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Final Report

Please note that the contents of the Final Report can be found in the attachment.

4.1 Final publishable summary report

Executive Summary

By establishing an increased understanding of Campylobacter epidemiology and control measuresin
geographically distinct regions of the EU as well as semi-continuous monitoring methods, we are
now able to provide broiler producers and retailers with a research-based certification programme
that includes educational material, guidelines and standards on how to produce broilers with low-risk
of Campylabacter contamination.

The research within CamCon has identified several interventions that are predicted to effectively
improve the biosecurity, thereby offering methods to control thisimportant public health problem.
Given the EU-wide nature of broiler production and marketing and the prevalence of human
infections across the community, we have identified control measures that are applicable across
Europe.

CamCon has, in addition to the educational material for producers and the poultry industry, produced
several scientific publications, abstracts, posters and presentations at scientific meetings, severa
presentations for the poultry industry internationally and nationally in the participating countries.

The project CamCon (Campylobacter control — novel approaches in primary poultry production)
started 1 May 2010 and ended 30 April 2015. The consortium consisted of 10 participating
institutions from seven countries representing various parts of Europe. The participating institutions
included national diagnostic laboratories, institutions providing research and advisory services and
universities.

The goal of CamCon was to improve the control of Campylobacter in primary poultry production in
various parts of Europe and thereby enable the production of fresh, Campylobacter-free chickens (or
with avery low contamination level). The project placed great emphasis on ensuring rapid and
effective dissemination of scientific achievements to end-users, in particular the EU poultry industry.

Five scientific Work Packages dealt with a wide aspect of questions related to Campylobacter in
primary poultry production; epidemiology of Campylobacter, three different pre harvest
interventions (biosecurity and fly screens, bacteriophages and vaccines), development of rapid
methods for detection of Campylobacter, risk assessment and economical aspects of different
interventions and finally, how to transfer the knowledge regarding Campylobacter and how to
prevent this from being a problem in the primary poultry production to the poultry industry
themselves.

In addition to several scientific publications, CamCon and the results has been presented more than
50 times at several meetings and in various mediato inform the industry (nationally and
internationally), the authorities (nationally and internationally) and the scientific community about
the project and the results. Several publications and presentations are also expected after the project
ends.

Summary description of project context and objectives

CamCon aimed to improve the control of Campylobacter in primary poultry production in various
parts of Europe and thereby enable the production of fresh, Campylobacter-free chickens or chickens
with avery low contamination level. The project placed great emphasis on ensuring rapid and
effective dissemination of scientific achievements to end-users, in particular the EU poultry industry.

The consortium consisted of 10 participants from seven countries representing various parts of
Europe. The participating ingtitutions included national diagnostic laboratories, institutions providing
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research and advisory services and universities.
The activitiesin CamCon was organised into five interdependent Work Packages described below.

Work package 1 - Epidemiology

This WP aimed to improve our understanding of the epidemiology of Campylobacter, considered the
role of different subtypes of Campylobacter, seasonal and geographical variation aswell aswithin
and between farm house transmission of the bacteria. The work used a combined field, laboratory
and modelling approach, with large-scale studies that encompassed geographical variation and
longitudinal studies that quantify the dynamics of infection at the flock level.

Work Package 2 — Pre-harvest interventions

This WP focused on three different intervention strategies; the effect of comprehensive biosecurity in
two very different geographical areas, phage therapy (which was partly developed and tested in a
semi-field setting), and vaccination.

Work Package 3 — Diagnostic tools for monitoring and control
This WP aimed to implement efficient, inexpensive and rapid methods for semi-continuous
detection, strain identification and quantification of Campylobacter at farm level.

Work Package 4 — Risk assessment and economics

This WP aimed to eval uate the effectiveness and efficiency of the interventions studied in WP2,
combining data from the epidemiological studiesin WP1 and data from the intervention studiesin
WP2 with quantitative microbiological risk assessment and economic analysis. The implications of
regional differences were evaluated.

Work Package 5 — From science to industry

This WP aimed to facilitate rapid transfer of new science-generated knowledge to practical solutions
for the poultry industry, with the ultimate aim of reducing the growing burden of
Campylobacter-associated illness on the population. To accomplish this, we developed novel
web-based and tailor-made education and E-learning programmes targeted to poultry farmers and
farm personnel in close cooperation with poultry farmers and poultry operators in order to constantly
apply feedback and user requirements into the education programmes.

