l'inclusion des différents acteurs locaux, nationaux et
internationaux.

Dans le cadre de la modélisation du phénomene infectieux, I'inclusion de variables explicatives
environnementales ou socio-économiques permet de mieux comprendre et de prédire les
phénomeénes d’émergence et de transmission des maladies infectieuses. Ceci est notamment



prévu pour le modele d’estimation de la vitesse de propagation. Avec I'expansion de l'internet et
les récentes avancées technologiques, de nouvelles sources de données et de nouvelles
technologies sont disponibles. L'intégration d’informations provenant des réseaux sociaux, de
blogs, de forums et de requétes sur internet, ainsi que la mise en place d’échanges d’informations
avec les citoyens via des applications téléphoniques, peuvent permettent d’étendre le champ de
surveillance des systemes de veille et ainsi améliorer la précocité de la détection de dangers
sanitaires.

Comme l'illustrent les trois émergences de nouveaux coronavirus ces deux derniéres décennies,
la menace de nouveaux agents pathogenes inconnus (correspondant a la « maladie x » désignée
par 'OMS) est bien réelle et nécessite un renforcement de la surveillance de signaux faibles dans
les systemes de veille sanitaire. Cela peut passer par I'intégration de mots clés spécifiques aux
émergences, tels qu’identifiés dans notre étude sur la COVID-19 avec PADI-web, au sein des outils
de biosurveillance afin d’améliorer la SBE. Comme l’illustre la crise sanitaire COVID-19, il est
indispensable de pouvoir mieux anticiper ces menaces en mobilisant une grande diversité
d’expertises, pratiques autant que théoriques, et aborder la préparation et la prévention de
maniere plus proactive.

Mots clés : veille sanitaire, détection précoce, maladies infectieuses, intégration,
pluridisciplinaire
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Glossary of main terms

Alert: an event that requires the implementation of control or prevention measures by health
authorities

Emerging infectious diseases (EID): diseases that have newly appeared in a population or have
existed previously but are rapidly increasing in incidence or geographic range

Epidemic intelligence (El): discussed in the discussion (section 6.2)

Event-based surveillance (EBS): the organized collection, monitoring, assessment and
interpretation of mainly unstructured ad hoc information regarding health events or risks, which
may represent a risk to human health. The information collected for EBS originates from multiple,
often not-predetermined sources both official and unofficial, including rumors reported by the
media or ad hoc reports from informal networks (source: WHO)

Event: a signal that has been selected (i.e. represents a potential threat according to criteria
defined by health authorities) and verified (i.e. to confirm the veracity of the information using
official sources)

Health hazard: pathogenic agent that could produce adverse consequences on populations (also
referred to as health threat)

Health risk: the probability of the occurrence of a health event with adverse consequences

Indicator-based surveillance (IBS): the systematic and routine collection, monitoring, analysis,
and interpretation of structured data, i.e. indicators, produced by a number of well-identified,
predominantly health-based official sources. (source: WHO)

Interdisciplinary: involving several disciplines to build common strategies through collaborative
conception and implementation of research questions, methods and tools, and results

Multidisciplinary: involving several disciplines working individually, in parallel, to contribute to
the topic, with no collaboration between disciplines

Outbreak: the occurrence of one or more epidemiologically-linked cases of a disease within an
epidemiological unit

Pluridisciplinary: involving more than one discipline (see also multi-disciplinary, inter-disciplinary
and trans-disciplinary)

Risk analysis: discussed in section 5.1 — includes risk assessment, risk estimation and risk
evaluation

Signal: a health-related information that could potentially impact the target population

Transdisciplinary: involving several disciplines working on a research topic that is co-constructed
through collaborative and participatory methods, and includes strong involvement of social
science stakeholders

Zoonotic disease: a disease in animals that creates a potential for a disease in humans as a result
of human exposure to the animal source (or vector) (source: WHO)
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Chapter 1 - Objectives

Chapter 1

Introduction

1.1. Objectives

Epidemic intelligence is defined as the process of early detection, verification, assessment and
reporting of health events to inform health control measures (Paquet et al., 2006). It is key to
anticipate and prevent the introduction and spread of health threats. Although it is a relatively
novel concept, epidemic intelligence activities are thriving with the increasing global threat of
emerging infectious diseases. This highlights the need for event-based surveillance to complement
traditional surveillance systems and improve early detection and alerting.

| became aware of the importance and the transversal role of epidemic intelligence during my
experiences in human and animal health, in the Pacific and in Europe, in research centers and in
intergovernmental agencies. These experiences came from working as an epidemiologist at the
French Research Institute for Development (IRD), the Pacific Community (SPC) and the French
Agricultural Research Center for International Development (CIRAD) from 2013 to 2020. These
experiences taught me the importance of connectivity between each step of the epidemic
intelligence process, from data collection to reporting, from methodological tool design to
operational implementation and sustainable use, from the local detection of an unusual event to
national reporting and recommendation of control measures. | discovered similarities in methods,
challenges and procedures between human health and animal health relating to epidemic
intelligence, even though the geographical or disease scopes of my experiences were different. |
noticed gaps in existing systems and aimed to improve these systems while adopting and
promoting a pluridisciplinary approach.

The objective of this thesis is to describe and draw from different experiences the importance of
adopting an integrated pluridisciplinary approach when implementing epidemic intelligence
activities, from the early detection and alerting of health threats to their characterization and
prediction, spanning across geographic scales, sectors and disciplines.

Following a brief introduction of the context of emerging infectious diseases, a first section
presents the concepts and steps of epidemic intelligence, illustrated with the example of the
French animal health epidemiological surveillance platform and its epidemic intelligence system
(Mercier et al., 2020). | then proceed with several case studies of pluridisciplinary collaborations
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in the context of tool development (to improve early detection and alerting of health threats) and
the analysis of epidemic intelligence data (to better characterize and predict health threats). The
case studies presented are the following:

- For the development of tools to improve data collection and early detection:
o An automated tool to collect health-related information from online media
articles in order to detect the emergence of the novel coronavirus in China in 2019
o An electronic data collection tool to enhance disease surveillance during mass
gatherings in the Pacific (Hoy et al., 2015; White et al., 2018)
- For the analysis of epidemic intelligence data to characterize health threats:
o The analysis of the circulation of dengue, chikungunya and Zika viruses in 2012-
2014 in the Pacific (Roth et al., 2014a)
o The estimation of the spread rate of lumpy skin disease in 2015-2016 in the
Balkans (Mercier et al., 2018)

Finally, the main ideas of this thesis are summarized and discussed, and | conclude with
perspectives of future developments and strategies.

1.2 Context

Risk of disease emergence

Global changes including globalization, high mobility of people and goods, land-use changes, and
climate change have favored the (re-)emergence of known and unknown infectious diseases
(Morens et al., 2004; Rodriguez-Prieto et al., 2015). Emerging infectious diseases (EIDs) are
“infections that have newly appeared in a population, or have existed previously but are rapidly
increasing in incidence or geographic range” (Morse, 2001). A literature review conducted in 2005
revealed that 13% of the 1 407 known pathogens infecting humans were considered as emerging
or re-emerging (Woolhouse et al., 2005). EIDs are mainly of animal origin (60% are zoonoses, i.e.
diseases that can transmitted from animals to humans), and their incidence has significantly
increased over time placing an additional burden on human and animal health services (Morens
et al., 2004; Jones et al., 2008). They are characterized by their unpredictability and instability in
terms of occurrence, evolution and impact (health, social or economic), which makes them
difficult to predict and prevent. Infectious pathogens are constantly evolving, and human actions
can impact these pathogens, their epidemiological cycle and the interactions between pathogen,
host and environment, and hence potentially increase the risk of outbreaks (Desenclos et al.,
2007).

International air travel has improved connectivity between endemic/epidemic and non-affected
regions, thereby increasing the risk of rapid spread of infectious diseases across the world.
Infectious diseases are not only spreading faster, they appear to be emerging more quickly. Since
the 1970s, one or more new emerging diseases have been identified each year (World Health
Organization, 2007). In Europe, the risk of introduction and spread of new infectious diseases has
increased over the past 20 years along with the movements of humans and animals between
Member States mainly due to the expansion of the European Union, the increase in population,
and the promotion of ‘open trade’ between countries (Rodriguez-Prieto et al., 2015).
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Of 335 EID events recorded between 1940 and 2004, 54% were caused by bacteria (e.g. Bacillus
anthracis causing anthrax or Leptospira interrogans causing leptospirosis) — keeping in mind the
role of antibiotic resistance for which the availability of quantitative information remains limited
—, 25% by viral or prion pathogens, 11% by protozoa (e.g. Plasmodium falciparum causing malaria
or Toxoplasma gondii causing toxoplasmosis), 6% by fungi (e.g. Penicillium marneffei or Candida
albicans infections), and 3% by helminths (e.g. Trichinella spiralis causing trichinellosis or the
Taenia solium tapeworm) (Jones et al., 2008). Viruses play an important role in disease
emergence. Although they were not responsible for the majority of emergence events, the most
devastating recent emergences (e.g. human immunodeficiency viruses — HIV, influenza HIN1,
Ebola, coronaviruses) have involved ribonucleic acid (RNA) viruses, which can replicate in many
host species and have high mutability potential. About a third of the viruses that have recently
emerged are arboviruses (transmitted by arthropods, most often mosquitoes). The term ‘disease’
will be used in this manuscript to refer to infectious diseases, often of viral nature.

Examples of recent disease emergences

In a global economy with open markets and frequent exchanges of goods and animals over long
distances, the unprotected and crowded farm animal population in Europe provides an ideal
context for the (re-)emergence of exotic animal infectious diseases (Sobrino & Domingo 2002).
Previous outbreaks have underlined the sensitivity of European animal populations to EIDs, such
as the introduction of foot-and-mouth disease (FMD) in the United Kingdom in 2001, responsible
for over 1 000 outbreaks and a sub-sequent spread to France and the Netherlands, or the 2015-
2016 emergence of lumpy skin disease in seven countries of the Balkans following an introduction
in Greece in 2015 (Sobrino et al., 2001; Mercier et al., 2018). Several new highly pathogenic avian
influenza viruses have also been reported such as the H5N8 virus that emerged in Europe in 2016,
affecting over 21 countries including France (Guinat et al., 2018). Another example is African swine
fever (ASF), which was introduced in Europe in 2007 from Russia, and has since been reported in
more than ten Eastern European countries (European Food Safety Authority, 2020). In September
2018, ASF emerged in wild boar populations in Belgium, probably introduced by human action
(e.g. transport of animals or animal products), and led to 833 cases reported in the South of the
country as of 28™ September 2020 according to the European Commission’s database. ASF then
emerged in Germany in September 2020, with 37 cases notified to the European Commission as
of 29*" September.

