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Animal health surveillance is an important tool for diseaseitigation and helps to
promote animal health and welfare, protect human health, squport ef cient animal

production, and enable trade. This study aimed to assess adgtion of recommended

standards and best practice for surveillance (includingsk-based approaches) in Europe.
It included scoping interviews with surveillance expertsiDenmark, the Netherlands,
Norway, and Switzerland to gather information on knowledgecquisition, decisions and
implementation of surveillance, and perceptions. This watllowed by an online survey
among animal health and food safety surveillance users in EUEEA, and Schengen
countries. A total of 166 responses were collected from 27 cantries; 111 were eligible
for analysis. A strong preference for legislation and estdished standards was observed,
with peer-reviewed publications, conferences, symposiaand workshops to be major
sources of information. The majority of respondents indidad a need for international
evaluation for surveillance and implied that consideratis of cost-effectiveness were
essential when making a decision to adopt new surveillancetandards. However, most of
the respondents did not use a formal evaluation to inform thadoption of new standards
or only conducted a descriptive assessment before their imementation or adaptation.
Only a few respondents reported a quantitative economic evaation despite economic
ef ciency being considered as a highly relevant criteriorof surveillance implementation.
Constraints mentioned in the adoption of new surveillancetandards included insuf cient

time, nancial and human resources, and lack of competencyResearchers aiming to
achieve impact by their surveillance work are advised to caider ways of in uencing

binding standards and to disseminate their work pro-activly using varied channels of
engagement tailored to relevant target audiences and theineeds. Generally, a more
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formal linkage between surveillance information and dissa mitigation decisions—for
example, by using systematic evaluation—could help increasthe economic value
of surveillance efforts. Finally, a collaborative, inteational platform for exchange and
learning on surveillance as well as co-design and dissemitian of surveillance standards
is recommended.

Keywords: animal health, surveillance, standards, evaluat  ion, disease control

INTRODUCTION example, all 182 OIE Member Countries are encouraged to
contribute ©). It then takes two years for the adoption of new
The current European Union (EU) Animal Health Law texts in the OIE codes, during which time the texts are subeuit
provides enhanced opportunities to apply alternative survesban and then circulated to the Member Countries several times.
approaches achieving comparable levels of evidence. ThigsalloHowever, in case of emergencies, standards may be developed
increasing economic e ciency and e ectiveness of surveitian in a shorter period and once adopted by the Assembly, they are
while taking into account local practices and farming cofafis.  then being circulated to the Member Countries. Some stanslard
It requires a shift in the design of surveillance systems tdwa recommended by international authorities and/or elabexht
output-based (what has to be achieved) rather than input-hasepy the EU Commission are translated into directly binding
approaches (which activities must be undertakei)) According  |egislation relevant to a country.
to Article 27 of the EU Animal Health Law2j, prevention and Communication and knowledge transfer between the di erent
control measures for transmissible animal diseases shbeld actors involved (such as academia, livestock industry iy
disease-speci ¢, taking into account disease epidemiologly a makers) in the design and implementation of surveillance
associated risks, as well as characteristics of the targetén'u)n. systems are key and thus need to be enhanced by ensuring
The Animal Health Law also encourages the application of riskthat the latest up-to-date standards are being appliddif an
based approaches for surveillance. Risk-based surveillaree Watimal situation, a standard should be cost-e ective, felasio
de ned by Hoinville et al. §) as: “making use of information jmplement, and robust§), as well as politically, economically,
about the probability of occurrence and the magnitude of theand socially acceptable to decision makers and stakeholders.
biological or economical consequence of health hazardsaio, pl reality, this is not always achieved because of politicaeiag.
design, and/or interpret the results obtained from surveitie Standards set by public authorities are usually referred to as
systems.” It seems, however, that the benets of risk-base@dchnical regulations and they are mandatory in many cases.
surveillance are not (yet) fully exploited by all bene cési Private standards are generally voluntagy 10) and developed
of surveillance. A study carried out by the European Union'ssy a non-government entity9). In practice, private standards
Seventh Framework Programme funded project Risk-Bas&skcome de facto mandatory where compliance is required for
Animal Health Surveillance Systems (RISKSUBYowed that entry into certain markets. The number of private standards
within the 11 EU Member States and Switzerland surveyed ignd their in uence on trade has risen steadily, a trend which
2011, slightly more than half of the surveillance componestl  js foreseen to continue. In the eld of veterinary public hdal
risk-based samplingj. the requirements of di erent stakeholders in the food chaim f
Surveillance systems are usually designed followingafe food and high welfare standards have been at the fotefro
recommended standards, i.e., guidelines issued by an atho of this development with retailers and other private instituts
(e.g., World Organization for Animal Health, OIE; Food and jncreasingly determining decisions regarding public heaiths
Agriculture Organization of the United Nations, FAO; World and other impacts{0-12).
Health Organization, WHO; Codex Alimentarius Commission)  To set up cost-e ective risk-based surveillance systems, bes
or by general consent ensuring that processes and/or outpats apractices should be applied)( These have been de ned by
consistent and t for purpose. Standards issued by interm@lo  the RISKSUR consortium as: “working practices that are good
bodies like the Tripartite institutions (OIE, FAO, and WHO)&  examples using state-of-the-art methods and approaches under
often used as international references. In principle theyree real-life conditions.” RISKSUR developed approaches and tools
legally binding, unless they have been included in a cotmtryfor the design and evaluation of surveillance and promoted
national legislation §). Also, if a country is member of the them using publicly available educational materials as well a
World Trade Organization, these standards are referenced ia best practice document. The evaluation todB)(provided
the agreement on sanitary and phytosanitary measures and cgiidance on how to evaluate functional, performance, andeval
become relevant in a trade dispute. International guidedineattributes in relation to surveillance, including leaststanalysis,
or standards are being developed and regularly updated ybst-e ectiveness analysis, and cost-bene t analysis.
the issuing organizations, such as the Tripartite instdos, While it is important to use an agreed and common
in a transparent and responsive procedure. For the OIE, foferminology, standards should also be exible so that they ca
be adapted to accommodate local (e.g., national) needs aaswvell
https:/iwww.fp7-risksur.eu/ new hazards. If an international standard cannot be impletedn
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at national level this might constitute a barrier to e ective technically competent users who design, implement, or et@lua
surveillance 14). Inconsistent implementation of international surveillance. The aim of these key informant interviews veas t
guidelines in countries can weaken international diseasgain an overview on the surveillance information context in
reporting and response to health risks. Moreover, comparisonhose countries, the use of existing standards/guidelindst
of health status between countries may be hampered by large uences the participants' actions and decisions and poténtia
variations in implementation of surveillance and monitogin reasons for use or non-use. The interview guide included
as for example shown with regards to the monitoring ofquestions on three thematic areas: (1) how and where people
antimicrobial residues in meat in the Netherlands, Denmarkacquire surveillance information and knowledge; (2) fastibrat
and Switzerland 15). Another barrier to implementation of in uence the decisions to adopt surveillance standards; €)d
standards is that data are not always available, accessigésy perceptions of implementation of standards in their institurii
to obtain. In aquaculture, for example, itis di cult to proges in ~ The full question guide can be found Bupplementary File 1
the design of risk-based surveillance, due to lack, norilabifity,  Each interviewer conducted the interview in the language of
or paucity of data{6). their choice and provided the answers to each question in the
Being aware of these challenges and barriers, the follovierm of written notes in English for each interview conducted
up project to RISKSUR called risk-based surveillance fobnce all key informant interviews were complete, an interpmest
animal health in Europe (SANTER®) aimed to promote summary was generated, i.e., an active interpretation of the
the enhancement of risk-based surveillance methods daitabanswers given with the aim to inform the development of
for implementation across industries and countries in Europghe survey.
as well as their dissemination and integration into exigtin
surveillance routines. However, the development of suargie  Online Survey
methodologies is of limited value if not adopted by theNext, the resulting information was used to design an online
target users. Hence, the aim of this study was to gathesurvey in English Supplementary File 2 that was directed at
information regarding the adoption and use of recommendediecision makers for surveillance and/or their technicaliadrs
surveillance standards, novel approaches and best practicasd/or technically competent users or data analysts who desig
across EU, European Economic Area (EEA), and Schengémplement, or assess surveillance across EU, EEA, or Schenge
countries from decision-makers for surveillance and/orithe countries. The survey included questions on respondents'
technical advisors, and/or technically competent users atad characteristics (in particular their role in surveillancehe
analysts who design, implement, or assess surveillance.Speaise and relevance of existing standards for animal health
objectives were to identify drivers and constraints to ugtaif  surveillance, procedures for data, information sharing and
surveillance standards and to identify preconditions regdi learning (both formal and informal), drivers and hindering
to achieve changes in surveillance policy in EU, EEA, anthctors for the adoption of new surveillance standards and