Conclusion

CamCon has provided novel approaches for the control of Campylobacter in poultry to significantly
enhance the ability of the European food industry to produce and sell Campylobacter-free broilers (or
broilers with avery low contamination level of Campylobacter). Intervention during primary
production is likely to be the most effective way to bring about control of thisimportant public health
problem. Given the EU-wide nature of broiler production and marketing and the prevalence of
human infections across the community, we have identified control measures that are applicable
across Europe.

By establishing an increased understanding of Campylobacter epidemiology and control measuresin
geographically distinct regions of the EU as well as semi-continuous monitoring methods, we are
now able to provide broiler producers and retailers with a research-based certification programme
that includes educational material, guidelines and standards on how to produce these low-risk
broilers.

Description of main S& T results/foregrounds

CamCon focussed on five different areas to learn more about Campylobacter and poultry;

» the epidemiology of Campylobacter in poultry in Europe,

* how to prevent/reduce Campylobacter at farm level,

* how to detect Campylobacter,

* the most efficient ways to combat Campylobacter at farm level, and what the costs for this would
be,

* and last, but not least, how to communicate the findings and the general knowledge about
Campylobacter in primary poultry production to the industry.
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The main results for each of the five research areas are presented below. In addition, CamCon as
such —its main ideas and layout - has been presented at several meetings and in various mediato
inform the industry (nationally and internationally), the authorities (nationally and internationally)
and the scientific community about the project, its web site and expected outcome.

Epidemiology of Campylobacter

This Work Package was divided in five tasks;

* astudy of risk factors for Campylobacter colonization,

» alongitudinal study looking into details of Campylobacter colonization,
» assessment of the importance of fliesin transmission of Campylobacter,
* astudy on MLST subtypes of Campylobacter across Europe,

» modelling the in- house Campylobacter colonization of broilers

Risk factors for colonization

Data on Campylobacter in broilers were obtained through national surveillance programmesin
Denmark and Norway, as well as Campylobacter data collected from alongitudinal study on 20
farms in the Netherlands, Poland, Spain and the UK. These data were combined with questionnaire
data obtained through a survey in the six countries.

The results of the questionnaires survey provided new and detailed insight into a number of variables
associated with management and biosecurity practicesin the broiler production within the
participating countries. With the exception of abasdline study carried out by the European
Commission, describing alimited number of potential risk-factors, thisis the first comprehensive
standardized questionnaire survey carried out simultaneously in several European countries.

The surveillance data from Norway (173 farms) and Denmark (107 farms), including Campylobacter
status from more than 5200 flocks were analysed separately. An increased risk for Campylobacter
colonization was associated with country; i.e. Danish broiler flocks were more frequently colonized
than Norwegian flocks. Furthermore, the age of the broiler house, density of birds, level of
biosecurity (anteroom and barrier at entrance), length of downtime (reducing downtime to up to 10
days being protective) and type of drinkers were all found to be associated with the risk of the broiler
flocks becoming colonized by with Campylobacter.

The analyses were then extended to include data from the prospective 20-farm study. The data on
flocks were combined with climate data to further investigate differences among climatic regions of
the EU.

When analysing these data, an increased risk was associated with country; in descending order,
broiler flocks were more frequently colonized in Poland, Spain, UK, the Netherlands, Denmark and
Norway. There was an association between climate and colonization of flocks, i.e. the number of
positive flock increased with increasing ambient temperatures. Furthermore, the conclusions from the
study on data from Norway and Denmark were supported by this expanded study. Factors associated
with biosecurity on the farm were again identified as risk factors; age of house, anterooms and
barriersin each house, designated tools for each house, as well as length of downtime and the types
of drinkers were found to be associated with the risk of the broiler flocks becoming colonized by
with Campylobacter.

In conclusion, CamCon has provided the first risk factor analyses of comparable data from six

European countries and has provided an insight into the risk factors across countries. There is a clear
effect of country and temperature. Furthermore, a number of specific biosecurity measures have been
identified across countries as important risk factors for Campylobacter colonization of broiler flocks.