There have also been several emergences of human diseases, notably caused by arboviruses (e.g.
dengue, chikungunya, Zika), but also coronaviruses. There have been three emergences of new
coronaviruses causing large outbreaks in the past two decades. In 2002-2003, an outbreak of
Severe Acute Respiratory Syndrome (SARS) affected 29 countries and resulted in more than 8 000
cases and 750 deaths reported (World Health Organization, 2003). Since its emergence in
September 2012, the Middle East Respiratory Syndrome coronavirus (MERS-CoV) has caused over
2 494 cases and over 800 deaths in 27 countries (World Health Organization, 2019). The recent
emergence of the SARS-CoV-2 virus responsible for coronavirus disease 2019 (COVID-19)
pandemic is the latest example. Following the detection of its emergence in Wuhan, China, the
virus rapidly spread worldwide with 31 091 469 cases and 961 352 deaths reported as of 21
September 2020 (European Centre for Disease Prevention and Control, 2020).
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Importance of anticipating health threats

New emergence and spread of diseases are impossible to predict accurately. We can, however,
anticipate these risks by improving disease surveillance to detect early signals of emergence
(Desenclos et al., 2007). Anticipating health threats is crucial to mitigate the impact of a potential
emergence of an infectious disease in a previously unaffected area. A recent example is the
emergence of ASF in wild boar populations in Belgium in September 2018. Following this first
detection of ASF in Belgium, a neighboring country, French animal health authorities rapidly
implemented measures to prevent the introduction of ASF in France. These measures included:

e enhancing surveillance at the French-Belgian border,

e a multi-national taskforce was created between Belgium, Luxemburg and France to
facilitate the timely exchange of information and prevention/control strategies between
countries,

e building fences at the French-Belgian border to avoid the crossing of potentially infected
wild boars from Belgium to France,

e raising awareness among health professionals, and

e collaborating with hunters to eradicate wild boars in a defined perimeter near the border.

Due to the timely implementation of these prevention measures, France remained free from ASF
more than a year after the emergence of the disease just several kilometers from the French-
Belgian border. This example illustrates the importance of anticipating health risks and
implementing prevention measures instead of waiting for the introduction of the disease to set
up control measures. It also stresses the need for cross-border surveillance and collaborations.
The level of anticipation depends on whether the disease spread was diffusive and progressive
(e.g. Germany, near the Polish border), or if there was a significant jump in the spatial distribution
linked to the movement of infected animals or animal products (e.g. Belgium).

These last few years, surveillance systems have improved and outbreak information is
communicated more widely and rapidly through information channels such as online media
(Desenclos et al., 2005). The integration of epidemic intelligence activities has improved the timely
detection and reporting of health threats to alert health authorities. This is particularly important
given the significant consequences and costs of delayed detection of a novel disease spreading
through a naive population. For example, the FMD outbreak in the United Kingdom in 2001 was
estimated to have cost 1.1 billion GBP in compensation costs alone, and the Ebola outbreak in
Western Africa in 2014-2016 was estimated to have caused 53 billion US dollars in economic costs,
including indirect and social costs (Thompson et al., 2002; Huber et al., 2018). Early alerting allows
health authorities and professionals to prepare, for instance by setting up awareness campaigns,
stocking up on vaccines and medical equipment, or enhancing surveillance in high-risk areas or
potential entry points (e.g. borders, airports).

Improving surveillance

Recent disease emergence such as the novel 2009 influenza A (H1N1) outbreak and the COVID-19
pandemic in 2020 have demonstrated how rapidly pathogens can spread worldwide. The threat
of EIDs, combined with a concern over intentional biological or chemical events, motivated the
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World Health Organization (WHO) to update its International Health Regulations (IHR) in 2005
(World Health Organization, 2008b). The 2005 updated IHR, a legally binding instrument for all
194 WHO member countries, significantly expanded the scope of reportable conditions to help
prevent and respond to global public health threats. In the revised 2005 IHR, WHO clearly
expressed that the reporting requirement for countries is no longer based exclusively on a list of
infectious diseases with epidemic potential, but rather consists of the obligation to report any
event that may constitute a Public Health Emergency of International Concern (PHEIC) (World
Health Organization, 2008b).

Surveillance and response are two key elements to control EIDs. The timely detection and
reporting of health threats, along with the rapid implementation of control measures, are crucial
to limit the spread of the disease and mitigate the impact on populations and the subsequent
health, social and economic costs, as is illustrated in Figure 1 with the breaking of the epidemic
curve which limits the spread of the disease.

Cases

i
Early Rapid Potential cases prevented/

" reporting response international spread prevented

Figure 1. Impact of early detection and rapid response measures on the epidemiological curve of an outbreak (source:
ECDC)

European Member States have long-established disease surveillance systems that provide
traditional surveillance based on formal indicators. In May 2006, Member States committed to
comply with WHO’s 2005 revised IHR and have developed and/or strengthened their epidemic
intelligence activities (World Health Organization, 2008b). Countries have had to improve their
detection and response capacities to control the emergence and spread of infectious diseases.
Some countries have strengthened existing surveillance systems by setting up epidemic
intelligence activities.
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Chapter 2

Epidemic intelligence

2.1. Definition

According to the European Centre for Disease Prevention and Control (ECDC), epidemic
intelligence (EI) activities focus on the early identification, verification, assessment and
investigation of potential health hazards in order to recommend control measures (Paquet et al.,
2006). WHO also defines El as the early detection, verification, assessment and communication of
health threats (World Health Organization, 2014).

El provides countries with a conceptual framework to complement traditional surveillance
systems and help adapt them to face the challenges of emerging infections. The aim of El is the
early detection and monitoring of health threats. It does not focus on the long-term monitoring
of trends or morbidity.

El focuses on the detection, monitoring and assessment of health threats, but does not intervene
in the implementation of control measures and risk management. Depending on the institution’s
mandate, EI might not be in charge of large-scale communication through the media, but El
communicates information relating to detected alerts and notifies health authorities.

Early detection surveillance can focus on the emergence of a known disease in a previously
unaffected area (e.g. FMD in the United Kingdom), the emergence of a new and previously
unknown disease (e.g. COVID-19 pandemic) or an unusual increase in the frequency of occurrence
of a known and circulating disease (e.g. influenza). In this manuscript, | will focus mainly on the
first two objectives which are the most important for the early warning of known and unknown
threats in order to avoid potentially high costs and burden on health infrastructures.

2.2. Elements of language

Some elements of language need to be clarified in order to ensure the comprehension of the El
process.
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2.2.1 Risk and hazard

The World Organization for Animal Health (OIE) defines a health hazard as “any pathogenic agent
that could produce adverse consequences on populations” (World Organisation for Animal Health,
2019b).

A risk is defined as “the possibility of an unfortunate occurrence” (Aven et al., 2018).

A hazard is something with the potential to cause harm, whereas a risk refers to the probability or
likelihood of an occurrence, as well as the magnitude of the consequences. In this manuscript, |
will use the term “health threat”, which corresponds to health hazard i.e. a health-related event,
most often an outbreak or a disease emergence, representing a potential threat for a target
population.

An outbreak corresponds to the occurrence of one or more epidemiologically-linked cases of a
disease within an epidemiological unit (Cameron et al., 2020). The epidemiological unit considered
by the surveillance system needs to be clearly defined, and can correspond to an animal or an
individual, or a specific population depending on the scope of the system (e.g. herd, farm, village,
district, country).

2.2.2 Indicator and event-based surveillances
El integrates both indicator-based surveillance (IBS) and event-based surveillance (EBS) (Figure 2).

IBS refers to structured data collected through routine and traditional surveillance systems, such
as official notifications made by health authorities to WHO or OIE. These notifications usually
contain epidemiological, geographic and clinical information relating to a specific disease outbreak
(e.g. location, date of detection and confirmation, virus, host, control measures implemented).
Traditional disease surveillance systems rely on IBS for the monitoring of health indicators from a
range of sources, such as mortality, morbidity, clinical data, laboratory reports, surveys, animal or
vector studies, hospital statistics and disease registries, over-the-counter drug sales, or school and
work absenteeism. Traditional indicator-based systems have, however, demonstrated
weaknesses in terms of early detection of health threats due to large amounts of data leading to
delays in disease verification, analysis and reporting.

EBS focuses on the ad hoc collection and interpretation of real-time unstructured data gathered
from heterogeneous sources that are not predefined and include non-official sources, such as
electronic media, communications from field experts and social networks.

The use of EBS can improve early detection, but unofficial information (i.e. not officially validated)
still needs to be verified by local health authorities because they could stem from false rumors
(Khan et al., 2012). Unofficial sources can help overcome limitations of traditional surveillance
sources, including delays in detection and reporting, inconsistent population coverage and poor
sensitivity in terms of early detection of emerging diseases (Khan et al., 2012). They can increase
the sensitivity of surveillance systems but, because the information is not verified, they can also
increase the detection of false signals. The aggregation of several unofficial sources and the
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verification of the signal by local health authorities can help avoid wasting resources to investigate
and respond to false signals.

The 2005 IHR emphasize the importance of both event-based and indicator-based components of
El for the early detection of health threats (Figure 2) (Barboza et al., 2013).
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Figure 2. Indicator-based and event-based components of epidemic intelligence (Barboza, 2014)

2.2.3 The process of epidemic intelligence: from data collection to reporting

To detect health threats in a timely manner and monitor their evolution, El activities are based on

the systematic review of a variety of information sources, both official and unofficial.

The El procedure is divided into several steps: data collection (including screening and filtering),
verification, analysis and communication to health authorities and decision-makers (Figure 3).
These steps are usually formalized through an SOP (standard operating procedure). Depending on
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the situation, these steps can take time, particularly the validation and interpretation of the signal
as they might involve several experts who might not be available to react instantly. Despite the
number of steps in the El procedure and the many people it might involve, the goal is to validate
all the steps from data collection to reporting rapidly in order to ensure timely detection and
communication of health threats to authorities and, in turn, timely action.

Raw information

Signal

Event

Figure 3. Epidemic intelligence framework

A signal is defined as any health-related information collected by the El system, which could
potentially impact human or animal populations (depending on the scope of the system).

An event is a signal that has been selected (i.e. represents a potential threat according to criteria
defined by health authorities) and verified.

Different definitions exist for a signal and an event. | choose to use the terms as currently defined
by ECDC and WHO, and not the definitions from Paquet et al. which are inversed, i.e. a signal
corresponds to a verified event.

If the event is analyzed and judged to require the implementation of control or prevention
measures by health authorities, it becomes an alert.

2.2.3.1 Data collection

When setting up El activities, it is important to define the mandate and the scope of the system
by determining the risk group. In the case of the French epidemic intelligence system (FEIS) which
| led for four years, the El team monitors any health-related event that could have a potential
impact on the animal population in France, with a main focus on livestock (poultry, cattle) but also
including wild animals, pets and other domestic animals.

Health-related information can be collected from many different information sources, both official
and unofficial. Considering multiple sources of information, particularly combining unofficial and
official sources, has been shown to improve the timeliness of the detection and the accuracy of
the information collected (Yan et al., 2017a). For animal health, the main official sources of
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information for international El activities are the Empres-I database from the Food and Agriculture
Organization (FAO), the World Animal Health Information System (WAHIS) of the OIE and the
Animal Disease Notification System (ADNS) of the European Commission. For human health, some
examples of official information sources are the WHO, the ECDC and the Center for Disease
Prevention and Control (CDC). Official information sources also include national or sub-national
governmental health agencies, whether for veterinary or human health. Examples of unofficial
sources for both veterinary and human health include media articles, rumors and unstructured
personal communications from experts. The scope of sources monitored remains flexible and can
rapidly and easily be adapted to the epidemiological context, for instance by strengthening EBS
and monitoring local media outlets more closely for a country where a suspected outbreak has
been detected.

Once the data has been screened, it is reviewed and filtered in order to detect new or updated
information concerning potential health-related threats. Relevant information regarding health
events are for example the occurrence of an outbreak of an EID, a significant increase in the
endemic circulation of a known infectious disease, reports of high mortality or morbidity in
animals with an unknown etiological cause, or epidemiological updates on ongoing EID outbreaks.
Data filtering allows experts to discard information out of the surveillance scope (e.g. benign or
non-infectious diseases), false rumors and duplicates in the collected data. This step is closely
linked to the mandate of the institution and the scope of the El system.