Schengen countries. evaluation of surveillance. The survey was pilot tested among
collaborators in the consortium and then circulated widely
METHODS online and by email using the SANTERO website, the RISKSUR

newsletter and professional networks of all collaboratdise

A two-step approach was used: key informant interviews (Syep furvey was open from May to July 2017. As an incentive
were conducted in a scoping study to inform the designfor participation, respondents were given the opportunity to
of a questionnaire-based, online survey (Step 2). Stasdargnter their names for a draw of three Amazon gift vouchers.
were de ned as “something considered by an authority or bySurvey responses were monitored by the authors and where
general consent as an approved model or quality that calpw participation was observed, the collaborators engageit th
serve as a basis of comparison across countrigd’ (t could ~ Professional networks by direct contact thereby encourggin
include OIE standards (e.g., OIE surveillance guide), peivatSurvey uptake and participation in a targeted manner. Responses
standards and industry guidelines (e.g., private surveittaand =~ Were considered if a respondent answered about half of the
monitoring in the pig industry to conform with an internaticd ~ guestionnaire, i.e., all questions up to (and includingg thse
private standard), best practice recommendations (e.g., RUBK Of existing tools (apart from the tools for aquaculture which

document), EU regulation (e.g., disease noti cation rjjesxd Were deemed to b_e more specialized_). _Descriptive s_tatistics
nationa' regulation (eg’ enhanced pass|ve Survei”adm fur were Conducted USIng IBM SPSS statistics 24 a.nd MICTOSOft

the UK). Excel. Open-ended questions (e.g., further explanationsngiv
or suggestions made) were coded manually by theme or topic
Key Informant Interviews and summarized in an interpretative way. Direct quotes were

SANTERO collaborators conducted 12 key informant intergew included where deemed appropriate from respondents that had
in their countries, namely Switzerlans © 3), Denmark o D  gIVen permission to use quotes.