Longitudinal study in UK and Spain

Based on the list of farms included in the questionnaire survey described earlier, a subset of UK
farms (8) and Spanish farms (5) were selected for a more in-depth longitudinal study. At the start of
the project, there were frequent meetings with poultry producers in both the UK and Spain to agree
farm access, sampling protocols and data collection.

In both countries, extensive sampling of selected flocks (109 in UK and 63 in Spain) and the farm
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environments took place over atwo year period. Data relating to geographical location, local climate,
on-farm management practices and welfare indicators was al so collected to be included in the
modelling of the in-house Campylaobacter col onization described below.

In UK, atotal of 54% of flocks were positive for Campylobacter before slaughter. The average age at
which flocks become positive was 23 days, with the earliest detection of Campylobacter being at 9
days of age. No farm remained consistently negative throughout, with some seasonality evident.

In Spain, 60% of flocks were positive for Campylobacter before slaughter, with none of the farms
remaining consistently negative throughout. The earliest detection of Campylobacter was at 7days of
age. In both countries, the time at which flocks first became Campylobacter-positive is significantly
earlier than has been previously reported in the literature and may reflect the highly sensitive boot
sock detection method used in this study.

Role of fliesin transmission of Campylobacter
The farms included in the longitudinal study described above were also included in studies on flies.

Campylobacter carriage by flies

In both countries there was alow carriage rate of Campylobacter in flies, however somewhat higher
in Spain where also a clear seasonal peak was found. Similar for both countries were, that the
Campylobacter risk flies were found within adiminutive part of the Diptera order, commonly called
‘filth flies'.

Flies were captured one by one in the close broiler house surroundings. Musca domestica (house fly)
was the most frequent (89.8%) fly species captured in Spain and the only fly species positive by
culture (1.7%), however with a peak of 31.8% positive fliesin September. In UK, very few Musca
domestica were caught and none were found to be Campylobacter positive. In UK, flieswere
cultured in pools of =10 and the individual carriage rate calculated to 0.3%. The positive pools
comprised mainly of the families Calliphoridae (blow flies), Fanniidae (lesser house flies), Muscidae
(including the common house fly) and Scatophagidae (dung flies). In accordance with the species
distribution found in UK, additional PCR detection in Spain found very similar fly families positive
i.e. Calliphorasp. (blow fly), Fannia canicularis (lesser house fly), M. domestica, and Ophyra sp. (=
Scatophagidae) (black garbage fly). The prevalence by PCR in Spain was 10.5%, with a peak of
32.2% positive fliesin August.

Genotyping of the Campylobacter isolates

The MLST and PFGE typing showed that flies may likely be an integrated part of the entire
Campylobacter ‘farm to fork’ chain between environment — broiler — chicken meat — humans. In UK
the positive flies were found to carry both cattle and broiler associated ML ST types of
Campylobacter, types also reported in relation to human disease. In Spain, PFGE profiles were found
identical anong Campylobacter isolates from flies in the surroundings and broilers in the houses
during concurrent rearing cycles. Most of the broiler flocks became Campylobacter positive around
the same time or just after detecting Campylobacter in the sampled flies, with evidence of the same
strains being found in both flies and broilers during the same rearing cycle.

The proportion of risk flies out of the total insect population

The resultsin the two countries were quite similar. The magjority, ~75% of the total insect population,
belonged to Diptera. A higher diversity was seen in the material from UK with 31 families of Diptera
of which 2.3% werefilth flies, compared to 17 Dipteran familiesin Spain of which 0.14% was filth
flies.

More than 10,000 insects were captured by traps to evaluate the composition and abundance of the
insect population in the close surroundings of the houses. Thiswhole population is likely to be
embedded in the ventilation inlet air with the possibility to contaminate the in-house environment or
transmit Campylobacter directly when eaten by the chickens. A large number of insects were found
to be associated with broiler house ventilation inlets; the 10,000 insects were captured at short
sampling episodes and represent only the very top of the iceberg concerning the number of insects
actually ingressed.
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Flies' ability for transmission between farms
Concerning flies' ability to transmit Campylobacter between farms, flies may easily spread
Campylobacter to other farms within a periphery of afew kilometers.

