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[K1] BIG CHALLENGES WITH USING BIG DATA FOR ANIMAL HEALTH SURVEILLANCE
Peter Durr and Kerryne Graham
CSIRO Australian Centre for Disease Preparedness, Geelong, Victoria, Australia
The Big data paradigm is increasingly gaining predominance in many parts of public health surveillance,
particularly in genetic and infectious disease epidemiology. This is on account of the benefits it provides
over traditional sampling approaches in terms of being able to process large quantities of data
(“volume”), rapid analytics (“velocity”) and integration of disparate datasets (“variety”). Nevertheless,
implementing Big data surveillance systems carry challenges with respect to ensuring they are free from
coding errors (have technical “veracity”), are truly representative of the populations they are undertaking
surveillance for (have scientific “validity”) and are cost effective (have “value”), the absence of the latter
impacting on long-term sustainability. The technical and scientific challenges in building Big data
surveillance systems are discussed through the use of two examples: “TAPPAS” a web-based system
for the surveillance of long range wind dispersion of Bluetongue and African horse sickness via
Culicoides midges and “SPREAD” a system to assist in determining the paths and modes of
transmission of foot-and-mouth disease virus during an incursion in a non-endemic country. The benefits
and disadvantages of building browser user interfaces (BUIs) for Big data surveillance systems to
provide verification and validation and to assist in ensuring long-term financial sustainability are
discussed.
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[K2] SWEDISH & DANISH COVID-19 SURVEILLANCE AND CONTROL STRATEGIES
Dr. Anders Tegnell, Former State Epidemiologist, Public Health Agency Sweden
Summary
Sweden saw a surge of COVID-19 cases in late February and early March that was due to import cases
from several countries and not only from countries with known community transmission at the time.
There were over one million arrival and departures to and from Sweden during the annual winter holiday
between 24 February and 15 March, which coincided with an extensive spread of the disease in many
countries.
Testing, contact-tracing and isolation initially focused on people returning from areas with known
community transmission (Italy, South Korea, Iran and mainland China) more countries were added as
information was available. The number of returning passengers soon exceeded the capacity and when
signs of community spread appeared testing focused on priority groups until more capacity became
available. A peak in June reflects increased testing capacity and since then testing and tracing has been
aimed at all persons with suspected disease when possible.
Surveillance has been extensive and apart from the traditional collection of cases a number of different
indicators was followed. The pressure on the health system has been important and has been followed
in a number of ways. To follow the adherence to recommendations a number of sources has been used
among them data from mobile phone operators. Contact with private actors have provided important
information.
A large proportion of deaths took place in long term care facilities. A ban to visit care homes for older
people was issued between March-October. In April, the Agency conducted a survey and in-depth
interviews with care home managers and nurses in two regions where there had been significant
outbreaks (Stockholm and Sörmland). With these insights and in consultation with relevant actors, a
wide package of support and measures was developed but problems persisted in this setting until
vaccinations could be offered.
A number of control strategies in the community has been in place. Examples are bans on big gatherings
restrictions in restaurant services advice to the public in how to avoid being infected and infecting others.
Vaccinations started in the end of 2020 with a clear aim to diminish mortality and morbidity. Elderly and
risk groups have been prioritised. The program has been largely successful but failed to reach some
groups in society. In early 2022 with a high level of immunity in the population and diminished disease
severity all restrictions were abolished and the spread of covid 19 has in the last months slowly but
constantly diminished.
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[K3] ASSESSING SURVEILLANCE RISKS IN A MULTI-SECTOR SETTING
Dr Helen Roberts, Exotic Disease Control team, Defra, Chair of the UK Human Animal Infections &
Risk Surveillance group
The Human Animal Infections & Risk Surveillance group (HAIRS) is the UK’s multi-agency,
multidisciplinary cross-government horizon scanning and risk assessment group. The group aims to
identify and risk assess emerging and potentially zoonotic infections which may pose a threat to UK
public health. Since its establishment in early 2004, there has been a steady evolution and development
of the risk assessment processes used by the group. The group has been described as a major One
Health initiative and has been cited as an example of how the fields of veterinary and human medicine
can effectively work together on risk assessment for emerging health threats. It acts as a forum to identify
and discuss new and emerging infections, especially at the human-animal interface, and plays a pivotal
role for human and animal health by contributing to national policy development and operational
responses on zoonoses. The group is recognised as providing a multidisciplinary focal point of referral
for potential zoonotic incidents – especially if the subject does not fit in existing advisory committee
structures.
Members of the HAIRS group include animal and public health experts from across the four UK
Administrations, and the remit includes pets, wildlife and livestock diseases. The group has recently
expanded to the Crown Dependencies and the Republic of Ireland, because of the shared
epidemiological environment. Each member has not only expertise in their field, but also their own
professional contacts, collaborators and networks to link up with other experts in their area. HAIRS
members report upwards to the Chief Medical Officers, Chief Veterinary Officers and Chief Scientists of
the respective administrations.
The group meets monthly to identify potential hazards (either zoonotic agents, syndromes or emerging
infections) through the systematic horizon scanning of a wide range of formal and informal reports on
infectious incidents in human and animal populations. Members can also raise more immediate threats
on an ad hoc basis. The threats undergo an initial review whereby a brief overview of all currently
available information on the identified hazard is compiled and provided to HAIRS members to determine
further actions. These include logging a hazard for awareness and ongoing monitoring, producing a risk
review statement (where insufficient information is available for a formal risk assessment or a
comprehensive risk assessment is not deemed necessary), or performing a formal risk assessment
using existing zoonotic potential or emerging infections probability and impact algorithms. The use of
scenario trees allows a consistent approach for risk management purposes and each member of the
group is responsible for risk communication to their respective agencies and departments.
I will share the most recent topics which we have been discussing, highlighting in particular the cross
government working in response to the emerging threat of Brucella canis, SARS-CoV-2 in animal hosts,
avian influenza in mammals and how we continue to develop our risk assessment process including
more international outreach. It is through these processes that we improve alerts, assessments and
communication across government and internationally, developing collaborative relationships ahead of
a crisis and supporting the One Health agenda.
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[K4] 25+ YEARS OF CROSS-SECTOR SURVEILLANCE FOR AMR IN PRACTICE THROUGH
DANMAP
Birgitte Borck Høg & Ute W. Sønksen
DANMAP - the Danish Integrated Antimicrobial Resistance Monitoring and Research Programme – was
established in 1995. The programme was initiated by researchers investigating antimicrobial resistance
in both animals and humans, and funded by a research grant from the Ministry of Food and the Ministry
of Agriculture and Fisheries. Following a period with a number of severe food-borne outbreaks in several
European countries, there was a strong political interest to develop coordinated national surveillance
and research programmes. At the same time, researchers were concerned about possible relationships
between the antimicrobials, used as growth promoters in the food producing industry, and the
occurrence of resistant bacteria isolated from human cases. The aim of the programme thus became to
investigate and describe probable associations between antimicrobial use (AMU) in animals and
humans, and occurrence of antimicrobial resistance (AMR) in bacteria from animals, food, and humans.
The first reports highlighted the importance of having a monitoring programme and identified several
knowledge gaps, and areas needing further research. Consequently, DANMAP evolved from being a
pilot project to becoming a standard deliverable for clinicians, policymakers and politicians.
Throughout the years, the monitoring programme has investigated AMR through sampling three
categories of bacteria; human clinical isolates, foodborne zoonotic bacteria throughout the farm to
patient chain, as well as indicator bacteria from healthy food-producing animals. Focus is on E.coli,
enterococci, Salmonella and Campylobacter from animals, food and humans, to investigate possible
overlaps between sectors. In addition, on the human side, the prevalence of other clinically important
bacterial pathogens, such as S. aureus, S. pneumoniea, K. pneumoniea, Ps. aeruginosa and
Acinetobacter at hospitals, is monitored. Antimicrobial use is monitored through detailed data from both
the veterinary and human side, collected in the central databases VetStat and MedStat, respectively.
The AMU data is thought to cover close to 100% of all antimicrobials consumed in Denmark.
Over the past 25+ years, sampling schemes, microbiological analyses and data reporting systems have
changed and expanded notably. These changes include shifting from disk diffusion to MIC for
susceptibility testing, and more recently, to next-generation sequencing of most strains sent to reference
laboratories. New methods for calculating human and veterinary AMU have been developed, and there
are ever-expanding options for combining AMU information with other health and data registries.
Furthermore, as in many other countries, DANMAP is moving from being a paper-based system to
becoming a digital one. Demands for harmonization and improved data have always been important.
However, in recent years, demands for data sharing and data availability have changed, including
demands for real-time presentation of data, rather than presenting them in a retrospective annual report.
In addition to being a monitoring programme, with the associated annual report, DANMAP also serves
as a platform for exchange of knowledge and collaborative efforts between the human, animal and food
sector. Contributions come from a large network of experts, thereby linking surveillance activities to
research and academia. The link to the Danish veterinary and health authorities is strengthened by
members of the DANMAP team contributing to national AMU and AMR guidelines, and serving as
members of advisory boards for the authorities of food safety and animal health.
In 2021, DANMAP published its 25th jubilee report. The DANMAP programme remains a unique
multidisciplinary collaboration across sectors, aiming to maximize the scientific value and societal impact
of the data collected. In the coming years, focus will be on providing more real-time updates to
supplement the annual report, and more interactive access to the information, in the hope that DANMAP
can continue to provide sound information on AMR surveillance for decision-makers, researchers and
the public
One of the biggest challenges for established surveillance systems such as DANMAP, is to bridge the
changing demands over time, and maintain a sound monitoring system, while simultaneously adjusting
to new needs. The lecture will focus on whether and how this challenge can be met.
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[K5] CONNECTING SURVEILLANCE DATA WITH PEOPLE
Petra Müllner
Surveillance systems are increasingly expected to provide stakeholders with timely insights that are
presented in a transparent fashion and can readily be translated into action. Furthermore, the scope of
surveillance is increasing, driven e.g. by access to novel data sources and data collection approaches
as well as interdisciplinary and integrated thinking as exemplified by the One Health paradigm. While
digitalisation and interdisciplinary methods provide huge opportunities for surveillance, in practice a key
limitation remains stakeholders’ ability to assess, digest and act upon surveillance information. Often
surveillance outputs are presented with a sole focus on functionality without much attention to usability
- making it very difficult for users to engage with the outputs presented. Combining technical expertise
in surveillance with information and user interface design as well as modern information technologies
can greatly enhance the impact of surveillance, in particular where analysis is complex, or results are
multi-layered. Applied case studies will be presented to show these ideas in action, including
experiences with COVID-19, FMD, PRRS, aquatic biosecurity, wildlife conservation and health survey
reporting.

6

[K7] TRANSLATING SURVEILLANCE OUTCOMES INTO POLICY – DEALING WITH THE
UNCERTAINTY
Gregorio Torres
Animal health risk managers are currently facing difficult and ambiguous problems that require sound
scientific advice to be correctly addressed. Animal health surveillance systems are expected to generate
evidence and knowledge to help risk managers to better understand the problems, generate policy
options and evaluate the impacts of different decision options.
In many circumstances the evidence and knowledge are incomplete or not even available and decisions
must rely on knowledge generated by educated experts’ opinions. In other circumstances, surveillance
systems may generate ‘good evidence’, but their complexity hinder their use by risk managers.
Without claiming that evidence and knowledge generated by surveillance systems should be the only
input in the decision-making process, they are crucial to effectively manage animal health risks. The
science-policy interface should include an effective communication strategy able to communicate
science in a transparent and accountable manner so risk managers can effectively manage the
uncertainties and ambiguities inherent in the scientific knowledge.
Using the World Organisation for Animal Health’s Science System as a show case, we will explore the
challenges of making decisions that address multifactorial and complex animal health problems using
the best available scientific knowledge while managing uncertainty and ambiguity in the science-policy
interface.

7

[O1] LANDSCAPE SURVEILLANCE: TAGGING REMOTE COLLAR DATA WITH RISK FLAGS IN
AN ADAPTIVE, REAL-TIME MONITORING PLATFORM
Louis van Schalkwyk 1, Grant Beverley 2, John Grewar3
1Contemplate

Wild, Skukuza, South Africa
Wildlife Trust, Hoedspruit, South Africa
3Jdata Pty (Ltd), Sandbaai, South Africa
2Endangered

Summary
We provide a description and use-case example of landscape surveillance using risk-event tagging of
wildlife tracking data to facilitate risk mitigation actions that preserve vulnerable and endangered wildlife
species. The use-case example is of risks associated with African Wild Dog (AWD, Lycaon pictus), an
endangered carnivore, at the wildlife-human-domestic dog interface of the greater Kruger National Park
conservation area in South Africa.
Introduction
The tracking of wildlife using collar-based remote sensing has been implemented for many years with
technologies including the use of Very High Frequency (VHF) transmitters, Global Position Systems
(GPS) and satellite-based communication (e.g., Iridium). Typically tracking data is location-time based,
where the end-user is provided with time-stamped location data.
Tracking data is generally retrieved and either retrospectively evaluated in a research environment or
plotted spatially in a user-interface (UI) application developed by the collar provider or third-party
development teams. The latter include organisations that have developed integrative platforms that
allow tracking data from multiple sources to be viewed. In the context of this manuscript, examples are
EarthRanger, https://earthranger.com/, The Allen Institute for Artificial Intelligence; Spatial Monitoring
and
Reporting
Tool,
SMART,
https://smartconservationtools.org;
and
Cmore,
https://www.csir.co.za/cmore, Council for Scientific and Industrial Research. These platforms enable
conservation managers to visualise actual information in real-time and enable system feedback.
Risk analysis includes the step of hazard identification (1). In both the wildlife and domestic animal
sector, hazards are generally linked to diseases, both directly (such as infection or transmission risk)
and/or indirectly (such as antimicrobial resistance/residue). The wildlife-human interface however poses
other unique risks for susceptible animals, such as snaring, persecution, and poaching. The interface
also results in complex disease risk scenarios, such as transmission of disease from domestic to wildlife
species or zooanthroponoses.
In this work we present a pilot example of landscape surveillance where remote collar data is tagged
with risk flags in an adaptive, real-time monitoring platform. We describe how surveillance adds value
to tracking data by integrating epidemiologic risk processes with the foundational space-time data that
tracking provides. The example we use is the implementation of this platform in the conservation of
AWD in the Kruger National Park and surrounds in South Africa. The philosophy underpinning this
platform was the use of generally freely available software, an independence from the collars used (and
the species associated), the freedom to establish risk characterisation in an automated manner using
open-source software and finally integrating the surveillance based value-added tracking data with
existing platforms used by conservation managers in the region.
Materials and Methods
Collaring and field methodology: AWD are the second-most endangered carnivore in Africa and the
most endangered in South Africa. A total of 30 AWD packs in the greater Kruger National Park
conservation area (Kruger National Park and surrounding associated private nature reserves (APNR))
were targeted for monitoring, with a goal of collaring 1 non-alpha female per pack, the data of which
becomes representative for the underlying pack. The pack estimates and location were based on
previous health survey work performed by LVS and GB and is depicted by home range in Figure 1.
Figure 1: The pilot study site in and surrounding Kruger National Park in the north-eastern part of
South Africa with previous AWD home range extents based on 2016-2019 tracking data.
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Monitoring platform methodology:
Figure 2 provides an indication of the structure, processes, and data flow of the monitoring platform.
Figure 2: The systems schematic of the monitoring platform.

Tracking data: The monitoring platform is species independent where species can be
associated with different risk processes. The risk processes for AWD are listed below, but other
species:risk include poisoning risk for vulture or poaching risk for vulnerable species such as Rhino.
Tracking collar systems generally archive data in the cloud, either in proprietary systems developed inhouse by the provider, or integrated into data aggregation platforms such as Movebank (an online
database of animal tracking data hosted by the Max Planck Institute of Animal Behaviour). Whatever
the system used, there is generally an endpoint available for retrieval of these data, normally through
an API (Application Programming Interface).
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Integration with database: Using the serverless Lambda process developed by Amazon Web
Services (AWS – depicted by the lambda symbol in
Figure 2) data is pulled into a PostGIS enabled PostgreSQL (PostgreSQL Global Development
Group) database hosted in an AWS RDS (Relational Database Service) server. Primary data pulled
relates simply to the time and place component available for each unique collared target. For the AWD
project the collars used did not contain accelerometer data; however, some collars did include an onboard accelerometer-based mortality alert.
Risk allocation: Five risk types were identified during the AWD project development. The primary
methods of establishing this risk after retrieval of tracking data are shown in Table 1
Table 1: Risk processes and methods to establish them identified for the AWD monitoring platform
Risk
Mortality
Human
persecution
Snare risk

Domestic dog
contact
Contact network
between AWD
packs

Process of establishment
Mortality monitors onboard certain collars or movement pattern analysis flagging potential
mortality events
Geofence approach monitoring egress from protected into high-risk areas (2), with risk
allocation per polygon
Historic and actual snare removal patrol reports were used, in conjunction with landscape
features associated with snaring, to establish a risk raster through a maximum entropy
modelling (MaxEnt) approach. Once a day, for each AWD pack, a 3-day kernel density
estimation is used to extract the underlying snare risk value (upper quartile).
A risk raster was developed using known domestic dog population density surrounding
the project area as well as distance to fence data. Extraction of risk value for packs as
Snare risk above.
The spatsoc package in R (3) establishing overlapping home range polygons.

Risk allocation is performed differently depending on the process. For example – the persecution risk
was attributed through a series a PostGIS spatial queries within the RDS infrastructure, while the snare
and domestic dog interaction risk required the use of an R-enabled AWS EC2 server to run the risk
allocation process. All risk processes result in the same endpoint – i.e., for each risk, at each point in
time, what was the underlying risk profile for the collar and by extension AWD pack.
Presentation of endpoint data and integration with existing platforms: When triggered (by
threshold or calculation), a risk alert per pack is sent from the platform once a day to multiple endpoints,
once again utilising an AWS Lambda function. In this pilot the primary endpoints have been existing
conservation platforms that allow for tracking data to be posted via API – these being EarthRanger and
Cmore. An additional endpoint was developed through AWS Simple Notification Service (AWS SNS)
where subscribers to the service received the alert via SMS and email. Alerts include the following
information: the type of risk, pack identification phrase, date and time of risk trigger, GPS location and
associated risk level.
Results and Discussion
The pilot project for the project has been running since August 2020 to date with all risk classes
incorporated except, for the contact network between AWD packs (see Table 1). As of October 2021,
three different types of collars and systems have been integrated into the platform successfully, these
include two satellite communication collar products with proprietary API data endpoints (Savannah
Tracking and Vectronic Aerospace), as well as a local wireless network integrated collars integrated with
a SigFox network (local wireless network infrastructure) and Movebank as the API endpoint.
Figure 3 below provides an example of the tracking of one of the AWD packs over 12 days both in time
(A) and space (B). The underlying risk raster depicted in Figure 3B is the snare risk for that pack. An
upper cut-off is pre-set (based on actual snaring events in collared collars during the recent health
survey), and where the pack moves into an area where the retrieved risk becomes greater than the
threshold, an alert is sent (i.e., where tracing points above the predetermined threshold red line in Figure
3A.)
Figure 3: Temporal and spatial depiction of an AWD pack moving into a high-snare risk region with
alerts sent during the period when the threshold is breached.
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While the purpose of this manuscript is to focus on the monitoring platform processes and benefits of
adding value to tracking data in an automated fashion, the AWD project as a pilot has allowed for the
refinement of these processes and resulted in understanding how these risk alerts may aid conservation
officials. For instance: the domestic dog interaction risk was initially reported daily, but the reality is that
in the field, potential domestic animal interaction with a pack of AWD is not something that can be
practically mitigated in a short period. Rather, the value comes in when evaluating overall disease
introduction risk and identifying packs that had frequent or extensive domestic animal contact which
may prove useful when developing intervention programs, such as vaccination. This daily risk alert was
therefore suspended to prevent desensitisation to alerts by officials. For very similar reasons the contact
network analysis was not implemented in a real time fashion but will rather be more valuable from a
retrospective perspective.
Other important lessons were learnt such as the importance of topology checking of geo-fencing risk
processes. The boundary fences of the National Park and associated private reserves are, by definition,
distinct, and the polygon used to allocate location risk, such as used for the human persecution risk,
must accurately depict the underlying reality in space. If animals are incorrectly allocated either in a
‘safe’ space or in a ‘danger’ space the cost may result in loss of life for pack members or in the latter
situation loss of resources in response to a false-positive alert.
The one component which is yet to be automated is the machine learning component of the platform,
where validated risk events are used to train the underlying models used to create the risk profile of the
landscape.
Conclusion
The cloud-based resources available now provide for the close to real-time allocation of risk status to
be tagged onto tracking data. This allows for the integration of landscape surveillance with tracking
activity enhancing the ability to intervene when risk thresholds are attained. Furthermore, the risk types
are bound only by their ability to be automated, as open-source database and processing infrastructure,
such as the use of AWS, PostgreSQL, R and Python facilitate automation and a multi-user environment.
References
1. Vose (2004) Risk Analysis (3rd Ed.)
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[O2] DISSEMINATION OF INFORMATION IN EVENT-BASED SURVEILLANCE
Sarah Valentin1,2,3, Bahdja Boudoua4, Claire Hautefeuille2, Renaud Lancelot2, Mathieu Roche1, Elena
Arsevska2
1Cirad,

Umr Tetis, F-34398 Montpellier, France
Umr Astre, F-34398 Montpellier, France
3Département de Biologie, Université de Sherbrooke, Sherbrooke, Québec, Canada
4INRAE, Umr Tetis, F-34398 Montpellier, France
2Cirad,

Summary
The main role of event-based surveillance (EBS) systems is to detect signals of disease outbreaks by
mining the health information published in a broad range of online formal and informal sources. In this
work, we describe for the first time the flow of outbreak information between sources used by two EBS
systems. We applied network analysis to highlight the value of sources in the dissemination of
information on African swine fever outbreaks in 2018 and 2019. The results showed the network was
highly reactive, sharing information in less than a day. Press agencies and online news sources played
an essential role in detecting and sharing outbreak information from national veterinary authorities, thus
bypassing the international official organisations.
Introduction
Epidemic intelligence in animal health aims to detect, investigate and monitor potential threats to animal
health worldwide. While traditional indicator-based surveillance relies on structured and verified data
from formal, official sources (e.g. OIE, FAO), event-based surveillance (EBS) focuses on the detection
of early signals from a wide range of informal sources (e.g. social media, online news). Several EBS
systems that are in use today, such as ProMED (1), HealthMap (2), and PADI-web (3), collect, process
and analyse a daily stream of unstructured textual data, usually from online sources (further referred to
as sources).
Several studies compared the performance of EBS systems, and their ability to detect disease outbreaks
(further on referred to as events) from informal sources is recognized (4,5). However, little is known
about how disease outbreak information circulates between sources before being detected by EBS
systems. Knowledge on which sources communicate and disseminate outbreak-related information is
crucial for understanding their role in event-based surveillance.
In this study, we assess how outbreak-related information (i.e. events) propagates between sources
before being detected by an EBS system. More precisely, we aimed to answer two main questions:
- How does outbreak-related information disseminate between sources?
- What is the role of sources regarding the detection and dissemination of outbreak-related information?
We, thus, assessed the information disseminated between the sources using the network theory (6).
We assessed the network based on qualitative and quantitative attributes of its components to highlight
the value of sources in dissemination of outbreak-related information.
We analysed two EBS systems: HealthMap and PADI-web. HealthMap is a semi-automatic EBS system
that monitors a broad range of threats, covering human, animal and plant infectious diseases as well as
environmental threats. HealthMap’s sources include news aggregators, social media as well as other
EBS systems such as ProMED. PADI-web (Platform for Automated extraction of animal Disease
Information from the web) is an automated EBS system for monitoring online news sources, developed
for the needs of the French animal health epidemiological surveillance Platform (https://www.plateformeesa.fr/). PADI-web’s main source of information is the Google News aggregator (7).
Materials and Methods
To extract and analyse outbreak-related information dissemination and the roles of sources, we (i)
collected the data, (ii) stored them in a database and (iii) used the latter to assess the network and the
information disseminated.
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Data collection
We extracted all English reports related to African swine fever (ASF) published between 1 August 2018
and 31 July 2019 from PADI-web and HealthMap databases, and containing one or several events (i.e.
unverified sets of epidemiological information for an ASF case or outbreak). PADI-web relevant reports
consisted of news classified as relevant. HealthMap reports included reports from different types of
informal sources, e.g. online news, ProMED, Twitter, etc. We obtained 136 ASF-related reports from
HealthMap and 594 ASF-related reports from PADI-web (a total of 730 reports).
Database creation
At this step, the objective was to trace back the origin of the event information. We assumed that this
pathway could be deducted from the sources cited in the final reports. We distinguished the primary
sources, i.e. the earliest emitter source for a given event; the intermediate sources, i.e. all sources
involved in a path, except the primary source and final aggregator; and the aggregators, i.e. the EBS
systems used to retrieve the final reports.
Each source was characterized by its type, i.e. international health authority (e.g. OIE), national/ local
veterinary authority (e.g. Ministry of Agriculture), online news (e.g. The New York Post), press agency,
(e.g. Reuters), control authority (e.g. customs), social platform (e.g. Twitter), radio/television (e.g.
Belstav.tv), private company (e.g. food maker), animal health association (e.g. National Pig Association),
and EBS systems.
Network construction and analysis
We use a graph structure to represent the network. A graph is composed of nodes and edges. Formally,
a graph G = (V; E) is a mathematical structure consisting of a set V of vertices (also commonly called
nodes) and a set E of edges (also commonly called links) (8). The network nodes represent the sources
and including the final aggregators HealthMap and PADI-web. The edges represent the dissemination
of event information between two nodes (an emitter, which sends the event, and a receptor, which
receives the event). We thus created an edge between an emitter SE and receptor sources SR if SR cited
SE at least once. The first node of a path is called the primary node; the last node is called the final node.
The primary and final nodes can be separated by intermediate nodes. The combined edges from a
primary to a final node correspond to a path.
Figure 1 describes the construction of a subset of the graph based on the abovementioned example.
The graph is directed, as the information is transmitted from an emitter source S E to receptor sources
SR. A directed graph is formally defined as a graph G with each edge in E having an ordering to its
vertices (i.e. such that e1 = (u; v) distinct from e2 = (v; u), for e1; e2 in E).
We generated two types of graphs. The event graph is specific to an event and contains the path(s)
through which the event propagated. The graph shown in Figure 1 is an example of an event graph. The
total graph, which is unique, consists of all paths extracted from the reports. Formally, it was generated
as follows:
Figure 4. Example of network representation of information
dissemination between sources. The inset contains a simplified
extract from a news article containing the citation of the primary
and secondary sources.
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1. We initialized a graph containing all nodes (i.e. sources extracted during the database creation
process), without any edges;
2. For each event Pi: for each pair of nodes (v; u) connected in the event graph of Pi, we created an
edge e = (v; u) in the total graph.
Network analysis
To evaluate the network global performances regarding event dissemination, we calculated the following
aggregated path and node metrics on the total graph (Table 1).
Table 2. Metrics calculated for network analysis
Metrics
Path
length

Definition
Number of edges in the paths. The path
length measures the number of
intermediate sources between the primary
source and the aggregator.

Path
reactivity

Sum of the time lag of all the nodes
composing the paths. The path reactivity
measures the number of days between the
communication by the primary source and
the detection by the aggregator.

In-degree

Number of incoming edges to a node. Indegree reflects the ability of a source to
collect information from different sources.
Number of outcoming edges from a node.
Out-degree reflects the ability of a source
to be cited by other sources.
Sum of in-degree and out-degree.
Degree reflects the ability of a source to
both collect and share information
from/with different sources.

Outdegree
Degree

We also compared the primary and secondary nodes of each path based on their type of source. The
secondary node corresponds to the node immediately following the primary node, in paths whose length
is strictly higher than one edge (i.e. the first intermediate nodes).
All analyses were done using the igraph package available in R version 3.6 (9).
Results and discussion
HealthMap and PADI-web final reports detected 359 ASF events. The total graph contains 295 nodes
and 477 edges, corresponding to 813 distinct paths. Among the paths, 47.4% (385/813) had a length of
two, and 39.1% (318/813) had a length of three (Figure 36). Thus, 86.5% of the paths were transmitted
from a primary node to the final node through one or two intermediate nodes. Marginally, 1.7% (14/813)
of the paths had a length of one. These paths were extracted from final reports that did not cite any
source. The remaining 11.8% (96/813) of the paths had a length of four or more. The network was highly
reactive, with 85.7% (687/813) of the paths propagating events in less than one day.
National veterinary authorities were the primary source, representing 74% of the paths (601/813). In the
remaining paths (26%, 212/813), the primary sources were online news, a local veterinary authority, a
private organisation, a control authority, a press agency, a public organisation, a television channel or a
radio.
Press agencies and online news were major secondary sources, representing 49% (390/799) and 32%
(252/799) of the secondary sources, respectively.
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International animal health organisations (FAO1 and OIE2) represented only 7% (55/799) of the
secondary nodes.
These results indicate that the majority of the paths of the network disseminated events originating from
national authorities. The international animal health organisations (the main source of official information
for international monitoring) were involved as secondary sources in fewer paths.
Importantly, this result does not reflect the intrinsic value of international animal health organisations to
collect information from national authorities, as we only consider the events captured by two EBS
systems. However, the results rather indicate that online news and press agencies detect information
directly from primary sources, thus bypassing the international official organisations. In addition, we
hypothesise that the ASF outbreaks were major events in terms of epidemiological and/or economic
impact, such as the first emergence in a country or large-scale outbreak (e.g. on large pig farms, feed
producers, etc.). In such cases, the event is highly shared by a broad range of sources. Online news
sources, including local and regional sources, were more prone to communicate follow-up events such
as an additional and local outbreak in an already affected region, thus not necessarily capturing much
media interest.
Table 3. Mean (and standard deviations) of the in-degree, out-degree and degree of the sources according to their
type.
OutIn-degree
Degree
degree
Online news
National vet
auth.
Radio/TV
Press
agency
Local vet
auth.
Private
company
Control
authority
Other health
authority
Social
platform
EBS system
International
animal
health
organisation

1.9 (1.9)

1.5 (1.1)

3.4 (2.5)

0.2 (0.5)

5.3 (9.1)

5.6 (9.5)

1 (0.6)

1.2 (0.4)

2.3 (0.8)

4.8 (7.0)

6.4 (12.1)

11.2 (18.9)

0.1 (0.2)

1.9 (2.1)

2.0 (2.1)

0.5 (0.7)

2.1 (1.9)

2.5 (2.2)

0.2 (0.4)

2.2 (1.6)

2.4 (1.7)

1.0 (1.2)

2.2 (1.6)

3.2 (2.7)

3.4 (2.3)

1.0 (0)

4.4 (2.3)

68.0 (80.0)

0.3 (0.6)

68.3 (79.6)

6.0 (7.1)

10.0 (12.7)

16.0 (19.8)

EBS systems had the highest in-degree values, which was in line with the fact that HealthMap and PADIweb were the aggregators (Table 2). Excluding EBS systems, international animal health organisations
had the highest degree. This indicates that, individually, international animal health organisations were
connected with a large number of incoming and outcoming sources. Incoming sources were national
veterinary authorities, and outcoming sources were typically online news and press agencies.
Conversely, the mean degree of online news was low, indicating that their strength relies upon their
number in the network. Press agencies had performances close to those obtained for international
animal health organisations. Compared to online news, they had access to a broader range of
information sources and, by nature, distributed their information to a vast network of sources. All the
metrics had high standard deviations, thus indicating that the groups of sources were not homogeneous
in terms of event dissemination, confirmed by the presence of hubs, i.e. sources with high in-degree and
out-degree (6).
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For the Norwegian Veterinary Institute, and other One Health organizations, the digital transformation
of the society creates opportunities to simplify, or to strengthen the capacity to carry out tasks related to
animal health surveillance and disease control. However, change management and utilization of the
innovative power of teams and individuals in a governmental organisation with 130 years of history and
traditions can at times be challenging.
Epi Innovation Lab was started to facilitate change management and the innovation process. It is a
series of one-hour online meetings with a focused agenda, with epidemiologists and veterinary
specialists in animal health from the institute. Each session deals with a specific topic on data-driven
processes and digital innovation. The aim is to have a defined outcome from every meeting that can be
fed into a new development process. The participants are encouraged to elaborate on thoughts from
earlier speakers in the session, so that the collective know-how is used. The outcome could be a new
or more refined component of the data value chain for outbreak investigations, detection of barriers for
efficient and timely outbreak signals in a surveillance system, or suggestion of digital services that
support surveillance activities.
The experience from this work model so far, is an increased digital maturity and awareness among the
participants. Moreover, it has contributed to innovation of digital services that the institute delivers
internally as well as externally. Further developments will include a method for evaluation of the initiative.
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Summary
The Swiss national BVD eradication programme started in 2008 and it is currently based on yearly
serological surveillance of all cattle herds. After setbacks in the eradication programme with an increase
in case numbers between 2015 and 2017, we explored methods to optimise the timely detection of
persistently infected (PI) animals within infection chains without further increasing the frequency of
screening testing. Our main objective was to reduce the detection time of PI animals.
Here, we describe a data-driven method that uses available diagnostics and cattle movements data to
support cantonal epidemiological investigations after the detection of a new PI animal.
Our method generates lists of animals with higher risk to be infected with BVDV as probable part of the
same infection chain of an initial PI animal (e.g. source of infection, parallel or secondary infections).
The animals identified in these lists are then tested for BVDV and removed if positive.
Epidemiological investigation after the detection of an initial PI animal are led by the cantonal veterinary
services where the PI animal was detected. Given that our method uses data from all cantons collected
in national databases (central laboratory information system, aRes, and the animal movement database,
AMD), it enables the identification of infection chains across cantonal borders and reduces data gaps.
Moreover, this method contributes to a structured and standardised collection of information and
facilitates targeted testing of high-risk animals across cantons. Thus, it facilitates collaboration among
cantonal veterinary services and the consequent timely identification and elimination of PI animals.
The implementation of this method since 2018 in support to epidemiological investigations has
contributed to the reduction in case numbers from 258 newly infected herds in 2017 to 121 in 2020.
In our experience, targeted virological testing within epidemiological investigations after the detection of
an initial PI animal is more efficient and timely in tracing infection chains and additional PI animals
compared to the possible alternative of increasing the screening test numbers or frequency.
Introduction
Detecting and eliminating persistently infected (PI) animals was the basic principle of the national Swiss
BVD control programme since its start in 2008. Virological testing (AG-ELISA or PCR) and removal of
positive animals was first performed on the entire cattle population in 2008, and then only on all newborn
calves from 2009 until the end of 2012. In 2012, serological testing of herds was also introduced parallel
to calf testing, with all dairy herds screened twice a year and all non-dairy herds screened every third
year. Since 2013, the programme has been based solely on serological surveillance of herds. In 2016,
the sampling frequency was reduced from twice to once a year in dairy herds whereas it was not
changed for non-dairy herds. Unfortunately, severe setbacks in the eradication programme occurred
between 2015 and 2017, leading to a doubling of yearly case numbers. Therefore, surveillance was
stepwise intensified and it is currently based on serological surveillance of dairy herds twice a year and
of non-dairy herds once a year.
Though epidemiological investigations were conducted after the detection of new PI animals by the
cantonal veterinary services, these investigations were rather unstructured, time-consuming and of
varying quality. Since time for detection and elimination of PI animals is key for successful BVD control,
we explored methods to reduce the time for detection of PI animals without further increasing the number
of unspecific screening tests. We aimed to benefit from the abundantly available diagnostics data from
the central laboratory information system (aRes) and from cattle movements data from the Swiss Animal
Movement Database (AMD) to trace infection chains after the detection of a new PI animal (further
referred to as “initial PI”) within the surveillance programme.
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Figure 1 illustrates how an initial PI animal, detected by the surveillance programme, acts as the starting
point for the data-driven method we developed to support the epidemiological investigations.
Figure 1: Scheme for the directions of the epidemiological investigations following the detection of an
initial PI animal.

The aim of this data-driven method is to identify and then test for the presence of BVDV:
(1) all animals that might be the possible source of infection of an initial PI animal
(2) all animals possibly infected by the initial PI animal or by its source of infection (parallel infections)
(3) all animals possibly infected due to contact with the initial PI animal (secondary infections).
Here we describe a set of operational steps to facilitate the successful application of this data driven
approach.
Materials and Methods
Starting with information on the initial PI animal detected by the surveillance programme and its dam,
data queries and computational algorithms are executed stepwise. First, available data on the animal
level are retrieved from the source databases:
1. Living stock per premise in a defined period, as well as their age and parentage from the AMD.
2. Diagnostic test results for BVD from aRes.
Based on these data, the “critical gestation phase” (namely, the first ~150 days of gestation) is calculated
and “dangerous contacts” of the initial PI animal and its dam are identified through contact tracing.
Animals that either tested negative for BVDV already twice or only once but having at least one
negatively tested offspring are classified “unsuspicious” and thus excluded from subsequent
investigations or measures.
The outcome are lists of animals representing all potential sources of infection, parallel and secondary
infections. This output is available as an Excel or pdf file and includes a form to request virological
examinations from diagnostic laboratories. Additionally, a list of potentially pregnant animals can be
generated and used by the veterinary services to ask the farmers for insemination dates of their animals.
As consequence, animals turning out to effectively being pregnant at the time of investigation are put
under movement restrictions until calving. Their calves remain under movement restriction until a
negative test result for BVDV is available.
Operationally, the epidemiological investigation is led by the competent cantonal veterinary service
where the initial PI animal was detected. The responsible service has to inform all cantonal veterinary
services affected by the investigation as well as the national veterinary office, and has to collect the
results.
Results
Since 2018, the described method to support epidemiological investigations has been extensively and
increasingly used by the cantonal veterinary services. In 2019, this method has been applied after
almost every detection of initial PI animals. Primarily, this procedure provides a structured way to guide
and standardise investigations and avert information gaps. Additionally, it facilitates collaboration
between the cantonal veterinary services. This method allowed the timely identification of PI animals
within infection chains contributing to the decrease in case numbers, which have dropped from 258
newly infected herds in 2017, with 185 in 2018 and 135 in 2019, to 121 in 2020. By comparing
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epidemiological investigations and serological surveillance, PI animals are often detected by the
investigations prior to the first positive serological results.
Discussion
Given the nature of data-driven epidemiological investigations, their results depend substantially on data
quality. This pertains to both the diagnostic results and the AMD data. Therefore, considerable effort
has been made to keep a high level of data accuracy. However, as the AMD data is entered by the
farmers themselves, unintentional or intentional data flaws are always possible. Concerning diagnostic
results, false negative as well as not confirmed positive results pose a problem. In the latter case,
transiently infected animals can wrongly be identified as PI animals, thereby wasting resources on
identifying and testing animals without higher infection risk.
In some cases, establishing infection chains by BVDV strain typing and molecular-biological
investigations proved useful as additional source of information. In particular, if some chain links were
missing in the available data and therefore the epidemiological search had one or several dead ends.
The epidemiological investigations do not lead to a reduction in the test numbers of BVD serological
surveillance, as the whole population screening is still necessary. In contrast, some investigations do
lead to a high number (e.g. few hundreds) of targeted virological tests on high-risk animals. However,
these targeted tests in the context of epidemiological investigations are more efficient and timely to
detect sources of infections, parallel and secondary infections caused by the initial PI animal compared
to an increased serological screening of all herds. In our experience, the established serological
screening of all herds once or twice a year combined with data-driven epidemiological investigations to
timely detect PI animals infected through already spotted infection chains proved to be an efficient
method.
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Summary
Meat inspection legislation has been revised to cover the many control-activities in the meat production
chain constituting a “meat safety assurance system”. The ante mortem inspection and the post mortem
inspection (PMI) of the animal/bird including inspection of hygiene are activities in a meat safety
assurance system. Post mortem inspection of chickens is manually conducted by the official
veterinarians (OVs) – sometimes above a slaughter speed of 12,000 chickens per hour. Even higher
speeds, might imply that the manually conducted PMI will be utterly challenged resulting in a rise in the
intra- and inter-rater variation. VetInspector is an image-analysis tool to support PMI of chicken. In the
development process of VetInspector, feasibility, agreement and performance studies were conducted.
In the studies, about 30 % disagreement was observed between the veterinarians, when grading/rating
pictures of carcasses/viscera with different lesions. The performance study revealed that among the
carcasses and viscera that the OVs had approved, the veterinary graders/raters assessed that 1 % of
had lesions and should not been approved. Similarly, 2 % of the approved viscera should not have been
approved. Despite uncertainty related to the exact figures of performance, clearly, the “wronglyclassified” in the manual conducted PMI were not 0 %. Cut-offs between approved/not approved for
carcasses with different lesions/severity of lesions should be based upon the most updated scientific
evidence and be managed by the National Food Safety authorities in the implementation process of
VetInspector. Implementation of VetInspector will also improve feedback to the farmers on chicken flock
health status.
Introduction/background
Meat inspection legislation has been revised to cover the many control-activities in the meat production
chain – constituting a “meat safety assurance system” 1,2,3,4,5. The ante mortem inspection and the post
mortem inspection (PMI) of the animal/bird including inspection of hygiene are activities in a meat safety
assurance system. Additionally there are inspection of welfare indicators, during transport and at the
abattoir4. Active surveillance of zoonotic bacteria such as of Salmonella spp. and Campylobacter are
also implemented as a part of the meat safety assurance system. A meat safety assurance system also
include implementation of hazard analysis and critical control points (HACCP) at the slaughter house.
Post mortem inspection of chickens is done manually by the official veterinarians (OVs) – sometimes at
a slaughter speed of 12,000 chickens per hour. An even higher slaughter-speed, with the purpose of
lowering the slaughter-cost per bird, might imply that the quality of the manually conducted PMI will be
utterly challenged. Hence, a higher slaughter speed would likely result in a rise in the intra- and interrater variation in the PMI of chicken. Camera- and imaging-analysis system such as VetInspector made
by IHFood in Denmark (www.ihfood.dk), if implemented as a tool in the PMI of chickens, could contribute
in solving the challenges related to speed and human subjectivity.
The Regulation 2017/625 of the European parliament and of the council addresses official controls and
other official activities performed to ensure the application of food and feed law, rules on animal health
and welfare, plant health and plant protection products1. The implementing act 2019/627 art. 6, regulates
introduction of new technologies in meat inspection2. This opens up for acceptance of using imageanalysing systems such as VetInspector as a tool in PMI of chicken. For chicken, this is possible
because of art. 25, 2, (in 2019/627). This article states that “by way of derogation from paragraph 1, the
competent authorities may decide that only a representative sample of poultry from each flock
undergoes post-mortem inspection if: food business operators have a system in place to the satisfaction
of the official veterinarian, that allows the detection and the separation of birds with abnormalities,
contamination or defects”. Moreover, for this derogation to be accepted, there are also other
requirements that needs to be fulfilled by the food business operator (slaughterhouse)
For the past decade, image-analysis has been used in European slaughterhouses to sort carcasses
into different qualities. VetInspector for detection of lesions on the outside of the chicken in PMI is
hence a continuation of the commercial available quality vision system from IHFood,
ChickenInspector.”
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Also, in the past years more data retrieved from the different steps in the production line has become
digitalised allowing better trace-back information-systems for e.g., investigating and effectuation of recalls in foodborne outbreaks6. Digitalisation of data also allows an improved feedback on the health
status of the chicken flocks to the farmers, based on ante- and post-mortem findings.
In the PMI the aim is to detect lesions and the severity of the lesion indicating whether the animal was
ill and the severity of the illness. The result of PMI is whether the carcass/viscera could be approved for
human consumption or not. Meat inspection also covers the detection of contamination of the surfaces
of the carcass/meat that could have occurred during the slaughter process due to sub-optimal hygiene
during the slaughter-processes.
The objective of this abstract is to present the: 1) development of VetInspector, and 2) results of the
agreement and performance studies done in order to collect evidence for VetInspector’s efficacy in PMI
of chicken.
Materials and Methods
In the initial phase of developing VetInspector, feasibility studies were conducted for investigation of
whether the existing camera-stations and imaging-analysis made for quality assessment of broiler
carcasses (ChickenInspector) could be used for detection of lesions in the PMI7. Feasibility was
confirmed after adaptions of the camera-station. In the following, image information about lesions
appearing on the chicken carcass (“outside”) given by the Danish code list for chicken was fed into the
image-algorithm.

Figure 1. The phases in the development of VetInspector
.
High numbers of pictures were thereafter collected at this first camera-station in order to train the imagealgorithm model.
For inspection of the viscera, a new second camera station had to be developed. Moreover, similar
feasibility studies (based on pictures collected off-slaughter line), data collection and training of the
image-algorithm model were done8.
The head of the official poultry meat inspector in Denmark and a poultry pathologist advised the work
with the feasibility studies and the data collection. In addition to the classification; approved or not for
human consumption, there were made sub-categories for the lesions e.g., the different types of hepatitis;
cirrhosis, necrotic hepatitis, perihepatitis and hepatic lipidosis8
Thereafter, studies of the agreement between different veterinarians in the grading and rating of pictures
of chicken carcasses and viscera were conducted. The lesions were graded and rated concerning the
severity of the lesions, and whether the carcass and its viscera qualified for approval for human
consumption or not. The grading and rating of the pictures of lesion on carcasses (n=3,000) were done
by three veterinary students under the supervision of the official veterinarian (OV)7. For the pictures of
lesions in viscera (n=4,000) the grading and rating was done by the OV and the poultry pathologist8.
The performance study was based upon grading pictures collected at the camera-stations from the
groups of carcasses and the respective viscera classified as approved, or not approved, for human
consumption by the OVs7.
Results
VetInspector for post mortem inspection of lesions in chickens consists of two camera-stations that
detect 1) lesions on the outside of the carcass e.g., dermatitis, ascites and 2) lesions/abnormalities on
the viscera e.g., hepatitis. VetInspector covers detection of all lesions according to the Danish code list
for PMI of chicken. In the final version of VetInspector, a third camera-station, for detection of
contamination, will be included.
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The cameras on each station were angled to optimise the picture quality. Moreover, the light and filtering
of light was adapted. The hardware of the camera-stations was made to allow for daily rigorous cleaning
and disinfection.
The image-analysis algorithm is a neural network /artificial intelligence model, where the ability to
classify lesions correctly are improved with every new carcass photographed. The model is capable of
analysing pictures of carcasses at any slaughter speed.
There were about 30 % disagreement between veterinarians conducting the grading and rating of the
lesions in regard to severity and whether the carcass qualified for approval for human consumption or
not.

Figure 2. Agreement between the three veterinary raters in the study of pictures of lesion on chicken
carcasses (non-approved=green and approved=yellow). The top bar showing the combined result from
all veterinary raters.
In the performance study based upon pictures of approved and non-approved carcasses, manually
classified in the PMI (by OVs), the veterinarians (in the grading and rating team) found that 1 % of the
carcasses, approved by the OVs, had lesions and qualified for non-approval. Similarly, 2 % of the viscera
approved by the OVs had lesions, and should not be approved. Even though there are uncertainty
related to the exact figures, the “wrongly-classified” by the OVs in PMI during high-speed slaughtering
are clearly not 0 %.
Discussion
Which lesions or severity of lesions that should imply approval vs non-approval must be based upon the
most updated scientifically gathered food safety evidences5,10,11. Obviously the correct cut-offs will be
different for different types of lesions e.g., blood present might not be as serious as presence of
dermatitis.
Similarly high disagreement, as the one obtained by grading of pictures for VetInspector, has also been
observed in a Swedish study, where chicken carcasses were graded by the different OVs9. This
classification-variation introduced by human subjectivity will disappear when using cameras for PMI.
Disagreement between inspectors in PMI classification will always occur to a certain extent. This would
especially be the case if the severity level of the lesion is low – where there is a blurry line between
approve/non-approved (a border line case). Even though veterinarians work hard to grade in a similar
way, it will always be difficult for different OVs to grade the “border line cases” consistently. Severity is
on a continuous scale, but the decision made about approval/non-approval of carcasses and viscera is
binary. Therefore, in the implementation process of VetInspector, the National Food Safety authority
have to make the decisions about the respective cut offs, as well as which, lesions to include. It also
has to be decided whether the chicken meat safety assurance system of the slaughterhouse otherwise
qualify for the implementation. The latter include whether procedures to monitor and control hygiene
and zoonosis, given in the legislation for food production, are implemented and complied with. Finally,
VetInspector have to be informed about which lesions to include and the respective cut-offs for the
different lesions.
VetInspector was presented for the European Union in September 2021 and was received without any
objections from the member state representatives. Development and implementation of VetInspector is
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also a part of the EU COST action: Risk-based meat inspection and integrated meat safety assurance
– RIBMINS (https://ribmins.com/).
A full version of VetInspector can detect several lesions on each carcass. The grading and classification
done by VetInspector will be consistently conducted and hence the results will be without the intra- and
inter-slaughter-house variation. Based on the improvements of these two aspects, the feedback to the
farmer on the health status of the chicken flocks will be more correct. A more correct flock diagnosis is
important for identifying the most suitable interventions such as change in management, medical
treatment or vaccination.
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Context for case study
A large amount of disease surveillance data is being accumulated, but it has been challenging to analyze
and visualize the data efficiently. The purpose of this study is to develop an interactive dashboard as a
tool to effectively visualize different types of surveillance data collected from various sources to support
risk analysis and decision making.
Process of case study
We collected anthrax outbreak data from 1916 to the present. Each case contains metadata, including
spatial and temporal information. We designed the dashboard as a web-based platform. On the serverside, the outbreak data is transferred in JSON format to the client-side, and open environmental data
related to the disease are collected. On the client-side, visualization and data filtering tools are built
using JavaScript. The filtering tool enables a refined set of data to be visualized to the end-users in
different forms.
Outcome/impact of case study
Outbreak cases filtered by spatial and temporal scale or meta-information specified by the end-user are
displayed on the map. Also, relevant information that matches the filter conditions, including the risk
factors affecting anthrax outbreak, are displayed on the map and in table format. Our interactive
dashboard synthesizes and visualizes data from various sources efficiently. Moreover, adopting a webbased platform allows us to share with the people in the institute.
Relevance for others
Our dashboard can be generalized for other diseases and other surveillance data to support risk analysis
and decision making.
Recommendation
It is important to develop such a tool together with the end-users to lead the development successfully.

Figure 5. Screenshot of the dashboard
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Summary
Each month, the APHA runs an early detection model (the EDS model) on reported cases in specific
groups of Salmonella. If a significant increase is observed in a group, the model raises a flag to notify
of a potential new outbreak (1). This model relies on timely reporting of new incidents of Salmonella.
However, the presence of delays in reporting are inevitable, which can hinder the models ability to
highlight periods with an above expected number of cases.
Nowcasting is a technique which aims to predict the true number of cases, given knowledge of the length
of historical reporting delays.
To assess the ability of nowcasting to correctly predict the true number of reported cases in a given
month we have applied this technique to two cattle Salmonella groups; Salmonella Dublin, which has a
relatively high number of reported cases every month, and Salmonella Typhimurium DT 104, which
often has no reported cases in a month but is of concern due to its resistance profile and potential to
cause serious human illness.
For S. Dublin, nowcasting allows the EDS model to correctly raise 7 additional flags, with a single false
positive, but for S. Typhimurium DT 104, there were 5 false positives and only 2 correct flags.
These results suggest that nowcasting will perform well for surveillance on diseases with a relatively
high number of incidents, but has a high chance of overestimating incidents for diseases that generally
have a small number of cases.
Introduction
Salmonellosis is an endemic disease in livestock in the United Kingdom. As a zoonotic disease, an
outbreak of Salmonella in the food chain can have consequences in both animal and human populations.
Currently in the UK, all confirmed incidents of Salmonella are reported and recorded. By examining
monthly numbers of incidents, we are able to spot outbreaks and take measures to stop the spread.
However, if this analysis is done retrospectively, it may be too late to effectively contain an outbreak.
The EDS model was developed in order to provide analysis of current data and flag potential outbreaks
as they occur (1). Each month an extract of data containing the current monthly number of reported
cases over the last 20 years of a selection of strains considered of interest is provided. This dataset is
then used by the EDS model to predict potential emerging outbreaks.
The EDS model is a modified version of the Farrington algorithm (2). This algorithm uses a quasi-poisson
linear model, fitted from 5 years of past data, to estimate the expected number of cases for the current
month. This expected value is then used to calculate a threshold number of cases. If the reported
number of cases exceed this threshold, then there is evidence that the number of reported cases is
significantly higher than expected, which raises a flag for further investigation.
An implicit assumption in this analysis is that the monthly number of reported cases in the extracted
dataset is the true number of reported cases in the month. However, in practice there are often delays
of a number of months before all cases have been reported and included in the data. These delays can
be attributed to numerous causes, including prioritisation of different serotypes (though Dublin and
Typhimurium DT 104 are both highly prioritised), and time taken to process samples in labs. In particular,
Typhimurium DT 104 requires phage testing, which could incur additional time delays. Due to these
delays, when a new extract is provided it is not unusual to see an increase in the number of reported
cases in recent months. This is potentially problematic as historical data from previous years, which can
be considered complete, are used to inform the calculation of the threshold values which the current
month’s cases are assessed against. As such, there are situations where flags are not raised at the
time, using the reported cases for the current month, but running the model retrospectively when more
cases have been reported for that month, a flag is found. If flags are regularly being missed, then our
model is not providing accurate information to surveillance teams and we miss opportunities to provide
early warning of emerging outbreaks. The length of these delays mean it is not practical to wait for all
reports to be processed before comparing the number of cases to the threshold, such a process could
no longer be considered an early detection system.
Nowcasting is a technique that allows us to use the knowledge we have on reporting delays to predict
the true number of cases without having to wait for all reports to be completed. It is often applied to
outbreaks of disease in humans, such as Ebola (3) and influenza (4). Nowcasting uses data on the
length of reporting delays to produce a delay distribution. This delay distribution is then used to calculate
the expected number of cases on a given day. The reporting delays can also be truncated, so that any
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delay is assumed to be at most some given maximum. Here, rather than applying nowcasting to an
outbreak situation, we assess whether it can be successfully applied to passive surveillance for
Salmonella, an endemic pathogen. A particular factor in this assessment, is how well it works when the
numbers of reported cases are low and in some months zero.
By applying nowcasting to predict the true number of cases in a month without waiting for all reports to
be completed and then comparing these predicted values against the thresholds provided by the EDS
model, we aim to reduce the number of flags being missed, allowing the EDS model to better flag
potential outbreaks, without having to wait for all cases to be reported.
Materials & Methods
For this analysis, two particular strains of Salmonella in cattle were chosen to assess the nowcasting
techniques; S. Dublin, and S. Typhimurium DT 104. These were chosen as the former generally has 2030 incidents a month, whilst the latter regularly has no new incidents in a month, but it is of concern
when cases do occur due to its antimicrobial resistance profile and potential to cause serious human
illness. This allows us to assess the technique with both a relatively high incident count, and a low one.
Within the data, we have monthly numbers of incidents of each strain going back over 20 years. Crucially
for nowcasting, we also have monthly snapshots of the data as they existed from January 2011 onwards.
This allows us to easily calculate how many cases had delays prior to reporting, and the duration of the
delays.
Whilst there has been a notable decline in reported incidents in the past 10 years, there has not been a
downward trend in the proportion of cases that were delayed in being reported. On average, across the
timeframe for which we derive the length of delays, 75-80% of cases are reported in the same month of
incidence, around 10% are reported with a one month delay and the remaining 10%-15% of cases
having a delay of two months or more. As there are few cases of reporting delays greater than a year,
we assume that the delayed reports will not have an effect on the threshold number of cases calculated
by the EDS model. Thus, we calculate a nowcasted number of reports for the current month, which can
then be compared to the threshold value produced by the EDS model.
There are two main steps in nowcasting. First, we use the data we already have to generate a delay
distribution to predict how long we expect reporting delays to be. Secondly, we use this distribution to
predict how many cases that happen at a given time, t, will have a reporting delay of length d. By
summing across all reporting delays, we find an estimate of how many cases occurred at time t. The
main difference between nowcasting methods is in the production of the delay distribution.
We performed nowcasting using the surveillance package in R (5). Two distinct methods for nowcasting
were considered for this work, a frequentist approach, described by Lawless (6), making no particular
assumptions about the delay distribution, and a Bayesian approach used during an outbreak of
Escherichia coli in Germany in 2011 (7), that assumed a generalised dirichlet prior for the delay
distribution. The Bayesian procedure was not seen to provide a notable improvement over the
frequentist approach for this data, so the former was chosen for computational speed.
We are able to specify a window size for the amount of data used to inform the distribution of delays
used by the nowcasting procedure. More data should lead us to a better informed outcome, but it also
increases computational time. We chose to use 5 years of previous data to inform the model, mirroring
the 5 years of data used to inform the EDS model. We also choose a maximum delay of 3 months, and
any delays longer than that are only considered to be 3 months for the purposes of calculating the delay
distribution.
Nowcasting is used to generate predictions for a period of 3 years (between August 2016 and July
2019). We compare the number of reported cases in that month, without delayed reports, with the
number of incidents that month in the complete dataset, which we assume to be the final number of
reports. We also compare the predictions to the thresholds produced by the EDS model. Any values
that are above this threshold are considered as raising a flag, triggering further investigation.
On a qualitative level, we assess how close the values provided by nowcasting are to the true number
of reports found after delays. We also calculate the number of false negative flags avoided (i.e. where
nowcasting would have correctly raised a flag, where the original model would not have) and the number
of false positive flags raised (i.e. where nowcasting would have raised a flag, when the number of
reported cases by July 2019 was actually below the threshold value predicted by the model).
These are of interest to policy, as both would lead to further investigation; in the case of false negatives
this would be good as a flag should have been raised, but in the case of false positives this would be
bad as unnecessary resource would have been spent on further investigation.
Results
First we examined the strain with a high number of incidents, S. Dublin. All months in the three year
period had at least one delayed report. The mean difference in number of incidents reported in a month
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and the actual number was 5.05, whilst the median was 4.0. Our predictions for the number of incidents
in a month fared better; the mean absolute difference between the predicted number of incidents and
actual number was 2.3, whilst the median was 2.0. Overall, the nowcasting underestimated 17 months
and overestimated 13 months. There seemed to be no correlation between the magnitude of the error,
and the direction. Figure 1 shows the actual values and the nowcasted values for 2018.
Across the 3 year period, the EDS model did not raise a single flag for the reported data. Looking at the
actual values, we see there should have been 9 flags, including a consecutive period of 4 months at the
end of 2018. Comparing the nowcasted values to the threshold, we observe 8 flags, 7 of which are
correctly raised, including all 4 months of the consecutive period. However, the May 2018 flag is a false
positive (the nowcasted value was 17, the actual value was 15 and the threshold was 16.5). There are
also flags that are still missed when using the nowcasted values from March 2017 and July 2018 (in
both cases the nowcasted value was less than 2 cases below the threshold while the reported cases
exceeded the threshold value). A graph showing the nowcasted, reported and threshold values is shown
in figure 2.

Figure 1: Incident counts for S. Dublin in cattle in 2018. The grey bars are the number of incidents
reported in the July 2019 dataset, whilst the points are the predicted values. Triangles indicate points
that would have raised a flag in the EDS model.

Figure 2: Incident counts for S. Dublin in cattle in 2018. The dark grey bars are the number of incidents
reported without delay, the points are the nowcasted values as in figure 1, and the dashed line is the
threshold generated by the EDS model.
We next consider the strain with a low number of incidents, S. Typhimurium DT 104. Our first note, is
that the nowcasting procedure used here will not provide values for months in which there were 0
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reported cases at the time that nowcasting was performed. This is also the case for the EDS model,
which will always produce a zero threshold for months with no reported cases. Comparing the reported
number of cases to the actual number of cases, we find that the mean difference for S. Typhimurium DT
104 is 0.6 with a median difference of 0. For this strain, in the majority of cases, the reported value
coincides exactly with the actual value. This contrasts heavily with the values seen for S. Dublin. Notably,
comparing the nowcasted values to the actual values, the mean difference is 0.83 and the median is 1.
This suggests that the nowcasting values are a worse estimator than the reported values. The
nowcasting under-predicts the true number of cases in 9 of the months, and over-predicts in 10 of the
months. There is still no correlation between the direction of error and the magnitude. Figure 3 shows
the number of cases predicted by nowcasting and the actual number of cases.
Comparing with the EDS model results, we find that the model as it is currently run finds no flags across
the 3 years. From the actual number of incidents, we see there should have been two flags, one in April
2017, and one in May 2018. Both flags would be correctly observed if we used the nowcasted values,
however, there would also be 5 additional false positives spread across the period. We note that the
nowcasted values are exactly double the reported values in all cases. For a strain where there are on
average less than 5 cases per month, this doubling leads to a relatively large boost in the expected
value, which would make a large number of false positives unsurprising. This can be seen in figure 4.

Figure 3: As in figure 1, but for the S. Typhimurium DT 104 data.

Figure 4: As in figure 2, but for the S. Typhimurium DT 104 data.
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Discussion
We have successfully applied nowcasting to the monthly number of Salmonella incidents for two strains.
In the case of S. Dublin, the number of cases predicted by nowcasting are, on average, closer to the
true number of cases than the number of reports received in the month, but for S. Typhimurium DT 104,
these predicted values are further away than the final values.
Using the nowcasting predictions in our EDS model, the number of missed flags is reduced for both
strains. For S. Dublin, seven new flags are correctly raised, with two still missed, though notably correctly
raising flags for the four consecutive month period. For S. Typhimurium DT 104, two new flags are
correctly raised, and none are missed. In both strains, however, the nowcasting predictions have
produced at least one flag raised when the true number of reported cases was below the threshold. For
the former strain, only a single incorrect flag was raised, whilst for the latter strain, 5 additional flags
were incorrectly raised. A large number of false positives can have a large cost, not only in terms of
resources to investigate the flags, but also in confidence of the models ability to correctly predict
outbreaks, however this would be weighed against the risk and costs of an outbreak of a given pathogen.
The nowcasting procedure has been seen to produce fewer false positives when applied to a strain with
a high number of incidents than one with a low number. This is not a surprising result, as many statistical
methods struggle to deal with small numbers of observations, and previous work has suggested that the
frequentist approach used here does not perform well with small count data (7). The EDS model itself
is more sensitive to the addition of even a single case when run on a strain with a generally low number
of incidents, since this is relatively a larger jump. This in turn is likely to lead to more false positives. It
is possible to produce prediction intervals for the nowcasted value (of which the values used for this
analysis are the median). It would be worth further investigation into these intervals, to see if taking a
higher percentile of these intervals would be effective in reducing the false positive rate, whilst
maintaining the true positives also produced by nowcasting.
Overall, nowcasting is a useful technique for predicting the number of cases when there are delays in
reporting. Using numbers of cases predicted by nowcasting, rather than simply the number of cases
reported in the current month, in our EDS allows us to correctly flag potential outbreaks, where
previously we would have missed them. Across both examined strains, there were only 2 remaining
flags missed in 3 years of data, though care must be taken to not induce too many false positives.
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Summary
The Danish Integrated Antimicrobial Resistance Monitoring and Research Programme (DANMAP),
established in 1995, encompasses annual estimates of antimicrobial -use (AMU) and -resistance (AMR),
with isolates of zoonotic and indicator bacteria collected from animals at slaughter and phenotypically
tested for antimicrobial susceptibility.
Recently, novel monitoring possibilities emerged, including metagenomic shotgun-sequencing. Here we
investigate the occurrence of AMR as measured by phenotypic resistance and by metagenomics and
the respective correlation to AMU. The aim was to assess the relevance of indicator bacteria and the
future utility of metagenomics in AMR surveillance.
The percentage of resistant indicator bacteria and resistance measured by metagenomics were equally
positively correlated to treatment incidence. Metagenomics further allowed to rank different resistances
in terms of abundance and to identify significant changes in the abundance of individual resistance genes, -phenotypes and -classes. In our study we showed that metagenomics is a promising and
suitable option for future AMR surveillance.
Introduction
Antimicrobial resistance is an urgent global threat. Multiple evidence shows that antimicrobial resistant
bacteria emerge in livestock due to antibiotic use, from where they or their resistance genes might
spread to the environment and transfer to humans, eventually causing treatment failure (Aarestrup,
1999; Walsh, 2018). A reliable base of evidence is essential to follow trends of resistance over time and
determine the effects of interventions. In 1995, the Danish Integrated Antimicrobial Resistance
Monitoring and Research Programme (DANMAP) was established, at that time the world’s first
continuous monitoring program for AMR. The monitoring program is based on a selected number of
zoonotic and indicator bacterial species and the set-up has functioned as a role model for similar
integrated surveillance systems globally (Ferreira and Staerk, 2017).
With the recent developments in next-generation sequencing, it has become feasible to characterize the
entire microbiome and resistome of any given sample, and metagenomics analysis has shown promises
for adequate surveillance of AMR (Andersen et al. 2017, Munk et al. 2018). However, a direct long-term
comparison between the widely used classical phenotypic approach and metagenomics has to our
knowledge never been performed.
This study was conducted to compare the use of indicator bacteria in AMR surveillance with a
metagenomics-based surveillance approach. To do this, we gathered data on antimicrobial use in
Danish pig farms, and on phenotypic resistance detected in isolates from faeces of fattening pigs
slaughtered in Denmark, as reported in DANMAP for the period 2001-2018. Additionally, we shotgunsequenced faecal samples collected from fattening pigs at slaughter under DANMAP throughout two
time periods - 1999-2004 and 2015-2018. We assessed the correlation between AMU and phenotypic
resistance in indicator bacteria and the correlation between AMU and genotypic resistance determined
by metagenomics. We also investigated the significance of temporal changes in the occurrence of
specific resistance types using phenotypic and genotypic resistance data.
Materials and Methods
Antimicrobial use data was gathered for the classes aminoglycoside, amphenicol, beta-lactam,
fluoroquinolone, macrolide, tetracycline and sulfonamide-trimethoprim for the period 2001-2018 in two
tranches: for 2001-2009 expressed as total ADD/1000 animals/year and extracted directly from
DANMAP reports; for the period 2010-2018, expressed as total ADD/animal/day, and estimated using
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data extracted from the databases VetStat (Stege et al., 2003) and Danmark Statistik
(https://www.statistikbanken.dk/10472).
Monthly phenotypic resistance data for two indicator bacteria were gathered for the period 2001-2018,
for the same antimicrobial classes mentioned above, expressed as percentage of resistant isolates
determined by broth microdilution, as performed under DANMAP. Data on antimicrobial susceptibility
testing were available for a total of 3222 Escherichia coli isolates sampled annually between 2001 and
2018, and for 2223 Enterococcus faecalis isolates sampled between 2001 and 2015 and in 2017.
We shotgun-sequenced 62 pooled faecal samples, with each pool corresponding to 25 individual
samples collected from pigs at slaughter under DANMAP throughout two time periods - 1999-2004 and
2015-2018. Raw fastq reads were trimmed using the protocol as described previously (Hendriksen et
al.,
2019).
Samples
were
mapped
against
the
ResFinder
database
(https://bitbucket.org/genomicepidemiology/resfinder_db.git; downloaded 2019-09-05) and an internal
genomic database including bacterial and other genomes (created 2019-10-17) as described by
Hendriksen et al., 2019. Trimmed fastq files were mapped against the two databases using KMA version
1.2.12 (Clausen et al., 2018).The pig resistomes were mapped altogether to a total of 272 individual
antimicrobial resistance genes (ARGs). Fragment counts of individual ARGs were then normalized by
gene length and ARG relative abundance was calculated.
We visualized phenotypic and metagenomics resistance data aggregated at antimicrobial class level on
heatmaps, with sample clustering based on sampling year and antimicrobial class. Heatmaps were
produced with the R package pheatmap v.1.0.12 (Kolde, 2019), based on Euclidean distances and using
Ward’s minimum variance agglomeration method without squared dissimilarities. Next, we used
principal components analysis (PCA) to assess how different antimicrobial classes influenced clustering
patterns in antimicrobial use, phenotypic resistance and genotypic resistance. PCA was performed with
the R package FactoMineR (Le et al., 2008), using the function PCA without scaling. PCA score- and
loading- plots were produced with the function fviz_pca_ind and fviz_pca_var, respectively, from the
package factoextra (Kassambara and Mundt, 2020). Score plots showed how samples clustered based
on their similarity in terms of antimicrobial resistance class composition, while loading plots showed how
strongly each individual antimicrobial resistance class influenced a principal component. The year of
sampling was used to annotate observations.
Procrustes rotation analysis was used to assess the significance of the correlation between AMU and
phenotypic resistance in indicator E. coli, and the significance of the correlation between AMU and
genotypic resistance determined by shotgun sequencing. This analysis was performed with data from
the eight years overlapping between the three datasets, 2001-2004 and 2015-2018. Data were
aggregated at antimicrobial class level. First, we performed principal coordinates analysis (PCoA) for
each individual dataset with the cmdscale function of R package stats (R Core Team, 2019), using a
distance matrix based on Bray-Curtis distances estimated with the function vegdist of the package vegan
v2.5-6. (Oksanen et al., 2019). A Cailliez correction for negative eigen values was applied using the
function is.euclid from the package ade4 (Chessel et al., 2004; Dray and Dufour, 2007; Dray et al., 2007;
Bougeard and Dray, 2018). Next, we performed a symmetric Procrustes rotation analysis using the
function procrustes of the vegan package, and tested the non-randomness (significance) between the
configuration of two PCoAs with the function protest of the same package (Oksanen et al., 2019).
A One-way multivariate analysis of variance (MANOVA) was performed to investigate significant
changes in phenotypic resistance, genotypic resistance and antimicrobial use within the sampling period
2015-2018. Summary statistics were obtained with the function get_summary_stats of the R package
rstatix v. 0.5.0 (Kassambara, 2020). MANOVA was performed on a generalized multivariate linear model
produced with the function lm of the package stats (R Core Team, 2019). The function Anova of the
package car (Fox and Weisberg, 2019) was then used to obtain MANOVA summary tables.
Results
Genotypic resistance was highly correlated with AMU in all age classes
Correlation between genotypic resistance and antimicrobial use was consistently high (> 0.7) for the
period 2015-2018 (r values of 0.82 for sows/piglets, 0.75 for weaners and 0.79 for fatteners). In 20012004, that correlation was noticeably lower and less significant across all age groups. The correlation
between phenotypic resistance in indicator E. coli and antimicrobial use in 2015-2018 was comparable
to the correlation observed for AMU with genotypic resistance in that period, when considering AMU in