2.2.3.2 Data verification

The information collected is verified (or validated) in order to confirm its authenticity and veracity
of its content.

Information gathered through IBS must be checked for possible surveillance biases and errors in
reporting. For EBS, the verification of the information is particularly important when the
information is collected from unofficial sources such as media articles or online blogs. Indeed,
some information can generate false signals such as a false positive to a diagnostic test or a
significant increase in reported cases with confirmation dates spanning over several months.

The information can be verified by corroborating the information with reliable sources of
information such as health authorities (national or international), an expert (either a disease
expert or a geographic expert in-country) or through networks of health professionals.

Signals are checked to verify the reliability of the information source, the veracity of the
information, the clinical and epidemiological description of the event (e.g. clinical sighs compatible
with the suggested diagnosis) and elements of context such as control measures or biological
confirmation (Bitar et al., 2011). This can be done through a review of scientific literature or
networking with disease experts and health professionals.

The step of data verification also presents an opportunity to gather complementary information
to provide context, which is useful for verification, but also for analysis and interpretation.

2.233 Data analysis

For the FEIS, data analysis consists of gathering context information to provide useful information
to stakeholders regarding the potential risk of the event (e.g. historical trends, date of last
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outbreak in the region, neighboring countries affected, control measures implemented). For
animal health, historical data can be gathered from official databases such as OIE’s WAHIS, FAQ's
Empres-I or the European Commission’s ADNS. If limited official information is available due to
underreporting or endemic circulation, scientific literature can be consulted for information on
past and current outbreaks.

Reference laboratories can be consulted to provide an interpretation of the event in its context.

Other types of information can be used to describe the context such as weather data, distribution
data for insect vectors or mobility data relating to animal movements or human air travel.

Depending on the institution’s mandate, the data can be further analyzed for risk assessment
purposes. This includes gathering information relating to the pathogen, the host and the
environment in order to better characterize the risk factors and the potential for evolution. This
can be complemented by the use of epidemiological models to predict the importation of the
pathogen, possible scenarios of spread, or to model the impact of different control and prevention
measures (Bitar et al., 2011).

2.2.3.4 Data reporting

Once the event is analyzed, the validated and interpreted information is communicated to health
authorities and professionals. We can distinguish two levels of communication: internal
communication (i.e. within an institution or national El system) and external communication.
External communication can target health professionals or, in a larger sense, the general
population. The dissemination of information can be oriented towards the general public, in
collaboration with or by health authorities. In any case, the content of the communication should
be adapted to the targeted audience. When the communication targets the general public,
technical vocabulary should be avoided and the message should be vulgarized in order to be
understandable and clear to non-health professionals and civilians. This would apply to awareness
campaigns, for example, to improve awareness and acceptability of prevention and control
measures. It is important to inform without alarming, particularly during health crises such as the
recent novel coronavirus pandemic.

2.2.4 Existing systems

Existing El systems, whether at national or international level, rely on the different steps of the El
procedure (from data collection to reporting) to ensure timely detection and reporting of health
threats to appropriate authorities in charge of risk management.

Some international organizations have set up El systems, such as ECDC, WHO, OIE or the FAO.
These international systems aim to timely detect and monitor disease outbreaks at the
international level. The geographic scope of the diseases monitored varies depending on the
mandate of each organization. ECDC monitors disease threats for European Member States while
WHO, OIE and the FAO have a more global scope.

Some countries have set up an El system at national-level through national health agencies. Some
examples of these countries include France for human health (Rotureau et al., 2007) and animal
health (Mercier et al. 2020), England for human health (Wilburn et al., 2019) and animal health
(Animal and Plant Health Agency, 2017), or the Netherlands for human health (Bijkerk et al., 2017).
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These systems can be centralized through a specifically dedicated team (e.g. animal health in
France) or dispatched among several disease-specific units (e.g. human health in France). The El
system in place for animal health surveillance in France will be detailed in the following section.

A comprehensive review of existing El systems in Europe, for both animal and human health, is
currently being conducted in the framework of the Horizon 2020 (H2020) research project funded
by the European Commission, entitled “Monitoring outbreak events for disease surveillance in a
data science context” (MOOD). This detailed review will focus on both national level (five case
study countries: France, Italy, Spain, Serbia and Finland) and international level (WHO, OIE, ECDC,
FAO) El systems. It will cover dataflow and workflow, organizational structure, SOPs, dedicated
resources, tools and databases used. | am co-leading this activity with colleagues from the public
health agency in Finland. Results should be available by early 2021.

2.2.5 Presentation of the French epidemic intelligence system for animal health

2.2.5.1 The French animal health epidemiological surveillance platform

In France, the main challenges in animal health have evolved in the past decades with recent
emergences leading to significant economic losses. Examples include bluetongue serotype 8 in
2006 (Sailleau et al., 2017), Schmallenberg virus in 2011 (Dominguez et al., 2014), and highly
pathogenic avian influenza H5N8 in 2016 (Guinat et al., 2018). Thankfully, surveillance, prevention
and control efforts have improved in the past years. Following the acquisition of a disease-free
status for multiple contagious diseases (e.g. FMD or rabies), the focus of disease surveillance in
France switched to vigilance. Instead of monitoring the evolution of diseases already present in
the country, health authorities had to focus on the early detection of new and emerging diseases
at the international level to anticipate new introductions of emerging health threats.

Existing surveillance systems needed to be adapted in order to face the new challenges of disease
emergence. For example, setting up a non-disease-specific surveillance through the
implementation of syndromic surveillance would cover a broader scope of diseases with similar
clinical manifestations. Partly due to these considerations, the French Ministry of Agriculture
suggested the creation of a national platform for epidemiological surveillance in animal health.

The French animal health epidemiological surveillance (ESA) platform?
was set up in 2011 to improve the efficiency of epidemiological
surveillance at national level (Figure 4).

The ESA Platform counts six founding members, with four additional
members added by 2018. These members represent different sectors of
animal health: the General Directorate for Food (DGAL, part of the

Ministry of Agriculture), farmers (La Coopération agricole, GDS France),
Figure 4. ESA Platform logo ~ Veterinarians (French society for veterinarian technical groups — SNGTV),

scientific support organizations (the Agency for Food, Environmental and
Occupational Health & Safety — ANSES, CIRAD and the National Research Institute for Agriculture,
Food and Environment — INRAe), laboratories (French association of public veterinary laboratories

1 https://www.plateforme-esa.fr/
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— Adilva), hunters (National Hunters’ Federation — FNC), and wildlife and biodiversity services
(French Office for Biodiversity — OFB) (Figure 5).

Through its members, the ESA Platform provides scientific support to improve animal health
surveillance efficiency through a public/private partnership.

( ? GDS -

Fl'ance Fédénation Nationale des Chasseurs ADI LVA
Cl/l g o JZ‘S‘.‘. SOIVERSITE
. LA Rtrusuqu: Fsu\\cms: 2 .
COOPERATION
AGRICOLE :
MINISTERE
DE L'AGRICULTURE
o\ (ETDE adNSesS 4§, >
L’ALIMENTATION

\ SIN
‘) e it ‘ cirad |NRA@

Figure 5. Members of the French animal health epidemiological surveillance platform (ESA Platform)

The main objective of the ESA Platform is to ensure that animal health surveillance systems are
efficient and are developed according to methodological standards for surveillance. It aims to
develop, adapt and promote surveillance systems, conduct El activities, provide reports on the
current epidemiological situation of health hazards, participate in the development of synergies
between surveillance and research, ensure a co-construction of surveillance modalities between
animal health professionals, and understand the determinants of health events to elaborate
adapted surveillance measures. More generally, the activities of the ESA Platform focus on:

e supporting the implementation and improving epidemiological surveillance systems,
e centralizing, analyzing and sharing health data, and
e contributing to the analysis and dissemination of health information.

The scope of the platform covers all health threats that have or could have an impact on animal
health and/or human health (zoonoses) in France, and for which surveillance is required for
animals.

The ESA Platform provides a common structure to bring animal health stakeholders together,
around common strategies, methods and tools. It is organized in 20 working groups, most of which
focus on a specific disease or animal group. These working groups are presented in relation to the
main disease group and animal type they focus on (Figure 6).
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Figure 6. Working groups of the ESA Platform

Since its implementation in 2011, the ESA Platform has demonstrated its utility and efficiency,
particularly during animal health outbreaks such as highly pathogenic avian influenza,
Schmallenberg virus or bluetongue. On 20" June 2018, a new national framework convention was
signed, ensuring the continuation of the platform’s activities for another ten years. In addition,
two sister platforms were created in 2018, following the model of the ESA Platform, for plant
epidemiological surveillance (“plateforme d’épidemiosurveillance en santé végétale”, ESV) and
food safety (“plateforme d’épidémiosurveillance de la chaine alimentaire”, SCA).

2.2.5.2 Scope and members

In 2013, to better anticipate the threat of EIDs,
international animal health monitoring was

Veille Sanitaire

Internationale C integrated into the ESA Platform’s activities

with the creation of the French Epidemic
Intelligence System (FEIS), or “Veille sanitaire

Figure 7. Logo of the French epidemic intelligence system internationale” in French (Figure 7). The FEIS
is in charge of animal health El for the French

Ministry of Agriculture. Its main activity is to detect, monitor and report health events, at national
and international level, that could potentially threaten animal populations in France, in order to
inform French authorities. Some coordination and administrative work are necessary to ensure
the system’s optimal functioning, e.g. keeping the network active and updated on current
activities by organizing regular feedback meetings with the different stakeholders.

Members of the FEIS include all members of the ESA Platform so that the FEIS can meet the needs
of all relevant stakeholders involved in surveillance activities (from farmers to veterinarians, policy
makers, scientists, risk assessment experts or experts in El methodology) in terms of access to
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updated, validated and interpreted information on animal health events. The FEIS team is led by
CIRAD and ANSES.

Regarding surveillance for French overseas territories, the FEIS relies on regional surveillance
networks such as the Caribbean animal health network (CaribVet) and the Public Health
Surveillance, Alert and Response network SEGA (“Surveillance Epidémiologique et Gestion
d'Alertes”) in the Indian Ocean (Gongora et al., 2008; Halm et al., 2017).

International agencies have set up El systems to monitor health risks worldwide (e.g. ECDC or the
International Society for Infectious Diseases — ISID — with its Program for Monitoring Emerging
Diseases — ProMED). Because the FEIS monitors animal health risks for France at the international
level, it monitors the same signals as supra-national systems. However, the FEIS stands out by also
monitoring other sources of information to include in its reports, in addition to country
notifications, in order to provide detailed reports with interpreted and contextual information to
decision-makers. The existence of the FEIS is also justified by the extra layer of filter, which allows
tailoring animal health surveillance according to the national context. Indeed, needs in terms of
animal health surveillance may vary from one country to another depending on strategies and
priorities (e.g. priority given to caterogy-1 health hazards as defined by French animal health
authorities) (Le Ministére de I’Agriculture, de I'Agroalimentaire et de la Forét, 2013).