A behavioral laboratory study conducted in cooperation with two other national Danish projects
observed aflight range of around 10,000 meters within 24 hours. Thisrangeis likely somewhat less
under outdoor environmental conditions,

In conclusion: The overall prevalence of Campylobacter positive flies was found to be low ~1% of
fliesin broiler house surroundings, but the ingress of fliesin ventilation air was high. Campylobacter
types found in flies were associated both to concurrent broiler flocks as well asto Campylobacter
types already known in both livestock and humans. So, flies were found to be arisk for transmission
of Campylabacter to and between broiler flocks. Secondly, arole in other parts of the Campylobacter
epidemiology is suggested.

Typing of Campylobacter strains

A total of 457 isolates from Spain, Poland and Norway were typed using MLST. These comprised
Campylobacter isolates collected prospectively from Spain (n=160) and Poland (n=172) as part of
task 1.1, of which full alelic profiles were obtained from 132 and 157 isolates respectively. |solates
were a so obtained from retrospective collections of Campylobacter species from surveillance in
poultry in Norway (n=174), with full allelic profiles obtained from 168 isolates.

The resulting sequence data were combined with retrospective ML ST data provided by the UK, the
Netherlands and Denmark, giving atotal of 1011 isolates. All retrospective isolates had been selected
from studies which took place between 2003 and 2011. All isolates selected were from broiler
chickens, with one isolate selected per crop and equally distributed over the year to alow any
seasonal effects on sequence type (ST) to be explored.

The dataset was analysed to give sequence types, and clonal complexes where available. The
frequency of occurrence of each ST was determined and Principal Component Analysis (PCA)
applied, showing alarge degree of diversity amongst the STs from different countries, with isolates
from the UK being most divergent from the other countries, and Spain and Poland being most similar
to each other.

Modelling the in-house Campylobacter colonization of broilers
Data from the longitudinal study was used in complex models to examine the direct and indirect
pathways to colonization by Campylobacter.

We found that the likelihood of colonization of the study building significantly increased if adjacent
production buildings on afarm first became colonized. In addition, the likelihood of colonization was
also significantly greater for standard welfare systems (higher stocking density) in comparison to
higher welfare systems (lower stocking density). The type of drinking water provider also affected
the underlying risk of colonization by Campylobacter, where the risk of colonization associated with
drinking cups and nipples was significantly greater than drinking water providers that did not provide
cups. Longer duration of down-time between flock-cycles significantly reduced the likelihood of
colonization. External air temperature was also found to increase the probability that a flock-cycle
would become colonized. The infection status of the previous flock-cycle within afarm, the hours of
sunshine and rainfall in the month of depopulation did not significantly alter the risk of colonization
and were removed from the final model.

Main outcomes from WP1
To date, one peer reviewed paper has been published and a further nine papers have been/will be
published about various topicsin this WP.

The results have been/will be presented as more than 15 abstracts/posters/oral presentations at more
than eight international and national meetings, including meetings with the industry and other
stakeholders.
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Lessons learned

To produce a questionnaire in several different languages to be used in several different countries,
and to befilled in both by farmers and veterinarians/consultants faced some challenges. In hindsight
we would have benefitted from having done a small pilot study, to be able to pick out the most
“troublesome” questions and improve these.

The basic understanding of proper biosecurity was not always present, and this made it difficult when
comparing farms or production companies where farmers may have had different levels of training
on biosecurity. However, we think that the teaching material developed in CamCon (WP5) can be a
basis for establishing a common platform in future research regarding various aspects of biosecurity,
not only regarding Campylobacter.

To identify farms willing to participate in the studies also proved to be difficult. For example, in the
UK companies were reluctant to give out address information for farms for the questionnaire survey,
therefore they posted out the questionnaires and without follow up by researchers, the compliance
rates were relatively low. In future, one could probably also recruit farms via poultry and farming
organisations to increase access to farms, including those who are contracted to the big integrated
poultry companies and those which are independent growers. It also took to negotiate access to farms
and subseguently the farm and factory data which requires an input of staff time from the producers,
with further difficulties encountered in that not all companies collect the same data, or record it in the
same way. In future for similar work, one should develop a data collection plan and format with the
company at the beginning of the project to ensure that all datais collected and stored in a comparable
manner and can be accessed throughout the project, rather than extracted at the end.