32

sows/piglets (r = 0.80) or in fatteners (r = 0.70). AMU in weaners was less correlated with the proportion
of resistant E. coli isolates (r = 0.68) than with genotypic resistance.
Clustering of resistomes revealed changes in AMR over time
The relative abundance of the ARG counts formed two main clusters agglomerating most samples from
latest years (2016-2018) separately from those of earliest years (1999-2004), with samples from years
2015 and 2016 spread among both clusters. With counts aggregated at class level, antimicrobial classes
clustered based on their general relative abundance across sampling years. The two main clusters
separated the four most relatively abundant classes (macrolide, tetracycline, beta-lactam and
aminoglycoside) from least abundant ones. Each main cluster was further sub-divided based on general
gradients of relative abundance. The three classes with lowest relative abundance over time were
fosfomycin, quinolone and trimethoprim. Sulfonamide, glycopeptide, phenicol and nitroimidazole
presented intermediate relative abundance. With the principal components analysis of the resistomes
we could explain 69.1% of variation between samples. The first dimension (Dim 1) explained 45.8% of
variation by separating between resistance classes which over time have increased in relative
abundance, and those which have decreased. The second dimension (Dim 2) explained 23.3% of
variation, with some degree of separation between overall high-abundant (top) and low-abundant
(bottom) resistance classes.
Metagenomics allowed identification of significant changes in resistance
With metagenomics, we observed several significant differences between relative abundance of
predicted resistance phenotypes between the first sampling period (1999-2004) and the second (20152018). All AMR classes annotated to a single phenotype showed a significant difference between the
two periods, with fosfomycin-, sulfonamide- and trimethoprim resistance relative abundance being
significantly higher in the latest period, and glycopeptide significantly lower. AMR classes that could be
annotated to several resistance phenotypes included cases with significant and insignificant changes
between the two periods.
Discussion
With multivariate analysis, we showed that AMU expressed as ADD/animal/day had comparable
correlation with E. coli phenotypic resistance and with genotypic resistance. Remarkably, we observed
a slightly higher correlation with genotypic resistance.
Based on resistome composition, we demonstrated a clear separation between antimicrobial classes
with overall lowest abundance of antimicrobial resistance genes over time from those with overall
highest relative abundance. A relatively high percentage of variation between samples (45.8%) was
explained by the increase or decrease of relative abundance of resistance types in the period 20152018 compared to 1999-2004 (PCA - Dim 1).
We then identified antimicrobial classes with a significant change in relative abundance between the
periods 2001-2004 and 2015-2018. Most antimicrobial classes have overall significantly increased in
relative abundance in 2015-2018, with only glycopeptide and macrolide-lincosamide-streptogramin
showing an overall significant decrease. Moreover, we could identify which individual phenotypes within
each antimicrobial class contributed to the overall significant change, and we could further identify which
specific resistance genes have significantly contributed to a significant change in any given phenotype.
These results show that it is possible to determine significant changes between groups in the abundance
of AMR genetic determinants at several levels of classification – from individual resistance gene to
(predicted) resistance phenotype or general antimicrobial resistance class. As our results show, within
one antimicrobial class, the trend of individual resistance phenotypes might contradict the overall trend
of the class. This level of detailed analysis could eventually help unravel the effect on AMR of subtle
changes in AMU practices, and support the adaptation of new control measures at an earlier stage.
Furthermore, it allows a timely detection of the emergence of new AMR genes associated with specific
AMU phenotypes.
In conclusion, here we assessed the value of metagenomics compared to that of indicator bacteria in
AMR surveillance. We investigated the correlation between AMR and AMU, with AMR measured by
phenotypic resistance in indicator E.coli and by shotgun-sequencing. We also used metagenomics to
assess differences in AMR over time. Our study showed that metagenomics is a valid option for AMR
monitoring, that will bring great advantages once it complements the present use of indicator E.coli.
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The first reported outbreaks of infection with severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) in farmed mink were diagnosed in the Netherlands on 24 April 2020 (Oreshkova et al., 2020)
and in Denmark in June 2020 (Hammer et al., 2021). Subsequently, SARS-CoV-2 in farmed mink has
been reported to OIE-WAHIS from 10 other countries globally (Canada, France, Greece, Italy, Latvia,
Lithuania, Poland, Spain, Sweden, and USA). By January 2021, more than 400 outbreaks had occurred
in the EU according to EFSA & ECDC (2021).
The majority of the affected farms (n=290) have been identified in Denmark, which on 4 November 2020
decided to ban mink farming until the end of 2021. This ban was subsequently extended to also include
2022. In the Netherlands, a decision to permanently ban mink farming has been brought forward from
2024 to 2021. The following countries within the European Union had at least 10 mink farms registered
in 2020; Poland (N=256), Finland (N=210), Lithuania (N=96), Greece (N=79), Sweden (N=37), Spain
(N=29), Latvia (N=13) and Iceland (N=10)(EFSA & ECDC, 2021).
Due to the outbreaks in the EU, the European Commission asked the European Food Safety Authority
(EFSA) and the European Centre for Disease Control and Prevention (ECDC) to provide a report on the
monitoring of SARS-CoV-2 in mink. The report was primarily based on the outbreaks that had occurred
until then, including the 290 outbreaks from Denmark, 69 from the Netherlands, 21 from Greece and 13
from Sweden. Experiences concerning surveillance and control are primarily based on information from
2020, and this information is summarised in EFSA & ECDC (2021).
In Denmark, surveillance was based on four suspicion mechanisms: clinical signs in mink, persons who
had tested positive and were related to mink (e.g. all residents on a mink farm production site or residing
at the same address as a mink-farm owner) (Larsen et al., 2021), surveillance of dead mink, and tracing
of contact to an infected farm. Surveillance of dead mink was initially done every third week, when
farmers had to submit swabs from five recently dead mink. This was, by September 23, 2020, changed
to sampling all dead mink and submitting samples twice per week in affected counties, because the
early-warning effect was limited. No evaluation of this surveillance system was subsequently done
(Boklund et al., 2021).
Key observations from Denmark were that clinical signs were only observed in relatively few animals
and that 30% of infected farms experienced no clinical signs. The median 30-day mortality rate was
0.45% (5-95percentiles: 0.11-1.9%). In general, mortalities of 0.01-0.04% have otherwise been
observed in Danish farms (EFSA & ECDC, 2021). In 2/3 of the infected farms the mortality was
considered to be increased, 54% of farms experienced decreased feed intake, 31% respiratory
symptoms, 27% nasal discharge, and 23% sneezing among the mink. However, 65% of the affected
farms were found to have a virus-prevalence of 100% (by PCR) in the mink, and 69% were observed
with a sero-prevalence of 100%. These numbers suggested that many farms had been infected for at
least one week and possibly longer before being detected (Boklund et al., 2021). In the Netherlands
lower seroprevalences were found (Arjan Stegeman, personal communication) although higher mortality
rates were observed in the Netherlands; however, different serological tests and sampling techniques
were used in the two countries. This may have impacted the diagnostic sensitivity, or alternatively,
perhaps earlier detection was actually achieved in the Netherlands. However, early detection in
Denmark seemed to be a challenge with mink, due to few and non-specific clinical signs even with a
high prevalence of PCR positive mink and also symptoms seemed to appear late in the course of the
outbreak, when the infection was already widespread on the farm. The current suggestion by EFSA &
ECDC (2021) for early detection is to use RT-PCR on oropharyngeal swabs from live or dead animals.
This should be done weekly on a sample of 59 animals in an epidemiological unit with 10,000 animals
to achieve 95% confidence in detection the infection (EFSA & ECDC, 2021).
The Danish strategy to control SARS-CoV-2 initially included culling of all animals on infected farms.
This procedure was stopped after the first three farms were infected in June 2020, and there were no
new infections detected over the summer period (Boklund et al., 2021). Since July 2020, risk mitigation
measures were established for uninfected farms. These included: obligations to have biosecurity plans
on all farms; specific rules for changes of clothes, boots etc., and obligation to wear a mask when
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working <1 meter from mink (including when handling mink), limits on the numbers of visitors on mink
farms, ban on bringing any type of equipment onto the farms, keeping dogs and cats out of or within the
farm area (DVFA, 2020). However, in October 2020, an epidemic wave occurred, and from October 8,
culling zones were established. All mink on infected farms as well as on neighbouring farms had to be
culled within zones of 7.8 km and specific regulations followed to mitigate the risk of spread. The 7.8 km
zone was calculated based on the 95th percentile of the distance between the first 20 infected farms.
The choice of this cut-off seems otherwise arbitrary and has, to our knowledge, not been subjected to
scientific scrutiny as is usually done for other serious infectious diseases in animals (EFSA, 2021). In
comparison, the most common size of the protection zone (PZ) of the 14 Category A diseases according
to the EU Animal Health Law is 3 km (8 diseases), while for three diseases, only the infected
establishment was included in the PZ, whereas for 2 vector borne diseases (Lumpy Skin Disease and
Rift Valley Fever) the PZ was 20 km, and 100 km for another vector borne disease (African Horse
Sickness)(European Commission, 2019).
By November 4, 2020, the incidence of SARS-CoV-2-infected mink farms in Denmark was still
increasing. It was decided to ban all mink production in Denmark and immediately kill all mink.
Why was the control of SARS-CoV2 in Danish mink not successful? No specific analysis has been made
about this. Overall, at that time, the general lack of knowledge on the behaviour of the virus in mink and
on important routes of transmissions clearly influenced the possibilities to select the most efficient control
efforts. Furthermore, three points call for attention: 1) The “early-warning” surveillance system did not
detect infection “early enough”, especially initially, considering that most farms had a sero-prevalence
of 100% at first detection; 2) the competent veterinary authorities were not able to follow the speed of
new outbreaks. Culling zones should have reduced the numbers of susceptible farms; however, when
the speed of culling is too slow, this effect does not occur. Compared to the area of regular, independent
3 km zones, 7.8 km zones are almost 7 times bigger; 3) the main source of virus transmission in and
out of farms is likely to be by humans. The risk mitigation efforts did not close down traffic into and out
of farms. In past outbreaks of foot-and-mouth disease, more stringent efforts to close farms have been
carried out. Whereas all these points are speculative, they call for further investigation.
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Introduction
COVID-19 was first identified in humans in December 2019 and has since affected almost 68 million
people causing over 1.5 million deaths worldwide. The control measures implemented to manage the
pandemic, such as lockdowns and movement restrictions, have had an impact on all sectors, including
the delivery of veterinary services. FAO’s Global Early Warning System (GLEWS) of the Emergency
Prevention System (EMPRES) for transboundary animal and plant pests and diseases, Animal Health
(EMPRES-AH) developed a survey to measure the impact of the COVID-19 pandemic on animal
disease reporting by veterinary services in countries using the EMA-i (Event Mobile Application). By the
time of the survey. Currently, this tool has been implemented in twelve countries across Africa to
enhance real time disease reporting.
The survey reflects the situation of nine countries in Africa during the four months following the
declaration of COVID-19 as a Public Health Emergency of International Concern on 30 January 2020
and it assesses:
• The impact on animal disease reporting;
• The impact on animal health laboratories; and
• The impact on the activities of veterinary services such as field investigations and animal
disease control.
Methodology
The survey included 13 questions administered using a Google template. The survey, which was drafted
in English and French, was shared with 632 EMA-i users from nine countries across Africa: Côte d’Ivoire,
Ghana, Guinea, Lesotho, Mali, Sierra Leone, United Republic of Tanzania, Uganda and Zimbabwe. The
participants of the survey covered the national animal disease reporting level including officers from the
field, provincial (sub-national level) and from the central veterinary services level. Laboratory officers
involved in disease reporting also participated. The survey covered the period between 25 May and 8
June 2020.
Results
Distribution of participants by country
The survey’s participation reached 34 percent (n = 215). Among the participants, 80 percent were male
and 20 percent were female. Country 1 contributed 24 percent (n = 51), (see Figure 1)
Distribution of participants by role in the national disease reporting system
Among the participants, 53 percent (114/215) were EMA-i users from field level, 15 percent (32/215)
from sub-national level, 14 percent (30/215) were from central veterinary services and 6 percent were
private veterinarians. The distribution of the survey’s participants is representative of the distribution of
their roles within the EMA-i workflow. The category of others (12 percent) includes laboratory experts,
Community Animal Health Workers (CAHWs) and partners (26/215) (see Figure 2).
Impact of COVID-19 pandemic on animal disease reporting
When asked if veterinary services activities have been impacted by the current COVID-19 pandemic
and the control measures applied, 87 percent (186/213) of participants confirmed the need for
movement outside the office and 98 percent (112/114) of field officers said it was mandatory for their
daily work. Only 13 percent (27/213) of participants declared that their daily work does not require
movement, among those, 19 participants work at central veterinary services and at sub-national level.
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In addition, 91 percent (196/215) confirmed that they visited farms for disease investigation regularly
prior to the pandemic.
A total of 75 percent (162/215) of participants confirmed that movement restriction was implemented in
their respective countries due to the pandemic. On the question of whether the movement restriction
had affected disease reporting, 74 percent (159/215) confirmed that it had affected their work on disease
reporting. At the same time, despite the pandemic, 83 percent (179/215) confirmed that veterinary
services continue to receive information on animal disease occurrence from farmers and animal
keepers.
Among the participants, 69 percent (149/215) declared that they had been granted special authorization
of free movement to perform their duties (see Figure 3).
Additional challenges reported during the COVID-19 pandemic
This survey was also an opportunity to identify additional challenges faced by veterinary services for
timely disease reporting using EMA-i. The main challenge reported by EMA-i users is the lack of support
for internet bundles for 47 percent of users. However, 28 percent of survey participants did not report
any additional challenges to using EMA-i as an animal disease reporting system (see Figure 4).
In addition, a free text section allowed participants to report other challenges related or unrelated to
COVID-19, which indicated:
1. In terms of the impact of the COVID-19 pandemic: fear of COVID-19 transmission risk from sick
animals; fears related to meeting with strangers to investigate disease events; lack of availability
of personal protective equipment (PPE) to protect from COVID-19; prioritization of COVID-19related activities to the detriment of other activities; and transfer of resources to the public health
sectors (such as vehicles).
2. In terms of challenges not directly related to COVID-19: lack of financial support (for
transportation to the site for investigation; PPE (to protect from COVID); lack of phones for
CAHWs to notify disease suspicions to the District Veterinary Officers; limited internet coverage
in some remote areas; discontinuous availability of electricity; limitation of self-customization
support available on EMPRES-i/EMA-i.
A free text section allowed participants to give suggestions on how to address the challenges:
•
•

Suggestions related to the impact of COVID-19 indicated that: public awareness regarding COVID19 within the community to tackle the fear of contamination by potentially sick livestock.
Suggestions not directly related to the impact of COVID-19 were related to further improvement and
use of the EMA-i tool.

Conclusion
Although the results from the surveys may lack statistical weight, they do provide a clear indication as
to where and how veterinary services are being impacted by COVID-19. In addition to the direct impacts
of the global pandemic, such as changes in activities due to restrictions on movement and a fear of
becoming infected with the virus, indirect impacts include the prioritization of resources for COVID-19
response to the detriment of animal health surveillance activities. Additional challenges have been
identified and further actions are needed at country, regional and global levels to tackle the challenges
to further strengthen timely animal disease reporting.
These impacts are likely to grow as the pandemic continues, with a potential decrease in livestock
production to follow. It is therefore encouraging to see that several countries have already enacted their
business continuity plans which may partially mitigate the impact of COVID-19 on their veterinary
services. Countries without business continuity plans are likely to fair far worse. These results may help
shape the design of future FAO work to support the delivery of veterinary services.
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Annex:
Figure 1: Distribution of participants by country
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Figure 2: Distribution of participants by role in the national disease reporting system
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Figure 3: Distribution of participants by country based on the acquisition of movement authorization for
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Figure 4: Challenges in using EMA-i not directly related to COVID-19
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Summary
Active surveillance for avian influenza (AI) viruses in poultry sold at live bird markets (LBMs) was
conducted in 26 of 63 provinces throughout Vietnam over five years periods from September 2016 to
December 2020. The surveillance objectives were, firstly, to monitor subtypes and genetic
characterization of avian influenza viruses circulating across the country. Secondly, to detect the
incursion of subtype H7N9 and thirdly to identify potential pandemic viruses at wildlife-livestock-human
interface. Monthly sampling was conducted in up to 39 LBMs. A total of 15,199 oropharyngeal swabs
from poultry were screened for influenza A virus by real-time reverse-transcriptase PCR. Virus isolation
was attempted on selected samples of which HA and NA genes were sequenced. The overall
prevalence of pooled samples collected from ducks and chickens in LBMs for H5N1 subtype virus was
1.5%, H5N6 3.6% and H9 12.7%. No H7N9 virus was detected in Vietnam. The prevalence of HPAI
viruses detected in LBMs remains the same over the years. Despite the successful attempt in reducing
public health threat from HPAI H5, the viruses are maintained in poultry population. Newly introduced
subtype (H5N6) has quickly spread and become endemic. H9 subtype is widely spread in Vietnam, and
this needs better monitoring and antigenic vaccine studies as it is causing substantial production losses
in layer flocks. Safer production chain and better vaccines are needed together with continuous
monitoring of viral loads and viral strains in the environment to minimize the risk of HPAI in both poultry
and human.
Introduction
Influenza A viruses are capable of infecting a range of species including birds, humans, and pigs.
Understanding the epidemiology of these viruses is important from both an animal production
perspective, as highly pathogenic (HPAI) subtypes of avian viruses are capable of causing high mortality
in domestic poultry, and from a public health perspective, with re-assortment of human and animal
influenza A viruses previously causing global human influenza pandemics.
Cost effective and accurate Avian Influenza (AI) risk-based surveillance is essential for making strategic
decisions in country with scarce resources to maximize the resources available for prevention and
control of animal diseases and protecting human health. Surveillance programs for Influenza A viruses
in Viet Nam, with technical support from FAO commenced in 2006, and have expanded over time to
address these emerging threats, from the initial focus on subtype H5N1 in poultry (1), to now, a broader
program encompassing additional viruses of concern and activities (2). The current surveillance
programs not only target endemic strains but also aim to detect new influenza virus incursions, such as
subtype H7N9. These surveillance activities have assisted Government of Vietnam control and
prevention efforts for both endemic and exotic Influenza A viruses and have contributed to global
influenza initiatives such as OFFLU (https://www.offlu.org/).
From 2016 – 2018, the Department of Animal Health (DAH) of the Ministry of Agriculture and Rural
Development (MARD) conducted live bird market (LBM) surveillance with technical and financial support
from FAO with the main objective to monitor avian influenza virus circulating in poultry in Viet Nam. The
LBM surveillance used a risk-based approach to site selection and sampling. Oropharyngeal duck and
chicken and environmental swabs were collected from LBMs in high-risk provinces throughout the
country and tested for Influenza A viruses with a focus on subtype H7N9 in northern Viet Nam and
subtypes H5, H7 and H9 throughout the rest of the country. Samples were also tested to detect new
viruses, which may provide an early warning of the emergence of pandemic Influenza A and other
potential pandemic viruses. Any unusual findings were followed up through additional laboratory and
epidemiological investigation. Any unusual viruses detected were sequenced and investigated in
collaboration with wildlife and human health sectors.
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In 2019, following MARD approval of the National Programme for Controlling Avian Influenza 20192025, DAH developed and implemented the National AI Surveillance Programme with technical support
from FAO and the U.S. Centers for Diseases Control and Prevention (USCDC). The programme covered
26 provinces with high poultry density and history of HPAI outbreaks. FAO provided financial support to
conducting the surveillance in 13 provinces while USCDC support the remaining 13 provinces using
similar sampling design and laboratory testing protocols. This abstract describes results of AI
surveillance supported by FAO from 2016 through 2020.
Materials and Methods
Surveillance was conducted in five periods. From June to September in 2016, from March 2017 to April
2018, from June 2018 to January 2019, from March to August 2019 and from June to December 2020.
In the first three periods from 2016 to January 2019, surveillance was conducted in one large LBM in 25
high-risk provinces. In the fourth and fifth period, in 2019 and 2020, LBM surveillance was conducted in
39 LBMs in 26 provinces.
In the first three periods, oropharyngeal swabs were collected from 30 chickens and 30 ducks at each
visit monthly. In 2019 and 2020, oropharyngeal swabs from 15 chickens, 15 ducks and 5 environmental
samples were collected. Pooled swabs (5 single swabs from the same species of same vendor were
pooled into 1 tube) were tested at one of the seven Regional Animal Health Offices (RAHOs) laboratories
or at the National Centre for Veterinary Diagnostics in Hanoi, following testing protocol and Standard
Operating Procedures provided by FAO in which Influenza A M-gene, subtypes Hemagglutinin-5,7 and
9 (H5, H7, H9), Neuraminidase-1, 6 and 9 (N1, N6 and N9) were subsequently identified by rRT-PCR.
Epidemiological and laboratory testing results were compiled by the Epidemiology Division in DAH.
Virus isolation was attempted on selected samples of which HA and NA genes were sequenced using
commercial sequencing service (Macrogen) to identify virus clade. Sequence results were analysed
using free software (MEGA) together with other AI virus sequences available on public database
(Genbank).
Results
More than 15,000 pooled samples were tested in the four periods from 2016 to 2020. Figure 1 shows
the provinces where LBM surveillance was conducted. The prevalence of the various subtypes is shown
in Table 4. There was no N9 virus detected. H7 virus was detected in 2018, 2019 and 2020. However,
sequence analysis showed that they were not related to China H7N9 virus. H9 subtype had the highest
prevalence. Subtype H5N1 and H5N6 were found in all 26 provinces at least once during the
surveillance period. Prevalence of sub-types H5N1 and H5N6 varied widely over the four periods (Figure
2).
Table 4: Prevalence of selected subtypes of
Influenza A
Number of pooled
samples tested

15,199

M gene

36.5%

H5

5.4%

N1

1.5%

H5N1

1.5%

N6

3.8%

H5N6

3.6%

H7

0.2%

H9

12.7%
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Figure 6: Location of 26 (out of 63) provinces were Avian Influenza Surveillance was conducted from
2016 till 2020 (grey)

Figure 7: Prevalence and 95% confidence intervals of Avian Influenza subtype H5N1 and H5N6 in LBMs
by surveillance period

Figure 3 showed H5 virus clades in Vietnam from 2004 to 2020. H5 virus clades in human matched the
virus found in poultry during the same period. However, there has been no human H5 cases since 2014.
HA genetic characteristics of H5 viruses isolated from poultry indicated that HPAI H5 viruses were
introduced to Vietnam several times during the past 15 years. Once introduced, all viruses spread from
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northern Vietnam to the South within one year. Older clades of viruses were replaced by new ones.
From 2016 to 2020, only two clades of H5 viruses were found in Vietnam; 2.3.2.1 (H5N1) and 2.3.4.4
(H5N6) which continue to evolve from the originally introduced viruses. In 2019, H5N6 virus was
prominent in most surveillance areas, but H5N1 virus was present only in LBMs in the south of Vietnam.
This finding was consistent with H5N6 and H5N1 outbreaks reported to DAH in 2019 and 2020.
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Figure 8: H5 virus clades in Vietnam 2004-2020
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Discussion
This abstract describes the distribution and molecular characterization of HPAI H5 viruses detected in
LBM throughout Vietnam. A risk-based approach was used to select target provinces and LBMs. Sample
collection protocol was optimized for the detection of both H5N1 and H5N6 viruses (3) including
oropharyngeal and environmental swabs.
HPAI H5N1 and H5N6 outbreaks continue to cause severe losses for the poultry industry in Vietnam
(4). The ongoing surveillance programmes provide systematic monitoring of the circulating viruses to
complement the outbreak response and vaccination efforts. The co-circulation of H5N1 and H5N6 is
especially important when considering AI vaccination programmes, locally, regionally and national.
Analysis of surveillance data from 2011-2015 suggested that H5N1 was likely to cluster in high-risk
provinces in the South, while H5N6 was evenly distribute (5). The current surveillance results found both
H5N1 and H5N6 distributed throughout the country. Therefore, a bivalent vaccine containing both H5
clade 2.3.2.1c and 2.3.4.4 may need to be used to effectively prevent diseases in poultry population
throughout Vietnam. Especially in free grazing ducks which the vaccination coverage has to be
maintained at 86% or higher in order to reduce the outbreaks (6). Additional longitudinal surveillance is
needed to confirm the absence of H5N1 in the north of Vietnam.
Avian influenza A(H7N9) has caused a considerable number of human fatalities in China. In recent years
it became highly pathogenic for poultry. The threat to the Vietnamese human population and for the
poultry industry was considerable. No H7N9 has been detected in Vietnam by this LBM surveillance
program or by passive surveillance. Although low pathogenic avian influenza (LPAI) H7 viruses were
occasionally detected in the south from 2005 to 2020. A serological H7 survey conducted in northern
provinces of Vietnam in 2017 did not find any positive birds (7). DAH and FAO also employed hand-held
PCR machine for testing of H7N9 virus at LBM along the northern borders in order to minimize testing
time by testing at the market (8). So far there is no H7N9 detected using this assay (unpublished data).
Since 2018, China has been vaccinating against H7N9 in poultry and the number of human cases
decreased (9) and the threat for Vietnam is greatly reduce. FAO recent qualitative risk assessment of
H7N9 in February 2019 showed that the introduction of China H7N9 virus to other countries in southeast
Asia through transportation of poultry and poultry product was low (10).
The current surveillance detected a large number of H9 virus in LBM indicating that the virus is spread
throughout the country and may cause considerable impact on the productivity of the poultry industry.
H9 virus has become wide spread in the indochina region and indonesia (11). Currently, there is no H9
vaccine registered for use in Vietnam. Further monitoring of H9 genetic characterization and clarification
of its economic impact may support government decision to allow H9 vaccine to be used in Vietnam.
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The prevalence of HPAI viruses detected in LBMs remains more or less the same over the years (1,2).
Despite the successful attempt in reducing public health threat from HPAI H5, the viruses are maintained
in poultry population. Safer production chain and better vaccines are needed together with continuous
monitoring of viral loads and viral strains in the environment in order to minimize the risk of HPAI in both
poultry and human.
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Context
Swine influenza A viruses (swIAVs) cause acute respiratory syndromes in pigs and may also infect
humans. Following the 2009 pandemic, RESAVIP network was established to reinforce swIAV
monitoring in France. This passive surveillance system relies on voluntary breeders and veterinarians
who perform samples. Regional labs perform M-gene RT-PCR for virus genome detection and the
national reference laboratory for swIAVs identifies the virus subtype and genetic lineage. Coordination
and data centralisation at regional and national level are performed by breeders’ associations. Since
2011, Resavip was included in the national animal health surveillance platform (1) through a dedicated
swIAV working group.
Outcome
Since 2014, indicators were computed annually to monitor all steps of surveillance. Performance
indicators related to data collection and transmission met expectations almost each year. Information
feedback was under expectations in 2018 and corrective actions were implemented in 2019 with
satisfying impact. Health status indicators related to case detection (number of samples per year) and
data analysis (proportion of each type of farms, proportion of genetic lineages etc.) showed little variation
from 2014 to 2019 but a radical change since 2020 (fig 1).
Relevance and recommendations
Although swine influenza is not a notifiable disease, health status indicators enabled RESAVIP to
describe the virological and epidemiological patterns of swIAV infections in France (2) and to detect the
dissemination of a new H1avN2 virus in 2020 (3). Thanks to RESAVIP, vet practitioners and breeders
could improve health management at farm level, while public and private national stakeholders received
information to get prepared for outbreak response at national level.
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Figure 1: some indicators and their place in the process of disease surveillance.
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Summary
An African horse sickness (AHS) outbreak occurred in March and April 2016 in the controlled area of
South Africa. In the post-outbreak period ongoing passive and active surveillance, the latter in the form
of monthly sentinel surveillance and a stand-alone freedom from disease survey in March 2017, took
place. We describe a stochastic scenario tree analysis of these surveillance components for 24 months,
starting on July 2016, in three distinct geographic areas of the controlled area. Our results show that, if
AHS virus (AHSV) was circulating at a minimum prevalence of 1 infected animal in 1% of herds or
greater, the median posterior probability of freedom from AHS in all three areas was between 98.3% 99.8%, with at worst a lower 95% probability interval of 90.6%. This high level of freedom probability
had been attained in all three areas within the first 9 months of the two years. The primary driver of
surveillance outcomes was the passive surveillance component. We argue that the current global
standard, which requires that a two-year period of AHS freedom elapses before re-evaluation of freedom
status after AHS incursions in free zones, be reviewed. Furthermore, the need for active surveillance
programs should be evidence-based and in the current situation in South Africa’s controlled area, these
resources may be better utilised to further improve the passive surveillance component.
Introduction
African horse sickness (AHS) is a disease of equids caused by African horse sickness virus (AHSV), an
Orbivirus transmitted by Culicoides midges (1). It is a disease of global importance and is one of six
diseases for which official World Organisation for Animal Health (OIE) freedom can be obtained (2). The
disease impacts the ability of countries to trade live equids.
Historically South Africa’s primary export route for live horses has relied on direct export to the European
Union (EU) or through the use of Mauritius as a stepping stone to Europe (3). South Africa has not
directly traded domestic equines with any non-African country since 2011 as a result of an AHS outbreak
in that year. South Africa does not have official OIE freedom status from AHS but does have a controlled
area that is considered free from the disease which has been developed specifically for trade purposes
(4). Sporadic outbreaks have however occurred in the controlled area and surveillance plays a crucial
role in the ability to adhere to existing trade conditions. The objective of surveillance for AHS in this
context is to demonstrate freedom from AHS. In this study, we aim to estimate the sensitivity and
probability of freedom in the AHS controlled area throughout the two years following the 2016 outbreak
(5). This outbreak was resolved in June 2016 and for this evaluation the first surveillance period is July
2016.
We provide a basis for discussion regarding the applicability of a two-year suspensive condition for a
disease such as AHS in the post-outbreak period, as required by the EU and OIE (2, 6), assuming a
well-developed surveillance program is in place.
Materials and Methods
A stochastic scenario tree model was developed based on the work described by Martin et al. (7). Their
methodology establishes surveillance component sensitivity and the subsequent probability of freedom
from disease accounting for multiple surveillance components. Since a reliable individual animal dataset
was available, methods described by Martin et al. were modified using the hypergeometric
approximation for estimating herd and component sensitivities (8). Sensitivity and probability of freedom
outputs are reported as median probabilities with 95% probability intervals (PI) following 10000
iterations. The individual animal was considered the primary surveillance unit and the data were
aggregated on a monthly basis for analysis (surveillance period).
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The AHS controlled area in South Africa consists of three zones – an inner AHS free zone (FZ), middle
surveillance zone (SZ) and outer protection zone (PZ). In practice, the FZ and SZ have the same AHS
surveillance policy and they were merged for this evaluation (FZSZ). The 2016 AHS outbreak secondary
containment zone, however, delineated the region where a structured freedom from disease survey was
performed and the combined FZSZ was separated into that part intersecting with the 2016 AHS
secondary containment zone (FZSZ_) and the remainder (FZSZ_NonCZ). The AHS PZ is considered
the third surveillance area.
We evaluated AHS surveillance in terms of three components; ongoing passive surveillance (PSC),
ongoing monthly sentinel surveillance (SSC) and a stand-alone post-outbreak freedom from AHS
disease survey (POSC).
Herd location and herd-level census data were provided by the Western Cape Department of
Agriculture. The population of interest was limited to domestic horses. The total herds and associated
horses per surveillance area are shown in Table 1.
Table 1: Census information of herds and horses within the African horse sickness (AHS) controlled
area of South Africa.
Survey Number of
Number of horses (mean per herd/median per herd)
area
herds
FZSZ
234
4,476 (19/6)
CZ
FZSZ
890
8,386 (9/4)
NonCZ
PZ

233

3,655 (16/4)

Total

1357

16,517 (12/4)

The probability that a herd is infected (𝑃𝐻∗ ) was estimated as 1%. This was based on the herd-level
prevalence from described AHS outbreaks in the AHS controlled area between 1999 and 2016. For
animal-level prevalence (𝑃𝐴∗ ): since the herd size throughout the AHS controlled area is relatively small,
using a percentage based animal-level prevalence was not meaningful, and the animal detection level
was set as an integer value of 1 infected animal per herd. The design prevalence set for the study was,
therefore, one animal in 1% of herds.
For the PSC, four detection nodes define the probability that samples from infected horses were
presented for testing for AHSV. The first was the probability of clinical signs being exhibited by an
infected horse (𝑃_𝐶𝐿𝐼𝑁). This probability was modelled as 𝐵𝑒𝑡𝑎 distributions based on clinical case
proportions from outbreaks in the AHS controlled area where subclinical cases had been detected. The
four 𝐵𝑒𝑡𝑎 distributions were based on the Bayesian estimate of a population proportion (9) where clinical
signs (𝑐) are successes of 𝑛 outbreak cases.
Expert opinion was elicited to establish the likelihood that these infected horses, that are showing clinical
signs, will be detected by owners/managers (𝑃_𝑂𝐵𝑆), investigated by a veterinarian (𝑃_𝐼𝑁𝑉) and
sampled for testing for AHS infection (𝑃_𝑆𝐴𝑀𝑃).
The case definition for all three surveillance components was based on the OIE’s case definition for
infection of African horse sickness (2). Although investigations into suspect cases of AHS include
diagnostic tests other than RT-qPCR, the group-specific RT-qPCR is the entry-point into the laboratory
testing process, and no positive case would exclude a positive RT-qPCR test. The RT-qPCR used
predominantly in surveillance in the AHS controlled area is based on the Guthrie methodology (10) and
the sensitivity of the test has been published and was modelled as a 𝐵𝑒𝑡𝑎 (9.65,1.19) distribution (11).
For calculations where the probability of freedom of a surveillance period was determined a probability
of introduction (𝑃𝑖𝑛𝑡𝑟𝑜) was required. This value was estimated from the historical number of outbreaks
(n=7) detected in the AHS controlled area between 1 January 1999 and the start of the surveillance
evaluation, a total of 210 months. To establish a realistic input distribution for 𝑃𝑖𝑛𝑡𝑟𝑜, the periods at risk
were both halved and doubled to establish the upper and lower limits of a 𝑃𝑒𝑟𝑡 distribution,
𝑃𝑒𝑟𝑡(0.017,0.033,0.067), from which a random value per iteration was extracted (12).
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Outputs of the model included independent (unadjusted) surveillance sensitivity and probability of
freedom independently for each surveillance component as well as adjusted sensitivity and probability
of freedom, the latter since animals could be part of multiple surveillance activities in the same month.
To establish which inputs had the largest impact on the system sensitivity Spearman’s correlation
coefficients were derived for each input parameter. To evaluate the impact of 𝑃𝑖𝑛𝑡𝑟𝑜 on the final
probability of freedom we estimated the maximum probability of freedom (equilibrium probability of
freedom) from mean 𝑃𝑖𝑛𝑡𝑟𝑜 and system sensitivity of the final surveillance period (13). Permutations of
the equilibrium probability of freedom were established for changing 𝑃𝑖𝑛𝑡𝑟𝑜 values from the simulated
mean and for 5% increments between 5-25%.
Results
The final probability of freedom for each surveillance area is shown in Table 2 for both the overall system
and independent components’ probability of freedom. A median probability of between 98.3 and 99.8%
was the final posterior probability of freedom across the controlled area after 24 months. This level had
been obtained by the 9th, 3rd and 7th period in the FZSZ_CZ, FZSZ_NonCZ and PZ respectively. In
general, a plateau of median freedom probability been obtained throughout by approximately 4 months
into the surveillance.
Table 2: Final adjusted system and unadjusted component median posterior probability of freedom after
24 months of surveillance after the Paarl 2016 outbreak in the African horse sickness (AHS) controlled
area of South Africa. 95% probability intervals are shown in brackets.
Survey
area
FZSZ
CZ

Overall

PSC

SSC

POSC*

0.98
0.98
0.271
0.22
(0.91-0.99) (0.90-0.99) (0.17-0.38) (0.14-0.32)

FZSZ
NonCZ

0.99
(0.97-1)

0.99
(0.97-1)

0.57
(0.40-0.71)

NA

PZ

0.98
(0.90-1)

0.98
(0.90-1)

NA

NA

* The POSC took place in period 9 alone although the value reflects the 24th month posterior probability of freedom

The high levels of freedom probability attained by the PSC are reflected in the system outcome. The
SSC independently did not provide a probability of freedom much above the prior probability of freedom
of 50% for the FZSZ_NonCZ, and for the FZSZ_CZ this component failed to increase with regards to
probability of freedom over time.
The PSC had consistently higher median surveillance sensitivities when compared to active components
in the same area. While the median sensitivity of the SSC was higher for the FZSZ_NonCZ compared
to the FZSZ_CZ, the sensitivity of this component, in general, had low sensitivity at levels below 15%.
The only perceptible difference that the POSC had on the results was a slight improvement in the 2.5%
lower probability level of the system sensitivity of surveillance in the month the survey was performed
(Period 9).
The probability that horses showed clinical signs was the factor that influenced system sensitivity most
with coefficients of 0.904, 0.928 and 0.935 for the FZSZ_NonCZ, FZSZ_CZ and PZ respectively.
Increasing the probability of introduction of AHS into the different zones only had a substantial effect in
the FZSZ_CZ and PZ where the average surveillance sensitivity was 68 and 69% respectively. Still,
however, in these areas an increase in the probability of AHS introduction to 20% and above (from the
simulation mean of 3.6%) was required to bring the maximum probability of freedom down to below
90%.
Discussion
Our model provides simulated results for specific surveillance areas which were defined by different
combinations of surveillance components. The estimates show high posterior probabilities of freedom
throughout the AHS controlled area in the 24 months succeeding an AHS outbreak. The passive
surveillance component drives the high estimates of the system probability of freedom. The practicality
of this has been shown through the historical detection of outbreaks in the AHS controlled area where
all outbreaks, since 1997, have been detected through passive surveillance. The primary reason passive
surveillance has such a high comparative impact on final system outcomes is that every horse and every
herd contribute to this component which drives up the herd, component and finally system sensitivity,
and hence probability of freedom. The probabilities within the passive component which may decrease
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its effectiveness are those that influence whether infected horses show clinical signs and whether
clinically suspect affected horses are identified, investigated and tested for AHS. The passive
surveillance probabilities, based on expert opinion, were generally high. This illustrates the advantage
of having a well-defined legislated disease control area and where a high level of contact occurs
between veterinarians, the public and regulatory officials as a result of regulations surrounding AHS
vaccination and movement control.
The active surveillance components generally had low sensitivity and final probability of freedom
outcomes. For instance, by the time the POSC survey was performed in period nine in the FZSZ_CZ
the median and 95% probability interval of probability of freedom in that area were almost at stable
levels. It should be noted that the active components were not designed at the design prevalence
evaluated here and both were designed assuming a single homogenous population (single-stage
design). Theoretically one could remove the active components from the surveillance programs for the
AHS controlled area and estimates on sensitivity and probability of freedom would mimic that of the
passive component independently, and these estimates should in our opinion suffice for freedom from
disease declarations relevant to trade. The resources required for active surveillance are substantial –
the POSC cost approximately 15 500 USD (R210 000) while the sentinel surveillance program costs
approximately 105 000 USD (R1.476 Million) per year. If these resources were spent on further
improving passive surveillance, and in particular the probability of clinically suspect horses being
presented for AHS testing, the surveillance program would be simplified without losing sensitivity. In
general improvements along the passive surveillance scenario pathway would be best achieved through
improved communication and education of horse owners, veterinarians and laboratories involved in
AHSV testing, with ensuring capacity for testing in the latter also an important consideration.
It is likely that indigent communities have limited access to affordable veterinary care and this is likely
to decrease the effectiveness of passive surveillance. Two horse sub-populations in communities in the
AHS controlled area where this may be evident have been associated with AHS outbreaks in the recent
past – Mamre in 2011 (14) and Saron in 2014 (15). In these communities, the Government veterinary
service plays an integral role in passive surveillance, through the work of animal health technicians, in
order to avoid non-reporting of clinical signs associated with AHS.
The decision to evaluate AHS surveillance for two years was not arbitrary. This period is applicable in
both EU and OIE legislation relating to the period of trade suspension or AHS freedom status in the
post-outbreak period respectively (2,6). Our results show that at least for the probability of freedom
based on surveillance, the 24-month posterior probability of freedom is attained well within 12 months
during the post-outbreak period. The seasonality of outbreaks does have relevance though. Outbreaks
in the controlled area of South Africa have occurred in late summer and early autumn. This implies that
the first few months of the post-outbreak period occurs in winter where the likelihood of transmission of
AHSV is decreased due to the impact cold weather has on both vector proliferation, biting rates and
virus replication within the vector (16, 17).
Conclusion
Our results show that, if AHS was circulating at a minimum prevalence of 1 infected animal in 1% of
herds or greater, the median posterior probability of freedom from AHS in the AHS controlled area after
the 24-month post-outbreak period was between 98.3% - 99.8% with at worst a lower 95% probability
interval of 90.6%. The final median probability of freedom had been realised within at most the 9th month
after the 2016 outbreak had been resolved, with a plateau in the probability of freedom obtained by
approximately the 4th month across the region. The high level of probability of freedom was driven
primarily by the passive surveillance component.
A two year post-AHS outbreak period is the global standard for the lifting of trade suspension or
regaining AHS freedom for affected zones or countries. Our work shows that if surveillance is
undertaken in a manner that provides realistic estimates of freedom, the two year period should be
reviewed. We would recommend that a re-evaluation of freedom from AHS should be permissible from
6 months after an outbreak has been resolved. Additional confidence in freedom can be provided if a
low vector period has elapsed in the interim.
We have shown that the benefit of active surveillance components is minimal if passive surveillance is
undertaken in a focussed and measurable manner. We further conclude that the resources normally
utilised by active components may be better spent on improving passive components. This would be
even more applicable in countries or zones where vaccination is either not permitted or is used in limited
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areas during outbreaks so that clinical expression of an outbreak is not masked by high population herd
immunity.
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Summary
One Health (OH) approach is promising to improve epidemiological surveillance of complex health
hazards. In Burkina Faso, collaborative efforts have been developed for the governance and
implementation of surveillance of zoonotic diseases. Using the case study of anthrax, we conducted a
stakeholder analysis to identify determinants that may influence the implementation of an effective and
sustainable OH surveillance system. The study has been conducted in three steps, using literature
review and semi-structured interviews: (1) an analysis of the governance of surveillance of zoonotic
diseases, (2) a characterization and mapping of the surveillance system for anthrax in Burkina Faso,
and (3) the identification of determinants influencing the implementation of integrated surveillance. The
study has highlighted that the surveillance system for Anthrax is framed by a wide range of documents
promulgated at the international, regional and local levels and that surveillance activities exist in the
human, animal and environmental sectors. However the system still struggle in operating in an
integrated manner and most of the identified barriers are related to a lack of proper OH governance to
provide direction, coordination, as well as financial and technical support for OH surveillance on a long
term. The study suggests that efficient OH surveillance system implies to better articulate the global
agenda with priorities at national and local level and to develop clear and specific monitoring and
evaluation method for intersectoral policies to facilitate their implementation and to provide evidence of
their added value.
Introduction
The One Health (OH) concept encourages collaborative efforts between different sectors and disciplines
to address health issues at the human-animal-environment interface more effectively (1). In
epidemiological surveillance, this concept is widely promoted as a means of improving the
epidemiological and economic performance of surveillance (2). However, surveillance systems are still
often operating in silos, with very few sectoral systems connected to each other (3). In this context, and
using the case study of anthrax in Burkina Faso, we conducted an analysis of the surveillance system
and its actors, in order to determine the factors that could influence the implementation of a more
integrated approach to surveillance.
Materials and methods
Data collection: The data was collected through a literature review of sectoral and integrated
epidemiological surveillance of zoonoses in general, and anthrax in particular, at international, regional
and national levels. In addition, we conducted semi-structured interviews with representatives of the
actors and beneficiaries of epidemiological surveillance working in the different sectors, professions and
decision-making levels identified during the literature review. These interviews also allowed us to identify
new documents relevant for review.
Data analysis: The data collected was first analysed to describe the governance and institutional
arrangements for the surveillance of anthrax in Burkina Faso. Then, a descriptive analysis was used to
characterise the surveillance mechanisms in place and the actors interacting with them, in relation to
organisational and functional attributes defined iteratively from a predefined list. In parallel, existing
collaborations between actors operating in different surveillance components were identified and
characterised from an organisational and functional point of view (systems involved, actors involved,
field of collaboration, formalization, operationality). Finally, we analysed the discourse of the informants
in order to characterise their posture in relation to the current situation and their capacities, skills,
perceptions and motivations for moving towards a more integrated approach to surveillance. To do this,
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we conducted an iterative coding of their discourse and then grouped the different codes into themes
that could reflect a factor that promote or hinder OH surveillance (4).
Results
In total, we reviewed 34 documents from international (11), regional (6) and national (17) organisations.
These were standards (3), regulations (7) or guides (24). Additionally, we conducted 32 interviews with
representatives (40) of surveillance actors (e.g. institutions or organizations) operating as technical and
financial partners at the international (3) or regional level (2), health authorities at central (5) or local
level (3), laboratories (3), professional organizations (3) and health practitioners (4).
Governance of integrated anthrax surveillance in Burkina Faso: Anthrax surveillance is framed by a
series of documents (standards, regulations, guides) that have been issued at the international level by
intergovernmental agencies involved in health security (FAO 3, OIE4, WHO5), regional economic
communities (ECOWAS6, AU-IBAR7) and national authorities (Ministries of health and Ministry of
agriculture). Inter-sectoral governance of surveillance is ensured by institutional arrangements at the
different decision-making levels (tripartite OIE-FAO-WHO, regional and national OH platform).
Organisation and functioning of the anthrax surveillance system: The structural analysis identified three
surveillance components, involving actors belonging to the following categories: international and
regional technical and financial partners, central and local health authorities, professional organisations,
health practitioners, laboratories, and research institutes. Livestock surveillance is based on an eventbased surveillance system supervised by the Ministry of Animal Resources and Fisheries. Cases are
reported to the central authority by the Chief Veterinary Officers (CPVs) located in the communes. As
for human surveillance, this is also an event-based surveillance carried out at the level of the communal
health units and supervised by the Ministry of Health. There is no environmental surveillance as such.
In the event of unusual mortality in wildlife, forestry officers alert the CPVs to investigate the cases. All
confirmed events at national level, in the animal (livestock and wildlife) and human sectors, are notified
to regional and international health organisations. Globally, information produced by the surveillance
system is used trigger rapid risk management but data are not analysed overtime to follow trends and
to inform long-term policy.
The sectoral components operate almost independently. However, a certain number of collaborations
have been identified and described both for governance and for the implementation of surveillance
activities (Figure 1). With regard to governance, we noted the existence of multisectoral platforms that
represent concertation frameworks for surveillance stakeholders and whose mission, through their
various bodies, is to steer, coordinate and provide scientific and technical support for surveillance. As
regards the implementation of surveillance activities, there are collaborations for sample collection,
laboratory activities and data management. Collaborations are also in place to investigate suspected
cases and to implement the rapid risk management response. These collaborations are not fully
operational, either because the mechanisms are in their infancy (regional and national OH platform), or
because they were established with the support of external funding and have not continued following
the cessation of this funding.
Levers and barriers to OH surveillance: The thematic analysis of the stakeholders' discourse led to the
identification of factors that could influence, positively or negatively, the implementation of effective and
sustainable integrated surveillance. These factors fall into two categories: contextual factors and factors
related to stakeholders. Contextual factors are of various kinds: epidemiological (e.g. anthrax is a priority
disease for the human and animal sectors), socio-economic (e.g. internal resources are insufficient for
sustainable collaboration) and political (e.g. inter-sectoral governance mechanisms are not operational).
Factors related to stakeholders are related to their capacities (e.g. technical capacities in the different
sectors are insufficient to allow for the integration of surveillance activities), their knowledge (e.g. some
stakeholders lack awareness of the OH concept and do not see the benefit of collaboration), or their
motivation (e.g. some stakeholders see the OH as an opportunity to put forward their priorities to the
detriment of collective action).
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FAO: Food and Agriculture Organization.
OIE: World organization for animal health.
WHO: World Health Organization.
6
ECOWAS: Economic Community of West African States;
7
AU-IBAR: African Union Interafrican Bureau for Animal Resources.
4
5
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Figure 1. Collaboration for governance and
implementation of surveillance activities in Burkina Faso
DGE: Directorate-General for the Environment; DGS:
Directorate-General for Health; DGSV: Directorate General of
Veterinary Services; FS: health center; MEEVCC: Ministry of
Environment, Green Economy and Climate Change; MRAH:
Ministry of Animal Resources and Fisheries; MS: Ministry of
Health; PF: forestry post; PV: veterinary station; STS: scientific
and technical support

Discussion
Our study provided a detailed description of the current
situation in Burkina Faso for anthrax surveillance, in
relation to the regional and international context, as well
as identifying, based on stakeholders perspectives, the
factors that hinder or leverage collaboration for surveillance.
The use of semi-structured interviews provided a framework for informants to freely express their
experience and perception of intersectoral surveillance from an OH perspective. It led to a deeper and
richer understanding of the technical and socio-political factors that hamper the operationalisation of
OH surveillance. While we endeavoured to interview at least one representative of all key actors in
anthrax surveillance in Burkina, we cannot certify that the interviewees’ discourse is representative of
the institution's position.
While surveillance activities exist in all three sectors -animal, human and environment- collaboration
between the actors in charge of these activities remains insufficient. The inadequacy of the
governance mechanisms in place seems to be at the heart of the problem. Burkina Faso has received
considerable external support to establish institutional arrangements and technical tools for integrated
surveillance. However, these activities are mainly driven by the agenda of technical and financial
partners, in line with international regulations and standards (5). They generally fail to produce the
desired results in the long term due to the lack of commitment of national actors to sustain them with
national resources. When these institutional arrangements do work, they do not fulfil their role as a
framework for dialogue because they lack legitimacy in the eyes of some actors or are hijacked by
others to advance their interests (6). We also observed that the intersectoral policies promoted by
international organisations are not compatible with the current framework for managing public health
policies at national level. Indeed, the implementation of these policies is most often part of well-defined
programmes that benefit from a monitoring and evaluation system based on performance indicators
(7). As intersectoral policies are not attached to a specific ministerial programme, they do not receive
the same attention from the health authorities, and so they lack resources and motivation for their
implementation. Furthermore, global policy to reduce disease impact are usually promoting a curative
approach to the detriment of preventive actions, such as surveillance activities (8). This study
therefore highlights the difficulty of translating overall health governance at the national level and the
need to better articulate the visions of institutions at the different decision-making levels with that of
the community (9). It also reveals the need to develop specific evaluation systems for integrated
policies in order to be able to measure their effectiveness and provide credible evidence of their added
value for better management of health hazards (10).
This study has allowed us to identify that stakeholders involved in anthrax surveillance have varied
postures, perceptions and expectations of OH surveillance and of their interactions with other
stakeholders in the system. This suggests that it would be necessary to co-construct with all these
actors a common vision of the desired surveillance system and to collectively identify the necessary
changes to move toward an integrated surveillance system accepted and applied.
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Context
With regulatory requirements and technological advances in animal identification, movement recording
and traceability should provide data that can be used to facilitate improvements in the development,
design and interpretation of surveillance activities. The utility of the Scottish statutory sheep movement
database to inform the design of surveillance activities, other than outbreak tracing, has previously been
investigated and reported (1). A number of data challenges were highlighted and several areas were
identified where there was potential for use of these data.
The British livestock industries have experienced a number of shocks over the last few years, with
BREXIT preparations, the global Sars-CoV-2 pandemic and associated COVID restrictions, and the
eventual EU exit. All of these may have had effects on livestock numbers and movements, Knowledge
of what these effects are is likely to be vital, as the implications of EU exit, transition and emerging
agricultural policies will continue to have an impact, as will the climate emergency and targets for
reductions in emissions. With the foundation laid (1) to use the sheep movement data to provide
information to generate knowledge and guide actions, the next steps were taken.
Process
A number of potential stakeholders were identified. Research briefs were used to present outputs from
(1), as a prelude to an initial round of discussions. These centred around: whether the preliminary
outputs provided information that was relevant to them; given the stated limitations of the data, what
modifications could they suggest that might enable them to do so, or do better; what questions would
they like to ask of the data; what additional outputs/information they might need, at what sort of
frequency, whether they were aware of any other activities that might benefit from the context provided
by the insights generated from these sheep movement data, whether they could suggest any other
parties who might be interested in the outputs, and what would be an appropriate timescale to return
having followed up on their suggestions, with the next stage of outputs, in what was expected to be an
on-going iterative co-production process. In parallel, discussion continued with the data-providers to try
to address the data challenges in the light of the stakeholders’ interests.
Outcome/impact (what difference did it make)
At the time of writing (beginning of Oct 2021), we are nine months into this initiative. So far, positive
outcomes include: receipt of additional data that may go some way to addressing an important challenge
with the data; an approach identified as a potential solution to one data issue was validated by field
expertise; an additional stakeholder group was identified; suggestions and questions were received from
stakeholders, who now have an increased awareness of what can be done with these data; further
analyses have explored questions raised by stakeholders; alternative ways of presenting and
communicating outputs are being piloted and identification of the most relevant formats for ensuring
effective communication to the different audiences are being investigated. There have also been some
surprises along the way. By May 2022 we hope that out of the outcomes, impact may be emerging.
Relevance for others
There are a number of lessons to be learnt from this experience, which will be relevant outside this
setting. These include: the value of establishing both trusted working relationships and good channels
of communication; respect for different perspectives, that often what stakeholders want is far more basic
than what academic researchers think is required. Cultural differences may mean that this would work
differently in a different country and the stakeholders may vary in a different sector; however, these
fundamental principles should be consistent.
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Recommendations
This initiative is continuing, as stated above. It is worthwhile for others to try, although there is likely to
be a need for persistence and perseverance.
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In 2011 a national animal health surveillance Platform (NAHSP) was created. Its objective is to improve
surveillance efficiency for all health risks that threaten on animal and public health in France.
The NAHSP steering comittee decides the strategies and activities programme. It is composed of ten
organisms from both public/private sectors (policy makers, scientific institutions, agricultural technical
institutes, representatives of farmers, veterinarians, hunters and laboratories). A coordination team
guarantees the programme implementation and coordinates the activities of the different working groups
(WGs). Over twenty nine WGs were created with 296 experts involved. Each WG is composed of all
relevant technical experts (in the field, scientific and law experts) from animal health (livestock and
wildlife), public health, environnemental health (Figure 1). Some focus on a specific disease or heath
indicator (e.g. african swine fever WG, cattle or bees mortality WGs), while others are transversal (e.g.
epidemic intelligence WG) or dedicated to the support of epidemiological investigation (e.g. Q fever
WG).
The NAHSP is innovative in the sense that it is based on the concepts of consensus between
participants, collaboration and interdisciplinarity and because each proposition to improve surveillance
is a co-construction between all stakeholders involved. This way ensures the sustainability and
acceptability of the surveillance and is an added value for decision makers. For instance, Omar WG on
cattle mortality enabled long-term collaboration between rendering plants, veterinarians, farmers and
veterinary services who found a common added value in using and improving these data for their specific
needs (1). The NAHSP has set an example and has encouraged the creation, in 2018, of two additional
ones : a plant health (PH) and a food chain surveillance (FCS) platforms with the same organisation
scheme. It created a framework to emphasize a One Health approach (e.g. four WG common to the
three national surveillance Platforms; collaboration between epidemic intelligence teams). An
interplatform coordination group including the coordination team of each Platform was also created to
increase collaborations between the three Platforms. Their implementation could be of interest for other
European countries or be declined at the European level.
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Figure 1: Working groups of the national animal health surveillance Platform.
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Summary
Since 2019, a system is in place to monitor cattle health on routinely collected data in all dairy herds in
the Netherlands. This system is named, the Continuous Cattle Health Monitor (CCHM). At the moment
of implementation in 2008, the CCHM was only accessible for herds participating in the dairy test-day
scheme (about 85% of the herds). This study aimed to explore alternative surveillance data that would
allow participation in the CCHM for all dairy herds and validation of the CCHM relative to a physical herd
health assessment. Census databases were explored for alternative parameters to replace the test-day
parameters. The validity of a CCHM based on a combination of alternative parameters was found to be
similar to a CCHM based on test-day parameters with a sensitivity of 89% and specificity of 67%
compared to a physical herd health assessment. The Dutch dairy industry decided to implement the
adapted CCHM from 2019. The CCHM was implemented as a mandatory tool to assess cattle health in
all dairy herds from 2020. Additionally, the validity of the adapted CCHM was revalidated and was found
sufficient in detecting herds with an insufficient cattle health. A sensitivity of 70% and specificity of 64%
was found as compared to a physical herd health assessment. It was concluded that the CCHM is a
valid tool to monitor cattle health in individual herds in a continuous, objective and standardized way.
Introduction
EU countries have to meet regulations RL64/432/EEC (1) and RL97/12/EG (2) by implementing a
system that monitors the cattle health of dairy herds. In The Netherlands, three different monitoring
systems are in place to adhere to the demands stated in these EU regulations. One of these three
systems is called the Continuous Cattle Health Monitor (CCHM) which was introduced in 2008 by the
dairy co-operative FrieslandCampina (3).
In the Netherlands, several organizations are engaged in registration of cattle health data. These data
are used in the CCHM to determine health parameters and provide an indication of dairy cattle health
(3). A great advantage of using routinely available data is that these data are continuously and uniformly
collected, which enables comparison of cattle health within and between herds. However, comparison
of cattle health between all Dutch dairy herds is not possible given that farmers can participate in three
different systems. In 2018, the Dutch dairy industry therefore decided to combine the existing methods
into one uniform monitoring system. Nationwide implementation of CCHM seemed appropriate for this
goal. A prerequisite of participation in the CCHM was that farmers should join a test-day scheme in
which milk production levels and individual somatic cell counts were registered. However, only about
85% of Dutch dairy farmers meet this requirement. For implementation of a nationwide monitoring
system, alternative solutions for the test-day parameters were investigated to ensure that all farmers
could participate. Additionally, the validity of an alternative CCHM was determined. This study describes
the development and validation of the CCHM with alternative surveillance data.
Materials and methods
The CCHM is a weighted scoring system to assess dairy cattle health on a quarterly basis using routinely
available data. It consists of eleven pre-defined cattle health parameters (Table 1). Farmers earn points
(weighted scores) for a parameter if its value is equal to or below its threshold. No points are given to
the herd if the parameter is above its threshold. All points are summed up to a quarterly score for cattle
health on a scale from 0 (worst) to 100 (best).The intention of the CCHM is to detect dairy herds with
prolonged health problems and therefore the cattle health status of a herd is based on an annually
moving average (the average of the last four quarterly scores (3)). Each quarter of the year, farmers
receive the CCHM status and can compare the performance of their herd with the average Dutch dairy
herd. Three different cattle health statuses are distinguished:
• Status A: annually moving average ≥ 70 points, indicating that cattle health is sufficient;
• Status B: annually moving average between 60-69 points and/or quarterly score <50 points,
indicating that cattle health needs attention and
• Status C: annually moving average <60 points, indicating insufficient cattle health.
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The study population consisted of all CCHM participants in the period from January,1 2016 to March,
31 2017 (n=8,171 dairy herds, about 51% of Dutch dairy population). Data on mortality, udder health,
type of milking parlor, on- and off-farm movements, bulk milk deliveries, antimicrobial usage and herd
health status for various cattle diseases were obtained from different organizations within the Dutch
cattle industry. For each participant, the cattle health parameters in the CCHM were determined on
quarterly level from January 2016 to March 2017. Additionally, alternative parameters were investigated
for the two test-day parameters: difference in standard peak production (SPP) and incidence of
subclinical mastitis (SCM). The difference in SPP was approximated by an alternative parameter based
on records of bulk milk deliveries to dairy plants and the average size of the dairy herd (both census
data). A linear regression model was evaluated to predict the incidence of SCM (dependent variable),
whereas parameters that were available for all Dutch dairy herds, i.e. the overall use of antimicrobials,
use of mastitis injectors and dry cow antibiotics, bulk milk somatic cell count (BMSCC), milk production,
herd size, average age of the dairy herd, season and type of milking parlor were included as explanatory
variables. A backward selection procedure was used to select the parameters that were significantly
associated (P ≤ 0.05) with the incidence of SCM and kept in the final model.
Table 1. Thresholds and weighted scores of the parameters within the Continuous Cattle Health Monitor
(CCHM) to assess dairy cattle health on a quarterly basis in the Netherlands.
Parameter (per quarter)

Threshold

Scores

1.

≤2.08%

25

≤12.5%

10

≤290,000 c/mL
≤12.5%
≥-10%
Yes

15
20
10
10

Yes

2
per
status

Cattle mortality (>1
yr)*
2.
Ear-tagged calf
mortality
(3 days-1 yr)
3.
BMSCC
4.
Incidence SCM
5.
Difference in SPP
6.
Closed farming
system
7.
Certified
free/unsusp. status
for BVD, IBR,
leptospiroses,parat
uberculosis,salmonellosi
s
Total (quarterly score)

100

*allowing one dead animal per moving year.

For each participant, the CCHM quarterly scores and annually moving average were determined for the
first quarter of 2017 based on the results of the original eleven cattle health parameters and the
alternative parameters for difference in SPP and incidence of SCM, leaving results of the other
parameters unchanged. The same thresholds and scores were used for the alternative parameters to
qualify for points. The results of the alternative parameters were compared with the results of the original
test-day parameters by:
1.
Pearson’s correlation coefficient (r) for the original and alternative parameters and explained
proportion of variance for incidence of SCM by the explanatory variables (R2)
2.
Comparison of CCHM cattle health status based on results of original and alternative
parameters
3.
Calculation of sensitivity and specificity of CCHM based on results of the original and alternative
parameters relative to a herd health assessment during a farm visit.
For the latter, a physical herd health assessment was carried out in 193 dairy herds in the first quarter
of 2017. These herds were visited by an independent veterinarian to assess eleven cattle health aspects
(3) which were registered in a central database. A principal component analysis was performed to
combine the health aspects into an overall herd health assessment score. The 5% herds with the lowest
herd health assessment score were indicated as herds with insufficient cattle health, whereas the
remaining 95% herds were indicated as herds with sufficient cattle health. Additionally, based on CCHM
scores herds were classified as A, B or C status. Herds with B or C status were considered as herds
with insufficient cattle health and herds with an A status as herds with sufficient cattle health. The herd
health assessment was considered the reference to determine sensitivity and specificity of the CCHM.
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In the first quarter of 2020, the adapted CCHM was revalidated. A physical herd health assessment was
carried out in 186 dairy herds. CCHM scores were calculated for 132 herds based on original test-day
parameters and for 54 herds based on a combination of the alternative parameters. The same validation
method as in 2017 was used to determine the sensitivity and specificity of the adapted CCHM relative
to a physical herd health assessment. Statistical analyses were performed using STATA/SE version 14
software (4).
Results
In de first quarter of 2017, most participating dairy herds had an A status (97.3%), indicating sufficient
cattle health. The percentages of herds with B of C status were 2.1% and 0.6% respectively. The
correlation between SPP and uncorrected milk production per cow per day was high (r=0.86, n=8,171
herds). The parameters that were significantly associated with the incidence of SCM are provided in
Table 2. The average age of the dairy herd, season, herd size, BMSCC, type of milking parlor and milk
production level explained 45.6% of the variation in incidence of SCM.
Table 2. Results of the final linear regression model of the incidence of SCM and parameters that were
determined on routinely available census data over the period January,1 2016 to March, 31 2017
(n=8,171 herds).

Parameter
Age of dairy
herd
Season:
Winter

Coef.(
%)
0.0012

-0.001- 0.001

Pvalue
<0.00
1

Ref.
0.4900.627
0.3760.517
-0.152- 0.014

<0.00
1
<0.00
1

0.003

0.0020.003

<0.00
1

0.032

0.0310.032

<0.00
1

Spring

0.558

Summer

0.446

Autumn

-0.083

Herd size
(head of
cattle)
BMSCC
(1,000
cells/mL)
Autom.
milking
system: No

95% CI*

0.02

Ref.

Yes

1.416

1.36-1.48

<0.00
1

Milk
production
(kg/cow/day)

-0.101

-0.107- 0.094

<0.00
1

Constant

6.224

5.7876.661

<0.00
1

*Confidence interval

The CCHM cattle health status based on the results of the alternative parameters corresponded for
97.9% with the cattle health status of the original CCHM (Table 3). The sensitivity of the original CCHM
based on results of the test-day parameters relative to a farm visit was 89% (95% confidence interval
(CI): 52-100%), whereas specificity was 67% (95% CI: 60-74%), which were similar for the alternative
CCHM.
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Table 3. Comparison of CCHM cattle health status based on results of the original test-day parameters
(difference in SPP and incidence of SCM) and alternative parameters (difference in average milk
production per cow per day and predicted incidence of SCM) over the period January,1 2016 to March,
31 2017 (n=8,171 herds).