2.25.3 Epidemic intelligence activities

The FEIS combines IBS and EBS by monitoring both official (e.g. French animal health authorities,
OIE, FAO, the European Commission) and unofficial (e.g. media, ProMED-mail, personal
communication) sources of information relating to animal health. Once collected, the information
is verified and analyzed with the FEIS’ network of national and international experts (Figure 8).
This allows the FEIS to analyze and interpret the event according to the context when writing a
report, and include information relating to the viral strain, seasonality patterns, the previous
occurrence or the historical circulation of the virus in the country. Information relating to different
disciplines, such as epidemiology, virology or entomology, is also useful to provide context and a
holistic view taking into account complementary perspectives. This reinforces the need for a
pluridisciplinary approach to El, which is why the FEIS team and expert network include experts
from a wide range of disciplines such as epidemiology, informatics, entomology, virology, and
many other specialties.
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Figure 8. Process of the French epidemic intelligence system (Mercier et al., 2020)
2.254 Reporting and publications

The FEIS publishes reports to inform animal health authorities and professionals of potential
animal health risks. A report is published on a specific event when there is a quantitative or
gualitative change in the epidemiological situation of the disease, i.e. re-emergence, geographic
spread or increase in number of outbreaks. The dissemination of FEIS reports can be either public
on the ESA Platform website or confidential (sent to the ESA Platform steering committee)
depending on the source of the information it contains.

In addition to these reports, the FEIS produces a weekly El bulletin named “Bulletin hebdomadaire
de veille sanitaire internationale en santé animale”, or BHVSI-SA. This bulletin includes various
sections corresponding to specific diseases with, for example, sections for highly pathogenic avian
influenza, ASF, West Nile or FMD. The bulletin is generally 5 to 15 pages long, depending on the
global epidemiological situation. It is published online on the ESA Platform’s website since October
2018.

2.2.5.5 Research activities

To further strengthen its El activities, the FEIS is also involved in research projects. The FEIS plays
a role in nurturing useful research questions which it then contributes to in order to find
methodological solutions in line with its needs. These research projects aim to develop innovative
tools and methods to improve the early detection and analysis of health threats. Data collection
and analysis tools developed in the framework of the FEIS’ participation in research collaborations
include PADI-web, an online media monitoring tool, or a disease spread rate model that estimates
the speed of spread of diseases. These two examples of tool will be described further in the
manuscript (Sections 3.2 and 4.3). The FEIS is also actively involved in the H2020 MOOD project.
The FEIS participated in the project proposal, and will be among the end-users consulted and
interviewed as part of the comprehensive review of El activities in Europe. The four-year project
(2020-2024) operates on a budget of 15 million euros. The FEIS" involvement in this project will
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set the stage for new research questions and future projects, aiming at further improving El
activities through the integration of different sources and types of information (e.g.
environmental or molecular data), as well as new technologies.

2.3. Preliminary evaluation of the FEIS

The contribution of the FEIS to the El process (data collection, verification, analysis and reporting)
have been presented in a scientific article. After three years of leading and improving the FEIS, |
decided to conduct a short study to evaluate if the FEIS detected and reported on all important
events relating to animal health according to its scope, as a way to test its efficiency. To do so, |
compared the reports produced by the FEIS to posts published by ProMED from 1°* January 2016
to 31° December 2017, to identify if the system had missed any information. | set up a partnership
with ProMED directors (based in the United States of America) and moderators in order to
promote international collaborations through the bilateral exchange of information and
discussions relating to methodology. The results of the analysis of the reports published by the
FEIS from 2016 to 2017, and the comparison of these reports to ProMED alerts are presented in
Mercier et al., 2020.

2.4. Limitations and challenges

El systems face several technical and organizational challenges that can hamper the
exhaustiveness, timeliness and efficiency of these systems:

e Completeness of the collected information and its ability to reflect the current
epidemiological situation is a main challenge. As mentioned, traditional surveillance
systems relying on IBS to gather validated and official information in the form of
indicators. However, this method may miss information in the early stages of disease
emergence, and lacks timeliness and sensitivity in the detection of unusual events relating
to emerging diseases. To overcome this challenge, some El systems have set up an EBS
component and use automated biosurveillance tools to monitor unofficial information
sources such as online media reports or scientific publications.

o Timely verification of the information collected, particularly if the information originates
from an unofficial source like the media or rumors, is another challenge. As previously
stated, unofficial information can be validated using official sources or a network of
experts. In the framework of the FEIS, this challenge was addressed by setting up an
extensive network of national and international experts with different fields of expertise
(e.g. epidemiology relating to both human and animal health, virology, entomology,
farming systems). This network includes all of the French national reference laboratories
for animal diseases as well as several European and OIE reference laboratories, which can
be a very useful source of validation of information regarding the occurrence of an
emerging disease.

e Timely reporting of health threats to authorities in charge of response can also be
challenging. The internal hierarchical chain of validation of reports can delay the
dissemination of information, particularly in the case of large institutions or agencies. To
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address this issue, French animal health authorities have set up the ESA Platform to gather
animal health professionals and stakeholders from different sectors (veterinary agencies,
farmers, veterinarians, wildlife services, hunters, laboratories and research centers) and
facilitate the exchange of information, methods and expertise.

International El activities conducted by international organizations such as WHO, OIE or ECDC
have their limits, but can be complemented by national-level El systems. International systems
provide a global coverage and monitor a large variety of information sources, which makes them
very efficient at timely detection of health risks. The analysis of the threat, however, is very
country-dependent. This is why some countries have set up an international El system that uses
international systems as information sources, but also provide an interpretation and analysis
tailored to the country’s needs. This means that health threats are filtered depending on the level
of risk they represent for the specific country. This risk depends on several factors such as
historical disease circulation, economic ties (e.g. trade, governance), travel access or geographical
proximity. This challenge was addressed in France with the creation of a French international El
system as part of the French animal health epidemiological surveillance platform.

The integration of new methods, data sources or tools can be complicated by several factors. First,
we should aim to improve and complement the existing systems already in place instead of
creating new and independent tools, which can duplicate and complicate the work. Also, the
developed methods or tools should fit the needs of end-users in order to ensure appropriation
and sustained use of the tool. We are addressing these challenges in the framework of the H2020
MOOD project proposal by integrating a thorough review of existing activities, systems and tools,
and adding a social science component in one of the work packages. This component aims to
identify the main gaps and challenges relating to El data and work flows within institutions of El
activities, and identify end users’ needs in terms of data, tools and methods for the co-conception
of solutions. The integration of social science processes such as participatory methods can
facilitate interactions and communication in research projects involving many different
stakeholders, disciplines and geographical scales.
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Chapter 3

A pluridisciplinary approach to data collection in
the context of tool development

3.1. Introduction
“Disciplines are the result of the artificial fragmentation of knowledge” (Choi et al., 2006).

Some researchers, health professionals and policy-makers have a tendency to work individually,
in silos, with limited interactions and collaborations. Information and tools often cross from one
silo to another, but with limited sharing of knowledge and resources with a common goal. The
development and implementation of tools to improve disease surveillance, for example, tend to
be conducted unilaterally. This means tools are developed by researchers in informatics and
computer sciences with limited consultation of end-users who might later have to implement and
use a tool unfit for their needs or not practical to use. This can result in limited appropriation of
the tool by end-users and limited sustainability of solutions for stakeholders.

Collaboration between experts from different disciplines is increasingly promoted in health
research and services, particularly given the complex and interdisciplinary nature of current health
issues (D’Amour et al., 2005; Choi et al., 2006). The term collaboration implies the notions of
sharing and collective action towards a common goal. Teamwork involving several disciplines in
the framework of tool development can be implemented at different levels. Several terms can
describe such collaborations including multidisciplinary, transdisciplinary, interdisciplinary or
pluridisciplinary. These terms are not always clearly defined and are sometimes used
interchangeably. Here are a few definitions of pluridisciplinary approaches (involving more than
one discipline) adapted from Schelling, 2016 and Darbellay, 2008 that | have chosen for this
manuscript:

- A multidisciplinary approach involves several disciplines working individually, in parallel,

to contribute to the topic, with no collaboration between disciplines.
- An interdisciplinary approach aims to build common strategies through collaborative
conception and implementation of research questions, methods, tools and results.
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- A transdisciplinary approach focuses on a research topic that is co-constructed through

collaborative and participatory methods, and includes strong involvement of social
science stakeholders.

Multidisciplinary (additive), interdisciplinary (integrative) and transdisciplinary (holistic)
approaches reflect different degrees of collaborations along a continuum of pluridisciplinary work
(Choi et al., 2006).

In this section, | present two case studies based on my experience conducting El activities in animal
health in France (CIRAD, 2016-2020) and in human health in the Pacific (SPC, 2014-2016). These
case studies describe examples of pluridisciplinary collaborations between researchers and end-
users (in this context health professionals) in the framework of tool development to improve
health surveillance activities.

In both of these studies, | actively contributed on two levels. The first is a meta-level to promote
a global and generic approach based on a pluridisciplinary process and to identify the role of each
stakeholder involved in the process, to ensure operationality. The second is a specific and
technical level to suggest innovative methods and ensure the sustainable use of the tools by end-
users. Both levels aim to place each type of stakeholder at the center of discussions to improve
pluridisciplinarity. | acted as an intermediate link between end-users and tool developers,
between research and surveillance, to allow the pluridisciplinary co-construction of tools.

3.2. Development of an automated media monitoring tool for animal
health (PADI-web)

The first case study presents a pluridisciplinary collaboration to design an electronic media
monitoring tool and use it to retrospectively detect the emergence of the novel coronavirus in
China in December 2019 (Valentin et al., 2020a).

3.2.1 Internet event-based surveillance

Internet biosurveillance, or digital disease detection, relies on unstructured information collected
from a variety of online sources, and focuses on the early detection and alerting of health risks
(Brownstein et al., 2009; Hartley et al., 2013). With increasing volumes of information and media
outlets available online, internet biosurveillance has become a useful tool to monitor unofficial
sources on the internet and complement traditional surveillance systems mainly relying on official
sources.

Unofficial sources of information are important to consider and monitor in addition to official
sources because their integration can improve the timeliness and sensitivity of disease
surveillance systems (Yan et al., 2017a). WHO has reported that more than 60% of initial disease
outbreak reports originated from unofficial information sources (World Health Organization,
2016). In combination with the significant increase in internet use and accessibility worldwide,
internet-based EBS has become an increasingly pertinent and useful tool for El activities (Yan et
al., 2017a).
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Several EBS systems exist to monitor unofficial sources from the web and detect occurrences of a
wide range of health threats (Barboza et al., 2013). Some examples include ProMED developed in
1994 by ISID in the United States of America (Carrion et al., 2017), the Global Public Health
Intelligence Network (GPHIN) developed in 1997 by the Public Health Agency of Canada (Dion et
al., 2015), and the MedISys tool developed in 2004 by the European Commission’s Joint Research
Center (Rortais et al., 2010). These biosurveillance tools are developed independently and their
functionalities may vary (e.g. number of languages, type of health threats monitored and scope).
ProMED is based on a fully human-moderated process, while other systems are fully automated
(MedISys, PADI-web) or include both automatic and manual processes (HealthMap, GPHIN).
Figure 9 presents the main existing biosurveillance tools which include animal health threats in
their scope, and compares their features and data processing techniques.