Before CamCon, it was aready known from studiesin Denmark and Sweden, that fliesliving in the
close outside environment of broiler farms could carry Campylobacter during the warmer months
April to October, although with avery low prevalence, ~1% as an average. In Denmark, a significant
peak in Campylobacter positive flies had been observed in July and August. By including two
countries with warmer climates than Scandinavia, ie UK with moderately higher average ambient
temperatures and Spain with much higher temperatures, we could investigate how the carriage rate of
flies differed from Scandinavia, and if flies should be considered of higher importance as arisk factor
due to the higher ambient temperatures. It was also a question if the peak would be much broader in
these warmer climates. The results in CamCon showed that the prevalence of Campylobacter positive
flies was quite similar to the Scandinavian data and that the peak aso just covered a 2 months period
in the much warmer climate in Spain. This suggests that the previous results from Scandinavia can be
transferred to countries with warmer climates, both a milder Northern European as well as a hotter
Southern European climate.

Intervention strategies

Three different intervention strategies to be used in afarm setting were included in the project; Fly
screens as an add-on to good biosecurity, bacteriophages and vaccination. The first intervention
could, if implemented successful, be able to produce Campylobacter free broilers, while the two
other strategies could lead to areduced amount of Campylobacter in intestines of broilers being
colonized by Campylobacter, thereby reducing the risk for humans becoming infected by handling
broiler meat.

Fly screens and biosecurity

The objective was to investigate if fly screens would prove useful under different geographical,
climatic and production conditions. The precondition for success was acknowledged to be that the
farms already would have to have a high level of biosecurity.

Studies were performed in two countries UK and Spain, in close collaboration with the poultry
industry. In UK CamCon collaborated with a Defrafunded project to optimize the amount and use of
datato be included in the study. The Defra study was set up to test the reductive effect of an
implemented basic biosecurity regime in afirst phase followed by a second phase with addition of fly
screens. In Spain, where we soon realized that no farms were adequate in biosecurity initialy, an
amended study ‘the 18-farm study’ was designed with more focus on advice to and training of

Project No.: 244547 Page - 8 of 37
Period number: 3rd
Ref: 244547_CamCon_Final_Report-13_20150624_161614_CET.pdf



farmers in biosecurity practice. For this training, draft educational material developed in WP5 was
applied.

Results from the UK Defra study showed no reductive effect on the flock Campylobacter prevalence
of the implemented basic biosecurity protocol during the 1st phase and fly screen were not ableto
improve that during the 2nd phase. This merely confirmed the anticipation, already set in the original
application, that high level biosecurity practice is crucial to achieve a benefit of fly screens.
However, adlight delay in the introduction of Campylobacter in flocks during the peak insect season
was observed after the implementation of fly screens.

In Spain, astudy including 18 farms was conducted. Given the experience gained in UK with the
lack of effective biosecurity, much effort was instituted in upgrading and training the biosecurity
practice on the Spanish farms. Fly screens were not added until preliminary results indicated some
effect of the instituted biosecurity practice. The effect of biosecurity + fly screens seems so far
promising by April 2015 (the end of the CamCon project), but the full effect cannot be evaluated
until ultimo 2015. The project will be carried further on under the responsibility of the CamCon
partner in Spain.

The functionality of the ventilation systems was tested during the study, and found fully effective on
the study farms with fly screensin both UK and Spain.

Based on the results so far, we expect that the outcome of the 18-farm study will confirm our
hypothesis, that the implemented biosecurity practice can reduce the yearly flock prevalence of
Campylobacter in Spanish broiler houses, and that fly screens may add further to the effect of basic
good biosecurity.

Bacteriophages
The main goal of thistask wasto study if phage therapy by oral administration of lytic phages to
broilersisfeasible for the control of Campylobacter in afield setting.

Severa bacteriophages have been collected through the project period to produce “ phage cocktails’
to be used in further studies. With the end of the project this task was finished recognizing that the
established phage cocktail for trials had a very broad, but not complete, host-range for
Campylobacter.