CCHM original status
A
B
C
Total

A
7,896
(96.6)
80
(1.0)
4
(0.1)
7,980
(97.7)

CCHM alternative status (%)
B
C
46
8
(0.6)
(0.1)
72
17
(0.9)
(0.2)
15
33
(0.2)
(0.4)
133
58
(1.6)
(0.7)

Total
7,950
(97.3)
169
(2.1)
52
(0.6)
8,171
(100)

The adapted CCHM was revalidated in 2020 and showed that the sensitivity and specificity of the
adapted CCHM relative to a farm visit were sufficient with 70% (95% CI: 35-93%) and 64% (95% CI:
56-71%) respectively.
Discussion
The study showed that alternative data could be used to monitor dairy cattle health. The test-day
parameters which were not available for about 15% of the dairy herds could be replaced by other
parameters enabling participation of all Dutch dairy herds in the CCHM.
A CCHM based on results of the alternative parameters had the same validity as a CCHM based on
test-day parameters when compared to a physical herd health assessment . Given the promising results
from the 2017 validation study, the Dutch dairy industry decided to implement the CCHM as a mandatory
tool to assess cattle health in dairy herds from January,1 2020. Farmers who want to participate in the
CCHM only have to give permission for the use of their data in order to calculate the CCHM scores. No
additional efforts of the farmers are required. For dairy herds that join a regular test-day scheme, the
CCHM cattle health status is still determined on the test-day parameters. The CCHM cattle health status
of dairy herds that do not join a regular test-day scheme includes the alternative parameters. For the
majority of the dairy herds that are currently participating, the CCHM scores are based on the results of
the test-day parameters (about 85%).
The validity of the CCHM is assessed every three years, to determine whether the system is still able to
identify herds with prolonged cattle health problems. During the validation a single physical herd health
assessment of an independent veterinary practitioner is used as the reference. However, a
disadvantage of such a reference is that cattle health is assessed at only one point in time, whereas the
CCHM reflects cattle health of an entire quarter of the year. Therefore, cattle health determined on
routinely available data and assessed during a physical herd health assessment do not always agree
with each other.
The CCHM based on alternative parameters is developed and validated on data from herds that join a
regular test-day scheme. Associations between alternative parameters and dairy cattle health may be
different in herds that do not join a regular test-day scheme. In the 2020 validation study, extra attention
was therefore paid to determine the sensitivity and specificity for both the original and the alternative
CCHM separately. Due to the Corona crisis, the physical herd health assessments ended prematurely
and a lower number of farm visits were carried out than was preferred. Therefore, no reliable estimates
could be made for the sensitivity and specificity of the alternative CCHM separately. In 2023, the CCHM
will be validated again and special attention will be paid to the validation of the CCHM based on
alternative parameters.
The nationwide availability of the CCHM provides the opportunity to monitor cattle health of all Dutch
dairy herds in a continuous and standardized way which makes objective comparison of dairy cattle
health within and between herds possible. Validation of the CCHM at regular time intervals (about every
3 years) enables to measure the effect of changes in the dairy industry and to determine the added
value of new data sources on the validity of the system for detecting herds with prolonged insufficient
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cattle health. In many other countries, increasing cattle health parameters are registered in central
databases. This may provide the opportunity to develop similar monitoring tools for the assessment of
dairy cattle health on routinely available data (5,6,7).
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Summary
Regular evaluation of any surveillance is needed to ensure system effectiveness. In an international
research network, called CoEvalAMR, we have developed guidelines for evaluation of integrated
surveillance of antimicrobial use (AMU) and antimicrobial resistance (AMR). Different evaluation tools
have been assessed using a methodology developed with a focus on the user’s experience in a country
case format. The original methodology consisted of a brief description of the case study, followed by an
assessment of 11 functional aspects and eight content themes and a SWOT-like analysis. Based on the
first round of cases, we have updated the methodology to increase the evaluation coverage and
standardisation. The update was based on 1) a brainstorm with CoEvalAMR network members, 2)
results of a questionnaire with 23 expected tool users, and 3) a comparison with the SISOT framework
developed by the Tripartite (FAO/WHO/OIE). Tool users prefer easy-to-use tools addressing many
issues in a way which can be communicated straightforwardly to decision-makers and stakeholders.
However, no tool can do this, and each tool has its advantages and limitations. This makes it important
to reiterate that the choice of tool depends upon the specific evaluation purpose and that adequate
resources, time and training are needed before an evaluation will provide a useful output. Our updated
methodology can be used by tool users to share experience regarding different tools, and hereby
assisting others in identifying the most suited tool for their purposes.
Introduction/background
It is a common good to keep antimicrobials effective for the coming generations. One way of supporting
this goal is to have surveillance covering different domains and sectors in an integrated manner (1).
To ensure surveillance effectiveness and efficiency, there is a need to evaluate existing surveillance
programmes at regular intervals (2). Several tools have been developed by either research groups or
national/international organisations to assist in such evaluations. Evaluations may be done by different
types of professionals with diverse levels of experience in surveillance evaluation, various access to
detailed data, and time to dedicate to the evaluation. Moreover, evaluations may be pursued with
different goals. This makes it pertinent to choose the right tool for a given evaluation context, team and
question.
During 2019-2020, an international network of scientists called CoEvalAMR8 aimed to develop guidance
for assessment of integrated surveillance of antimicrobial use (AMU) and antimicrobial resistance
8
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(AMR). In this first phase of the CoEvalAMR project, a methodology was developed to gather user
feedback on evaluation tools for integrated surveillance for AMU and AMR in an easy and standardised
way (3). The focus was on gathering users’ subjective experience on the application of the tools, and
the approach chosen was partly inspired by “Trip Advisor”. This implied use of questions such as “things
that I liked or that the tool covered well” or “things that I struggled with when using this tool” (3).
The original methodology consisted of four different approaches, which complemented each other. The
first covered a brief description of the case study. This was followed by 11 pre-defined functional aspects
including workability regarding the need for data, time and people. The third approach covered an
assessment of seven predefined content themes related to the tools’ scope. The functional aspects and
content themes were scored semi-quantitatively using a scale from 1-4, and a comment was requested
explaining the score. The fourth approach consisted of the subjective perception of the tool assessors
based on a strengths, weaknesses, opportunities, and threats (SWOT) using a SWOT-like approach.
During the first phase of the project, six tools were assessed using the described methodology, by
applying them to eight national surveillance systems as country cases. The tools were: ATLASS,
ECoSur, ISSEP, NEOH, PMP-AMR and SURVTOOLS. Each tool was assessed in between one and
four country cases. A comprehensive description of this work can be found in Sandberg et al. (3)
whereas Nielsen et al. (4) contains a description of the Danish work in detail. Moreover, a description of
users’ experience for each country case studies can be found on the website of CoEval-AMR9.
Hence, ample experience was collected regarding assessment of the tools and the developed
methodology. It was concluded that the methodology worked well, but that it could be improved with
respect to coverage and standardisation. These aspects are currently being dealt within the second
phase of the CoEvalAMR project, which will run from 2021 to 2022.
The objective of the present paper is to present the updated methodology as well as the considerations
behind the update.
Materials and Methods
Lessons learned during phase 1 of relevance for updating of the methodology: In spring and summer
2021, a series of monthly virtual meetings within working group 4 (WG4) began, allowing members to
convene and discuss how to update the methodology. The suggestions for further improvement largely
centered on how to increase the objectivity by providing clearer definitions for the aspects to score as
well as the different levels of the scores. Moreover, it was of interest to broaden the coverage of the
methodology to e.g., include additional functional aspects or content themes. Finally, it was investigated
whether the four questions behind the SWOT-like analysis could be clarified further.
Analysis of expectations of tool users: In the first phase, a survey was conducted to gather information
on evaluation of existing or planned AMU/AMR surveillance and people’s use of available tools as well
as their expectations for the tools. An analysis of the 23 answers to the questionnaire undertaken by
Ruegg et al. (5) was used during the updating of the methodology. The respondents pointed among
others to: i) The tools should be standardised, ii) they should provide clear results and evidence of data
integration quality that can be used with confidence in research or to inform decision making, iii)
Standardised guidance should be available regarding which tool to use, depending on the evaluation
needs, iv) All tools should be free and easy to use with strong services available to users to provide
guidance, v) It should be possible to undertake different levels of evaluation from superficial to deep, to
enable either a rapid “general overview” evaluation to be conducted with the ability to evaluate certain
components deeper. Hence, essentially, people want a one-stop shop for everything and standardised
tools that are flexible and easy-to-use.
Comparison with the SISOT Evaluation Matrix: It was decided to compare the developed methodology
with the assessment process used in the SISOT evaluation matrix, recently developed by the Tripartite
(WHO/FAO/OIE) of the United Nations (UN) (6). Hereby, it could be investigated whether and how to
broaden the coverage. Moreover, suggestions for standardization of scores could be obtained.
Results
The first approach, which contains an introduction to the case study, was amplified by a brief description
of the tool. For this, nine aspects were identified such as sector covered, type of tool, languages,
accessibility etc.
9
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Table 1 shows the final list of functional aspects. Four new were identified on top of the existing used in
the first phase: i) Number of people to be interviewed, ii) Costs, iii) Required level of knowledge of users,
and iv) Training to get acquainted with the tool. One aspect was moved to the tool description, and two
were deleted because they were considered redundant.
Table 1. Description of the updated list of 12 functional aspects, sorted into five groups – scales and
scores were defined for each aspect (not shown)

Group

Functional aspect

Ease of
use

User-friendliness related to wording,
guidance and layout of the tool or
framework
Analysis and interpretation of
evaluation data
Amount and complexity of data
required, where complexity is defined
as different kinds of data from multiple
sources in different formats or primary
data collection required
Can address the stated evaluation
objectives
Evaluation of OH aspects
(collaboration across sectors
/disciplines, knowledge integration,
added value of OH approach, etc.)
Required level of knowledge of users
regarding surveillance, epidemiology
and evaluation
Training to get acquainted with the tool
or framework
Costs related to the access and use of
the tool or framework
Number of people in the evaluation
team
Number of people to be interviewed
Duration of the evaluation process
Generation of actionable evaluation
outputs

Scope

Prerequisites
before
use
Time and
resources

Outputs

Similarly, two new content themes were suggested during the updating: “governance” and “impact”. The
“impact” content theme would be divided into short-term, intermediate and long-term effects in line with
the recommendation by Aenishaenslin et al. (1). This would result in a total of nine content themes. It
was decided to maintain the scale from 1-4 for the functional aspects and the content themes (Figure
1).
Visualisation of the results was improved by trying out different approaches such as radar diagrams or
green dots or stars as a Trip Advisor-like way of presenting the scoring of functional aspects and content
themes.
Finally, the phrasing of the four questions for the SWOT-like analysis was updated emphasising further
on strengths, weaknesses, opportunities and threats.
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Figure 1. Overview of the updated CoEvalAMR methodology focusing on users’ assessment of
evaluation tools. Numbers in bracket represent the number of questions to address the subject

Discussion
In the first part of the CoEvalAMR network project, it was found that the users scored the individual
functional aspects and content themes in a slightly subjective way. As the project went along, a higher
degree of consensus arose regarding interpretation of the methodology including way of scoring (3). We
expect that with the update of the methodology, the degree of subjectivity will be lower, but still present.
The respondents of the questionnaire survey undertaken as part of phase 1 of CoEvalAMR pointed to
the need for standardisation of tools (5). In response to that, we have focused on standardising our
methodology by introducing clearer definitions and scales. It is relevant to discuss to which extent further
standardisation of our methodology is needed. One may argue that standardisation is an essential
requirement in academia, but a less important issue for persons involved with the authorities. Focus in
the latter sector is on the process initiated as part of evaluation, where the tool may act as an initiator of
a larger process. In other words, the intention of our work is not to compare tools, but to describe the
tools to such an extent that the future users will be guided in choosing the right tool for their purpose.
According to the survey undertaken among evaluation users, the users prefer tools that are easy to use,
without much need for preparation or training (5). However, results of such evaluations may not be
sufficiently valuable. Still, it is relevant to discuss the balance between required training, allocated
resources, details and overview. To address this, the intended outcome of the evaluation becomes
crucial. This reiterates the need for careful description of the evaluation purpose before choosing the
evaluation tool.
In our updating of the methodology, we have been inspired by the SISOT matrix developed by the
Tripartite (6). This matrix is very detailed and can be used for evaluating different kinds of tools and
resources for use in zoonotic risk-reducing activities. It is flexible and can also be used to assess
evaluation tools. The questions and possible ways of answering show how well-developed the SISOT
matrix is.
Our revised CoEvalAMR tool is targeting integrated surveillance for AMU and AMR. It is simpler and
quicker to use, while it still contains most of the elements that form part of the SISOT matrix.
The case studies reported by Sandberg et al. (3) and Nielsen et al. (4) covered both integrated
surveillance programmes and single programmes. According to the Tripartite, multisectoral means that
more than one sector is working together in a joint program or response to an event. However, it does
not imply that all sectors must work together on all aspects. Similarly, multidisciplinary means
collaboration across several disciplines. Taking a One Health approach means that all relevant sectors
and disciplines are involved (2). One of the keywords for integrated surveillance is relevance, although
this may be difficult to judge in some cases. The methodology we have developed is useful to provide
an overview of the advantages and disadvantages of the tool investigated, irrespective of whether the
tool was used for evaluation of an integrated or non-integrated surveillance system.
Evaluation of One Health surveillance is an active field, and there is a growing number of these
evaluation tools/frameworks becoming available. In Sandberg et al. (3), six tools were retained for
evaluation. The ambition in phase 2 of CoEvalAMR is to apply the updated evaluation methodology to
other tools or frameworks, in accordance with the needs of the network members. Other persons
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involved in surveillance evaluation are welcome to make use of our methodology and to share their
results.
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Summary
Antimicrobial resistance (AMR) poses a global threat, spreading across geographical and ecological
boundaries. The Food and Agriculture Organization of the United Nations (FAO), together with the
World Organization for Animal Health (OIE) and the World Health Organization (WHO), namely as
Tripartite organizations, has been supporting countries to develop and implement National “One Health”
Action Plans (NAPs) that address AMR with all relevant sectors in human, animal, and plant, food and
the related environment. While there has been visible progress made on developing NAPs globally since
the launch of the Global Action Plan on AMR in 2015, the implementation of NAPs remains relatively
slow, especially in low- and middle-income countries (LMICs) due to the inadequate political awareness
to translate AMR issues to the political commitment. FAO has developed the FAO Progressive
Management Pathway for AMR (FAO-PMP-AMR), which is a practical guidance framework to support
countries developing and implementing NAPs in the food and agriculture sector, focusing on building
management capacity through a bottom-up approach with solid public and private stakeholders
involvement. By applying the FAO-PMP-AMR, countries can accomplish improvements in key food and
agriculture sectors, starting as small-scale initiatives, evolving into broader actions in priority sectors,
and eventually developing into fully-fledged, ‘One Health’ NAPs addressing AMR in all food and
agriculture sectors nationwide with the end goal of prudent use of antimicrobials and full monitoring,
prevention and control of AMR. The FAO-PMP-AMR addresses four areas: improving Awareness,
developing Evidence, strengthening Governance, and promoting Good Practice (1), which are closely
complementary and in line with both the Global action plan on AMR and the FAO Action Plan on AMR
2021-2025.
Introduction
Antimicrobial resistance (AMR) is a global threat, which requires a coordinated and collaborative “One
Health” approach across the human-animal-plant-food-environment interface. Concrete actions at both
a global and national level must be undertaken to avoid the destructive impact of AMR on health, food,
and the economy. Drug-resistant diseases already cause at least 700,000 human deaths globally a
year, a figure that could increase to 10 million deaths globally per year by 2050 if no action is taken by
2050 (2). In addition, the global economy may lose more than USD 6 trillion annually because of AMR
– nearly 4% of Gross Domestic Product (3).
To combat this global threat, FAO’s thirty-ninth Conference (June 2015) adopted Resolution 4/2015 on
AMR and called to action both FAO Members and the Organization itself. FAO published its Action Plan
on Antimicrobial Resistance 2016-2020 to describe how the Organization would implement the
Resolution. The FAO Action Plan considers all relevant dimensions, including terrestrial and aquatic
animal health and production, crop production, food and feed safety, soil and water monitoring,
standard-setting and regulatory aspects, and communication. It is embedded within the Strategic
Program of FAO and informs FAO membership and partners of the Organization’s approach and goals
over five years.
In line with the FAO Action Plan on AMR and recognizing the challenge which countries are facing, FAO
developed a FAO-PMP-AMR to assist the food and agriculture production sectors (both public and
private sectors) with developing and operationalizing a multi-sector ‘One-Health’ National Action Plan
on AMR (NAP). The goal is that by applying the PMP-AMR, countries and specific sectors can make
improvements, step-by-step across technical and other areas, to optimal and sustainable use of
antimicrobials. The PMP-AMR sets specific activities and Key Performance Indicators (KPI) for each
step, following four focus areas: improving Awareness, developing Evidence, strengthening
Governance, and promoting Good Practice. The FAO-PMP-AMR references available guidelines,
standards, reports, and tools to support countries and sectors in their activities and achievements. The
new FAO Action Plan on AMR 2021-2025, approved by FAO Council at its 166th session, has also
included FAO’s work on AMR using FAO-PMP-AMR, stating that it serves the development and
implementation of NAPs through expanded deployment and publication of FAO tools (e.g., FAO-PMPAMR) for operationalization and prioritization of national activities on AMR (4).
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While all four focus areas in the FAO-PMP-AMR contribute to the AMR surveillance in animal health,
the focus on ‘developing evidence’ plays a critical role in helping countries with implementing their
monitoring and surveillance activities. It allows countries to investigate their capacity for generating and
managing AMR and antimicrobial use (AMU) data in the food and agriculture sectors as a basis to drive
AMR issues into action. For example, when AMU data is available, countries can identify ways to
improve and provide recommendations for achieving prudent use of antimicrobial.
Materials and Methods
The FAO-PMP-AMR has been designed under the concept of allowing in-country self-evaluation of the
national AMR activities of NAPs in food and agriculture, supported by FAO experts. It was developed
through a process of consulting internal FAO AMR experts, validation by external AMR experts, pilot
testing in different global regions, and revision following the testing.
Internal consultation of FAO AMR expert: FAO developed the Progressive Control Pathways (PCP)
approach for improved risk management of a range of high impact animal diseases, including foot-andmouth disease, peste des petits ruminants, animal trypanosomiasis, rabies and brucellosis, and has
been adapted to address biosecurity in the aquaculture sector. Building on the concept of the
progressive disease control, the PMP-AMR tool was designed to manage the risk of AMR and implement
prudent use of antimicrobials which is distinctive difference from PCP. The PMP-AMR is designed to be
complementary to other tools related to AMR management like the Tripartite AMR country selfassessment survey (TrACSS), the Joint External Evaluation (JEE) Tool, the Global Antimicrobial
Resistance Surveillance System (GLASS), and the OIE Tool for the Evaluation of Performance of
Veterinary Services and/or Aquatic Animal Health Services (OIE PVS).
External validation by external AMR experts: Technical experts with extensive country and regional
experience in AMR were invited to validate the PMP-AMR. Feedback was requested on the draft
guidance document and prototype PMP tool. The expansion of the tool to additional sectors was
discussed as well. The poultry sector was developed as an example of a sector-specific assessment
with discussions held on how many sectors should be developed and whether a template could be used
for various species/production systems within a sector or if individual assessments should be further
elaborated.
Pilot Testing: AMR PMP tool has been piloted since 2018 in the four different countries across Europe,
Africa, and Central Asia. It demonstrates this tool has been applied in the different agricultural,
geographical, and developmental setting. The tool is available in English, French, and Russian and
translation in Chinese and Spanish is underway. The multi-sectors representing Academia, Animal
Health, Animal Production in Poultry, Environment sector, and Food sector involved in AMR were invited
as well as the experts from WHO, OIE, and UNEP for the feedbacks to update this tool further to One
Health tool.
Result
The FAO-PMP-AMR includes main focus area: Awareness, Evidence, Governance, and Practice which
are complementary to each other. Each topic under the focus area has four stages to allow a stepwise
approach to reach specific goals, usually starting from the assessment of the situation (stage1);
development of the plan (stage 2); implementation of the plan (stage 3); and assessment of the
implementation and revise it. Alternative approach where the multi-sectoral involvement is key is starting
from assessment of the situation (stage 1); small scale implementation in key agriculture sectors (stage
2); Nationwide implementation in key agriculture sectors (stage 3); and nationwide implementation in all
sectors (stage 4).
Awareness on Antimicrobial Resistance and Related Threats: Countries will explore their progress on
raising awareness and understanding of AMR through effective communication, education and training.
A minimum understanding of the issue and why it is relevant to all stakeholders along the food chain is
considered to be a prerequisite for behavior change and commitment to action. The FAO-PMP-AMR
considers two groups of topics: Raising awareness, and Implementing training and education programs
for food and agriculture professionals.
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Figure 9 FAO-PMP-AMR focus area (Awareness)

Surveillance and Monitoring of Antimicrobial Resistance and Antimicrobial Use (Evidence): In the
surveillance part, countries will investigate their extent to generate and manage the AMU and AMR data
in the food and agriculture sectors through data generation as a basis for driving action. There are two
groups of topics, i.e., antimicrobial use monitoring and antimicrobial resistance surveillance. Actions to
build national capacity for generating more extensive data on AMU and AMR and making this
information widely available will provide the motivation for implementing the NAP. Ultimately AMU
monitoring and AMR surveillance activities must be integrated across all relevant sectors to monitor the
evolution of AMR risk in a country from the One Health perspective. The stepwise approach of the FAOPMP-AMR for collecting evidence is therefore synchronized with the Progressive Improvement Pathway
(PIP) of the FAO Assessment Tool for Laboratories and AMR Surveillance Systems (FAO-ATLASS),
with the options for annual reporting on antimicrobial agents intended for use in animals to the OIE, with
the Global Antimicrobial Resistance Surveillance System (GLASS) of WHO.

Figure 10 FAO-PMP-AMR focus area (Evidence)

Governance related to Antimicrobial Use and Antimicrobial Resistance: Countries will self-assess their
political commitment to AMR including the development and implementation of a multi-sectoral National
Action Plan on AMR. This primary focus area aims ultimately at enhancing the political commitment,
improving policy and ensuring a relevant regulatory framework to provide the capacity and resources to
combat AMR with multi-sectoral approach. Governance enables the collaborative commitment based
on the surveillance data on AMR. There are three groups of topics on multi-sectoral coordination group,
National Action Plan on AMR and Sustainability.
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Figure 11FAO-PMP-AMR focus area (Governance)

Good practices in Food and Agriculture systems and the prudent use of antimicrobials: Adopting and
developing the good practices measures are key to minimize the need for antimicrobials and optimize
the use of antimicrobials, thus preventing to further develop AMR. In this focus area, countries will be
known about their current status in good practices and appropriate use of antimicrobials and will get
recommendation to further develop their capacity.

Figure 12FAO-PMP-AMR focus area (Practice)

Discussion
The PMP-AMR tool was piloted in 2019 in Ghana, Belgium, St. Kitts and Nevis and Tajikistan by a
workshop with key public and private stakeholders involved in AMR risk management of different One
Health sectors: animal health and production, plant health, food safety, human health and the
environment. At the end of the workshop the PMP-AMR approach was evaluated by the participants. In
general, the PMP-AMR was perceived as a useful tool to support the discussion between stakeholders
on the prioritization of actions to be taken in the country to move forward with the mitigation of AMR and
achieving prudent use of antimicrobials. The tool also helps identifying resources and funding for
implementing the priority actions. All participants to the workshops agreed that the PMP-AMR selfassessment workshops should be repeated to assess the implementation of the priority actions that
were identified.
Following the evaluation of the PMP-AMR tool during the pilot workshops, the PMP-AMR tool has been
significantly revised to ensure better accessibility for the PMP-AMR facilitators and participants of the
workshop. Addressing the COVID-19 restrictions across the regions, online training courses for regional
and national facilitators via zoom were developed and ‘hybrid’ online FAO-PMP-AMR workshops were
introduced.
The unique value of this tool is that any country can use the tool and assess where their country is at,
whether there is already a National Action Plan agreed and implemented, or if there is no NAP drafted
or agreed. It can help countries assemble a NAP and can help countries in reviewing and revising their
already established NAP. The optimal final outcome of the PMP-AMR is that the key public and private
stakeholders of a country have implemented a NAP that includes an agreed strategic plan to reduce the
AMR risk within a given timeframe. The strategic plan is operationalized by improving awareness,
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AMR/AMU surveillance, governance and good practices. The strategic and operational plans are
monitored, evaluated, and adjusted when necessary to meet the strategic and operational objectives.
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Summary
The performance and sustainability of multisectoral surveillance systems rely mainly on the quality of
collaboration across actors working in different sectors and professions, with different expectations and
perspectives. In this context, we developed a socio-technical framework to guide surveillance actors
towards the collective definition of an optimal multisectoral surveillance system. The framework
combines different participatory approaches and tools and was applied with the surveillance actors of
antibiotic resistance in Vietnam and of Salmonella in France, through the organization of a collective
workshop series. It is structured around 4 steps: formalization of the issue to be addressed, collective
characterization of the current surveillance situation, characterization of the optimal surveillance system,
identification of necessary changes to reach the optimal system. The workshop outputs can be used to
draft a detailed action plan and can be completed with real situation exercise to test the relevance and
feasibility of the proposed changes and to refine them if deemed necessary. In our two case studies,
the framework was efficient to guide surveillance actors in co-designing an optimal multisectoral
surveillance system and in proposing changes for the governance and operations of surveillance
activities. However, the framework is not intended to evaluate if changes are adopted and implemented
by stakeholders and a follow up is required to assess the impacts of the process on actors’ practices to
improve the surveillance value.
Introduction
Collaboration across sectors is expected to enhance performance and cost-effectiveness of
surveillance. Consequently, the establishment of multisectoral surveillances is strongly encouraged by
governments, international organizations and the scientific community. However, there is no single
organizational model for such systems (1, 2) and expectations
regarding the collaborative outputs vary across actors,
depending on their sector, professional mandates but also on
economic, psychologic, cognitive and cultural factors (3). This
suggests the need to develop specific collaborative modalities
tailored to the context and surveillance objective(s) and to
engage actors in the design of the multisectoral surveillance
system at an early stage to favour their long-term adhesion (4,
5).
We proposed to test a socio-technical methodological framework
to guide surveillance actors in the co-design of a common and
shared representation of an optimal multisectoral surveillance
system and to stimulate emergence of collective solution for its
operationalization. End-users expectations are at the heart of this
method, which relies on participatory modelling and impact
assessment approaches. Its application is illustrated hereafter through two case studies - surveillance
of antibiotic resistance (ABR) in Vietnam and of Salmonella in France.
Materials and Methods
Structure of the socio-technical framework: Our framework is intended to be implemented during a series
of collective workshops with surveillance actors, following four steps: (i) definition of the problem, (ii)
collective characterization of the current surveillance system based on a co-construction of an actors’
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diagram using the PARDI10 method (5) and on the identification of its strengths, weaknesses, as well as
potential threats and opportunities (using the SWOT11 methodology), (iii) characterization of the desired
multisectoral surveillance system based on the definition of a common objective and main requirements
to reach this objective, (iv) identification of necessary changes to reach the desired situation and of the
actions to achieve those changes (Figure 1). The composition of the working group is crucial as its
representativeness is greatly impacting relevance of the process outputs. In Vietnam, potential
participants were selected based on the results of a previous stakeholder analysis of the ABR
surveillance system in Vietnam (1). In France, participants were already recruited as the process was
part of the activities of the ONDES12 working group, which gathers public and private actors involved in
the prevention of Salmonella along the food chain and aims at optimizing surveillance of Salmonella.
The choice of the facilitators who will lead the process during the three workshops plays also an
important role in the success of the process.
Figure 1: Structure of the methodological framework.
Application to the two case studies: In Vietnam, Bordier et al. (2018) had underlined that main barriers
to collaboration across sectors for ABR surveillance were the lack of mutual understanding and trust, as
well as a lack of technical platform, which could support exchanges among surveillance actors to define
collaborative modalities. In this context, a participatory approach appeared to be relevant to provide an
arena where actors can share their perspectives, constraints and expectations and co-design a
concerted multisectoral surveillance system. Three workshops were implemented from December 2018
to January 2019. In France, the process was considered relevant to support the collective reflexions of
the ONDES working group to define the optimal multisectoral surveillance system for Salmonella in
France. On the request of the coordinator’s working group, the participatory approach was implemented
through a series of three workshops organized between April and October 2019.
Results
Definition of the problem: In Vietnam, the issue was determined by the research team based on the
results of a previous study (1) and refined with the working group during the first workshop. Participants
agreed to concentrate on the necessary collaborative modalities among sectors and institutions for
routine surveillance of ABR in Vietnam, excluding research studies and antibiotic usage monitoring. In
France, the question to be addressed was predefined by the mandate of the working group aiming at
optimizing the surveillance of Salmonella in France. However, participants were guided to explicit their
expectations which were analysed to narrow the general objective of the working group. They agreed
on the necessity to improve sectoral surveillance (through capacity-building for surveillance activities
and/or extension of the surveillance coverage) and the circulation of the information among actors in
charge of preventing contamination with Salmonella at all the food chain stages.
The collective representation of the current surveillance system: In Vietnam, the first workshop allowed
for the co-construction of an actors’ diagram (Figure 2). Actors were characterized regarding their main
role in the surveillance system and were connected through different types of interactions. Surveillance
networks were described for human isolates in hospitals and bacteria in retailed food and animals at the
slaughterhouses. Their coordination and implementation appeared to be highly silo-oriented. Many
research initiatives were conducted in humans and animals, but results were not used to inform
surveillance activities. In France, the actors’ diagram was preliminary designed by the research team
based on the results of a previous study and refined with participants during the first workshop. The
surveillance system consisted of 18 surveillance programmes collecting data about Salmonella along
the food chain and in humans. Some surveillance programmes are strongly connected among them,
creating some sub-systems inside the system. While some programmes are implemented within wellestablished surveillance network, others collect data are not centralized and are currently used to inform
decisions at an individual level.
Figure 2. Co-construction of a representation of the surveillance system for antibiotic resistance in
Vietnam during the first collective workshop.

10

PARDI = Problème – Acteur – Ressources – Dynamiques-Interactions
SWOT = Strengths, weaknesses, opportunities, threats
12
ONDES = national optimisation of surveillance components for Salmonella.
11
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The desired surveillance system: In Vietnam, participants worked on the definition of the surveillance
objective of an ideal but realistic surveillance system. They agreed on a multisectoral surveillance
system able to follow trends of bacterial resistances in time and space to improve general knowledge,
inform sectoral risk assessment analysis and support the development and evaluation of interventions
in the different sectors. This objective implied that (i) the surveillance coverage was relevant, (ii) the
sectoral surveillance was functional and sustainable in the different domains, and (iii) the information
was used to inform decisions and was circulating appropriately across sectors. In France, participants
concentrated on the utility of the information produced and shared. The optimal multisectoral
surveillance system should allow for the transmission of all the useful information needed by
stakeholders to implement relevant mitigation measures in their respective field of responsibilities. This
implied that the different surveillance components are capable to produce high quality data and are
appropriately interconnected. Ad hoc transmission of information was expected to improve trust across
stakeholders, which would act as a positive factor on the circulation of information. Participants
described the nature of the useful information (in terms of format, location and accessibility) for the
different stakeholder categories. It allowed the mapping of the useful information, which was used to
identify gaps in terms of missing information or inappropriate transmission.
The necessary changes to achieve the desired surveillance system: In Vietnam, changes were
expressed in terms of surveillance coverage (addition of new components), improvement of technical
and organizational capabilities in the different sectors and improvement of governance mechanisms.
Causal links between the changes and actions proposed and the essential characteristics of the optimal
multisectoral surveillance system defined at the previous step were finally identified to underline how
they were all contributing to the multisectoral surveillance objective. This work resulted in a graphical
representation of the impact pathway from participants’ perspectives, in which proposed actions were
the outputs, changes and system characteristics the outcomes and the objective of the optimal
surveillance system the final impact. In France, major desired changes were formulated following the
identification of gaps in terms of generation and transmission of information. Changes were expressed
in terms of interactions, capacities, knowledge and posture. They were supposed to improve the design
and coverage of Salmonella surveillance as well as the valorisation of the data produced, within a
community of practices enabling a smooth circulation of the information across institutions and
professionals operating at all the food chain stages and in the different sectors (bovine, pork, poultry).
All elements proposed and discussed were then used to produce an impact pathway towards
participants’ expectations regarding the multisectoral surveillance system.
Discussion
The methodological framework developed and applied during this study seems suitable to guide actors
-with different perspectives and expectations regarding multisectoral surveillance- in co-designing their
desired system and in proposing realistic changes and actions to implement it. It allows for the
emergence of innovative solutions tailored to the context and to step out the traditional top-down
approaches which usually produce guidelines disconnected to the context in which they are supposed
to be implemented. In Vietnam, the multisectoral surveillance design defined by local actors was far
away from the highly integrated model commonly promoted by the scientific community (7, 8, 9) and the
international organizations (10). Indeed, in the Vietnamese context, in which the priority is to establish
or strengthen surveillance capacities in the different sectors the implementation on an integrated
approach based on the combination of data from different sources was considered irrelevant regarding
the national context. However, participants acknowledged the necessity to ensure an appropriate flow
of information across sectors to maintain a shared and updated knowledge and to improve their mutual
understanding. This appeared to be essential to provide foundation for more integrated approaches in
the future. In France, the process ended up with an outcome mapping elucidating changes in practices,
technical and soft skills, attitudes and networking routines of the surveillance actors. In both cases, the
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impact pathway co-constructed with surveillance actors could then serve as a basis to develop a detailed
action plan to reach the optimal situation as defined. To support this work, it could be helpful to test the
actions which have been identified, in a real situation or during a simulation exercise, to assess their
feasibility and relevance to produce the expected changes and to refine them if deemed necessary.
The relevance of the outputs produced by the methodological framework is highly dependent on the
representativeness and the commitment of participants along the process. A special care is
consequently needed when selecting participants and several factors must be considered to favour their
attendance (e.g. neutral and accessible location for the organization of the collective workshops).
Additionally, the legitimacy of the persons in charge of the process is key and can be obtained through
the involvement of a “champion” acknowledging the participatory approach.
However, the participatory methodological framework is not enough to ensure that the co-designed
surveillance modalities will be adopted and applied. Their likeliness to meet stakeholders’ expectations
in a relevant and cost-effective manner, as well as their effective implementation by surveillance actors
needs to be evaluated.
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Introduction
Since 2016, and part of its effort to combat antimicrobial resistance (AMR), FAO has developed the
‘’Assessment Tool for Laboratories and AMR Surveillance Systems’’ (FAO-ATLASS) for countries to
assess their AMR surveillance system and the reliability of data outputs in the food and agriculture
sectors.
Materials and Methods
FAO-ATLASS assessments are conducted through a participatory approach with all stakeholders. The
tool collects descriptive data and scores the performance of AMR-linked activities for five major areas
(laboratories, data analysis, governance, communication and sustainability). FAO-ATLASS assesses
the quality of the surveillance organisation as well as the quality of AMR data produced, in order to
detect gaps.
Results
By December 2021, AMR surveillance systems and laboratories have been assessed in 28 countries in
Africa, Asia and Europe. Recommendations have been provided and the “Progressive Improvement
Pathway (PIP)” approach used to prioritize actions to improve the system, from “1-limited” to “5sustainable”. Score ‘’3-developed’’ was the threshold used for claiming reliable activities (data
production and use by the surveillance system). Information describing the systems were analysed for
further use at regional and global levels to capitalize on successes and tackle common issues in a
coordinated way.
Discussion
FAO-ATLASS and its database is a powerful tool to help and encourage countries in improving their
national AMR surveillance, share reliable AMR data at national level and plan for harmonised regional
and global AMR surveillance and data compilations for food and agriculture sectors. Linkages with
Human Health sector under One Health approach will contribute to harmonise strategies aiming at
integrated AMR surveillance systems.
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The context
Strengthening surveillance of antimicrobial resistance (AMR) and antimicrobial use (AMU) in lowermiddle-income economies is crucial in reducing the AMR threat in these countries and globally.
Qualifying the workforce in epidemiology and microbiology can help to implement National Action Plans
for AMR. The African Society for Laboratory Medicine (ASLM) leads Qualifying the workforce for AMR
surveillance (QWArS) which is a Fleming Fund project aiming to train at least 100 people across 12
African and 2 Asian countries. To ensure the sustainability of the training, more than 25 of the
participants can become master trainers, qualified to teach the courses in the future. The Technical
University of Denmark has developed the epidemiology education programme; which consist of four
training modules: (1) AMR Data management, (2) Basic data management and analysis, (3) Sampling
strategies and surveillance network, and (4) Advance epidemiological methods (in progress). The
training in the respective modules had two parts: e-learning and face-to-face training. The e-learning
consisted of video-lectures and quizzes. The Face-to-Face sessions focused on re-caps of topics and
hands-on experience through theoretical and problem-based exercises. Local trainers highly qualified
in the field of Epidemiology and AMR were hired to teach in the face-to-face training. Local trainers
received a Facilitator Guide for each module, with agenda and instructions on how to teach the different
topics. Each training module was evaluated by the participants and the local trainers. We have so far
received evaluation feedback from participants (Figure).
Outcome/Impact of case study
The Figure shows the evaluation of the quality of the materials and the quality of the assessment tool
(quiz). Most participants evaluated the quality of the teaching material as very good (Figure). Participants
making the final assessment for each module were: (Module 1) 87, (Module 2) 302 13, and (Module 3)
103. The quality of the assessment tool was evaluated mostly as good or of very good quality. Overall
scores for the three modules were: 8.55 (module 1), 8.57 (module 2), and 8.37 (module 3) on a scale of
1-10, with 1 being very poor and 10 excellent. The feedback survey included an option for comments.
Positive comments (strengths) were for example: “The course is very informative and precise’’ (Module
1) and “I am enjoying this course and it is very much beneficial to my career growth'' (module 2) and
“the course is very useful in our daily working'' (Module 3). Comments that should be taken into account
(weaknesses) to improve future training were: “I would have love more days allocated for the face to
face to help get a better grip on the WHONET and backlink demonstration'' (Module 1) and “It could be
better to divide this course into two short modules’’ (Module 2). “More contact interactions with
instructors to clarify some issues’’ (Module 3), Response rates were 94, 84 and 99 percent for Modules
1, 2 and 3 respectively.
Relevance for others of case story
We consider this training (e-learning and face-to-face) is an efficient approach to teach a large number
of people in many different countries in designing, running, and evaluating AMR and AMU surveillance.
According to the feedback from participants, e-learning should not be a substitute for face-to-face
training. Instead, e-learning is adequate for introducing different topics, and the face-to-face can focus
on more in depth learning.

13

Common module for both training tracks
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Recommendations
Future AMR and AMU surveillance training strategies should consider strengths mentioned by the
participants and turning weaknesses in opportunities to improve the learning experience.

Figure: Quality score of materials and assessment according the course participants. 1a and 1b from
Module 1 (AMR Data management), 2a and 2b from Module 2 (Basic data management and Analysis),
3a and 3b from Module 3 (Sampling strategies and surveillance). Grey plots refer to Quality of Materials,
whereas White plots refer to Quality of Assessment
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Continuous monitoring is a fundamental part of the work to stop and prevent the spread of antibiotic
resistance (AMR). Every year, approximately 12,000 samples from animals are examined for the
presence of antibiotic-resistant bacteria at the National Veterinary Institute (SVA) and a part of the
results are compiled and presented in the Swedres-Svarm report (1). To make the data more findable,
accessible, interoperable and reusable (FAIR), a project was initiated at SVA with the aim of developing
an interactive tool that visualizes the AMR trends in animals. Different expertise at SVA– IT personnel,
AMR expert, epidemiologist – collaborated for the aim, and as a result, there is now an automatic
workflow which retrieves and analyzes the susceptibility testing results from the lab every day and puts
the results on SVA’s webpage (2). On the webpage, the up-to-date AMR data from 2010 can be
displayed by selecting the type (indicator bacteria, clinical isolates), bacterial species, antibiotic and
animal species. The trends are shown in % frequency of resistant isolates among the total tested in a
year, which then can be exported as a graph or a data format for further use. The scripts for data cleaning
and visualization were written using open-source software (R, JavaScript), in a way that more bacterial
species, antibiotics and animal species as well as data from other clinical labs in Sweden can be
efficiently added on. We plan to further expand the range of data and features of SvarmIT, like the
multidrug resistance frequency of each bacterial species and the genetic determinants for the
resistance, when applicable. With continuous work, we anticipate that SvarmIT will significantly enhance
the AMR surveillance in Sweden and facilitate more timely actions for both veterinarians working in the
field and decision makers for the establishment of possible control measures and targeted monitoring
activities. Furthermore, we believe sharing the process and results of SvarmIT with the public health
sector and other countries will promote the communication and collaboration around AMR issues as
well as standardization of interpreting the AMR data in the context of surveillance.
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Summary
In France, the 2016 interministerial roadmap for the control of antimicrobial resistance (AMR) has set
an impulsion for a One Health approach against AMR. However, the large number and diversity of
monitoring programmes make it difficult to have a clear overview of the current surveillance system.
Hence, the objective of this study was to map and characterize all French programmes for monitoring
of AMR, antimicrobial use (AMU) and antimicrobial residues in the human, animal and environmental
sectors, and to identify integration points, overlaps or gaps. An extensive literature scan, as well as
semi-directed interviews with 37 programme coordinators and 15 key informants were conducted. A
total of 47 monitoring programmes articulated around eight sub-systems were identified and
characterized using a descriptive grid. These targeted the human (n=34), the animal/food (n=14) and/or
the environmental sector (n=1). Although numerous, the various programmes complemented each other
by addressing different monitoring aspects and objectives. Integration between and within sectors, as
well as between AMU and AMR, appeared rather limited. Building from the interministerial roadmap,
there is an urgent need to establish a national operational coordination between sectors and
programmes in order to increase synergies and mutualize efforts and resources, and more generally to
move towards One Health surveillance of AMR in France.
Introduction
Antimicrobial resistance (AMR) has been widely recognized as a major public health issue worldwide.
As antimicrobial resistant microorganisms and genetic determinants disseminate within and between
the human, animal and environmental sectors, prevention and control of AMR is a complex
epidemiological issue at the interface of many sectors and disciplines. International organizations and
EU bodies call for a more integrated surveillance of AMR to have a complete picture of the
epidemiological situation and better identify possible control measures.
In France, the 2016 interministerial roadmap for the control of AMR has set an impulsion for a One
Health approach in the fight against AMR. One of its pillars aims to foster integration of AMR surveillance
data across sectors and to promote cross-sectoral collaborations. Beyond the monitoring programmes
required by the EU regulation in human and animal sectors, numerous surveillance and monitoring
programmes are currently in place in France. However, the large number and diversity of these
programmes make it difficult to have an exhaustive picture of the overall surveillance system. There is
a need for a clear and comprehensive overview of existing programmes and linkages between them, as
a first step for building a One Health AMR surveillance system in France. Hence, the aim of this study
was to map and characterize all programmes for monitoring of AMR, AMU and antimicrobial residues
existing in France in the three sectors (human health, animal health/food and the environment) and to
identify integration points, overlaps and gaps.
Materials & Methods
An extensive literature scan of both the scientific and grey literature was conducted in order to identify
those programmes corresponding to “a structured group of actors and/or institutions in charge of
collecting, centralizing, analysing and communicating data on a systematic and long-term basis, with
the ultimate goal to prevent and control AMR” [1]. Both local and national monitoring programmes were
included. Punctual research studies, as well as inactive programmes were excluded from further
analysis.
A descriptive grid including 18 variables of interest was derived from the ECoSur matrix [2] and covered
aspects related to organisation (e.g. funding, regulatory status, steering and coordination activities),
methods and operations (e.g. target population, coverage, sampling strategy, data collection and
analysis, indicators used, communication and dissemination of the results), as well as participation to
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surveillance sub-systems, defined as established and formalized collaborations involving at least two
programmes with joint surveillance activities (e.g. steering, external communication). The descriptive
grid was pre-completed using information from the literature.
All monitoring programmes coordinators, as well as key informants having a good understanding of the
French surveillance system were contacted for an interview that aimed: a) to finalize and validate the
characterization of the programme, b) to describe the role of the programme within the overall French
AMR surveillance system and c) to identify any missing monitoring programme. Semi-directed interviews
were conducted via Microsoft Teams® because of Covid-19 related travel restrictions. The precompleted grid and a consent form providing authorisation to record the interview were sent ahead of
the interview. The study was approved by the Department of Legal Affairs of the French Agency for
Food, Environmental and Occupational Health & Safety (ANSES).
Results
From 77 programmes initially identified, 47 were retained for further analysis; these targeted the human
(n=34), the animal/food (n=14) and/or the environmental sector (n=1). Only two programmes covered
both the human and animal/food sectors (Figure 1). Characterization of monitoring programmes built
from 52 interviews with 37 programme (co-) coordinators and 15 key informants. Interview participation
rate was very high (96%).
Monitoring programmes were either regulated/official (n=29) or voluntary (n=18). They primarily relied
on passive surveillance (n=40). The majority was publicly funded (n=33), while nine were based on a
mixed public-private funding and five on private funding only. In addition, 31 programmes had full
national coverage (including mainland and overseas departments and territories), 12 covered mainland
France only, and four covered parts of France only (i.e. local programmes).
In the human sector, targeted populations included hospitals (n=30), the community (n=22) and/or longterm care facilities (n=20). In the animal sector, these included diseased food-producing animals (n=10),
diseased companion animals (n=3) and/or healthy food-producing animals (n=2). Three programmes
from the animal/food sector also included meat and meat-borne products. The only programme retained
in the environmental sector targeted surface and underground water.
The majority of surveillance programmes targeted AMR (n=35), while 13 programmes targeted AMU.
Three monitoring programmes targeted both AMU and AMR in the human sector (Figure 1). Only two
monitoring programmes targeted residues of antimicrobials. Among the 35 AMR monitoring
programmes, 22 had access to bacterial isolates and were able to perform molecular characterization
in addition to conventional antimicrobial susceptibility testing. AMU monitoring was based on various
data sources including administration (n=6), deliveries (n=5), prescriptions (n=2), reimbursement (n=2)
or sales of antimicrobials (n=2). Indicators for AMU were highly variable both within and between
sectors, while AMR indicators appeared relatively harmonized.
We identified eight sub-systems with established and formalized collaborations (Figure 1). These varied
in size (from two to 14 surveillance programmes involved) and in types of collaborative activities.
Notably, the French monitoring programmes also contributed to 12 established supra-national
programmes for monitoring of AMR, AMU or antimicrobial residues (Figure 1), and to one programme
under construction for AMR monitoring in veterinary medicine (EARS-Vet) [3].
Discussion
This study demonstrated that many programmes contribute to the French surveillance system for AMR,
AMU and residues of antimicrobials. Although numerous, the various programmes complement each
other by addressing different monitoring aspects. However, some monitoring programmes partly
overlap, primarily because former local or regional programmes were extended to or replaced by
national ones. Still, national and local programmes currently co-exist with different objectives.
The majority of monitoring programmes focus on the human and animal sectors. Conversely, the
environmental sector is largely uncovered. While many initiatives exist in this sector, only one
programme complied with our definition of a monitoring programme, primarily because the other
initiatives were not sustainable at this stage.
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The large majority of monitoring programmes were uni-sectoral, and focused either on AMR or on AMU.
Additionally, the number of sub-systems that facilitated integration between existing sectors was rather
limited. The RePias appeared as a sub-system that contributed to integrate AMU and AMR in the human
sector, while ONERBA facilitated AMR integration between the human and animal sector. However, at
this stage, there is still a clear lack of harmonization in data collection and indicators being used both
within and between sectors, especially for AMU, which could hinder data integration.
The system mapped as part of this study appeared as an ever-evolving picture. As an example, two
large national networks recently got funded and will be launched in 2022: one aims to build a One-Health
community of actors around AMR (10 monitoring programmes involved) and the other one aims to build
a platform for AMR multi-omics data sharing (four monitoring programmes involved).
To conclude, no cross-sectoral coordination of operational activities between surveillance programmes
at national level currently exists. Building from the 2016 interministerial roadmap for the control of AMR,
there is an urgent need for such a national operational coordination to be established in order to increase
synergies and mutualize efforts and resources, and more generally to move towards One Health
surveillance of AMR in France.

Figure 13 – Mapping of the existing monitoring programmes for AMR, antimicrobial use (AMU) and antimicrobial
residues in human, animals and the environment in France in 2021
Legend: White boxes: French monitoring programmes (straights corners = national; rounded corners = local).
Light pink boxes: European surveillance programmes (with EARS-Vet under construction). Dark pink boxes:
international surveillance programmes. Blue rectangles: sub-systems involving 10 or less programmes. Blue star
(*): programmes included in a subsystem with joint One Health communication activities coordinated by Public
Health France at the occasion of the annual World Antimicrobial Awareness Week (14 programmes involved).
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Summary
The urgency of preventing antimicrobial resistance has been emphasized by international authorities,
such as WHO, EMA and OIE. Monitoring systems capable of reporting usage of antimicrobials are
regarded as a pillar of this fight.
The Vet-AMNet project started as a conjoint initiative of the Instituto de Ciências Biomédicas Abel
Salazar - Porto University, the Portuguese veterinary authority (DGAV) and the Portuguese Dairy
Farmers Association (ANABLE). The system’s main goal is to collect and analyse veterinary
antimicrobial drug consumption data, within Portuguese dairy farms. It will be used by DGAV to
contribute to the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) project, and
to respond, by January 2023, to the antimicrobial usage data submission requirements stated in
Regulation (EU) 2019/06.
To evaluate the robustness and flexibility of the Portuguese system, retrospective antimicrobial
consumption data, in the Dutch dairy cow sector from 2012 to 2020, extracted from publications by the
Netherlands Veterinary Medicines Institute (SDa), was analysed and compared to the figures generated
by the system established in the Netherlands.
This analysis demonstrated that the Vet-AMNet system can be connected to different data sources,
process databases large enough to encompass nation-wide surveillance programs, be adapted to the
calculation of different metrics, in this case, Dutch specific units for measuring antimicrobial
consumption, and generate graphical outputs on real-time. The system’s main strengths and
weaknesses will be discussed, along with the interpretation of some of the graphical outputs generated,
in the context of past interventive actions regarding usage restrictions of certain antimicrobial
substances.
Introduction
The main driver behind the emergence of antimicrobial resistance appears to be antimicrobial usage,
both in animal and human health as well as in the environment, which connect with the complex global
dissemination patterns of resistance genes (1). In order to control the emergence of this issue,
monitoring the use of Antimicrobials and the development of resistances appears to be essential(2).
The main goal of monitoring antimicrobial consumption is promoting the prudent use of these
substances, by veterinarians and farmers, that can be achieved by Interpreting patterns and tendencies
related to the emergence of antimicrobial resistance, working as a basis for risk evaluation and
management (3). Antimicrobial consumption systems also establish a foundation for evaluating the
effectiveness of implemented control measures, identifying the emergent use of certain antimicrobial
substances, with the critically important substances to human health being an example of necessary
differentiation and allow the comparison of antimicrobial usage at a national and international level, and
in a given time frame(3).
EMA started the ESVAC project in September 2009, with the purpose of collecting data on AM usage
in animals to inform policy makers. Currently, ESVAC collects and publishes data on AM sales in 31
European countries 30 EU/EEA countries and Switzerland (4). National participation has been working
on a voluntary basis. However, in the future, reporting AM sales and consumption to EMA will be a legal
obligation, as predicted in the stepwise approach described in regulation (EU) 2019/06 on veterinary
medicinal products (5).
The availability of more detailed and comprehensive data would increase the possible scope of
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analyses, as well as the strength of corresponding outputs. Reporting AMC data by DDDvet/DCDvet
units and by animal species, including production type, as well as collection of AMR data from all
countries, will help address this (6).
The Vet-AMNet system started in 2019 as a conjoint initiative between Instituto de Ciencias Biomédicas
Abel Salazar, University of Porto (ICBAS), the veterinary authority (DGAV) and the dairy farmers
association (ANABLE), collecting dairy farms’ antimicrobial consumption data to generate standardized
information using DDDvet and DCDvet (7) units to be used by the Portuguese veterinary authority to
contribute to the ESVAC report is its main goal.
The Netherlands Veterinary Medicines Institute (SDa), aims to promote the responsible use of
antimicrobials (8), protecting public health while taking animal welfare into account. The institute
receives the totality of the sectoral AMU data on Poultry, Pigs, Veal, Cattle and Rabbits, and each animal
sector has its own dynamics regarding data analysis, benchmarking and communication (9). By
publishing annual reports, it provides insight to government and general public in antimicrobial usage
figures, and consumption targets are established (8). Farmers receive information on antimicrobial
usage and benchmarking parameters more regularly from their quality systems directly, that apply the
calculation methods of SDa (8).
The aim of this work was to validate, in terms of robustness, flexibility and capability, the system
developed in Portugal (Vet-AMNet) to access the consumption of antimicrobial substances, by analysing
9 years of retrospective data related to the consumption these substances, in Dutch dairy farms, and
comparing the results to the ones produced by the system that has been working in the Netherlands
and is used to produce SDa reports on a yearly basis.
Materials & Methods
The consumption of antimicrobial substances in the Netherlands is assessed by calculating the indicator
‘animal daily doses per year’ (DDDAF) that can be determined by first calculating the total number of
treated kilograms at a particular livestock farm, for a specific year, and then dividing this number by the
average number of animal kilograms present at the concerned farm (8).
Records from 2012 to 2020 containing farm-level prescriptions, animal population and relevant drug
characteristics, such as the Dutch national defined dose-based unit of measurement “DDDA”, active
ingredient, substance group, and pharmacotherapeutic formulation, were extracted from the SDa
publications, to be analysed by the Vet-AMNet system.
Farm-level Antimicrobial Prescription data is provided by Veterinarians to the SDa (9). The data
comprises all the Dutch dairy farms that registered at least one antimicrobial treatment, in the covered
years, encompassing a yearly average of 171,20 farms and 494,589 treatment registries.
The animal sectors quality systems provide the average number of animals present over the period of
one year, these figures are collected by inspection visits, or extracted from the mandatory ‘Identification
& Registration System (I&R)’ for animal registration (9). In the case of Dairy cattle herds, animals are
split into 8 categories, with divisions related to gender and age, amounting for a yearly average of
2,633,641 animals. Standardized weights are used to calculate the given antimicrobial dosage, the
weights at treatment were previously estimated and defined for each of the animal classes established.
All the raw data gathered was submitted to pre-processing, which involved data cleansing and editing.
Data cleansing is the process of removing all the corrupt entries found; data editing was mainly done by
aggregating entries from the original source and by shaping data to the desired structure, designed to
harmonize all inputs.
Herd data inputs were aggregated by farm and year and multiplied the by the standard weight values
defined by the SDa, for each of to the weight classes.
The European article number was used to connect the drugs prescribed with the specified product
characteristics present in the official list of licensed AM drugs, provided by the SDa. Antimicrobial
consumption inputs were aggregated by year, farm, active ingredient, and pharmaceutical formulation.
Drugs which had no specified registered use in cattle, in SDa’s official documentation, were removed
from the analysis.
After pre-processing all data inputs, these were modelled into Vet-AMNET’s data architecture, by
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establishing farm and year relations between the different tables, and the metrics described were
calculated.
Results
Using the Portuguese Vet-AMNet system, it was possible to accurately recreate and compile the figures
and information related to the usage of antimicrobial substances in Dutch dairy farms generated and
published by the SDa in previous reports, as it can be seen in Figure 1.
Figure 1. Distribution of the usage of antibiotics in the Dutch dairy farming sector from 2012 to 2020 by
pharmacotherapeutic group, generated by the Vet-AMNet system.

The information generated was uploaded to the Cloud and transformed into a Dashboard, targeting AM
consumption from single farm to national level. This was developed to meet the SDa’s expert panel data
visualisation requirements and will be used to generate graphical outputs that represent the
retrospective consumption of antimicrobial substances in the dairy sector. It compiles the main
information requirements identified, which include the establishment of temporal AMU trends, up to an
active ingredient level, the distinction of AM substances according to their classification in the Dutch
guidelines of antimicrobial use in animal livestock production, and the distribution of farms according to
their consumption of restricted molecules.
Discussion
The retrospective analysis performed using nine years of antimicrobial consumption data registered by
Dutch dairy cattle farms validated the use of the Portuguese Vet-AMNet system to generate data for the
ESVAC system, and to produce graphic outputs based on nation-wide farm-level coverage of a livestock
sector. It also demonstrated that it can be connected to different data sources, be adapted to the
calculation of different metrics, and generate graphical outputs on real time.
The interpretation of some of the produced graphical outputs, based on the average farm’s defined daily
dose animal (DDDAF), allowed the assessment of the national impact of previous interventive actions
proposed by the SDa regarding the restriction of the use of certain antimicrobial substances, in the
Netherlands.
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Context
In 2006, authorities of Aosta Valley, an Italian autonomous region with small cattle farms, started
tracking all veterinary prescriptions which, in 2015, resulted in a fully electronic system. Since 2019, a
collaboration between local and national authorities has made it possible to analyse these data with the
ClassyFarm monitoring system (www.classyfarm.it).
Process
Prescription data on adult cattle (≥ 24 months) of 2008-2018 was examined. Target population was
around 21,000 cows during all years. Overall, more than 90,000 prescriptions were collected.
antimicrobial use (AMU) was measured as treatment incidence 100 (TI100). Annual trends were
investigated with a linear regression.
Outcome
No significant trends were found. Although AMU at regional-level was low during all years (TI100 range
0.9-1.1), overall use of WHO’s highest priority critically important antimicrobials (HPCIAs) was worrying
(range 15.1-16.9%). Intramammary products represented over 60% of total AMU.
Relevance for others
This initiative could represent a useful example considering that regulation (EU) 2016/429 will require a
full coverage of AMU in farms, smallholders included. Using our approach could facilitate the demanding
transition from paper prescriptions to an electronic system. Also, investigating the most relevant age
group, in a smallholding setting, may represent a milestone towards full coverage.
Recommendations
This initiative provided significant information for a targeted stewardship. Indeed, even if AMU was low,
issues regarding HPCIAs use emerged. Nevertheless, cooperation between local and national
authorities should have started sooner. We will continue to further validate data which, eventually, will
be made available to stakeholders via interactive dashboards.

90

[O27] USE OF POOLED SAMPLES AND METAGENOMICS FOR NATIONAL MONITORING OF
AMR
Ofosuhene O. Apenteng1, Håkan Virge1
1Research

Group for Genomic Epidemiology, Division for Global Surveillance Research Group for Genomic
Epidemiology, National Food Institute, Technical University of Denmark, Kongens Lyngby, Denmark

Summary
The aim of this work was to develop a modelling framework for a holistic assessment of how new
laboratory technologies could be used to improve the performance of surveillance systems. The
framework was applied in a case study assessing the use of metagenomics in the
monitoring programme of antimicrobial resistance (AMR) in the Danish pig population. The performance
was assessed as time to detect changes in the occurrence of existing AMR and time to
detect emerge of newly introduced AMR-genes.
When using metagenomics for monitoring of AMR, genetic material recovered directly from the sampled
matrix is sequenced and subsequently analysed for presence of sequences equivalent to known DNAsequences of AMR genes. Thereby, metagenomics allows monitoring presence of AMR in the whole
microbiota, and not only in selected bacteria.
The model framework developed for this case study has two dimensions: 1) the dynamic change in the
occurrence of AMR genes in the population over time and 2) the randomness in the monitoring
procedure. The simulation of the monitoring procedure included modules describing stochastic
processes along the whole chain from sampling including: random selection of herds and animals,
pooling of samples and thereby dilution of the genes of interest and randomness in the sequencing
procedure related to how much genetic material that is sequenced in a specific sample.
Based on the outcome of the ’observed data’ we estimate the time of detection and forecast future
occurrence of AMR of interest.
Introduction
The ability to take action on the increased occurrence of antimicrobial resistance (AMR) is dependent
on a monitoring system of AMR in humans, animals and in the environment. In Denmark, the current
surveillance DANMAP is based on phenotypic testing for AMR in selected indicator bacteria (E. coli and
Enterococcus) and pathogens (e.g. Salmonella) isolated from humans, animals and food. When AMR
is emerging in the microbiota of an animal or human population, it might occur in one, few or several
bacteria species, and this may not be immediately detectable in programs based on phenotypic testing
of selected bacteria species. The sensitivity of the current phenotypic based system to detect emerging
AMR is therefore dependent on that the AMR gene(s) is present and expressed in the indicator bacteria,
which is not always the case in reality. Gene based laboratory methods like PCR and NGS (next
generation sequencing) are technologies that can be used to detect presence of genes in a whole
microbiota. Therefore, and because a persistent decline in price, it can be expected that gene based
methods will be used more frequently in surveillance programs in the future.
The presented framework is assessing the use of metagenomics in monitoring AMR in the microbiota
in the whole Danish pig population. The working hypothesis is that use of gene sequencing of the whole
matrix (metagenomics), instead of focusing on selected bacteria species, makes the monitoring more
sensitive because we are looking for all known AMR genes in each sample.
Materials and methods
In addition to the actual occurrence of an AMR gene in the population, the likelihood to detect an
emerging gene in a population using metagenomics depends on a number of factors such as number
of samples, frequency of sampling and how many DNA fragments sequenced in the matrix (sequencing
depth). These factors were all integrated in the framework, where the performance parameter of interest
was time to detecting emerge of AMR in a population. As a case study we use AMR in the Danish pig
population.
The ‘truth’ was defined as emerge of AMR in a population over time. At any point of time, the true
occurrence of an AMR gene in the population was defined by the parameters: farm prevalence, within
farm prevalence and the “concentration” of the gene of interest in carrying animals. The concentration
was given as a stochastic distribution, which is defined here as the concentration of random variables,
each of which was uniquely associated with an element in the concentration.
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In this case study, the occurrence of AMR against a specific antimicrobial was measured as counts per
million (CPM), which is defined as counts scaled by the number of sequenced fragments multiplied by
one million. The 'true' CPM in the population at any point of time was determined as the mean of the
real metagenomic data from the Danish pig production multiply by farm prevalence and within farm
prevalence. In the case study the time period was 20 years where in the first 10 years there was no
increased and we introduced 5% increase in year after the 10 years period, as shown in Figure 4 with
the orange line.
Secondly, in the simulation of the observed results in the surveillance, following factors were taking
into account:
1.
The frequency of sampling and numbers of samples.
2.
If it is individual samples or pooled samples that are analysed (dilution effect).
3.
The concentration of the AMR in the animal.
4.
The amount of the genetic material in the sample that is sequenced.
In the presented results we simulate the results obtained by collecting 20 samples every month from the
population. The sampling was assumed total at random. The concentration of a specific AMR gene in a
sample was a stochastic function of how many of the samples that were from infected pigs, and the
actually concentration of the gene in the faeces of each pig carrying the gene. The effect of pooling was
modelled as estimating the mean concentration among the pooled samples. In this case study we
assumed that at every time of sampling, all 20 samples were pooled into one technical sample.
An important determinant of the sensitivity of metagenomics is how many gene fragments that are
sequenced (sequencing depth). Which fragments that are sequenced in a sample is total random
whereas the number of sequenced fragments is partly random. These factors are included in the
framework as stochastic processes. To incorporate the randomness of how many gene fragments that
are sequenced in the laboratory, we used a uniform distribution ranging 25-50 million in this case study.
In total 101 iteration was performed using Monte Carlo simulation, representing 101 realistic time series
of the observations.
Initially different techniques for breakpoint analyses and forecasting was explored. A statistically method,
originally developed to both detect and forecast changes in vegetation using remote information, was
utilised - Detecting Breakpoints and Estimating Segments in Trend (DBEST), as shown in Figure 1
(Jamali et al., 2015b). In this method, the simulated monitoring data were analysed for presence of
changes. This was done, using a time-trend-analyses looking for changes in the measured amount of
the AMR-gene(s) of interest over time, for details see Figure 1. The results presented is based on the
true occurrences of resistance gene against beta-lactam in Danish pig farms.
Results
The time series in Figure 1 is one out of the selected from the 101 iteration which includes the results
from the breakpoint analysis. In this case the time to detection of the emerge was 22 months.

Figure 1: Black: the observed data points. Blue:
the fitted trend. Orange: the gradual changes
detected. Dashed vertical lines mark the starting
point of detected changes.
Figure 2 depicts, the histogram of 101 iteration was not detected within 10 years (120 months)
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Figure 2: Time to detect changes in the
occurrence of beta-lactam [120 months].
Figure 3 contains the histogram of number of iterations per number of false alarms. In 27 out of the 101
iteration one or several break points was identified also in the first 10 years which was no emerge. These
breakpoints should be interpreted as false positives.

Figure 3: Number of false alarms (detected
changes in observed data without changes in the
true occurrence).

Figure 4 illustrate the 4 years forecast of resistance occurrence based on the data that was observed in
iterations in the period between 2000 and 2020.

Figure 4: The shaded regions around the
forecasted case trend (deep blue line) represent
the 80% (deep blue) and 95% (light blue)
confidence intervals.
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Discussion
We have developed a framework for assessing the effect of implementing new laboratory techniques in
already existing surveillance programs, and how that will influence the performance of the program,
such as time to detection of emerging AMR. The framework can also be used to optimize the sampling
schedule given new laboratory techniques.
The framework presented take into account not only knowledge to the laboratory techniques, but also
how the hazard of interest is present in the population of interest, both increase of an existing hazard or
an emerge on a new hazard. In the case presented in this work, we work with surveillance of AMR in
the animal production and how gene sequencing techniques can be used for that.
The framework takes into account the effect of true sources of variation ranging from randomness in the
sampling to random variation in the laboratory techniques.
Also, as a novel part, we also include an analytical method for forecasting in the framework, utilizing
computer intensive analytical methods for predicting the future change of the hazard in the population
based on trends in observed data. With the computer intensive approach, a more real-time surveillance
if achieved, with a continuous update of the forecast for every new observed result. In the framework
we utilized only one forecasting methods. The area for forecasting should be investigated further.
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Summary
The French network for the surveillance of equine diseases (RESPE) is a voluntary veterinary-based
surveillance system equine diseases and clinical syndromes. Surveillance of equine abortions started
in 2009 to anticipate potential transitions in the epidemiological situation of several infectious diseases
known to cause abortion, in order to share health information rapidly, and help the planning and
implementation of risk mitigation actions. This study aimed to evaluate whether using registries of equine
breed-specific covers would help analysing abortion surveillance data, and better distinguish potential
epidemic transitions from population structure changes.
Data from 2,251 infectious abortions reported in the RESPE between 2009 and 2021 were analysed.
Yearly registered numbers of breed-specific covers were retrieved from the French Horse and Riding
Institute (IFCE) and were used as baseline data representing the pregnant mare population. Three
surveillance outputs were built to measure abortion occurrence: number of reported abortions, crude
abortion proportion and weighted abortion proportion. Yearly abortion occurrence was described using
time series analysis.
Temporal trends in abortion occurrence were different, depending on the surveillance output analysed.
However, they all revealed a slight long or secular increase trend of abortions between 2009 and 2021,
despite a decrease in the pregnant mare population for most of the breeds.
This study showcased that using register data, even imperfect, strengthened the interpretation of the
abortion surveillance outputs to help the understanding, and therefore management, of clinical
syndromes in equine populations. This can play an important role in wider surveillance strategies when
taking advantage of all available evidence.
Introduction/background
In 2007, an outbreak of equine viral arteritis (EVA) caused severe economic losses to the French equine
industry (1). This outbreak prompted the veterinarians and the equine industry sector to better formalise
information sharing on the equine health situation, which had started in 1999 by creating the French
research network for the surveillance of equine pathologies (RESPE). Since 2008, the RESPE has
brought together veterinary and equine industry sectors in a joint governance to describe the
epidemiological situation and evolution of several equine diseases and clinical syndromes in France.
The main objective is the early detection of known or emerging transmissible diseases outbreaks, for
early warning of the different stakeholders of the equine industry. If necessary, a crisis cell constituted
of the different stakeholder representatives coordinates investigations and implements risk mitigation
actions (2). The RESPE surveillance of equine abortions started in 2009 to estimate their occurrence,
in order to anticipate potential transitions in the epidemiological situation of EVA and other present
infectious diseases known to cause abortion in equids. A network of almost 1,000 volunteer Sentinel
Veterinarians collects standardized data and samples related to the mares and abortus material.
Samples are then submitted at diagnostic laboratory for histopathological examination and targeted
detection of pathogens responsible of abortions.
From a general perspective, surveillance systems only capture a fraction of the true situation and
representativeness is utopic, particularly for syndromic surveillance data such as abortion reporting.
Without any baseline data related to population at risk, analysing and interpreting such surveillance data
may provide inaccurate, inconsistent and sometimes misleading outputs. This can challenge the
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decision-making process about appropriate disease management actions. In particular, some trends in
health treats revealed by surveillance might be explained by the distribution changes of population
characteristics throughout the study period. In particular, a number of factors may affect the diseaserelated abortion risk in equids. Susceptibility and response to different infectious pathogens causing
abortion might vary between equine breeds, although this has never been investigated.
In France, the equine population is particularly heterogeneous. The equine population consists of 56
different breeds of horses and donkeys (3). For each breed, covers and births are registered by breed
societies in studbooks, which are centralised by the French Horse and Riding Institute (IFCE) in the
Equidae-Related Information System (SIRE database). These registries could be used as baseline data
to represent the pregnant mare population in France.
The objective of this study was to evaluate whether using register data would help to extract meaningful
information from imperfect syndromic surveillance data, to improve the picture of the perceived
epidemiological situation and better distinguish potential epidemic transitions from population structure
changes. We showcase the benefits using registries of equine breed-specific covers when analysing
and interpreting abortion surveillance data.
Materials and Methods
Data collection: Abortion cases were reported by the RESPE network of Sentinel Veterinarians from
2009 to 2021. Case was defined as an aborted foetus, whatever the pregnancy stage, or a foal that died
< 48 hours after birth, for which an infectious cause is suspected.
Data collected included mare breed and age, date of cover, date of abortion and results of diagnostic
laboratory investigations conducted on the samples of aborted material (allantochorion, liver, lungs,
kidneys) for EVA virus, pathogenic Leptospira, equine herpes viruses (EHV) 1 and 4, using PCR.
Yearly registered numbers of breed-specific covers were retrieved from the IFCE-SIRE database from
2008 to 2021. This period of abortion risk was defined to include the whole horse gestation length, as
late abortions could be reported in 2009 for covers which had been registered in 2008. These data were
considered as a proxy of the yearly numbers of pregnant mares.
Data analysis: Variables were described in terms of frequency distribution (qualitative variables) or mean
and range or 95% confidence intervals (95% CI) (quantitative variables).
The activeness of the reporters was measured by the average number of abortion reports per Sentinel
Veterinarian.
To measure abortion occurrence, three surveillance outputs were built:
1. number of reported abortions;
2. crude abortion proportion, estimated by the ratio in which the numerator was the number of reported
abortions, and the denominator was the total number of pregnant mares;
3. weighted abortion proportion, estimated using the same numerator and denominator numbers as for
the crude proportion, in which a “surveillance weight” was applied to each abortion report to account
for its probability of being reported to the RESPE in a specific breed, on the basis of the yearly
registered breed-specific proportion of pregnant mares.
These three outputs were calculated on a yearly basis. The associated CI 95% for the two proportionbased outputs were estimated. Yearly abortion occurrence was described using time series analysis.
Results
Between 2009 and 2021 (records stopped on the 28th September 2021), 2,251 abortion cases were
reported by 369 Sentinel Veterinarians. The yearly number of Sentinel Veterinarians who reported
abortions ranged from 41 (in 2014) to 112 reporters (in 2011). The average number of abortion reports
per Sentinel Veterinarian decreased by almost two folds between 2013 and 2021, from 3.3 to 1.6.
The mare breed and cover dates were both completed for 83.6% (1,882/2,251) of the cases. Three
breeds, i.e., French Trotter, French Saddlebred and Thoroughbred, represented 87.8% (1,652/1,882) of
the complete cases. Most of the abortions occurred in late gestation (at the 8th month on average, 95%
CI [8.2-8.4]). Mares were on average 11.2 years old, 95% CI [11.0;11.4].
Total number of registered covers decreased by 28.7% between 2008 and 2020 (from 98,502 to 70,185).
Most of the equine breeds were concerned by this trend, such as both national emblematic French
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Saddlebred and French Trotter showing a 18% decrease. Covers dropped by two thirds for some donkey
breeds and by one third for several draught horse breeds. For 11 studbooks, no covers were registered
between 2017 and 2020. On the contrary, the number of covers increased for 5 breeds, as for example
by two folds for the Welsh breed.
Temporal trends in abortion occurrence were different, depending on the surveillance output (Figure 1).
The number of reported abortions peaked in 2009 and slowly increased again between 2013 and 2018.
The crude abortion proportion showed a similar pattern, with a more pronounced increasing long trend
from 2012 to 2020. However, the weighted abortion proportion revealed a cyclical trend, with a slight
secular trend of increased abortion proportion throughout the study period.
Figure 1. Temporal trends of the three surveillance outputs to measure abortion occurrence

Pathogen detection was reported in only 114 abortion cases across the study period, out of 1,867
analysed samples (i.e., 6.1%). EHV1 was the most commonly detected (79.8%, 91/114) whereas EHV4,
pathogenic Leptospira and EAV virus had similar very low detection frequencies, with 8%, 8% and 7%,
respectively. These low frequencies prevented any yearly comparisons.
Discussion
In this study, the choice of surveillance outputs changed the temporal trends perceived in equine
abortion occurrence. However, they all revealed a slight long or secular increase trend of abortions
between 2009 and 2021, despite a decrease in the pregnant mare population for most of the registered
breeds, and in the general equine population (4). This may suggest a potential silent progression of
infectious diseases, although that hypothesis could be not confirmed as the systematically scanned
pathogens (EVA virus, pathogenic Leptospira, EHV1 and EHV4) were detected in very low proportion
of reported abortions. This low proportion is consistent with the findings of a previous study conducted
in Normandy, the France’s leading horse-breeding region, which reported that, even if 47.7% of the
abortions submitted for necropsy between 1986 and 2009 were attributed to an infectious cause, only a
low proportion was due to EHV1 (6.9%)(5). However, the proportions of abortions due to EHV4 and EVA
virus were higher in our study (8% and 7% here vs. 0.2% and 0.05% (5), respectively). Further work is
required to explore infectious causes of abortion using broader approaches without prior knowledge of
the causative pathogen, such as diagnoses from histopathological examination associated with the
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RESPE reported abortions (not included in this study) and new advanced technologies such as microbial
metagenomics.
IFCE breed-specific cover registries were considered as a baseline data representing the pregnant mare
population in France. This population was not stationary during the study period and temporal trends
varied between the different breeds. This non-constant size of breed-specific sub-populations
highlighted the benefit for accounting for breed structure of the French equine population across time.
This strengthened the robustness of the interpretation of the temporal trends observed in equine
abortions. However, the IFCE cover registries may overestimate the pregnant mare population size, as
all covers are not successful and pregnancy losses or embryo resorption can occur after the cover report
submission. In addition, reproductive efficiency might vary between breeds, increasing the population at
risk heterogeneity. IFCE also centralises the birth registries for most of the equine breeds, which may
underestimate the pregnant mare numbers as births are only a record of successful pregnancies.
Combining both cover and birth reports would improve the estimation of the size of the population at
risk. However, the objective here was to obtain comparable data to assess trends or changes across
years in the population at risk of abortion. The direction of bias was supposed to be constant throughout
the study period, without any change in susceptibility of breeds to either infectious diseases causing
abortion or infertility causes.
A potential surveillance bias could have influenced this trend, which may vary across the study period.
As other syndromic surveillance, abortion surveillance is based on imperfect observation processes.
However, abortion is quite easy to detect by breeders in late pregnancy and this detection probability
was considered stable across the study period. A reporting bias is therefore acknowledged, as often
described in such surveillance activity (6) and an underestimation of the disease-related abortions is
highly probable. The veterinarians may mostly report when multiple abortions occurred on a same
holding in a short period, or if the mare has had previous unexplained abortions, leading to suspect an
infectious cause. This may lead to an underestimation of the sporadic pattern occurrence of some
disease-related abortions such as EAV. The increased number of RESPE Sentinel Veterinarians across
the studied period may be another potential source of surveillance bias. However, this increase in
surveillance coverage was compensated by an inverse activeness of the Sentinel Veterinarians, who
reported less abortion cases. Thus, the observed slight increase trend in abortion occurrence may not
be explained by a surveillance bias.
Timeliness of baseline data access is crucial to implement a weighted proportion of abortion occurrence
on a routine prospective basis. In this study, surveillance outputs were aggregated yearly because the
IFCE cover number registries were publicly available on a year basis. Optimal time aggregation of these
outputs should be evaluated to explore potential seasonal trends or short-term changes in abortion
occurrence on a routine basis, in order to improve the early detection of potential epidemic transitions.
Since April 2021, the European regulatory framework for the prevention and control of animal diseases
has evolved. The Animal Health Law (7) encourages initiatives of the equine industry sector for
unregulated diseases and limits the Competent Authority involvement to zoonotic diseases or diseases
with major economic impact. In this context, there is a crucial need of closest collaboration across a
wide range of data providers, including equine breeders and owners, veterinarians, RESPE, IFCE,
necropsy laboratories, diagnostic laboratories and national reference laboratory for equine diseases, to
build robust surveillance outputs to strengthen tomorrow’s surveillance of non-notifiable equine
diseases. This will require combining or connecting outputs from clinical syndromic and scanning
surveillance implemented by these different partners, such as the French surveillance network for
causes of equine mortality (Resumeq), which notably centralizes fetuse necropsies data and
investigated causes of abortions (8), the EVA serological surveillance of specific breeding stocks (9) or
the EVA semen surveillance of stallions of specific breeds (10). Beyond the technical challenge of
combining imperfect, heterogeneous and dispersed data sources, it remains the challenge of raising
awareness among all stakeholders of the equine industry of the collective benefit of sharing timely data
for early detection and early warning improvement.
To conclude, this study showcased that using register data, even imperfect, strengthened the
interpretation of the syndromic surveillance outputs in order to help the understanding, and therefore
management, of clinical syndromes in equine populations. This can play an important role in wider
surveillance strategies when taking advantage of all available evidence.
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Summary
The State of Mato Grosso (MT), in Brazil, which, with 8.7% of the Brazilian’s pig population, holds the
5th largest national pig herd, has been recognized by the World Organization for Animal Health (OIE)
as free from Classical Swine Fever (CSF). However, CSF status is uncertain in some neighboring States
and countries. Here, we used active surveillance data collected in 2018 and the database of pig farms
registered by the MT veterinary services (INDEA) to evaluate factors associated with risk for CSF in the
State. We found that commercial pig farms, which receive most of the incoming movements into MT,
were clustered in the central part of the state, whereas contact with wild boars may be a relevant risk
factor for subsistence farms, which are mostly located in peripheral districts of MT. Results presented
here will help to re-evaluate the surveillance strategy implemented by the State to target high risk farms.
Specifically, surveillance actions may be stratified by district and type of farm, focusing on inspection of
animal movements in central parts of the states (commercial farms) and biosecurity and contact with
wild boars in peripheral districts (subsistence). Targeted surveillance activities proposed here will help
saving financial and human resources, ultimately bringing efficiency and objectivity to INDEA activities.
Introduction
Classical Swine Fever (CSF) is considered one of the most important viral disease affecting domestic
and wild swine. CSF, which is a World Organization for Animal Health (OIE) notifiable disease [1],
imposes far-reaching direct and indirect losses to affected animals, farms, and regions. Those losses
are mostly due to mortality, reduction of productivity, and market restrictions to the trade of animals and
swine products from affected regions. [2]
Most CSF outbreaks in Europe have been reported in areas with high concentration of pig farms and
with high animal density; in contrast, the most recent (2018-2019) outbreaks that occurred in Brazil were
reported on backyard farms located in States that were not considered CSF-free. [3] [4] With a
commercial herd of more than 4 million pigs, Brazil is the 4th largest producer and exporter of pigs in
the world. The Brazilian State of Mato Grosso (MT) is the fifth largest pig producer in the country, holding
8.7% of the national herd.
MT is part of the Brazilian CSF-free zone (CSF), recognized by the OIE since the 84th World Assembly
held in May 2016, and movement of pigs is allowed only between States located within the CSF-free
zone of the country. MT borders the States of Pará and Amazonas, both located in the non-CSF-free
zone. MT also shares more than 700 km of dry border with Bolivia, a country with an uncertain status to
CSF. [4]
Brazilian CSF-free states, including MT, follow a federal regulation that considers alternative
surveillance activities for different types of farms. According to this current federal regulation, several
subsistence farms, and commercial pig farms, both with and without technology, should be sampled for
CSF serology monitoring annually, where the chosen of those farms should be based on risk factors for
CSF determined by the OVS of each state. For multipliers, the disease surveillance, including CSF
occurs from one time per semester. Additionally, blood samples are collected from culled breeding
animals at the slaughterhouses. The visual inspection should also be performed annually, but this
measure and serology should be split into different times to assure surveillance for the entire year [5].
In addition to the federal regulations that affect serological surveillance activities, the veterinary service
of MT (INDEA) runs monthly inspections in that at least 1% of pig farms on each municipality. Selected
farms are visited, and pig health status is recorded, focusing on hemorrhagic symptoms. Those visits
generate an active surveillance record, that include data on type of farm and relevant epidemiological
information, including contact with wild boars, and presence of diseases and syndromes.
The objective of the study here was to characterize pig farms in MT to propose strategies that
supplement federally regulated active surveillance activities, to, ultimately, support early detection of a
hypothetical CSF introduction into the State.
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Materials and Methods
Data regarding type of production from each pig farm, and herd size, recorded in 2018, were obtained
from the INDEA database. Data included the geo-location of premises, and the type of production for
each farm, which was categorized as finishers, multipliers, sow farms, and others --a broad category
that includes farrow-to-finish, subsistence, and farms with non-declared type. Additionally, records of
active surveillance activities, and movement data from other states into MT, and between farms in MT,
were collected. A network analysis of pig movements was conducted using the 3.5.2 version of the R
software, and a spatial scan analysis was run using the SaTScan software to detect clusters of types of
farms. The ArcGIS software was used to depict the results in maps. [6]
Results and Discussion
Commercial pig farms in MT are well concentrated in the center of the State, and hold much of the herd,
although they represent a relatively low number of farms, compared to the broad category of “other type
of farms”, which are most numerous, but holding relatively fewer pigs (Figures 1 and 2).