System name ProMED GPHIN MedISys HealthMap 1BIS PADI-web
Owner International Society of Public Health Agency Joint research centre Boston Children’s University of ESA Platform
Infectious Diseases (USA)  (Canada) (European Union) Hospital (USA) Melbourne (France)
(Australia)
Year launched 1994 1997 2004 2006 2013 2016
Access policy Public Restricted Public Public Public Public
Threats covered" A H P A HPE A H,PE AHPE AP A
Sources” o,u o,u o,u o,u u u
No. of languages 7 9 50 7 1 6
Translation No AH No A / A
Data classification H A (keyword-based)/ H A (supervised A (supervised Not available A (supervised
classifier) classifier)/H classifier)
Interface
Available data source’  Full text (NL) Full text (EN) Headlines (NL) Headlines (EN/NL) Full text (NL) Full text (EN/NL)
Information retrieval No T8, FB T8, FB FB B, FB T8, FB
Spatiotemporal outputs No No Temporal series, map Temporal series, map Map Temporal series,
map
References (Carrion and Madoff, (Blench, 2008; Keller et al., (Grishman et al., 2002; (Brownstein et al., (Lyon et al., 2013a, (Arsevska et al.,
2017; Velasco et al., 2009; Mykhalovskiy and Weir, Yangarber et al., 2007) 2008; Freifeld et al., 2013b) 2018)

2014) 2006) 2008)

? A: animal, H: human, P: plant, E: environment.

> Source types, O: official sources, U: unofficial sources.

© H: human, A: automatic.

¢ Data source language, NL: native language, EN: English-translated

“ Retrieval from database, TB: text-based (free-text queries), FB: feature-based (epidemiological attributes).

Figure 9. Comparative table of existing biosurveillance tools including animal health threats, according to their scope
and data processing approaches (Valentin et al., 2020b).

These systems are not domain-specific and focus mainly on human health. Although some include
animal-related news, none of them focuses specifically on animal health threats.

3.2.2 Platform for automated extraction of animal disease information from
the web (PADI-web)

Although many biosurveillance tools exist and have proven their efficiency in detecting outbreak
news on the web, they provide limited coverage of animal diseases (Valentin et al., 2020b).

The Platform for Automated extraction of animal Disease Information from the web (PADI-web)
is an automated text mining platform that detects, categorizes and
extracts disease outbreak information from news articles published
on the Internet (Figure 10) (Arsevska et al., 2018). PADI-web was
designed for the FEIS to facilitate the monitoring of animal disease

Ny

&

PADI - WEB
Figure 10. The logo of PADI-web

outbreaks from unofficial sources of information such as online
news articles. It incorporates intelligent systems based on text
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mining which include natural language processing, machine learning and data mining techniques
(Arsevska et al., 2018).

A first module of the platform aims to identify and collect online news articles using a series of
customized Really Simple Syndication (RSS) feeds on Google News. Google News was chosen as
the main data source because it is freely accessible and allows users to tailor search parameters.
The RSS feeds use a list of predefined keywords relating to hosts, symptoms and disease names
(Arsevska et al., 2016). They can be disease-specific (using disease names) or non-specific (using a
combination of symptoms and hosts). This allows the tool to monitor nine specific diseases of
interest (ASF, classical swine fever, avian influenza, FMD, bluetongue, Schmallenberg virus, lumpy
skin disease, peste des petits ruminants and West Nile), as well as information on other diseases
or syndromes (e.g. early stages of emergence, before official confirmation of etiology).

The tool identifies and collects news articles containing a predefined combination of keywords.

The majority of RSS feeds use English keywords, but we have also implemented feeds in other
languages to increase local media coverage. These languages were selected to target areas with
enzootic circulation of specific diseases or at high risk of disease emergence (e.g. adding Arabic to
monitor FMD in endemic Arabic countries, or Chinese to monitor ASF). The integration of
multilingual RSS feeds has significantly increased the number of relevant news articles detected
(Valentin et al., 2020b).

Once collected, news articles are processed to remove duplicates from the database. News
articles that were retrieved using non-English RSS feeds are translated into English. News items
are then classified to determine if they are pertinent, i.e. relating to an animal disease event (e.g.
describing a current outbreak, prevention and control measures, or socioeconomic impact of a
disease). This classification step is run by a supervised machine learning process. In this process,
experts define two classification categories (pertinent/non pertinent) and manually annotate a
small dataset in order to build a model (supervised classification). Based on labeled data, the
machine-learning approach takes into account textual content of both classes in order to construct
the classification model. This model is then able to establish definitions for the two classes based
on the expert-annotated dataset, and annotate new data (machine learning). The model is
continuously enriched as new data is added to the database and classified (daily update of the
model). This underlines the importance of expert annotation and input at the beginning of the
process to set the foundation for the model classification, and to continuously update the tool’s
keywords if new disease threats emerge. A more specific type of classification has been recently
implemented, and consists of five topic categories to go beyond binary relevance classification
(Valentin et al., 2020c):

e confirmed outbreak: information about a new or ongoing confirmed outbreak,

e suspected outbreak: information about new or ongoing cases which have not yet been

diagnosed but are associated with a suspected disease,
e unknown outbreak: information about new or current cases not yet diagnosed and not

associated with a suspected disease,
e preparedness: information about prevention measures in a country not yet affected by
the diseases but on alert to prevent the introduction of the disease, and
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e impact: information on economic, societal or political impact of disease outbreaks in an
affected country or region.

The last module relates to information extraction, which aims to extract from the content of the
news article epidemiological information describing the event, such as disease, dates, geographic
location, affected host, clinical signs and number of cases. The information extraction process is
based on a combination of data mining techniques, expert validation and ruled-based systems
using a series of dictionaries (Arsevska et al., 2018). The experts first annotate epidemiological
identities in news articles from a specific dataset, from which the model learns rules to identify
these epidemiological features (rule-based). Then, the model applies these rules to identify
pertinent entities in other news articles (machine learning).

Figure 11 illustrates the PADI-web process, from data collection to information extraction.

€) Data
classification

e Data Relevance Topic e Inform.atlon
o Data processing classification classification extraction
collection & Disease
~ | Relevant —s N —
J Text cleaning document : ‘ Host
m ‘ ';'9 Location
ol —— — Language detection — ik
Google Q it | Date
New = Translation into English ' # Number of cases
Irrelevant -
— | document &E Symptom

Figure 11. PADI-web process (Valentin et al., 2020c)

The PADI-web interface allows users to view the content of each news article and visually identify
the key epidemiological information extracted (Figure 12). It also allows the user to view trends
(e.g. monthly number of relevant articles for a specific disease), filter the view of selected news
articles according to several parameters (e.g. disease, dates), and download the extracted
epidemiological information for a selection of news articles. The query can also be exported
through an RSS feed, allowing users to save its parameters and results.
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Figure 12. PADI-web interface viewing the news article content with identified extraction information and keywords; 1)
basic information of the news article (title, publication date, link to the original content), 2) list of epidemiological
entities, 3) class label predicted by the classifier, 4) tagged epidemiological entities and 5) details on the selected location
(Valentin et al., 2020b)

PADI-web was developed to improve the El activities of the FEIS. As team leader of the FEIS and
member of the PADI-web team from 2016 to 2020, | contributed on two levels. The first level is a
meta-level and includes the integration of expert knowledge to ensure the co-design of the tool.
The second level focuses on the participation to technical developments. | actively contributed to
finding solutions in terms of methodological developments to fit the needs of the FEIS in terms of
disease and geographic scopes, languages, extracted information, visualization and user interface
for the tool’s development and testing. | contributed to the improvement of the classification
process (selection of classes, defining pertinence), identifying pertinent epidemiological entities
to better define information extraction, and providing feedback on the tool’s use for El activities.

| also contributed to the development and evaluation of additional modules of PADI-web which
aimed to improve online diseases surveillance through the use of novel methods for data
collection such as visual analytics and visualization of extracted information. My contributions
focused on integrating expert knowledge to 1) implement innovative visualization methods and
2) collect and integrate annotated data in automated processes. One of these modules is EpidVis,
a tool that uses visualization techniques to identify the most pertinent keyword associations and
provide suggestions to improve data queries in PADI-web (Fadloun et al., 2020). | contributed to
the discussions on the design of the interface (Annex 1) and the link with PADI-web, and led a case
study on the use of EpidVis for El. Another example is EpidNews, a visual module that creates
figures presenting the percentage of articles for each keyword and maps of the epidemiological
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entities to facilitate the visual detection of anomalies (e.g. identifying a disease in a region where
this disease is absent according to official sources) (Annex 2) (Goel et al., 2020). | contributed
throughout the development process by: 1) leading the identification of user needs, 2) co-
constructing the method and 3) analyzing and interpreting results through different case studies.

A first version of PADI-web was developed in 2013 in collaboration with researchers from CIRAD
(TETIS unit), INRAE, the Informatics, Robotics and Microelectronics Laboratory in Montpellier
(LIRMM), and epidemiologists from CIRAD (ASTRE unit) involved in the FEIS. Developmental work
was carried out since 2013 to continuously improve the tool, particularly the classification module
in order to reduce the number of non-relevant articles collected (Valentin et al., 2020b). A second
version of PADI-web is available since January 2019, and continuous developments implemented
in 2020 will provide an updated version at the end of the year. Further methodological
developments will focus on improving the classification module by setting up more detailed
classes to go beyond pertinence (e.g. first occurrence of a disease, control measures or economic
and social impact) (Valentin et al., 2020c). It will also build on a machine-learning process to
construct a classification module. The tool has been integrated in the FEIS activities on an ad hoc
use depending on epidemiological news, for example to alert on circulation of avian influenza
viruses in Southeast Asia or outbreaks of FMD in Africa several days before official OIE notification
(Arsevska et al., 2018; Valentin et al., 2018).

3.2.3 Retrospective study of the novel coronavirus disease (COVID-19) in China
using PADI-web

3.2.3.1  Context of the study

On 31% December 2019, the Municipal Health Commission in Wuhan, China (Hubei province)
reported a cluster of pneumonia cases with an unknown etiology. A common link to Wuhan's
Huanan Seafood Wholesale Market (a fish and live animal market selling different animal species)
was reported by authorities. The market was closed to the public on 1% January 2020. Cases
showed symptoms of influenza-like illness such as fever, dry cough and radiological findings of
bilateral lung infiltrates. On 9% January 2020, a novel coronavirus was identified as the cause of
the outbreak of respiratory iliness (World Health Organization, 2020b). The virus was identified as
SARS-CoV-2 (previously referred to as 2019-nCoV) and the disease it causes was named COVID-
2019 (coronavirus disease 2019). As of 215 September 2020, the outbreak has resulted in a global
pandemic with over 31 091 469 cases and 961 352 deaths reported worldwide (European Centre
for Disease Prevention and Control, 2020).

CIRAD coordinates the H2020 MOOD project. The project started in January 2020 for a duration
of four years, and | actively contributed to the design of the project proposal. In January 2020,
following the rapid spread of COVID-19 to other countries, the European Commission asked the
coordination team of the MOOD project to adapt the project’s activities to support European
national public health agencies in the response to the COVID-19 pandemic. Even though the
MOOD project had just started, several tools were already made available by its members,
including PADI-web. PADI-web was designed to be generic and applicable to other domains such
as human health through its customizable keywords defined by users.
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The objective of the study was to test the genericity of the tool in a One Health context, i.e. its
ability to detect the emergence of a new virus in humans with lists of keywords designed for
animal health surveillance. We designed a retrospective study to analyze PADI-web’s capacity to
identify online news articles relating to the COVID-19 emergence in China, in comparison with two
other biosurveillance tools, ProMED and HealthMap. ProMED is a human-moderated system that
relies on a large network of experts worldwide who produce and share verified reports on disease
outbreaks through a common platform (Carrion et al., 2017). HealthMap is a semi-automated
system founded by the Boston Children’s Hospital in 2006 to monitor both official and unofficial
news sources on the web (Freifeld et al., 2008). HealthMap and ProMED both monitor a broad
range of human, animal and environmental known and unknown threats. They were selected
because they are two main sources of unofficial information freely accessible online.