5), the Netherlandsn( D 2), and Norway i D 2) with target .

interviewees being aquatic, livestock, and food safetisisee ~ EthiCS

makers for surveillance and/or their technical advisorsli/an ~ Ethical approval for the scoping interviews and the survey
was requested and granted from the Royal Veterinary College,

2https://santero.fp7-risksur.eu/ United Kingdom; approval number “URN SR2017-1049.”
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RESULTS Denmark explained that surveillance was so entrenched in the
. . . . system that the use of standards was not something notieexabl
Scoping Interviews With Surveillance to highlight. Aquatic experts declared using various standard
Stakeholders in particular EU legislation that establishes requiremerts f
Twelve interviews were conducted in the Netherlands, Detmar syrveillance and diagnostics (Council Directive 2006/BE
Switzerland, and Norway with government representatives foguidelines for diseases not described in EU legislation or fo
food safety (3), government and private sector represem®@sitiv trade with non-EU countries, and national programme starutar
for animal health including sh (4), consultants to goveremt  for noti able diseases. For surveillance to document farad
in animal health or food safety (2), veterinary advisors tofrom disease in aquatic animals, an informant from Norway had
government (3). They were all involved in the planning, desig consulted peer-reviewed literature to design a programmé wit
implementation, and/or evaluation of terrestrial, aquaticfood  jmplementation of actions based on Council Directive 2086/8

safety surveillance in their countries. In terrestrial animal health, export requirements by third
countries were an important driver to go beyond EU legislation
Information and Knowledge Acquisition and OIE requirements. Technical practicality such as data

Interviewees reported keeping up to date on surveillancavailability, added value and nancial means were further
standards and acquiring information about surveillancecriteria—sometimes with the power to overrule best practice—
developments in several ways. All respondents reported usinpat in uenced the inclusion of new surveillance components
sources of literature, either peer-reviewed or o cial masr in the system. Legislation and cost-e ectiveness were redarde
about standards and guidelines produced by OIE, EU, EFSAs the most common drivers when setting new standards or
or national bodies to di erent extents. Requesting inforneati  implementing new surveillance. Reluctance to change appeared
from national disease experts was also described. The RISKSWRbe a strong hindering factor for the adoption of new
best practice guidesf was known by three interviewees; two of approaches or implementation of current programmes in
them knew it because they had been involved in RISKSUR andio countries (Denmark and the Netherlands), whereas fear
one discovered it through course attendance. All resporglenbf remaining in a programme forever and the associated
explained that they gained knowledge in their professionalinpopularity was a strong consideration in Switzerland. Other
networks through: colleagues in formal international andhindering factors to implementation of best practice and
national meetings or working groups; informal exchange dgri standards were nancial and human resources, requirements
interactions with people at work, in projects, or at conferesice from third countries, markets, lack of knowledge and uncitya
(formal) professional advice from experts on disease, imboutthe e ect of the change.
academia and industry; or as attendants at courses, wopssho  Decision-making processes for surveillance di ered among
or conferences. respondents, but there was a common theme, namely that

Respondents in Denmark appeared to rely mainly on theidecisions are often taken in groups, and are of multidiscipiina
institutions for data, information, and guidance, and exp&d  character bringing together public, private and academic
that for current surveillance of food safety, their systenda stakeholders. Dierences were found in the level of fornyalit
data produced (based on a combination of surveillance angpanning the whole spectrum from informal to mixed to formal
disease experts) allowed them to be ahead of the classieesourprocesses and decision making.
of surveillance information such as EU and OIE guidance and
Codex Alimentarius. Perceptions

Opinions about the amount and ideal data di ered amongAlmost all informants stated to be satis ed with the work of
respondents. Some respondents were content with the qualityheir institution in the use of surveillance standards. Hoxer,
suitability and amount of data, while one person observed thaseveral criticisms were made, and suggestions put forward fo
“more data is always desiralil®©ne informant criticized the improvement. They included the need for the development
information ows and availability, observing that nal oputs and implementation of standardized approaches to promote
and results are often not circulated despite being involved i harmonization across countries and avoid making decisions
projects and discussions. One interviewee observed thattis¢  based solely on factors like political pressure, gut feelingy an
informative activity was the development of a new approachmedia in uence; implementation of risk-based approaches and
while another one explained that surveillance tools arenofie  improvement of EU regulations in support of the approach;
user-friendly and cannot be applied in o cial places with stric wider uptake of evaluation of surveillance to demonstrate
rewall protection. One interviewee emphasized that a platior e ectiveness, e ciency and best practice across countries; r
for information exchange (and learning purposes) should beonsideration of passive surveillance as a valuable approach;
created, because only successful stories are widely spraid@, exploring and/or enhancing models for private-public-acadtem
failures, problems, or negative experiences are only known kpartnerships; more e cient use of and access to data (in

small networks. real-time if feasible); and enhancement of community-based
surveillance and engagement for more pro-active information
Decisions and Implementation sharing. It was pointed out by several interviewees thatdzieds

The use of surveillance standards and best practice guidanf@ the evaluation of surveillance were missing and would
varied widely across countries and species. Interviewess fr be necessary.
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Informants attributed diering importance to existing
. . . . . Number of responses
standards with some rating design, implementation, and Ausiria
evaluation as critical, whereas others attributed most irtgotce
I . Denmark — ee—
to prioritization. )
. . . . . . Finland —
Finally, most interviewees perceived a high-quality leviel @ S, I—
outputs produced by the international surveillance community Germany
but listed critical needs. These included a need for an uffldlore B
. . . . . Hungary e
organization to support the international surveillance refand
community; formal evaluation standards; surveillance 2z ttaly
. . . . . - al
standardization across countries; involvement of indystr| §
. . . o The Netherlands =—————
partners; and management of in uencing factors (e.g., piti O Norw
. . I
consumer concerns, perceptions, and emotions). Moreover, -
. . . . Portugal  me—
informants perceived a lack of international agreements on i
. . . . Spa|n I
what high quality, t-for-purpose surveillance constituteghey
. . . Sweden —
acknowledged the existence of a wide range of contexts with .
. . . L. Switzerland —
di ering infrastructure, capacity, political factors, conser o
. United Kingdom
demands, among others, and explained that there would be oth
many di erent opinions on what good quality would constitute. e
It was suggested that context-speci ¢ barriers to implemgoia 0 5 10 15 20
of new standards sho_uld_be |nvest|gqted at the country level FIGURE 1 | Number of survey responses by country.
pave the way for e ective implementation.