Figure 1. Boxplot depicting the type of farms and average pig herd size in MT, Brazil (2018).

Figure 2. Spatial distribution of pig farms stratified by type of farm in MT, Brazil.
Commercial farms are significantly clustered in the central part of the State (Figure 3), whereas other
types of farms, including subsistence farms, are relatively more frequent in the peripheral districts of the
State. Results of the network analysis (Figure 4) indicate that most of the movements into MT occur to
the commercial farms in the central part of the State. Although those movements are originated from
CSF-free states, because quarantine is not mandatory in MT, there is a risk that an undetected CSF
epidemic in free States may result in the introduction of the disease into commercial farms located in
the central part of the State.
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Figure 3. Significant cluster of commercial farms in the north-center of the State

Figure 4. Network analysis from 2018 pig movements in MT, Brazil.

Figure 5. Active surveillance and farms with or without contact of domestic pigs and wild boars.
Regarding active surveillance activities, 4048 visits to pig farms were conducted in 2018 (Figure 5),
independently of type, and from this total, 997 farms reported contact/presence of wild boars, and this
factor was mostly present in the border with Bolivia and in the southern and northern of MT, where
subsistence farms are more prevalent. In contrast, in the center of State, where commercial farms are
concentrated, the contact/presence of wild boars is relatively less frequent.
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Results suggest that MT should consider the implementation of alternative surveillance strategies,
considering the different risk factors described here, to accomplish the risk-based surveillance proposed
by Federal regulations.
Noteworthy, most (64%) of the pigs in MT are located in only 200 farms, which represents only 0.5% of
the pig farms in the State. The structure of the movement network, and implementation of biosecurity
measures, suggest that risk in those farms is mostly associated with introduction of animals from States
that, although believed to be CSF-free, may be inadvertently disease-infected. In contrast, for the large
majority (~95%) of farms in the State, which hold only 36% of the animals, the risk is mostly associated
to wild boar movements.
Pig inspections are critical for the early detection of suspicious cases of CSF. Results here suggest that
those inspections may be targeted to the different risk factors, stratified per type of farm and district,
reported here. For example, INDEA may require the establishment of intra-farm quarantine barns or
serological sampling of pigs moved from other States, to detect a hypothetical introduction of CSF during
the of an epidemic. On the other hand, for subsistence farms, surveillance activities may be targeted to
those farms with a higher probability of contact with wild boars, seeking for of clinical signs, and to collect
serological samples aiming early detection of the disease. And, for subsistence farms, surveillance may
be coordinated with wild boar hunters, and education of farmers, targeting actions to those areas with a
higher density and movement of feral pigs.
In summary, results here will help INDEA to design surveillance activities targeted to mitigate the risk of
CSF introduction into the State in alternative ways for commercial and subsistence farms. A new
regulation should be issued at the State level, proposing to depict actions focused on each type of
production, increasing the efficacy and the sensitivity of animal surveillance in MT, and mitigating the
risk for CSF or other transboundary animal disease into the State.
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In Norway, 140-170 marine aquaculture farms each year are infected with salmonid alphavirus (SAV).
In many cases, infection leads to outbreaks of Pancreas Disease (PD), causing mortality and reduced
growth in salmonid fish kept for food production. Producers have widely used PD vaccines since 2009,
with little effect on the number of outbreaks. In 2018, a new DNA-based vaccine was licensed. In 2020,
this vaccine accounted for 50% of the PD-vaccines sold. In 2021, we observed a 40% reduction in the
number of PD-cases. Thus, it is speculated that the decline in cases is due to the new vaccine.
In this case study, we investigated how the number of vaccine doses sold in Norway affected the
occurrence of PD, taking into account changes in biomass that are a normal part of the production cycle.
We have access to standing biomass per month from all farms and results of monthly obligatory
screening for SAV by PCR. The vaccine company makes overviews of the number of PD-vaccine doses
sold per quarter.
We estimated the resistant biomass and compared changes in the susceptible population to the
incidence of PD.
This case study shows how the use of biomass data can supplement surveillance data, in order to
understand the effects of disease mitigation, in a case where the information on mitigation is crude.
Such an approach follows that of the Global Burden of Animal Diseases (GBADs), and is an example
for others working with the same type of approach.

Figure showing the total biomass of farmed Atlantic salmon and rainbow trout in the PD-endemic area of
Norway (upper panel) and the monthly number of PD-cases (lower panel).
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Summary
Mycobacterium avium subsp. paratuberculosis (MAP) is a globally distributed chronic infectious disease
with substantial animal health impact. Designing surveillance for this disease poses specific challenges
because methods for surveillance evaluation have focused on estimating surveillance system sensitivity
and probability of freedom from disease and do not account for spread of disease or complex population
structure. The aim of this study was to define a model that describes the spread of MAP within and
between herds and define a method for simulation of imperfect diagnostic testing in this framework to
compare surveillance strategies to support surveillance design choices. The results illustrate how this
approach could be used to identify differences between the probability of detecting disease in the
population based on choices about the number of herds sampled and the use of risk-based or random
selection of herds. The approach was also used to assess surveillance to detect introduction of disease
and to detect a very low prevalence endemic state. The use of bulk milk sampling was determined to be
an effective method to detect MAP in the population with as few as 500 herds tested per year if the
prevalence was 0.2%. However, detection of point introductions in the population was unlikely in the 12year simulation period even if as many as 2,000 herds were tested per year. Interestingly, the use of
risk-based selection strategies were found to be a disadvantage to detect MAP given the modelled
disease dynamics.
Introduction
Paratuberculosis is a chronic infectious disease caused by Mycobacterium avium subsp.
paratuberculosis (MAP). It is globally distributed and has a substantial animal health and economic
impact in dairy and beef farming (1). Sweden has a unique low prevalence and possibly even an
absence of MAP in cattle herds (2,3,4).
Due to imperfect testing, it is not possible to prove the absence of a disease in a population. It is only
possible to apply tests to the population to detect a disease, and over time, consistently negative test
results contribute to evidence in favour of freedom. The collection of such evidence of paratuberculosis
freedom is resource intensive because of the slow clinical progress of the disease, slow spread and low
diagnostic sensitivity in latently infected animals. The contribution of a surveillance effort to the body of
evidence can be estimated using the sampling frequency, distribution of disease, diagnostic
performance and a defined lower detection threshold (design prevalence). Both traditional and newer
methods used to design and evaluate surveillance are usually focused on estimating surveillance
system sensitivity and probability of freedom from disease. However, when designing a surveillance
programme, other performance parameters may also be relevant such as the time to detection of an
introduction of disease or the number of affected herds at the time of detection. Additionally, these
methods do not capture the temporal network dynamics of a population that are described in
systematically recorded animal movements between herds.
In a recent study, VanderWaal et al. (2017) presented a strategy to evaluate surveillance efficacy by
simulating disease spread, surveillance and control in a dynamic temporal network model. This strategy
could be applied in an infectious disease modelling framework that uses recorded network events
(births, deaths, movement of animals between herds) to drive population demographic and disease
spread between herds over time. This would allow for the optimisation of surveillance to fit the diverse
disease spread scenarios and surveillance targets. Also, these targets can be expanded from
surveillance system sensitivity or probability of freedom to any parameter that is measurable from a
disease spread model such as the time to detection and the extent of an outbreak at the time of
detection.
The first aim of this study was to define a model that describes the spread of MAP within and between
herds to investigate potential infection patterns and network features relevant for disease spread, given
the existing Swedish cattle population and different disease introduction scenarios. The second aim was
to define a method for simulation of imperfect diagnostic testing in a disease spread model. The third
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aim was to compare surveillance strategies and support surveillance design choices and conclusions
about MAP occurrence or absence in Sweden.
Materials and Methods
In this study, we used the modelling framework SimInf, described by Widgren et al. (2018) to
simultaneously model within-herd and between-herd spread of MAP in the Swedish cattle population
over the study period: 2005-2017. Animal events were included in the model by using real recorded
animal life-event data in the simulations. Different surveillance alternatives based on testing of bulk milk
were then applied in this compartment model.
All records of birth, death or movement of cattle in the period 2005-2017 were retrieved from the Swedish
national cattle database kept by the Swedish Board of Agriculture. The data included 40,349 unique
Swedish cattle holdings for the 12-year period and 15,237,843 recorded births, deaths or movements.
To enable analyses stratified by production type, a list of all dairy herds from the period 2012-2015 were
also retrieved from the database of the Swedish dairy association (Växa Sverige). For investigation of
potential risk-based surveillance strategies, the number of unique holdings that moved animals directly
into each herd was determined for all herds over the 12-year study period. This metric is known as
indegree (7).
The within-herd spread of MAP was modelled by adapting a model previously presented by Smith et al.
(2015). In the complete, between-herd model, the within-herd spread model was run within the network
of Swedish cattle herds to model population-level spread of MAP. In this implementation, the births,
ageing, death and trade of animals were controlled by the real recorded animal births, deaths and
movement events. Events for a particular day, and herd, were applied following the stochastic part of
the model which moved animals between the states of infection within a herd. The only means of
spreading infection between herds in the model was via animal movements. The model was
implemented using the SimInf package version 6.1.0 in R version 3.5.1.
Two different groups of spread scenarios were applied in the model: 1) spread from a point introduction
of MAP into the population, and 2) spread mimicking a low prevalence endemic state. To simulate
spread from a point introduction, the model was run starting with seeding of 2% within-herd prevalence
in a single herd. A total of 228,080 trajectories were completed starting 8 times at each of the 28,510
herds with animals in 2005. The number of secondary herd infections were recorded to determine the
impact of different seed herd type on the disease spread. The model results were summarised to
determine the spread between dairy and beef herds and within the dairy and beef sectors. Spread was
also evaluated between member and non-member herds of an existing monitoring programme for MAP.
The median, means and 95% credibility interval around the number of infected herds was plotted. To
simulate spread mimicking a low prevalence endemic state of MAP, a model was seeded at 0.2% among
herd prevalence.
Simulation of disease testing was implemented in the model to enable the investigation of the
performance of varying surveillance efforts. The SimInf framework allows for the inclusion of prescheduled events to change the counts in compartments at specific time-points. An indicator
compartment T was switched on by injecting a sampling event into the model to change T from 0 to 1.
This triggered two possible paths, either T was reclassified to Tpos with a rate proportional to the
diagnostic test sensitivity (given the presence of infected adult animals in the herd), or to Tneg,
proportional to one minus the test sensitivity. The diagnostic test specificity was assumed to be 1.
The diagnostic test sensitivity of the bulk milk ELISA was assumed to be dependent on the prevalence
of infected cows in the herd since this would affect the concentration of antibodies in the bulk milk tank.
To estimate this relationship, data were extracted from Nielsen and Toft (2014), who reported the result
of bulk milk testing from herds with varying within-herd prevalence. A logistic regression was used to
estimate the association between the bulk milk ELISA binary test result and the log transform of the
within-herd prevalence. The central estimate of the prediction was used to calculate the diagnostic
sensitivity each time a test was to be applied in the model, based on the simulated within-herd
prevalence.
Surveillance scenarios were included in the model and run for each trajectory of spread scenarios. The
different surveillance strategies included 3 different herd selection strategies and 4 sample sizes: The
surveillance of the population was modelled over time by collecting a single bulk milk sample from dairy
herds selected randomly or risk-based. Risk-based herd selection was performed by weighted herd
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selection by normalised 12-year log2(indegree) or indegree. Selection strategies were tested with 500;
1,000; 1,500 and 2,000 herds selected per year. To capture different aspects of surveillance
performance, the following outcomes were measured for each surveillance strategy: 1) the time to
detection; 2) the mean outbreak size at the time of detection; 3) the number of missed infected herds at
the time of detection; 4) the size of outbreaks that remain undetected and; 5) the proportion of missed
outbreaks, which could be interpreted as 1-Sensitivity of the system.
Results
Based on the model and study period, the median number of secondary infections after a point
introduction in any type of cattle herd was <1. Stratification of these results by introduction in the dairy
and beef sectors showed that spread was relatively more common from dairy herds to beef herds, and
within the beef sector. Spread was least common from beef herds to dairy herds. The number of
secondary cases stratified by affiliation to the existing MAP monitoring programme indicated spread
from programme member herds to non-member herds resulted in more secondary cases relative to all
other scenarios. In contrast, no secondary cases were observed from non-member herds to herds
affiliated to the programme.
In the scenario where MAP was introduced into a single herd, the outbreak died out within the 12-year
model period in 65.5% of scenarios. In those scenarios where the outbreak persisted, the surveillance
systems could most often not detect the outbreak within the 12 years; these frequencies of detection
are summarized in Table 1. The size of the outbreak at the time of detection and size of the missed
outbreaks tended to decrease as the number of samples collected increased but did not differ between
random sampling and targeted sampling based on number of ingoing contacts. The time to detection
differed only numerically between surveillance strategies where collection of a greater number of
samples results in faster detection.
In the scenario where a low prevalence endemic state of 0.2% of herds was simulated, the surveillance
systems were most often able to detect the presence of infection in the population during the study
period. The number of infected and detected herds from bulk milk surveillance from this model are
presented in Figure 1.
Table 5: The percentage of persistent outbreaks detected by the targeted herd selection by
log2(Indegree) and by random selection of herds over increasing number of herds sampled per year.
Outbreaks were persistent in 34.5% of 228,080 simulations.
Number of herds sampled per year
log2(Indegree)
Random
500
10.3 %
10.1 %
1,000
15.9 %
16.3 %
1,500
19.7 %
20.6 %
2,000
22.2 %
23.2 %
Discussion
This study illustrates how disease spread modelling can be used to plan and compare strategies for
surveillance of disease. The application to MAP in Swedish cattle also shows the utility of the method
for populations where the disease is apparently absent, and the performance of the diagnostic test varies
by within-herd prevalence. With this approach, estimates of surveillance performance could be used to
inform decisions about resource allocation and support the design of more cost-effective surveillance.
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The model of surveillance in a low prevalence endemic state provides an assessment of how useful
such a surveillance strategy would be if there existed a small fraction of herds in the population that
have not be detected by the previous systematic investigations or the ongoing clinical surveillance in
Sweden. Even with only 500 samples collected per year, the system most frequently detected cases
within the 12-year period. If 2,000 samples were tested per year, then there was a 95% probability of
detecting at least 1 infected herd in the population within 5 years. This result illustrates the potential of
using a very low sensitivity test on bulk milk to detect occurrence of disease in a large population that
otherwise might not be useful to draw conclusions about a single herd.
In the scenario where paratuberculosis is absent from the population, a surveillance system should have
the capacity to detect an introduction before the disease spreads to many herds. The current modelling
indicates that, for MAP, this capacity is difficult to assess over a 12-year period. It is apparent that the
prevalence of paratuberculosis must increase to levels that take longer than 12 years to develop after a
single herd introduction before it is detectable. However, as the model of the endemic state indicated,
MAP was readily detectable by bulk milk surveillance if the prevalence exceeds 0.2% of the population.
When designing surveillance sampling, targeting higher risk individuals is almost universally accepted
as a profitable strategy when the goal is to more quickly detect disease or demonstrate freedom in a

Figure 14: Simulated outbreak and surveillance progression
given a seed of 0.2% of herds in the population infected at a
within-herd prevalence of 2%, evenly distributed over calves,
heifers and cows. The top graph indicates the median, low
and high potential herd prevalence, the bottom graph shows
the cumulative number of herds detected by bulk milk
screening when 2,000 herds were tested per year. The solid
line indicates the median number of herds detected by
random selection, the dotted line herds detected when
selection was weighted by log2(indegree) and the dashed
lines when selection was weighted by indegree. The shaded
zones in both graphs are the 95% credibility intervals around
the respective estimate.
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population. In the current work, herds were targeted randomly and by their history of introducing animals
from other herds. Perhaps counterintuitively, it was observed in the current models that the best strategy
was to sample herds at random. One explanation to this, could be that the risk-based sampling results
in resampling of the same high-risk herds repeatedly over time. Previously, targeting herds with many
ingoing contacts has been shown to be an effective sampling strategy in the Swedish cattle population
for the much faster spreading bovine coronavirus and bovine respiratory syncytial virus (10). Under a
targeted surveillance strategy, herds with a high indegree were sampled as frequently as once per year.
Whereas, in the random sampling scheme, these herds were rarely sampled more than once over the
12-year study. In the case of a very slow spreading disease like MAP, the advantage to re-sampling
high-risk herds may be outweighed by the loss of coverage of the population.
Given the population structure and contact network of the Swedish cattle population, our model results
suggest that potential spread of MAP would be slow and partly limited by barriers in the contacts
between sectors in the cattle industry between beef, dairy and herds that voluntarily restrict trade with
herds outside an existing surveillance programme. To ensure that introductions of MAP remain
detectable in the different subpopulations, more active surveillance activities targeting both beef and
dairy cattle may be preferable. However, the lack of overlap and slow between-herd spread is of course
also a beneficial protective factor that decreases the probability of introduction of MAP in the dairy
population. MAP has never been detected in Swedish dairy cattle and no dairy cattle have been imported
after Sweden joined the EU in 1995.
In future implementations of the presented method for modelling disease surveillance within an
infectious disease model, we see the potential to model complex disease spread and surveillance
systems incorporating surveillance results as feedback to the disease spread model to test intervention
strategies to reduce prevalence of disease over time, not just detect it.
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This study describes how simulation of surveillance in a disease spread model can be used to assess
several surveillance-performance parameters and compare different surveillance strategies. The results
indicate that, although the diagnostic sensitivity is varying, testing for presence of MAP antibodies in
bulk milk can be useful in surveillance efforts performed to demonstrate disease freedom. The results
further suggest that the spread of MAP in the Swedish network of cattle herds can be expected to be
slow and partly limited to certain subpopulations based on industry sector and an existing monitoring
programme.
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Summary
Following the first report of the African swine fever (ASF) virus in 2018 and the subsequent spread in
East and Southeast Asia, preventing the (re)introduction of the virus became a priority of national
veterinary authorities of the region. To provide support in ASF surveillance, prevention, and control to
the national veterinary authorities of the region, we delivered a training programme on cross-border risk
assessment of the ASF virus.
As part of this training programme, a webinar series was delivered from September 2020 to May 2021.
The participants were members of the national veterinary services of twelve countries in the Asia-Pacific
region. The webinars combined presentations about risk assessment and discussions with and between
the participants. The training programme also included one-on-one mentoring to help them perform a
risk assessment and write national reports to be shared within the national veterinary authorities.
While the webinar series was successful in participation and discussion among the participants, taking
the participants through the completion of the risk assessment was challenging partly because the
national veterinary authorities were experiencing manpower shortage due to the current SARS-CoV-2
pandemic and the emergence of other animal diseases. However, this regional training programme has
strengthened technical capacity and communication between the national veterinary authorities of the
different countries in the region. For future training courses, a combination of face-to-face and online
delivery formats are encouraged, and most of all, it is desirable to include participants from a wider
range of professions associated with animal health and production.
Introduction/Background
Since the African swine fever virus (ASFV) was first reported in China in August 2018, it has continued
to spread throughout China and to East and Southeast Asia. The introduction of the virus into some
countries has led to devastating consequences for the pig industry. Most Southeast Asian countries are
low- or middle-income countries with limited veterinary service capacity. Moreover, their pig production
largely depends on smallholder farming, commonly characterised by poor biosecurity and complete
absence of animal health and movement records, so the implementation of cost-effective surveillance
of ASF is difficult.
Since risk assessment is key to developing sustainable local, national, and regional surveillance, and
prevention and control strategies for transboundary animal diseases including ASF, it was identified as
first target for capacity building.
A series of webinars was organised to train national veterinary authorities in national cross-border ASF
risk assessment. These risk assessments are the first step in the design of risk-based surveillance
systems.
Materials and Methods
The training programme included at least one participant from each of the following 12 countries:
Cambodia, China, Indonesia, Lao, Malaysia, Myanmar, Papua New Guinea, Singapore, Thailand, The
Philippines, Timor Leste, and Vietnam. Following the SARS-Cov2 pandemic, the training was delivered
online. The webinars consisted of a mix of expert presentations, participant presentations and group
discussions. Each participant was tasked with a desk review about the ASF situation in their country.
The training team also developed i) a regional desk review about the ASF situation, ii) a user-friendly
manual and iii) generic diagrams of potential risk pathways for the introduction of ASFV into a country.
One-on-one communication between the training team and each participant was conducted through
emails and zoom calls. This communication aimed to support the participants in performing national
cross-border ASF risk assessment
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Results and Recommendations
The webinar series (14 sessions) was delivered between September 2020 and May 2021. Attendance
was variable between participant countries (from 2 sessions to 14 sessions, average: 8 sessions).
Six partner countries developed their risk pathway diagrams based on the generic risk pathway
diagrams provided. Two other countries only provided comments on the generic risk pathway diagrams.
Another two countries developed their own risk pathways not based on the generic risk pathway
diagrams. No information was shared by two other countries. At the end of the training programme, four
countries provided a national report that included an estimation of the risk of cross-border ASF
introduction, while one other country provided a report presenting data in relation to the risk pathways.
During the training, we noticed that participants often concluded that the risk of ASFV introduction
associated with particular risk pathways was negligible or that information on these risk pathways was
not available, without first having gone through the process of identifying and describing them using
diagrams or scenario trees. During the training programme, it was emphasised that this is inappropriate,
and instead, it should be assumed that the risk is not negligible unless the risk estimation applied to the
risk pathway indicates otherwise, i.e. the absence of information does not indicate the absence of risk.
To improve this critical step of identifying all risk pathways of a particular disease, we recommend
regional disease experts to build the generic risk pathways for a particular disease at the regional level;
as an example, we developed 11 cross-border risk pathways for ASFV in Southeast Asia, and most of
the countries used them as a starting point for their national risk assessment. The same type of list could
be created for other hazards and made available to national authorities.
During the training, we noticed three relevant cross-border pathways that could potentially pose a
relatively high risk of ASFV introduction into some countries: (i) trade of pork products, (ii) cross-border
wild boar movements, and (iii) fomites. Unfortunately, only the pathways relating to “trading activities”
were considered relevant for ASF introduction and therefore described by the veterinary authorities in
their reports. We hypothesise the absence of the complete description of risk pathways “wild boar” and
“fomites” in the reports comes from a lack of knowledge in some aspect of disease epidemiology (e.g.
possible fomites not associated with trading) and an absence of collaboration with other departments
(e.g. wild boars are usually managed by other departments). Therefore, we concluded that our training
should be targeted towards a country team of people with knowledge or access to data in relation to
different aspects of the eco-social system that influences ASFV spread, instead of one person working
in one particular field. This interdisciplinary approach will critically improve the utility of the risk
assessment and facilitate the institutionalisation of One Health approaches.
It was also noticed that participants were unclear about the difference between risk pathway diagrams
and value chain diagrams. Value chain diagrams provide important background information in the
development of risk pathway diagrams, to ensure that all risk pathway steps relevant for ASFV
introduction are included and data availability is documented in a systematic and transparent manner.
Future training should therefore emphasise further the difference and complementarity of developing
risk pathway diagrams and value chain diagrams. Moreover, it is important that different agencies and
training consultants work together to use the same vocabulary and develop shared glossaries.
The online training delivery format was a new experience for most of the trainers and participants. While
the webinar format was a success, the exchange of documents and the take-home message was not
always effective. Some participants mentioned that the teaching sessions were not frequent enough to
allow effective learning. We suggest that the different webinar sessions in the same training programme
are of longer duration and delivered at shorter time intervals.
The risk assessments within the different countries did not include an assessment of the sensitivity of
the relevant national ASF surveillance system components, even though it is well recognised that this
is essential information in the risk estimation process. For example, most participants assumed that the
risk from legal trade of live domestic pigs was low as they assumed that importing countries had a
surveillance system with almost perfect sensitivity and that appropriate prevention and control measures
were in place. However, no information from an evaluation of such measures was provided in their
country report.
The use of online instead of face-to-face delivery of the training programme due to the SARS-CoV-2
pandemic was effective for knowledge transfer, but it was largely ineffective for group discussion and
for an appropriate follow-up of the individual tasks.
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In conclusion, online delivery of risk assessment training is effective for developing a basic
understanding of the relevant concepts, but it is desirable to 1) explore the inclusion of online
collaborative tools and 2) to combine it with face-to-face meetings where possible. The regional training
approach provided a unique platform to communicate and exchange valuable information on challenges
commonly faced by countries in mitigating ASF, such as management of dead carcasses, issues of pork
product smuggling for countries with coastal landscape. Throughout the project, the disparity in
resources and technical capacities between different countries’ veterinary services was highlighted,
which emphasises the need to work together in the control of transboundary diseases within Southeast
Asia. The essential value of risk assessment for the design and implementation of risk-based
surveillance also needs to be recognised by countries.
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Summary
In Quebec, Canada, a regulation restricting the use of antimicrobials of very high importance for human
health according to Health Canada in production animals is effective since February 2019. The objective
of this study was to estimate changes in antimicrobial use (AMU) in dairy herds after the implementation
of this regulation. Invoice data were extracted from a veterinary software. Canadian defined course
doses for cattle (DCDbovCA) were used to describe the quantity of antimicrobials used. The monthly
sum of AMU for all herds together was estimated in DCDbovCA from June 2016 to May 2020. To
evaluate the herd-level change in AMU and the impact of different factors, number of DCDbovCA by
herd from June 2017 to May 2018 (pre-regulation period) were compared to those of June 2019 to May
2020 (post-regulation period). In the 3346 herds followed, category 1 AMU went from a range of 14,258
to 21,528 DCDbovCA/month to a range of 1,494 to 4,707 DCDbovCA/month after the implementation
of the new regulation. Moreover, we estimated a mean reduction of 19 DCDbovCA/herd-year (95%
confidence interval: 14.8, 24.2), while the pre-regulation herd-level category 1 AMU was 26
DCDbovCA/herd-year. Changes in category 2 and category 3 AMU were not detected. In addition,
important determinants of the herd-level reduction in category 1 antimicrobials were the veterinary
facility associated with the herd and the quantity of AMU in a herd before the implementation of the
regulation. This was the first study to evaluate the effect of such regulation in the North American
context.
Introduction
The emergence of antimicrobial resistance (AMR) has been accelerated in the past decades by the use
of antimicrobials in human, animal, and environmental health (1). AMR could cause 10 million deaths
per year by 2050 if no action is taken to reduce antimicrobial use (AMU). The government of Quebec
(Canada), implemented in February 2019 a new regulation limiting the use of category 1 antimicrobials
in animal production, which are antimicrobials of very high importance in human medicine according to
Health Canada (2). Preventive use of category 1 antimicrobial is now prohibited, and only be given for
therapeutic purposes after the veterinarian demonstrated that antimicrobial of lesser importance to
humans (i.e., Category 2 or 3) are not effective. Therefore, the objectives of this study were: 1) to
estimate the changes in herd-level AMU of category 1, 2, and 3 antimicrobials after the implementation
of the new regulation restricting category 1 AMU in dairy production in Quebec; and 2) to investigate
factors associated with herd-level changes. It was hypothesized that after the implementation of the
regulation, there was a decrease in category 1 AMU. However, to compensate this reduction, there will
be an increase in category 2 and category 3 AMU. Moreover, the veterinary facility associated with a
specific herd will be an important determinant of this reduction.
Material and Method
Vet-Expert software’s database was used for this study. It is a billing veterinary software, which produces
and compiles invoices in a centralized electronic database. It is used by most veterinarians in the
province of Quebec working with dairies. Recently, Lardé et al. (2021) demonstrated that the AMU sales
data collected from veterinary sales data (including Vet-expert) was highly correlated with AMU data
measured by a garbage can audit (3). For this study, veterinary sales data from June 2016 to May 2020
were extracted.
Database Cleaning and Transformation: The database was explored and cleaned to keep only dairy
herds and antimicrobial invoices. AMU quantities were also transformed in defined course doses based
on the Canadian Defined Course Doses for cattle (DCDbovCA) (4). Number of DCDbovCa were then
further collapsed into antimicrobial categories to report DCDbovCA of category 1, 2 and 3 antimicrobials.
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Describing AMU in Quebec during 2016-2020: A descriptive analysis of the AMU data from 2016 to
2020 was performed to investigate the changes in AMU. The number of DCDbovCA in each category
and for the total AMU (the addition of category 1, category 2, and category 3 AMU) for all herds together
was summed up for each month between June 2016 and May 2020.
Estimating herd-level AMU reduction following the legislation: To estimate the herd-level change
in AMU following the implementation of the regulation, data on AMU were compared between two
periods: June 2017-May 2018 (referred as pre-regulation period) and June 2019-May 2020 (referred as
post-regulation period). AMU data from a few months before (June 2018-January 2019) and after
(February 2019-May 2019) the new regulation was purposively excluded, since this period was
considered as an adjustment period. Indeed, it was hypothesis that some veterinarians and producers
would have needed time to adjust to the new regulation. Some veterinarians would have applied the
new regulation a few months before its implementation and others would have applied it a few months
after its implementation.
To estimate the herd-level AMU reduction, 4 linear models were developed: one for category 1 change
in AMU, one for category 2 change in AMU, 1 for category 3 change in AMU and 1 for the total change
in AMU. Each of the models was accounting for clustering of herds by region and the outcome was the
herd-level change in AMU by category of antimicrobials. These latter outcomes were estimated by first,
calculating the sum of the number of DCDbovCA for the two periods in a herd and, then, calculating the
difference between the two periods. The obtained result was the herd-level change in AMU.
Furthermore, using the same statistical analyses, a sensitivity analysis was performed accounting for
the data from the adjustment period. In this latter analysis, data from the 365 days immediately preceding
(February 25th 2018 to February 24th,2019) and 365 days immediately following the implementation of
the regulation (February 25th 2019 to February 24th, 2020) were used to compute change in AMU.
Estimating effects of the herd pre-regulation AMU level and of the veterinary facility on herdlevel AMU reduction: To evaluate the effect of the veterinary facility (a categorical variable with 54
categories) and the herd pre-regulation AMU (in DCDbovCA/herd-year), the same mixed linear models
were used.
For all models, the assumptions of normal residuals and homoscedasticity were respectively evaluated
using a normal probability plot (Q-Q plots) and a scatterplot of standardized residuals vs predicted
values.
Results
For the monthly descriptive analysis and the herd-level AMU reduction, 3,569 dairy herds and 3,337
dairy herds were retained, respectively (for a total of 4,766 dairy herds in the Quebec province in 2020
(5)).
Describing AMU in Quebec during 2016-2020: Between June 2016 and May 2020, the variations in
the total, category 2 and category 3 AMU remained relatively stable over time with an apparent numerical
increase in August 2019 and in January, 2020 of category 2 AMU. Before the implementation of the
regulation, the use of category 1 antimicrobials for the province ranged from 14,258 to 21,528
DCDbovCA/month. After the implementation, the use of category 1 in the province range between 1,494
to 4,707 DCDbovCA/month.
Estimating herd-level AMU reduction following the implementation of the regulation: In the preregulation period, the median (interquartile range; IQR) herd-level usage of category 1, category 2,
category 3, and total antimicrobials were 10 (0.27; 33.0), 213 (61.6; 457.4), 8 (0; 30.3), and 261 (83.3;
532) DCDbovCA/herd-year, respectively. In the post-regulation period, the median (IQR) herd level
usage of category 1, category 2, category 3, and the total antimicrobials were 0 (0, 5), 203 (56, 495), 7
(0, 23), 202 (56, 484). There was a significant reduction in category 1 AMU with an average herd-level
reduction of 19.6 (95%CI:14.8, 24.2) DCDbovCA/herd-year between the pre- and post-regulation
period). The results of the sensitivity analysis (where different periods were compared) showed an
average reduction of category 1 AM of 17 DCDbovCA/herd-year (95%CI: 13, 23) after the
implementation of the regulation.
Estimating the effect of the veterinary facility and the pre-regulation AMU level in a herd: The
veterinary facility was a significant predictor of the herd-level change in AMU for category 1 (p<0.01),
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category 2 (p<0.01), and for total AMU (p<0.01), but was not a significant predictor of change of category
3 AMU (p=0.22).
Herd pre-regulation AMU of category 1 antimicrobial was statistically associated with change of category
1 AMU in a non-linear fashion, with an increasing rate of reduction with increasing pre-regulation AMU.
A similar, significant association was observed between category 3 herd pre-regulation AMU and
change of category 3 AMU.
Discussion
This study showed a significant reduction of category 1 AMU in dairies after the implementation of a
new restrictive regulation in Quebec, Canada, without a significant increase in category 2 AMU nor in
category 3 AMU. However, during the study period, several alternatives (e.g., for clinical mastitis and
dry-cow treatments, injectable tetracyclines) to category 1 antimicrobials were not available from
suppliers of veterinary drugs (JP. Roy, personal communication, January 30, 2021). Therefore, we can
hypothesize that some animals still had to be treated with a category 1 antimicrobial (veterinarian had
use category 1 antimicrobials illegally) or were not treated at all, because there were no other options
available. However, we did estimate a mean increase of category 2 AMU equivalent to the decrease
observed in category 1 antimicrobials. This increase was not significant, but this may be due to the fact
that use of category 2 antimicrobials was far greater in absolute value than that of the other categories
and also more variable between herds. Therefore, the study had less power for highlighting a given
change in category 2 AMU. For example, an absolute increase of 23 DCDbovCA/herd-year for category
2 antimicrobials, was estimated with less precision (i.e., width of the 95CI was 83 DCDbovCA/herd-year)
than the observed decrease of 19 DCDbovCA for category 1 antimicrobials (i.e., width of the 95CI was
39 DCDbovCA/herd-year).
Even though the regulation concerned only one antimicrobial category, the absence of a significant
increase in category 2, category 3 and in the total AMU, shows that veterinarians and producers can
evolve and modify their practices to reduce AMU. However, physical, and psychological effects for
producers and veterinarians and effect on the well-being of cows have not been evaluated yet. To better
understand and to better access cost-benefits of those types of restriction in animal production, it would
be important to evaluate those elements in the near future.
The prescribing veterinary facility was a strong determinant of the reduction of category 1 AMU.
Awareness of veterinarians has an important role to achieve an AMU reduction in their clients’ herd
(6,7). The relationship and the level of trust between the veterinarians and the producers has an
important impact (8). In our study, not all veterinary facilities achieved, on average, reduction in AMU of
their associated herds. These could correspond to veterinary facilities where AMU was already at a very
low rate prior to the legislation or to non-compliant veterinary facilities. Moreover, the heavier users of
category 1 antimicrobials before the regulation were the ones with the larger decrease in AMU after the
implementation of the new regulation. Similarly, those that already used only small levels of category 1
antimicrobials prior to the new regulation did not, as expected, achieved a large absolute reduction of
their usage.
Despite, an apparent increase in category 2, 6 months (August 2019) et 1 month (January 2020) prior
to the implementation of the regulation, the sensitivity analysis (inclusion of adjustment period)
confirmed that our results were robust to the exact period chosen for comparison. The results show
proportional and significant reduction in category 1 and proportional non-significant changes for
category 2, category 3 and in total AMU. The sensitivity analysis showed no significant change in the
conclusions regarding estimation of changes in herd-level AMU.
Moreover, our model without predictors indicated that the variation in category 1 AMU was mostly
explained by herd (98.2%) and, to a lesser extent (1.8%), by regional characteristics. We can
hypothesize that management practices, economic considerations, the presence of animal diseases,
the type of housing, the producer’s attitude, motivation, and capability all possibly had an impact on
antimicrobial change in a herd (8).
The Vet-expert database provides huge opportunities for surveillance of AMU in animals, but also brings
methodological challenges that need to be taken into considerations (9). Indeed, there was no variable
that allowed for direct identifying the production type of a given client. During the cleaning process, herds
with at least 1 invoice where the production type was related to dairy were included. A non-dairy client
could have been included if one of the client’s invoices concerned a cow. Therefore, a possible selection
bias in our study cannot be excluded, even though we believe that the effect of this bias is probably low.
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In addition, some herds can have several identifications numbers. The number of herds with more than
one identification number was previously estimated to be between three and five per cent in a study
conducted in the province of Quebec (3). In our study, these herds would be considered as two
independent herds.
This is the first study in North America reporting evidence of a decrease in AMU after the implementation
of a regulation restricting the use of category 1 antimicrobials. Indeed, the study described a substantial
reduction of category 1 AMU on dairy herds without evidence of an increase, nor a decrease in the use
of antimicrobials of lesser importance was observed after the implementation of a new regulation
restricting the use of category 1 antimicrobials in Quebec, Canada. Moreover, the veterinary facility in
charge of a herd and the herd AMU prior to the regulation were important determinants of the herd-level
reduction of category 1 AMU.
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Summary
Scanning surveillance facilitates the monitoring of many endemic diseases in Great Britain, including
sheep scab, an ectoparasitic disease of major economic and welfare burden. This research aimed to
enhance the use of data for the scanning surveillance of sheep scab, specifically to guide future control
strategies. An existing source of scanning surveillance, positive skin scrape diagnoses ('positive
scrapes') reported in the Veterinary Investigation Diagnosis Analysis (VIDA) database, were analysed
to identify "hotspots" of disease for targeted control and evaluate a potential denominator to improve the
interpretation of the count of positive scrapes. The details of all past targeted disease control initiatives
were also collated and a temporal aberration detection algorithm (TADA) was applied to investigate their
impact on positive scrape diagnoses.
Introduction
Veterinary surveillance is an essential and dynamic tool designed to aid decision making by government
and stakeholders, and a fundamental concept in food security, public health and international trade.
Scanning surveillance allows us to monitor the occurrence of many endemic diseases in Great Britain
(GB), including sheep scab, a disease of major economic and welfare burden. Considerable efforts and
investments have been made to control this disease, but despite these efforts, eradication has been
elusive thus far.
This study aims to investigate the use of existing scanning surveillance data for sheep scab to assess
the impact of different initiatives and inform future control strategies. First, a spatial analysis to highlight
areas of concern was performed, followed by an analysis of the effect of past initiatives on temporal
patterns. The combination of these aims will allow the provision of an evidence-based decision for
control of this disease going forward.
Materials and Methods
The Veterinary Investigation Diagnosis Analysis (VIDA) database contains records of every diagnostic
submission made to surveillance centres in GB from the Animal and Plant Health Agency (APHA),
Scotland’s Rural College (SRUC) and partner post mortem examination providers. The data analysed
were submissions with a positive sheep scab diagnosis confirmed through identification of Psoroptes
ovis mites in skin scraping samples, including the date of submission and a regional geolocator
approximate to the counties of GB, for 2003-2018. Yearly aggregates of positive submissions per
geographical region were created to determine areas of concern. Then, monthly aggregates were
plotted to analyse seasonal patterns of infection.
Information were also collected on all known knowledge transfer, skills training, free testing and
legislative actions (initiatives) designed to improve surveillance or decrease disease within the study
period for sheep scab. A timeline was created and a temporal alarm detection algorithm (TADA) was
used to assess the impact of these initiatives on the positive submission count per week. The TADA
used the original Farrington methodology for count data, divided by country to align with the devolved
nature of initiatives. A subset of the data was used as a base count for each country, adjusted dependent
on initiatives and data shape to minimise aberration occurring in the base count period. An alarm was
considered at each timepoint when the count exceeded the threshold (set at 0.01 level of uncertainty).
Results
A total of 2,401 positive skin scrapes were recorded within the study period. The yearly distribution
showed a significant downward trend in positive cases, from a peak of 277 in 2004, to 55 cases in 2015.
This rose in 2018, with 172 cases. Wales showed consistently higher counts than England and Scotland
except in 2014 when it dropped below Scotland. The count in 2018 (114) was three-fold that in 2017 for
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Wales (34). The monthly distribution of cases showed that sheep scab was diagnosed all year round,
however autumn and winter displayed the highest counts per month.
A regional geolocator was available for 2,310 cases. Across all years, significant clustering was
observed in Wales. In 2007, Ceredigion saw the highest number of positives seen in any year, with a
total of 47. Additionally, high numbers of cases were seen in the North of Scotland (13). Less cases
were observed across GB from 2012 and counts remained low ( 6) for 2018, except across Wales.
In the study period 11 initiatives occurred, implemented by stakeholders, industry and government alike.
Four initiatives, all offering free testing, were implemented across Wales. Similarly, two of the initiatives
in England offered free testing, with the third offering knowledge transfer and skills training to vets,
registered animal medicines advisors and farmers. In Scotland, three periods of free testing, one also
including knowledge transfer, preceded legislation which was introduced in 2010 making the disease
notifiable.
The TADA raised one alarm from 2010-2018 for England, in September 2010. In Scotland four alarms
were raised, two in 2010, one in 2015 and one in 2016. Wales observed the highest number of alarms
(15), of which 11 (73.3%) were raised between December 2017 and March 2018.
Discussion
As with many endemic diseases in GB, sheep scab will not be eradicated without considerable efforts
and long-term commitment from all stakeholders involved. Any proposed initiative, therefore, needs
evidence-based approaches to offer cost-effective and meaningful solutions.
The continuous nature of diagnostic scanning surveillance offers the unique opportunity for real time
monitoring and feedback. The spatial distribution of VIDA positive skin scrapes showed a similar pattern
to previous studies with high counts observed in Wales. While unable to infer disease prevalence from
this count data, an appropriate denominator, such as sheep population or total scab diagnostic tests
conducted, could be applied to aid interpretation. A more precise geolocator, such as postal codes, may
also further enhance the data available, providing refinement for hot-spot areas, which in turn will allow
more targeted approaches.
Throughout this study period all initiatives in Wales offered free testing. Three of these initiatives aligned
with the TADA period, and the majority of the alarms raised were within December 2017–March 2018,
which aligned with one of these initiatives. From this, we could infer that the initiative had a significant
effect on the number of positive cases diagnosed and this type of scheme did evoke the intended
response. Conversely, no alarms were raised in England during the period of industry-led knowledge
transfer and skills training. This type of action was not intended to directly impact submissions, so
alternative parameters should be investigated to measure their impact on disease patterns. Many of the
initiatives reported here are expensive to operate, so being able to measure the impact of them in
disease control would really inform future policy and actions. Furthermore, the framework used in this
study could be applied to develop a real-time data-driven surveillance tool for continuous monitoring of
actions for other endemic diseases.
In conclusion, the analysis of an existing scanning surveillance source (VIDA database) enhanced our
knowledge of sheep scab by identification of areas for targeted control and offered a framework to
measure the impact of future initiatives.
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Summary
Ante- and post-mortem inspections at abattoir were originally introduced to provide assurance that
animal carcases were fit for human consumption. However, findings at meat inspection can also
represent a valuable source of information for animal health surveillance. Yet, before making any
secondary use of meat inspection data, it is important to assess that the same post-mortem findings get
registered in a consistent way across abattoirs, so that the results are independent from the abattoir
where the inspection is performed.
The most frequent findings at official meat inspections of pigs and beef cattle in Sweden were evaluated
by means of variance partitioning to quantify the amount of variation in the probabilities of these findings
due to abattoir and farm levels. In an ideal situation, there should be a minimal variation in the way
carcases are assessed among abattoirs.
There was a very low variation between abattoirs for liver parasites and abscesses, moderately low
variation for pneumonia and greatest variation for injuries and nonspecific findings (e.g., other lesions).
Some post-mortem findings seemed to be consistently detected among meat inspectors working at
different abattoirs, being a promising source of epidemiological information for surveillance purposes.
However, to enable correct conclusions about the occurrence of pathological findings and for producers
to experience an equivalent likelihood of deduction (independent of abattoir), calibration and training
activities are necessary for those findings associated with higher variation between abattoirs.
Background
Ante- and post-mortem inspections at abattoir were originally introduced to provide assurance that
animal carcases were fit for human consumption (1). However, it was subsequently recognized that
such inspections also play an integral role in assessment of animal health and zoo-sanitary status, as
well as in detection of certain welfare conditions (2). Nevertheless, the information collected at meat
inspection is not yet exploited to its full potential (3).
An extensive review of current practices of meat inspection in the European Union (EU) (2) reports that
traditional meat inspection according to EU regulations is in principle conducted in most Member States;
however, the regulation is not necessarily fulfilled with respect to all detailed requirements and improper
ante- and post-mortem inspection still occurs. Such variability in meat inspection procedures leaves an
open question about the suitability of data collected during meat inspection for animal health
surveillance. In particular, it is not yet clear which hazards should be included in a surveillance system
at the abattoir and whether data collected at meat inspection are usable for the purpose. The aim of this
study was to estimate the amount of variation in the registered post-mortem findings that can be
attributed to the abattoir where the carcases are assessed. To reach this objective, the quality of meat
inspection was evaluated by variance partitioning analysis.
Materials and methods
We used data on all pathological findings recorded in beef cattle and fattening pigs slaughtered from
2012 to 2018 in the 20 largest abattoirs in Sweden. Up to five different lesions can be recorded at
carcase level using a standardized coding system (4). Data were aggregated at batch level, which was
defined as a group of animals delivered from an individual farm to a given abattoir on a given date. In
total, 113,305 beef and 166,773 pig batches were investigated. Only lesions whose overall prevalence
exceeded 0.5% were included in the analysis.
We fitted a logistic mixed model with cross-classified random effects for each of the lesions, for pigs and
cattle separately. The model was fitted under the assumption that the probability of a specific postmortem finding may depend on farm characteristics and the abattoir where the meat inspection is carried
out. Therefore, it included the intercept and two random effects, one for the abattoir and one for the
farm. Given that the post-mortem finding occurrence showed a zero-inflated distribution, we fitted an
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additional random effect at batch level, to correct for overdispersion (5, 6). We then calculated the
variance partitioning coefficients (VPCs) that quantify the extent of clustering in the meat inspection
data. The percentage of variation explained by the abattoir is given by:
𝑉𝑎𝑟𝐴
𝑉𝑃𝐶𝐴 =
× 100
𝑉𝑎𝑟𝐴 + 𝑉𝑎𝑟𝐹 + 𝑉𝑎𝑟𝐵 + 𝑉𝑎𝑟𝜀
while the percentage of variation explained by the farm is given by:
𝑉𝑃𝐶𝐹 =

𝑉𝑎𝑟𝐹
× 100
𝑉𝑎𝑟𝐴 + 𝑉𝑎𝑟𝐹 + 𝑉𝑎𝑟𝐵 + 𝑉𝑎𝑟𝜀

where, 𝑉𝑎𝑟𝐴 and 𝑉𝑎𝑟𝐹 are the variance of random effects estimated from the model, 𝑉𝑎𝑟𝐵 the
overdispersion parameter (i.e., variance at batch level) and 𝑉𝑎𝑟𝜀 the residual variance, approximated by
𝜋 2 ⁄3 according to the latent variable method (7, 8). Ideally, there should be a minimal variation in the
way carcases are assessed among abattoirs, meaning that 𝑉𝑃𝐶𝐴 should be close to zero.
Besides the actual estimate of VPCA, it is important to assess its relative magnitude compared to VPCF.
This relation is expressed by the VPCA:F ratio, which shows how much bigger/smaller the variation at
abattoir level is compared to the variation at farm level.
Results
Overall, the most frequent pathological findings at meat inspection were pneumonia (5.5%),
pleurisy/pericarditis (5.0%) and common liver fluke (4.3%) for beef cattle and pleurisy/pericarditis
(13.5%), parasitic liver damage (4.9%) and swine enzootic pneumonia (3.3%) for fattening pigs.
Beef cattle: The results of variance partitioning are reported in Table 1. Abscesses and liver parasites
showed nearly no variation among abattoirs (VPCA≈0), meaning that they were consistently detected
across the investigated abattoirs. Traumatic peritonitis and pneumonia showed a moderately low
variation at abattoir level (VPCA<5%), which was nonetheless lower than the variation at farm level
(VPCA:F<1). Injuries and liver damages were the lesions with the highest VPCA (8-15%), which was also
higher than VPCF, meaning that the probability of a beef cattle being diagnosed with such lesions was
strongly influenced by the abattoir where the inspection took place.
Table 1. Variance partitioning for most frequent lesions recoded at meat inspection of beef cattle.

Lesion
Abscess
Joint injury
Chronic injury
Traumatic
peritonitis
Other pneumonia
Pleurisy/pericarditis
Common liver fluke
Lancet liver fluke
Parasitic
liver
damage
Liver abscesses
Other liver damage

VPCA
(%)
0.00
10.65
16.32

VPCF
(%)
0.00
10.1
9.13

VPCA:F
(ratio)
—
1.06
1.79

3.78

6.15

0.61

4.67
8.21
0.04
0.02

12.84
8.39
71.63
37.45

0.36
0.98
0.00
0.00

15.19

9.58

1.59

0.01
8.59

16.81 0.00
3.23 2.66

Fattening pigs: The results of variance partitioning are reported in Table 2. Fibrinous pneumonia (caused
by Actinobacillus pleuropneumoniae, APP) and pleurisy/pericarditis showed the lowest variation among
abattoirs (VPCA<1%). Abscesses, liver damages, pneumonias and tail damages showed a moderately
low variation at abattoir level (VPCA<5%), which was nonetheless lower than the variation at farm level
(VPCA:F<1).Injuries and unspecific lesions (i.e., “other cause”) were associated with the highest VPCA
(8-20%), which was also higher than VPCF.
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Discussion
The probability of observing a given post-mortem finding in a slaughter batch depends on several
factors, that exert their influence at different levels: animal, farm, and/or abattoir. Knowing the sources
of variation of the post-mortem findings might help assessing the quality of meat inspection by
separating individual- and farm-related factors from the accuracy of the detecting procedure (i.e.,
abattoir-related factors).
In our study, abscesses, liver parasites and pneumonia seemed to be consistently diagnosed, while
injuries, liver damages and nonspecific findings showed a greater variation among abattoirs. It seems
therefore reasonable to infer that some lesions are easier to detect and classify while others are more
prone to subjective interpretation. In the latter case, the level of training and experience of the meat
inspector plays a strong role in the correct identification of the lesions. However, sometimes it is just
difficult to detect a specific lesion. If we take injuries as an example, the distinction between acute and
chronic lesions is not always clear-cut and it might require histopathological diagnostics to correctly
differentiate between them.
Whenever a lesion is difficult to assess, the probability of a positive diagnosis strongly depends on the
person carrying out the examination, and these findings cannot be considered sufficiently standardized
to generate surveillance data. It is however reassuring to notice that, especially for pigs, the most
frequent findings at meat inspection were also those most consistently detected.
Table 2. Variance partitioning for most frequent lesions recoded at meat inspection of fattening pigs.

Lesion
Abscess
Joint injury
Chronic injury
Acute injury
Tail damage
Swine
enzootic
pneumonia
Fibrinous
pneumonia (APP)
Other pneumonia
Pleurisy/pericarditis
Pneumonia
and
peritonitis
Parasitic
liver
damage
Other liver damage
Other cause

VPCA
(%)
1.75
6.17
8.40
17.93
3.97

VPCF
(%)
2.21
7.31
3.26
1.62
7.61

VPCA:F
(ratio)
0.79
0.84
2.58
11.06
0.52

6.39

17.74 0.36

0.00

0.00

4.95
0.95

5.05 0.98
19.49 0.05

2.24

8.37

1.34

31.03 0.04

3.33
20.48

7.3
8.37

—

0.27

0.46
2.45

Interestingly, the probability of observing abscesses in cattle and fibrinous pneumonia in pigs seemed
to be independent from the farm of origin or the abattoir assessing the carcase. For these lesions, in
fact, most of the variation (80 and 70%, respectively) was due to the batch itself, suggesting that it was
individual animal variation, transport and/or seasonality playing a major role.
Assessment of beef and pig lesions showed both similar and contrasting trends. In both cases,
abscesses were consistently detected, and injuries were more subjectively evaluated. On the contrary,
pleurisy/pericarditis, parasitic liver damage and other liver damage showed a high level of variation
among abattoirs in cattle but a high consistency in pigs. This is partly due to different clinical
manifestations in the two species (e.g., parasitic liver damage in pigs – aka white spots – are fairly
characteristic and easier to recognize than in cattle) but also to the fact that, beyond the regular training
sessions, inspectors working at Swedish pig abattoirs underwent major calibration exercises in 2017
(and subsequently in 2019).
A larger body of literature is also available for meat inspection in pigs compared to cattle, probably
because the pig sector represents one of the most economically important farming sectors in the EU
and worldwide (9). Previous studies on the quality of the meat inspection process in pigs reported that
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there is a moderate-to-high variation among abattoirs (10), and that some lesions are more consistently
detected than others (11). In addition, other authors found that pig producers experienced distrust in
meat inspection due to inconsistencies among different abattoirs (12) and that a portion of the food
business operators in meat, fish or dairy processing considered the food controls non-uniform (13). This
highlights the importance of continuous training of meat inspectors as well as regular calibration
exercises, especially for those lesions that are more prone to subjective evaluation. To this regard, a
limitation of this study is that it does not take into account the intra-abattoir variation. Knowing which
inspector made the assessment would have enabled us to identify systematic differences among
inspectors, but unfortunately this information was not available. Nevertheless, the abattoir variation can
be considered as a proxy for between-inspector variation, given that the inspectors working at a big
abattoir tend to be same. In addition, from a producer point of view, it is important to assure a fair
inspection process irrespective of which abattoir they choose to send their animal to.
In conclusion, meat inspection data is a promising source of epidemiological information for cattle and
pig health, given that the most frequent findings were also those most consistently detected. However,
to enable correct conclusions about disease occurrence and for producers to experience an equivalent
likelihood of deduction, calibration and training activities are necessary for those findings associated to
higher variation within and between abattoirs. For those lesions that are undoubtedly difficult to classify,
it could be hypothesized to record a lower level of detail. In case of injuries, for instance, one could just
record more generically “injury”, without distinguishing between acute and chronic. However, if less
detailed diagnoses can be detected more consistently, they also carry less information for surveillance
purposes. Within the abovementioned example of injuries, it would be very important to distinguish
whether an injury is acute or chronic in the context of animal welfare surveillance, but a generic diagnosis
would not allow that. Looking for the balance between accuracy and precision of diagnoses at meat
inspection, another – more futuristic – option could be to support the work of meat inspectors with new
digital technics and artificial intelligence.
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Summary
This study aimed to: 1) estimate prevalence’s of the different lesions observed in post-mortem inspection
(PMI) of Danish broilers 2) investigate the causes leading to broiler carcasses condemnation. Postmortem inspection data from January 2016 to December 2018 of slaughtered chickens recorded and
stored in the Danish quality assurance system for chicken production was analysed. Potentially causal
models were developed to investigate whether there was an association between dermatitis, arthritis,
systemic infection and possible explaining factors (footpad lesion, age at slaughter, scratches and
thinning of the flock). Moreover, 400 carcasses were randomly selected for microbial evaluation of
dermatitis, scratches, hepatitis, and control (each code/control group n=100). From every condemned
carcass the specimens; meat, lesion and bone marrow were collected in order to evaluate whether the
chicken had a generalised infection qualifying for total condemnation or not. The prevalence of
condemned carcasses was 1.1% (n=1,420,812). The most frequently observed reason was skin disease
(scratches and dermatitis) with a prevalence of 0.5%, followed by ascites, discoloration, emaciation and
hepatitis. The microbial evaluation of dermatitis revealed a prevalence of bacterial-positive from lesion,
bone marrow and meat samples of 99%, 48% and 12%, respectively. The modelling showed that
scratches and footpad lesion were risk factors for systemic infection, indicating that these are the most
common ports of entry for generalised infections. The result of evaluating 100 carcasses with scratches,
showed that 28% of them have had a systemic infection. Information from these studies can be used to
update the Danish PMI codes for broilers.
Introduction/background
The primary purpose of poultry meat inspection is to ensure safe meat for human consumption. It is
strictly regulated in the European Union (EU), where poultry meat inspection data are also used for the
surveillance of animal welfare and animal diseases (1;2). The meat inspection of broilers in the
slaughterhouse includes checks and evaluations of food-chain information of a flock and ante-mortem
and post-mortem inspection (PMI) as well as inspection of hygiene (3). In Denmark, the Danish
Veterinary and Food Administration (DVFA) is in charge of performing meat inspection in the abattoir.
The inspection data is recorded in a quality assurance system database for chicken production (KIK).
The KIK database contains registration of obtained data for broiler flocks from hatchery to slaughtered
carcasses.
The traditional post-mortem inspection is conducted by the official veterinarian where their subjective
experiences is used to observe lesions, contamination and evaluate animal welfare problems. Present
meat inspection guidelines/criteria for condemnation and approval of carcasses during PMI of chickens
have historically been based on physical observations of the lesions, which might not be a true reflection
of the presence of a disease. Improved guidelines should be risk-based to ensure the safety of meat for
the consumer.
Skin lesions are frequently recorded in post-mortem inspection, which, together with pathological lesions
are major causes of condemnation and downgrading of carcasses at the processing plants. Skin lesions
are grouped in the KIK system into scratches and dermatitis.
When a systemic infection is present, the animal's defence mechanisms have been unable to stop the
spread of the pathogen, and various tissues are affected. Post-mortem inspection is meant to be based
on an evaluation of the wholesomeness, suitability, and safety of the broiler carcass for human
consumption. Therefore, if a disease process results in systemic infection, carcasses should be
condemned (4; 5). The port of entry for an infection that results in a systemic infection may be a result
of external injury such as scratches, but little is known about the relationship between condemnation
codes and the presence of systemic infections. Research that establishes the causality behind the
pathological changes observed in post-mortem inspections are hence crucial for suggesting measures
to reduce diseases and producing safe meat cost-effectively, meeting welfare requirements and reduce
food waste.
In this study, we aimed at estimating the prevalence of post mortem codes representing causes of
rejection of carcasses for human consumption in Danish broilers based on meat-inspection data from

124

the KIK database and to suggest causal models for systemic infections in broilers. The findings from the
modelling were followed up with a microbiological assessment of the common lesions observed in order
to evaluate whether these lesions associated with systemic bacterial infections, and hence then should
qualify the carcass for total condemnation.
Materials and Methods
The post-mortem inspection data was recorded and stored in the KIK database over three years, starting
from 1/1/2016 until 29/12/2018. The analysis of the data was done in Microsoft Excel 365, R statistical
program version 3.6.1 (6, 7) and MLwiN 2.36 (32-bit).
The meat inspection codes were the dependent variables in the association models, i.e., the prevalence
of dermatitis, arthritis and systemic infection. Logistic regression analyses with random effects using a
generalized mixed model (MLwiN 2.36 (32-bit)) were performed in separate models for the dermatitis,
arteritis and systemic infection and the hypothesized explaining variables: footpad lesion, age at
slaughter, scratches and thinning of the flock. The hierarchy of the data was farm/house/flock
Correlations were tested by Pearson's moment correlation to check collinearity between explanatory
variables which advised inclusion of explanatory variables in the final model (6). In the uni-variable
analysis, explanatory variables with p-value < 0.2 were included in the model. In the following
multivariable analysis, the variables with the highest p values were excluded by a backward selection
approach, including all with a p-value < 0.05 in the final models. A total number of 126,137,002 chickens
were slaughtered, from which 124,716,190 chickens were approved for human consumption, while
1,420,812 chickens were not approved. The KIK data represented 71 farms, 174 houses, and 4,068
flocks
In the following microbial evaluation of the common condemnation codes, a total number of 400 chicken
carcasses were randomly collected from one of the two main slaughterhouses in Denmark from October
2020 to February 2021. These samples represented the following codes dermatitis, scratches and
hepatitis (n=100 of each) as well as broilers approved for human consumption in the post mortem
inspection as controls (n=100)). The obtained samples represented 28 farms and 41 chicken house.
From every condemned carcass, samples from the lesion, breast muscle and bone marrow of femur
were collected. From carcasses, without lesions four samples were collected from every carcass (breast
muscle, bone marrow of femur, from the liver. All samples were cultivated using 5% blood agar,
consisting of blood agar base (Oxide, UK) and sterile bovine blood. The plates were incubated at 37 °C
under aerobic conditions for 24 to 48 hours. The plates with growth were sub cultured to obtain pure
culture and then submitted to MALDI-TOF for species identification.
Results
Twelve causes for rejection of carcasses were recorded in the KIK database by the meat inspectors
(Table 1). The prevalence of scratches was 0.3%, while the prevalence of dermatitis was 0.2%. The
prevalence of the ten other condemnation codes was lower (Table 1).
Table 1. The overall prevalence of non- approval for human consumption codes recorded at the selected
slaughterhouse between January 2016 to December 2018 (N=126,137,002)
Disease
Scratch
Dermatitis
Ascites
Discoloration
Emaciation
Acute hepatitis
Arthritis
Miscellaneous
Haemorrhage
Pericarditis
Chronic hepatitis
Air sac inflammation

Prevalence %
0.27
0.24
0.22
0.09
0.09
0.09
0.07
0.04
0.02
0.005
0.003
0.0003

(CI)
(0.267-0.268)
(0.234 -0.236)
(0.213 - 0.215)
(0.086 - 0.087)
(0.085 - 0.086)
(0.085 - 0.086)
(0.069 - 0.070)
(0.035 - 0.036)
(0.018 - 0.019)
(0.0048 - 0.005)
(0.0032- 0.0034)
(0.0003- 0.0004)

The result from the dermatitis model revealed that only age at slaughter was positively associated with
dermatitis with an OR=1.04 and a Confidence Interval of 95 % (CI95%): 1.02-1.05. Moreover, there was
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a small protective effect of thinning of the flock in both, the first model with a OR=0.8 and CI95% of
0.75 to 0.87 and in the second model with a OR=0.8 and CI95% of 0.79 to 0.90 delivery of thinned flock
(batch 2 and 3). The modelling showed that the most common factors of condemnation in the systemic
infection models were scratches and footpad lesion.
The microbial evaluation of dermatitis revealed a prevalence of bacterial positive samples of 99%. The
prevalence of bacterial-positive bone marrow- and meat samples were 48% and 12%, respectively.
Discussion
Skin disorders (scratch and dermatitis) were the main cause of condemnation of chickens at the studied
slaughterhouse representing 45% of all the condemned carcasses. Skin is the first line of defence
against a number of different pathogens. The rate of condemnations because of skin diseases in broilers
has been increasing in an almost linear fashion (8; 9; 10; 11), and skin diseases are today one of the
main causes for whole carcass condemnation worldwide (12). Genetic factors may be associated with
the prevalence of skin diseases, as breeds of chicken like broilers with rapid growth characteristics
favour leg weakness, bone defects and skeletal deformation (13; 14), leading to a decrease in
movements and activity (15). Consequently, birds remain in contact with the litter for a longer time, which
leads to skin irritation and inflammation of body parts like feet, hocks and breast (17; 18; 14). However,
high population density is also a major contributing factor (16).
For dermatitis the positive association between dermatitis and age at slaughter could be explained by
the fact that as the age of the bird increases so does the weight. Birds with high weight usually
experience difficulties in walking and therefore rest on the ground with litter for more extended periods
with increased risks of dermatitis (16; 17; 18; 14). Also, chickens lying on the ground would be climbed
on by other birds resulting in skin scratches, irritation, and inflammation. The negative association
between the prevalence of dermatitis and thinning could be due to that thinning of flocks allows for more
space for individual birds. Birds can then move more freely around in the house, reducing the risk of
being climbed upon by other birds, and they will not rest as much and therefore have less contact with
wet litter, which then results in healthier skin. In general, thinning of flocks cannot be recommended from
a disease prevention point of view. Opening up the house will pose a risk for the introduction of
pathogens into the flock especially Campylobacter spp. (19).
For systemic infections our modelling revealed footpad lesions and scratches as risk factors. As
mentioned above, lesions in the footpad can be a port of entry for systemic bacterial infections (20; 21).
This is supported by findings showing that a high proportion (62.8%) of broiler parents dying from
infectious disease had footpad lesions, whereas this was not the case in birds (37.2%) that died from
non-infectious causes (21). Similarly, other skin damages such as scratches could be a portal for
infections and the development of systemic infection (22).
Information from these studies can be used to update the Danish PMI codes for broilers.
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Summary
Bovine Viral Diarrhoea (BVD) is an infectious disease in cattle with horizontal and vertical spread. It
causes major economic losses worldwide. Hence, in Germany a compulsory BVD control program has
been established in 2011. The main aim of the program is to detect and remove persistently infected
(PI) animals. All BVD test results are recorded in the German cattle database (HIT). We analysed the
database regarding epidemiologically important parameters, e.g. temporal and spatial trends in
prevalence, the age distribution of PI animals, and the time from detecting to removal of PI animals. As
most German federal states started the program in 2010, we analysed the database for the years 2010
to 2020. Since 2010, more than 52.5 million animals were tested for BVD. Overall, the proportion of PI
animals in the population decreased from 0.5 % in 2011 to 0.005 % in 2020. In the same period, the
proportion of affected farms decreased from 0.481 % to 0.005 %. Although the median time from
detection to removal of Bovine Viral Diarrhoea Virus (BVDV) positive animals in 2011 was 15 days, it
decreased consistently over the subsequent years. Despite the known risks, in some instances, it took
more than 100 days from detection to removal, even in 2020. The results demonstrate that BVD control
in Germany has been highly successful, and that the database is an important tool to summarize and
evaluate its progress. The database helps to identify critical control points in the system, such as the
delayed removal of PI animals.
Introduction/background
Bovine viral diarrhoea (BVD) is an infectious disease in cattle caused by the Bovine viral diarrhoea virus
(BVDV), which belongs to the genus Pestivirus of the family Flaviviridae and is divided into two
genotypes: Pestivirus A (previously BVDV-1) and Pestivirus B (previously BVDV-2) (1). Although
Pestivirus B is known to exist in Germany (2, 3), Pestivirus A is the predominant genotype in the country.
In naive cattle, infection with BVDV leads in most cases to clinically inapparent infections or non-specific
clinical signs such as fever, diarrhoea, reduced milk yield, haemorrhagic lesions, or pneumonia (4). In
naïve pregnant cows, the infection may result in lower reproductive performance, including reduced
conception ratio, abortion and increased calving intervals (5, 6). Furthermore, depending on the stage
of pregnancy at the time of infection, vertical BVD transmission can result in abortion/stillbirth, congenital
defects, growth retardation or the birth of persistently infected (PI) calves. Persistently infected animals
are often small and unthrifty, have increased susceptibility to other diseases and may eventually die
from mucosal disease (6). PI animals will shed high doses of BVDV during their whole life and therefore
play a major role in BVD transmission by direct or indirect contact (7).
In January 2011, an obligatory control program entered into force on January 1st of 2011 (8). The major
objective was the reduction of PI animals, and the establishment system whereby farms could be
certified as housing only “BVD-unsuspicious” (=virus free) animals.
To detect PI animals, all animals were to be tested before trade or after birth by either blood test or ear
notch testing.
According to the German regulations, a PI animal is defined as an animal that tests positive for a BVDV
antigen or genome test, with or without confirmatory testing. Furthermore, the offspring of PI animals,
and animals that develop MD are also regarded as PI. Cows give birth to a “BVD-unsuspicious” calf are
declared likewise “unsuspicious” (=derived BVD status). The test results must be entered into the
German cattle database (HIT). In this database, the status of all animals are calculated based on their
test result, or on the test result of the mother (9).
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The aim of this study was to analyse the current status of the BVD control program and identify areas
for improvement.

Figure 15: Evolution of PI prevalence in districts
Materials and Methods
In this analysis, we used the data stored in the National cattle database (HIT) from 01/01/2010 to
31/12/2020. From this database, we extracted three tables of information: one tabulating the number of
animals per farm; a second with data on animal ID, birth date, date of death, type of death, id of last
farm, BVDV classification, and date of classification; and lastly, a third listing individual test result for
BVDV.
We stored a snapshot of the data in Microsoft SQL Server and analysed the data using R Statistical
software (Version 4.03) (10).
Results
From 2010-2020, approximately 52.5 million animals were tested for BVD virus and received a BVDV
status. Overall, 63 thousand animals were classified as PI animals and removed from farms. Most of
the animals were tested only once, up to 18 tests were reported in a proportion of individual animals.
Between 2011 and 2020, the prevalence at the animal level decreased from 0.481 % to less than 0.005
%, and the prevalence at the herd level from 3.44 % to 0.004 %.