A bacteriophage production protocol was established by using T-flasks with high surface area. It was
noticed that the period that the plagues were left shaking at 4 °C with SM buffer was an important
factor. When the plaques stayed shaking for three days the titre was 1E+10 PFU/mL. Thislast system
was chosen to produce phages for thein vivo trials.

Phage production was optimized and the highest yield of production was obtained in solid cultures. It
is harder to scale-up solid cultures than liquid cultures, 500 cm2 tissue culture plates were used to
produce high amounts of phages to be used in the large field trials.

Different experimental conditions for phage therapy of naturally infected broilers were tested
(trestment group n=10), varying inoculum size (10"5-10"9 PFU/animal) and daily vs. one time (day
35) phage application. Results were highly variable but never showed a statistical significant
reduction of Campylobacter more than atemporary reduction of 1 log, similar in pattern to the
temporary 2-3 log reduction demonstrated previously in experimental infected broilers with one
susceptible Campylobacter strain and lytic phage.

Two in vivo chicken pen trials (small scale) with phage therapy both found that no significant
reduction was observed in Campylobacter excretion of chickens, and that the measured values were
highly variable within treatment groups.

Three field experiments in farms with around 10 000 animals were performed with phage cocktail
application either by food or by drinking water. There was a strong biological variation, with
standard deviations greater than 100% of the average. In order to reduce the variability among
samples the final field trial was performed with alarger number of samples than in the previous
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trials. In addition to that, 2 administrations of the phage cocktail in 2 consecutive days were
performed. The results, although with alower standard deviation, showed no decrease of
Campylobacter loads after phage application.

To be able to find out more about why Iytic phage therapy has such little effect in field settings, new
studies into possible underlying causes for phage inactivation or phage resistance was performed
trying to investigate three hypotheses;

» Phage inactivation due to emergence of resistance

» Phage inactivation due to Gl tract environmental conditions (namely pH)

* Phage inactivation by the presence of other microorganisms ruled by quorum sensing

Phage inactivation by physical causes such aslow pH and bile salts as present in the intestine was
found to have no effect. Other factors as interactions with intestinal microbes (E. coli, Salmonella) or
Quorum Sensing also became part of the research but still lack sufficient scientific support; this
investigation is still ongoing. Also DNA sequence analyses of phages and resistant Campylobacter
strains have not yet led to clear insights into the nature of the effectiveness of phage therapy.

So far, it has to be concluded that although lytic Campylobacter phages could be found and in vitro
broad spectrum phage cocktails was produced, there was no statistical significant reduction of
Campylobacter by oral administration in broilersin afield setting. However, CamCon has provided
useful knowledge also on the more basic mechanisms of inactivation or resistance of bacteriophages.

Vaccination
The main goal of this task wasto further develop preliminary work into a vaccine candidate which
could be used in afield setting.

All vaccination trials were based upon the principle of in ovo vaccination which means that chicken
embryo’s at 18-days are vaccinated in the egg. For vaccination against viral diseases this approach
has been useful. There are not yet in ovo vaccines against bacterial diseases.

A previously designed candidate Campylobacter subunit vaccine with intrinsic adjuvant activity for
use in poultry had demonstrated that embryonated eggs express the TLR receptor that is the target of
the adjuvant. In this project, a purified candidate vaccine was successfully produced and used to
immunize 18-day embryonated chicken eggs with the engineered flagellin subunit vaccine. The
generated antibody response was analysed using a newly developed ELISA.

In ovo experiments with glycosylated, a non-glycosylated flagellin and awhole cell vaccine were
performed and the results showed that immune responses (IgG and to alesser extend IgM and IgA)
was induced. However, these responses were not protective against a challenge and there was a dose
dependent immune response.

Administration of a higher vaccine dose required optimal production of the antigen, and during the
production of the vaccine components, it was noted that the production of the glycosylated product
was repeatedly unstable: only in rare cases batches produced a reasonable amount of antigen but
most batches failed to produce any glycosylated protein. Until now the antigen was present on a
plasmid and this was most probably the reason that the production was instable.

To improve the stability of the production of the engineered flagellin and its degree of glycosylation,
the flagellin gene was moved from the thus far used expression plasmid onto the bacterial
chromosome. This so-called “next generation” vaccine strain was expected to result in a more stable
and homogenous production for glycosylation of the flagellin. Despite the successful insertion of the
vaccine-encoding gene into the bacterial chromosome, the yield of glycosylated vaccine was not
improved.