Surve
Respor?lse Rate and Respondent Characteristics and not species focused. For the other respondents, multiple

A total of 166 people started the survey, of which four did no _pecies were often covered. Most frequently listed weresteiak

give consent, 30 gave consent without providing any ans\8érs, |ve"stock (1541//11??: rssponses), I.\g”d"fi (1(22/134)' anq std an |
completed the survey partially and 96 completed the survey ifrofuses ( ). Bees, camelids and deer, companion animals,

full. After consideration of the inclusion threshold, 1l8sponses egmdae, Insectvectors, a_nd other (e.g., humans, food/afete
were analyzed. listed between 6 and 11 times.

The number of responses by country are presented in With regards to the purpose of surveillance people were

Figure L The “other” inFigure lincludes one or two responses llrjh chargiz fOf’ mutlltlple a?swe(;s Were given bi’ rgspondfntts.
each received from Belgium, Bulgaria, Croatia, Czech Republi € most frequently mentioned purposes were to demonstrate
bsence of disease or infection (73/445), conrm disease

Greece, Lithuania, Luxembourg, Malta, Poland, Romanid - . Lo e
Slovakia. A total of 58% of respondents were from the publiétatus (69/445), identify changes in disease stafus tatéeil

sector, 17% from academia, 11% from research institutes, G%Erly response ,(67/445)' provide information ,for, assessﬁng
from the private sector, 4% from non-government organizasio and managing r_|sks (64/_445)’ and to assess if intervention
3% from other organizations, and 2% from small or medium/méasuresare e cient (monitor progress,v_erlfy success)48).

sized enterprises. A total of 28% of respondents were seni8

researchers, 23% each from middle and upper manageme hen asked what hazards people were responsible for, 32% of

9% trained professionals, 5% each administrative sta anae’spondents said that their role was general and did not have
a speci ¢ hazard focus. Among the other respondents, multiple

junior researchers, 3% junior management, and the remgininh q v cited with th ¢ bei
respondents € 2% each) were self-employed/partner, student, azards were commonly cited with the most frequent being

: : . ing/re-emerging infectious diseases (54/258), z=@Emo
temporary employee, policy advisor, and technical o cer.&Merding e . . | i
Surveillance responsibilities of respondents includedh\&ifew ((15_2/ 258), 4%?g§én'c w:;ectl_ou_s d|§_e ?se .(48/258)’2;)(20“&" eal
exceptions) multiple activities with analysis of surveillamata isease ( ), and antimicrobial resistance ( Jemica

mentioned 80 times out of 483, development of surveiIIancfe""zards’,am'm'crObIaI use, physical hazards and other, (e.g.
design 33/483, communication of surveillance informationnanOpart'CleS) were mentioned less frequently.

to decision-makers 68/483, implementation of surveillance

53/483, assessment of surveillance system performanc8348/4Use of Existing Surveillance Standards

development of new methods for surveillance designs 45/488/hen asked about the quality and adoption of surveillance
decisions on whether to run a surveillance component osstandardsfigure 2), the majority of respondents predominantly
programme and development of new methods for surveillancagreed or fully agreed with the statements provided apart from
evaluation 33/483 each, assessment of surveillance systdra statement “in our institutions we are aware of surveitie
value/economic e ciency 32/483, decision onresourcecdtion  standards, but adoption is limited,” where 41 people fully agre
for surveillance 17/483, and other (e.g., policy advisothao#s or agreed and 34 totally disagreed or disagreed. A total & 52
for fraud detection, diagnostics) 9/483. With regards tocee of respondents a rmed that national government or industry
focus, 42% of respondents stated that their roles were genesdandards went beyond regional (e.g., EU) or internatioead.(
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OIE) standards; 29% stated that they did not think so and 19%nost regularly used international sources were the exchaith
did not know. international colleagues, international scienti ¢ pulatons, and

Existing standards used by the large majority of respondentsiternational conferences or symposia. Sources used lems oft
were EU legislation (89%), peer-reviewed publications (87%jyvere international online courses and o cial communicati®
national legislation (84%), and the OIE codes for terrektriaby private standard setting bodies. For the national soyrces
and/or aquatic species (75%jJaple 1). The other standards most frequently used were exchange with colleagues at the
were used by less than half of the respondents with standaradgrkplace, exchange with national colleagues outside the
for aquatic species being used by the smallest number @forkplace, and collaboration in national surveillance egsh or
people. The most frequently mentioned purposes for usingrojects. The least frequently used national source were meitio
most standards were planning of surveillance activities andnline courses.
surveillance design. For peer-reviewed literature, the tmos When asked whether they felt su ciently informed about
frequently mentioned purposes were surveillance data analyssisting surveillance standards and best practice, 59/107 of
and surveillance data interpretation. The OIE codes forespondents armed, 30/107 said no, and 18/107 did not
terrestrial and aquatic species were also used frequently fanow. Among those who said no and gave an explanation of
diagnostic procedures for surveillance. Private standardshat was missing, reasons cited included issues relatdthto t
and the FAO technical paper “surveillance and zoning for(“never enough time to learn about everything that is outether
aquatic animal diseases” were frequently mentioned for thdi culties to have an overview of everythind'di cult to have
purpose of surveillance implementation. Standards were usexh overview, learnt about new ones through this questia@ihair
in the majority of responses “several times a year” (mediaand too many sources to usét(is di cult to get an overview
52.3%, min 33.3%, max 85.7%). Other standards and resourdescause of the amount of sourke&lso, respondents pointed
that were used by respondents were ISO standards; Ol&ut topics that did not receive enough attention including
training manuals on surveillance and international repogiof — guidelines for passive surveillance, non-statutory sliaraie,
diseases in wild animals; statistical, surveillance andrivetry common coding and parametric language, and design prevalence
epidemiology textbooks; “own” standards, i.e., standaddpted to prove freedom of certain diseases. Several suggestioes wer
for application to One Health for use by the institution; staaids made on how people could be better informed including the
from breeders' associations; FSA, WHO, USDA, AECOSAN;oordination of sources, i.e., creation of a network, magjllist,
and MAPAMA standards; surveillance standards and grayebsite, forum, or regular gathering with information atou
literature from other countries including non-EU countgde.g., surveillance standards, face-to-face or online trainingusing
strategic reviews or programme reports of surveillance systenmational reference laboratories or an international butiefor
in speci ¢ countries). dissemination of information.