Figure 16: time between detection and removal of PI animals
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In most of the districts, the PI prevalence decreased and many regions were free from PI animals by
2020 (figure 1).
The time between obtaining a positive test result for an animal and its removal decreased from a median
of 15 days in 2011 to 9 days in 2020. Nevertheless, the maximum number of days between test and
removal was still as high as 100 days in 2020.
Analysis of died animals showed that most BVDV test- positive animals died within the first six months
of their lifes (about 87.7 %). Nevertheless, of all persistently infected animals identified, more than 3,500
were older than one year of age.
Discussion
The results of the analysis showed that the BVD control program in Germany has been very successful
so far. There are still some weaknesses, e.g. the time between birth and first test and time between
detection and removal are too long. To minimize risks, animals should be tested immediately after birth.
Ideally, they ought to be removed as soon as possible after detection without confirmatory testing.
According to the Regulation (EU) 2016/429, in combination with Commission Delegated Regulation (EU)
2020/689, a status “free from bovine viral diarrhoea” can be granted, if vaccination against BVD is
prohibited, if there has been no confirmed case of BVD during the past 18 months and if all animals are
tested with a negative result of a BVDV antigen or genome test. Many districts of Germany fulfil these
requirements.
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Bovine Viral Diarrhoea Virus (BVDV) infection remains endemic in many countries worldwide. In recent
years there has been progress in several countries, including Ireland, in the control and eradication of
BVDV. Managing such eradication programmes requires careful monitoring of diseases prevalence
and understanding factors associated with BVD exposure to ensure eradication programmes remain
evidence based and tailored to the evolving epidemiological situation.
In this study, we explore the seroprevalence of BVDV exposure over a four-year period (2017 to 2020)
in Ireland from a cohort of animals (n = 6,449) under 30 months of age sampled at slaughter, who were
born subsequent to the commencement of a compulsory national eradication programme. Temporal
trends and risk factor analysis were undertaken using multilevel logit regression models.
There was a declining temporal trend in seroprevalence over the sample years of the study, and risk
varied at both county and herd levels. The unadjusted marginal animal-level seroprevalence reduced
from 9.1 % in 2017 to 2020 (95 %; CI: 7.2 - 10.9) to 3.9 % (95 %; CI: 3.2 - 4.6). The final model
suggested that seropositivity in study cattle was strongly related with the presence of a PI animal in the
herd during the year of the animal’s birth, and to a lesser extent the status of the herd from which the
animal was slaughtered. The risk of seroconversion increased significantly with increasing herd size, in
females relative to males, and in dairy relative to suckler herds.
Conclusions
This study has shown that the BVD serostatus of cattle at slaughter is well correlated to the BVD infection
history of the herd into which the animal was born and the herd from which it was slaughtered. Herd
location, increased herd size and dairy production were associated with increased probability of
serconversion. These findings may be used to inform the targeting of surveillance strategies once BVDV
freedom has been achieved.
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Summary
To decrease the spread of African swine fever (ASF) within wild boar populations, the search for and
removal of wild boar carcasses is essential. By analysing data of wild boar found in Latvia, as entered
into the EURL CSF/ASF database, predilection sites were identified to adjust the implementation of
control strategies.
Manual and automated analyses of GPS locations from Latvia indicated that ASF-positive animals were
more frequently found in forest and forest edge areas than ASF-negative animals. These were found
close to forest edges, often near clearings or forest-to-scrub transition zones.
In addition, the study shows limitations in the use of GPS locations as entered into the database for
retrospective case studies and provides hints for optimizing the documentation.
Introduction / Background
African swine fever (ASF) constitutes a threat for wild boar and domestic pigs worldwide. Its spread over
Europe continues and sets a challenge for veterinary authorities, hunters and farmers.
Currently, different measures are applied to control the spread of ASF in the wild boar population. One
essential strategy is the quick search for and removal of wild boar carcasses, which requires a huge
amount of financial and personal resources.
Aiming to identify predilection sites for the search of wild boar carcases to optimize the searches and
save resources, a data set of wild boar found dead in Latvia has been analysed.
Materials and Methods
The data: The data originates from the EURL CSF / ASF wild boar surveillance database and contains
a random sample of 599 wild boar carcasses with exact GPS locations from Latvia from the years 20172020. Three different groups of animals have been analysed: 249 ASF-infected boar found dead, 175
ASF-negative boar found dead and 175 ASF-negative animals shot apparently healthy. Additionally, a
sample of 10,000 random GPS locations was created and analysed to put the results in proportion to
the landscape structure of Latvia.
Manual measurements: By using orthophotos the landscape type of the GPS locations as entered into
the database was classified by “forest”, “field”, “forest-field-transition zones” and “other landscape type”
according to defined criteria. In addition, the type of the forest edge was analysed and classified by
“forest to field”, “forest to clearing”, “forest to scrub” and “other types”.
Afterwards, the distances of the animals to the next waterbody, road, settlement and forest edge were
measured with a measurement tool.
Automated measurements: Using a combination of various map data and the geographic information
systems “ArcGIS” and “QGIS”, automated analyses of the locations as well as distance measurements
were performed. Results of the manual analysis were used to establish and validate the automated
method.
Evaluation: Results were evaluated with the statistics software “R”, calculating descriptive statistics, chisquared tests as well as non-parametric Mann-Whitney-U tests adjusted with Bonferroni correction for
pairwise testing.
Results
Landscape type of GPS locations: In the manual categorization, ASF-positive animals were significantly
more frequently found in forest (59%) and forest-field transition areas (22%) than ASF-negative animals
(40%, 15% resp.). In contrast, animals were shot more frequently in fields (43%). Similar results have
been generated by the automated categorization.
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Distance measuring: Results of the automated distance measuring showed that ASF-negative
carcasses were found statistically significantly closer to roads, waterbodies and settlements than ASFpositive carcasses. No statistically significant differences between ASF-positive carcasses found dead
and animals shot apparently healthy were detected. However, animals of all groups were found close to
forest edges. In case of ASF-infected animals, the carcasses were found close to clearings respectively
forest-to-scrub transition zones.
Random points: The majority of random points were in fields (40%) and in forests (38%); a smaller
amount was in forest-field-transition zones (16%). The animals found dead were significantly closer to
waterbodies and forest edges than the random points. ASF-negative animals were found significantly
closer to roads and settlements than the random points. In contrast to that, random points were
significantly closer to roads and settlements than ASF-positive animals.
Discussion
The use of surveillance data allowed a retrospective analysis of findings of wild boar carcasses. The
results of the study partly differ from former studies, which indicate that ASF infected animals tend to
stay close to water in cold and moist areas (1). However, the nearness of carcasses to forest edges and
areas of forest-to-field transitions covered with bushes and scrub, has also been detected in the past
(2).
Nevertheless, the accuracy of the used GPS data in this study may be a limitation, as in any other study
too. The transmission of coordinates is strongly dependent on the availability of GPS signal close to the
findings. The number of animals found relatively close to or directly on roads furthermore indicate that
the dataset might as well include animals killed in road traffic accidents. Additionally, the bias in the
search for carcasses has to be taken into account. As a matter of course, only easily accessible areas
(e.g. regions close to forest edges, roads and settlements) can be searched for carcasses, which might
have influenced the results of our study. Further, the landscape structure of Latvia might have an impact
on the chance to find carcasses, since 53% of the country are covered with forests. Nevertheless, the
ASF-positive animals were more frequently found in forests than the random points.
Establishing an automated method aimed at reducing bias and human failure that must be expected in
manual measurements. The comparison of the results of both methods showed the limitations of map
data, since the landscape in some cases was not exactly represented in the maps as expected according
to orthophotos. Nevertheless, the automated method generates reliable results and may be used for the
analysis of larger samples.
In conclusion, the usability of GPS data from the surveillance database is limited. It should be
documented, if the coordinates are exact locations or only based on community. Furthermore, additional
information should be documented, e.g. the condition of carcasses and its surroundings.
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Summary
African swine fever (ASF) is an internationally spreading viral pig disease with a massive socioeconomic impact. Accurate identification of regions with a high risk of ASF introduction is critical for
efficient allocation of resources to prevent disease occurrence. Our knowledge of risk factors that inform
spatial disease estimates is incomplete, complex and uncertain, thus limiting rational approaches to
discerning high-risk regions through strictly statistical or logical means alone. Therefore, we developed
a novel participatory mapping system (Participatory risk mapping network for animal diseases,
PRMNAD) that exploits efficient cognitive decision-making processes, known as heuristics.
During a study that applied PRMNAD to ASF in wild boar, users were asked to evaluate map-based risk
information and the monthly ASF-disease status in Europe, to then choose currently ASF-free regions
that were in their opinion at high risk of reporting the disease during the next month. At the end of each
assessment period, user selections were validated against the true disease status that emerged.
We found that person-based PRMNAD selection of ASF high-risk regions outperformed an entirely
random or distance-to-disease informed selection model, suggesting that PRMNAD considers indeed
additional potential disease risk classifiers.
PRMNAD explores regionally and timely explicit disease classification methods at the interface of social
sciences and epidemiology. PRMNAD provides accessible expert opinion, facilitates the identification
of disease risk factors and examines efficient heuristic disease spread classification strategies to inform
modelling of complex animal disease spread.
Introduction
Since its re-incursion on the European continent in 2007, ASF has continuously spread in an
unprecedented manner. Each year the disease has moved along for kilometres and invaded previously
disease-free territories (1,2). This worrying situation requires frequent and instantaneous decisionmaking by local authorities and stakeholders to implement adequate and efficient ASF control. These
decisions have to be made in regards to resource allocation for surveillance efforts and implementation
of prevention and control measures, such as fencing or searching and removal of wild boar carcasses.
Detailed anticipation of ASF spread in the near future forms the basis of risk-based disease
management. Assessing the risk of disease dissemination in a spatially and timely explicit manner would
allow the design of efficient control strategies that could be tailored to a locally relevant context.
To assess future ASF spread and to determine currently disease-free regions that are at high-risk of
ASF incursion a comprehensive knowledge of ASF risk factors is essential. ASF susceptible European
wild boar are a mobile and dispersed wildlife species that play an important role in the short distance
dissemination and persistence of ASF in Europe (3,4,5). Therefore, in areas where wild boar are
present, risk factors related to their biology and behaviour need to be considered for the assessment of
ASF spread. Many additional, potential ASF risk factors have been considered previously, including
disease aspects of the environment, host, animated or unanimated vectors and risk factors in relation
to the pathogen itself (6,7,8,9,10,11). Yet, our knowledge of complex ASF risk factors is imprecise and
incomplete, making it difficult to apply to a local disease context in a timely and spatially explicit manner
(10). Similarly, in the absence of reliable risk factor information, utilising a conventional process of
systematic expert opinion elicitation to determine the regional disease risk status for ASF would involve
complex and time-consuming processes (12).
Here, a ‘Participatory risk mapping network for animal diseases’ (PRMNAD) is presented to rate
applicable risk factor information and facilitate local disease management decision-making by capturing
individual, spatio-temporal risk assessments from persons with expertise in disease-related knowledge
areas. In this study, PRMNAD was applied to examine the currently ongoing spread of ASF in wild boar
in Europe.
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Materials and Methods
PRMNAD used spatially- and timely-explicit case report data to map the disease status of pre-defined
10 x 10 km grid regions. A grid cell was considered diseased, if a case was reported within it. The
regional disease status was then combined with potential disease risk information to create an
interactive map that was presented to PRMNAD users for selecting regions with a high risk of ASF
occurrence. Figure 1 provides a schematic illustration of the PRMNAD system.
Figure 1. Concept of the Participatory risk mapping network for animal diseases (PRMNAD).

The users of the system recorded their selected high-risk regions and important underlying disease risk
factors that they had considered for each selected region. The study was conducted in monthly time
steps or assessment cycles. At the beginning of each month, disease and risk information was updated
on the map and the map subsequently provided to the users for selection of high-risk regions and
reporting of relevant associated risk factors. By the end of the month, user predictions were compared
with the truly emerging disease status. During user recruitment, information about the professional
background and experiences of the users was collected by questionnaire. Overall, the study period
covered 19 months.
The map-based risk assessment tool for this study was implemented in the statistical programming
language R, version 3.6.3 (13) with the ‘sf’ (14), ‘tmap’ (15) and ‘leaflet’ packages (16). The disease
status was created with ASF case reports from the Animal Disease Information System (ADIS) of the
European Union and the World Animal Health Information System (WAHIS) of the World Organisation
for Animal Health (OIE). Potential disease risk information was identified by literature review (11). The
required information was organised in selectable layers of the mapping tool, by combining customised
geospatial land cover information from CORINE Land Cover (17), OpenStreetMap (18) and GlobCover
2.3 (19), based on the 10 km reference grid of the European Environmental Agency.
To assess the performance of PRMNAD in comparison to stochastic disease spread prediction, a model
was constructed to simulate the PRMNAD system and help examine strategic selection mechanisms
applied by human PRMNAD users.
Results
During the study period, 21 active participants validly contributed 931 individual regional risk
assessments for the occurrence of ASF in wild boar to PRMNAD. Expertise of the participating users
collectively covered veterinary medicine, epidemiology, geospatial analysis, networks, parasitology, wild
boar biology and machine learning, with the majority having prior experiences working with ASF. The
users reported that they spent around 1 to 2 min on their decision to select a single high-risk region.
Of the 931 validly predicted high-risk regions, ASF wild boar cases were reported the following month
in 173 (0.185) regions. Users reported nearness to disease and forest connectedness as some of the
most frequently considered risk factors for their decision-making.
Examination of PRMNAD performance with a stochastic model revealed that person-based PRMNAD
selection of ASF high-risk regions outperformed an entirely random selection model by about 163-fold
(geometric mean (GM), range 20 – 358-fold) and a distance-to-disease informed model still by about
26-fold (GM, range 3 – 51-fold).
Discussion
PRMNAD integrates spatio-temporal animal disease reporting data with potential risk factor information
through an interactive mapping format to facilitate participatory evaluation of disease spread risks. Here
we developed and demonstrated the PRMNAD concept and examined the current ASF epidemic in
Europe during a 19-month study in 2020 and 2021.
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We show how PRMNAD could be widely implemented to access and report spatially explicit expert
opinion, but also how PRMNAD creates opportunities to rate and examine disease risk factors and
disease spread prediction strategies for the complementation of conventional statistical or stochastic
disease modelling.
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Summary
The submission of harmonised surveillance data from EU Member States on African swine fever (ASF)
to EFSA allowed several epidemiological analyses which include valuable information on disease
epidemiology, seasonality patterns, and assessment of the potential spread of the disease. These
analyses demonstrated that ASF is at different stages of the epidemic curve in the affected EU Member
States, and the seasonal patterns and trends differ considerably between regions. A systematic
literature review identified pig population density, socio-economic factors and biosecurity conditions as
the factors most frequently identified as significant for the presence of ASF in domestic pigs in the
studies included in the review. However, habitat related factors, population demographics and wild boar
management factors, especially Eurasian wild boar (Sus scrofa) abundance, were the factors most
frequently observed to be significantly associated with the risk of ASF in wild boar. Risk factor analyses
for ASF occurrence in wild boar were conducted for three different areas, i.e. Slovakia, Romania and
the Baltic states. In Slovakia and Romania, ASF cases in domestic pigs, environmental factors (i.e.
cropland density, urban areas and the density of waterbodies) and wild boar abundance were found to
be significantly related with the PCR detection of ASFV in wild boar, but no significant results were
obtained in the Baltic States. The outcomes of these risk factor analyses suggest the need to further
investigate biosecurity conditions and socio-economic factors potentially related with ASF in affected
countries, as well as methods to manage wild boar populations.
Introduction
Since African swine fever virus (ASFV) genotype II entered the European Union (EU) in 2014, the
disease has spread into numerous EU Member States (MS) and non-MS bordering countries. Due to
the rapidly evolving epidemiological situation and the important implications associated with the spread
of ASF, the European Food Safety Authority (EFSA) was requested by the European Commission to
produce annual epidemiological reports including i) updates of the epidemiological situation of ASFV
genotype II in Europe; and ii) review of the risk factors involved in the occurrence of the disease in wild
boar populations.
This communication presents the highlights of the epidemiological analysis and the results of the risk
factor studies done in the last reporting period (September 2019 to August 2020).
Material and Methods
i)
Epidemiological update
Three main sources of data were used in the descriptive epidemiological analyses: data on ASF
outbreaks reported by MS through ADIS (Animal Disease Information System Database), data on wild
boar populations (collected by ENETWILD project (1) and monitoring and surveillance data submitted
by the MS directly to EFSA through the Data Collection Framework according to SIGMA standards.
SIGMA is an EFSA project that developed a harmonised data model, the SIGMA Animal Disease Data
Model (σ-ADM), with the aim to gather information suitable for risk assessment from the concerned MS
(2). Specifically, ASF affected MS are requested to submit information on ASF laboratory results
(positive and negative) obtained during their surveillance activities. Details from the samples collected
from both, passive surveillance (wild boar found dead and suspicious domestic pigs) and active
surveillance activities (i.e. wild boar hunted and testing of pigs before moving) are submitted to EFSA in
annual basis, as well information on pig population data (census and location of all swine establishments
in the country). Data collected through the DCF was used to produce time profiles of the proportion of
positive samples (PCR and Antibody-ELISA) and study seasonality dynamics, while ADIS data was the
basis to study the potential spread of the disease through network analysis (3).
Finally, line graphs were also prepared with the standardised wild boar hunted data visualise temporal
trends in wild boar populations in relation to ASF.
ii)
Risk factor analysis
The analysis of the risk factors for ASF in Europe was performed using two different methodologies:
A systematic literature review was carried out to identify the factors most frequently associated with ASF
occurrence by quantitative epidemiological studies published in scientific publications. The factors
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identified in the studies were extracted together with the metadata of the scientific publications and
categorised in bigger groups to facilitate their analysis.
Two different statistical models were used to analyse the risk factors related with ASF presence in wild
boar in three different areas of the EU, selected based on data availability. A logistic regression model
was used to study the risk factors of ASF occurrence in Slovakia for the year 2020. In addition, a Besag
York Mollié Model was chosen for the risk factor analysis in Romania (2018-2021) and in the Baltic
States (2018-2020), which account for temporal and spatial correlation. More details on the models used
can be found in (3). These models included the positive PCR results of ASF in wild boar as outcome,
and a set of potential variables as covariates related to pig population, wild boar habitat suitability and
hunting related variables (i.e. number of dogs used in the hunting ground, hunting days and feeding
places).
Results
i)
Epidemiological update
ASF has continued spreading in wild boar in south and west directions in the EU during the reporting
period. However, the MS where ASF is or has been present, are at different stages of the epidemic: i)
under control in Belgium (obtained the official Freedom of Disease on October 2020), and Greece
(where no ASF was reported in this reporting period), ii) present in wild boar populations exclusively
(Hungary and Lithuania), iii) present in domestic and wild boar populations in stable phase (Bulgaria,
Latvia, Poland), iv) increased incidence in domestic pigs in the last period (Estonia, Slovakia and
Romania) and v) newly affected (Germany).
The surveillance data submitted to EFSA since 2016 were used to produce the time-profiles that
revealed a general decline of the proportions of PCR positive samples from wild boar carcasses in the
Baltic States, although a resurgence seems to occur in Estonia. In the rest of affected countries, this
proportion remained quite high, indicating an active circulation of ASF virus in the wild boar population.
Seasonality graphs revealed a clear increase in the proportions of PCR positive samples from domestic
pigs in the affected countries around the months of summer. Two different seasonality patterns were
observed on the proportions of PCR positive samples from wild boar found dead (passive surveillance).
While in some countries (Estonia and Latvia) there is a double peak in the months of summer and winter,
in the rest of affected countries there is only one peak in winter season, and no seasonality was observed
in Romania. No seasonality was neither observed in any of the countries for the proportion of PCR
positive samples collected during the active surveillance of wild boar.
The trends of wild boar hunting data demonstrated the influence of ASF on wild boar populations. In the
Baltics, the hunted wild boar have declined substantially (approximately 75%) since the introduction of
the disease in 2014, even though a small increase was detected in the last hunting season. A similar
reduction has been observed in Bulgaria (from 2018/19) and Romania (2020/21). However, no clear
trends were observed in the hunting data of the Central European countries.
The network analysis revealed a decrease in the number of notifications that can be considered as
potential secondary infections from a single source in the several of the MS. However, in Slovakia an
increase in the numbers of potential secondary cases was observed, while in Germany a very high
number of potential secondary cases were observed, indicating that the disease is still in an expanding
phase in these countries.
i)
Risk factor analysis
The systematic literature review identified 452 risk factors quantitatively analysed for their relationship
with ASF in domestic pig (20 articles) and wild boar population (10 articles). Pig farming, in particular
pig population density and factors related to biosecurity practices, and socio-economic factors (i.e.
demographic characteristics of farmers and human population in the area) were the factors most
frequently associated with ASF in domestic pigs.
For the occurrence of ASF in wild boar, wild boar abundance, vegetation characteristics, human
population demographics and presence of ASF in the area were the factors most frequently observed
to be significantly associated.
In the analyses of the risk factors related with ASF presence in wild boar, the models developed for
Romania and Slovakia identified a significant relation between the presence of ASF cases in domestic
pigs and the probability of detecting ASF positive PCR cases in wild boar. Other environmental factors
(i.e. cropland density, urban areas and the density of waterbodies) and wild boar abundance were also
found to be significantly related with the PCR positive detection of ASF in wild boar, as well as the
number of hunting days (as a protective factor) in Romania.
The analysis performed in the Baltic States did not identify any relevant risk factor but confirmed the
significant decline in the probability of obtaining PCR positive results in wild boar identified in previous
sections of this work.
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Discussion
These epidemiological analyses were possible thanks to the efforts of the MS to submit data to EFSA.
The collection of this data and its submission in a harmonised standardised way is the result of several
years of work and a multidisciplinary team that worked on adapting EFSA database to the requirements
of ASF laboratory data and created the tools to facilitate the submission from MS (SIGMA-EST). This
data collection was successfully expanded this year to cover pig population data (already used in this
report) and the goal is to include in the future other diseases and animal species. Only through the
collection and sharing of standardised data, high quality objective epidemiological assessments can be
performed.
The summary and presentation of the results of the systematic literature review of the risk factors was
challenging, due to the big amount and heterogenicity of the factors analysed and the different
methodologies used in the studies. However, it provides a good overview of the factors most commonly
identified with ASF occurrence in both domestic and wild boar populations, highlighting important areas
on which to focus prevention and control measures. For domestic pigs, pig population density (pig and
farm density) farm biosecurity and socio-economic factors were identified as the most relevant. Socioeconomic factors (including farmer characteristics as well as population demographics) have been
widely explored in Sardinia, where the disease has been present for long time, demonstrating their
relevance in the epidemiology of the disease. However, additional research on these factors in the more
recently affected areas of Europe would be of interest, for example to identify the groups/communities
for whom surveillance and control strategies might need to be adapted. Also, the link of these socioeconomic factors with biosecurity and specific farming practices should be investigated in detail in the
new affected areas, as important variations can be found depending on the local traditions.
Finally, in two of the risk factor models presented here (Slovakia and Romania) the presence of ASF in
domestic pigs was significantly related with the proportion of PCR positive results in wild boar. However,
the direction of that relationship cannot be inferred from the model results. Therefore, more detailed
data on farm management and biosecurity practices, as indicated in the systematic literature review,
would be needed to further investigate the risk of ASF in domestic farms and the potential link with wild
boar. Similarly, the number of hunting days was significantly negatively associated with the probability
of PCR positive results in wild boar in Romania. Still, the nature of this relationship between more
intensive hunting and less ASF in wild boar should be investigated more carefully, considering higher
resolution data and additional information on the hunting modalities implemented in the area.
Finally, the analysis performed in the Baltics did not identify any relevant risk factor, potentially due to
the low spatial resolution (NUTS 3) of the data used in the analysis, and the lack of harmonisation in the
wild boar related data collected between countries. Therefore, more detailed studies focused on smaller
areas with higher spatial resolution and harmonised data on wild boar, are recommended in the future
to explore the risk factors potentially involved in the persistence of ASF in wild boar in the Baltic States.
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Giovanni Loris Alborali*
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African swine fever (ASF) is a highly contagious viral disease of domestic and wild pigs, whose spread
is causing high swine mortality and huge economic losses worldwide. The lack of vaccines and effective
cures makes biosecurity measures paramount to prevent ASF entry and spread at both country- and
farm-level. In January 2022, passive surveillance on wild boars led to the detection of ASF in the
Mediterranean Alps. This in the first cases of ASF in continental Italy in newer history. To prevent a
further spread of the disease, efforts are currently directed at i) controlling ASF within the infected area
through fencing and culling; and ii) strengthening surveillance and farm biosecurity in the surrounding
buffer area. In 2017, Italy started implementing Classyfarm, a national integrated system aimed at
monitoring antimicrobial use, animal welfare and farm biosecurity. To assess biosecurity levels, two
different questionnaires are currently used within Classyfarm: a national administered by veterinary
public officers and Biocheck.UGent® used by farm veterinarians. Following EU Regulation 2021/605 on
ASF control, all Italian farms will have to follow standard biosecurity measures and adopt a Farm
Biosecurity Plan compiled by farm veterinarians based on Biocheck.UGent®. Within the buffer area,
such plans will need to be validated by veterinary public officers and additional special measures will be
mandatory, such as hygiene locks and fencing. Additionally, the national biosecurity check list is
currently being updated to improve risk assessment specific to ASF. The status for the outbreak in the
wild boar will be presented. Moreover, data on external and internal biosecurity levels in Italian swine
farms will be presented together with considerations on critical aspects and pitfalls.
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West Swine Health Intelligence Network (Cwshin), Charlottetown, Prince Edward Island, Canada

Summary
Canada West Swine Health Intelligence network (CWSHIN) is a functional ongoing sustainable
surveillance system that serves western Canadian swine producers, swine herd practitioners and
governments to improve swine health, production, and the economic prosperity of the sector.
The surveillance system included data collection and collation of health data (Data Repository), a
method of combining data without population identifiers (Disease map) and a guide to temporal
surveillance (analysis).
Based on data from the last two quarters in 2021, we demonstrate how CWSHIN was a functional
ongoing surveillance system; and we describe CWSHIN’s role in African swine fewer surveillance
activities (CanSpotASF).
Introduction/background
Canada West Swine Health Intelligence network (CWSHIN) serves western Canadian swine producers,
swine herd practitioners and governments to improve swine health, production, and the economic
prosperity of the sector. Our vision is to have a surveillance system imbedded in an intelligence network
that monitors diseases both present and absent (www.cwshin.ca ).
The surveillance system monitors and assesses temporal trends to: detect new emerging swine health
issues; detect unusual clinical presentation of known diseases; provide information about endemic
diseases, and for diseases absent in western Canada (such as African swine fever (ASF)) the objective
is to help provide evidence of absence of disease to support trade.
CWSHIN made use of existing laboratory data and linked these data to quarterly repeated clinical
impression surveys (CIS) based on the principles: 1) to use existing and available data to provide swine
health intelligence; 2) to acknowledge the absence of control of source data; 3) to acknowledge that our
data were incomplete and of varying detail and structure (messy); and 4) to allow case definitions to
depend on the objective of each specific analysis and its circumstances.
We linked laboratory- and CIS-data not by population identifiers such as herd-ID or animal-ID but by a
hierarchical structure of syndromes, clinical diseases, specific diseases, organisms etc. and refer to that
structure as our Disease Map (1). CIS data from 2012 to 2021; laboratory data (Veterinary Diagnostic
Services (VDS), Winnipeg Manitoba; Prairie Diagnostic Services (PDS), Saskatoon, Saskatchewan; two
research laboratories at Western College of Veterinary medicine (WCVM); and data from federally
inspected abattoirs were stored in CWSHIN’s Data Repository (1).
From August 2020, the laboratory data included ASF rule-out testing results. CWSHIN’s role in the
national monitoring of ASF (CanSpotASF) was to collate the regional data on ASF rule-out testing and
forward the summarized results to the national Canadian Swine Health Intelligence Network (CSHIN)
that in turn provide a national summary for CanSpotASF.
In 2021, we developed a guide to temporal surveillance in CWSHIN that formalized the quarterly
analyses of our surveillance data. This guide was applied to quarters 3 and 4 in 2021.
Therefore, the objectives were to present the results of the temporal surveillance of syndromes in
CWSHIN for quarters 3 and 4 in 2021 (but focus on the most recent Q4); and describe the regional
collation and analysis of ASF rule-out testing.
Materials and Methods
The data for analysis were extracted from the Data Repository and included CIS data from 10 quarters
(July 2019 to December 2021) and laboratory data from January 2016 to December 2021.
In CIS, swine practitioners in the region (British Columbia, Alberta, Saskatchewan, Manitoba) recorded
their impression of the occurrence of defined syndromes as never, rare, common, or very frequent
(coded 0, 1, 2, 3). Quarterly CIS scores were calculated as unweighted means.
A laboratory case (n) was defined by Case ID as assigned by the laboratory. A positive case (p) had a
positive laboratory diagnostic test-result (on bacteriological cultures, PCR incl. ASF-PCR, serology,
pathology etc.).
The temporal surveillance in CWSHIN was a combination of monitoring, defined thresholds, and
predefined action.
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Firstly, a formalized monitoring of syndromes with:
1) Three groups of syndromes (A, B, C).
a) Group A: Digestive (Porcine Epidemic Diarrhea (PED) and other), Respiratory, and Systemic
syndromes;
b) Group B: Reproductive, Skin, and Locomotory syndromes; and
c) Group C: Injury/welfare, Neurological, Clinical, and Congenital syndromes;
2) Lab syndrome (ambiguous not matching other syndromes) and Diagnosis Not Reached (DNR) to
monitor unusual clinical signs or new health issues;
3) Descriptive charts applied to flag discrepancies between CIS and laboratory data;
4) Descriptive charts applied to illustrate the relative frequencies of syndromes, organisms etc.
5) Statistical Process Control (SPC) charts applied to statistically assess departures from a normal
trend.
Secondly, thresholds defined as: flag (in descriptive charts), signal and run (in SPC charts). A flag was
defined as a discrepancy between trends in CIS and Laboratory data. “Observe” was defined as a
potential flag that should be observed in the next quarters. A signal was a point outside the control limits
in the SPC charts and a run was consecutive points with a pattern in SPC charts.
Thirdly, predefined actions that in CWSHIN are further exploration of laboratory data and discussion at
the quarterly calls.
In CanSpotASF a list of eligible conditions may trigger ASF rule-out testing. This list includes cases with
conditions that may mask occurrence of ASF while morbidity and mortality is still low but where ASF is
NOT suspected. The number of cases submitted to pathology at participating laboratories, eligible cases
and cases tested for ASF was tabulated.
Results
With the guide we expected a manageable (1 to 4) number of flags, signals or runs (= thresholds
reached) to be explored and discussed each quarter (= predefined action).
In Q3 we found: 4 flags and 2 signals/runs representing 5 health issues: Streptococcus suis / Systemic
syndrome; prolapses; Salmonella; Reproductive syndrome; and Skin syndrome. Another 5 conditions
were placed on the “observe” list: Respiratory syndrome; Stomach ulcers; Sow lameness; Coccidiosis;
and Glasser. That was over the expected number of health issues but still manageable for the
discussions.
Figure 17 CWSHIN laboratory data on proportion of cases positive for PED presented in a statistical process
control (SPC) chart. X-axis was defined by quarter (Jan 2016 to Dec 2021).
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Figure 18 Clinical Impression survey scores and laboratory data by quarter from January 2016 to December
2021.

In Q4/2021, the guide yielded the expected number of health issues with two signals and two flags:
1.
A signal for proportion positive (p/n) for Porcine Epidemic Diarrhea (PED) due to an outbreak in
Manitoba. Clearly PED’s proportion of positive (p/n) increased in Q4 (signal above upper control
limit figure 1). However, no flag, signal or run for other digestive diseases and no real changes
in the clinical impression survey (CIS) were detected (figure 2)
2.
A signal for Systemic syndrome (n) but low p/n was likely due to an ongoing CWSHIN
investigation of Streptococcus suis. An exploration recommended that going forward SPC
charts for the Systemic syndrome should start in 2019 (not 2016).
3.
A flag for Respiratory syndrome with the second highest CIS score since 2019 and with the
highest CIS score among syndromes in this quarter. However, exploration of the laboratory data
did not detect any upward trends.
4.
A flag/observation for Injury/welfare that ranked 5th in CIS scores and there was comment on
injury/welfare for British Columbia after a regional emergency with extensive flooding in
November 2021.
Neither in Q3 nor in Q4 where any flag, signal or run detected for DNR.
ASF rule-out testing in the region reached its potential in January 2021. Practitioners and pathologists
at the provincial and reginal laboratories could initiate ASF rule-out testing based on a list of eligible
conditions. The aim was early detection of ASF in herds where other diseases were present that may
mask the early stages of ASF. Therefore, presentation of the ASF testing data included number of
pathology cases; number of eligible cases based on the CWSHIN Disease Map and eligibility criteria;
and number of cases tested with ASF PCR. All cases have tested negative to date.
Table 6 Pathology cases extracted from CWSHIN’s Data Repository July 2020 to December 2021.
2020
2021
Q3*

Q4

Q1

Q2

Q3

Q4

Cases submitted to provincial and regional laboratories
Pathology

183

228

149

180

141

182

Eligible

46

61

53

46

35

58

Cases with rule-out ASF test
Number cases

9

37

50

43

53

50

% of eligible

20%

61%

94%

93%

151%

86%

% of pathology

5%

16%

34%

24%

38%

27%

* August & September
Note increased mortality or increased abortions are eligibility criteria that
may not be included in the final diagnosis. The BC laboratory closed
from 16 November 2021 due to flooding.

Discussion
CWSHIN has been ongoing since 2012 and critical for its sustainability has been factors such as
stakeholder buy-in, use of existing data, value added, network and communication with swine
practitioners and producers. Therefore, the focus of CWSHIN has been epidemiologic analysis of
existing data and reporting back to data providers and stakeholders with limited collection of new data
(CIS).
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In CWSHIN, temporal surveillance was based on existing and messy data without population identifiers
such as herd ID. However, with the combination of linking data sources by the Disease Map, the guide
to temporal surveillance with flags, signals and runs as thresholds for further action (exploration and
discussion) the CWSHIN surveillance is a functional ongoing surveillance.
In the last two quarters (Q3 and Q4 2021) the number of flags, signals and runs were manageable for
explorations and discussions.
CWSHIN provided an already ongoing and functional system to support CanSpotASF through the
CSHIN.
Therefore, the methods for data collection, collation and analysis developed in CWSHIN and CSHIN
provided quarterly updates on ASF rule-out testing that has been included in national summaries of ASF
rule-out testing.
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Summary
To facilitate decisions on risk management for exotic animal disease threats, a rapid risk assessment
tool (RRAT) was developed to quickly assess the ever-changing risk of animal disease introduction. The
objective of the tool is to prioritize diseases for risk management and to identify high risk trade flows and
source countries. RRAT has been built as a relational database to link data on disease outbreaks
worldwide, on pathways for introduction and on disease-specific parameters. The tool has been
parameterized to assess the incursion risk of ten exotic animal diseases for the Netherlands by two
pathways, i.e. trade in live animals and import of animal products. RRAT calculates a semi-quantitative
risk score for the incursion risk of each disease, the results of which allow for prioritization. Results
based on the 2018 situation indicate that bovine tuberculosis has the highest risk of being introduced
into the Netherlands by both introduction pathways. Trade in live animals also entails a risk for equine
infectious anemia and bluetongue, whereas import of animal products also has a high risk for African
swine fever, Aujeszky’s disease and foot and mouth disease. We conclude that RRAT is a powerful tool
to quickly analyze the incursion risk of multiple animal diseases. Inclusion of additional pathways will
increase the reliability of results, especially when import of livestock is banned from infected areas.
Introduction
Increasing globalization and international trade contribute to rapid expansion of animal and human
diseases. Introduction of exotic animal diseases into naive livestock populations can result in large-scale
epidemics with serious economic and socio-ethical impact. An illustrative example is the introduction of
African swine fever (ASF) into Georgia in 2007 and its subsequent spread to Europe and Asia (1). In
2021, the same strain of ASF virus was introduced into the Americas (Dominican Republic and Haiti)
(2). Preparedness is warranted to prevent outbreaks of exotic animal diseases or detect outbreaks in
an early stage. Risk assessment is a useful tool to inform risk managers on the incursion risk of exotic
animal diseases that can not only provide information on the magnitude of the risk, but also on the main
sources of risk and the change of risk over time.
The incursion risk of an exotic animal disease is largely determined by the current distribution of the
pathogen in the world and the connections of the target area with these regions. These connections are
called pathways for introduction and can either be trade in livestock or their products, trade in exotic
animals, migrating wildlife, movements of people if the disease is zoonotic, or introduction of vectors if
the disease is vector-borne. Data on the worldwide distribution of exotic animal diseases and on the
pathways along which these diseases can be spread to the target area is largely available from global
databases such as WAHIS (2), EMPRES-i (3), Comtrade (4) and Comext (5). Integration of this data is
usually done by disease experts or in bespoke risk assessment models. To fully exploit the available
data, we developed a rapid risk assessment tool (RRAT) that combines the data from global databases
into an automated estimate of the incursion risk for multiple animal diseases. The main objective of this
tool is to prioritize diseases for risk management in order to contribute to early warning. Furthermore,
RRAT can indicate high risk trade flows and source countries, the results of which can be used for riskbased surveillance. In this paper, RRAT is described and first results for the Netherlands as target area
are presented and discussed.
Materials and Methods
RRAT has been built as a relational database in R (6) and SQLite (7) with the main databases in the
tool describing: the worldwide occurrence of animal diseases; the level of trade for each pathway of
introduction; and disease-specific parameters to assess the relevance of each pathway. RRAT is a semiquantitative risk assessment tool that provides the user with a risk score for the probability that a specific
disease enters the target area and will result in a first infection of local livestock animals. Pathways
considered in RRAT are the legal trade of live animals and the legal import of animal products for human
consumption. Up till now, RRAT has been parameterized for ten diseases that are considered a potential
threat to the Netherlands, viz. African horse sickness (AHS), ASF, Aujeszky’s disease (Auj), bluetongue
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(BT), bovine tuberculosis (bTB), classical swine fever (CSF), equine infectious anemia (EIA), foot and
mouth disease (FMD), lumpy skin disease (LSD), and peste des petits ruminants (PPR).
Calculations in RRAT are based on the Binomial process considering (1) the number of animals or
products imported in a one-year period, (2) the probability that an individual animal or product is infected
when entering the target area, and (3) the probability that such an entry results in a first infection of local
animals. The overall risk score 𝑅𝐷 for a single disease D is calculated as:
𝑛

𝑚

𝑅𝐷 = 1 − ∏ ∏(1 − 𝑃𝑒𝑛𝑡𝑟𝑦𝐶𝑃𝐷 × 𝑃𝑖𝑛𝑓𝑃𝐷 )

𝑁𝐶𝑃

𝐶=1 𝑃=1

where 𝑃𝑒𝑛𝑡𝑟𝑦𝐶𝑃𝐷 is the probability of entry of disease D from source country C by pathway P, 𝑃𝑖𝑛𝑓𝑃𝐷 is
the probability that entry of disease D by pathway P results in a first local infection, and N is the number
of pathway units (animals, products in kg) of pathway P that enters the target area from source country
C in the time period considered.
The number of animals imported by the Netherlands from each source country was derived from
TRACES (8). Animals considered were equines, bovines, pigs, sheep and goats. Data on imports of
animal products for human consumption was derived from Comext (5). Animal product categories
considered were fresh meat, frozen meat, processed meat (heated, dried or salted), and dairy products.
Infection probabilities for animals and their products were based on data from WAHIS (2) considering
the number of cases reported to OIE in a one-year period for each source country, the total livestock
population in the source country, and the average infectious period of the disease in infected animals.
Not all countries reported to OIE on all diseases. If no cases were reported, the country was assigned
to one out of six risk classes using a decision tree considering other information reported to OIE such
as absence of disease, endemic presence, or presence in wildlife only. If no information was available
at all, i.e. no report to OIE, the country was assigned to the highest risk class. For each risk class, a
proxy value for disease prevalence was set to use in the model calculations.
The probability of a first local infection is based on the probability that an infected animal or product will
come into contact with susceptible livestock and that such a contact will result in a new infection. For
live animals, the probability of contact was given a proxy value based on the destination of the imported
animals (livestock farm or slaughterhouse). For animal products, the probability of contact was given a
proxy value based on the intended use of the product (human consumption; pet food; animal feed).
Results
The risk score of each disease for the Netherlands in the 2018 situation is presented separately for the
animal trade pathway and the animal products pathway in Figure 1. It is clear that the overall risk is
highest for bTB with a risk score of 1 for both pathways. Trade in live animals also poses a risk for BT
and EIA, whereas trade in animal products poses an additional risk for ASF, Auj and FMD. The ASF
situation in Europe and Asia in 2018 resulted in a relatively high incursion risk via animal products, but
not live animals.
Model results can be analyzed in more detail for diseases with a high risk score. Countries contributing
most to the risk of bTB due to trade in live animals were Ireland, Belgium, and the UK (Fig. 2). This is
either related to a high prevalence of bTB in those countries, high numbers of bovines imported from
those countries (mainly veal calves), or both. Also animal products imported from these countries posed
a high risk for bTB although to a lesser extent from Belgium. In addition, animal products imported from
Spain and China contributed significantly to the bTB incursion risk.
Figure 1: The risk of having a first infection in the Netherlands for each disease in RRAT resulting from
trade in live animals and import of animal products in 2018.
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Figure 2: Main source countries contributing to the bovine tuberculosis risk for the Netherlands in 2018.
Only source countries with a risk score > 0.1 for either trade in live animals, trade in animal products or
both were included.
1

Risk score

0.8

0.6
0.4
0.2
0

Animals

Products

The animal products contributing most to the incursion risk differed largely among diseases. Imports of
dairy products contributed most to the incursion risk of bTB, whereas the risk of Auj was mainly related
to imports of frozen meat products (Fig. 3). The relative contribution of products is not only determined
by the probability that these products contain viable pathogens, but also the size of the legal trade flows.
Imports of fresh and frozen meat products are, e.g., not allowed from areas where FMD is present. This
resulted in a relatively low risk for those product categories even though viral loads can be high in these
products.
Discussion
RRAT is a useful tool to rapidly assess the incursion risk of multiple diseases. Results of RRAT can be
used to prioritize diseases for risk management and early warning. The tool has been built such that it
can be easily updated when new data become available. Input data from WAHIS, TRACES and Comext
are automatically processed into risk scores for the diseases included in the tool. Adding a new disease
to the tool is relatively easy as it only requires an update of disease-specific parameters. Also, the tool
can relatively easily be adapted to other countries, since this only requires an update of the trade data.
The tool does, however, not provide the full remit of the incursion risk as, e.g., pathways related to
human behavior and wildlife ecology are not considered. Inclusion of additional pathways will increase
the reliability of results, especially when import of livestock is banned from infected areas. The tool is
currently being extended with the risk of animal products brought into the target area by travelers and
the risk of migrating wildlife. Results of the tool can be queried to indicate the pathways (animal species
or product types) and source countries contributing most to the risk. This information is useful input for
the design of risk-based surveillance. Furthermore, risks across different target areas could be
compared to see which areas are most at risk for a specific disease.
Figure 3: Contribution of animal product categories to the incursion risk of bovine tuberculosis, African
swine fever, Aujeszky’s disease and foot and mouth disease for the Netherlands in 2018.
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RRAT can be classified as a semi-quantitative risk assessment tool. The output of RRAT is presented
as risk scores between 0 and 1. Although the risk score is calculated as if it were the probability of at
least one introduction per year, the absolute value of the risk score cannot be interpreted as such,
because input values for probabilities in RRAT are to a large extent based on risk classes rather than
on quantitative data derived from literature or experiments. These risk classes have been translated into
proxy values to allow for the calculation of risk scores. Results of RRAT thus give an indication of relative
risks rather than absolute risks and are therefore most useful for prioritization.
Even though data from global databases are inputted into RRAT as purely quantitative data, these also
contain uncertainty. Numbers of livestock imported, e.g., differ between TRACES and Comext. RRAT
is a deterministic risk model not taking into account uncertainty in its model calculations. However,
comparisons of risk scores when using different databases is possible. Furthermore, data from WAHIS
on disease occurrence worldwide is biased due to underreporting or non-reporting. In RRAT, a decision
tree is used to classify countries for their disease risk based on data available from WAHIS. If countries
did not report at all, they are classified as high risk, unless there is evidence that disease is likely to be
absent based on information from other countries in the same region. For the European Union, data on
disease outbreaks from WAHIS were complemented with data from the Animal Disease Notification
System (ADNS) (9) if available.
Validation of RRAT is difficult as the tool estimates the incursion probability of diseases that are not
introduced into the Netherlands regularly. The only exception is bTB for which 23 introductions occurred
in the period 1999-2013 (10). RRAT indeed indicates that trade in live animals entails a high risk of bTB
introduction, indicating to a large extent the same source countries as high risk as the study of De Vos
et al. (10).
Furthermore, RRAT was cross-validated against other generic risk assessment tools that have recently
been developed in Europe by applying all tools to the same case study on ASF (11). Results indicated
that the generic tools largely agreed on the relative risks across countries and scenarios, resulting in the
same ranking. RRAT was primarily designed for prioritization purposes, the ranking of diseases, source
countries and pathways being thus the most important output of the tool. Therefore, the cross-validation
contributed to the credibility of results obtained with RRAT.
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Summary
Generic risk assessment (RA) tools can be applied to assess the incursion risk of multiple animal
diseases, allowing for a rapid response to a variety of newly emerging or re-emerging diseases.
To explore the opportunities for cross-validation of generic RA tools, seven tools were used to assess
the incursion risk of African swine fever (ASF) for the Netherlands and Finland for the 2017 situation
and for two hypothetical scenarios in which ASF cases were reported in wild boar and/or domestic pigs
in Germany. The generic tools ranged from qualitative risk assessment tools to stochastic spatial risk
models but were all parameterised using the same global databases. The tools had different outputs
and endpoints and therefore the cross-validation focused on the relative risks across countries and
scenarios.
All tools evaluated the risk to the Netherlands to be higher than Finland for the live animal trade pathway.
The risk to Finland was the same or higher as the Netherlands for the wild boar pathway, but the tools
were inconclusive on the animal products pathway. All tools agreed that the hypothetical presence of
ASF in Germany increased the risk for the Netherlands, but not for Finland.
The case study illustrated that conclusions on the ASF risk were similar across the generic RA tools,
despite differences observed in calculated risks. Hence, it was concluded that the cross-validation
contributed to the credibility of their results.
Introduction
Increasing globalization and international trade contribute to rapid expansion of animal diseases, as
illustrated by the recent outbreaks of African swine fever (ASF) and lumpy skin disease. Introduction of
exotic animal diseases into naive livestock populations can result in large-scale epidemics with serious
economic and socio-ethical impact. Hence, preparedness is warranted to prevent, detect, and control
outbreaks of exotic animal diseases. To make decisions on risk management of exotic animal disease
threats, it is necessary to know which animal diseases pose the highest threats and should therefore
deserve more attention.
Risk assessment (RA) is a useful tool for prioritization of diseases with respect to their incursion risk,
the results of which can be used to assign resources for prevention and surveillance to those regions,
diseases or pathways that have the highest risk. Most commonly, risk assessments are developed to
assess the risk for a single disease and introduction pathway. In recent years, several generic risk
models or frameworks have been developed that can be applied to assess the incursion risk of multiple
animal diseases and pathways.
A shared problem of both generic tools and bespoke models is the validation of their results. Most import
risk assessments aim to evaluate future probabilities of rare events occurring in an ever-changing world,
meaning the use of historical data are not appropriate for validation. Validation of import risk
assessments is, nevertheless, an important step in their development to ensure the plausibility of results.
With several generic RA tools having been developed in recent years in Europe, opportunities arise to
address model uncertainty by comparing results obtained with different tools. ASF was selected as a
case study given its rapid spread in Europe in recent years (1). ASF is a viral disease of pigs and wild
boar caused by the ASF virus, which was introduced into the Caucasus region in 2007 and has
subsequently spread into Belarus, Russia and Ukraine and then to the European Union in 2014 (2).
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Here, we discuss a cross-validation exercise comparing the results from seven generic risk assessment
tools with regards the incursion risk of ASF for two European countries, the Netherlands and Finland.
These countries were chosen because of their opposite risk profiles for ASF; the Netherlands imports
and exports millions of live pigs annually, whereas Finland has hardly any international trade in live pigs.
Furthermore, Finland was geographically much closer to observed outbreaks of ASF at the time this
study was initiated (before the ASF outbreaks in wild boar in Belgium in September 2018).
Materials & Methods
Seven generic RA tools, within 4 European countries, were developed in recent years and included in
the cross-validation: SPARE (3), COMPARE (4), IDM (5), RRAT (6), MINTRISK (7), SVARRA (8) and
NORA (9). All seven tools were built to be flexible with respect to the animal disease(s) to be evaluated,
although MINTRISK focused specifically on vector-borne diseases. All tools were designed for rapid risk
assessment, although the assessment would in general take more time if a specific disease has not
been evaluated with the tool before. The total number of diseases evaluated so far with each tool greatly
varies, as does the level of resources (expertise, data, time) needed to complete the assessment.
The seven generic RA tools were mostly developed independently and with different objectives in mind,
resulting in different modelling approaches (from qualitative to quantitative), different endpoints (e.g.
entry into the country, exposure, first infection, epidemiological or economic consequences) and
different output parameters. NORA and SVARRA were specifically developed to be used in response to
disease events, e.g. a new outbreak of an epizootic disease in Europe. These tools aim to rapidly assess
the incursion risk of such a new disease for the target region and consider the specific situation at that
time. All other tools assess a continuous incursion risk based on annual data for trade patterns and
disease outbreaks. These tools will signal an increase in the risk of incursion for a specific disease over
time rather than assessing the increased risk resulting from a specific disease event.
Most of the RA tools of G-RAID can be classified as semi-quantitative (MINTRISK, RRAT, IDM and
NORA). These tools use both quantitative and qualitative input data, which is often converted to semiquantitative risk scores, to estimate the incursion risk of animal disease. Therefore the results are mostly
presented in the form of risk scores or qualitative descriptions of risk levels. Two RA tools of G-RAID
are fully quantitative models (SPARE, COMPARE). These tools use only quantitative input data to
calculate the risk and return a quantitative estimate of the incursion risk, for which COMPARE can
provide this at different spatial resolutions. One RA tool is a purely qualitative tool (SVARRA); while
quantitative input data may be used to inform the tool, no calculations are performed to arrive at the final
risk estimate, which is presented using well-defined qualitative terminology.
ASF case study: To explore the opportunities for cross-validation of the generic RA tools, all seven tools
were used to assess the risk for a selected case study considering the ASF situation in 2017 in Europe
and two hypothetical scenarios in which ASF cases were reported in Germany. In addition, a bespoke
model for ASF, IRTA, was developed to compare against the generic RA tools with the aim of
investigating if there are important results that are missed or additional uncertainties introduced by the
generic approaches. The agreed hazard was the ASF virus strain responsible for European cases in
2017. The case study focused on the three pathways most commonly considered by the tools: trade in
live animals, trade in animal products and wild boar movements.
1. Baseline Risk Scenario (S1): The risk question was formulated as: Given the history of ASF
cases reported in Europe as of December 2017, as well as trade patterns in 2017, what is the
predicted incursion risk of ASF for (a) the Netherlands and (b) Finland?
2. Scenario 2 (S2): In addition to the Scenario S1 it was assumed that on 30/12/2017 ten separate
cases of wild boar found dead, infected with ASFV, were reported from the Munster region of
Germany at a distance of approximately 50 km from the Dutch border.
3. Scenario 3 (S3): In addition to Scenario S2 it was assumed that on 30/12/2017, one outbreak
on a single commercial mixed (breeding and fattening) farm had been reported in the same region
of Germany. The commercial farm had 2,500 pigs on it, 18 of which were found to be infected and
all 2,500 were immediately culled.
The hypothetical ASF cases in S2 and S3 were assumed to behave in a similar way to the other cases
in Europe in 2017 with regards to characteristics such as infectious period and transmission rate.
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Input data: The input data used by the tools were standardized wherever possible to ensure differences
in results would result from model uncertainty rather than input parameter uncertainty. The majority of
the data required for the risk assessments can be broken down into four categories: 1) disease
prevalence in source areas; 2) pathway movements from source areas to the target area; 3) exposure
to susceptible species; and 4) disease-related parameters.
Disease prevalence: All generic RA tools used data from the world animal health information system
(WAHIS, OIE) (2) on the number of ASF outbreaks and the number of cases by species (domestic pigs,
wild boar) on the country level for 2017 and previous years. Some tools used built-in algorithms to
transform the raw data into prevalence estimates.
Pathway movements: All of the generic RA tools used Comext trade data (Eurostat) for 2017 (10) to
assess the numbers of animals and animal products entering the Netherlands and Finland.
Susceptible animals: Harmonization of data on susceptible animals in the Netherlands and Finland was
not possible. COMPARE used maps on pig density (11) and wild boar abundance (12), whereas most
tools did not need data at this spatial scale and used data on pig farms and wild boar from Dutch and
Finnish sources. Country-specific data were shared among authors to ensure all authors had access.
Disease-related parameters: These parameters were sourced individually by each tool from published
literature and/or expert opinion. Parameter values were shared to enable harmonization of input data
over the RA tools if the same input parameters were used.
Outputs: Results from the different tools were compared using relative risks between countries
(Netherlands v Finland) and scenarios for each of the three pathways. A full comparison of the absolute
results of the different generic RA tools for the ASF case study was not possible because of differences
in methodologies (objectives, endpoints, output parameters, pathways considered).
Results
The ASF risk for the Netherlands was compared to Finland for the baseline scenario S1 (Figure 1). For
each of the RA tools, the evaluated risk for the live animal trade pathway was higher for the Netherlands
than for Finland. The large differences in risk (up to 10 7 for some tools) are due to an extremely low or
even negligible probability of introduction via live animal trade for Finland, rather than to a high risk for
the Netherlands. Of the tools that evaluated the trade in animal products pathway, three (COMPARE,
RRAT, NORA) predicted a higher risk for the Netherlands than for Finland, although differences in risks
were much smaller than for the live animal trade pathway. Two tools (IDM, SVARRA) predicted an
equivalent risk whereas one tool (SPARE) predicted the risk would be lower for the Netherlands than
for Finland. This may be explained by the fact this tool only considered entry to a country and not
exposure to pigs. For the wild boar movement pathway, all tools predicted the same or higher risk for
Finland compared to the Netherlands, due to the large distance of wild boar cases from the Netherlands
in 2017.
Figure 1: Relative risk of introducing ASF into the Netherlands compared to Finland by different routes
in the baseline scenario S1. A relative risk above 1 (black line) denotes the Netherlands is a higher risk
than Finland, while a relative risk below 1 denotes Finland is a higher risk. <NA> indicates that a pathway
was not available for a particular tool.
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The ASF incursion risk in the hypothetical scenarios was compared to the baseline scenario (Figure 2)
and all tools agreed that the hypothetical cases increased the risk for the Netherlands, especially for the
wild boar movement pathway. The addition of an infected pig farm (S3) increased the risk for most tools
for the live animal and/or animal products pathways. Only SVARRA indicated that S3 did not further
increase the risk for the Netherlands compared to S2.
Most RA tools agreed that the presence of ASF in wild boar in Germany (S2) did not increase the risk
for Finland compared to the baseline scenario. The addition of an infected pig farm (S3) did increase
the risk for three tools (SPARE, RRAT, IDM). However, four of the tools (COMPARE, MINTRISK,
SVARRA, IRTA) indicated that the hypothetical cases in Germany (both S2 and S3) did not increase
the risk for Finland at all compared to the baseline scenario.
Figure 2: Relative risk of Scenarios S2 and S3 to the baseline (S1) for introducing ASF into the
Netherlands and Finland. A relative risk above 1 (black line) denotes that S3 or S2 has a higher risk
than S1. <NA> indicates that a pathway was not available for a particular tool.
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Discussion
Validation of generic RA tools is a challenging task for which no gold standard is available. In this study
we explored the opportunity to cross-validate seven generic RA tools by universally applying them to a
predefined case study on the incursion risk of ASF.
The RA tools largely agreed upon the direction of the relative risks and thus on prioritization of countries
and scenarios. All tools concluded that the ASF risk of trade in live animals was lower for Finland than
the Netherlands in the baseline scenario and that the risk of wild boar movements to Finland was equal
to or higher than the Netherlands. Furthermore, all tools concluded that the presence of ASF in Germany
(hypothetical scenarios) had little or no impact on the ASF risk to Finland, but did increase the ASF risk
to the Netherlands. Thus, conclusions on the ASF risk were similar across the generic RA tools, despite
differences in the magnitude of the absolute values of the calculated risks. Additionally, results of the
bespoke model (IRTA) were generally in line with those of the generic tools, providing further evidence
that the generic approaches have not introduced excessive uncertainty in the search for methods that
can be applied across multiple pathogens.
Differences in relative risks might have originated from how pathways were defined in the tools; for
example for trade in animal products some tools only included pork and pork products for human
consumption (SPARE, COMPARE), whereas other tools also included other products derived from
slaughtered pigs, such as hides and bristles (RRAT) and one of the tools (IDM) also included illegal
trade, whereas that was separated out in all other tools. The range of results obtained when considering
the results of all generic RA tools could be interpreted as an indication of the uncertainty included in the
risk estimates.
The choice of which generic RA tool(s) to use to answer a specific risk question will depend on the
primary objective of the risk assessment, the diseases and pathways that need to be evaluated, the
resources and expertise available, and the timescale at which the risk assessment has to be completed.
Some of the tools allow for a rapid risk assessment in response to a new disease event, whereas others
can be used for a continuous assessment of incursion risks over time making them suitable for horizon
scanning. Most of the tools can also breakdown results to provide more detail on source areas and
pathways contributing most to the risk or to indicate regions in the target area most at risk of introduction
of a new disease, all of which is essential information for disease prevention and surveillance purposes.
Communication of results from generic RA tools to risk managers should therefore aim at a proper
understanding of the risks and the uncertainties involved by indicating underlying mechanisms rather
than at communicating the absolute value or level of risk predicted.
The ultimate aim of generic RA tools is to provide risk-based evidence to support risk managers in
making informed decisions to mitigate the incursion risk of animal diseases. A secondary aim is to be of
use in the first instances of a disease outbreak, where, typically, information on imports and routes of
entry is investigated on a case-by-case basis. As such, the tools can be a useful complement to current
early warning systems, helping to drive risk-based surveillance activities, by providing comparisons to
indicate which pathogens are most likely to enter the EU, by which route and into which areas within
Europe. The assessment of the ASF incursion risk with multiple RA tools contributed to a better insight
into the uncertainties involved, improved understanding of all the tools and the cross-validation gives
enhanced confidence in the credibility of the outputs.
References
1. EFSA, et al. (2018). EFSA Journal 16(11), 5494.
2. OIE. (2019). http://www.oie.int/wahis_2/public/ wahid.php/Wahidhome/Home
3. Simons et al. (2019). Microbial risk analysis, https://doi.org/10.1016/j.mran.2019.05.001
4. Taylor et al. (2019). Transbound Emerg Dis 66(1):133-143
5. Roberts et al. (2011). Vet Rec 168:447-448
6. De Vos, et al. (2018). The 15th International Symposium of Veterinary Epidemiology and Economics.
Chiang Mai, Thailand. Pp. 253.
7. De Vos, et al. (2012). Report 11-CVI0168. Available at: http://edepot.wur.nl/198115.
8. EFSA, (2017). Available at: http://www.efsa.europa.eu/en/events/event/171127. Accessed 6 March
2019.
9. Kyyrö, J., et al. (2017). Transbound Emerg Dis 64, 2113-2125.
10. Eurostat. (2019) http://epp.eurostat.ec.europa.eu/ portal/page/portal/statistics/search_database.
11. FAO, (2019). http://www.fao.org/geonetwork/srv/ en/metadata.show?id=48052&currTab=simple.
12. Alexander et al. (2016) Open Health Data 4(1).

154

Acknowledgements
The authors would like to thank Dr. Helen Crooke, (Animal and Plant Health Agency, United Kingdom) for insightful
comments that have helped to improve this work. Prof. Katharina Stärk (Bundesamt für Lebensmittelsicherheit und
Veterinärwesen, Switzerland), Dr. Sharon Calvin (Canadian Food Inspection Agency, Canada) and Dr. Yves Van
der Stede (European Food Safety Authority, Italy) are gratefully acknowledged for reviewing an intermediate report
on the ASF case study.
This research was funded by an EFSA Partnering Grant (GP/EFSA/AFSCO/2017/01), the CoVetLab consortium
(CoVetLab 2017-5) and the Dutch Ministry of Agriculture, Nature and Food Quality (KB-21-006-028). Responsibility
for the information provided is with the authors. Results do not express EFSA’s view.

155

[O46] HOW TO APPLY APPROPRIATE SURVEILLANCE OF APPARENTLY HEALTHY BITING
DOGS FOR HUMAN RABIES PREVENTION IN DOG RABIES-FREE COUNTRIES? A BENEFITRISK MODELLING STUDY
Guillaume Crozet1, Tiffany Charmet1, Florence Cliquet2, Emmanuelle Robardet2, Barbara Dufour1,
Julie Rivière1
1Ecole

Nationale Vétérinaire D'alfort, Anses, Laboratoire de Santé Animale Usc Epimai, Maisons-Alfort, France
Nancy Oie/Who/Eu Laboratory for Rabies and Wildlife, Malzéville, France

2Anses,

Summary
Surveillance of apparently healthy dogs that bite humans can be recommended to ascertain that they
remain healthy indicating that no rabies virus (RABV) transmission occurred through salivary presymptomatic excretion. Such surveillance protocol of biting dogs saves many human lives in dog rabies
enzootic areas since it allows prompt post-exposure prophylaxis (PEP) administration. Its justification in
dog rabies-free areas remains not clearly defined due to its high burden, especially for pet owners and
veterinarians, in a context of low rabies risk.
We conducted a benefit-risk assessment of several surveillance protocols of apparently healthy biting
dogs, using the French situation as first example. A stochastic scenario tree modeling approach was
developed to consider the possible successions of events between a dog bite and a human death
attributed either to rabies or to lethal harm associated with the surveillance (lethal traffic accidents when
traveling to veterinary clinics or anti-rabies centers). We showed that the current French surveillance
protocol, relying on three veterinary visits during a 15-day period post-bite was not beneficial as more
deaths were generated (by traffic accidents) than avoided (by prompt PEP administration). Similar
results are expected for countries without established rabies reservoir in non-flying mammals (e.g. in
Western Europe). In these areas, risk-based surveillance (concerning only dogs at-risk for rabies) could
prove more appropriate. In countries with non-flying wildlife rabies reservoir (e.g. in Northern America),
non-risk-based surveillance with a reduced number of veterinary visits could also prove beneficial to
some extent. These results could thus directly inform policymakers.
Introduction
Rabies, due to RABV, is a lethal zoonosis once symptoms appear. RABV transmission to humans
occurs mostly by dog bites but infection can be prevented by prompt administration of PEP, consisting
in anti-rabies vaccine injections optionally associated with immunoglobulin administration (1). RABV
excretion from an infected dog can occur during the clinical phase of the infection and also during the
late phase of the incubation period, up to 13 days before appearance of clinical signs (2). In that context,
any bite by an apparently healthy dog can be responsible for rabies transmission which justifies the
monitoring of biting pets to ensure that they remain healthy, as recommended by World Health
Organization (WHO) (3). Such monitoring is fully justified in dog rabies enzootic areas for human rabies
prevention but its appropriateness in very low rabies risk areas could be studied to better inform
policymakers. Indeed, for example, a study (4) showed that PEP administration for people bitten in
France by apparently healthy dogs that were not available for an observation period was not beneficial
from a public health perspective. In this very low rabies risk country, probability of human death due to
lethal traffic accidents when going to an anti-rabies center was higher than the probability of rabies death
when no action is implemented. This benefit risk balance could be similar for apparently healthy biting
dog surveillance, often relying on veterinary visits for clinical examinations during a 10- or 15-day period
post-bite (e.g. in France, three veterinary visits are mandatory, on the day of the bite (day 1), day 7 and
day 15), thus generating high burden for pet owners and veterinarians with many road trips. Moreover,
low rabies risk countries appear to have various approaches to monitor apparently healthy biting dogs:
some countries like the United-Kingdom or Switzerland do not apply surveillance protocol, unless the
animal is identified as being at-risk (e.g. recently imported for rabies enzootic area) while other countries
like France apply systematic surveillance. Considering these discrepancies and lack of evidence to
justify systematic biting dog surveillance, we performed a benefit-risk assessment of surveillance
protocols of apparently biting dogs in the context of low rabies risk countries.
Materials and Methods
We developed a benefit-risk analysis using a stochastic scenario tree modeling approach. Several
surveillance protocols of apparently healthy biting dogs were investigated and they are summarized in
Table1.
Table 1. Studied surveillance protocols of apparently healthy biting dogs
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Name
M0
3V

1V10D

S_3V_1V10D,
S_3V_M0,
S_1V10D_M0

Description
No surveillance (only spontaneous
reporting of rabies clinical signs).
Three veterinary visits on the day of
the bite (day 1), day 7 and day 15 (the
current mandatory French protocol).
Alleviated protocol with one veterinary
visit on the day of bite followed by an
at-home observation period of 10
days, ended by a phone call.
Risk-based surveillance protocols
combining previous protocols. The first
protocol of the name is applied to atrisk dogs (that have recently been
abroad, possibly in a rabies enzootic
area) and the second protocol of the
name is applied to non-at-risk pets (i.e.
that have not recently been abroad).

For each protocol we (i) first defined event sequences starting from a bite of an apparently healthy dog
to a human death either due to rabies or to lethal harm associated with the protocol (we considered
lethal traffic accidents in this context) (5). (ii) We parameterized the scenario tree models using scientific
literature (e.g. for rabies natural history parameters) and a specific survey (6, 7) (e.g. for compliance
parameters) to define probability distributions in order to account for variability and/or uncertainty for
each event composing the scenario trees. In the baseline models, data from France were used for
parameterization (e.g. compliance, number of bites, number of rabies cases…). (iii) We then calculated
a benefit-risk indicator corresponding to the benefit-risk ratio (BRR): BRR = (number of avoided humans
rabies deaths thanks to the protocol) / (number of generated deaths due to the protocol (i.e. lethal traffic
accidents)). Number of deaths were obtained by multiplying probability of occurrence of one death type
(rabies or traffic accident) in the scenario trees by the annual number of dog bites. Probability of
occurrence of one death type was obtained by summing probabilities of occurrence of each branch
leading to this specific death type in the scenario tree. Probability of occurrence of one branch was
calculated by multiplying probabilities of all events composing the considered branch. Sensitivity
analyses (Spearman correlation, one-way and two-way sensitivity analyses) were carried out.
Results
For the French context, the current surveillance protocol “3V” appeared to be not beneficial (BBR<1),
avoiding less human rabies deaths than the generated road traffic deaths in the context of the
surveillance protocol (Figure 1).
Figure 1. Number of human deaths and benefit-risk ratio of surveillance protocol of apparently healthy
biting dogs in France (5)
Bars represent 90% prediction intervals.

Only risk based surveillance protocols “S_3V_M0” and “S_1V10D_M0” distinguishing between dogs
recently coming from abroad and others, with surveillance only applied to the first category, showed to
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be possibly beneficial (Figure 1b). Nonetheless, total human death numbers remained very low, no
matter the protocol under consideration: maximum of 15.9 deaths/1,000 years almost exclusively due
to road traffic accidents in the “3V” protocol while 2.18 × 10-1 deaths/1,000 years were expected (almost
all linked to rabies) in the absence of surveillance (“M0”) (Figure 1a).
In the sensitivity analyses we investigated variations of dog rabies incidence and of road traffic death
probability for one veterinary visit (linked to distance to the veterinary clinic and road traffic death
probability per kilometer) to illustrate contexts of different countries (Figure 2).
Figure 2. Two-way sensitivity analyses on rabies incidence and road traffic death probability for one
veterinary visit with representation of different country contexts
Countries are represented by scatter plots (100 points each) to present uncertainty and variability on
dog rabies incidence and road traffic death probability. BRR: benefit-risk ratio. USA: United-States.