This retrospective study focused on three specific objectives. First, we aimed to evaluate the three
EBS systems on their capacity to timely detect the COVID-19 emergence in China. Second, we
focused on PADI-web to understand how an animal health EBS tool contributed to the detection
of a human EID. We analyzed the RSS feeds from PADI-web that detected the COVID-19-related
news articles. Third, we assessed the vocabulary in the news articles detected by PADI-web and
its evolution in relation to the identification of the pathogen and the spread of the disease.

As part of the MOOD team and as second author of the paper, | actively contributed to the study
design particularly in terms of integrating expert knowledge on El for human health and early
detection of unknown threats. | also contributed to the manual tagging of news articles, data
analysis and interpretation of results to provide solutions to improve El activities.

3.2.3.2 Material and methods

In this study, we defined “news articles” as online media reports, whereas scientific publications
are referred to as “papers”.

To assess the timeliness of the three EBS systems (PADI-web, ProMED and HealthMap), we
searched for COVID-19-related news articles from 1% to 31t December 2019. We compared the
first news article detected by each EBS system in terms of publication date, language and source.

To understand how PADI-web detected news articles relating to the COVID-19 emergence, we
filtered a second corpus of news articles from 31t December 2019 to 6 January 2020, containing
at least one of the following keywords: “pneumonia”, “respiratory illness”, “coronavirus”, “nCoV”
(the first temporary name of COVID-19) and “Wuhan” in the body or the title of the news article.
Following manual verification, 58 news articles were excluded from the initial set of 333 news
articles because they were either duplicates or unrelated to the novel coronavirus outbreak. The

final dataset contained 275 news articles.

To analyze the link between PADI-web’s animal health RSS feeds and the detected news articles,
we screened each news article and assigned it to one of the following two categories depending
on the type of RSS feed that detected the news article: 1) disease-specific RSS feeds (containing
specific disease names) and 2) syndromic RSS feeds (containing combinations of symptoms and
animal hosts).
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We analyzed the evolution of the vocabulary from the initial discovery of the COVID-19 emergence
to its spread outside China by extracting terms from the whole corpus referring either to the virus
or the disease in the news content. We manually categorized the terms into the following
categories: “mystery” (terms referring to an unknown threat), “pneumonia” (terms referring to
the clinical signs), “coronavirus” (terms referring to the virus taxonomy) and “technical” (technical
terms and acronyms referring to the virus) (Table 1). One news article can contain terms from
several categories. We calculated the daily proportion of each category, expressed as the sum of
the occurrences of the category divided by the total number of occurrences for that specific day.
We merged daily counts for Saturday and Sunday to account for weekdays/week-end trends.

Table 1. Terms used to describe SARS-CoV-2 and COVID-19 in the corpus and their corresponding category after manual
classification.

coronavirus | coronavirus, betacoronavirus, “coronovirus”

¢ mystery, mysterious, unidentified, undocumented, disease x, unknown,
mystery .
abnormal, unexplained

pneumonia, respiratory outbreak, lung disease, respiratory tract illness,
respiratory illness, respiratory infection, pneumonia-like disease, upper-
pneumonia | respiratory illness, respiratory condition, lung infection, pneumonia-like cases,
pneumonia-like illness, respiratory virus, lung virus, pneumonia-like virus,
pneumonia-causing virus, pneumonia-like virus

technical 2019-ncov, 2019 novel coronavirus, cov2019, cov19, covid-19, n-cov2019, ncov,
|
ncov2019, novel coronavirus 2019

3.2.3.3 Main results

PADI-web detected COVID-2019-related information in Chinese and English news articles on 31
December 2019, the same day as the first official notification by Chinese health authorities of
pneumonia-like cases. HealthMap also detected the first COVID-19-related news article on the
31 December 2019. However, ProMED detected news relating to the emergence on 30%
December 2019, one day before official notification.

Out of 275 news articles relating to COVID-19 identified by PADI-web, 54.5% (n=150) were
detected by syndromic RSS feeds and 45.5% (n=125) were detected by disease-specific RSS feeds.

When relating to a disease, news articles were detected because they compared COVID-19 to
another disease (31.7%), because a disease was ruled out from the diagnosis (18.2%) or because
they described ongoing disease outbreaks, including COVID-19 (7.7%). When relating to an animal,
news articles were detected because they described animal species susceptible to coronaviruses
(24.4%), because they referred to animal species present in the Chinese market, thus as a potential
COVID-19 virus source (2.5%), or because they advised to avoid contact with animals (0.7%).

Before the official identification of the virus, keywords referring to clinical signs (“pneumonia”)
and the unknown cause of the outbreak (“mystery”) were most often used to describe the
emergence (Figure 13). Once the causative agent was identified, the category “coronavirus”
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became most used, along with the appearance of technical terms and acronyms such as “2019-
nCoV”.

China Report of 1st case
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Figure 13. Frequency of the different categories used to describe the COVID-19 outbreak (above), and stepped curve of
the daily number of COVID-19 news articles retrieved by PADI-web (below).

The paper entitled “Monitoring online media reports for the early detection of unknown diseases:
insights from a retrospective study of COVID-19 emergence” was submitted to Transboundary and
Emerging Diseases in April 2020 and accepted in July 2020. It is currently in press. The latest
version of the paper is available in Annex 3.

3.2.3.4  Study discussion

This case study showcased an example of pluridisciplinary collaboration between epidemiologists,
El experts, computer scientists and text mining experts in the aim of facilitating and automatizing
data collection to improve the early detection of health threats.

The results of our study showed that ProMED was the first to detect a news article relating to the
COVID-19 emergence in China, just one day before the first detection by PADI-web and HealthMap
and the official notification. Out of the three biosurveillance tools, ProMED is the only one to rely
on a network of experts to collect and share first-hand information on health events at the local
level to alert on potential health threats. This suggests that the network of local field experts is
crucial for the rapid detection of EID events. PADI-web and Healthmap detected the first news
article on the same day as the official notification by Chinese health authorities. This points out a
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limitation of some biosurveillance tools, and the need to integrate and promote the inclusion of
local experts in the sources of information of EBS systems.

PADI-web’s disease-specific RSS feeds contributed as much as syndrome-related RSS feeds to the
detection of COVID-19 news. This was unexpected but illustrates the importance of combining
both specific and non-specific RSS feeds to increase the coverage of search queries. Indeed, |
noticed in my experience that many media articles provide information on the epidemiological
situation of more than one disease, usually a clinically-similar disease, another disease circulating
in the same area or country, or a disease with an economic impact of the same magnitude (e.g.
comparison of ASF and avian influenza). This “bulk” feature of media articles mentioning several
outbreaks of different diseases allows EBS tools such as PADI-web to broaden the scope of their
search with a limited number of RSS feeds. This key feature compared to IBS systems allows them
to increase the probability and the timeliness of the detection of EID events, particularly when
relating to zoonotic events.

Our results indicated that the vocabulary changed as the disease spread. The analysis of the
evolution of the vocabulary during the early stages of emergence (e.g. suspicion, confirmation of
etiology, international spread) illustrates the importance of specifically selecting keywords relating
to “mystery” or “unknown” to detect suspicions of novel virus emergence, both in animals and
humans. EBS tools used to monitor information from online media sources should, therefore, be
adapted to the different stages of disease epidemiology.

PADI-web was able to detect news relating to an emergence event affecting humans through its
animal-health related RSS feeds, thus demonstrating its value as a trans-sectoral tool for the timely
detection of health events affecting both animals and humans, of both known and unknown
origins. To promote this use in a One Health approach, PADI-web has been presented and shared
in the framework of inter-sectoral collaborations with institutions involved in human health (e.g.
WHO and the French network of epidemic intelligence) and in plant health (e.g. ESV Platform and
INRAE). PADI-web is also part of the MOOD project which promotes the development and
improvement of new and existing tools in a One Health context, in collaboration with over 40
European partners in both animal and human health.

The three EBS systems included in our study monitor information in multiple languages, which
facilitates the detection of events in local media outlets. Increasing the number of languages
monitored by the systems can enhance their sensitivity and improve timely detection (Barboza et
al., 2014). The three EBS systems are also complementary in terms of scope (animal and public
health) and moderation (manual, semi-automated, automated).

In hindsight, | have identified a few ways to improve the study. Instead of manually extracting
terms in our analysis of the vocabulary, we could have used text mining techniques to automate
the process, such as the BioTex software which automatically extracts relevant terminology. We
could, for instance, add a new category of keywords relating to unknown health events in PADI-
web and analyze the news articles detected by the tool in a retrospective study of another
emergence (e.g. Ebola, SARS). This would allow us to validate and refine our findings relating to

n u

the vocabulary linked to novel pathogen emergence (e.g. “unknown”, “mystery”).
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PADI-web offers a strong coverage of the animal sector, a multilingual approach and an efficient
and automated information extraction module compared to other biosurveillance tools.
Multilingual approaches are uncommon (only 32% of reviewed biosurveillance tools are
multilingual) and increase the amount of information collected, thus improving early detection of
an event by including local media sources (O’Shea, 2017). Previous studies have also shown that
PADI-web detects information on health events with a wider thematic scope, e.g. the detection of
information relating to control measures such as vaccination (Arsevska, 2017).

Through this case study, PADI-web illustrated the key contribution of unstructured data extracted
from news articles. However, several challenges of managing unstructured data have been
discussed, such as user bias relating to human moderation, the need for an annotated training
dataset for machine learning algorithms, determining suitable baselines to detect anomalies in
disease trends, or selecting pertinent keyword associations for online queries (Yan et al., 2017a).
Although digital disease detection improves the timeliness and sensitivity of disease surveillance
systems, the use of informal sources is likely to generate bias (Yan et al., 2017b). The information
extracted from these unofficial sources should be verified and validated by experts before
analysis, hence the need for pluridisciplinary collaborations. Because biosurveillance tools collect
information from many common sources (e.g. social media, Google News) and sometimes collect
information from one another (e.g. ProMED and HealthMap mutually), data collection using
internet-based biosurveillance tools can create duplicates and overlap in the collected
information (O’Shea, 2017). This highlights the need to improve the detection of information
duplicates when combining data collected from different tools and heterogeneous sources.

Although the first news article detected usually contains limited, preliminary and vague
information, biosurveillance tools provide a first warning for the emergence of new and unknown
pathogens. Biosurveillance tools rely on syndrome keywords to detect such threats and, although
there might be some level of noise regarding the collected information due to the limited
specificity of syndromes, these tools are the first line of detection of new disease emergences.
This supports the need to integrate weak signals in biosurveillance tools to increase the sensitivity
of EBS systems and better detect the early stages of disease emergence, even when available
information is limited. For this reason, | have led the integration of PADI-web into the FEIS’ El
activities on an ad hoc basis to increase the coverage of the information monitored. We plan to
integrate PADI-web on a permanent basis to go beyond ad hoc use, but this will generate more
information to validate and analyze on a daily basis and might require additional tool adaptation,
planning and resources. The level of additional resources and time needed for the integration of
EBS biosurveillance tools in existing El systems depends on whether these tools complement the
monitoring of official sources (e.g. FAO or European commission databases) or if the El system
solely relies on these biosurveillance tools, which may be the case if limited official notification
data is available.