The relevance of the standards for respondents' surveillance When asked whether they received information on new
work was mostly deemed very relevant, relevant or moderatekurveillance standards and best practice in a timely manner,
relevant; only a minority of respondents stated a slight or na49/107 respondents said yes, 35/107 said no, and 23/107 did

relevancefigure 3). not know. Barriers mentioned included a lack of coordinatio
absence of a central (single) platform, group, association or
Information and Data Exchange mechanism with a (formal or coordinated) procedure for aréi

When enquiring about procedures for data and informationreview and regular dissemination (e.g., with newsletterstioer
sharing as well as learning (formal and informalpble 2, the  forms of noti cation), and a lack of open source data or

Existing surveillance standards are flexible enough for the needs of my institution = & ‘ 51 31

In our institution we are aware of surveillance standards, but adoption is limited '3 38 28 _
Existing guidance on surveillance standards is adequate 8 55 25 -

Existing surveillance standards are adequate T‘ 53 24 -

All surveillance activities in my institution are conducted according to best practice ; } 47 21 -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

w Fully agree Agree Neither agree nor disagree  m Disagree  m Totally disagree  ® Not applicable

FIGURE 2 | Respondents’ answers to statements on quality and adoptiorof surveillance standardsn D 111.
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TABLE 1 | Surveillance standards used by respondents and surveill@e purpose the standards were used for.

Standards used Surveillance purpose standard was used for (multiple answers possible)
Yes No No Prioritization  Planning  Surv. design ~ Surv. Diagnostic ~ Surv. data  Surv.data Communication Evaluation Requirements Other Total
answer of hazards of surv. implemen- procedures  analysis interpretation /reporting of of for certi cation
for surv. activities tation for surv. surveillance  surveillance or
ndings accreditation

Peer-reviewed 97 (87%) 14 (13%) 0 33(7.6%) 53 (12.2%) 64 (14.7%) 39 (8.9%) 421.2%) 59 (13.5%) 62 (14.2%) 33 (7.6%) 40 (9.2%) 4(0.9%) 0% 436

OIE codes for 83 (75%) 28 (25%) 0 19 (6.6%) 34 (11.8%) 48 (16.6%) 21 (7.3%) 465.9%) 21 (7.3%) 23 (8%) 26 (9%) 24 (8.3%) 25(8.7%) 2 (0.7%B2
terrestrial and/or
aquatic species

publications

Prlvate standards 31 (28%) 80 (72%) 0 10 (8 8%) 15 (13 2%) 131.4%) 14 (12 3%) 11 (9 6%) 8 (7%) 14 (12 3%) 11 (9.6%) 7 (6 % 8 (7%) 3 (2 6%) 114

FAO r|sk based 30 (27%) 81 (73%) 0 10 (9 5%)
disease surveillance
manual

Book 14 (13%) 97 (87%) 0 4 (9.1%) 5(11.4%) 10 (22.7%) 4 (9.1%) 4 (94) 5 (11.4%) 4 (9.1%) 3 (6.8%) 4 (9.1%) 0 (0%) 1(2.3%) 44
“Epidemiological
surveillance in

17 (16 2%) 24 (22 9%) 9(8.6%) 7. a%) 9 (8 6%) 7 (6 7%) 10 (9 59%) 8 (7 6%) 4 (3 8%) 0 (0%) 105

animal health”
Survey toolbox for 5 (5%) 92 (83%) 14 (12%) 0 (0%) 1 (5.6%) 5(27.8%) 2(11.1%) 2(1%) 3(16.7%) 3(16.7%) 1 (5.6%) 1 (5.6%) 0 (0%) 0(0%) 18

aquatic animal
diseases: a practical
manual and
software package

Sury, surveillance.

‘e 18 Ja|seH
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OIE codes for temrestrial and/or aquatic species 30 39 10 -)
OIE Guide to Terrestrial Animal Health Surveillance 9 26 1 b
Codex Alimentarius 9 10 8 A
" EU legislation 52 ‘ 34 1 [
g National legislation 47 36 I ]
S Private industry standards 6 V3 10 e
E RISKSUR best practice document 3| 15 3 0
g FAQ risk-based disease surveillance manual 5] 19 4 b
=
E Book "Epidemiological surveillance in animal health" 1 10 3 0
g Peer-reviewed publications . 33 | 53 9 l)
w
FAO technical paper "surveillance and zoning for aquatic animal diseases" l ‘ 20 | \ 2 0
OIE Guide for Aquatic Animal Health surveillance 0 6
Survey toolbox for aquatic animal diseases: a practical manual and software... i 3 1 0
0% 10% 20% 30% A0% S50% 60% 70% 80% 90% 100%
Very relevant Relevant Moderately relevant W Slightly relevant W Not relevant
FIGURE 3 | Relevance of standards for the respondents' surveillance ark.