We illustrated different dog rabies free countries among which some have rabies in wildlife (the UnitedStates and Canada) and others with no non-flying mammal rabies reservoirs (Belgium and Germany).
Such representation assumes similar bite incidence and similar compliance with protocols in all these
countries. In all rabies free European countries, non-risk based protocols (“3V” and “1V10D”) showed to
be not beneficial (i.e. all the BBR distribution below 1). For North American countries with non-flying
wildlife rabies, the BRR distribution included 1, especially for the “1V10D” protocol. Risk based protocols
(e.g. “S_1V10D_M0”) are justifiable only in areas where an at-risk pet population can be targeted. This
is the case in Western Europe which has no non-flying mammal rabies reservoir and in which the at-risk
dog population corresponds to dogs that have been recently imported or that have recently traveled. In
that case the BRR distribution seemed to include 1.
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The sensitivity analyses based the Spearman rank correlation showed that the uncertainty on the
probability for a dog to be in pre-symptomatic excretion, the probability of lethal traffic accident when
commuting to a veterinary clinic were parameters most influencing uncertainty of the output variable
(BRR).
Discussion
Through a modeling approach we showed that the current surveillance protocol of apparently healthy
biting dogs for human rabies prevention in France was no longer justifiable by generating more deaths
(due to road traffic accidents when commuting to veterinary clinics or anti-rabies centers) than avoided
rabies deaths. Total number of human deaths remained nonetheless very low. Even a reduction in the
number of veterinary visits included in the protocol (protocol “1V10D”) did not allow to obtain a beneficial
protocol if all biting dogs are targeted. The benefit-risk balance of such surveillance protocols appeared
to be the same in other rabies-free areas. In these areas, the surveillance of biting dogs could be riskbased to target only dogs that could have been exposed to RABV abroad.
In areas where dog rabies is not enzootic but where wildlife rabies is present (e.g. in North America),
non-risk based surveillance protocols (with three or just one veterinary visit) could tend to be beneficial
due to higher rabies risk. In such context, risk based surveillance, which could further increase the BBR,
could be more difficult to implement since the vast majority of the pet population can be exposed to
RABV due to the presence of a rabies reservoir. Targeting an at-risk population would thus rely on
individual risk assessment for each biting dog (based on way of life, way they are kept: inside or
outside…) to rationalize possibility of exposure to RABV.
Our results could also highlight the theoretical possibility to simply stop this surveillance, especially in
countries of Western Europe (or with similar rabies epidemiological profile). However, stopping such
surveillance, in practice, should not be recommended due to indirect benefits arising from the
surveillance. Indeed, a surveillance protocol of biting dogs contributes also to the identification of
dangerous dogs (and eventually their proper management), to reinforcing the pet owner-veterinarian
link and the awareness about zoonoses and their prevention, to reinforcing the veterinariansadministration link since rabies is a notifiable disease. For such reasons it could be valuable to maintain
at least one veterinary visit in the context of a dog bite.
Results about biting cats, which can also be placed under surveillance for the same reasons, are not
presented here but due to a higher frequency of cat bites compared to dog bites and due to a lower
rabies risk associated with cats, the BRR was lower when compared to dogs for the same protocol (5).
This work used an original approach comparing road traffic death risk with rabies death risk. Such
comparison of two measurable types of events in a context of rabies risk assessment is uncommon (4,
8, 9) and can bring useful and objective information to help policymakers dealing with animal and public
health. It should nonetheless be noted that rabies death and road traffic death risks do not have the
same societal acceptability, rabies deaths being probably less acceptable than road traffic deaths (10).
Other limitations arose from this framework. Similar to all modeling studies, the current work is a
simplification of a more complex reality even if most probable pathways have been included.
Parameterization of such model can also be challenging since data are sparse even if a specific survey
was conducted to collect updated data (but bias could still be present).
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Context
Since the first incursion in 2004, highly pathogenic avian influenza (HPAI) H5N1 is endemic in
Cambodia, with frequent outbreaks in poultry. Complex linkages of poultry value chains within Cambodia
and through cross-border routes contribute to avian influenza virus (AIV) incursion, circulation and
reassortment. Live Bird Markets (LBM), operated as wet markets, are a key pathway in the AIV
epidemiology. Additionally, poor infrastructure, low levels of biosafety and public awareness pose a risk
of AIV spill-over to humans. Targeted surveillance and risk mitigation is required to safeguard public
health and control circulation of AIV and emerging zoonotic pathogens in LBMs and the connected value
chains.
Process
Countrywide active surveillance in LBM over the past decade has detected high levels of AIV. Risk
management approaches were attempted in a LBM and poultry value chain in Takeo province, identified
as a high risk LBM by surveillance, owing to the mixing of poultry of different species and origin. Critical
control points for interventions were identified by using surveillance data and was shared with market
stakeholders to demonstrate risk and enable improvements in biosafety and biosecurity. Assessments
revealed that the private sector, such as vendors, transporters and slaughter operators and women play
major roles in the LBM and the local poultry value chain.
Outcome and output
Evidence-based risk management of AIV and other emerging zoonoses was strengthened in the LBM
and along the poultry value chain. This was obtained through the development of standard operating
procedures (SOPs), management guidelines and advocacy material for LBM administration such as
market cleaning, disinfection, waste management, poultry inspection and origin tracing, humane
slaughter, and by reviewing legislations. These were shared through gender sensitive trainings and
impact was captured in questionnaires and longitudinal surveillance. A key constraint in sustaining good
practices was the absence of an appropriate LBM structure that could serve as a model market.
Relevance for others
The public-private-partnership approach of working with local government authorities, and private
stakeholders such as vendors and traders in surveillance and risk management can be used as a
sustainable model to scale up biosafety and biosecurity practices in wet markets in similar settings.
Recommendations
1.
Targeted surveillance is crucial to guide risk-based policies for disease control in wet markets
2.
Economic benefits through good practices in terms of improved productivity and market access
sustain risk reduction along livestock value chains
3.
Improved understanding of gender roles in livestock value chains can improve engagement in
surveillance and risk reduction activities and contribute to sustainability of good practices
4.
Community ownership, such as the establishment of local market management committees, is
critical for long-term sustainability of change
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Many Norwegian aquaculture sites farming salmon exceed baseline mortality levels (> 2% per month)
(1). Excess mortality is usually associated with adverse events, such as disease outbreaks, sea lice
treatments or algae blooms. Farmers are required to report fish counts and deaths to the authorities, as
well as data on factors known to impact mortality. Continuous monitoring of these data can provide a
valuable source of information for farm management and disease control, but the disparity in sources
and formats of data storage offer a challenge to data digitalization. We overcame this challenge by
implementing a workflow in R to integrate data sources, analyze data and produce an interactive, userfriendly interface. The graphical interface provides summarized data at national, regional and farm-level
through maps and graphs. Users can access the observed versus expected salmon mortality for
individual farms, monthly, based on predictions from a baseline mortality model (2). The interface also
shows production, environmental, and health related risk factors associated with increased mortality.
The dashboard is a way to disseminate scientific-based information to farmers and competent
authorities. This can facilitate famers’ adoption of measures to mitigate losses. The competent
authorities can use the dashboard to inform policies, recommendations, and actions to detect and
prevent fish mortality. The dashboard will be continuously improved with feedback from end users.
Development is underway to add alarm signals for syndromic surveillance when mortality deviations
from established cutoffs represent a high probability of important disease outbreaks, for example,
salmon pancreas disease and infectious salmon anemia.
Figure 1: Screenshot of the prototype of an interactive dashboard for monitoring mortality in Atlantic
salmon farms.
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Summary
Syndromic surveillance has been an important driver of the incorporation of “big data analytics” into
animal disease surveillance since the 2010’s. As the range of data sources to which automated data
digitalization can be applied continues to grow, we now discuss how to go beyond handling volume,
variety and velocity, and ensure that the value of the information generated reaches surveillance
practice. We make the case that the value of data-driven surveillance lies on a “needs-driven” design to
data digitalization and information delivery, and highlight some of the current challenges and research
frontiers in syndromic surveillance.
Introduction
The secondary use of data to monitor the health of populations has gained momentum in public health
since 2001, under the assumption that continuous data analyses will allow detection of outbreak signals
earlier than traditional surveillance. In 2011, Fricker (1) provided a broad overview of the issues related
to the use of (digital) biosurveillance in practice. We highlight here his emphasis on the need to give
more attention to system design.
Also by 2011, the incorporation of syndromic surveillance (SyS) methods had begun to gain momentum
in animal health (2). An intensive exploration of various sources of data ensued, as documented in
reviews in 2013 (3), 2015 (4) and 2016 (5). The various initiatives documented in these reviews all
shared a focus on specific, individual streams of data. In these early stages, exploration focused on the
methodological aspects of converting health events into time-series that could be subjected to temporal
aberration detection algorithms (TADA), and on validating the statistical analyses.
Ten years later, the research into what Fricker had called the “operational challenge of biosurveillance”
(ensuring statistical performance) has developed intensively in veterinary SyS. But how close are we to
achieving his view of a system design that takes into account all stakeholders and the complementary
information needed to support surveillance in practice?
In this paper we propose a view of surveillance as a formal decision-making process. We discuss current
challenges and needs in SyS, and how some of these can be addressed using decision support systems
implementation theory.
Materials and methods
Power (6) identified three main characteristics of a decision support system (DSS): designed specifically
to facilitate the decision process; support rather than automate decision making; and be able to respond
quickly to the changing needs of decision-makers. The typical components of a DSS are the same as
we previously outlined for a data-driven surveillance framework (7) – data acquisition, analyses models
and user interface.
There is no specific technical description for a DSS, which should be “defined in terms of the context
and use” (8). System development can therefore only be successful if the users are explicitly involved.
Sprague Jr (9) argues, however, that not even the decision makers can anticipate the functional
requirements of the system, as their needs are constantly changing, and the process of decision making
itself can be altered by the system. He suggested that a DSS cannot be developed in the traditional
“analysis, design, construction, implementation” cycle. Instead, these steps should be combined into a
single step which is iteratively repeated. The simplest system is built and delivered to users, and their
feedback is continuously captured and incorporated into the DSS.
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We review open research questions and challenges through the main steps of SyS implementation, and
suggest how they could be addressed using this simple DSS approach, which asks a single question:
“how can this information improve the decision process of the final user?”.
In line with our view that early disease detection is too narrow a goal for data digitalisation (7), we borrow
the term syndromic surveillance for its established connotation as the “continuous monitoring of health
data”, though our discussion considers surveillance of both epidemic and endemic diseases.
We anchor our discussion around three main complementary SyS examples:
1.
time-series of laboratory tests submissions, representing typical SyS;
2.
on-farm records of reproductive events in pigs, as an example of the still underexplored use of
production data in SyS;
3.
food-borne surveillance as a One-Health example. Explicitly, the monitoring of gastrointestinal
illness in humans and Campylobacter positive slaughter batches of chickens.
Results and Discussions
Data acquisition
The view that data analyses at the population level depends on data centralization is an outdated one.
The technology of data federation allows the distribution of queries and models, rather than collection
of data. In this “code to data” scenario (as opposed to the traditional “data to code”), data interoperability
is prioritized over data harmonization. We have previously addressed this discussion and the use of
ontologies as a research priority (7).
In this scenario where all stakeholders are part of a “network”, and a central body does not need full
access to all data sources, barriers to data access invariably represent a disconnect between the
stakeholders who own the data, and those who are trying to draw inferences from it. When data access
is a main impediment to system development, only the needs of some stakeholders are being taken into
account, and data providers are seldom considered as potential system users.
Most of the SyS work published to date seems to have been triggered by access to data. Working
example (A) is a typical case, where data owners and decision makers are commonly the same.
System design for implementation of example (B) will require understanding what farmers’/associations’
management requirements are, and their decision support needs (their motivation to join the DSS).
Once those user needs are mapped, the technology available can deliver a system that analyses and
delivers information at the source, while sending only limited signals back to the network. Finding a
balance between keeping farmers data as private as they wish, while collecting enough information to
add value to decisions at a broader population level will require further research with active farmer
involvement.
The One Health example (C) represents yet another complex network of stakeholders. In this case, it is
typical for separate central governmental bodies to have access to data at the population level. The
obligations of animal health and public health agencies to safeguard the identity of animal owners and
individuals, respectively, may prevent data sharing between agencies at a high level. These data
sources are accessible, but cannot be readily integrated. This is not an issue to solve with data
management technology, but rather a feature to take into account explicitly in DSS implementation, and
we address it in the data analyses section below.
Syndromic indicators
SyS is mainly based on time-series analyses. The creation of a time-series is straightforward when data
sources record the health events of interest in discrete time slots (commonly, days or weeks), as in
examples (A) and (C): number of tests, number of cases, etc.
Production data are recorded continuously on farms during normal activities, and events registered are
not necessarily associated with any health disturbance. As such the events of interest must be defined,
and metrics to determine their occurrence developed (10). Some production data will lose value if
aggregated by time-points. In example (B), consider for instance the recording of the date of farrowing
for each individual sow. We could count the number of farrowings per week in that farm, or the average
number of farrowings per sow per year. However, reproductive health may be better monitored by length
of pregnancy, and farm management may thus be more interested in the time between two farrowings.
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A series where every farrowing is a new observation, and the value of the observation corresponds to
the “number of days between farrowings”, is a continuous time-series. Observations are not grouped in
any particular unit of time, as in the discrete time-series that SyS are typically designed to handle.
Control charts, commonly used in SyS, were originally designed to monitor industrial processes that
more closely resemble continuous time-series, so TADA application in these types of series is not a
bottleneck. The challenges for their incorporation into automated monitoring systems are rather related
to the definition and interpretation of outputs, and the large number of potential time-series that must be
evaluated. We address system outputs in more details further below.
Data analyses
Aberration detection in single time-series has been intensively explored in SyS. When TADA are applied
individually to time-series that represent counts of one type of syndrome, from one source, as is typical
in (A), use in practice will depend on solving two main questions: how to interpret alarms, that is, how
to decide when an alarm deserves action; and how to combine the evidence from multiple series. The
answer to the first question almost certainly depends on the second, as single alarms are likely
meaningless unless put into their broader context.
The need to combine evidence from multiple data streams has been addressed and reviewed before in
both human (11) and animal health surveillance (12). The statistical solutions to monitoring multiple
parallel time-series only solve a small part of the problem. It is applicable in typical cases such as
example (A), when a same source can produce multiple time-series aligned in time, or data for the same
syndrome is coming from multiple sources, such as multiple regions (13).
In example (C), evidence combination may be primarily a question of system design. If SyS aims to
monitor cases in humans, using the chicken cases as a predictor will actually explain a lot of the
variability in the number of observations, reducing the chances of an alarm. It is a good explanatory
statistical model, but a poor fit for SyS goals. A better option might be to develop a predictive model that
uses the chicken data to foresee when human cases will start increasing. This will however depend on
having access to both of these data sources continuously and in a timely manner. When data sharing is
not possible, alternatives can be sought by considering this explicitly as a DSS problem. What is the
main decision we are trying to support? If that is the preparedness to act in case of a human outbreak,
it may be enough to monitor the chicken time-series independently, but in a timely manner. Results from
this monitoring process are then continuously transmitted to public health officials.
Consider now example (B). As noted earlier, the farm-level indicators will be a combination of discrete
and continuous time-series. Statistically, this poses a challenge to parallel monitoring. As the number of
potential indicators at the farm level is high, we must however find a way to combine their evidence,
otherwise users are left with a myriad of daily/weekly alarms that they will find it difficult to interpret. To
add complexity, statistical analyses must take into account predictors at different levels. In a single farm,
monitoring an indicator of reproductive performance, for instance, may demand consideration of the
age/parity of sows. This is not trivial, as typical syndromic indicators are grouped by unit of time, and
therefore TADAs can typically only handle variables that can be summarized per time point.
Making sense of multiple sources of evidence, all of which contribute to situational awareness around
the same problem, remains an open area of research. If surveillance is framed as a problem of DSS
design, the solution may not (only) be statistical. Rather, it involves a better understanding of the
decisions we aim to support, and how each of the pieces of information generated can be used in that
decision process. This will require intensive social research involving all stakeholders in the network.
Or, in DSS implementation terms, several rounds of iteration with users.
Interpreting alarms – the actual decision making
In order to start involving stakeholders in rounds of system implementation in practice we are missing
one essential component of a DSS: the user interface. Discussions around dashboards for visualization
of times-series analyses often stumble on a disconnection between the expertise of those who perform
the analyses, and understand their outputs, and the experience of decision-makers.
The DSS approach suggests that the solution is to construct the simplest dashboard we can, and be
prepared to iterate through the entire continuum, from data to output visualization, continuously, with
direct user involvement. Decision-makers are not invited to design the system abstractly, but to use the
system and give feedback based on one simple question: “how could this better support your decision
process?” (14).
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This approach assumes that implementation is context-based, which then leaves one main question–
what is the decision making we are mainly trying to support? “Early disease warning” may be too vague
a goal to inform concrete design and implementation choices. As Fricker cautioned in his seminal paper
in 2011 (1): “Looking for everything means it is harder to find any one thing”.
Phrasing decisions in a common language which both system designers and users can speak will likely
require narrowing down to concrete threats. This may mean that we design systems not to “detect
emerging diseases” but which can, for instance, “provide an early signal of the introduction of PRRS
(Porcine Reproductive and Respiratory Syndrome)”. While the focus on specific diseases seems to go
against the general preparedness that SyS was intended to address, it enables us to move forward with
the practical implementation of real-world applications, which support surveillance in practice. It will bring
stakeholders together and establish a collaboration practice that can be used to gradually expand
system goals, and address more and more decision scenarios.
Conclusion
The data-driven focus of SyS so far has resulted in times-series analyses being applied to data at hand,
without much consideration of what questions we are trying to answer. Implementation in practice will
require defining who are the decision makers, what specific problems they are trying to handle, and how
information that supports their decisions can be delivered in consumable ways. The field of decision
support systems design suggests that the main goal is not simply "getting the right information to the
right person at the right time", but “(t)he ultimate objective must be viewed in terms of the ability of
information systems to support the improved performance of people in organizations” (6). We suggested
that a DSS approach to SyS system design will help solve many of the current methodological
challenges, in particular that of combining many sources of evidence, and helping users make sense of
system outputs.
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Summary
Farmers, veterinarians and other animal health managers in the livestock sector are currently missing
information on prevalence and burden of non-EU-regulated contagious animal diseases. They are in
need of adequate tools for risk assessment and for prioritisation of control measures for these diseases.
The DECIDE project will develop data-driven decision support tools, which present (i) robust and early
signals of disease emergence and options for diagnostic confirmation; and (ii) options for controlling the
disease along with their implications in terms of disease spread, economic burden and animal welfare.
DECIDE will focus on respiratory and gastro-intestinal syndromes in the three most important terrestrial
livestock species (pigs, poultry, cattle) and on reduced growth and mortality in salmonids, important
aquaculture species. For each of these, we will (i) identify the stakeholder needs; (ii) determine the
burden of disease and costs of control measures; (iii) develop data sharing frameworks based on
federated data access and meta-information sharing; (iv) build multivariate and multi-level models for
creating an early warning system. Together, all of this will form the decision support tools to be integrated
in existing farm management systems wherever possible and to be evaluated in several pilot
implementations in farms across Europe.
The results of DECIDE will lead to improved use of surveillance data and evidence-based decisions on
disease control to increase animal health and welfare and protect human health and the food chain in
Europe and beyond.
Introduction
Farmers, veterinarians and other animal health managers in the livestock and aquaculture sectors are
currently missing information on the prevalence and burden of contagious animal diseases that are not
regulated by the European Union.
The diseases, such as porcine reproductive and respiratory syndrome virus, avian infectious bronchitis,
cardiomyopathy syndrome in salmonids or bovine corona virus infection — are estimated to cause 1015% reduction in performance efficiency of livestock farming, resulting in large financial losses and lower
sustainability as well as affect animal welfare. Professionals in the livestock and aquaculture sectors are
therefore in considerable need of adequate tools to assess the risks for contagion and associated
losses, and to help prioritise the appropriate control measures for these diseases. The DECIDE project
will develop data-driven decision support tools that offer:
1.
Robust and early signals of disease emergence and options for diagnostic confirmation.
2.
Options for controlling the disease along with their implications in terms of disease spread,
economic burden and animal welfare.
Together, all of this will form the decision support tools to be integrated in existing farm management
systems wherever possible and to be evaluated in several pilot implementations in pig, poultry, cattle
and salmon farms across Europe.
The aim of this paper is to discuss the rationale behind the project and how the project will tackle the
challenges to eventually improve decisions to increase animal health and welfare.
The concept of the DECIDE project
The main aim of DECIDE is to develop and evaluate data-driven decision support tools that will allow
stakeholders in animal health and welfare management to take improved decisions on controlling animal
diseases. DECIDE will focus on respiratory and gastro-intestinal syndromes in the three most important
terrestrial livestock species (pigs, poultry, cattle) and on growth reduction and mortality in salmonids,
the most important aquaculture species.
The key ‘ingredients’ for such decision support tools are the following (Figure 1): (i) a clear view on the
stakeholder needs, barriers and drivers; (ii) availability of and access to relevant data; (iii) early warning
systems that can detect signals of potential disease emergence or spread; (iv) a set of potential control
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measures, along with associated costs; (v) an understanding of the disease burden in terms of economic
and welfare impact. The decision support tool based on the situation gives various options (e.g. ranks
the possible control measures, including treatments and preventive measures for reduction of spread,
economic costs and benefits and welfare implications) and based on embedded simulated models in
the tool stakeholders can see ‘what-if’ scenario for a decision.
The data useful for DECIDE will be existing data that can be used to monitor deviations of the normal
production process indicative for infectious disease spread. We will also investigate the usefulness of
innovative data, e.g. sensor data or (video) imaging that is currently already available in specific farms
and species. For salmon, imaging is already used quite extensively, while in terrestrial species it is still
in an early adoption phase. Salmon can thus serve as an example for the other species. Data availability
is crucial for the DECIDE project, but access of data is restricted by laws, regulations, privacy concerns,
and market pressures, as individual actors operate in a competitive environment. To overcome these
challenges and assure availability of and access to relevant data, procedures to ensure access to data
from the different species will be developed and documented. In addition, innovative approaches for
supporting data access will be investigated (e.g., federated access and federated learning) by combining
knowledge on production systems, epidemiology of diseases and data science.

The early warning system will consist of data analysis that can detect aberration from the normal
variation in the monitoring data. „Early“ should be interpreted in the sense that it detects signals
indicative for disease timely enough for the stakeholders to be useful for decision making on diseasemitigating actions. Frequently updated visualisation of data helps the users to understand and be aware
of trends, including an immediate shift or deviation. The data information also confirms what the user
already suspects and can be used to support general control strategies. The risk of disease spread is a
key determinant for disease mitigating actions of the stakeholders. The effectiveness of control
measures greatly depends on the ability to reduce further spread. Therefore, in DECIDE mechanistic
disease models will be developed that simulate the spread of contagious diseases in the production
systems of the four species. The input parameters of the models can easily be adapted to simulate
spread of different pathogens, for different species and herd-types.
Stakeholders often have a choice of control measures including doing nothing at all. To effectively
support stakeholders in their choice, a ranking of control measures for effectiveness, costs and benefits,
welfare implications, medicine use, etc. is needed.
Obviously, whether to control a disease or not also depends on the impact of that disease on animal
health and welfare, the disease burden. DECIDE will develop a multidimensional burden of disease
metric that contains the economic impact as well as the impact on animal welfare and possibly on
antimicrobial use. Thus, diseases can be ranked for their expected burden to prioritise the limited
resources of the stakeholders for disease control.
The before mentioned key ingredients will be combined in decision support tools for the stakeholders.
The adoption of tools also need in-depth understanding of stakeholder needs and beliefs. Incorporating
social science methods, the tools will be developed in close collaboration with the stakeholder end-users
and provide a warning when aberrations in the data indicate disease and suggest control options that
are ranked for the expected burden of disease.
The decision support tools will be incorporated in already existing platforms to facilitate uptake of the
tools. We will develop prototypes for each species that will be tested in several partner countries in pilot
implementations. The pilot implementations will be the ‘playground’ in which our innovative framework
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and tools can be tested and adapted again, learning from experiences with stakeholders and users
across species. Through the pilot implementations, we will ensure that the generic methods and
framework can be easily adapted and implemented for existing platforms. The long-term sustainability
of the developed tools will be ensured by an open science approach.
Discussion
Endemic contagious diseases are the main worry in day-to-day animal health management for farmers
and their veterinarians. The so-called production diseases are often caused by multiple pathogens and
pose the largest threat to animal health and welfare and thus to productivity of both terrestrial and aquatic
species. For DECIDE we will focus on the three most important meat-producing terrestrial species (pigs,
poultry and cattle) and the most important aquatic species, salmon. For young, growing animals, gastrointestinal and respiratory tract infections are the most prevalent syndromes that cause much growth
reduction, mortality and use of medicine. In salmonids, respiration is impaired by gill diseases and
diseases causing circulatory failure and inflammation of gastrointestinal organs causes growth reduction
and mortality. The four species will have different levels of integration of farming and thus of available
data and also differ in the level of data (animal, herd, unit, cage). However, the concept that a contagious
disease will spread in an epidemiological unit and cause disease is the same. When syndromes are
noted, farmers, veterinarians or other animal health managers (the stakeholders) need to decide on
actions to prevent further spread, diagnose, treat, vaccinate, or take preventive actions for the next
round of production. These decisions and choices are not necessarily rational and often not based on a
sound quantitative basis. Why, how and when stakeholders decide to take action (the drivers) and why
they do not (barriers) will be one of the key-elements of the DECIDE project as depicted in the box
“Stakeholder needs” in Figure 1. The social scientists in DECIDE will ensure that in co-creation with the
stakeholders the project will deliver suitable tools.
The DECIDE project will lead to use of existing data for disease monitoring, to rank and prioritise disease
control and decision support for the stakeholders. DECIDE will increase stakeholder awareness about
infectious endemic disease control and identify gaps for further training. The methods and framework
developed in DECIDE are specific enough to support stakeholders for the focus species and syndromes
in DECIDE but can also be easily generalised across species, countries or diseases. Research gaps
will be identified and shared. The use of the co-created decision support tools will lead to improved
decisions regarding disease control and thus result in improved sustainability, animal health and welfare.
More efficient use of resources and less use of medicines will also positively impact human health.
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Summary
We studied the basis for a further harmonisation of meat inspection by comparing data from seven
European countries through a mapping exercise. Focus was on the code systems used to register
findings during meat inspection. Additionally, meat inspection data for slaughtered pigs from 2019 were
collected from the same countries. This allowed us to compare the number of codes available, the
frequencies of different findings and the terminology used. Codes with similar meaning were compiled.
To elucidate the most common codes leading to total and to partial condemnation, two lists were created.
The results showed huge variations between the systems, probably reflecting the historical
development. Each system has its advantages and disadvantages. Still, the diverse terminology
observed made it a challenge to compare data between countries. We suggest harmonising the
terminology for meat inspection findings while respecting the national epidemiological situation, the local
food safety culture, and the trade agreements in force. This will enable easy comparisons of data
between abattoirs, regions, and countries.
Introduction/background
Meat inspection is surveillance because all slaughter animals are subjected to meat inspection (1).
During meat inspection, food safety, animal welfare, and animal health are addressed. The current
inspection systems would benefit from harmonisation and validation to become more cost-effective than
seen at current. We expect that a core part of the long-needed modernisation deals with the coding
system, which is used to register findings during meat inspection. These codes determine the
subsequent decisions upon findings in accordance with the associated condemnation criteria.
In the European Union (EU) unified standards are set at the EU level for judgement criteria regarding
fitness of meat for consumption. However, different national code systems are in force. Most likely, this
reflects the historical development regarding the needs to register the findings and the epidemiological
situation in each country.
Modernisation of meat inspection systems are on the agenda worldwide (2, 3, 4). We expect that a
modernisation could lead to more cost-effectiveness and improvements in public health as well as
animal health and welfare. Before initiating a harmonisation process, it makes sense to study the extent
of the differences. To elucidate this, the members of working group 4 of the RIBMINS EU COST Action
Network (CA 18105) (https://ribmins.com) decided to map and compare the existing code systems for
meat inspection of pigs in a selected group of European countries.
Materials and Methods
Information was gathered about the code systems in force in Denmark, Finland, Germany, Italy, Norway,
Portugal, and Spain. Moreover, meat inspection data covering pigs slaughtered in 2019 were collected.
The countries included represent a broad spectrum of pig production in Europe with the two largest
producers (Germany and Spain), the middle (Denmark and Italy) and the smaller pig producing countries
(Portugal, Finland, and Norway). In all these countries meat inspection is performed by personnel
employed by the Competent Authorities (CA) conforming to the EU Food Inspection Regulation,
Commission Implementing Regulation (EU) 2019/627 (1).
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A mapping exercise was undertaken, which consisted of different elements. First, each meat inspection
system was verbally described, and the code lists were compared to each other in terms of how detailed
they were. Then, the individual codes per country were assigned to the six code groups specified in the
Danish Guidance on meat inspection (5).
Data from 2019 were used to investigate the distribution of codes associated with total and partial
condemnation in each of the countries. Codes with a similar meaning were grouped. This work was
used to create two lists describing the most common codes resulting in total and to partial condemnation.
Hereby, similarities and variations in the most common types of findings leading to total condemnation
(TC) for the countries without Finland (due to missing data) were identified. The percentages of totally
condemned pigs in the different countries were compared statistically using a Chi-square test. For partial
condemnation (PC), data from all countries except Spain were available. To compare PC frequencies,
it was decided to use the seven codes used in Finland to monitor pig health at slaughter, because these
codes reflect the most common pathologies observed: abscesses, arthritis, ascariasis (milk spot liver),
pericarditis, pleuritis, pneumonia and tail biting.
Results
The level of detail varied substantially between the code lists; from 36 meat inspection codes in Spain
up to 194 in Portugal (Fig. 1). In some countries, a complete list exists whereas in others separate lists
for total and partial condemnation are in use. For TC, some countries allow one code only, whereas
other countries have no limits. For PC, the registration of more than one finding was allowed in all
countries. However, some countries only require registration of a code if the finding is present in e.g.,
more than 5% of the batch inspected, leading to systematic under-reporting.
Figure 1: Histogram showing the number of available meat inspection codes per country

The percentage of totally condemned pigs differed substantially between the seven countries, from
0.11% in Spain to 0.51% in Finland (P<0.0001).
The most common codes for TC: Based upon a grouping of the codes according to similarity, we
identified 10 aggregated codes for TC. The absolute prevalence for these codes differed between the
six countries. For Denmark, the most common code was complications called “circulatory disorder",
whereas for Germany and Spain it was “abscesses”, for Italy “slaughter process deficiencies”, for
Norway “generalised disease” and for Portugal “osteomyelitis”.
The most common codes for PC: There was a higher consistency between the absolute prevalence
of causes leading to PC compared to TC. Still, again, it was impossible to identify one common code
which was most common for all countries. “Pleuritis” was the most frequent code resulting in PC in
Denmark, Finland and Italy, whereas “pneumonia” and “milk spot livers” occurred more frequently in
Finland, Germany, Portugal and Italy (Fig. 2).
Discussion
Our results showed that there is a wide variation in the code systems and how they are used even
though the assessment of meat fitness for consumption is governed by EU legislation. Because of the
diverse terminology observed, it was challenging to compare data between countries.
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The approach of grouping codes with similar meanings made it possible to compare the data available
for TC and PC, but the large variations in code prevalence made it impossible to find one aggregated
code as the most frequent in all countries.
Figure 2: Radar web showing absolute prevalences for each of seven causes of partial condemnation

The differences observed could reflect real differences in animal health caused by different production
systems, i.e. in Italy, pigs at slaughter are heavier compared to the other countries, leading to different
disease prevalences at the time of slaughter and subsequently to different findings during meat
inspection. On the other hand, the differences can also be explained by diverse ways of handling
findings at inspection. One example is erysipelas, where a distinction between acute and chronic cases
is made in some but not in other countries. In the latter countries, TC because of erysipelas is more
common than in the first countries. A third possible explanation for the differences can be that quite
different codes can be used for recording similar findings. For example, for “osteomyelitis”, the code
“septicaemia” was used in one country whereas “abscess” was used in another country. A last possibility
for the differences in the code systems is that the aims of registration of findings are different. In
Denmark, the focus is on registering findings where an action is required, whereas in Portugal the focus
is more on registering abnormalities irrespective of the subsequent action. Finally, in Norway, findings
requiring PC are not registered if the condemnation constitute less than 10 % of body weight (Fig. 2).
The variation in when and how to register a finding made statistical testing of apparent differences
meaningless except from differences in condemnation rate.
Meat inspection should lead to detection of conditions relevant to public health and, hence, act as a
basis for decisions on fitness of meat for human consumption. But inspection should also detect animal
health issues and non-compliance with animal welfare rules. In our analysis, we found that only few
codes were relevant for animal welfare. We recommend that such codes are identified and agreed upon
internationally.
It is a challenge to find the adequate balance between details and overview when registering findings
during inspection. The CA and the Food Business Operator have an interest in showing compliance with
requirements given by national legislation and important trade partners. To conform to this, meat
inspection should be decision oriented. However, the pig producers are interested not just in knowing
the outcomes (condemnation or not, total or partial), but also in receiving data regarding their pigs’ health
status. That would allow them to implement risk-based/targeted preventive measures and disease
control.
Development and use of clear guidelines, more harmonised codes covering the most common
pathologies of pigs, as well as training in how to use the codes are needed regarding how to register
the findings observed in a slaughtered pig. This is also required to perform analyses of registrations and
performances between different abattoirs within a country or region and between countries. Such
harmonisation would also be appreciated by pig producers sending comparable groups of pigs to
different abattoirs or plants and wondering why the health recordings of the groups vary considerably,
as shown by Denwood et al. (6).
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We suggest the development of a harmonised terminology for meat inspection findings for pigs in
Europe. This would enable an easier discussion of condemnation criteria and a comparison of data
between abattoirs, regions, and countries. It is important that such a harmonisation process considers
the national epidemiological situation and do not come on the expense of flexibility. Local food safety
cultures, and the trade agreements in force should be considered. This implies that a full harmonisation
may not be needed, as it might be too restrictive for the individual country.
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Summary
Consumption of undercooked meat infected with Toxoplasma gondii may cause toxoplasmosis in
humans. For decision making regarding potential risk mitigation, it is necessary to first investigate the
actual seroprevalence in Danish pig sub-populations. It is also important to ascertain whether it is
possible to identify infected herds at slaughter with a reliable serological assay. Here, the results of three
latest epidemiological studies in Danish pig herds are presented. The objectives were to quantify
seroprevalence, identify the associated major risk factors and optimise the use of diagnostic methods.
Our findings show that the true seroprevalence of T. gondii was high in sows, medium in organic finishers
and low in conventional finishers. Hence, age and production system were found to be good predictors
of high- and low-risk herds in Denmark. Furthermore, our time-to-detection analysis showed that it would
take a longer time to detect seropositive finishers from conventional herds and sow herds, but a shorter
time for organic finisher herds. Test characteristics of a commonly used commercial ELISA i.e., cut-off,
sensitivity, and specificity were updated. Additionally, our investigation into the zoonotic risk revealed
that the probability of exposure to T. gondii from consuming pork products was low in Denmark. Our
findings are in-line with EFSA’s recommendation of auditing for biosecurity in low-risk conventional
herds and monitoring of outdoor finishers. Future studies should explore whether it would be suitable to
improve existing processes e.g., freezing of pork intended for making high-risk products, and to educate
consumers, compared to implementing a surveillance system.
Introduction/background
Human infection with the parasite T. gondii is a health concern, especially in pregnant women. Acute
infection in early stages of pregnancy may lead to congenital toxoplasmosis due to infection of the
foetus. Congenital toxoplasmosis may cause abortions, still-births, or high morbidity resulting from
severe neurological and visual impairments in the developing foetuses 1. In Europe, between 30% and
63% infections in pregnant women are believed to result from consumption of undercooked, raw, or
cured meat2.
Pigs are infected worldwide with T. gondii and become infected when they ingest oocysts shed by
infected felines in the environment or when they eat infected mice or infected tissue of other animals 3,4.
Serological tests as used to confirm T. gondii infections in pigs because seropositive pigs are known to
carry tissue cysts3,4. A serological survey of T. gondii infection in Danish pigs from the early 1990s shows
3% apparent seroprevalence (AP) in conventional finishers, 6% in young sows and 24% in old sows (in
parity ≥ 5)5. A more recent survey showed almost the same apparent seroprevalence in conventional
finishers, but a higher seroprevalence in organic finishers (11%) and sows (34%) 6. Meat from infected
pigs is shown to contain viable cysts, and pork is therefore considered a potential source of zoonotic T.
gondii infection3,4. Over the years, intensive management of pigs has led to a decrease in T. gondii
incidence; however, the prevalence is high in outdoor raised pigs3,4,5,6,7,8. Additionally, serological
surveys show that sows are more likely to test positive than fattening pigs 6,9. The European Food Safety
Authority (EFSA) considers the zoonotic element from meat be to a non-negligible risk; however, there
is no requirement for surveillance for T. gondii in livestock or meat in the EU10.
A large-scale project was carried out with a purpose to generate knowledge that could help evaluate
whether it would be necessary to control T. gondii infections in Danish pig population. The following
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objectives were outlined across three research studies (i) to investigate the seroprevalence in four
Danish pig sub-population categories (indoor-raised finishers and sows and outdoor-raised finishers and
sows), (ii) to estimate the risk factors, (iii) to estimate the time it takes to detect seropositive animals
from the four sub-population categories when delivered for slaughter (time-to-detection), (iv) to evaluate
the diagnostic accuracy of a commercial ELISA developed for testing T. gondii infections in pigs, and
(v) to estimate the probability of becoming infected when consuming commonly sold pork products
purchased at Danish supermarkets and retail outlets11,12,13.
Material and methods
In study I, the estimates for apparent seroprevalence (AP) and risk factors were based on results from
a laboratory analysis of 447 blood samples (n = 59 farms)11. The blood samples were analysed using
PrioCHECK ELISA kit at a cut-off of 20 PP as recommended by the manufacturer14. The risk-factors for
T. gondii were identified by applying a 2-level hierarchical model. Furthermore, the time taken to detect
positive pigs by testing 1, 2 or 6 samples per batch delivery at slaughter from farms belonging to either
of the four pig sub-populations were explored11.
In study II, the evaluation of the cut-off value of the PrioCHECK ELISA was done using a Hui-Walter
latent class model within a Bayesian framework12. The analysis was performed using 233 plasma
samples, which were tested in parallel using three commercial serological tests: PrioCHECK ELISA,
Modified agglutination test and Western blot test. All three commercial tests are designed to detect IgG
antibodies against T. gondii. The cut-off value for PrioCHECK ELISA was optimised and sensitivity and
specificity estimates were obtained using a Bayesian latent class model. These estimates were used to
then calculate true seroprevalence (TP) based on the apparent seroprevalence estimates in the four pig
sub-population categories found in study I15.
In study III, the true seroprevalence estimates in the conventional and organic finisher pigs derived at
the updated cut-off value from study II were used13. A tissue-cyst based probabilistic mathematical
model was built. The model estimated the probability of consuming a viable T. gondii tissue cyst, when
consuming 100 g portion of pork in Denmark. For the model, various input parameters were identified
during the model building stage. The average number of tissue cysts in a 100 g of portion from an
infected pig was estimated from literature data. Additionally, data on tissue cyst survival during cooking,
salting, and freezing were also extracted from the literature. Information about handling and preparation
of pork during production stages was also gathered. The data on various parameters in the model were
simulated using Monte Carlo estimation in @Risk software. Additionally, various scenarios were
implemented by changing the relevant parameter values in the model to study the effect of lowering salt
concentration in processed products, freezing of processed meat at the processing plant and the
reduction in the T. gondii seroprevalence in organic finishers. The final model output was translated to
estimate the waiting time to exposure in years for a typical Dane, based on the annual population size
and the annual sales data on pork products from Danish supermarkets and retail outlets.
Results
The true seroprevalence of T. gondii was highest in organic sows (TP = 58%, 95% CI = 46–69%) and
lowest in conventional finishers (TP = 1%, 95% CI = 0–4%). In organic finishers, the seroprevalence
was 7% (95% CI = 2–13%) and 16% in conventional sows (95% CI = 8–26%)15. Pigs from organic herds
had 16 times higher odds (95% CI = 5–74) of testing positive for T. gondii compared to pigs from
conventional herds. Additionally, the odds were 22 times higher (95% CI = 7–88) for a sow to test
seropositive for T. gondii compared to a finisher. Therefore, animal-type (sows versus finishers) and
production (conventional versus organic) were good predictors of high T. gondii seroprevalence11.
In regards to time-to-detection, factors such as seroprevalence, frequency at which the pigs were
delivered for slaughter, the number of samples tested per batch delivery and the batch sizes influenced
time-to-detection. Time-to-detection was long in conventional finisher and sow herds, whereas shorter
in organic finisher herds11.
The re-evaluation of the PrioCHECK ELISA cut-off suggested that the manufacturer’s cut-off should be
increased from 20.0 to 27.7PP. At this updated cut-off, the sensitivity and specificity of the test were
99% (95% CI = 96–100%) and 95% (95% CI = 93–98%), respectively12.
Our findings from the exposure assessment study revealed that the probability of exposure to T. gondii
from pork was low and was associated with certain products that were not adequately treated with heat
or salt. Hence, undercooked pork, smoked fillet and under-fried bacon products were identified as high-
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risk products for T. gondii. The results from the scenario analyses showed that if the salt concentration
in processed products were to be reduced to below 4% in the future, a few of the processed products
such as sausages may contain viable tissue cysts at the time of consumption. Additionally, freezing of
meat at the processing plant and reduction of seroprevalence in organic finishers would help in reducing
exposure to T. gondii in humans13.
Discussion
Many studies only report apparent prevalences making comparisons difficult. We found the odds of
testing positive for T. gondii was 22 times higher in sows than in finishers, which was more than three
times higher than previously reported in Estonia9. In our study, the average seroprevalence in
conventional sows (TP = 16%) was lower than the estimate from a previous Danish study (AP = 34%)6,14.
Additionally, the average seroprevalence for organic finishers (TP= 7%) was close to the previous
reported finding from Denmark, (AP = 11%) 6,15. However, the seroprevalence in organic finishers in
Denmark was higher than the estimates for organic finishers from similar Dutch studies (AP = 1.2 &
2.5%)7,8. The seroprevalence in conventional finishers (TP = 1%) was comparable with the estimates
from other studies (0.4%-3%)5,6,7.8,16. A higher seroprevalence in sows than in finishers from both
conventional and organic farms suggests that sows are more likely to test positive for T. gondii than
finishers and this finding is comparable with other studies 6,9. The higher probability of infection in sows
compared to finishers could among other reasons be due to longer exposure time in sows, which
increases their chance of acquiring an infection6. A high variability (45%) found between the herds in
our study suggests that management factors could play an important role in driving the T. gondii withinherd prevalence11. However, due to lack of information on management factors in our study, it is not
possible to identify the exact mechanism responsible for the increased seroprevalence on the organic
farms. However, it could be related to biosecurity, which is difficult to maintain on outdoor farms 15.
We have shown that it takes a long time to detect T. gondii infection when seroprevalence is low in
herds; but it is possible to detect high-risk herds even with low samples sizes 11. Hence, our findings
support EFSA’s recommendation of auditing for biosecurity in conventional finisher herds and monitoring
of seroprevalence in organic finisher herds10. Additionally, we found that a large proportion of sows were
seropositive for T. gondii and can be regarded as high-risk production category11. The meat from sows
is mainly used for making processed products that are often treated with a high concentration of salt,
which kills the T. gondii tissue cysts4. Hence, products made from sow meat pose a very low risk; and
therefore, an alternative to a costly surveillance programme could be freezing of meat during processing
of risky products to ensure food safety15.
With respect to diagnostic preparedness, we found the accuracy of the currently available commercial
ELISA test to be highest at a cut-off of 27.7 PP12. This commercial ELISA test has been used in largescale serological surveys of T. gondii in pigs, where the sera were tested at manufacturer’s
recommended cut-off of 20 PP11,17,18. Although the estimates for the sensitivity (98%) and the specificity
(96%) provided by the manufacturer at 20 PP are high, there is insufficient evidence to support the
selection of this cut-off value14. Hence, we recommend increasing the current cut-off value to 27.7 PP
when testing blood samples and further re-evaluation of the manufacturer’s recommended cut-off of 20
PP for meat-juice samples.
Our finding also revealed that exposure to T. gondii was only associated with products that were
inadequately treated with heat or salt or both13. Experimental data from bioassay studies shows that T.
gondii tissue cysts are generally killed at temperatures above 67°C or at freezing temperatures below 12°C and at salt concentrations of ≥ 3.3%4. Therefore, certain products such as undercooked pork
portions of raw pork, smoked pork and under-fried bacon products can be considered a risky product
for T. gondii. Additionally, our finding from scenario analyses supports recommended freezing of pork
when intended for risky products as well as reduction of seroprevalence in outdoor pigs as useful
strategies for reducing exposure to T. gondii in humans15,19.
Overall, our findings reveal unbiased true seroprevalence estimates in different Danish pig production
categories. It further suggests that a risk-based surveillance system aimed at monitoring of herds to help
reduce the exposure to T. gondii in pigs can be implemented for organic finisher herds in Denmark11,15.
However, before a monitoring system can be recommended, it is important to first identify risk reduction
strategies that are effective in reducing and controlling T. gondii infections on high-risk farms.
Additionally, it is important to explore whether it would be more cost-effective to improve the existing
processes for e.g., freezing of raw pork intended for making risky products and to educate consumers
compared to implementing a surveillance system15.
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Summary
Lack of data on livestock diseases constrains the design of effective livestock health interventions to
improve livelihoods, food security and public health. Livestock abortion is associated with zoonotic
diseases and foetal loss, but few data are available on aetiology or impact.
Introduction
A surveillance platform was established in Tanzania to investigate the causes and impact of livestock
abortion, with the goal of developing evidence-led interventions.
Materials and Methods
Surveillance involved abortion events being reported by farmers to Livestock Field Officers (LFO) who,
in association with research team personnel, collected samples from aborted materials and dams for
laboratory analysis and implemented questionnaire surveys on husbandry practices and socioeconomic impact.
Results and Discussion
Over a two-year period (2017-2019) 214 abortion events (Table 1) were investigated with subsequent
improved understanding of the aetiological causes of abortion. Additional outcomes included
strengthening the regional animal disease surveillance network – including training and professional
development – and development of laboratory diagnostic capabilities.
A key lesson was the importance of challenging causal assumptions, which requires reliable diagnostics.
In addition, the importance of small-scale active surveillance was apparent, and that to generate
awareness surveillance need not be large scale or expensive. Although the findings are specific to
northern Tanzania, the aetiological findings and relevance could be applicable to other areas of subSaharan Africa.
The surveillance platform proved valuable for understanding the impact of livestock reproductive loss.
The platform was established with the Ministry of Livestock and Fisheries disease reporting
infrastructure with the hope that it will continue to function beyond the timeframe of the research
program.
Table 1: The number of positive and negative results from the analysis of the samples collected
during the abortion case surveillance, and the identities of the pathogens detected. The disparity
between the number of cases and the number of results is due to 10 co-infections. (Neg = negative;
Bruc = Brucella sp.; Cox = Coxiella burnetti; Lepto = Leptospirosis sp.; Neo = Neospora caninum;
Toxo = Toxoplasma gondii; Chl = Chlamydia abortus; BVDV/BDV = Bovine viral diarrhoea virus /
Border disease virus; BTV = Blue tongue virus)
Species

Cases

Neg

Bruc

Cox

Lepto

Neo

Toxo

Chl

Cattle
Sheep
Goat

70
45
99

32
27
74

1
0
0

16
12
24

0
0
0

9
0
1

0
1

0
0
0

BVDV/
BDV
2
6
1

Total

214

137

1

52

0

10

1

0

9

177

BTV

RVF

0
0
0

14
0
0

0

14
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Coronavirus Disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infections, was declared a pandemic by the World Health Organization on March 12,
2020, with over 21,700,000 people affected and 4,385,068 killed by August 30, 2021. The coronavirus
outbreak continues to endanger human lives around the world. Several attempts have been made to
develop vaccines to combat this virus. However, with the arrival of the COVID-19 vaccine, there is
apprehension and a mixed reaction to receiving the vaccine. We develop a mathematical model to
analyse and investigate the effects of vaccination on people who are hesitant to get vaccinated. The
findings suggest that vaccine education can significantly reduce the number of COVID-19 cases and
deaths in Sierra Leone on a daily basis. The results also show that vaccine education significantly
increases the number of willing susceptible individuals, and that the outbreak in Sierra Leone can be
controlled with a high vaccination rate and vaccine effectiveness. We predicted the cumulative cases
and deaths every two weeks after July 30, 2021 to validate and test the robustness of our proposed
mathematical model. The reported cumulative cases and fatalities are almost all within the 95 percent
confidence interval. The findings indicate that our model is robust and can be used in other countries to
model COVID–19 vaccine hesitancy.
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Abstract
COVID-19 affects different people in different ways in Sierra Leone. Most infected people will develop
mild to moderate illness and recover without hospitalization. Once affected, the individual’s immune
system is attacked within a few days, resulting in significant sickness. The role of asymptomatic carrier
individual’s in the disease dynamics remains unclear. We developed a mathematical model to
investigate the effect of asymptomatic carriers on the long-term outcome of the disease. We performed
a stability and sensitivity analysis to identify key parameters that have more impact on the spread of the
disease to examine several intervention options. The basic reproduction number in each of the countries
under study is more than unity. Our model shows that, with the application of suitable controls, the
disease can be reduced within the population. Based on the results, we recommend possible controls
(social distancing, isolation, quarantine, intensive care unit, hospitalized), we determined that reduced
of the infected individuals is crucial. With limited capacity to carry-out population-level testing for
monitoring the spread of the disease, an effective approach to measuring the spread of COVID-19 in
Sierra Leone is via the determination of the prevalence of antibodies to the disease within the population
(routine seroprevalence studies). There should be some required effort in setting up a real-time reporting
system and the recognition that this will only point to suspected cases who would require quarantine to
reduce possible spread. There should also the need to be followed up with tests to reduce unnecessary
quarantining of non-infected individuals.
Keywords: COVID-19, Transmission modelling, sensitivity analysis, basic reproduction number
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Source: IDFA, Fisheries/ Animal health /productions Department. Livestock increased from 14.2 million
in 2017 to 14.6 million in 2018, registering a 2.7 percent increase. In 2018 the goat, sheep, pigs, fish,
pets and poultry numbers increased by 2.4 percent, 3.1 percent, 3.3 percent and 2.8 percent compared
2017 increase of 1.97, 3.20, 0.54 and 2.8 to respectively Livestock Numbers 2016- 2018 Source: IDFA,
Number of Cattle and Poultry by breed in 2014 - 2018 The indigenous breeds continue to be dominant
over the exotic ones for both cattle and poultry, Out of the 14.6 million cattle in Uganda, 9 in every 10
(13.6 million) are indigenous. And out of the 42.9 million poultry in the country, (87.7%) were indigenous
while the rest were exotic. Currently Uganda has undertaken Animal Census and deliberating to
vaccinate all pet animals domestic cats/dogs/monkey/donkey to militate against raising rabies as an
emerging pandemic.
However, Covid19 has negatively impacted on our livestock’s experiencing a decline as compared to
the pre-covid19 seasons here in Uganda , Were Poor, outdated, wrong prescribed vaccines ,inadequate
veterinary experts, expensive farm tools/vaccines, limited access to farm extension workers ,inadequate
water sources among other challenges as a result of Covid19 pandemic ,Measured using decline in
animal quality production on markets. Government support and IDFA Voluntary AHTs are helping
farmers to overcome these challenges through provision and access to Agricultural long term loans and
AH extension workers ,By use of on farm technics/mechanisms ,incentives for livestock health, viability,
profitability and livestock industry development and sustainability for others benefits in long run.
Uncertainty strategies for emerging diseases are underway including technical veterinary experts at
village levels, standardized farm equipment’s, vaccines, supplies, human resource, shelter, food and
feeds quality improvement and access to Agriculture project financing institutions for farmers as a
method of dealing with emerging diseases in relation to AHS which corresponds with the scheduled
ICAHS4 in Copenhagen. IDFA focuses on prioritizing AAAA-HTS. (AVAILABILITY, AFFORDABILITY,
ACCESS TO ANIMAL HEALTH TRAINEES) With prospective Covid19 next waves as a continuing
pandemic. Horizon scans/foresight methodologies have been designed focusing on sustaining AAAAHTs for livestock farmers under IDFA.
On assessment and sharing earlier threats /flags /signals, as IDFA, our assessment is that, Animal
Health is vital, but our rural livestock farmers tend to ignore and undermine ANIMAL HEALTH related
issues including ignorance to seek technical knowledge, expertise and guidance, with inadequate
monitoring/supervision and financing Animal Health related concerns for High quality livestock
production. This has now changed to engage in pro-active /responsive actions, TO overcome earlier
threats/flags/signals of Animal weight loss, deaths, low milk productions, increased tick-bone diseases
and low levels market returns
Recommendation is to empower rural farmers/others with ability/expertise/network with Access to
Improved Animal food/feeds /shelter ,quality water sources to reduce on monthly costs on Animal Deworming, Trained Human resource on livestock farms to develop, sustain livestock’s as a commercial
industry and to benefit others.
Fig (1) showing surveillance activity for epidemics and emerging diseases on animal health
(IDFA) Uganda. (Vaccination for pets is ongoing)
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Introduction
Since 2007 a relentless epidemic wave of African Swine Fever (ASF) has progressively affected EastCentral Europe and South-East Asia (1). ASF virus (ASFV) infection is now spreading in all continents,
including Oceania and America (2). Although in Italy ASF is endemic in Sardinia island since 1978 (3),
mainland Italy is ASF-free. Worryingly, ASFV infection proximity to the North-East Italian border requires
a new surveillance approach.
Materials and Methods
In mainland Italy, the passive surveillance is recognised as the most important tool able to assure the
early detection of new ASF outbreaks. For this reason, since 2020 a new plan has been implementing
to maintain the effort to prevent ASFV introduction in free regions. Passive surveillance includes
diagnostic tests to be performed on all wild boars found died as well as on kept pigs.
Results
From January to June 2021, approximately 36% kept pigs and 29% wild boars have been tested
compared to expected numbers for the whole year. In both cases, sampling distribution is not
homogeneous among Italian regions.
Discussion
The epidemiological situation in Eurpoe requires new instruments to front ASF threat. An informative
system to support the surveillance is necessary to make available all the epidemiological data.
Awareness campaign for all stakeholders and simulation exercises for veterinary services are useful
tools to improve preparedness at national level.
References
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Europe has experienced multiple outbreaks of emerging zoonotic pathogens in the past decades. During
these outbreaks, screening of potential animal reservoirs is crucial for risk assessment, surveillance and
control policies. Unfortunately, constraints with regards to rapid sampling still remain an issue.
Therefore, we performed a comprehensive gap analysis to assess what hampers rapid animal sampling
in response to the emergence of zoonotic pathogens (in the Netherlands).
A literature review and expert consultations have been set-up to make an inventory of current
surveillance programmes. Laboratories were interviewed to assess possibilities and constraints for
sharing their samples to perform rapid response testing. Additionally, possibilities and constraints for
active animal sampling have been assessed based on both legislation and practical considerations, by
interviewing legal experts and other stakeholders.
Both active and passive sample collection of samples is in place for livestock. Samples of wildlife and
pets are mostly collected for research or diagnostic purposes, which hampers rapid response
surveillance. Laboratories are willing to share samples in outbreak situations, but there are no sharing
guidelines and legal aspects are unclear. Regulations for active sample collection differ significantly
between notifiable and non-notifiable diseases, leading to ‘grey areas’ where each individual case
requires interpretation of the regulation in place, which is time-consuming and inefficient. Predefined
policies for using existing samples and active collection of samples could improve rapid response testing
in the Netherlands.
This research will clarify the possibilities of rapid animal sampling, and thereby improve informed
decision making by policy makers in outbreak situations.
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Introduction
Wild bird mortality is used in the Netherlands as an early warning system for circulation of HPAIV, which
can be a threat for poultry farms. When the reporting threshold of three dead birds of the Anatidae family,
or more than 20 other dead wild birds at the same location is crossed, the Competent Authority is
notified. Here, we evaluate the effectiveness of the reporting thresholds in generating signals in years
with HPAIV-infections in poultry farms and compare it to the use of 1) different thresholds levels or 2)
time averages.
Materials and Methods
Wild bird mortalities reported during the years 2010-2018, from October through December were used.
Mortalities in the years 2014, 2016 and 2017 were assigned as belonging to a year with HPAIVoutbreaks in poultry, while deaths from the other years were assigned to be from an HPAIV-outbreakfree year. First, random combinations of the Anatidae threshold and the other birds threshold were
tested. Second, the time-averaged system compared the mortalities on a given day to a rolling mean of
the mortalities in the days before.
Results
Compared to the current system, lowering the threshold for Anatidae to one dead wild bird resulted in a
gain in true-positives of 2.4 while the reduction in false-negatives was 1.8. Unfortunately, the timeaveraged method decreased performance. On average, signals were generated within 60 km of HPAIV
infected poultry farms.
Discussion
Performance could be improved by lowering the threshold for Anatidae, while keeping the same
threshold for other birds.
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[P07] FIRST DETECTION OF THE OXAZOLIDINONE RESISTANCE–ASSOCIATED GENES CFR
AND OPTRA IN METHICILLIN- RESISTANT COAGULASE NEGATIVE STAPHYLOCOCCI
(MRCONS) FROM HEALTHY PIGS IN ITALY
Miryam Bonvegna1, Elena Grego1, Laura Tomassone1
1University

of Turin, Department of Veterinary Sciences, Grugliasco, Italy

In the last two decades, oxazolidinones’ resistance genes cfr and optrA have been occasionally reported
worldwide in Staphylococcus spp. of livestock origin. These genes can be chromosomic, but they are
often transferable through mobile genetic elements. The objective of our study was investigating the
presence of cfr and optrA genes in methicillin-resistant coagulase-negative staphylococci (MRCoNS)
isolated from swine in a high farm-density area of northwestern Italy.
Nasal swabs were taken from healthy pigs. After isolating pure cultures, selected MRCoNS (n=28) were
phenotypically tested through Kirby-Bauer disk diffusion method (EUCAST guidelines for linezolid disk).
Linezolid resistance was recovered in six samples, which were subjected to PCR targeting cfr and optrA
genes. cfr gene was detected in one S. sciuri from a piglet, while optrA was amplified from S. sciuri,
S.cohnii and S.pasteuri (n=3 samples) collected in different productive stages (sows, post-weaning and
finishing). The detection of both genes from the same sample did not occur.
In Italy, oxazolidinones’ resistance genes were recently detected in enterococci of swine origin, but this
is the first report in staphylococci of animal origin. Our results highlight the importance of monitoring
oxazolidinones’ resistance, even at farm level, to hinder the dissemination of these resistances to human
community and hospitals, where oxazolidinones are used as last-resort antibiotics. In addition, they
emphasize the need of surveillance of antibiotic usage in pigs, since both cfr and optrA genes mediate
cross-resistance to other antibiotic classes, such as phenicols, that are routinely used in swine farming.
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Animal health is interconnected with human and ecosystem health in countless ways. Yet, there is often
disconnect in health management across these populations and systems. Disease surveillance,
prevention and control must be supported by well-functioning laboratory networks. Veterinary
laboratories are crucial for safeguarding animal and public health. However, access to laboratory
expertise has an uneven global distribution. The World Organisation for Animal Health (OIE) has
launched the Laboratory Twinning Programme in 2006 to improve access to veterinary laboratory
expertise.
The paper presents data from the OIE Laboratory Twinning Programme to describe its implementation
since 2006. It characterises the distribution of projects, the financial investment made in different regions
and countries, the main topics of interest, and the reach of the Programme in relation to the global
distribution of livestock and disease trends.
Among more than 100 projects initiated under the Programme, the majority took place in Africa and in
Asia, which were the regions prioritized by the OIE for twinning implementation. The topics that have
generated the most interest from twinning candidates have ranged from avian influenza, to rabies, and
to viral haemorrhagic fevers, and have shifted over time in accordance with national interests and with
the global health situation, as well as donor interests.
Understanding the long-term impact of twinning in supporting laboratory capacity and animal disease
surveillance in beneficiary countries alongside with the sustainability of the capacities acquired by
twinning candidates would require a systematic monitoring and evaluation of individual projects against
a common framework.
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Active surveillance for avian influenza (AI) viruses in poultry sold at live bird markets (LBMs) was
conducted in 26 of 63 provinces throughout Vietnam over five years periods from September 2016 to
December 2020. The surveillance objectives were, firstly, to monitor subtypes and genetic
characterization of avian influenza viruses circulating across the country. Secondly, to detect the
incursion of subtype H7N9 and thirdly to identify potential pandemic viruses at wildlife-livestock-human
interface. Monthly sampling was conducted in up to 39 LBMs. A total of 15,199 oropharyngeal swabs
from poultry were screened for influenza A virus by real-time reverse-transcriptase PCR. Virus isolation
was attempted on selected samples of which HA and NA genes were sequenced. The overall
prevalence of pooled samples collected from ducks and chickens in LBMs for H5N1 subtype virus was
1.5%, H5N6 3.6% and H9 12.7%. No H7N9 virus was detected in Vietnam. The prevalence of HPAI
viruses detected in LBMs remains the same over the years. Despite the successful attempt in reducing
public health threat from HPAI H5, the viruses are maintained in poultry population. Newly introduced
subtype (H5N6) has quickly spread and become endemic. H9 subtype is widely spread in Vietnam, and
this needs better monitoring and antigenic vaccine studies as it is causing substantial production losses
in layer flocks. Safer production chain and better vaccines are needed together with continuous
monitoring of viral loads and viral strains in the environment to minimize the risk of HPAI in both poultry
and human.
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Context
Emerging livestock disease events(ELDE) including the appearance of new diseases, and increases in
endemic diseases occur frequently. Identifying important ELDE early is essential for reducing their harm.
New methods such as rumour/social-media surveillance or syndromic surveillance provide an
opportunity to detect ELDE early in their course. However, these methods are non-specific, providing
little information to determine whether the signals generated are important (true positive) or not (false
positive).
Process
Scotland’s Rural College(SRUC) is developing an ELDE early warning surveillance system for Scotland.
To maximize performance the system integrates, a sensitive early detection component, and a specific
investigation component. Early detection consists of: 1)a syndromic surveillance component using all
useful animal health data (birth/death/movement/slaughter/production/health schemes, etc), and 2)the
currently operational veterinary intelligence system of the SRUC’s Veterinary Services consisting of
veterinary investigation officers(VIOs) and veterinary pathologists operating through a network of
veterinary surveillance necropsy centres(4) and surveillance hubs(3) supporting the private veterinary
practitioners(PVPs) of Scottish livestock keepers. The investigation component consists of the VIOs,
many whom are livestock specialists, who will conduct on-farm investigations with the support of the
Veterinary Diagnostic Laboratory Network.
Outcome/Impact
The VIOs are strongly networked with PVPs and will provide early warning by communicating important
ELDE events to them, enabling an early response that will reduce the impact of ELDE.
Relevance
The problem of ELDE is shared worldwide and is expected to increase as climate change accelerates.
This system can be widely adapted as many jurisdictions have some existing infrastructure to create a
similar system.
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Introduction
Highly pathogenic avian influenza (HPAI) in wild birds and on poultry holdings has been increasing in
northern Europe in recent years, including in Sweden. This study aims to conduct a spatial risk
assessment to identify where risk of HPAI introduction would be most likely in Swedish poultry farms.
Materials and Methods
We used Bayesian spatio-temporal regression models to examine risk factors for HPAI detection on a
poultry holding (commercial farms and hobby flocks) between July 2016 and June 2021. We gathered
farm-specific variables, including species, type of production, type of housing (outdoors versus indoors),
and farm size, from the Swedish farm registry for all facilities holding captive birds during the study
period. Further, we investigated the role of land cover and passively reported observations of Anatidae
and Laridae species within the vicinity of a poultry holding as predictors for HPAI detection.
Results and Discussion
HPAI was detected on 20 Swedish poultry holdings between July 2016 and June 2021, with 13 (65%)
of these detections occurring during February and March of 2021. There was a positive association
between HPAI detection and being located within 1 km of a HPAI-positive wild bird. Further, holdings
with higher average target wild bird densities within 1 km were at higher risk of HPAI detection.
Geographically, the riskiest region was Skåne in the southern part of the country, where Sweden’s
livestock industry is concentrated. These results help target risk-mitigation strategies and avoid
unnecessary interventions for poultry in low-risk areas, thus improving animal welfare.
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Introduction
Chronic Wasting Disease (CWD) was first detected in Europe in 2016 in Norwegian wild reindeer. This
event led to increased surveillance of multiple cervid species in Norway and Sweden, where reindeer
are semi-domesticated. In this study, we use reindeer surveillance data from Sweden to estimate the
annual probability of disease freedom at the national and Sami village level.
Material and Methods
Reindeer that are slaughtered or found dead are screened using Biorad ELISA rapid tests and confirmed
through Western Blot. With scenario-tree modelling, we estimated the probability of disease presence
and diagnostic test sensitivity in individually sampled reindeer to then calculate village- and nationallevel detection sensitivities and disease freedom probabilities. Our model used yearly temporaldiscounting. Sensitivity analysis was performed through multiple simulations using a variety of values
for key parameters.
Results
Due to the imbalanced sampling of reindeer per village each year (0 to 588), we observed highly variable
village-level freedom probabilities (49% to 99%). For 2021, we observed low estimates of national-level
freedom probability of 52% to 77%, depending on model parametrization. Sensitivity analysis showed
that operator-set parameters (probability of introduction and design prevalence) had the highest impact
on model results.
Discussion
Though CWD has not yet been detected in reindeer in Sweden, there needs to be increased sampling
with a more uniform geographical distribution to obtain high probabilities of CWD freedom in Sweden.
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Ruminant production is the Black Sea region’s most important livestock sub-sector. Yet, its development
is threatened by the (re-)emergence and spread of infectious diseases. In this region, some of the
concerning ruminant diseases are anthrax, brucellosis, Crimean Congo haemorrhagic fever (CCHF),
foot and mouth disease, lumpy skin disease and peste des petits ruminants. Their outbreaks have the
potential to hinder trade and food security, leading to high economic losses for rural populations and
compromising human health and welfare. But, despite the acknowledged devastating consequences
these diseases may cause, their local epidemiological aspects are still poorly understood. This reflects,
in part, the existence of inadequate surveillance and control programmes. In this poster, we describe
and analyse the surveillance and control programmes for six ruminant diseases in the Black Sea region.
For this purpose, nine national consultants answered a questionnaire designed for the purpose. These
provided information on their countries’ ruminants’ production, surveillance and control activities and
respective sanitary statuses for the selected diseases. It was verified that for all diseases, other than for
CCHF, countries had either implemented surveillance and control programmes or official legislative
acts/contingency plans that included them. Surveillance and control activities were characterized by
type (surveillance: passive/active; vaccination: compulsory/voluntary; geographical coverage and
frequency of action) and visualized on maps. These results offer an overview of the management of
ruminant diseases in the region and inform national authorities to, where needed, do a targeted
improvement of the existing programmes for a more efficient use of resources.
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Throughout the 20th and 21st century, detection of Mycobacterium avium subsp. paratuberculosis (MAP)
in Sweden has been followed by whole herd stamping-out, tracing and sanitation measures, with the
goal to eradicate the disease and prevent further spread. Cases have all been linked to imported beef
cattle and MAP has never been detected in dairy cattle, other ruminants, or wildlife in Sweden. To match
new animal health legislation in the EU, Swedish authorities and animal health organisations have
collaborated to further improve the surveillance system and help Swedish cattle herds to remain free
from MAP. In addition to ongoing clinical surveillance, systematic post-mortem sampling, and a voluntary
surveillance program in beef herds, two new surveillance components were added in recent years.
Based on analysis of 423 individual serum samples and 1177 bulk milk samples from SVA’s bio bank in
2017 and 2018, the minimum diagnostic specificity of the ELISA tests used was confirmed to be >99%.
In 2020, bulk milk samples from all Swedish dairy herds (n=3295) were analysed. Beef herds were
sampled by collecting sera from the ongoing program for bovine viral diarrhoea, where sera are collected
from individual cattle at slaughter. In total, 4244 serum samples were tested. After this, a decision was
made to continue annual testing of bulk milk and sera in Sweden. Any test positive sample is followedup by testing in the herds of origin. We estimate that the probability that MAP is present in <5% of
Swedish cattle herds, or absent, is close to 99%.
Paratuberculosis, caused by Mycobacterium avium subsp. paratuberculosis (MAP), is a common
disease of ruminants in most parts of the world.
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Summary
The current COVID-19 pandemic as well as recurrent Ebola epidemics in Africa have revealed the
inadequacy of surveillance, detection, prevention and response systems for human diseases emerging
and re-emerging from wildlife. As part of the EBO-SURSY project two workshops were organized with
Central and West African countries to (i) improve collaboration mechanisms between domestic and
wildlife sectors and the understanding of the importance of their joint involvement in the integrated
surveillance of haemorrhagic fevers in wildlife and (ii) to co-construct a protocol for the surveillance of
haemorrhagic fevers. In this paper, we aimed at presenting the participatory methodology used during
the workshops, and the lessons learned on the specific constraints to the surveillance of haemorrhagic
fevers at wildlife, domestic livestock and human interface in western and central Africa.
Introduction
The current COVID-19 pandemic as well as recurrent Ebola epidemics in Africa have revealed the
inadequacy of surveillance, detection, prevention and response systems for human diseases emerging
and re-emerging from wildlife (1). In order to contribute to the improvement of national and regional
capacities of early detection systems in wildlife in West and Central Africa, the World Organisation for
Animal Health (OIE) implemented an EU-funded capacity building and surveillance project for viral
haemorrhagic fevers named EBO-SURSY (2). The project has three specific objectives: (i) strengthen
institutional and "One Health" capacities through education and training; (ii) contribute to raising
community awareness on zoonotic diseases; (iii) strengthen zoonotic disease surveillance protocols
through field surveys and improved diagnostic tests. The EBO-SURSY project targets ten priority
countries in West and Central Africa – Cameroun, the Central African Republic (CAR), Cote d’Ivoire, the
Democratic Republic of the Congo (DRC), Gabon, Guinea, Liberia, Republic of the Congo, Senegal and
Sierra Leone (Figure 1). Moreover, five diseases have been targeted: Rift Valley Fever (RVF), CrimeanCongo Haemorrhagic Fever (CCHF), Lassa Fever and Ebola/Marburg Virus Disease.
For operational linkages with its member countries, OIE relies on the national delegates who are, in
most cases, the Chief Veterinary Officers (CVO) and a network of National Focal Points (NFPs). NPFs
come from the public administration of their respective countries with a specific expertise (e.g.
laboratories, animal disease notification, Wildlife, communication, veterinary products, etc). NFPs and
OIE delegates benefit from specific capacity building programs set up by OIE to strengthen the
competence of the public sector its member countries in animal health management. As part of the
implementation of the EBO-SURSY project, a series of stocktaking exercises was undertaken with CVO,
the NFPs for laboratories, wildlife, animal disease notification and communication as well as different
stakeholders involved in health surveillance in the targeted countries to understand their activities,
constraints and dynamics. The main findings highlighted that: (i) most of the 10 target countries did not
have a surveillance protocol on haemorrhagic fevers in wildlife; (ii) NFPs knowledge on zoonotic
diseases involving wildlife was low; (iii) in most of the target countries, wildlife was not under the
supervision of the Veterinary Services and thereby low priority in terms of resource mobilisation; (iv) the
actors involved in wildlife vary greatly from one country to another and their degree of collaboration is
highly variable; and (v) communication between the different NFPs involved in surveillance and their
Delegate was not always fluid and was sometimes non-existent.
In view of the above, the project coordination team launched a series of workshops targeting OIE
Delegates and the 4 OIE NFPs involved in the epidemiological surveillance. This workshop aims to (i)
improve collaboration mechanisms and understanding of the importance of their joint involvement in the
integrated surveillance of haemorrhagic fevers in wildlife in their respective countries in order to (ii) coconstruct drafted protocol for the surveillance of priority haemorrhagic fevers. In this paper we aimed at
presenting the methodology used during the workshops, and the lessons learned on the specific
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constraints to the surveillance of haemorrhagic fevers at wildlife, domestic livestock and human interface
in western and central Africa.
Materials and Methods
Two workshops were organized between December 2019 and March 2020. The first workshop was held
at Brazzaville, Republic of the Congo, and gathered participants from five Central Africa countries:
Republic of the Congo, Gabon, Cameroun, DRC and CAR (Figure 1). The second workshop was
organized at Abidjan, Côte d’Ivoire and gathered participants from four West Africa countries: Benin,
Côte d’Ivoire, Guinea and Senegal (Figure 1). The participants were OIE Delegates/CVO, NFPs for
animal disease notification, wildlife, communication and laboratories as well as some invited guests from
Non-Governmental Organizations (Wildlife Conservation Society and Gorilla Doctors) or research
laboratories.
Figure 1: Countries represented in the workshops

Teaching objectives were: (i) to acquire basic knowledge of the epidemiology and transmission cycle of
the five priority haemorrhagic fevers, the role of wildlife in the epidemiology of the diseases, the
recognition of warning signs of an epidemic and the means of surveillance for these diseases; (ii) to
know the different diseases surveillance methods and protocols and to understand how to better
integrate wildlife in the systems; (iii) to be able to identify the surveillance method best adapted to the
context of each countries. In terms of national collaboration, it was expected to identify collaborative
mechanisms integrating wildlife in epidemiological surveillance and to co-construct a surveillance
protocol integrating wildlife. In that respect, one of the deliverables was to draft a surveillance protocol
integrating wildlife for one of the priority diseases of the project, and to produce a roadmap for the
finalization and implementation of the protocol.
The two workshops were conducted with participatory approaches. A team of four facilitators received
a three-days training in participatory methods performed by a certified participatory epidemiology trainer
beforehand. The 5-day workshop was divided into 12 sequences. Facilitators introduced and animated
the 12 sequences and the participants were asked to conduct the different activities, mainly through
open discussions. When needed the facilitators could contribute to the discussions without leading them.
The different sequences were designed to (i) promote dialogue between delegates and NFPs within the
same country but also between NFPs of all countries, (ii) assist participants in identifying the challenges
related to the integration of wildlife in the surveillance of viral haemorrhagic fevers and (iii) co-construct
a drafted surveillance protocol integrating wildlife adapted to the context of each country (Figure 2).
First, participants were asked to display their expectations of the workshops, and these expectations
were reviewed with facilitators. Second, “sharing experience sequences” were organized and led by
NGO representatives (Wildlife Conservation Society and Gorilla Doctors for Central Africa) or NFPs of
Senegal and researchers of Côte d’Ivoire (for West Africa) to present examples of surveillance systems
integrating wildlife (3). Third, two sequences were organized to train participants in the basic knowledge
of viral haemorrhagic fevers transmitted by wildlife and diseases surveillance systems: an e-learning
course designed with the free Opale software (4), provided three weeks before the workshop and
friendly competitions called “challenge” in which groups of participants prepared a set of questions they
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used to test each other’s’ knowledge. Fourth, participants had the opportunity to explore collaborative
mechanisms integrating wildlife into epidemiological surveillance through a simulation exercise similar
to a role-playing game. Participants chose to play the roles of specific actors (e.g. hunters, government
agents) and then simulated the chain of decisions and information transmission following the discovery
of a suspicion of Ebola disease in wild apes. Fifth, participants were grouped by country for a step by
step co-construction of a protocol of surveillance for one of the EBO-SURSY priority diseases. Finally,
a final simulation exercise allowed participants to prepare and simulate an advocacy communication
plan for the surveillance protocols they had established and thus identified critical points to convince
decision-makers and donors to support their project.
At the end of the week, an assessment questionnaire was sent to the participants to evaluate the
workshop.
Figure 2: Methodology of the participatory workshops