For the secretion of flagellin, Campylobacter uses additional proteins (so called chaperones proteins).
Currently, chaperones for Campylobacter flagellin are used to optimize the production, secretion, and
purification of the glycosylated vaccine antigen. The immunizations are foreseen in the second half
of 2015 and therefore after the finalization of the project.

In conclusion, in ovo vaccination of embryonated chicken eggs with a novel subunit vaccine and
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whole cell vaccine has been demonstrated to generate antibodies against C. jejuni that can be
detected to up to 23 day after hatching. For a protective immune response higher dose of antigens are
required and, more important, the efficacy of the antigen is supposed to improve considerably when
the protein is glycosylated. The (stable) production of glycosylated antigensis a chalenge and
construction of a Campylobacter strain is still ongoing.

A series of in ovo experiments during the project have provided more insight in the immune response
of the possibilities of vaccination with a Campylobacter antigen with intrinsic adjuvant activity. The
need for glycosylation of the subunit-vaccine was confirmed during the project and essential
fundamental knowledge of the immune response of chickens against Campylobacter was obtained;
thisis/will be published and is available for the scientific community.

Main outcomes from WP2
A total of at least ten papers have been/will be published about various topicsin this WP.

The results have been/will be presented in more than eight abstracts/posters/oral presentations at
more than six international and national meetings, including meetings with the industry.

Lessons learned

In relation to biosecurity, flies pose a problem, as they easily move right through many biosecurity
barriers by their own force and therefore don’t require transport by a person, garment, footwear or a
fomite like smaller tools or big machinery. Flies are therefore difficult to prevent from accessing the
broiler houses. Flies also have another ‘advantage’ concerning transmission: chickens actively chase
and eat the flies, so even one single fly let into the chicken room, has a great chance of successin
transmission of Campylobacter if they carry any.

In the planning of the project, the work load to select farms for the fly screen intervention, had been
estimated to be quite similar to previous experience from Denmark, where the previous fly screen
intervention studies was conducted in open cooperation with the only two broiler companiesin the
country and farmer participants could be directly approached. We learned in CamCon, that the
situation in countries with several competing broiler companiesis much more challenging and time
consuming. Recruitment of farms was difficult due to factors such as strong company competition
and the wish for a‘ closed forum’ for each company or even anonymity. We therefore have learned
that for the recruitment of farms, it would have been an advantage if one broiler company from each
country had joined the project as an SME and agreed to provide the required intervention farms.

The recruitment of study farms which aready had implemented high level basic biosecurity was
necessary before starting to add the fly screen intervention. Despite of comprehensive biosecurity
protocols being published by the European broiler business (i.e. the EPIG guide), it became clear by
visiting the actual farms at usual working days, that the implementation of the recommendations
were either completely missing or inadegquate compared to the necessary level estimated in the
CamCon application. Two very different approaches were then launched in the two participating
countries, UK and Spain. In UK fly screens were installed despite the lack of recommended
biosecurity proceduresin place in the farms. This resulted in the conclusion ‘ no effect of fly screens
in the study, aresult confirming the validity of the presumption set in the application, that basic
biosecurity have to bein place before fly screens are installed on broiler houses. In Spain, a
demanding work was launched to bring the basic biosecurity to a sufficient level at 12 farms and
CamCon WP5 provided extensive learning tools and activities which were used for this purpose. So
far the biosecurity upgrade has proven effective, but the effect of fly screensis not possible to
estimate at the end of CamCon, as the whole upgrade of the biosecurity was so time consuming that
the results will not be available until after CamCon has ended.

In summary, we learned that basic biosecurity must be in place before fly screens are implemented.
We also learned that an upgrade of biosecurity within a broiler company in general will require at
least a couple of years. The teaching material developed in CamCon (WP5) can be abasis for
establishing a common platform in future research regarding various aspects of biosecurity, not only
regarding Campylobacter.