information. Several respondents described di cultiesateld to  Six people described the importance for risk mitigation and
having to search actively for information, the number of smes achievement of health outcomes such as animal and publittheal
to consult, the time required to do so, and the challenge tand food safety (e.g"These standards are necessary to control
decide what information to consider. For exampféhere are animal health and food safety world wifléd*our people pointed
too many di erent web pages for standards and lot of standardsut the importance of learning from other countries' or people'

It is time consuming to study every single document and idedecexperiences (e.d'l, think it would be helpful as a way to learn
to follow it or not.” A suggestion made by several respondentérom others; if we have the same task, how do we solve it in our
to tackle these challenges included the creation of a centrawn context?. Evidence for trade partners and the ability to
repository or platform (termed by one respondent &s¢wledge enable trade was mentioned three times. Other (single) resgD
bank) including information on the quality and applicability included benchmarking, evaluation of national standaraisd

of the dierent standards and an information dissemination improvement of capacity and expertize. One person stated that
mechanism with the possibility to subscribe for regular ugdat standards were too general for varied conteXtost of the time
(e.g., email list, social media groupings). Other suggestio standards are to (sic) general to be useful in speci c sitsati
included the provision of practical training sessions, moré/Nhat is needed is deep teoretical (sic) knowledge and experie
regular exchange between dierent stakeholders, generatido approaches.”

of applied examples/case studies, and elaboration of coding When asked about who should be in charge of developing
standards for surveillance. A few respondents stated thstieg  evaluation standards for surveillance, OIE (64/237), therdi c
dissemination channels (e.g., EUR-Lex) were e ective antl th@ommunity (55/237), and the EU (53/237) were selected most

they did not have a need for improvement. often, followed by the FAO (24/237). Several respondents also
suggested other possibilities including a combination oftiple

Evaluation of Surveillance, Drivers, and Hindering institutions and people (e.dall the main stakeholderghational

Factors authorities, and the WHO. For the question “In your opinion,

A total of 75/99 of respondents said yes to the question whiethavhat are the three principal subject matters that such suargke
there was a need for international evaluation standards foevaluation standards should cover?,” a wide range of answers
surveillance; 7/99 said no and 17/99 did not know. Wherwas provided. The single most frequently listed item related
asked to explain why they had given this answer, the mo¢p economic e ciency (e.g., cost-e ectiveness, cost-e cignc
frequent answer (given by 41 people) related to the need fg@conomics, costs, cost-benets, economic implications}soAl
standardization, harmonization, and comparison of evahrat frequently mentioned were the types of hazards and topics
outcomes across countries (e:J.0 enable comparison and helpto focus on (e.g., zoonoses, antimicrobial resistance, food
understand surveillance results from other countdesTo be safety, food fraud, epizootic disease, endemic disease) and
able to compare surveillance performance and e ciency sacr@irveillance attributes. Among the latter, most often menéd
countries). Five people stated that the evaluation standards itvere e ectiveness, sensitivity, timeliness, and represgateess.
place and evaluations conducted were already good enougih (e Several persons suggested standards on methods for di erent
“there is already enough guidance for evaluation of sanvedf). ~ surveillance activities (e.g., sampling or testing procesjuaed
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TABLE 2 | Respondents' frequency of using national and internatioriasources to learn about new surveillance standards or bestractice for surveillancen D 107.

Very often Often Sometimes Rarely Never
NATIONAL
National conference or symposium 9 (8.4%) 31 (29%) 43 (40.2% 15 (14%) 3 (2.8%)
Scienti ¢ national publications 9 (8.4%) 30 (28%) 37 (34.6%) 22 (20.6%) 4 (3.7%)
Lay national publications 9 (8.4%) 17 (15.9%) 27 (25.2%) 2@4.3%) 20 (18.7%)
Of cial communications by private standard setting 3 (2.8%) 11 (10.3%) 29 (27.1%) 30 (28%) 24 (22.4%)
bodies
Of cial communications by national public bodies 19 (17.8%) 34 (31.8%) 27 (25.2%) 15 (14%) 7 (6.5%)
National, non-institutional training event 0 (0%) 12 (1198) 29 (27.1%) 35 (32.7%) 26 (24.3%)
Institutional training event 4 (3.7%) 21 (19.6%) 39 (36.4%) 0218.7%) 18 (16.8%)
Exchange with colleagues at my workplace 38 (35.5%) 44 (41%) 16 (15%) 6 (5.6%) 1 (0.9%)
Exchange with national colleagues outside my 20 (18.7%) 41 (38.3%) 30 (28%) 8 (7.5%) 3 (2.8%)
workplace
Collaboration in national surveillance research or 11 (10.3%) 40 (37.4%) 32 (29.9%) 14 (13.1%) 5 (4.7%)
projects
National online courses 0 (0%) 7 (6.5%) 18 (16.8%) 28 (26.2%) 41 (38.3%)
INTERNATIONAL
International conference or symposium 7 (6.5%) 29 (27.1%) 4814.9%) 20 (18.7%) 2 (1.9%)
International scienti ¢ publications 22 (20.6%) 44 (41.1%) 8(31.8%) 5 (4.7%) 0 (0%)
International lay publications 3 (2.8%) 22 (20.6%) 37 (34.6% 28 (26.2%) 10 (9.3%)
Of cial communications by OIE or FAO 5 (4.7%) 23 (21.5%) 41 (38%) 23 (21.5%) 9 (8.4%)
Of cial communications by private standard setting 3(2.8%) 8 (7.5%) 25 (23.4%) 39 (36.4%) 25 (23.4%)
bodies
EU bulletin 7 (6.5%) 17 (15.9%) 29 (27.1%) 30 (28%) 20 (18.7%)
International training event 2 (1.9%) 15 (14%) 40 (37.4%) 297.1%) 18 (16.8%)
Exchange with international colleagues outside my 7 (6.5%) 38 (35.5%) 41 (38.3%) 15 (14%) 3 (2.8%)
workplace
Collaboration in international surveillance research 9 (8.4%) 20 (18.7%) 34 (31.8%) 29 (27.1%) 10 (9.3%)
or projects
International online courses 0 (0%) 6 (5.6%) 27 (25.2%) 42 (30) 28 (26.2%)