Results
Participants. Among the nine countries, a total of 64 participants were recorded in both workshops: 38
in Central Africa and 26 in West Africa.
Drafted protocol. Each country produced a draft of protocol: one country chose to work on a surveillance
protocol for Lassa fever, three countries chose Rift Valley fever and the five others chose Ebola disease.
Interestingly, all the countries decided to use participatory surveillance involving local community (such
as villagers, herders or hunters) in their drafted protocol. Also, intersectoral collaboration was at the core
of all drafted protocols.
Specific constraints identified during the workshop. Throughout the different sequences of the workshop,
the main difficulties identified by the participants for the integration of wildlife in surveillance of viral
haemorrhagic fevers were discussed. These difficulties and the solutions proposed by the participants
are summarized in the Table 1. Briefly, the participants highlighted the financial dependence to
temporary research programs and the difficulty of integrating national surveillance activities with
scientific research projects. For example, some participants regretted they could not access research
results in real time, as the delays incurred to publish and disseminate scientific results were sometimes
incompatible with their needs. Several participants highlighted that their surveillance activities were tied
to research projects with temporary funding, and therefore not sustainable. Thus, financial and logistical
commitment of their governments for wildlife diseases surveillance was deemed essential to ensure
sustainability. During the surveillance process simulations, the participants also identified that the
communication channels between local and central level, and conversely, were not always optimal.
They also identified potential delays in the initiation of investigations by the central authorities caused
by the lack of collaboration between veterinary and wildlife services and the absence of pre-established
responsibilities in the performance of disease surveillance activities in wildlife. The establishment of a
One Health platform, already operational in some countries, was mentioned as a potential way of
addressing this gap. The participants also emphasised the need to integrate local communities living
and working in contact with wildlife in the surveillance systems. However, since members of those
communities are often involved in the illegal hunting and trade of protected species, ensuring their
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cooperation with governmental institutions was considered challenging. Thus, awareness raising
activities, continuous communication and feedback of surveillance outcomes to local communities were
deemed critical to the success of integrated surveillance systems.
Evaluation of the workshop. During the workshop evaluation, participants acknowledged the
participatory methodology as evidenced by some of the comments written during the evaluation of the
strengths of the workshop such as (citation translated from French) “The liveliness of the team of
experts, the highly participatory methodology of the workshop, the moderation capacity of the experts,
the very active country groups.” or "Human interaction, conviviality, participatory and collaborative
approach". The absence of actors of human health was noted as a weakness of the workshop although
the workshop focused on the surveillance of viral haemorrhagic fever in wildlife.
Table 1: Main constraints and solutions identified by the participants

Discussion
Methods. The participatory approach appeared to be particularly adapted and appreciated during the
workshops. Knowledge was acquired throughout the workshop and during the various experiencesharing, challenge and simulations activities. Thus, the participants identified, by themselves, the
essential aspects of good surveillance practices and the associated constraints. As an example, friendly
"competitions" proved to be a good motivator to self-education. Finally, the discussions generated by
the questions/answers also made it possible to broaden the debate with facilitators on more complex
questions.
Limits. In order to go further in the inter-sectorial collaboration, we recognize the need to integrate public
health into these workshops.
Perspectives. We identified an interest of animal health actors in the integration of local communities in
disease surveillance. All drafted protocols were based, with different degrees, on the participation of
local communities, who were to be in charge of identifying disease suspicions in wildlife, domestic
animals or humans, reporting it to the proper authorities and, in some cases, conducting the preliminary
investigations. Thus, specific trainings on participatory methods applied to disease surveillance should
be organized. In addition, educational tools (posters and serious games) are being designed to enhance
communication and raise awareness of all actors involved in wildlife surveillance.
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To conclude, knowledge was effectively acquired throughout the various activities of the participatory
workshop. The methodology was particularly appropriate to understand constraints related to the
building of diseases surveillance systems integrating the wildlife compartment and to identify potential
solutions. The workshop also fostered professional interactions and collaboration between OIE
Delegates and NFPs at the national and regional level.
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Summary
In line with the One Health concept, international organizations and the scientific community are strongly
supporting the implementation of multisectoral surveillance systems in an attempt to improve the
management of health hazards at the human-animal-environment interface. Such surveillance systems
call for the establishment of collaboration across sectors and disciplines that must be evaluated to
ensure they are appropriate and functional to produce the expected results. In this context, we have a
developed a tool, ECoSur (Evaluation of Collaboration for Surveillance), to evaluate the organisation,
functioning and functionalities of collaboration taking place in a multisectoral surveillance system.
ECoSur relies on 22 attributes characterising the organization of collaboration at the governance and
operation levels and nine attributes referring to core functions of collaboration to ensure the sustainable
operation of an effective multisectoral surveillance system. Along with these attributes, three indexes
allow for the characterisation of the organization of collaboration at a macrolevel according to three
processes: management, support and operation. Attributes are evaluated based on the scoring of
criteria that contribute to their definition. Once scores are captured in a spreadsheet, evaluation results
are automatically generated. Their interpretation supports the identification of strengths and
weaknesses of collaboration and the formulation of recommendations for its amelioration.
Introduction
Most of health hazards are complex and need to be addressed in a holistic approach to better apprehend
them (1). When it comes to surveillance, many multisectoral surveillance systems are being developed
under the One Health paradigm, with the strong support of governments and the scientific community
(2). To create relevant multisectoral surveillance systems, collaboration needs to be established or
strengthened across relevant sectors, professions, disciplines, and decision-making scales.
In this context, we have developed a tool, ECoSur (standing for Evaluation of Collaboration for
Surveillance) to evaluate the quality and appropriateness of multisectoral collaboration through an indepth analysis of its organization and functions. The final purpose is to assess if collaboration as planned
and implemented is relevant and functional to produce the expected collaborative outputs and to identify
its strengths and weaknesses to formulate recommendations for its improvement.
Materials and Methods
The evaluation tool has been developed in two steps.
Development of the evaluation matrix: Based on core collaborative characteristics for the governance
and operation of surveillance activities (1) and attributes used in existing evaluation framework for
surveillance (3), and One Health initiatives (4), we have first developed a list of attributes and indexes
to evaluate the organisation and functions of collaboration in a multisectoral surveillance system.
Organizational attributes focused on the organization and functioning of collaboration both at the
governance and operational level. Function attributes focused on core characteristics of collaboration to
ensure the functionality and sustainability of the multisectoral surveillance system. Indexes focused on
three main process that consider all elements that contribute to the management, support or operation
of collaboration. Organizational and function attributes were validated by a panel of international experts
in a two-round process. Once attributes and indexes defined, we singled out the necessary criteria to
support their evaluation and we developed a semiquantitative four-tiered scoring scale to score each
evaluation criterion depending on the level of fulfilment achieved by the multisectoral surveillance
system under evaluation. For each possible grade, a scoring guide was developed to describe the
situation in which they should be awarded. Grades of attributes and indexes are then obtained by
combining grades awarded to the criteria supporting their definition.
Development of documents to use the evaluation matrix: To facilitate the application of the evaluation
matrix, we developed two types of documents. First, we established two documents to help the tool
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users collecting data they need when scoring the criteria: (i) a spreadsheet where both data about
sectoral surveillance components and actors involved is captured, and (ii) a collection form where data
about the collaborative organization for the governance and operation of surveillance activities is
compiled. Then, we developed a guidance to explain the objective of the tool and to help potential users
when conducting an evaluation with the matrix.
The evaluation with ECoSur is expected to be used by a team of external experts with expertise in
surveillance evaluation and appropriately trained to use the tool. Experts undertake first the scoring of
the criteria and interpret evaluation results; then, their findings are validated during a workshop gathering
the main actors of the multisectoral surveillance system under evaluation.
Results
Our study led to an evaluation tool for the organization and functions of collaboration in a multisectoral
surveillance system to ensure that collaboration is appropriate and functional to produce the expected
results. The tool consists of an evaluation matrix (one spreadsheet), documents to collect necessary
data to conduct the evaluation (one spreadsheet and one text document) and a guidance for potential
users of ECoSur.
List of attributes and indexes: We first identified 38 attributes relevant to the evaluation of collaboration
that we categorized into 22 organizational attributes (12 for governance and 10 for operation) and nine
functional attributes. Organizational attributes for governance of surveillance activities are: formalization
and endorsement of the collaborative surveillance strategy, relevance of collaborative objective(s) and
purpose(s), coverage of the multisectoral surveillance system, collaborative mechanism(s) for steering
the multisectoral surveillance system, collaborative mechanism(s) for coordinating the multisectoral
surveillance system, collaborative mechanism(s) for scientifically and technically support the
multisectoral surveillance system, formalization and approbation of collaborative modalities for the
operation of surveillance activities, relevance of collaborative modalities for the operation of surveillance
activities, formation of surveillance actors involved in collaboration, performance and evaluation,
information and communication, engagement of actors in the assigned collaborative tasks.
Organizational attributes for operation of surveillance activities are: collaboration for surveillance design,
collaboration for sampling, collaboration for laboratory testing, collaboration for data management and
storage, collaboration for data sharing, collaboration for data analysis and interpretation, collaboration
for results sharing, collaboration for communication to surveillance actors, collaboration for external
communication, collaboration for dissemination to decision-makers. Functions attributes are stability,
relevance, operationality, acceptability, resources, adaptability, inclusiveness, shared leadership, and
system knowledge. Along with these attributes, we defined three indexes that support the macroevaluation of the organization of collaboration. The operation index refers to collaborative activities
throughout the surveillance process (from surveillance design to results dissemination) that generate
the relevant collaborative outputs to meet the collaborative objective and thus stakeholders’
expectations. The support index refers to elements intended to ensure the smooth operation of
collaboration: resources allocation, training, information and communication, scientific and technical
support. The management index refers to elements that contribute to the management of collaboration:
existence and formalization of a collaborative strategy; governance mechanisms for steering and
coordination; and performance monitoring and evaluation.
Scoring system: Based on the identification of elements required to characterize the 31 attributes and
the three indexes, we developed 74 criteria to evaluate them. These criteria were refined following
changes in attributes brought by the expert-opinion elicitation and to capture certain experts’ comments,
such as the importance of feed-back loop for the functioning of the collaborative mechanisms, shared
leadership, information sharing and communication.
Structure of the evaluation matrix: The first sheet of the evaluation matrix consists of the scoring grid for
the criteria. The criteria grades are captured in the spreadsheet together with the reasoning and
justification that led to the selection of the grade. Their grades are then automatically combined to
produce the evaluation results of the attributes and indexes.
The quantitative results are displayed in a second sheet while their graphical representations are
automatically generated in a third sheet. Graphical representations consist of three distinct outputs: a
series of pie charts displaying the individual evaluation result of each of the organizational attributes, a
single histogram representing the evaluation results for the three indexes, a spider chart gathering
evaluation results of the nine function attributes. Figure 1 provides a fictive example of the graphical
representations. A last sheet contains all the formula that lead to the quantitative results and graphical
representations.
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Documents to facilitate the use of the evaluation matrix: The spreadsheet to collect necessary data for
evaluation consists of two distinct sheets, one dedicated to the organization and functioning of all the
different sectoral components covered by the multisectoral surveillance system and one to the
characterisation of actors involved in these components or in collaboration.
All documents related to the tool can be accessed at: https://survtools.org/wiki/surveillanceevaluation/doku.php?id=quality_of_the_collaboration
Discussion
Even though collaboration is a core characteristic of One Health surveillance, ECoSur is the first tool
allowing an in-depth evaluation of collaboration taking place in multisectoral system. It allows to assess
the quality of collaboration from different angles, namely: (i) its organization at a microlevel with regards
to attributes relating to specific collaborative characteristics; (ii) its organization at a macrolevel with
regards to indexes referring to major processes (management, support, operation), and (iii) its functions
with regards to attributes reflecting core collaborative functionalities. Consequently, ECoSur aims at
evaluating if the collaboration meets its objectives and purposes in the specific context of its
implementation and at identifying its strengths and weaknesses in terms of organisation, functioning and
functionalities, to support the formulation of recommendations to improve it. As a result, the level of
satisfaction of attributes is not correlated to the degree of integration reached by the system. As far as
the degree of integration defined and achieved by the surveillance system is coherent with the
collaborative objective and context, evaluation results should be satisfactory.
OUTPUT 1
Evaluation results of attributes of organisational
attributes of collaboration
Attribute
G.1 Formalisation
and endorsement
of the
collaborative
surveillance
G.2 Relevance of
collaborative
objective(s) and
purpose

Result

Attribute

Result

O.1 Collaboration
for surveillance
design

NR

O.2 Collaboration
for sampling

NR

G.3 Formalisation
of collaborative
modalities

O.3 Collaboration
for laboratory
testing

NR

G.4 Relevance of
collaborative
modalities

O.4 Collaboration
for data sharing

NR

G.5 Coverage

O.5 Collaboration
for sharing
surveillance results

NR

G.6 Governance
of resources for
collaboration

O.6 Collaboration
for data
management and
storage

NR

G.7 Mechanism(s)
for steering
collaboration

O.7 Collaboration
for data analysis
and interpretation

NR

O.8 Collaboration
for communication
to surveillance
actors

NR

O.9 Collaboration
for external
communication

NR

O.10 Collaboration
for dissemination
to decision-makers

NR

G.8 Mechanism(s)
for coordinating
collaboration
G.9 Mechanism(s)
for technically and
scientifically
supporting
collaboration
G.10 Training

NR

G.11 Information
and
communication
G.12 Performance
and evaluation

Maximal level of
satisfaction (all
criteria scored 3)

G.13 Engagement

Minimal level of
satisfaction (all
criteria scored 0)

1

1

Figure1. Graphical representations of the evaluation results for organizational attributes (output 1),
organizational indexes (output 2) and functional attributes (output 3).
The tool can be applied on a well-established multisectoral surveillance system to asses if collaboration
is designed and functioning appropriately to meet collaborative objectives or can be used for a nascent
system to conduct a baseline assessment of the situation that can feed strategic reflection for an optimal
multisectoral surveillance system. ECoSur can be used independently if there is a need to focus on
collaboration only or combined with other surveillance evaluation framework if an overall evaluation is
required. The tool focuses on the quality of collaboration and does not evaluate the performance of the
multisectoral surveillance system, even though sectoral capacities must be considered when scoring
certain criteria as they may impact the quality of collaboration. As the central objective of the matrix was
to evaluate collaboration, some attributes are not specific to multisectoral surveillance systems and can
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be relevant to other type of surveillance where collaborative efforts are established, for instance between
public and private partners. However, these attributes are key when evaluating multisectoral s system
due to the diversity of actors involved, with different background, knowledge, and expectations.
Consequently, attributes developed for the purpose of this tool could be also used to evaluate
collaboration in other surveillance settings. Currently, the tool has three main limitations. First, the
evaluation is based on a semiquantitative method to score criteria, that may lead to subjectivity when
attributing the score despite the development of the scoring guide. Second, even though the tool
evaluates if the established collaboration is appropriate to generate the expected output, it cannot
evaluate the cost-effectiveness and impacts of collaboration, which important information for decisionmaking (5, 6, 7). Third, the selection of the criteria to support the evaluation of attributes or indexes has
not been validated by experts. Furthermore, the scoring method leading to evaluation results of
attributes and indexes is assuming that all criteria are of equal importance and a weighting process
might be considered. The development and application of ECoSur on multisectoral surveillance systems
with different surveillance object and context provided evidence of its applicability and adaptability, as
well as its capacity to engage surveillance actors in the evaluation of the surveillance system they are
involved in and in the formulation of collective recommendations. However, the tool should be applied
to other contexts and health hazards to ensure it is generic.
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Introduction
Establishing effective external quality assessment (EQA) programmes is an important element in
ensuring the quality of, and building capacity for, antimicrobial resistance (AMR) laboratory surveillance.
The objective was to understand the current coverage of, and challenges to participation in, EQAs in
National Reference Laboratories (NRLs) across One Health (OH) sectors in Asia.
Methods
Current EQA coverage was evaluated through desktop review, online surveys and interviews of both
EQA participants and providers. EQA coverage was mapped and summarized by laboratory type and
‘readiness’ level and identified challenges evaluated qualitatively.
Results
Of the 31 identified NRLs [16 Human Health (HH) and 15 Animal/Food Safety laboratories (A/FS)], 14
HH and 7 A/FS laboratories currently participated in international EQA schemes and several participated
in two or more different schemes. Seven laboratories were currently not participating in any EQA
scheme and two of these (one HH and one A/FS) do not currently perform microbiology; six HH NRLs
provided national EQAs. Of the eight
surveyed international EQA providers, three were based in Asia and all offered varying programmes in
terms of pathogens, frequency and support mechanisms for reporting and follow-up. Only one provider
currently served laboratories across all OH sectors.
Conclusions
The current coverage of EQA programmes for AMR in Asia was heterogeneous across countries but
especially across OH sectors. This updated overview of the coverage and challenges associated with
participation in, and provision of, EQAs for AMR suggest the benefit and relevance of introducing one
comprehensive and high-quality EQA programme across OH sectors in Asia.
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The antimicrobial resistance (AMR) pandemic is a threat to global health, and intelligent surveillance
measures of the extent, spread and evolution is essential to combat it. Low- and middle-income
countries (LMICs) bear the greatest burden of AMR infections and for many LMICs there are critical
gaps in surveillance of AMR that need to be resolved, in a One Health perspective. Standard methods
of surveillance include traditional microbiological techniques to investigate the phenotypic presence of
antimicrobial resistance in microbial pathogens. But, the use of genomic sequencing for AMR
surveillance brings a new level of insight and power enabling an enhanced resolution and opportunity
to investigate outbreaks and delineating the flow of organisms or genes across human, animal,
agricultural and aquaculture sectors. It can provide an understanding of the mechanisms of resistance,
transmission routes and the epidemiology of AMR pathogens 1. Despite recent years drop in sequencing
costs, incorporating whole genome sequencing (WGS) in AMR surveillance has been out of reach for
many LMICs in Africa, also in part due to additional infrastructural challenges and other logistical issues 2.
Our project, SEQAFRICA, is working to develop, expand and support regional capacity for WGS and
bioinformatics in Africa, funded by the Fleming Fund. Through three regional sequencing centers
distributed in Nigeria, Tanzania and South Africa, and a national sequencing center in Ghana, we
provide WGS and analysis services for AMR surveillance across Africa. Our sequencing efforts focus
on several key pathogens of clinical, animal or environmental origin, and we have so far generated
almost 4000 bacterial genomes, supporting research groups and public health institutions spanning 7
African countries.
Building WGS capacity on the African continent requires grit, determination and collaboration, as the
barriers are complex, numerous and often distinct from those encountered in a European/Western
context. Throughout SEQAFRICAs lifetime we have worked closely with other initiatives in the region,
including the World Health Organization (WHO), Food and Agriculture Organization (FAO) and the newly
established Africa Pathogen Genomics Initiative (PGI) from the Africa Center for Disease Control
(ACDC), and continuously sought synergy opportunities and collaborations to maximize efforts and
ensure sustainability of the network we have built. In addition, we have established a collaboration with
major suppliers of sequencing equipment and reagents, such as Illumina, working closely to find
solutions to specific single issues, as well as seeking to break general barriers on the regional scale.
Sustainable and long-term solutions are not possible without the participation and effort from private and
public sectors across the continent.
1. NIHR Global Health Research Unit on Genomic Surveillance of AMR. Whole-genome sequencing as
part of national and international surveillance programmes for antimicrobial resistance: a roadmap. BMJ
Glob Health. 2020 Nov;5(11):e002244. doi: 10.1136/bmjgh-2019-002244. PMID: 33239336; PMCID:
PMC7689591.
2. International Procurement Agency B.V. An analysis of the barriers to logistics and freight, to improve
understanding of the systems which enhance procurement and delivery of supplies for national
laboratory systems. March 2021.
https://www.flemingfund.org/wp-content/uploads/1859c4a8bfcfe057835c836c43352781.pdf
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Abstract
International health agencies encourage the development of One Health (OH) surveillance systems
involving multi-sectoral and transdisciplinary collaborations to enhance effectiveness and efficiency.
However, surveillance of zoonotic hazards remains mostly compartmentalized, with limited
collaborations among sectors. The OH European Joint Project MATRIX aims to produce guidelines and
tools applicable at the national level to connect existing surveillance structures and resources and
strengthen integrated surveillance initiatives, ultimately adding value to what is currently in place. In
particular, a generic benchmarking tool called EU-EpiCap is being developed that enables individual
institutes/governments to characterize, assess and monitor their own OH surveillance capacities and
capabilities. The tool is organised around three dimensions: organization, operational activities, and
impact of the OH surveillance system. Each dimension is divided into four targets, each including four
indicators evaluated using a semi-quantitative approach. A self-administered questionnaire enables the
scoring of each indicator, with four levels according to the degree of satisfaction underlined in the studied
OH surveillance system. Aggregated scores, calculated for each target as the average of the indicator
scores, will facilitate the identification of areas that need further improvement. The tool is being tested
on selected hazard-country combinations and will be applied to the surveillance of foodborne hazards
(i.e. Salmonella, Campylobacter, Listeria) and emerging threats (e.g. antimicrobial resistance) in
European countries in 2022. An R Shiny-based application is under development to facilitate the
implementation of the evaluation, visualization of results, and benchmarking.
Key words: One Health, surveillance, evaluation, multisectoral collaboration
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France has developed an original and innovative approach for epidemiological surveillance based on a
combination of three platforms: animal health (AH), plant health (PH) and food chain surveillance (FCS)
Platforms. Each Platform’s governance involves private and public organisations: the French
government, scientific support organisations, agricultural technical institutes and representatives of
public laboratories, farmers, veterinarians and professionals from the production, processing,
distribution and catering sectors. They aim at improving surveillance efficiency. Since its creation, each
Platform strives to address in a One Health approach, the issues that require it.
This has already been implemented in several working groups (WG). In 2018, a WG common to AH and
FCS Platforms, was initiated on Salmonella surveillance all along the food chain and sectors (cattle, pig
and poultry). An evaluation of the national Salmonella surveillance system was performed. The
development of common health indicators was investigated. The use of whole genome sequencing for
epidemiological investigations was demonstrated through concrete cases.
Common WGs have also been implemented to address transversal methodological issues: (i)
development of data quality guidelines to assess and improve surveillance data quality illustrated with
field examples (ii) assessment of a surveillance network tool to improve and enlarge the scope of the
existing Oasis tool (1). In 2021 a ”One Health” 3 Platforms WG has been intiated to identify issues
requiring a One Health approach and to suggest the way to achieve it.
The three platforms offer a suitable framework for a concrete and sustainable One health approach.
References
1. Hendrikx et al. (2011). Epidemiol. Infect 139: 1486–1496.
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Introduction
Effects of risk-based control of Campylobacter spp. in Danish broiler farms were evaluated, to assess
potential reductions of human risk of campylobacteriosis.
Materials and Methods
Two surveillance components based on testing of cloacal swabs (CS, 2018-2019) and leg skins (LS,
2019), were considered. Each farm was identified by its Central Husbandry Register (CHR) number and
two risk farm classification strategies (I-II) were applied based on CS data 2018. In strategy I, high-risk
farms (HighR-CHRs) had > 5 positive flocks, while in strategy II, they had > 27.8% of the slaughtered
flocks positive (those cut-offs were annual 3rd quartiles across positive farms). Thereafter, a risk
assessment model estimated the annual relative risk (RR) of human campylobacteriosis in 2019,
compared to that of 2013. Three hypothetical reductions (A=100%, B=66% and C=50%) in meat
contamination levels were simulated on LS positive flocks of HighR-CHRs, and were pairwise combined
with classification strategies I-II, yielding six risk-mitigation scenarios (A I-II; B I-II; C I -II). For each
scenario, RRs were compared to the RR of the original meat contamination level (scenario O).
Results
In 2018, if all flocks from HighR-CHRs had been CS negative, the flock prevalence would have reduced
from 19.7% to 7.6% (strategy I) or 9.6% (II). In 2019, it would have reduced from 17.1% to 7.8% or
11.6%. If HighR-CHRs had delivered only LS negative flocks, the RR would have reduced from 0.94 (O)
to 0.51 (A-I). Other scenarios showed smaller RR reductions.
Discussion
Targeting HighR-CHRs for risk-based control could improve “One Health-ness” of national action plans.
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Ixodid ticks and tick-borne diseases (TBD) are expanding their geographical range in Europe. In
northwestern Italy, a marked increase in tick abundance has been observed in the past decade, together
with more frequent reports of Lyme borreliosis. A collaborative effort involving veterinarians, park
rangers, medical doctors, citizens, has been developed in Piedmont region for the past ten years, aiming
at: 1. assessing the distribution and abundance of ticks and transmitted pathogens; 2. detecting new
health threats posed by ticks; 3. increasing the awareness on ticks and health-related problems among
citizens and categories at risk. The initiatives include field work (tick collection from vegetation, animals
and human patients; sera collection from wildlife) and laboratory work, and educational/public
engagement activities.
Up to now, our research/surveillance initiatives enabled to describe tick and TBD distribution in several
areas in the region, highlighting habitats at risk for tick-borne diseases and the shift of the altitudinal
limits for ticks in mountain areas (1, 2). Unexpected zoonotic agents in ticks have been described (e.g.
Borrelia miyamotoi and Neoehrlichia mikurensis). Screening of wildlife sera for the presence of tickborne encephalitis virus (TBEV) antibodies is ongoing, and yielded no positive result so far; TBEV is
considered absent in Piedmont, but the region is at risk due to the increased vector abundance and
TBEV spread in bordering areas. Educational activities enhanced the awareness on ticks and TBD risk
among citizens; for example, use of repellents and wearing light colours are now routine protective
strategies adopted by forest rangers in some natural parks. Information material is available on regional
institutional websites and distributed in parks (3).
Our activities could be adopted in other contexts, especially in areas of recent tick spread, where no
surveillance is carried out and the risk of TBD needs to be assessed. Our experience shows that
integration of data from different sources (environment, humans and animals) can help in the
surveillance of TBD. Knowledge about the spatio-temporal distribution and abundance of ticks and
transmitted pathogens may indeed provide relevant information for disease prevention, and can help
physicians in diseases diagnosis. This is particularly important in areas recently invaded by ticks, where
the awareness level on the risk of tick bites and TBD is low, also among healthcare workers. Moreover,
education of citizen is key to promote the adoption of preventive measures and habits.
Funding is critical, since our surveillance activities have been carried out thanks to research funding of
specific projects only. Stable, possibly multi-year dedicated funding, included into regional prevention
plans, would facilitate a better planning and implementation of surveillance activities. Secondly, our
initiatives would benefit from a greater involvement of medical doctors, who could be key to obtain
reliable data on the incidence of bite events and TBD, and to provide updated and evidence-based
information to patients. In general, a greater collaboration among different professionals, with the
creation of a stable interdisciplinary working group on vector-borne zoonoses, would enhance
communication and knowledge exchange, and increase the effectiveness of surveillance.
1 Garcia-Vozmediano et al. (2020) Ticks Tick Borne Dis 11(5):101489.
2 Audino et al. (2021) Parasit Vectors 14(1):136.
3. https://www.parchialpicozie.it/news/download/1356/
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Context
Work aiming to improve One Health (OH) collaboration in disease surveillance was performed as part
of the ORION project, an integrative initiative funded by the OH European Joint Programme (OHEJP).
The Swedish National Veterinary Institute coordinates annually the production of a surveillance report
with contributions from animal health, public health and food safety surveillance. Traditionally, results of
surveillance across all sectors are compiled into pathogen-specific chapters, but the collating of text was
not accompanied by a joint analysis of activities and findings. This work aimed to improve the “One
Health-ness” of the report by introducing a new process and organizing joint workshops to present and
discuss surveillance results from each sector to create a better understanding of all surveillance
activities before writing the surveillance report chapters.
Outcome of case study
To begin with the work focused on three important chapters of zoonotic infections in the report,
Salmonella, Campylobacter and VTEC/STEC. Groups were formed with representatives from all sectors
and workshops were organized individually for each of the chapters. Joint decisions were made on main
issues to lift in the report, from the OH perspective. The process resulted in an improved collaboration
among the sectors involved in zoonoses surveillance and a better understanding of each other’s
surveillance activities and results. The chapters produced with this process are a OH initiative, rather
than a collation of three independent activities. The OH collaboration is now extended to include all
zoonotic infections described in the report where more than one sector is involved in the surveillance.
The new process is now implemented in the routine work with the report and every year the process is
evaluated to be further improved.
Relevance for others of case study
The process is documented for other countries to use. The annual report “Surveillance of infectious
diseases in animals and humans in Sweden” is published at the website of the Swedish National
Veterinary Institute (www.sva.se).
Recommendations
All sectors need to be actively involved in the process to make it work. It is recommended to form groups
with people from the relevant sectors at the beginning of the process. Workshops and meetings should
be organized to facilitate the inter sectorial discussions about surveillance efforts and results of the
previous year´s surveillance. Dedicated “In Focus” sections can be introduced into the report to make it
possible to highlight some interesting results, describe an outbreak or a new method.
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Within the project COHESIVE in the One Health (OH) European Joint Programme we have developed
guidelines for professionals who seek to strengthen national OH Risk Analysis Systems (OHRAS) with
the aim to decrease the burden of zoonotic disease by efficient signalling, risk-assessment and control
of zoonoses. An understanding of the existing system facilitates such initiatives. Therefore, we pilot test
a system-mapping tool in three countries.
We adapt a systems approach for evaluation of OH initiatives: National workshops with key OH actors
are organised. Participants are introduced to the methodology, and systems maps of the current OHRAS
are built and iteratively refined initially focusing on the context (actors, stakeholders, interactions, and
system boundaries) with the intention to organise operations (thinking, planning, and working) and
infrastructure (sharing, learning, and organisation) in a One Health fashion. Each country focuses on
different OHRAS: AMR (Belgium), zoonotic disease in general (Norway) and emerging zoonoses
(Portugal).
Norwegian results confirm earlier observations: system-mapping and reflections on OH operations and
infrastructure is useful to develop and govern an OHRAS. Participant-sourced conclusions included a
need to further explore the dynamics of the system, non-routine zoonoses, and to involve more
stakeholders. The method raises awareness for features arising from the complexity of the problem
setting, not covered in conventional positivist approaches. Thereby it helps establishing a learning
organisation which can coevolve with the challenges at the human-animal-ecosystem interface.
By introducing participants to systems-thinking, we managed to raise awareness of the need for intersectorial collaboration and sustainable, friendly and informal exchange.
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Introduction
In Spanish dairy cattle farms, veterinarians working with farmers in the field mainly influence the
implementation of biosecurity measures. However, veterinarians working in governmental institutions
may also influence such implementation. The aim of this study was to explore the perceptions of
veterinarians in official services in relation to biosecurity.
Materials & Methods
Eleven in-depth interviews veterinarians from official veterinary services in Spain (at national,
autonomous, provincial and regional level) were conducted using content analysis.
Results
According to the participants, biosecurity is a strategic line in preventive medicine that should be flexible
in its implementation and take into account the characteristics of each farm. However, the budget and
personnel allocated to it are insufficient. Veterinarians independent of the official veterinary services
should advise farmers on biosecurity to avoid confusion given their role as authorities. And meetings
between all stakeholders in the dairy sector should be encouraged to generate active participation in
biosecurity issues.
Discussion
The veterinarians of the official services must confine the implementation of biosecurity to the
established legislative frameworks, even though they try to adapt it to the conditions on the farms. The
legislation defines the veterinarian in charge of farms, but the role and tasks of official veterinarians in
terms of biosecurity must also be defined. Meetings between all stakeholders should include the
veterinarians of the official services to verify the feasibility and viability of implementing biosecurity
measures. Spanish biosecurity legislative frameworks must not only consider the actors for whom they
are intended, but also those who must enforce them.
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The OH-EpiCap is an interactive tool used to evaluate the capacities and capabilities for One Health
Surveillance (OHS) of a specific pathogen. It is being developed by the Agency for Food, Environmental
and Occupational Health & Safety, France and the University of Surrey, United Kingdom, within the
MATRIX project of the One Health European Joint Programme.
The tool was piloted on the Danish Psittacosis surveillance system by Statens Serum Institut in a threehour workshop. Stakeholders were identified. Then, the pilot was held in person with Danish
representatives across the entire surveillance chain from the public health and animal health sectors.
The pilot demonstrated that it is feasible to conduct an evaluation of capacities and capabilities of an
OHS system of Psittacosis. The pilot revealed several areas where the OH-ness of the surveillance
system could be strengthened. Generally, participants did not consider the surveillance of Psittacosis to
be an official “system”, but rather a well-functioning OH collaboration. The definition of an “OHS system”
was discussed among participants to determine what elements would elevate the current Psittacosis
“collaboration” to an official “OHS system”.
The Danish Psittacosis surveillance system is not integrated, but the collaboration is well-defined and
facilitated by informal communication lines. The interpretation of the surveillance system as an “OH
collaboration” resulted in low evaluation scores with the OH-EpiCap tool, despite the functioning
structure and system dynamics. Further evaluations should be conducted to investigate whether
formalized collaborations involving sector-specific competencies are as valuable and effective as fully
integrated OHS systems.
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The EU Commission is currently processing Denmark’s application as free of Bovine Virus Diarrhoea. If
achieved, Denmark will get free status like also Sweden, Finland, and Austria. Central criteria are no
cases for a period of 18 months as well as a sufficient surveillance programme. This achievement is the
result of a campaign following the three steps: Voluntary control, compulsory eradication, surveillance
with follow-up, initiated in 1994, 1996 and 2006 respectively.
Collaboration has been a crucial part of the achievement i.e., the eradication of BVDV from the Danish
cattle population. This has included contributions from all relevant institutions i.e., the Danish authorities
making the relevant legislation, the national and industry laboratories developing diagnostic tools and
carrying out the analysis together with the cattle industry. The industry took the financial responsibility
and administrated the surveillance and control activities. All institutions agreed on the common goal,
and all were represented in the Bovine Infectious Disease Control Board with decision competence.
In 2006, when the programme changed from eradication to surveillance with follow-up, sampling in nondairy herds shifted from being carried out by practising veterinarians to sampling at the slaughterhouses.
This was possible due to innovative computerised selection of animals for testing. The selection was
done using the Danish Cattle Database, which comprises data about every head of Danish cattle with
respect of origin etc. During the latest ten years, sporadic cases have detected (figure). This has shown
the importance of intensified surveillance even in a period with an extremely low prevalence.
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Live bird markets and backyard poultry farms are high-risk locations for avian influenza transmission
because of insufficient biosecurity measures. Active surveillance of avian influenza among poultry
populations in these areas can enhance early detection and rapid response before spread to humans.
A multi-sectoral surveillance program using the One Health approach, which consists of controlling and
preventing disease transmission at the animal-human interface, was implemented in four provinces
along the Thailand-Lao border. Respiratory specimens were collected monthly and tested for influenza
A virus using egg inoculation and real-time RT-PCR from April 2018 to August 2021. A total of 3,587
specimens were selected by convenience sampling – 2,672 (74.49%) from chickens, 914 (25.48%) from
ducks, and 1 (0.03%) from a quail. Overall, 2,959 (82.49%) specimens were oropharyngeal swabs from
backyard farms, 138 (3.85%) were oropharyngeal swabs from live bird markets, and 490 (13.66%) were
tracheal tissue sections from wet markets. One oropharyngeal specimen from a chicken at a live bird
market was collected on November 27, 2019 and was positive for avian influenza A(H9N2) virus. There
was follow up for 14 days following viral detection, and there were no further cases in poultry and no
documented transmission to humans. Genetic analysis of the positive isolate revealed that the
hemagglutinin (HA) and neuraminidase (NA) genes belonged to the Eurasian branch and were similar
to those of other H9N2 isolates identified in neighboring Laos. This surveillance project highlights the
importance of multi-sectoral collaboration for enhancing surveillance and facilitating timely reporting and
interventions.
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Introduction
Chicken trade at the community level is often conducted on a small scale, but different groups of people
are involved. A better understanding of trade networks will help identify activities and persons that may
facilitate the spread of avian influenza. This study aimed to describe the characteristics and players
involved in the chicken trade chain at the northeastern border of Thailand using network analysis
approaches.
Materials and Methods
Mukdahan and Nakhon Phanom provinces, which border the Lao People’s Democratic Republic, and
Ubon Ratchathani province, which borders Cambodia, were selected as survey sites. Three hundred
thirty-eight chicken farmers and eight sellers identified by local veterinary officers were interviewed from
October to December 2021. The participants were questioned on which subdistricts they received and
sold chickens. A one-mode-directed network was then constructed. The number of other subdistricts
that each subdistrict traded chickens with was counted and identified as incoming or outgoing
movements.
Results and Discussion
Ninety-nine subdistricts and 181 trade links were captured. Self-looping (seller and buyer were in the
same subdistrict) was found in over half of the subdistricts (56/99). We found that overall, incoming, and
outgoing movements ranged from 1-18, 0-11, and 0-8, respectively. Of which, the highest overall and
incoming movements were found in the subdistrict of Mukdahan, whereas that of the outcoming was
found in Nakhon Phanom province. Relevant surveillance and control measures for avian influenza
should be strengthened in the local community where the extensive movement of chickens was
observed.
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Introduction
Classical swine fever (CSF) is endemic in Ecuador. Traditional activities for surveillance and control
have been implemented; However, to achieve future eradication, would be necessary redesign the
actual surveillance system, improving its efficiency. Risk based surveillance could be applied, helping
managers and decision-makers improve their national policy to eradicate this disease.
Materials and methods
The Veterinary Service provided records for the 2014-2019 period. The Surveillance system
characterisation used the RiskSur (Peyre et al., 2019) method (https://fp7-risksur.eu/), and the CDCGuidelines (CDC, 2001). Then, constructed the scenario tree scenarios (Cameron, 2009) based on the
structure of the passive surveillance system component, using literature probabilities, local available
data and stochastic simulations to calculate the component sensibility.
Results
After simulations and considering a desing prevalence of 1.5%, the probability of detection for the
passive surveillance was 0.029% (CI 95%: 0.09%–0.049%). The higher probability of detection (0.026%)
is located in the highland region (Fig. 1). The number of outbreaks in Ecuador were 39, 69 and 35 from
2017, 2018 and 2019, respectively.
Discussion
We could relate the low detection probability of the passive surveillance component to diminished
veterinary education activities oriented to stakeholders, limiting CSF identification of clinical signs and
their notification. Also Considering the endemic state of the disease and the results presented in this
analysis, risk-based surveillance can be prioritized.
References
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Introduction
Since 2017, FAO has supported over 20 countries to improve production and reduce emerging disease
threats using the Surveillance Evaluation Tool (SET). SET provides countries with a comprehensive
assessment of national animal disease surveillance systems. Based on stakeholder interviews, a SET
assessment is conducted using 90 indicators grouped into seven areas. Indicator scores inform a SWOT
analysis and an action plan with prioritized recommendations. However, feedback from SET evaluations
has identified the need for more structured guidance to address recommendations. A Progressive
Improvement Pathway (PIP) would provide a standardized framework for stakeholders to develop
targeted and sustainable animal health surveillance capacity.
Methods
A literature review of progressive pathways and similar tools was conducted to inform the development
of SET-PIP. Five stages for each of the seven SET thematic areas were defined and linked to five overall
stages in SET-PIP. Scores for the 90 SET indicators were mapped to the five stages of their respective
thematic area through consensus. SET-PIP stages will be incorporated into overall SET
recommendations as clear actions that are required for progress along the PIP. SET-PIP will be refined
through piloting in connection with SET missions.
Results and discussion
SET-PIP assigns a country’s surveillance system to a stage of development within the pathway, and a
stepwise and targeted approach on how to improve their capacities and progress to the next stages.
SET-PIP addresses the need for structured guidance on how countries can improve their surveillance
systems by providing decision makers with practical recommendations and pragmatic action points for
sustainable capacity building.
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Summary/Introduction
EU legislation (Commission Reg. EU No 456/2012) stipulates that active laboratory-based surveillance
is required alongside passive clinical surveillance to detect possible incursions of the bluetongue virus
(BTV) into EU Member States. As a result active laboratory risk-based surveillance has been carried
out in parts of the UK which were assessed as higher risk for midge borne incursions from the nearby
Continent.
Materials and methods
Atmospheric dispersion modelling was used to identify counties of the UK as being at a higher risk of
air borne introduction (via BTV infected midges) during the BTV vector season from the nearby
European countries with Bluetongue disease restrictions. These were considered the ‘target’ counties.
Cattle farms for sampling within each target county and animals within each farm were identified with
various risk criteria in mind, e.g. animals unvaccinated against BTV, between 6 and 48 months of age,
exposure to vectors during the vector season, etc. The sample size was designed to detect at least one
positive animal if the prevalence was 5% or greater, with 95% confidence. Blood samples were tested
in pools of five by real-time RT-PCR.
Results
In 2019 and 2020, 8 and 7 counties respectively were included in the survey; namely Essex, Kent, East
Sussex, West Sussex, Hampshire, Isle of Wight and Dorset (and also Suffolk in 2020). Sixty-six and 52
farms were sampled in 2019 and 2020 respectively. Of the 987 and 776 samples collected during these
periods none tested positive for BTV.
Discussion
The results provided additional evidence supporting the UK’s official BTV free status.
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Introduction
To adequately address risks from zoonotic diseases, pathogen and epidemiologic information must be
assessed jointly by all relevant health sectors. Because individual sectors have distinct objectives in
conducting their own, sector-specific risk assessments, the Tripartite (FAO-OIE-WHO) developed a
standard guidance and tool for qualitative, multi-sectoral, joint risk assessments (JRA) focusing on the
animal-human-environment interface. JRA outputs provide a scientific basis for decision making and
shape policies for zoonotic disease prevention and control that are consistent across participating
sectors.
Materials and Methods
Upon country requests, a standard tool and process was prepared jointly by the Tripartite, representing
a consensus between risk assessment approaches and terminology used by the animal health and
public health sectors. After review by experts in 2017, the tool was updated and piloted in Indonesia
(March 2018). In 2019/2020, 16 countries piloted the JRA, applying it to national priority zoonotic
diseases, e.g. avian influenza, rabies, anthrax, Rift Valley fever, and leptospirosis. The final version was
published in December 2020 in English, French, and Spanish.
Results
Countries found JRA useful, feasible, and applicable at national and subnational levels. Evidence-based
decision making for zoonotic disease prevention and control, agreed and coordinated between sectors,
was identified as a key outcome.
Discussion
JRA engages sectors to jointly evaluate zoonotic disease threats, putting the One Health concept into
action. Lessons learnt from pilots have shaped the final tool, enabling countries to utilise it
independently. Follow up assessments have identified the importance of political will and high level
leadership, especially for adopting or amending policies based on JRA outcomes.
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The Enhanced Abattoir Surveillance program in South Australia (SA) provides health condition feedback
to producers who have their sheep processed at participating export abattoirs based on post mortem
inspection (1). The program has been running since 2007 and gives an estimated percentage of each
line of sheep affected by a health condition. It covers 20 endemic conditions but several conditions with
high industry impact have not been reduced (Figure 1).
Producer workshop was held to assess what information producers would need to control endemic
conditions and to identify the drivers and barriers for controlling endemic conditions in sheep.
Producers reported that they would like accurate estimates of disease prevalence and benchmarking to
other producers for conditions. They raised the issue at what prevalence level within a flock when they
should undertake appropriate intervention measures for conditions as well as cost of condition. The
main barrier for intervention was identified as high complexity of intervention.
Further improvement is warranted to optimise the program and reduce endemic sheep conditions in SA.
These include individual recording and participation of all SA export abattoirs to optimise surveillance
data. The feedback should be improved in order to engage producers to control the conditions and
include strategies to assist producers to make easily implemented management decisions.
Figure 1: Proportion of the SA sheep identified with arthritis, rib fractures and pleurisy at post mortem
in abattoirs participating in the EAS Program 2007 to 2019. Pleurisy has only been recorded individually
since 2015.
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Summary
Swiss national animal health strategies require a consistent herd health monitoring in pigs. If information
on necropsies is analysed at national level, this can be an invaluable source for the monitoring of pig
health and early detection of diseases swiss-wide. An even more comprehensive overview is possible
when linking these data with herd health data. Therefore, the Federal Food Safety and Veterinary Office
(FSVO) launched two programmes, together with university and industry partners, to increase numbers
of pathological examinations in pigs, and a third one to digitalize data from herd examinations and bring
together the different data sources. Since 2014, the PathoPig program financially supports necropsies
in laboratories, whereas since 2019, TPS supports Targeted Post-mortem Samplings by veterinarians
directly on farms. Also in 2019, the project Pig Health Information System (PHIS) has been started to
develop an application for smart phones where herd veterinarians can document herd data and clinical
findings during a farm visit. With PathoPig, the number of necropsies increased markedly. The TPS
project helped to examine several additional cases that would not have been investigated via PathoPig.
The PHIS app has proven to be a promising tool for veterinarians in the digital recording of herd
examinations and management of general farm data. The combination of data from both diagnostic tools
together with herd health data can render an even more extensive and informative basis for all the
aforementioned benefits for health monitoring, disease surveillance and early detection purposes.
Introduction
In 2010, the Swiss Federal Food Safety and Veterinary Office (FSVO) launched the “Swiss animal health
strategy 2010+”. One of its aims is to strengthen the Confederation’s engagement in the early detection
of animal diseases and support animal health in Switzerland (1). Another national plan is the “Strategy
on Antibiotic Resistance Switzerland” (StAR) from 2015 to combat antibiotic resistance in humans,
animals and the environment (2). In both strategies, the role of early detection is to identify the presence
of (re-)emerging diseases and zoonoses at an early stage, to continuously assess the potential risk to
humans and animals and forward the information immediately to relevant stakeholders. Based on this,
decision makers are able to initiate appropriate measures in a timely manner.
In an efficient and effective early detection system in farm animals, and specifically pigs, farmers and
their herd veterinarians play an important role. Proper herd level diagnoses by the veterinarians are a
key factor. One of the most powerful diagnostic tools in pig herds is post-mortem examination.
Performed at a meaningful number of typically affected pigs, it gives the veterinarian valuable
information for a correct herd diagnosis. This not only helps the veterinarian to better detect and
understand production diseases or notifiable animal diseases at herd level. If these data on post-mortem
examinations and herd-level diagnoses are collected from the laboratories and analysed at national
level, this can also serve as an invaluable source for the monitoring of pig health and early detection of
diseases at national population level. Collecting and analysing such diagnostic information together with
further health data provides even more valuable information.
Lamentably, in the years before 2013 the numbers of necropsies of pigs in pathological laboratories in
Switzerland decreased steadily (3). This posed a potential danger not only for the health of individual
pig herds, but also for the monitoring of pig health and possibility to detect diseases at population level.
For this reason, in 2014 the FSVO launched a programme called PathoPig, together with partners from
universities and industry, such as the pig health service SGD, the institutes for pathology and swine
clinics of the VETSUISSE faculties Bern and Zurich and the Swiss Association for Swine Medicine
(SVSM). The programme provides financial support to pig farmers for submissions of diseased pigs by
veterinarians for necropsy in participating laboratories. Aim of the programme was to increase and in
the further course stabilize the number of submissions of pigs to necropsy at pathological laboratories.
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This shall warrant a comprehensive health monitoring and disease surveillance of the national pig
population and the timely detection of disease events.
In some situations, it is not feasible to send a pig for necropsy to a laboratory, e.g. in situations where
the transport to a laboratory is not possible or economically worthwhile. In these cases, the solution can
be a specifically trained herd veterinarian opening dead pigs and taking samples for further laboratory
analyses himself/herself directly on the farm. Thus, in 2019 the SVSM and the FSVO initiated a pilot for
a complementary programme to support this targeted post-mortem sampling (TPS) from pigs by
specifically trained veterinarians on-site, of the same name TPS. Further collaboration partners were
the VETSUISSE swine clinics and institutes for pathology, microbiology, virology and parasitology and
the Swiss association for veterinary laboratory diagnostics. TPS is meant as a supplement to PathoPig.
It further strengthens the veterinarian’s active role in the diagnostic processes, offering him/her another
option with a low-threshold access to herd diagnostics and enable timelier (tentative) diagnoses. Due to
the positive outcome of the pilot project, TPS is currently transferred into a permanent routine
programme. Both programmes together will further increase the number of these herd level
examinations and the information gain with regard to early disease detection.
To get a more comprehensive view on pig health, in 2019 the VETSUISSE faculties of Bern and Zurich
started a project called Pig Health Information System (PHIS), funded by the FSVO (4). PHIS is an
application for smart phones where herd veterinarians can easily and systematically document their
clinical findings during a farm visit. All data recorded with this app shall be systematically analysed in
real-time, considering data protection. The analysis of the current pig health situation in Switzerland will
be illustrated in a dashboard open to the public. This contributes to an even more comprehensive
monitoring of pig health, disease surveillance and early detection.
Materials and Methods
Eligible for financial support within the PathoPig program is any pig farm exhibiting herd health
conditions like unusual clinical signs, recurrent therapy-resistant disease of unclear cause, increased
mortality or morbidity, or increased usage of antimicrobial substances. The FSVO covers the cost for
necropsy and laboratory samples to a maximum of Swiss Francs (CHF) 500.00 for 1 - 3 pigs per herd
and herd problem. The herd attending veterinarian or pig health service veterinarian conducts a
thorough anamnesis and clinical examination of the herd, and documents everything in a standardized
anamnesis and examination protocol provided by the FSVO. He or she selects the pigs to be examined
and submits them, together with the completed anamnesis and examination protocol, to one of the five
Swiss laboratories offering necropsies (all of them participate in the programme). The laboratory fills
data on anamnesis and herd examination and its own findings from necropsy and laboratory
examination including the final diagnosis into a standardized data collection form and sends it
electronically to the FSVO. The FSVO then transfers the data of every case to a central database. All
animals submitted to PathoPig routinely undergo exclusion examination for classical swine fever (CSF),
Porcine Reproductive and Respiratory Syndrome (PPRS; Switzerland is free), and since the July of
2018 also for African swine fever (ASF).
The TPS programme started with an 18 months pilot phase in January 2019. Enrolled in this pilot were
13 pig veterinarians. Precondition for participation was that the veterinarian had completed a specific
training course on methods of targeted post-mortem sampling on farms and processing of samples. The
participating veterinarian received financial compensation for the sampling on farm as well as laboratory
examinations in laboratories of his/her choice (max. CHF 500.00 for 1-3 pigs). In return, he/she
documented the whole case in a standardized data entry form provided by the FSVO: anamnesis,
findings in post-mortem sampling on farm, samples taken, initiated laboratory analyses and their results,
the herd diagnosis, therapy and remedial measures initiated or proposed, and finally findings of the
follow-up examination of the herd. After close of the case, the veterinarian sent the complete case
documentation to the FSVO, where it was recorded in a central database (the whole process is depicted
in Fig. 1).
In order to give the TPS veterinarians guidance during the project phase, several working group
meetings were organized by the university project partners. In these meetings, selected cases and
unclear topics were reviewed together with the experts from the swine clinics and diagnostic institutes,
so that the pilot veterinarians could further improve their skills on this diagnostic method.
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Figure 1. TPS programme process.
The PHIS project started in 2019. Project steps were the development of an application to record data
from herd examinations and its testing by pilot veterinarians; the development of a platform to link these
data with information from diagnostic programmes like PathoPig and TPS; and the development of a
dashboard for analysis and visualization of these data.

Figure 2. TPS project process and aims.
A crucial aspect of this project is how to proceed with (private) stakeholder information concerning data
protection. As conducting early detection programmes in Switzerland has a legal basis, co-operation
with stakeholders is a more or less voluntary system embedded in the otherwise generally obligatory
state veterinary service. Therefore, commitment of all co-operation partners is essential as well as
feedback and the creation of added value for data providers. Concerning data protection, different
approaches are used based on the specific situation, such as data sharing agreements or contracts with
general terms and conditions, specifying in which format data is shared between the data source
institution and the FSVO and also how data could be used or communicated, i.e. in aggregated and/or
anonymized form.
Results
In the years 2014-20, on average approx. 600 pigs from 300 different farms were examined via PathoPig
in each year. As figure 3 shows, these numbers have been relatively constant since the start of the
programme, with a decrease only in the last year. In 80% of all cases submitted in 2014-2020, an
unambiguous diagnosis could be made. Spectrum and frequency of observed issues were stable during
all years. The most frequently observed issue in every year was gastrointestinal disorder (overall 54%
of all cases). Respiratory disorders, an important cause of disease in pigs in other countries, were
reported at constantly very low levels of 4% of all submissions.
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Figure 3. Examined pigs and farms in PathoPig.
Each year, slightly more than 400 pigs submitted to PathoPig were tested via exclusion examination for
CSF, ASF and PRRS, all negative. Several cases of notifiable diseases according to the Swiss
regulation for animal diseases were detected via PathoPig, including enzootic pneumonia,
Actinobacillus pleuropneumoniae, and salmonellosis. The first detection of atypical porcine pestivirus in
Switzerland was made in a PathoPig sample in 2017.
In the pilot phase of the TPS programme 2019-20, in total 374 pigs from 166 farms were examined.
Spectrum and distribution of disorders were very similar to PathoPig (gastrointestinal disorders 56%),
whereas the proportion of older animals was higher in TPS (25% finishers / breeding pigs vs. 13%). In
79% of the cases, similar to PathoPig, the veterinarian could elucidate the cause of the herd problem.
Exclusion examinations for CSF/ASF/PRRS were made in 7% of cases. Detected notifiable diseases
were cases of A. pleuropneumoniae and a larger outbreak of enzootic pneumonia in several farms.
According to the veterinarians, while without an existing TPS program, 20% of the TPS cases would
have been examined via PathoPig, 30% of the cases would not have been further examined at all.
Logistic reasons were the most mentioned reason for choosing targeted sampling on site over
necropsies in a laboratory (55% of cases).
In the PHIS project, the development of a test version of the app was completed in June 2020. Since
then, 11 pilot veterinarians have been testing and using the app under real-life conditions. Until present,
more than 300 herd examinations and master data of more than 1000 herds have been recorded using
the app. With the veterinarians’ feedback, various improvements could be incorporated into the app.
Discussion
Figures show that the PathoPig program helped to increase and maintain the number of necropsies in
Switzerland at a high level. Results from the TPS pilot phase are also promising. This indicates a good
acceptance of both programmes and methods by farmers, veterinarians as well as partnering
laboratories. Although there may have been a certain shift in cases, TPS proved a valuable supplement
to PathoPig, covering several cases where further examination would not have been possible otherwise.
Information retrieved from these cases has helped to provide a continuous informative insight into the
health status of the Swiss pig population. Overriding analysis allowed a perpetual monitoring of spectrum
and frequency distribution of disorders, indicating a constant, high health status of Swiss pig herds. With
a constant number of routine testing for different notifiable diseases and the detection of several
notifiable as well as emerging diseases, both programmes contributed significantly to the nation-wide
surveillance, early detection and control of these diseases.
The PHIS app has proven to be a promising tool for veterinarians in the digital recording of herd
examinations and management of general farm data. Currently, the platform is being extended to
incorporate data from PathoPig and TPS, enabling the digital recording of data from necropsies and onfarm targeted post-mortem samplings by veterinarians and laboratories. In a next step, a publicly
accessible dashboard for data presentation will be developed. The combined analysis and presentation
of data from both diagnostic tools and herd health data can render an even more extensive and
informative basis for all aforementioned benefits for health monitoring, disease surveillance and early
detection purposes. Explorations are currently underway with all stakeholders on how to continue all
three programmes in the future. The aim is to outsource the administration of PathoPig and TPS together
with PHIS to a central competent body, presumably university-based, with financial participation from
the sector.
References
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Introduction
Liberal Veterinary Public Health (VPH) systems in Uganda could impact the Sustainable Development
Goals (SDGs) 2 and 3 that stress the need for improved human lives by addressing nutrition, food safety,
food security and infectious diseases. We report on the current activities of VPH aspects and their
delivery, meat handlers’ food safety knowledge and practices at animal slaughter sites.
Materials and methods
Major beef and pork slaughter facilities in the different country regions were visited. Standardized
questionnaires relating to facilities, and food safety knowledge and practices of meat handlers were
administered. Desk reviews and interviews with key informants on VPH activities and existing
legislations were also conducted.
Results
Many facilities had infrastructure gaps seen in the design and lack of maintenance, and shortage of
basic tools needed for good food safety and occupation health etiquette as per the standard guidelines.
Over 50% of meat handlers did not have formal qualifications in the work they did culminating into the
poor attitude and non-compliance to proper occupation health and meat safety culture. Animal health
policies were also found lacking so as to support the mandate of VPH. Low implementation of disease
detection and surveillance was observed at sites.
Conclusion
Uganda faces numerous VPH challenges due to limited resources. Stimulus funding for capacity along
Uganda’s meat value chain is needed to; 1) support infrastructure issues, 2) boost compliance to food
safety legislations, 3) change risky food safety behaviours and worker occupation health practices, 4)
strengthen disease detection, surveillance and more research on zoonoses for sustainable growth.
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To assist with a proper and swift implementation of preventive measures contemplated in the Danish
contingency plans, the Danish Veterinary and Food Administration (DVFA) uses the rapid risk
assessment (RRA) process to estimate the risk of introduction of a disease into the Danish territory. It
is carried out when there is an outbreak of a listed disease under the “Danish Animal Health Act”, with
high consequences for Denmark, occurring in the EU or in countries neighboring the EU. It is published
and risk mitigating actions put in place within 3 working days from the time when DVFA received official
information of the outbreak.
A new qualitative RRA concept was developed and implemented at the DVFA in May 2019. Providing a
structured, systematic, transparent and well-documented report. The RRA for the introduction of
disease, in a specific point in time, is based on the available and relevant documentation. It follows the
guidelines of the OIE on Import Risk Analysis, in particular the risk assessment steps. It helps risk
managers to prepare for possible health threats and to reduce the social and economic consequences
of the threat.
The implementation of this new qualitative RRA resulted in harmonized and structured reports for
notifiable diseases, reduction in writing time and thus reduction in publishing time, in some cases to one
day. Furthermore, the understanding of the risk assessment process improved within the animal health
unit of the DVFA.
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Abstract
One Health addresses global problems linking society, economy, and environment to health.
Antimicrobial resistance in people and animals, for example, results from the overuse or inappropriate
use of antibiotics in health and agriculture, which reduces their effectiveness. Broad collaborations
between physicians, veterinarians, farmers and ecologists are therefore becoming necessary, but
remain limited by many technical (e.g., data sharing) and ethical (consent, safety) challenges. The
purpose of this study is to highlight the role that bioethics can play in improving antibiotic use / resistance
surveillance and governance plans and resources by criticizing, synthesizing, and applying appropriate
normative theories. Determining levels of data access/protection influences the flow of data between
entities such as laboratories, industries, governments, but also between the actors involved in the
management of overlapping problems (e.g., in medicine, agriculture, ecology) that often fall under the
competence of various government ministries, university faculties or professional associations. This
project expended a known framework (Guiding Principles F·A·I·R) to create a new one: F·A·I·R ness
3
E·T·H·I·C ·S. The theorizing process was anchored in a real-world case study, a mandated program to
monitor the use of antibiotics in animal health in Quebec through the co-building of a collaborative
governance regime.
Context
One Health problems – and the associated ethical challenges – are often global and at the interface of
human-animal-ecosystem health [1]. As a major health issue, antibiotic resistance is exacerbated by the
overuse and misuse of antibiotics in medicine and agriculture (human, animal, plant), which produces
selective pressure on bacterial communities (microbial and environmental), reduces the effectiveness
of antimicrobials used for clinical purposes, affects ecosystem services (e.g., nitrogen-fixing bacteria)
and alters biodiversity leading to stochastic and unknown consequences. Solving these problems
requires strong collaborations that are widely distributed within society, involving a diversity of disciplines
and actors, including citizens.
Problem
Intersectorality refers to the involuntary but frequent compartmentalization between sectors of activity,
e.g., government (para-government institute), university (Faculty, research center or group), and private
sector (veterinary production and animal health clinic). There are many reasons for this
compartmentalization, ranging from logistical and spatial to cultural, ethical, political, and even
economic. However, intersectoral collaboration (between government, industry, academia) and
interdisciplinarity (collaboration between health, agriculture, ecology) appear to be solutions to the global
problems raised by One Health [2]. The strength of these collaborations, however, remains limited by
complex multi-actor systems that sometimes converge and sometimes diverge in interests and values,
thus complicating arbitration processes (access vs. protection) in terms of data sharing, or even diffusion
of innovations and knowledge transfer.
Research objective in global bioethics
This study in research and policy bio-ethics explores the role of intersectorial initiatives aimed at
developing surveillance programs in order to guide antimicrobial governance programs and plans. We
used the case study of a project aiming to develop and implement a monitoring program for antimicrobial
use in animal health in Quebec (Canada). We explored an approach to co-build a surveillance system
based on a collaborative governance regime. To apply ethical theories into practice, we propose the
3
F·A·I·R ness E·T·H·I·C ·S bio-ethical tool theorized during this 4-year project in bio-ethics (2018-2022).
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We applied an empirical bioethics methodology and argued that this approach can contribute to
overcome barriers to the application of an ecosystems approach to health and to environment [3].
The case study focuses on the process of implementing intersectoral and interdisciplinary data sharing
networks and collaborating systems to improve interoperation and cooperation. These (eco)systems
base their stability (responsible arbitration) and their usefulness (e.g., antimicrobial governance) on the
volume and quality of data in circulation between all the “players” and the clarity of the “rules of the
game”. Understanding this system of values highlights the common processes between various
emerging networks of distinct interests (e.g., health, productivity, biodiversity), and highlights potential
interoperability and cooperation nodes that maximize access while protecting confidentiality, integrity,
and/or freedom of local groups to achieve their specific objectives.
Empirical bioethics methodology
Bioethics is an interdisciplinary field of study and practice that provides a conversational “bridge” at the
interface between rational (e.g., philosophy) and empirical (e.g., biology) disciplines [3]. The
institutionalization of this new discipline has given rise to ethics committees (clinical, research, public
health, public policy, etc.), institutional accreditation, and evaluations of responsible conduct and
integrity of practice. However, bioethics goes beyond a simple administrative and political functionality,
as it is invested in an analytic study of science, technology, politics, and society, in close relation to
practices and living experience (the “bio”), with a view to solving real-world problems – bioethics is
applied ethics.
A project in empirical bioethics can be understood in three phases – mapping, framing, shaping [4] –
the succession of which combines conceptual and empirical methods. “Mapping” involves describing
the “landscape” of human theories (as its philo-, socio-, anthro-, etc., dimension) in order to synthesize
a “navigation map” for practical “field” use. “Framing” involves exploring this terrain, to engage in
collaborations, to invest in a prolonged fashion, to become stakeholders and to test the value of this
“map”, i.e., intelligibility and pertinence for the “community” “inhabiting” this “terrain”. To “shape” does
not mean to transform the community, nor to impose a common project, but instead to propose tools
that can empower stakeholders to become critical and to deliberate on the desired progression of the
project in awareness of the context, according to their own criteria of value (a collective ethics), and
acknowledging other criteria beyond their control (human rights and social ethics).
Ecosystemic bioethics can lead to new methodological frameworks that draw upon the strengths of
ethnographic approaches to organization and global networks [5] of political action-research using
participatory, collaborative, and co-constructive process, and of management. These new hybrid
frameworks help to integrate critical thinking in the search for sustainability, acceptability, and
responsibility within networking processes at the “inter-” (disciplinary, departmental, sectoral,
professional, personal) organizational scale.
Results
The Four Guiding Principles (Findable, Accessible, Interoperable, and Reusable (F·A·I·R) that emerged
from a literature review in data ethics and sciences were generally well received by the stakeholders in
the case study to address the data sharing challenge [6]. Regardless of their organization (the “inter-”,
see above) or their field (medicine, agriculture, ecology), the case study revealed three shortcomings of
these principles: their meaning, their applicability, and their purpose. For instance, most participants
were concerned about loss of control (e.g., of their autonomy in the future of agriculture) or about
irreconcilable interests (e.g., pharmaceutical, market, consumer, or local farmer interests) if these
principles were to be implemented without terminological precision (meaning), without operational power
(applicability) or without a clear ethical position (purpose). A number of relevant frameworks exist in
applied ethics and can help address issues of applicability and stakeholder receptivity, including ethics
by design (for meaning), block chain (for applicability), and subsidiarity principle (for purpose). They
3
were integrated and are presented here through the following guidelines (E·T·H·I·C ·S, Figure 1).
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Figure 19: The bioethical tool F·A·I·R ness E·T·H·I·C3·S building on the technical Guiding
Principles developed in 2016 (continuing the 2020 presentations planned for ICAHS and
ISESSAH).

We demonstrated that the conceptual tool seen in Figure 1 can help to maximize access and minimize
risk to privacy, confidentiality, and security failure by building data systems based on trust. We must “Act
locally” by empowering practices (green), but “Think global” through a collective dialogue (blue)
between Science and the Community to systematize (red) actions for an acceptable and sustainable
change. This ethics of fairness leads to the empowerment of stakeholders before a critical event (e.g.:
failure of data or emergence of resistance), as indicated by the precautionary principle that links society
to its future and to local cases (grey). To facilitate the emergence of this dialectic of interdependence
(grey, macro cycle), the case study frames the changes about a monitoring system under a collaborative
governance framework that operates under a core critical thinking process (grey, micro cycle): the “rules
of the game” of the data access / protection arbitration to enable the responsible sharing of animal health
data in Quebec.
The F·A·I·R ness E·T·H·I·C3·S tool was implemented in six phases. First, the case study brought
together all stakeholders concerned by antibiotic use monitoring to outline an acceptable vision and
feasible model for change (to Empower; concertation: 2019, 2020; n=60 and 100 stakeholders). Second,
rudiments of this vision and model were co-constructed with stakeholders in collaboration through
participatory studies deepening the technical, legal, and ethical aspects (to Trace out; 2019-2021, n=12
consultations). Third, this bridge – the “co” as experts-society – relied on communications and integrity
as a “hub” for partnerships (government, university, and stakeholders; the Habitat). Fourth, engaging
key players and actionable drivers gives weight to methodological studies on governance (body, regime,
and framework) by a collaborative “living lab” or any kind of community-based action-research program
(for Intelligibility). Fifth (a Community), interinstitutional social negotiation (Collective) must be carried
out over a considerable time scale to find a consensus for joint actions (Cooperation) (to continue 20222023). Sixth (System thinking), the “rules of the game” must be clearly set, as in an Agreement form,
and be enforced by various regulatory mechanisms (technical, economic, legal, ethical); but they must
empower (E) the community in its operation, evaluation, and challenge (to come: 2022-2024).
Conclusion
This bio-ethical tool contributes to structure networks that can facilitate ethical and equitable data
sharing and is exemplified by a case study on an important One Health issue, antimicrobial surveillance
to guide its governance. The key to such an ethic is preparation. We need to stop talking about “datadriven projects” or problem solving, and instead think about the process of problem management to
support knowledge, information, and data policies made possible by coordinated research projects and
social initiatives. This shift from successive projects to a long-term program or from one-by-one problemsolving technics to management processes is necessary to truly integrate ethics “upstream” into the
strategic technosocial development plan, instead of “downstream” as a salve to a situation that has
already become problematic. The intersectorality of such complex systems poses a significant challenge
for advancing knowledge and implementing effective public health interventions to address global issues
such as antibiotic resistance. Using an interdisciplinary and pragmatic approach, this empirical bioethics
study seeks to optimize collaborative strategies by interconnecting remote areas such as health,
agriculture, and ecology, and to propose a respectful and responsible way to share data between
different actors and institutions.
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Summary
Risk-based meat inspection and integrated meat safety assurance" network (RIBMINS) has been
established with an aim to help modernisation of traditional meat safety controls. The network is funded
by the European Cooperation in Science and Technology (COST) and includes more than 180
participants coming from 40 countries. RIBMINS’ scope includes organisation of workshops, short term
scientific missions and conference grants, training schools and scientific conferences. Scientific and
communication objectives of the action are being accomplished through the five working groups and
mirrored in scientific publications. It is planned to continue organisation of the events as long as COST
funding is available and to maintain the network beyond COST.
Introduction/background
The traditional meat safety system - relying primarily on official veterinary meat inspection - has
significantly contributed to public health protection throughout the last century. However, during the
recent decades, relevant scientific community and regulatory authorities have recognised that this
system suffers many flaws – the main being its limited ability to control the currently most important
meat-borne hazards. Therefore, in 2009, the European Commission triggered scientific work on
modernisation of the system by delegating the European Food Safety Authority (EFSA) to provide
opinions on public health hazards to be covered by meat inspection (1-3). The EFSA evaluated meat
inspection in the public health context, prioritised meat-borne hazards and proposed a generic
framework for a new, risk-based meat safety assurance system (RB-MSAS). The RB-MSAS (Figure 1)
is longitudinally integrated and incorporates veterinary meat inspection with producers’ food safety
management systems and other farm-to-abattoir controls into a coherent whole. The system’s practical
implementation is expected to be a slow process followed by thorough development and fine-tuning.
The implementation of the system has recently been started as a direct result of changes in relevant
legislation of the European Union. Further progress that will lead to the full implementation of RB-MSAS
is dependent on intensive research to fill knowledge gaps, enhance education and training and foster
close collaboration of all the system’s stakeholders. With an aim to help modernisation of traditional
meat safety controls and RB-MSAS implementation, a network of reseachers, meat industry and
competent authority representatives has been establieshed through the EU COST Action CA18105 –
Risk-based meat inspection and integrated meat safety assurance (4).
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Figure 1: Risk-based meat safety assurance system according to EFSA (1-3)
Materials and Methods
The COST is a funding organisation for research and innovation networks. The COST actions help in
connecting research initiatives across Europe and beyond and they enable researchers to grow their
ideas by sharing them with peers. RIBMINS (2019-2023) is one of the COST actions – it is a network of
more than 180 researchers, competent authorities and food business operators coming from 40
countries that aims to combine and strengthen European-wide research efforts on modern meat safety
control systems. Thus, the main intention of the network is to help modernisation of meat safety
assurance by coordinating research on risk-based meat safety assurance, establishing effective links
between scientists, meat industry and policy makers, exchanging European experiences with overseas
countries, and developing training platform and training participants in the new systems.