Existing biosurveillance tools display complementary features relating to data collection,
languages, moderation, extraction and dissemination of information (Yan et al, 2017a).
Combining them can increase the sensitivity and timeliness of disease surveillance systems, from
data collection to reporting (Barboza et al., 2013). This was the idea behind the Epidemic
Intelligence from Open Sources (EIOS) platform (Abdelmalik et al., 2018). The EIOS initiative is a
unique collaboration between WHO, the Global Outbreak, Alert and Response Network (GOARN),
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FAO, OIE, the Global Health Security Initiative (GHSI), ECDC, Africa CDC and the Joint Research
Centre of the European Commission. EIOS aims to create a common, all-hazards, One Health
platform by using open source information for the early detection, analysis and reporting of health
threats (Abdelmalik et al., 2018). The initiative brings together end-users (health professionals
working in El), system developers, data providers and stakeholders to mutualize expertise, efforts
and resources, in order to combine existing developments and improve systems’ performance in
terms of early detection and monitoring of threats.

The combination of complementary tools has also been implemented in PADI-web, with the
integration of complementary modules such as EpidVis and EpidNews. PADI-web is the product of
several years of pluridisciplinary collaborations between experts in computer sciences, visual
analytics, animal health, El and epidemiology. This co-conception of the tool ensured the
developments met the end-user needs in terms of online media monitoring to complement
unofficial sources of information monitored by the FEIS. As stated, expert input is essential for
text-mining and machine learning algorithms, which make up PADI-web. For this reason, it was
important for me to actively contribute to each work meeting and pluridisciplinary group
discussions with experts in data science and text mining, as part of the PADI-web team, to provide
my expertise in El and my operational needs as a main end-user. During the early stages of
development of PADI-web, a Delphi consensus method was used to facilitate discussions between
experts in order to agree on class definitions and keyword selection, a potentially challenging task
given the different experiences and perspectives of participants (Rayens et al., 2000; Arsevska et
al., 2016).

It is important to integrate end-users in the early stages of development to ensure the tool meets
their needs. The need for the tool itself should also be validated by end-users as a first step of the
project, through an in-depth assessment of user needs prior to the launching of the project. End
users involved in the development of the tool should be representative of all end-users. As the
development advances, additional key stakeholders can be involved in the process through
iterative feedback loops (as is planned in the H2020 MOOD project). These feedback loops can
extend beyond the development phase and continue during the tool’s implementation to ensure
it can adapt to the evolution of the users’ needs. This might be at the source of some issues we
have faced with PADI-web’s implementation beyond ad hoc use. Unfortunately, we noticed that
the tool does not meet some specific needs of the FEIS end-users such as a concise and synthetized
view of all collected news articles, allowing a rapid overview of all news articles. Such specific
needs are operational and could have been identified during feedback and testing loops during
and following the tool’s development. Today, the implementation of the PADI-web in the FEIS’
daily activities is delayed due to the need for technical adjustments to address these operational
needs. Also, the development of the tool was conducted in parallel to the FEIS which was still in
the process of being set up and implemented when the development of PADI-web was underway.
Both were launched in 2013. Some operational needs might not have been identified during the
tool’s design simply because they had not yet been identified by the FEIS members at the time.
The tool’s development process, in collaboration with FEIS members, might have been different if
the project had been launched once the FEIS was operational, mature and able to provide
operational feedback on specific needs.
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In retrospect and with the knowledge acquired during my experience, | have identified several
ways to improve the development and facilitate the implementation of newly developed tools,
such as PADI-web, in existing surveillance systems. Including a representative group of end users
in the design of the tool can help identify key operational needs to make sure the tool fits the
needs of the users. Identifying a facilitator, preferably an end-user, is also key to further facilitate
and drive the process. | also suggest to organize feedback meetings with additional end users at
different stages of the process. These meetings would allow the tool development team to identify
addition operational needs by progressively including more and more end-users in an iterative
process, to validate the tool’s design and to organize testing loops with the future users. This
approach requires more time at the development phase but will save time during the
implementation phase. We have chosen such an approach for the H2020 MOOD project, with the
help of sociologists to facilitate this co-conception with end-users.

3.3. Development of an online data collection tool for mass gathering
surveillance

The second case study is another example of the pluridisciplinary co-development of an electronic
tool to improve disease surveillance. The objective of this case study was to develop and
implement an online tool for electronic data collection and analysis of health data to enhance
disease surveillance in the context of mass gathering events in the Pacific region, in this case the
8™ Micronesian Games hosted by the Federated States of Micronesia in 2014 (White et al., 2018).

3.3.1 Context of mass gatherings

WHO defines mass gatherings as “events attended by a sufficient number of people to strain the
planning and response resources of a community, state or nation” (World Health Organization,
2008a). Mass gatherings can be recurrent or sporadic. These events can be for example religious
(e.g. the Hajj), athletic (e.g. the Olympics) or socio-cultural (e.g. the Festival of Pacific Arts) (Figure
14). They should be distinguished from humanitarian emergencies because mass gatherings are
non-emergency events that allow sufficient time to prepare for the events (Kaiser et al., 2006).

These events are characterized by a large attendance, although specific size is not linked to the
definition because the capacity of local communities and health services to manage large crowds
varies from one region to another (World Health Organization, 2015). Their size may vary from
several thousand people to several million people such as the 3.2 million spectators of the
“Fédération Internationale de Football” Association World Cup in Germany in 2006 (Josephsen et
al., 2006).
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Figure 14. (left) Crowds of people at the London 2012 Olympic Games Park in Stratford in August 2012; (right) Muslim
pilgrims at the Ka'aba during the Hajj in Makkah, Saudia Arabia in October 2013 (Memish et al., 2014 - © 2014 Corbis)

Through the favorable context they provide, mass gatherings can represent serious health risks
(Lombardo et al., 2008). Public health risks associated with mass gatherings are well documented
and encompass a variety of focus areas, from environmental health hazards to infectious diseases
(Milsten et al., 2002; Arbon, 2007). Crowding favors the emergence of infectious diseases through
increased contacts between participants. The temporarily increased population density at the
location of the event can exacerbate an on-going outbreak in the host country and strain the
planning and response resources of the country or community. In addition, by involving
international participants, mass gatherings represent a threat of importation of new diseases into
the host countries from participants’ countries upon their arrival, or the exportation of a disease
worldwide when infected participants return to their home country. An important lesson learnt
from past epidemics like SARS in 2003 was that weaknesses in “surveillance and response capacity
in a single country can endanger national populations and the public health security of the entire
world” (Heymann et al., 2004).

The hosting country’s health agency must be prepared to enhance their surveillance capacity to
detect, investigate and respond to an infectious disease outbreak that could damage the
reputation of the event, spread to other regions or countries, and exert a substantial human or
economic impact. Enhancing surveillance implies increasing the timeliness and accuracy of
existing surveillance capacities and potentially implementing additional active surveillance
systems (Fleischauer et al., 2017).

Preparing public health systems for managing a mass gathering is a complex procedure. In
accordance with IHR, WHO offers guidance for public health planning, surveillance and response
during mass gatherings (World Health Organization, 2008b, 2015). To enhance existing
surveillance systems, thorough risk assessments for participating countries and host country are
essential prior to the event in order to identify potential public health risks and available resources
(World Health Organization, 2015). As part of the medical service preparations, health authorities
often implement an enhanced syndromic surveillance system (Kaiser et al.,, 2006). The
enhancement of the surveillance system focuses on capacity for diagnostics (e.g. available human
and material resources), control (e.g. investigation, isolation, treatment) and prevention (e.g.
awareness, vaccination).
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The majority of outbreaks that occur at mass gatherings involve vaccine-preventable diseases,
mainly influenza, measles, mumps and hepatitis A (Gautret et al., 2016). Several outbreaks during
mass gatherings led to international spread of communicable diseases, with secondary and
sometimes tertiary cases reported in a participant’s country. For example, a measles outbreak
during two sport competitions in Italy in 2011 led to secondary cases in Germany and Slovenia
(Santibanez et al., 2014), and another measles outbreak during a mass gathering in Taizé, France
in 2010 led to secondary and tertiary cases reported in Germany (Pfaff et al., 2010). Another
example is the introduction of dengue serotype 4 in American Samoa in 2008 during its hosting of
the Festival of Pacific Arts (Institut de Veille Sanitaire, 2012).

3.3.2 Disease surveillance in the Pacific

The Pacific region covers about a third of the Earth’s surface and counts more than 3 000 islands
in 22 Pacific island countries and territories (PICTs), which include some of the world’s smallest
nations with under 25 000 residents (Kool et al., 2012a). PICTs are culturally diverse and some can
be very geographically isolated.

Rates of infectious diseases are high in the Pacific region (Gani, 2009). PICTs are characterized by
insularity, relative remoteness, significant mobility both within islands and outside the region,
which make them particularly vulnerable to disease outbreak and spread (Souarés, 2000;
Nelesone et al., 2006). In addition to a vulnerable context increasing the risk of disease outbreaks,
outbreak detection and response in PICTs are constrained by several factors including limited
health infrastructures and communication networks, limited availability of trained public health
staff and many notifiable conditions for which overseas laboratory confirmation is required, which
can result in poor reporting (Souares, 2000; Kool et al., 2012b). These factors can overwhelm
health services (often only one person) and weaken their early warning and response capacities,
resulting in poor timeliness, completeness and sustainability of surveillance systems.

Syndromic surveillance has been successfully implemented in developing countries in Africa and
Asia (Durrheim et al., 2001; John et al., 2004). Case definitions are based on clinical signs and
symptoms rather than laboratory confirmation, making it particularly useful in settings with
limited access to laboratories, a common feature in most PICTs. The gain in timeliness provided
by a syndromic system is substantial and can lead to rapid response and limited disease spread
(Nelesone et al., 2006).

The SPC (originally Secretariat of the Pacific Community) is an international development
organization governed by its 26 members, which include 22 PICTs, Australia, France, New Zealand
and the United States of America. SPC aims to facilitate the sharing of technical experience and
knowledge, and provides support to its members to implement specific development projects and
activities. SPC’s expertise is structured into nine divisions, including the Public Health Division
(PHD). The Research, Evidence and Information Program (REIl), which is part of the PHD, aims to
provide support to its PICT members in terms of infectious disease surveillance. The REIl team
coordinates regional El activities to provide up-to-date information on the circulation of infectious
diseases in the region. The team also coordinates the Pacific Public Health Surveillance Network
(PPHSN), created in 1996 under the auspices of WHO and SPC. The PPHSN is a voluntary network
of countries and organizations dedicated to the promotion of public health surveillance and
appropriate response to the health challenges of 22 PICTs. To improve public health surveillance
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and response in the Pacific in a sustainable way, the network aims to harmonize health data needs
and surveillance, develop supportive computer applications, train national staff in epidemiology
and public health surveillance, promote the sharing of information between PICTs, publish regular
bulletins to disseminate health information, and improve laboratory capacity and connectivity.
PPHSN services include an email list to promote timely exchange of information among over 680
health professionals (PacNet), and a diagnostic support network working on the identification and
verification of pathogens (LabNet).

In 2010, the Pacific Syndromic Surveillance System (PSSS) was introduced in the PPHSN to simplify
disease surveillance and improve early warning for the main outbreak-prone diseases in the
Pacific. The PSSS focuses on four core syndromes defined according to standardized case
definitions: acute fever and rash (AFR), diarrhea, influenza-like-iliness (ILI) and prolonged fever
(Table 2).

The PSSS complements existing surveillance systems in terms of early warning and builds on
existing data collection, reporting and response procedures (Kool et al., 2012b). It does not replace
laboratory confirmation, still needed for major outbreak-prone diseases. The PSSS provides an
efficient early warning system for many PICTs, enabling them to achieve several key capacities
required by the 2005 IHR (World Health Organization, 2008b).