design of surveillance, as well as an agreed conceptuafizatiwith similar frequency (between 21/141 and 31/141). Only
of the surveillance aim and purpose such as possibilitguantitative cost-e ectiveness analysis was used lessl(8/14
for action, early warning and prevention. Answers focusing When asked about the availability of resources for the
more speci cally on the evaluation process suggested haviragoption of new surveillance standards in their institutipns
guidance and/or an evaluation framework to help focus andespondents indicated that there were largely sucient or
design an evaluation (4/80 respondents) including guidamte somewhat su cient resources in terms of learning processes,
suitable approaches (1/80), agreed metrics (1/80), minimurmformation exchange, formal guidance on approaoches and
requirements (1/80), interpretation of evaluation res480), methods, epidemiological skills and evaluation knowledge
documentation and reporting (2/80) including evaluation (Figure 4). Resources that were largely considered to be
visualization (1/80), and communication (3/80). One personinsu cient or somewhat insu cient were time, nancial, huma
suggested the use of coding language to capture attributes aresource (i.e., labor) and economics skills. The questlmoua
tiered data engines for analysis. rating the availability of resources for the adoption of enaion
Asked about how relevant considerations of cost-e ectiwsne standards for surveillance yielded very similar results.
were when making a decision to adopt new surveillance
standards, 79/99 deemed them to be absolutely essential or
very important, whereas 18/99 said that they were of averad@|SCUSSION
importance and 2/99 of little importance. A total of 39/99
respondents stated that they did not conduct a formal evadmat The value of enhanced surveillance approaches and setting up
to assess the economic e ciency when a new surveillancask-based surveillance systems can be realized when adoptin
standard becomes available. Among those who conducted beest new practices and standards. This study showed that
formal evaluation, quantitative assessment of costs oflla@ge there is a substantial heterogeneity in the use and adoption of
in surveillance, quantitative assessment of the e ectiseiméthe recommended surveillance standards, novel approaches ahd bes
change in surveillance (e.g., timeliness, sensitiviggptability), practices among users from EU, EEA, and Schengen countries.
guantitative cost-benet analysis, descriptive assessnwén Further, advancing on the ndings from the RISKSUR project, it
consequences, and descriptive assessment of costs wesedall yprovides insights on the acquisition and use of informatiordan
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FIGURE 4 | Respondents' rating of the availability of resources for #nadoption of new surveillance standards in their instituin.