Figure 2: RIBMINS structure

Results
The network is composed of five working groups (Figure 2) – the work in each of them covers specific
RB-MSAS elements. RIBMINS scope includes organisation of workshops, training schools and scientific
conferences, as well as funding of short term scientific missions and conference grants. Scientific and
communication objectives of the action are being accomplished through the five working groups that
regularly organise their meetings. Main RIBMINS events organised by now are five workshops held in
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Copenhagen (7-8th November 2019), a virtual scientific conference (15-16th October 2020) and a virtual
training school on future meat safety assurance (3-5th February 2021). The list of scientific papers and
published reports is available at RIBMINS webpage (https://ribmins.com/reports-publications/).
Discussion
The plans of the action include an organisation of the workshops on roles and responsibilities in the RBMSAS, food chain information improvements, meat decontamination as well as identification of
alternatives to traditional meat inspection. Also, training schools on risk-ranking tools, pre-harvest meat
safety measures and abattoir process hygiene and interventions are in the pipeline. The largest event
planned is the 2nd RIBMINS scientific conference (Cordoba, 7-8th April 2022). Other plans include
progressing with publications in high calibre scientific journals, expanding the network by including all
relevant and interested participants coming from academia, competent authorities and industry, as well
as future close and direct collaboration with stakeholders. It is foreseen that the network will maintain
even after the COST funding.
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Pigs infected with African swine fever (ASF) can contaminate their environment before, throughout and
after the period of clinical signs. ASFV is highly resistant in the environment, and its survival is long at a
low temperature.
In Europe, ASF is present in the Eastern part and recently also observed in Italy. The disease has never
occurred in Denmark, but once introduced, it will cause severe consequences in terms of export losses.
Returning livestock trucks have been identified as one of the main risks in Denmark due to the large
number of trucks used for exporting pigs. To reduce this risk, extra cleaning at the border is in place as
part of a private standard, and pigs can be exported via collection centers or directly from the farm.
The aim of this study is to estimate the probability of the introduction of ASF into Denmark through
returning trucks. Another objective is to assess the effect of exporting pigs via collection centers
compared to exporting directly from the farms.
This is achieved by a SWOT analysis followed by the quantification of the environmental transmission
during the whole transportation process, from the time the truck got contaminated, and the virus has
accumulated in the truck, until domestic pigs in Denmark may be exposed. Hence, the exposure may
happen after cleaning, disinfection, and quarantine of the truck. We construct different scenarios to
elucidate the impact on the probability of exposure while assuming different excretion periods of infected
pigs, variation in the temperature of the environment during transportation, as well as different effects of
disinfection of the returning trucks.
The work is ongoing and is expected to be finished by August 2022. The conclusions will be used to
improve the allocation of resources to avoid the introduction of ASF into the Danish pig production.
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Introduction
Several countries have implemented control programmes (CP) for endemic cattle infections such as
BVD, IBR, Paratuberculosis, etc. These CPs are tailored to each country’s specific situation e.g.
prevalence, demographics and risk behaviour resulting in large heterogeneity in CP design. There is a
need for methods that enable objective and standardised comparison of outputs of differently designed
CPs. To stimulate so-called output-based surveillance methods, a COST Action named SOUND-control
was initiated in 2018. In this Action more than 100 researchers from 33 countries collaborate in five
different working groups (WG).
Results & discussion
In the first WG, cattle diseases that are not listed as A or B in the AHL and for which CPs exist were
mapped in a series of papers published in a dedicated issue of the Journal Frontiers in Veterinary
Science. In WG2 a digital and open access data-collection tool was developed. The tool was applied to
evaluate the availability and quality of data in the participating countries and to collect data on the case
of Leukosis. In WG3 existing and new methods that can be applied for output-based surveillance were
evaluated and the application of these methods were shared with the consortium members and beyond
in training schools and workshops. WG4 focussed on future development and generating a research
agenda. Finally, communication and disseminations were done by WG5 (www.sound-control.eu). All
materials are freely available and intent to support the movement towards output-based surveillance of
cattle diseases in support of safe animal trade.
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Cattle transport vehicles can be a risk for the dissemination of diseases between farms, but there are
limited data about the biosecurity measures they apply. For example, there is no precise information
about the number of trips per day or cleaning and disinfection practices. Thus, the objective of this study
was to characterize biosecurity in cattle transport. For this purpose, a survey was designed containing
questions about capacity of the vehicle, time travel and farms visited per day, production type
(dairy/beef), practices during loading and unloading of animals or cleaning and disinfection practices
after unloading, among others. Surveys are being conducted to drivers from all Spain by phone or faceto-face at the slaughterhouse. Preliminary results (18 drivers surveyed) showed that drivers do 1.4
travels per day (1.0–2.0), sometimes reaching 3 travels per day. A high proportion of drivers (72%)
entered the farm and 61% of them had contact with animals of the farm “very frequently”. Around half
of the drivers (56%) regularly mixed animals from different farms (shared trips accounted for 32% of
total trips). Finally, 78% and 61% answered they cleaned and disinfected “very frequently” their trucks
after unloading, but they also reported that facilities were not always adequate for cleaning and
disinfecting activities. These preliminary results suggest that some animal transport practices should be
reviewed to reduce the risk of pathogens transmission between farms.
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The One Health European Joint Programme (One Health EJP, 2018-2023) brings together 44 partners
across Europe - European public health, animal health and food safety institutes and the MedVetNet
Association - in a dynamic transdisciplinary collaboration focusing on foodborne zoonoses, antimicrobial
resistance and emerging threats. The consortiums’ interdisciplinary research and diverse integrative
approaches aim to fill knowledge gaps, harmonise methodologies and procedures, and facilitate
collaboration across sectors. The One Health EJP strategy to achieve translation of outcomes into policy
is rooted on open, transparent, and sustained communication with stakeholders. National stakeholders
as well as European and international stakeholders that are represented in Stakeholders Committee
(ECDC, EFSA, EEA, EMA, FAO, OIE and WHO-EURO) meet regularly to discuss how to maximize the
impact of One Health EJP outcomes. Additional mechanisms are in place to disseminate the developed
solutions to risk managers and decision-makers in tailored ways. These mechanisms are subjected to
continuous and active adjustment following assessment of stakeholders’ needs and interests. Examples
include thematic and targeted reports, dissemination workshops, and the One Health EJP Outcome
Inventory (OHOI). Testimonies from the Stakeholder Committee members have been positive, and
uptake of outcomes is already observed.
Funding: This work is supported by funding from the European Union’s Horizon 2020 Research and
Innovation programme under grant agreement No 773830: One Health European Joint Programme.

238

[P44] RISK PERCEPTIONS OF AVIAN INFLUENZA AMONG LIVE-POULTRY TRADERS AND
FARMERS ALONG BORDER AREAS OF THAILAND
Soawapak Hinjoy1, Pornchai Thumrin1, Jitphanu Sridet1, Chat Chaiyaso1, Punnarai Smithsuwan1,
Janjao Rodchangphuen1, Weerachai Suddee2, Yupawat Thukngamdee2, Oiythip Yasopa3, Ong-Orn
Prasarnphanich4
1Office

of International Cooperation, Department of Disease Control, Ministry of Public Health, Nonthaburi, 11000,
Thailand
2Bureau of Disease Control and Veterinary Services, Department of Livestock Development, Ministry of
Agriculture and Cooperatives, Bangkok, 10400, Thailand
3Division of Epidemiology, Department of Disease Control, Ministry of Public Health, Nonthaburi, 11000, Thailand
4U.S. Centers for Disease Control and Prevention, Nonthaburi, 11000, Thailand

Summary
Introduction
Thailand has not reported any cases of avian influenza since 2008. Circulating avian influenza viruses
in poultry from other countries may be its potential transmission to humans. The aim of this study was
to assess risk perceptions of poultry farmers and traders in the three border provinces of Thailand
adjacent to Laos.
Materials and Methods
Poultry farmers and traders were interviewed in-person during October – December 2021 by health and
livestock officials using a standardized questionnaire to collect demographics, job histories, knowledge,
and practices related to avian influenza. Knowledge and practices were scored using 22 questions with
a 5-point Likert scale (the higher the score, the more correct response). Exploratory data analysis rating
above and below the 25th percentile of the perception scores was used to describe characteristics.
Perceptions of disease risk were analyzed by multivariable logistic regression forcing age as the
confounder.
Results
Of the 346 participants, the median score was 77.3%. Having more than 10 years of experience in
poultry farming was significantly associated with an increased perception of the risk of avian influenza
(adjusted OR 3.89, 95% CI 1.09–15.07). The farmers and traders (32.4%) perceived avian influenza to
be only detected during the winter season, and they (34.4%) had not been updated on new viral strains
of zoonoses.
Discussions
Local officials can update the farmers on the situation and knowledge through monthly meetings at the
community level. Experienced poultry farmers could share their specific experiences and knowledge on
avian influenza with new poultry producers to improve the perception of disease risk.
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Pig HealthCheck is an Animal Health Ireland-led programme co-funded by pig farmers and government,
that aims to increase the profitability and sustainability of the Irish pig industry through improved animal
health. The programme started in 2019 and is focused on providing a holistic picture of animal health
and welfare status at farm and national level, through the use of benchmarking tools allowing farmers
to monitor their status for a range of measures and to compare this with the national profile.
The programme has 5 areas of activities that together integrate data from animal health (ante and post
mortem (AMPM) meat inspection data), welfare (tail biting risk assessments), biosecurity and veterinary
public health (National Salmonella Control Programme (NSCP) and antimicrobial usage (AMU) data).
Data ownership varies, e.g. NSCP, AMU and AMPM data are owned by government, as do the purposes
for which data are collected and used.
The task of integrating all these data into a single database is challenging, needing to recognise that
permission to access the data varies between different users (e.g. farmers, veterinarians, advisors) and
that the database has to serve different purposes (e.g. a benchmarking tool for farmers and a decision
making tool at national level).
Engagement with all sectoral stakeholders was essential to remove barriers to the operationalisation of
the database. The main challenge for the future is to drive engagement with the database and its
dashboards. This will require frequent communication with end users and continued improvement of the
database tools.
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Equine piroplasmosis (EP) is a tick-borne disease, caused by two blood parasites Babesia caballi and
Theileria equi, that poses major health and economic issues for the equine industry. In France the
disease is known to be enzootic but has been the subject of few epidemiological studies. Such studies
are however essential to implement targeted and effective actions against the disease. The objective of
this study was to gain insight on the spatio-temporal variations of circulation of B. caballi and T. equi in
France. Equid serum samples obtained between 1997 and 2003 were analysed through Complement
Fixation Tests. Seroprevalence was evaluated for each parasite, and their spatio-temporal distribution
plotted. Finally, a multivariable logistic regression was performed to assess the influence of region and
year on EP circulation. 16,127 serums were analysed, revealing 13.2% (range of 5%-27% depending
on the region) of horses seropositive against T. equi and 9.5% (range of 3%-25% depending on the
region) against B. caballi. The logistic regression showed that, whatever the year, horses from the
southern regions of France were the most impacted by EP (OR>1), and that the proportion of
seropositivity against T. equi increased over time. These results highlight the heterogeneity of both
parasites circulation in France in link with ecological diversity and vector distribution. Our findings
demonstrate that serological data should be considered as a good proxy for EP circulation, an
information which is essential to select regions for future studies on risk factors assessment.
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Summary
Considering the eco-epidemiology of a disease is essential, especially when studying a vector-borne
disease, as it is the only approach that provides a comprehensive understanding of how the pathogen
circulates amongst populations. Equine piroplasmosis (EP), a tick-borne disease caused by Babesia
caballi and Theileria equi, is endemic in the Mediterranean basin of Europe and causes both animal
health and economic issues for the equine sector. With no vaccine available, defining the episystem of
the disease can help identify which components of the host-pathogen-vector-environment system
should be targeted to improve preventive measures.
In this systematic literature review, we collected relevant data on the eco-epidemiology of EP in Europe.
Sixty-two studies were selected allowing the exploration of potential vectors, indicators of parasite
circulation and putative risk factors of EP. Eight hard tick species were identified as potential vectors of
one or both piroplasm species. Meta-analyses were then conducted, demonstrating an estimated
seroprevalence of 30% and 8% and prevalence of 25% and 2% in Europe for T. equi and B. caballi,
respectively. Finally, herd management practices, individual and environmental risk factors showed no
real consensus between studies, but a general trend highlighted age and exposure to ticks as risk
factors, and vaccination as a protective factor. Through this study, we showed that only a few studies
have focused on disease management practices and even fewer have studied the effect of
environmental parameters on equid infections. Further investigation is required to better characterize
the eco-epidemiology of EP and risk factors associated.
Introduction / Background
When studying an infectious disease — especially a vector-borne disease — an ‘eco-epidemiological’
approach is essential to better understand the relationships between the pathogen, the hosts and the
environment, and thus to determine the appropriate measures of surveillance, prevention or control.
When they first introduced the concept of ‘eco-epidemiology’ in 1996, Susser and Susser emphasized
the limits of the ‘black-box paradigm’ usually used in epidemiological studies, which focuses on the
circulation of pathogens mainly at the individual level, considering populations only as a sum of
individuals, and thus neglecting many aspects, including sociological or environmental factors (1). The
concept of ‘eco-epidemiology’ is therefore based on the consideration of a multi-level system, from the
molecular to the socio-environmental level, and on the fact that no level can be isolated from the others,
allowing the exploration of a pathogen-host-environment model (1).
Equine piroplasmosis (EP) is a tick-borne disease caused by two obligatory intraerythrocytic protozoan
parasites, Babesia caballi and Theileria equi, which can infect all equid species (2). EP is known to be
endemic in several countries of Africa, Asia, the Americas and mainly in the Mediterranean basin for
Europe (3). This wide distribution is probably partly due to and maintained by international movements
of chronically infected animals. EP thus represents a significant animal health issue and causes notable
economic losses for the equine industry, including impairment of horse performance, treatment costs
and requirement of negative diagnostic test results for international exportation of horses. Therefore, EP
is of high concern for the entire equine sector, and measures to control the spread of the disease are
needed globally. We conducted a systematic review of current knowledge relating to the ecoepidemiology of EP and its associated vectors in European countries (4) to have an overview of current
knowledge and to identify what remains to be explored to be able to take efficient control measures in
the fight against B. caballi and T. equi infections in Europe.
Materials and Methods
To collect studies related to the eco-epidemiology of B. caballi and T. equi and their associated vectors
in Europe, a systematic literature review and a meta-analysis were performed following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (5). A conceptual
framework representing the episystem of EP was first constructed to identify relevant keywords. Key
terms ‘Babesia caballi’, ‘Theileria equi’, ‘Babesia equi’ (the old name of T. equi), ‘tick’, ‘risk factor’,
‘equine piroplasmosis’, ‘prevalence’, ‘seroprevalence’, and ‘equid’ were then searched in the title,
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abstract and/or keywords of studies. The search allowed the review and selection of studies dealing
with tick species reported to be infected with EP-causing pathogens, studies focusing on risk factors of
tick infestation in equids and finally, studies related to EP prevalence, seroprevalence and risk factors
in equids. Only studies involving European countries and dealing with eco-epidemiological
characteristics of EP were kept for our review.
From the eligible studies on ticks, when available, data on tick species, equid tick infestation rates, tick
infection rates for both parasites and potential associated individual and environmental risk factors were
collected.
From the eligible studies on B. caballi and T. equi infections in equids, data extraction included (i) the
location, (ii) the year of data collection, (iii) the species involved, (iv) the total number of equids included,
(v) the number of positive cases for each parasite and (vi) the diagnostic technique used. When
available, the risk factors considered and their associated odds ratios (ORs) were recorded. The
systematic literature review was then used to perform a meta-analysis on parasite prevalence and
seroprevalence in equids to quantify and compare the level of circulation of B. caballi and T. equi in
equids amongst European countries, and to estimate a proxy of prevalence and seroprevalence in
Europe. For each study included in our meta-analysis, prevalence of B. caballi and T. equi in equids
was calculated with 95% confidence intervals.
Results
Sixty-two studies were found eligible for the systematic review, including 35 articles eligible for the metaanalysis.
Sixteen references mentioned the potential tick vectors of both B. caballi and T. equi in Europe. Analysis
of these studies revealed the presence of potential vectors of equine piroplasms belonging to the
following five genera of hard ticks: Rhipicephalus, Dermacentor, Hyalomma, Haemaphysalis and
Ixodes.
Overall prevalence — regardless of the mode of collection — of T. equi and B. caballi in ticks varied
between 0.2% and 14% for T. equi and between 0.2% and 6.2% for B. caballi. Eight species were found
to carry one or both parasites responsible for EP across Europe: Dermacentor reticulatus, Dermacentor
marginatus, Rhipicephalus bursa, Rhipicephalus sanguineus, Rhipicephalus annulatus, Hyalomma
marginatum, Haemaphysalis punctata and Ixodes ricinus. Overall, the most prevalent tick species
feeding on equids in Europe were H. marginatum and I. ricinus, followed by R. bursa, H. punctata, D.
reticulatus and, to a lesser extent, R. sanguineus and D. marginatus. Interestingly, none of the studies
conducted on horses tried to identify potential risk factors for tick infestation of horses and only one
study conducted on wild donkeys examined the tick infestation according to several parameters. In this
study, colour of donkeys and land cover were pointed out as significant predictors of overall tick
infestation.
Thirty-five studies, involving 15 European countries, were eligible for the meta-analysis on
seroprevalence and prevalence data in equids. These cross-sectional studies were conducted between
2001 and 2019, for a total of 16,573 horses, 597 donkeys and 56 mules tested for T. equi and/or B.
caballi (either by DNA detection, serological test or both). The estimated overall seroprevalence and
prevalence for T. equi in Europe were 30.0% [25.4–35.2]95% and 24.5% [16.5–33.4]95%, respectively. B.
caballi was less prevalent in equids than T. equi, with an estimated seroprevalence of 7.8% [5.0–12.2]95%
and a prevalence of 2.4% [1.2–4.6]95%. Spain, Italy and France were the three countries most affected
by EP, with overall prevalence between 29% and 34% and seroprevalence between 31% and 58% for
T. equi, and prevalence between 1% and 5%, and seroprevalence between 7% and 13% for B. caballi.
However, it should be noted that 10 studies were conducted in Italy and 9 in Spain, whereas only one
was conducted in France during the last two decades. On the contrary, no studies reported EP cases in
the Netherlands or in Switzerland.
Finally, 18 studies dealt with risk factors for EP in equids, with almost all studies examining the
association between different variables and the serologic status for EP rather than PCR results. Indeed,
two studies only identified risk factors related to B. caballi and/ or T. equi parasitaemia in horses. The
most studied variables in risk factor analyses conducted in European countries were individual
characteristics. Age and sex were the most frequently analysed variables included in the 18 selected
studies. Conclusions on the association between age and seropositivity for T. equi showed
discrepancies between studies. Conclusions on gender as a risk factor were even more divergent
between the different studies. Notably, when significant, the difference in prevalence and
seroprevalence between males and females was usually considered to be related to management
practices that differ according to gender. Other individual variables such as equid species or breeds
have been studied and found to be significantly associated with EP serological status, but not with
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parasitaemia. Out of the 18 studies selected for this review, only 8 analysed management practices as
potential risk factors and 6 looked for environmental factors. Close contact with other animal species
(ruminants, other equid species) and outdoor activity were found to be positively associated with
seropositivity for one or both parasite species and then
considered as risk factors for EP. On the contrary, vaccination and deworming programmes seem to be
protective against EP. For environmental factors at last, type of housing, land cover and geographical
areas have been shown to have an effect on the serological and/or parasitic status of equids.
Discussion
We carried out a systematic literature review and meta-analyses to gain more insight into the exposure
of equids to EP and the overall eco-epidemiology of the disease in Europe. Traditionally, transmission
of EP is attributed to tick species belonging to genera Dermacentor, Rhipicephalus and Hyalomma (6).
Here, and according to the reviewed articles, there are 8 tick species, including two additional genera Ixodes and Haemaphysallis - potentially involved in the circulation of B. caballi and T. equi in Europe.
Transmission experiments have long since incriminated H. marginatum, D. reticulatus, D. marginatus
and R. bursa and these species are now recognized as competent vectors for B. caballi and T. equi.
Vector competence has not been studied in experimental conditions for R. annulatus, I. ricinus, R.
sanguineus or H. punctate. While being suspected to be vectors of both parasites because parasite
DNA was detected in unfed ticks collected into the field and/or in ticks collected from uninfected animals
—suggesting a trans-stadial transmission in favour of a vectorial transmission of the parasites—
traditional transmission experiments are needed to validate vectorial competency. Indeed, knowing the
competent vectors is essential because the presence of EP in a given region is tightly linked to the
presence of the tick vectors and therefore to their ecological preferences and activity periods (7), which
can vary depending on the species, stage of development, geographical region and environmental
conditions.
The study of the circulation of both piroplasm species amongst equids in Europe showed that the overall
prevalence of B. caballi and T. equi in equids is 2.4% and 24.5%, respectively, whereas the overall
seroprevalence is 7.8% and 30.0%, respectively. These estimations are in close agreement with recent
findings based on a literature review on the circulation of B. caballi and T. equi worldwide (8). However,
because some countries have several published studies while others have only one, the estimated
prevalence and seroprevalence have to be interpreted with caution. In European countries, T. equi
prevalence and seroprevalence are noticeably higher than those observed for B. caballi. This difference
is found in all endemic areas and may, amongst other things, be explained by the lifelong T. equi
infestation in equids whereas, for B. caballi, parasite clearance is estimated at 1–4 years. In addition, in
the case of T. equi, long-lasting infection seems to lead to persistent antibody titres, but precise
knowledge on B. caballi antibody titre dynamics is still lacking. However, the higher seroprevalence of
T. equi compared with B. caballi may also reflect actual higher circulation of T. equi in the European
countries analysed here, especially since vertical transmission from mare to foal has been reported.
As mentioned above, the best way to control EP to date is the understanding of disease risk factors.
The articles reviewed here mostly focused on individual risk factors, and — even though results obtained
were not always consensual — some general trends emerged. Age was usually found as a risk factor
for T. equi infection based on the serological status of equids. This result is likely due to the fact that the
older an equid gets, the more likely it is to have encountered the parasite in its life. Equine species and
breeds were also shown to be risk factors in some studies — probably reflecting genetic predispositions
—, as well as exposure to ticks and presence of another animal species in the herd. Regarding this
latter risk factor, the increase in the number of possible hosts for ticks may increase the density of ticks
and therefore the risk associated with them. On the contrary, vaccination and deworming programmes
seem to be protective factors. It has been hypothesized that vaccination programmes can help to
improve the immune status of horses as well as being an indicator of good health management of the
herd. Deworming programmes could also be a sign of good herd management practices and imply
reduced exposure to ticks. Most reviewed studies were conducted on individual risk factors, with a
simple univariate analysis. Since management practices frequently vary with sex, breed or species,
without a multivariate analysis, it is impossible to differentiate between an effect actually related to
individual characteristics, and a biased effect related to different herd management practices. Therefore,
EP risk factors deserve further investigation with studies taking management practices as well as
environmental characteristics into consideration, along with the analysis of multiple scales and in situ
meteorological data, to avoid bias as much as possible.
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Importantly, in European countries with only a few EP cases to date, vigilance needs to be maintained
and OIE recommendations followed to avoid the spread of B. caballi and T. equi in the near future as
exchanges of horses throughout Europe, cumulated with climate change that may allow the modification
of EP vector distribution, incontrovertibly represent high risks for the emergence of EP in these countries.
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Introduction
Field research findings are often disseminated via scientific journals, making them inaccessible in the
field. Furthermore, objectives may not reflect the priorities of stakeholders, who may become
discouraged from participating in data collection/application. FAO has developed a digital platform to
facilitate data capture/utilization related to profiling biosecurity of animal markets and key value chain
points, as well as animal movements, through its EVC Platform, empowering veterinary stakeholders to
collect, analyse, and display a variety of data in real time to inform risk management.
Materials and Methods
‘Open-source’ electronic collection (e.g.EpiCollect5) allows veterinary personnel nationwide to profile
value chains, animal movement patterns, and map risk hot-spots. Data is continuously collected by field
actors through interviews, expert opinion, and historic paper records. Outputs are created in conjunction
with national epidemiology units to ensure relevance and incentivise data collection. Lastly, EVC
facilitates dissemination to engage key stakeholders.
Results
Over 1000 LBM and network connections were profiled in Asia and Africa by national veterinary
services, with findings already used to guide LBM selection in Viet Nam for avian influenza virus active
surveillance in 26/63 provinces. Data collection in Ghana and Tanzania continues.
Discussion
The mapping of epidemiologically significant locations such as markets, abattoirs, and border points
along with seasonal and quantified animal movement can be utilised by veterinary services to
plan/implement prevention and control interventions. The platform can rapidly increase country
capacities to identify high risk locations, i.e. those in need of urgent biosecurity improvements or those
that need to be targeted for surveillance. Furthermore, data can be updated in real-time to maintain the
cost efficiency and effectiveness of interventions.
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Background
The Ministry of Agriculture, Forestry, and Fisheries in Japan (MAFF) has been conducting animal
disease surveillance in 26 important infectious diseases and 71 monitored diseases in domestic animals
since 1950s. Although the collected data are accessible to the public, no comprehensive analysis has
been conducted nor the data displayed in an intuitive and informative manner. Therefore, we constructed
interactive dashboards that can compare the prevalence and incidence rate of infectious diseases
among prefectures in Japan.
Methods
The surveillance data were collected monthly by the regional domestic animal hygiene centers located
at 47 prefectures. Data were opened to the public by the MAFF. We selected common diseases that
have been detected almost every year since 1998: e.g.) Johne’s diseases, bovine leukosis, bovine viral
diarrhea, pig erysipelas, highly pathogenic avian influenza, and others. In addition, the data collected by
the Agricultural insurance scheme were collected. We used Tableau Desktop and Tableau Online for the
visualization.
Results
The interactive webpage enabled regional veterinarians to compare the trends of animal infectious
diseases at prefecture-level, by year and month, and dairy vs. meet, etc. They are also used for the
education of veterinary students. This is the first interactive web tool to show the trends of animal
diseases in Japan.
Discussion
We have shown the potential use of disease surveillance data and the necessity of summarizing the
data in an informative manner. We are further creating a dashboard of common or chronic diseases that
are not included in the current monitoring system.
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Introduction
Campylobacter cross-contamination of Danish broiler flocks at slaughterhouses was investigated using
data from two national surveillance components and from ad-hoc sampling.
Materials and Methods
The animal level (AL) and food safety (FS) surveillance components from 2018 were compared. The AL
component contained results of PCR on pools of cloacal swabs collected just after slaughter from 3,012
conventional flocks processed at the two major Danish slaughterhouses (S1 and S2), while the FS
component regarded culture testing of leg skin samples originating from 999/3,012 flocks. The monthly
“apparent” flock prevalence (AP) and the “true” prevalence (TP) were estimated. Agreement between
components was measured in percentage and in weighted Kappa values. The ad-hoc field investigations
were carried out testing caecal and neck skin samples (from S1 and S2) on two subsequent flocks in
five different days.
Results
A relevant percentage of flocks (≈ 8-9%), which arrived at the slaughterhouse as AL negative, were
positive in FS, although with lower median bacterial load (cfu/g) than these observed in flocks, which
arrived as cloacal positive. Especially during summer, the TP detected through the FS component
appeared significantly higher than that estimated through the AL component. In the ad-hoc
investigations, cross-contamination occurred in one occasion.
Discussion
The TP and its related uncertainty, estimated considering the performance of the test and the sample
sizes, could be used as output-based standard, to compare surveillance results across: periods, sectors,
and countries. Risk-mitigation measures aimed at reducing the TP at farm and slaughterhouse levels
(i.e. also cross-contamination), could reduce the risk of human campylobacteriosis
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Unlike many other regions in North America where pig production is highly integrated, swine producers
in Ontario, Canada are still predominantly independent and smaller. A wide variation in production
practices, disease status and surveillance programs exist between systems. Production-limiting
diseases are our project focus due to their economic importance to producers and veterinarians. Our
goal was to identify and describe changes in detection trends over time with PRRSV and PCV2.
Diagnostics data provided by the Animal Health Laboratory (AHL) at the University of Guelph was
analyzed for a 5-year period from January 2016 to present, using R statistical software. PRRSV and
PCV2 have increased prevalence in Ontario. In total, 11731 PRRSV and 586 PCV2 submissions were
summarized for the period between January 2016 and October 2021. Of all 16316 submissions, these
account for 72% and 4% respectively. On average, each month 166 PRRSV and 6 PCV2 submissions
are processed, and 16% of PRRSV and 1/6 of PCV2 are positive. In the past 22-months, PRRSV and
PCV2 have had 18% and 4/13 higher positivity rates compared to the previous 4-year period. Virulence
and impact of swine diseases like PRRSV and PCV2 continue to increase. Although a number of
vaccination programs exist to combat these diseases, producers in pig-dense areas struggle to maintain
negative status. We are combining diagnostics data with heard health, pathogen genetics and
production performance data, so producers and veterinarians can improve PRRSV and PCV2 control
and elimination strategies.
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Context
In Scotland, Scotland’s Rural College Veterinary Services’ (SRUC VS) Disease Surveillance Centre
network (DSC) plays an integral part in surveillance to detect new and re-emerging threats within animal
populations, predominantly livestock. Voluntary submissions of self-selected samples and carcasses
are received for diagnostic purposes from vets and farmers.
In response to surveillance reviews and proposed changes to the network, an initial evaluation of these
submissions data established a baseline ‘footprint’, while highlighting challenges with the data. A further
evaluation has worked to address these challenges and examine the subsequent time-period.
Process
Initially, what could (coverage) and what did (usage) happen - when a clinical investigation in a herd, or
flock, leads to a specimen submission to the network - was evaluated for holdings with at least one of
the main livestock species – cattle, sheep & pigs, during the period 2010-2012. The existing network
coverage was described using Agricultural Census data, as were alternative configurations. Usage was
more difficult; missing data meant matching methods were insufficient and intensive cleaning of the
submission data, by hand, was required.
In the recent evaluation of coverage and usage for the period 2013-2018, a new denominator was
developed using a combination of Agricultural Census and movement data, to more accurately identify
relevant holdings that would have had at least one cow, sheep or pig in the time period. Iterative
discussions between those processing submissions data and those involved in collection at source,
occurred to understand the intricacies of the data, establish the most appropriate dataset, and develop
the code required to optimize the data extraction and cleansing process.
Outcome/Impact (What difference did the case/initiative make?)
The recent evaluation has:
• demonstrated the difficulties that data recording irregularities make to such an evaluation
process
• provided guidance on how and where improvements could be made to data entry procedures
• reinforced the need for the availability of relevant, up-to-date demographic data
• developed a standardised, documented data extraction procedure for the submissions data
• provided a new baseline footprint for the network
Relevance for others
These evaluations of coverage and usage for the Scottish SRUC VS DSC network demonstrate that:
• what may appear to be a straightforward exercise, may turn out not to be. However, it can lead
to the identification and/or highlighting of limitations and challenges with data and subsequently
to action that leads to improvements in the system.
• when surveillance system data are requested by researchers, ensuring that they have a valid
dataset to produce robust outputs, it may not be as simple as they think it should be when the
data systems have been developed for other purposes.
They can provide information that can help policy makers and surveillance providers make decisions
about service provision and the cost: benefit of proposed and executed changes. Additionally, they can
provide feedback to those employed in the service e.g. evidence of what they are achieving and why
changes to data collection processes and ways of working are being made.
In a different setting, different data will be available for use, and different challenges may arise. However,
the fundamental principles highlighted in these evaluations and the solutions developed should be of
interest to any providers of similar diagnostic submission and surveillance network data.
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Recommendations
Routine evaluation of pertinent aspects of surveillance systems should be built into quality management,
as should the staff resources to do so in a timely manner. The latter should not be under-estimated
unless the scale of the challenges is known.
The SRUC VS DSC network was re-structured in 2019 and an update to the data storage infrastructure
within SRUC VS is in progress. This will continue to provide opportunities to assess the data, improve
processes and, in the coming years, to re-evaluate the footprint of the network and assess the effect of
these changes.
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Introduction
The utility of the Scottish statutory sheep movement database to inform design and interpretation of
slaughter-house based surveillance has been demonstrated (https://doi.org/10.3389/fvets.2020.00205).
While the sampling strategy for the exemplar - the first sheep AMR survey - was acknowledged to have
potential for bias, it was anticipated that results would be comparable between later surveys.
Materials & Methods
The same methods and assumptions, as outlined in (https://doi.org/10.3389/fvets.2020.00205), were
used to evaluate the coverage achieved in each of the four surveys, in the single slaughter-house,
between June 2017 and March 2021.
Results
The catchment areas varied between surveys, as did the coverage achieved. More spatial units
representing the catchment area were adequately sampled in the 2017/18 survey than in any
subsequent survey. The most restricted coverage occurred in the 2020/21 survey, with only a small part
of the catchment area adequately sampled.
Discussion
Estimates of the baseline frequency of AMR found in isolates of Escherichia coli from Scottish sheep
faecal samples are not directly comparable between each of the surveys.
A number of factors may contribute to the variation. Catchment area may vary due to the time of year;
samples were obtained in the 1st survey (2017/18) between June and March, in the next two between
August & March, and for 2020/21 – due to COVID restrictions – only between September and March.
However, the progressive reduction in the extent of the catchment area that was adequately sampled
points to a systemic failure. Further data analyses and investigations of sampling procedure and protocol
implementation on the ground is necessary.
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Wildlife health surveillance is an important tool used to gather data to understand wildlife health status,
assess public health risks, and inform evidence-based management and conservation decisions.
Surveillance is of particular importance in rapidly expanding urban areas, where wildlife live in close
association with humans and face unique challenges and health risks compared to their non-urban
counterparts. However, urban areas are not homogeneous, and it is important to understand the
distribution of data within these heterogeneous environments. In Canada, the Canadian Wildlife Health
Cooperative (CWHC) operates a national wildlife health surveillance program that receives wild animal
carcass submissions for diagnostic evaluation. CWHC submissions have not been explored for their
distribution within urban environments. This analysis presents an evaluation of the factors associated
with carcass submissions through the CWHC within 2 major urban centres in Ontario, Canada. Our
findings suggest that natural and anthropogenic environmental and social variables are associated with
submissions at two different administratively relevant scales. Associations that are common across
scales may represent robust intervention points to inform surveillance methodology and messaging.
Furthermore, because surveillance data may influence public health policy, wildlife management, and
other decision-making regarding the benefits and risks associated with coexistence with wildlife, we
must identify potential barriers that may prevent equal opportunity for participation in wildlife health
surveillance and enable equal opportunity to benefit from the associated outputs.
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As dairy cows are primarily kept to produce milk, red meat production is an additional source of revenue
for dairy farmers. Dairy cows account for 26 percent of total EU beef and veal production. Although
contribution of dairy cows to beef production varies by country, the sale of dairy cull cows accounts for
a significant share of the total monetary revenue of dairy herds. Nonetheless, dairy farmers are not
always aware of the impact of quality defects on the beef production performance and ultimately on
approaches to increase the value of their cull cows.
Aim was to study implications of health remarks on dairy cull cows made by official veterinarians at
slaughter and the association with longevity and carcass traits. To that end, carcass traits of more than
500,000 dairy cull cows participating in a slaughter data surveillance program were examined from a
slaughterhouse in the Netherlands.
First objective of this study was to create insights into longevity, carcass weight and rejected weight over
the years 2016 up to and including 2020 and their variation within and between dairy herds. Second
objective was to determine the associations between longevity, carcass weight, rejected weight and the
number and category of health remarks (e.g. heart, lungs and liver) collected at slaughter.
New insights on and understanding of slaughter health remarks provides farmers and veterinarians with
new insights on cattle health. It can improve herd health management resulting in optimal milk and beef
production with reduced number of health remarks at slaughter.
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We used Escherichia coli antimicrobial resistance (AMR) annual reporting data from an ongoing
monitoring programme in Scottish pigs to estimate the apparent prevalence of resistance and multi-drug
resistance (MDR). We also investigated the opportunities and challenges for better use of these data.
E. coli faecal sample isolates from healthy finisher pigs (convenience sample) were antimicrobial
sensitivity tested, by disc diffusion (12 antimicrobials relevant for human medicine), as a measure of the
background resistance in livestock entering the food chain annually (2017-2021). In total, 997 isolates
were gathered from 77 slap marks. Of these isolates, 57.9% were resistant to at least one AM, 30.5%
were MDR and 1.5% were resistant to priority AMs. These Scottish AMR prevalence estimates were
much lower than those previously reported in another GB-based study (2008). The decrease of
antimicrobial use (AMU) on UK pig farms over the past few years may contribute to this difference. A
strong positive correlation was found between a) the number of samples collected and b) the number of
resistant samples; and a) and c) the number of MDR samples. This suggests that resistance levels are
similar across farms. The sampling strategy could be improved by collecting/or only processing a
standardized number of samples per farm. However, it is essential to understand how this is linked to
AMU on-farm and other AMR risk factors. As AMU is one of the biggest drivers for AMR, further active
effort should be made to be enable linkage of AMU on-farm data to AMR data surveillance.
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Introduction
Liver fluke infection in cattle and sheep causes profound production and financial loses. Exploring the
temporal patterns of infection can highlight changes in trends and seasonality, reveal likely influencing
factors, enable assessment of impact of control measures and, once these data are understood, be
used with other data streams to help predict future infections and inform stakeholders. We demonstrate
the use of suitable statistical methods to highlight important information from routinely collected data.
Materials and Methods
We utilised data on liver fluke diagnoses in cattle and sheep between 2002 and 2020 from voluntary
submissions to eight disease surveillance centres of Scotland’s Rural College Veterinary Services.
Using generalised additive mixed models with over dispersed Poisson, we modelled the overall temporal
patterns of liver fluke diagnoses in Scotland, the relative differences between the mean number of cases,
trends and seasonality among the centres, for each species. Centres were modelled as random effects
and as interaction with time series components.
Results
Patterns were similar for both species. The number of cases increased with age. Estimates of monthly
effects were similar across the eight centres and met clinical expectations, given the liver fluke life cycle.
Average trend patterns differ between regions but, overall, average number of cases decreased in
recent years.
Discussion
Differences in the estimates of monthly and trend effects among centres may reflect differences in
vegetations, weather conditions, soil type and farm management in farms submitting samples to the
respective centres, in addition to changes in the network and submission behaviours.

256

[P58] EVALUATION OF PASSIVE SURVEILLANCE OF SARS-COV-2 IN MINK FARMS IN
LITHUANIA, 2020 – 2021
Silvija Žigaitė1, Marius Masiulis2, Paulius Bušauskas2, Simona Pilevičienė3, Alvydas Malakauskas1
1Veterinary

Academy, Lithuanian University of Health Sciences, Lithuania
Food and Veterinary Service, Lithuania
3National Food and Veterinary Risk Assessment Institute, Lithuania
2State

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been detected in mink farms in
various countries, and spill-over back to humans has been described. During 2020-2021 of passive
surveillance in mink farms in Lithuania 4 (4.65%) out of the 86 farms tested were virus RNR positive
until 2021 October. Due to increasing incidence of infections in humans in Lithuania and reports of
SARS-CoV-2 in minks worldwide, it was decided to investigate all mink farms in Lithuania for the
presence of the infection.
During November and December 2021, all mink farms (57) in the country were investigated. At every
farm, 30 samples from minks and 5 environmental swab samples for RT-PCR testing were collected.
Additionally, 19 mink farms were examined for anti-SARS-CoV-2 antibodies. All RT-PCR positive
samples were sequenced. SARS-CoV-2 was detected in 13 (22.81%) out of 57 mink farms. Anti-SARSCoV-2 antibodies were detected in 16 out of 19 tested mink farms (84.21%; 95% CI 62.79%-95.82%).
Four farms were positive for both viral RNA and antibodies. One environmental sample was SARS-CoV2 RNA positive. The present study detected 4.9 times more (p=0.001) viral RNA positive mink farms
than it was found during the passive surveillance. The high proportion of mink farms with anti-SARSCoV-2 antibodies suggests that most mink farms in Lithuania could have been infected. Despite the high
number of mink farms which encountered exposure to SARS-CoV-2 virus, only minimal transmission of
the virus between minks and humans in Lithuania has been revealed by sequencing.
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Context
Timely reporting and early detection of animal diseases, including zoonoses, represent a global
challenge to prevent, detect, and respond effectively to address emergence, spillover, and transmission
of endemic, emerging, and transboundary diseases. FAO has developed EMA-i (Event Mobile
Application) to support veterinary services in real-time reporting, support decision-making, enhance
surveillance and national early warning systems.
Process
Using EMA-i, veterinary officers collect animal disease information from the field then send the
georeferenced information to the country user interface of the FAO’s Global Animal Disease Information
System (EMPRES-i) where data is securely hosted, and can be managed and analysed. EMA-i provides
functionalities to share the disease events with stakeholders and can be tailored to national disease
reporting needs.
Outcome
EMA-i is used in Cote d’Ivoire, Democratic Republic of Congo, Ghana, Guinea, Lesotho, Liberia, Mali,
Malawi, Uganda, United Republic of Tanzania, Sierra Leone, and Zimbabwe. Between 2013 and
September 2021, 20272 disease events have been reported covering 193 different animal diseases. In
Tanzania mainland, disease reporting metrics has significantly improved between June 2017 and
August 2021. From the observation of clinical signs to reporting, 32% events have been reported within
the same day, 65% within three days and 80% within 7 days; leading to prompt response. EMA-i will be
further rolled out in Iraq, Mozambique, South Sudan and interest has been expressed by other countries.
Conclusion
By enhancing surveillance and early warning capacities at country level and improving information
sharing between stakeholders, EMA-i contributes to timely detection and response to disease outbreaks.
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Context
Classification of cattle herd based on their herd management type is important for the design, planning,
and evaluation of surveillance programs for cattle diseases and antimicrobial use. The 2021 Animal
Health Law (AHL) foresees different surveillance strategies depending on the herd management type.
Currently, cattle herds in Switzerland are classified as dairy or non-dairy using milk quality controls data.
In Ireland, the application of a machine-learning algorithm—self-organising-maps (SOMs)—combined
with expert knowledge on the local cattle system allowed the identification of six herd types (e.g., dairy,
beef, pure fattening). In this study, we aim to assess whether this data-driven classification applied on
the Swiss cattle data enables the identification of a higher number of herd types compared to the current
system.
Process
We will select individual bovine data (demographics, movements) available in the Swiss animal
movement database for the year 2020. We will use and aggregate these data to define relevant herdlevel variables (e.g., proportion of dairy or beef breeds in a herd at a specific time point). We will then
apply the SOMs algorithm to extract different herd types based on the defined herd-level variables.
Outcome/impact
The application of a data-driven classification that uses available individual bovine data might enable a
more detailed classification of cattle herds compared to the current system. This would allow for better
planning and evaluation of surveillance programs for cattle diseases or antimicrobial usage, as well as
facilitate the design of strategies to achieve or maintain the status of disease freedom within the AHL
system.
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Growing digitalization and advances in livestock precision farming create the opportunity for syndromic
surveillance (SyS) application directly on production data. This can be useful for early-warning if an
interface with the SyS outputs is promptly available for user analyses, increasing the value of these data
for animal stakeholders.
Swine production data voluntarily provided by a Swedish reproduction farm was used to create weekly
indicators of reproductive performance and health. Some indicators, however, were better expressed
as continuous time-series, that is, series where observations are defined by the occurrence of new
events (such as service or farrowing), rather than by discrete time units. Continuous indicators are an
innovation in SyS, which this project has addressed. Discrete (traditional) and continuous time-series
were subjected to temporal aberration monitoring individually. A user-friendly dashboard was created
grouping all indicators in production categories. Within categories, users can look at indicators most
relevant for health or for management. In the health indicators section, temporal series of indicators are
presented together with the results of temporal monitoring aiming to detect potential signals of disease
introduction. Indicators not subjected to SyS monitoring, but relevant for management (according to
potential users’ feedback), are presented in the management section. The entire workflow was
programmed using the statistical environment R, and is available publicly.
The interactive interface provides a decision support tool to farmers and their advisors, allowing them to
act timely. In the future, anonymized signal collection at the population level is expected to support
population level surveillance.
Figure 1: Screenshot of the dashboard for monitoring indicators of reproductive performance, and
detection of potential signals of disease introduction or management failures.
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Summary
The recognition of animals as the source of most emergent human infections has gained much interest
in the recent years. Emergence and spread of pathogens in humans are thought to be largely driven by
socio-economic, environmental and ecological factors. It would be useful to also outline and forecast
discovery of pathogens of animal health concern. This study investigated the global discovery, spatial
distribution and significant explanatory factors for animal and human pathogen discovery and spatial
distribution.
The first and second peer-reviewed reports of 759 pathogens (500 animal and 259 human) were
geocoded. Boosted regression trees (BRT) and XGBoost models were used to match 33 predictor
variables to pathogen data and compared. BRT, which was the best performing model, was used to
predict and map discovery of pathogens. Network analysis on interactions between pathogens,
pathogen-host and geographical locations.
The historical discovery of pathogens has been more likely in Europe, North America, East and South
Africa as well as East Asia.
Pathogen discovery is driven by a combination of socio-economic, climatic, land use and biodiversity
variables. The most important factors included GDP, university count, latitude and urbanization
suggesting that discovery effort, availability of resources and pathogen location are significant drivers of
pathogen discovery.
New areas with high probabilities of pathogen discovery included South Africa, Oceania, South East
Asia and Central America. The results can be used to identify priority areas for further surveillance as
well as areas requiring further investment in research resources for new pathogen discovery and
prevention efforts.
Introduction
Emergent and re-emergent diseases in animals and humans have tripled globally in the last decade [1].
Over 70% of emergent human diseases are zoonotic, transmissible from both domestic and wild animals
[2]. These zoonotic diseases have posed a threat to human health worldwide and the concern is
currently increasing due to traveling and the close contact between animals and humans. Similarly, the
rate of introduction of vector-borne pathogens has increased in the last decade with an estimate of half
of the world’s population being infected [3].
Most focus has been on emergence of human pathogens, whereas the factors leading to emergence of
animal pathogens has been more neglected.
Global warming and related climate change effects are becoming apparent with the spread of pathogens
to newer geographic regions. Additionally, changes in demography, intensive agricultural practices,
deforestation, mass transportation and extensive global trading [1] influence the rate of spread of these
pathogens. It is therefore imperative outline the distribution and forecast future emergence of disease.
This study aims at describing the discovery, understanding spatial and host distribution, identifying the
factors driving discovery and potential future shifts in spatial distribution of both animal and human
pathogens. The insights can be used to identify priority areas for further surveillance as well as areas
requiring further investment in research resources for new pathogen discovery and prevention efforts.
Materials and methods
A total of 500 animal emergent pathogens and 259 human pathogens were recorded from peer
reviewed articles from Pubmed, Google Scholar, NCBI, CABI and supporting published scientific
materials. Reports published in English, and other languages were comprehensively reviewed and the
location and year of discovery extracted. The list of animal pathogens was obtained from OIE list of
animal diseases [4] and published articles of animal diseases from Pubmed and Google Scholar.
Human pathogens were collected from the GIDEON [5] data set on infectious diseases and a
database on human RNA viruses compiled by Zhang et al [6]. GIDEON is a resource consisting of
information on pathogens and epidemiology trends with data dating from as early as 1348 AD [5]. A
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set of 33 variables were used as explanatory factors for pathogen discovery including climatic, socioeconomic, land use and biodiversity factors [6]. These factors were obtained in 1° spatial resolution
from grid cells of the geographical locations.
The first and second peer-reviewed reports of the 759 pathogens were geocoded. Boosted regression
trees (BRT) and XGBoost models were used to match the explanatory variables to pathogen data. BRT,
which was the best performing model, was used to predict and map discovery of pathogens between
the years 2011 and 2018. The statistical significance of important predictor variables from the BRT and
the effect of the variables on the response were obtained using Generalized Linear Models with a
Poisson link to model the count of pathogens per grid cell.
Network analysis was performed to uncover interaction patterns between pathogens, host-pathogens
and pathogens with geographical locations.
Results
The BRT model was the best performing model. The most important explanatory variables include three
socio-economic variables (GDP, GDP growth and university count) three land use variables (urbanized
land, growth of pasture area and growth of cropland), one biodiversity variable (mammal species
richness) and five climatic variables (latitude, diurnal temperature, minimum temperature, maximum
temperature and annual rainy days).
Despite a few differences, there was consistency in the main factors driving discovery when comparing
animal and human pathogens. We observe that both models show associations between discovery and
GDP, university count, latitude, climatic variables (diurnal temperature, maximum temperature and
minimum temperature) and land use (urbanization, pasture area growth and cropland).
Pathogen discovery is more likely in Europe, North America, East and South Africa as well as East Asia.
More pathogens are distributed in Europe and North America. In addition, the prediction map revealed
new areas with high probability of discovery including South East Australia, Oceania, South East Asia
and central America.
Network Analysis revealed that viruses are more likely to co-occur between hosts compared to other
pathogen types. We also observe that the genus Campylobacter and Acanthamoeba are among the
most occurring pathogens in both humans and animals.
Discussion
The historical discovery of animal pathogens has been more likely in Europe, North America, East and
South Africa as well as East Asia. In addition, the prediction map revealed new areas with high
probability including South East Australia, Oceania, South East Asia and central America. This could be
attributed to the discovery effort, increased GDP growth as well as climatic conditions in these regions.
Furthermore, more pathogens have been discovered in areas which have experienced rapid
urbanization in recent decades especially in Asia [7].
It was evident that pathogen discovery is driven by a combination of socio-economic, climatic, land use
and biodiversity variables. Specifically, the most important factors were GDP, university count, latitude
and urbanization suggesting that discovery effort, availability of resources and location are significant
drivers of pathogen discovery. These results from both BRT and XGBoost models support the evidence
from previous research that pathogen discovery is thought to be influenced by; research effort,
availability of resources indicating that more developed countries have more research funding, better
access to technologies for detection and more effective surveillance systems, pathogen location and
climatic variables. This was also corroborated by the results that indicated pathogens are distributed in
Europe and North America which could suggest that more developed countries have higher chances of
pathogen discovery.
Network Analysis of the patterns and interactions between pathogen host range indicated that viruses
were more commonly shared between hosts compared to other pathogen types which is consistent with
previous studies [6, 8]. We also observe that the genus Campylobacter and Acanthamoeba are among
the most occurring pathogens between humans and animals.
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Listeria monocytogenes remains one of the most concerning food borne pathogens. It can cause severe
pathogenesis in humans called listeriosis. Even though cases of listeriosis are not quite frequent, it has
a very high rate of fatality (i.e., ~30%) associated with it. Many countries have implemented broad
surveillance systems and rigorous regulations, due to the severity of listeriosis. The current regulatory
policies consider all L. monocytogenes isolates as equal. However, there is increasing evidence that the
virulence differs greatly on a sub-species level.
For our study we are using data from two exhaustive surveillance programs of L. monocytogenes
conducted by Danish and French authorities. We aim to use Whole Genome Sequencing (WGS) and
Machine Learning (ML) to predict virulence of L. monocytogenes on a sub-species level. To do that, we
are extracting information from the WGS data on different genomic levels (i.e., virulence genes and pangenome genes). This information is subsequently used as input for supervised ML. In order to quantify
virulence, we decided to use a measure called the clinical frequency (i.e., # clinical isolates/(# clinical
isolates + # food isolates)) which serves as predictor variable for supervised classification. In this study
we are comparing the performance of five different algorithms (i.e., Support Vector Machine linear/radial,
Random Forrest, Neural Network, and LogitBoost). We implemented nested cross-validation to train the
different ML models to obtain a more accurate performance estimate.
The preliminary results have shown that all the ML models perform similarly well. Hence, we continue
to work with the linear kernel Support Vector Machine (i.e., F1-score=0.929 [CI: 0.920, 0.941], ROCAUC=0.972 [CI: 0.962, 0.981]). Further, we could observe a difference in performance between the
different genomic levels. In particular, we found an increased performance (i.e., F1-score=0.944 [CI:
0.928, 0.960], ROC-AUC=0.985 [CI: 0.977, 0.993]) when using pan-genome genes.
Our study introduces a new approach for identification and in-depth analysis of L. monocytogenes in the
food industry. The combination of WGS data and ML enables the resolution of virulence on a subspecies level. Such predictive models could be used to support case-specific microbial safety measures
as well as enhance overall microbial risk management in the food industry. Further, this study creates a
more detailed understanding of the risk that L. monocytogenes poses to the food sector which could
facilitate changes in current food safety policies and perhaps even regulations. For this to happen it is
very important to continue thorough surveillance as data is sparse and geographically restricted. An
increase in the amount of data as well as more geographically diverse samples would immensely benefit
predictive models. In addition, we firmly believe that this method is applicable to different pathogens that
are of high risk in the food industry.
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Summary
Livestock mobility is one of the principal factors contributing to the spread of transboundary animal
diseases in West Africa. In order to prevent and control epidemics, therefore, it is necessary to
comprehend the mobility patterns.
In this study, we analysed 2014 livestock mobility data of Senegal, particularly those concerning national
and international commercial movements. The main objectives were: to understand how the mobility
network structure, and its variation over time, could affect livestock disease propagation in Senegal; to
use this information to identify “sentinel departments”, i.e. departments that could be more likely and
precociously to get infected.
To this end, we used tools from network analysis, with departments as nodes and commercial
movements as links.
Using centrality measures, we characterized nodes, both in the static and in the temporal configuration,
identifying their role in case of disease propagation and, finally, we compared the results to assess how
reliable were predictions done if only a static network representation was used.
Preliminary analysis showed that the weeks around Tabaski, an important Muslim festival associated
with large consumption of small ruminants, corresponded to a period of major disease diffusion.
Temporal network analysis allowed identifying the most vulnerable departments along the year, while
static network analysis leaded to an overestimate of vulnerability and infection time.
These results highlight the importance of considering temporality and the potential of using temporal
network analysis to identify sentinel departments, and could improve disease surveillance system.
Introduction
In West Africa, livestock mobility is a key element of both livestock farming and trade. Animals are
frequently moved looking for better grazing areas (transhumance and nomadism) or to be traded alive,
to provide to familial needs or festivity-related consumption. Most of the times, these movements are
international, relying locations thousands of kilometres apart, and exhibit seasonal patterns.
As animals move so do pathogens, thereby increasing the risk of introduction and diffusion of diseases.
Moreover, the porosity of borders and the absence of a centralised identification system hinder the
possibility of monitoring and controlling pathogens diffusion. Where a system for mapping movements
exists, like in the Senegal case, some estimations of the risk of diseases introduction and spread could
be done and monitoring control measures could be put in place (1,2,3).
Materials and Methods
Materials: we analysed 2014 livestock trade mobility data of Senegal, with the later addition of data of
movements between Senegal and Mauritania used in Apolloni et al. (2018) (4).
The data were collected in the form of Laissez-Passer Sanitaire (LPS), sanitary mobility pass issued by
the Directorate of Veterinary Services every time herders move their animals and contained information,
among others, on origin and destination, date, species involved and number of heads of the convoy.
Methods: we considered inter-departmental movements and used a network approach. To this end, we
aggregated our data on a spatial scale of a department (nodes) and the movements between 2 nodes
at a time scale of one month or one week, depending on the analysis (one month for general description,
one week for temporal network analysis). We consider cattle and small ruminant movements separately,
but also in combination to create the all-species network.
We performed two main types of analysis: preliminary descriptive analysis to identify general spatial and
temporal patterns; network analysis on both static and temporal representation to study the evolution of
structure and its impact on disease dissemination.
Descriptive analysis: A cluster analysis was performed, using the hierarchical clustering on principal
components (HCPC) approach. The approach combines three standard methods for data classification:
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principal components methods to reduce the variables and identify the axes; hierarchical clustering to
define the optimal number of clusters; and non-hierarchical clustering to associate a cluster to each
department. The results helped to characterise Senegalese departments in terms of commercial
movements and number of animals traded and the variations over time.
Network analysis:
Several centrality measures were used to characterised the centrality of departments in the mobility
network. The same analysis was performed on the aggregated static network and the temporal network
representation (i.e. a network defined for each month).
In particular in-closeness and betweenness were used to identify nodes that were more likely to be
interested by pathogens diffusion and could be reached in a short time, from first cases declaration.
However, these measures didn’t take into account the variations over time of the network structure.
To include them, and estimate the impact, we considered a simplified network transmission SI model,
with the index node in one of Senegal’s neighbouring countries. The probability of transmission has
been put to one to assess the effect of the structure.
For each department, we estimated its vulnerability (i.e. the probability of being reached) and the
infection time in a specific period of the year and in time windows (5,6).
We finally used classification algorithm and regression tree (CART) to identify the characteristics of the
nodes that could explain their vulnerability and reachability.
Results and Discussion
Descriptive analysis: The database contains 3610 records of livestock movements involving 62
departments (42 out of 45 in Senegal), from January to December 2014.
Senegal departments appeared both as origin (91.3%) and destination (91.8%) of the movements, with
11%, 3.1%, 2.3% and 0.5% of movements involving Mauritania, Gambia, Guinea-Bissau and Mali
respectively.
The total number of animals moved was 2,256,561, of which 1,427,319 were small ruminants (63.3%)
and 829,242 (36.7%) were cattle.
As shown in figure 1, the departments of Mauritania show an 'exporting' behaviour, i.e. the outflow is
higher than the inflow of animals. Indeed, they are the origin of the trade of a large number of animals,
whose main destination is Senegal. Equally, Senegal has several departments located on the
Mauritanian border with an 'importing' behaviour, such as Dagana, Podor and Matam, but also Bignona,
Kolda, Vélingara and Kédougou in the south of the country. These results are consistent with Senegal’s
trade routes and transhumance axes.
From a temporal point of view, trade movements were fewer during the first months of the year and
mainly concern cattle than in the rest of the year. The volume augmented considerably between August
and November, with a peak in September (figure 2); similarly, the quantity of animals moved, especially
small ruminants, increases significantly in September and October. This could be related to the
occurrence of Tabaski, an important Muslim festival characterised by the sacrifice of rams, that in 2014
took place in early October.
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Network analysis:
The all-species network was oriented and weighted, whose links weights corresponded to the head’s
number moved (table 1).

In the static network, based on their betweenness and in-closeness, 6 departments were identified as
possible sentinels (high betweenness and in-closeness): Bignona, Kaédi, Kanel, Podor, Velingara and
Ziguinchor (figure 3).
However, the majority of the other departments were identified as early warners, i.e. departments that
can be rapidly infected. The analysis didn’t include network evolution along the year.
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In order to study how the evolution of the network could influence the spread of diseases in Senegal,
we modelled the spread of a disease originating in the departments of Mauritania (transmission model
SI with a probability of infection of 1). The figure 4 shows the comparison of the results for static (on the
left) and temporal (on the right) network, when the disease is seeded in different weeks of the year. The
colour code indicated the infection time, i.e. the time a department is infected after the first case
declared. We noted that in both cases the departments Ranérou Ferlo and Birkelane were never hit by
the disease.

However, the simulation in the static configuration clearly overestimates the extent of the propagation
(number of nodes infected) and the progression speed.
Using the CART method, we identified the characteristics of the most vulnerable nodes (>80% hit),
based on their centrality measures and evolution in time. Temporal betweenness and seed-week (i.e.
the week in which the disease started to spread) were the main characteristics for discriminating highly
and lowly vulnerable departments. Indeed, comparing sentinel departments identified in the static
network analysis with the most vulnerable departments found with CART method, we noticed that just
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Bignona, Podor and Ziguinchor were present in both configurations. The other sentinel departments
identified by static network analysis weren’t characterised by high vulnerability in the CART method.

This work underlines the importance of considering temporality of the network to identify possible
sentinel nodes. Depending on the week of seeding, the extension of the outbreaks as well as the
vulnerability of the nodes hugely vary. The work is based on the structural properties of the network.
Future works should include volumes and lower values for transmission probabilities.
This work is a preliminary study and it presents some limits. First of all, illegal movements that occur are
not captured by the databases. Secondly, there is a bias in recording: in the case of international
movements, herders declared the entry point but not the final destination.
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Summary
We used the Danish national avian influenza virus (AIV) surveillance data to investigate factors affecting
AIV outbreaks in Danish wild birds. We obtained data from both the passive and active AIV surveillance
program in Denmark from 2006-2020, along with landscape and environmental variables and developed
predictive mixed generalized linear models (GLM) of AIV occurrence in Denmark. Our results suggest
that landscape variables may affect AI occurrence and enabled us to create risk maps of AIV occurrence
in Danish wild birds. This study shows how surveillance data can be useful to pinpoint high-risk zones
of AIV outbreaks. This may aid to develop more targeted surveillance efforts within Denmark.
Introduction
Avian influenza (AI) is a contagious disease of birds and can be divided into low pathogenic (LPAI) and
high pathogenic (HPAI) subtypes. LPAI is a persistent problem throughout the globe and is spread
between most species of birds. LPAI can mutate into HPAI and can cause high mortality and great
economic losses when transmitted to poultry and other farmed birds (1,2). HPAI subtypes additionally
have zoonotic potential with high case-fatality for humans (3), thus surveillance of AIV is critical in order
to prevent the spread of AIV in both wild and farmed birds.
Many countries have implemented AIV surveillance programmes to monitor the distribution of AI and
evaluate potential risks for both wild and farmed birds (4–7). Within the European Union, AIV
surveillance programmes are mandatory (8), and data from these surveillance programmes can be used
in models to identify factors affecting AIV outbreaks, which can furthermore help optimising future AI
surveillance.
The objective of this study was to assess landscape factors for potential associations with AIV
occurrence in wild birds. This can potentially help defining high- and low risk areas for AIV occurrence
within Denmark.
Materials & Methods
The passive AIV surveillance data (2006- start 2020) had precise location data (UTM coordinates),
whereas the active AIV surveillance data (2007-2019) was at the postal code level. Passive AIV
surveillance data originated from publically submitted dead and diseased wild birds, whereas the active
AIV surveillance data came from healthy birds captured for sampling or ringing, submitted by hunters,
or from bird droppings.
We used Corine land cover data, a map of the Danish coast line, and the Gridded Population of the
World dataset to calculate distance from location data to wetlands and coast (passive surveillance data)
or area of wetlands, coast and cities within a postal code (active surveillance data) (9–11). We used
area of city as a measure of rural/urban areas within a postal code.
We constructed mixed generalized linear model’s (GLM’s) to test for associations between landscape
variables and passive and active AIV surveillance data. Due to limited amount of data, we did not discern
between AIV subtypes nor species affected and furthermore pooled the passive surveillance data for
each location, month and year as a presence/absence observation Likewise, for the active surveillance
data, we summarized observations from the same month, year and postal code into one
presence/absence observation (presence if any observation was positive).
We furthermore used the spatial scan statistics program SatScan to identify potential clusters of AIV
within Denmark.
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Results
We found significant associations between AIV occurrence and distance to wetlands and coast in the
passive surveillance data, with odds ratios indicating higher risk of occurrence at closer distances to
these landscape features. For the active surveillance data, we found significant associations between
AIV occurrence and amount of city area within a postal code, with odds ratios indicating that the risk of
AIV occurrences decrease with increasing area of city.
We used the GLM models for the passive and active surveillance data to predict AIV occurrence within
Denmark and found high-risk areas along the Danish coast and fjords for both prediction maps (Fig. 1)
The cluster analysis detected several significant clusters in both the active and passive surveillance
data, with hotspots of AIV occurrence (higher number of positive cases than expected) found mainly in
the southern parts of Denmark, and cold spots (lower number of positive cases than expected) found
mostly in northern Zealand and Jutland.
Discussion
We found associations between landscape variables and AIV occurrence, using data from the Danish
AIV surveillance program collected from 2006 to 2020. Furthermore, we detected spatial hot- and cold
spots of AIV occurrence within Denmark.
We were able to create predictive maps of AIV
occurrence in Denmark, pinpointing high-risk areas along the Danish coastline and fjords. This suggests
that any potential risk-based surveillance in wild or domestic birds should be concentrated in these
areas, particularly high-risk areas that are not extensively covered in the present Danish AIV
surveillance, such as the coast and Fjords in northern Jutland.
Our study and results highlight the significance and usability of national surveillance data but also
highlight some of the deficiencies in the current Danish AIV surveillance program.
This study has been published in Transboundary and Emerging Diseases (12) and some of the results
have previously been presented at the Society for Veterinary Epidemiology and Preventive Medicine
(SVEPM) conference in 2021.
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Figure 1. Predicted probabilities of AIV presence, based on A) the passive AIV surveillance data, and
B) the active AIV surveillance data. Figure taken from the publication Landscape effects and spatial
patterns of avian influenza virus in Danish wild birds, 2006-2020 by Kjær et al. 2021 (12).
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Concerned by trends for rare burgers, Food Standards Scotland commissioned a survey to establish
the baseline frequency of Campylobacter, Salmonella and Shigatoxigenic E. coli (STEC) in fresh minced
beef on sale to the consumer in Scotland from retail outlets in 2019. Whole genome sequencing (WGS)
of any pathogenic isolates detected was also requested.
The “Scottish consumer” purchasing pattern was represented with two-stage sampling, to account for
population density and market share of retail outlets. Samples were: purchased, processed at European
Union (EU) Official Food Control Laboratories using UKAS-accredited methods; tested for
Campylobacter, Salmonella, and genes indicating the possible presence of either STEC, or O157 E.
coli. “Presumptive” STEC positive samples were confirmed by culture and isolation. Sequences were
generated using the Scottish Microbiology Reference Laboratories’ recently established pipelines.
Of 1009 samples: one was positive for Campylobacter [0.1%, 95% confidence interval (C.I.) 0 to 0.7%];
three for Salmonella [0.3%, 95% C.I. 0 to 1%] and 35 confirmed as STEC positive [4%, 95% C.I. 2 to
5%). WGS data placed results into the context of the occurrence of these pathogens in humans and
cattle.
Pathogen frequencies at the lower end of the range of published studies demonstrated that regulatory
controls contribute to food safety, while confirming the importance of using products as intended. In
August 2019, seven geographically dispersed UK cases infected with the same strain of STEC O157:H7
were linked to handling raw beef and shopping from one national retailer. Sequence matches with survey
strains provided microbiological evidence of the link.
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RFID sensors provide a promising technology for welfare and health conditions assessment in the egg
production industry [1]. We analysed the dataset on free-range hens movements in Australia from 18
000 commercial laying hens using a highly innovative custom-built RFID system, which allowed the
tracking of individual hen movements on the range and in the hen house for the entire 56 week duration
of the laying period. Based on the data, we constructed the corresponding individual mobility networks
[2], as well as contact networks and investigate their properties. Our study demonstrates that health and
performance indicators enriched with the network analysis promise to improve hens well-being as well
as to allow targeted interventions and optimise economical efficiency of the egg production industry.
References
[1] Ruhnke, I., Boshoff, J., Cristiani, I. V., Schneider, D., Welch, M., Sibanda, T. Z., Kolakshyapati, M.
(2019). Free-range laying hens: using technology to show the dynamics and impact of hen movement.
Animal Production Science, 59(11), 2046- 2056. https://doi.org/10.1071/AN19256
[2] Schneider, C. M., Belik, V., Couronné, T., Smoreda, Z., González, M. C. (2013). Unravelling daily
human mobility motifs. Journal of The Royal Society Interface, 10(84), 20130246.
https://doi.org/10.1098/rsif.2013.0246
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Countries have implemented control programmes (CPs) for bovine viral diarrhoea virus (BVDV) that are
tailored to each country-specific situation. To assess the output of these different CPs a Bayesian
Hidden Markov model, called STOC free model, was developed to estimate the probability of freedom
from infection on herd level. STOC free model was applied to BVDV field data from CPs based on ear
notch samples in four study regions. The aim of this study was to estimate the probability of herd level
freedom from BVDV. We additionally evaluated the sensitivity of the parameter estimates and predicted
probabilities of freedom to the prior distributions for the different model parameters. Default priors were
used in the model to enable comparison of model outputs between study regions. Thereafter, country
specific priors based on expert opinion or historical data were used in the model to study the influence
of the priors on the results and to obtain country-specific estimates.
The STOC free model calculates a posterior value for the model parameters (e.g. herd-level test
sensitivity and specificity, probability of introduction of infection) and a predicted probability of freedom.
The probability of freedom for dairy herds that are free according to each study region’s CP was
predicted to be very high for all study regions ranging from 0.98 to 1.00, regardless of the use of default
or country-specific priors. The advantage of STOC free model is that actual data from the CP can be
used, and estimates are easily updated when new data becomes available.
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Context
The Swedish National Veterinary Institute is a government authority with a responsibility for disease
surveillance and knowledge communication. Our diagnostic laboratory produces large amounts of data
daily, and to fulfil our mission this data needs to be summarised and translated into actionable
epidemiological information.
Process
We have developed in-house R packages for collection, cleaning, analysis and visualisation of disease
surveillance and laboratory data. These are combined with HTML and JavaScript technologies to
produce rich interactive outputs in the form of maps, graphs, tables, or complete data dashboards. The
R packages and content templates are kept under version control in the Azure DevOps environment,
where automatic build pipelines use these resources to produce updated outputs with new data, either
on a daily schedule or on demand. Release pipelines then publish the outputs to our internal or external
web servers, allowing quick and easy access for experts and interested parties. The pipelines are also
equipped with an automatic email notification system, which can alert in case of execution errors or
events of interest.
Outcome/impact
The DevOps workflows enable us to create and share a robust, timely and more complete picture of
Sweden’s epidemiological situation. This keeps disease control experts and animal owners informed
and facilitates evidence-based decision-making. It also gives the public a greater insight into the work
of the institute and the general disease status of the country.
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Adverse climatic and environmental factors may impact water quality and the distribution of fish
pathogens over time. These interactions may increase the susceptibility of already endangered host
organisms to disease outbreaks. However, current information on the effect of climatic variations in the
distribution of fish pathogens remains limited. In this study, we investigated the presence of four fish
pathogens (Ichthyophthirius multifiliis, Tetracapsuloides bryosalmonae, Ceratonova shasta,
and Myxobolus cerebralis) using quantitative PCR (qPCR) of environmental DNA (eDNA) obtained from
soil samples collected from 2017-2020 in areas affected by recent fire activity in Plumas County,
California. This genetic technique is a cost-effective, fast, and non-invasive method that may avoid
unnecessary stress and reduce the ecological disturbance associated with other invasive sampling
techniques.1,2
We conducted a multiple correspondence analysis and three multilevel logistic regression models to
evaluate the association between pathogen detection and six predictors: fire occurrence, streamflow
levels, water temperature, type of soil, distance to dam constructions, and seasonality. The results of
the multiple correspondence analysis and the logistic regression models showed that streamflow, water
temperature, and extreme fire events between 2000-2020 are significantly associated with an increase
in the spatio-temporal distribution of our targeted organisms across Plumas County. We consider that
eDNA molecular testing and the statistical techniques utilized in our project can be a rapid and noninvasive method to detect fish pathogens and identify high risk factors contributing to their occurrence.
These results can help improve risk-based surveillance systems and develop more cost-effective
mitigation strategies.
1.Kelley, G. O., et al. (2004). Evaluation of five diagnostic methods for the detection and quantification
of Myxobolus cerebralis. J Vet Diag Inv 16 (3), 202–211.
2. Cavender, W. P., et al. (2004). Real-time quantitative polymerase chain reaction (QPCR) to identify
Myxobolus cerebralis in rainbow trout Oncorhynchus mykiss. Dis Aq Org, 60(3), 205–213.
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Returning vehicles, transporting livestock out of Denmark, have been identified as one of the main risks
of introducing unwanted animal infections into Denmark. To limit this risk, a private scheme called the
DANISH Transport Standard operates for Danish pig and cattle production. The standard summarizes
the requirements for cleaning and disinfection of animal transport vehicles and was established in 2010.
The standard operates through targeted monitoring, control, washing and disinfection of animal
transport vehicles coming empty into the country.
Vehicles arriving at one of the three DANISH-approved cleaning and disinfection sites are systematically
inspected to make sure that the vehicles were adequately cleaned before entering Denmark. After the
inspection, the vehicle gets an extra exterior wash as well as an extra exterior and interior disinfection.
If the vehicle was not adequately cleaned upon arrival, it will be rejected.
Transfer of GPS data from the vehicles to the Danish Agriculture & Food Council’s server makes it
possible to operate with a differentiated quarantine period before loading pigs and cattle from a Danish
farm. The quarantine period depends on which countries the transport vehicle has been in during the
last 7 days. A dynamic risk zone map (Transportstandard (svineproduktion.dk) ) indicates which
countries result in 7 days, 48 hours, 12 hours, or no quarantine before loading. A washing certificate is
printed after washing and disinfection and indicates when the vehicle is allowed to load pigs again.
The IT-systems in place enables cross-checks of the washing database with the Pig Moving Database
and the cattle database. In this way, compliance with the standard’s requirement including specific
quarantine period is controlled.
An independent certification body audits the standard, which is one of the three standards that are
implemented in Denmark. The two others are the Danish Product Standard (pigs only) and the Global
Red Meat Standard.
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