Table 2. Case definitions for the four identified syndromes of the Pacific Syndromic Surveillance System (fever: 38°C or
higher) (Kool et al., 2012).

Acute fever Sudden onset of fever, with | Measles, dengue, rubella, meningitis,

and rash (AFR) | acute non-blistering rash leptospirosis

Diarrhea Three or more loose or Viral and bacterial gastroenteritis including
watery stools in 24 hours cholera, food poisoning, ciguatera fish poisoning

Influenza-like | Sudden onset of fever, with | Influenza, other viral or bacterial respiratory

illness (ILI) cough and/or sore throat infections
Prolonged Any fever lasting three or Typhoid fever, dengue, leptospirosis, malaria,
fever more days other communicable diseases

Since 2012, SPC has implemented a mass gathering program to support PICTs in enhancing their
disease surveillance system. It aims to limit the risk of infectious disease outbreaks during mass
gatherings. Enhanced syndromic surveillance (ESS) has three primary objectives: 1) to provide a
simple disease surveillance system allowing timely detection and response of disease events, 2)
to provide daily dissemination of situation reports to national and regional health authorities and
stakeholders, and 3) to improve the existing disease surveillance system in a sustainable manner
(White et al., 2017). ESS involves increasing the number of syndromes and sentinel sites
monitored, switching from weekly to daily reporting, and going from aggregated data to case-
based reporting (Hoy et al., 2016). ESS is increasingly implemented for mass gatherings, although
it has generally been limited to high-income countries (Nelesone et al., 2006; Lombardo et al.,
2008). In low to medium-income countries, establishing ESS for mass gatherings can provide a
great opportunity to strengthen health system capacity in a sustainable way, building from and
strengthening the existing surveillance system (Henning, 2004).
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Since 2012, SPC has provided support to Pacific health authorities for the enhancement of disease
surveillance during the following events:

e 11%™ Festival of Pacific Arts in the Solomon Islands (2012),

e 9™ pacific Mini-Games in Wallis and Futuna (2013),

e 8" Micronesian Games in Pohnpei State, Federated States of Micronesia (2014),

e 3" International Conference on Small Island Developing States (SIDS) in Apia, Samoa
(2014),

e Commonwealth Youth Games in Apia, Samoa (2015),

e 12" Festival of the Pacific Arts in Guam (2016),

e 10 Pacific Mini-Games in Vanuatu (2017), and

e 9™ Micronesian Games in Yap State, Federated States of Micronesia (2018).

3.3.3 Electronic disease surveillance

Over the past 15 years, there have been great improvements in the collection, analysis,
visualization, and reporting of health data, mainly driven by advances in information technology
(Feighner et al., 2014). Incorporating technological advances significantly increased the timeliness
of data collection, analysis and reporting, and allowed more complex and automated analyses of
disease data, thus facilitating early detection, preparedness and rapid control of disease
outbreaks.

Electronic disease surveillance can improve health security by reducing delays in data availability
and analysis, and improving early detection and reporting (Jajosky et al., 2004; Chretien et al.,
2008; Soto et al., 2008). Countries can, thereby, enhance their compliance with the WHO’s 2005
IHRs which require strengthening disease detection and response capacities in order to report,
within 24 hours of assessment, any public health event of international concern (World Health
Organization, 2008b). An electronic disease surveillance system can address a number of pertinent
objectives, including: 1) detection of disease outbreaks, 2) monitoring trends in disease rates or
the effectiveness of an intervention, and 3) strengthening local capacity in outbreak detection and
response (Henning, 2004).

Electronic disease surveillance, particularly electronic syndromic surveillance, holds promise to
improve health security in resource-limited environments (Chretien et al., 2008; Soto et al., 2008).
Resource-limited countries have lagged behind due to challenges with information infrastructures
and available resources. In developing countries, epidemiological surveillance is usually led by the
Ministry of Health, which often still relies on traditional pen and paper methods for disease
reporting (Soto et al., 2008). In developing countries where public health infrastructure can
sometimes be suboptimum, efforts are in progress to implement robust data collection and
analysis methods and improve local capacity for electronic disease surveillance (Chretien et al.,
2008). When considering available information and communication technologies, it is essential to
select technologies that are both easy to incorporate into existing health systems and sustainable
with little or no additional financial investment, thus ensuring proper implementation and
sustained use (Feighner et al., 2014).
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3.3.4 SAGES tool

SAGES (Suite for Automated Global Electronic bioSurveillance), developed in 2008 by the Johns
Hopkins University Applied Physics Laboratory (JHU-APL), provides an inexpensive, customized,
and sustainable disease surveillance system that can complement and strengthen existing
systems. SAGES is a collection of modular, flexible, freely-available software tools designed to
enhance electronic disease surveillance capacity in resource-limited settings (Lewis et al., 2011;
Feighner et al., 2014). SAGES tools are organized in four categories: 1) data collection, 2) analysis
and visualization, 3) communications, and 4) modelling, simulation and evaluation. They are built
in a modular nature, which allows each locality or country to select all or specific tools from SAGES
on the basis of their needs, capabilities and existing systems to create a customized electronic
disease surveillance system (Feighner et al., 2014).

The SAGES analysis and visualization tools are built on the features and functionality of the
Electronic Surveillance System for the Early Notification of Community-based Epidemics
(ESSENCE) system. This system was previously developed by JUH-APL in collaboration with the
United States Department of Defense (Lewis et al., 2011). ESSENCE allows real-time collection,
analysis and visualization of non-traditional data sources (e.g. poison control center calls,
pharmaceutical sales) leading to the timely detection and reporting of anomalies in disease
activity within a community (Lombardo et al., 2003). The current SAGES initiative leverages the
experience gained with ESSENCE and its analysis and visualization components are built with the
same features.

One of the most successful tools of the SAGES toolbox is OpenESSENCE (OE), a multi-user web-
based tool for data entry, analysis and visualization that enables epidemiologists to monitor the
population’s health (Feighner et al., 2014). SAGES OE provides a web-based data collection and
analysis platform that automatizes key steps of reporting such as generating time series or
detecting threshold crossing, thus allowing timely data analysis and reporting, which are crucial
for enhanced surveillance.

A collaboration was set up between SPC and JHU-APL to adapt OE to the context of disease
surveillance enhancement for mass gatherings in the Pacific. SAGES’ OE tool was successfully
implemented for the 8" Micronesian Games which | will present as a case study in this next section
(Hoy et al., 2015; White et al., 2018).

3.3.5 Application of SAGES to enhance disease surveillance during the
Micronesian Games in the Federated States of Micronesia in 2014

3.3.5.1 Context of the study

The Federated States of Micronesia (FSM) is a Pacific Island country located north of Papua New
Guinea. It is made up of four independent states: Yap, Chuuk, Kosrae and Pohnpei (Figure 15). The
capital of FSM is Palikir, located in Pohnpei State. FSM covers 701 square kilometers and the
population was estimated at 103 000 inhabitants in 2010 (the Pacific Community, 2017; World
Health Organization, 2017a). Located in the Eastern part of FSM, Pohnpei is the second largest
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state after Chuuk. It is made up of the main island of Pohnpei, the largest island in FSM with 129
square miles, and eight smaller outer islands (Ichiho et al., 2004).
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Figure 15. Map of the Federated States of Micronesia (SPC's Member Map - the Pacific Community 2017)
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% X 8TH MICRO GAMES 2014 Micronesian Games (or Micro Games) which gathered

D\ :
‘,}*{/ POH N PE' FSM participants from seven Micronesian island countries

and territories: Kiribati, Guam, Marshall Islands,
Figure 16. 8th Micronesian Games logo Nauru, the Commonwealth of the Northern Mariana
Islands, Palau and FSM (Figure 16) (White et al., 2018).
The event took place in the area around the main town of Kolonia and attracted about 1 700
athletes and officials. The event was held two months after a widespread measles outbreak in
Pohnpei, which presented a risk of spread across FSM and the Pacific region following the mass

gathering.

During my experience as a public health surveillance officer at SPC from 2014 to 2016, |
participated in the REl team’s projects, which included the mass gathering enhancement program.
Similar to the PADI-web case study, | contributed on two levels to the adaptation of OE to mass
gathering surveillance: a meta level to integrate user knowledge, and a methodological level to
contribute to the technical and methodological developments of the tool. As part of a
pluridisciplinary team of experts in computer sciences, epidemiology, epidemic intelligence and
public health, | contributed to the integration of expert knowledge on the El process in the tool’s
design and implementation. | also participated in methodological developments of the tool to
adapt it to the local context, thus ensuring it fits the needs of local health authorities. | contributed
to the analysis and reporting of the data collected daily, provided back-office support when
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technical issues arose, and provided training for health officials as well as a detailed user guide
manual to facilitate the use of the tool.

In addition to my contribution to the surveillance enhancement for the Micro Games in FSM, | also
participated in SPC’s support for another mass gathering event that occurred in 2014, just two
months after the Micro Games: the 3" United Nations SIDS Conference hosted in Samoa. The SIDS
conference took place at the same time as the Teuila festival also organized in Samoa, while a
chikungunya outbreak was reported locally and the largest Ebola outbreak was ongoing in
Western Africa. SPC implemented the same program for mass gathering enhanced surveillance.
We had initially planned to use the SAGES OE tool. However, we were not able to use the tool due
to technical challenges in hosting the tool server in Samoa and the country’s worries about data
confidentiality with cloud hosting. We had to adapt by creating an Excel spreadsheet system with
programmed threshold alerts, data analysis and visualization, to which | contributed. | traveled to
Apia, Samoa two weeks prior to the event to meet health authorities and health professionals at
the different sentinel sites (existing and newly set-up for the mass gathering), to train the staff on
the use of the spreadsheet tool, as well as the creation and publication of daily situation reports
to inform stakeholders. | provided support for the enhancement of the surveillance system to all
sentinel sites, then to a daily basis instead of weekly, with test runs implemented. Upon my return
to SPC offices, | provided back-office support for the dissemination of the daily situation reports.

3.3.5.2 Material and methods

SPC’s program to enhance disease surveillance during mass gatherings consists of three steps that
focus on preparation, operational implementation and sustainability.

The first phase of the mass gathering surveillance process is preparation. Health authorities of the
hosting country or territory contact SPC prior to the mass gathering to ask for support in
strengthening the island’s disease surveillance system. This step is formalized by a signed
agreement between SPC and the hosting country or territory. This contact is ideally established at
least a year before the event, though it is usually done a few months before in practice.

The next step of the protocol for disease surveillance enhancement is to assess the existing disease
surveillance system in the hosting country or territory. Most of the existing surveillance systems
are based on weekly reporting, but need to be enhanced to daily reporting for mass gathering
surveillance in order to ensure timely detection of outbreaks, i.e. unusual increase in syndrome
cases, and rapid response. The team also conducts a disease risk assessment by monitoring
ongoing disease circulation in the hosting country to identify risks of disease exportation, and in
the participant’s country of origin to identify risks of disease introduction in the hosting country.
A work plan is developed based on these findings.

A surveillance tool is then developed based on the needs of the national health authorities. We
can start from an existing tool, if they are already using one, that can fit the need for enhanced
surveillance with daily reporting. The REl team adapted the OE tool which can easily be applied to
different mass gathering contexts.

Following the preparation phase, operational implementation is carried out, starting ideally at
least six months prior to the event in order to allow time to test the tool and the enhanced system,
to train the staff, and to plan for necessary resources (e.g. cars, phones, office supplies). The
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training delivered to health authorities and sentinel site staff focused on the use of the OE tool,
collection and referral of laboratory samples, completion of the surveillance reg