available tools for decision-making, on drivers and bagifor preferences of potential user&@1( 22) who may be dierent
their implementation and considerations for the developmeht in the way they assimilate information or their professional
new standards (in particular for evaluation of surveillance) needs (e.g., technical vs. decision-making requirementtsy; t
This study provided a clear picture of the standardswould allow to design a platform that is user-centerel, (
most commonly used by respondents with EU and nationaP3). Moreover, to increase utility, it should also be open
legislations, peer reviewed publications, and OIE standauisd  access with easily accessible and interpretable con@&dt (
to be core sources of information for most users. The dominanBecause the development, adoption and use of standards is a
use of EU legislation was to be expected given that the targejclical process, the platform should also have a function to
respondents were from EU, EEA, and Schengen countries. Othggsimilate information from its users to produce a system wher
available tools including the RISKSUR best practice documeilyiformation ows back and forth pl)—essentially a process of
were used only by a minority of respondents. An explanatiorco-design and co-production of knowledge with collaboratio
of this may be that the reported information overload amongpetween stakeholders.
users might be driving the high reported use of certain stadsa While the external validity of the ndings results is limie
Information overload can occur when the requirements nekdepy the geographical boundaries of the study, some ndings
to process (information needed to complete a task) are largenay also apply to non-European countries. The ndings in
than the capacity available to process the informatia6-£0)  this study are generally in line with the outcome of a survey
which may lead to arbitrary information analysis (e.g., csios  conducted by the OIE prior to its 86th General Session in
of information and being highly selective) and sub-optimal2018, as part of a technical item addressing the implememtatio
decision making Z0). One possible strategy of being highly of its standards. The study, directed at OIE members, showed
selective may be to rely more heavily on standards that ar@ high level of support for implementing OIE standards,
legally binding or of international importance. A wide rangé  but identied key challenges including a lack of technical
countermeasures for information overload have been deedri expertise among Member States and pointed toward the need
in the literature; e.g., intelligent information managemie of training to further facilitate their uptake2d). One of the
decision support system, measurement system of informatiomore overarching outcomes of that discussion was the launch
quality, intelligent interfaces, and coordination thrdugnter-  of the OIE Observatory project, an implementation monitoring
linked units 20). The implementation of such measures couldfunction that will assist the OIE in ensuring that its standar
be addressed in a coordinated, central platform—as reqdiéste are relevant and t for purpose, and to develop a more strategic
many respondents—with a mechanism for quality control andocus to its capacity building activitie®). This is also in line
timely dissemination of information. Such a mechanism wbul with other developments: The challenge of the “know-do-gap,’
also allow reaching target groups more e ectively and therebyr bridging the gap between research and implementation, is
stimulate the uptake of new knowledge and innovation. Foigaining increased recognition; the WHO has even identi ed
such a platform to be e ective, clear leadership, maintenasce at as one of the most in uential contemporary challenges
well as continual monitoring and recommendation are needed26). Consequently knowledge utilization or implementation
(21). The development of the platform would start ideally with ascience is gaining momentum to avoid the costs associatéd wit
wide-reaching consultation to describe in depth the need$ anunderutilized knowledge. Multiple activities are suggestgd b
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the WHO to promote knowledge translation including various risk assessors, a set of Animal Health SUrveillance guiBlin
ways to exchange, share, and promote knowledge supported BWHSURED) have been developed, partly within SANTERO,
dynamic learning networks2(). and partly in an EFSA funded project (HOTLINE). The full
To avoid duplication of e orts and increase e ciency by AHSURED checklist with detailed item descriptions can be
using data (and communication channels) that already exishiccessed on https://github.com/SVA-SE/AHSURED/wiki.
(27), a dissemination, development, learning, and exchange The survey underlined the importance of using economic
platform as suggested above could be generated in a joiewaluation criteria when planning the adoption of new start$ar
eort by international organizations (e.g., the Tripartite) but only a bit more than a third of respondents indicated to
legislators (e.g., EU commission), implementers (e.gipnat conduct a formal nancial or economic evaluation. Common
government institutions), and researchers. Bringing parén constraints mentioned were a lack of human, time and nahcia
together in this way would promote cumulative knowledgeresources as well as a shortage of economics skills. Carggqu
and enhance capacity building27). Regular coordination new evaluation standards for surveillance that includenecaic
meetings, active dissemination of new information inchugli evaluation guidance would need to be accompanied by
training could be linked to relevant international confames knowledge transfer and capacity building. There is a role for
such as the International Conference on Animal Healthgovernments to support the implementation of this process
Surveillance (ICAHS), the International Symposium ofby enabling training opportunities, promoting innovation and
Veterinary Epidemiology and Economics (ISVEE), or themaking resources available within their institutions fapacity
International Society for Economics and Social Sciences blilding as well as evaluation of surveillance. Moreovetiasr
Animal Health (ISESSAH). education systems may want to consider integrating more
While such mechanisms to create more capacity areconomics into basic animal health and surveillance tragni
being designed and/or implemented, people developing neWith enhanced (economic) evaluation capacity and skills,
approaches, tools or guidelines may want to re ect on best waysurveillance planners, implementers, and evaluators wilehav
to disseminate knowledge e ectively. For e ective dissertiota new tools at their disposal to create inventive evaluatiod an
of research ndings, it has been recommended to consider chpa surveillance designs with limited resources.
pathways, elaborate a clear description of the target audjenc

select a range of dissemination channels in line with thgear DATA AVAILABILITY STATEMENT

audience, and consider viability and funding issugg 27, 28).

Respondents in this study acquired information on surveil&nc The datasets generated for this study are available on séque

standards occasionally to very regularly from scienti déay  from the corresponding author.

publications, conferences, workshops or courses, exchaitige w

colleagues, collaboration, and o cial communication.j.they

used a multitude of dierent channels. Because target user'gTHICS STATEMENT

have dierent preferences for communication channels, it i

recommended that researchers elaborate disseminatiors plach

identify pathways to reach stakeholders (e.g., practitisraolicy

makers) via the di erent media in the short, medium, and long

term (21). Importantly, social media in particular, but also other

channels, should not just be advocated because they appear to

be popular, but be used in a targeted way with careful audiencRUTHOR CONTRIBUTIONS

selection, message formatting, and delivery to achieveebied

e ects (22) For example, Kapp et a|29) showed how twitter All authors contributed to the Conceptuahzatlon of the

could be e ective in dissemination of information to policy Study, designed the interview guide, and survey and agtivel

makers following an analysis of target users and their ewittse.  disseminated the survey. LA, ST, ALé, and GS performed the
When e|ab0ra‘t|ng such d|ssem|nat|on p|ansl pathways oH]terVieWS W|th deciSion makeI’S. MG and BH analyzed the

hOW to get Standards into |egis|ation or OIE Standardénterviews qua“tatlvely and I’eSU|tS fI’0m the SurveyS. BH and

(including evaluation standards) may be considered whictBB wrote the rst draft of the manuscript. All the authors

would necessitate e ective collaborations and networkiigo, ~ contributed to reviewing and revising the full manuscript.

continued research on the topic can have an impact, as implied

by one respondentThis survey, was actually good to increase tElyNDING

awareness of di erent sources to search for information. \owe

the links to the di erent sources and speci ¢ matters might SANTERO was funded under the auspices of the Era-

merged together in one internet page which needs to berlsegulblet programme ANIHWA (https://www.anihwa.eu/); several

updated’ The idea of peer-learning could also be extendegarticipating partners were supported by national funding bedie

to the country level by making descriptions of animal healthand/or by their own institutional funds. BH acknowledges

surveillance activities and their evaluations publiclyilape. In - UK funding from the Department for Environment, Food

order to promote a more consistent approach to communicatiorand Rural A airs (SE4312), the Biotechnology and Biological

of animal health surveillance activities and their outputs;  Sciences Research Council (BB/P017177/1) and the Royal

the bene t of stakeholders, trade partners, decision makans  Veterinary College.

SThe studies involving human participants were reviewed and
approved by the Social Science Research Ethical Review Board,
Royal Veterinary College. The patients/participants provided
their written informed consent to participate in this study.
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