Regarding bacteriophages, although the concept of pathogen control with Iytic bacteriophages seems
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attractive, and in some cases has proven to be successful, phage therapy under realistic conditions
till requires unhampered targeting of the bacteria, followed by a non-inhibited lytic cycle of phage
amplification and subsequent killing by lyis. In arealistic context these requirements are not always
met asis the case for phage therapy to control Campylobacter in broilers. Under laboratory
conditions, with a clear combination of Campylobacter strains and lytic bacteriophages, and even in
an animal model with experimentally infected chickens and a priori proven lytic phages, the concept
of phage therapy is confirmed. However, an expansion to areal chicken farm introduces many new
variables such as limited controlled administration of phages, effect of host microfloraon lytic
effectiveness of phages, and heterogeneity of Campylobacter. This latter feature of Campylobacter is
reflected in the diversity of the phage-resistant Campylobacter strains that even with several phages
in atherapeutic cocktail, is difficult to combat.

Due to the large variability the measurement of efficacy of phage therapy for the control of
Campylobacter under in field/on farm conditions requires very large numbers of samples (animals) in
order to make a statistically significant observation. Still having met these requirements it was shown
that the reducing effect on Campylobacter colonization by phage therapy was very small to absent
and therefore not relevant.

Especially with regard to phage therapy for control of Campylobacter it seems imperative to do more
research on phage inactivation and resistance to be able to make progress as intervention tool.

The work on vaccination improved the insight into the host-Campylobacter interaction and identified
more precisely the antigens at the flagellum needed for a activation of the TLR in the chicken. It
showed that a Campylobacter antigen with intrinsic adjuvant activity was able to induce an immune
response in chickens. However, thisimmune response was not protective against a challenge with
Campylobacter with the currently used dose of the vaccine antigen. It has been shown for the first
time that a bacterial recombinant antigen used in in ovo vaccination was able to induce an immune
response. The vaccination approach was seen at the start of CamCon as along-term investment as
within the relatively short term of the project it was not realistic to develop avaccine. From that
point of view the vaccine studies have been successful asthey improved the knowledge needed for
the further development of a future vaccine.

Diagnostic tools

The aim of the Work Package was to develop efficient, inexpensive and rapid methods for
enumeration of Campylobacter at farm level.

Four consecutive flocks of broilers on one farm were followed semi-continuously by monitoring with
two different methods of air sampling (ILOC based "sniffer" and Sartorius Airport MD8), particle
size profiling and boot sock sampling. The four flocks showed highly diverging colonization
dynamics. One was positive before the first sampling (10 days of age), one became infected by
Salmonella and was slaughtered for destruction, and one did not become positive. In all cases,
detection was possiblein air at the same time or prior to detection in boot sock samples and we can
conclude that air in broiler houses is a most suited target for the sampling and detection of
Campylobacter.

Methods to sample and quantify Campylobacter in air were developed, and studies were carried out
in conventional broiler houses in Poland in addition to preliminary samplings in Denmark. The size
distribution in airborne particles (0.3-10 um) in the broiler houses in relation to bacterial distribution
was analysed. No correlation between airborne Campylobacter and a specific particle size was found.

In conclusion, air sampling on filters, coupled with gPCR, was able to detect Campylobacter
colonization before it could be detected in boot swabs and was found to be a promising future
technique for monitoring of Campylobacter.

In addition to this experimental work, areport in the form of areview was written on sampling,
sampl e treatment and detection technol ogies. The review discusses the current and upcoming
methods in the poultry production line from farm to fork, and focusses on the applicability of the
different methods for various purposes.
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Main outcomes from WP3

Two papers have been published about the work done in this WP. The results have been presented as
abstracts/posters/oral presentations at two international meetings, including meetings with the
industry.

Lessons learned

The future need for diagnostic tools have been summarized in the paper: Monitoring Campylobacter
in the poultry production chain — From culture to genes and beyond (2015). Josefsen, M.H., Bhunia,
A.K., Olsson Engvdll, E., Fachmann, M.S.R., & Hoorfar, J. Journal of Microbiologica Methods 112,
118-125. In short, improved monitoring tools are important for the control of Campylobacter bacteria
in poultry production. Standardized reference culture methods issued by national and international
standardization organisations are time-consuming, cumbersome and not amenable to automation for
screening of large numbers of samples. The ultimate goal for rapid monitoring of Campylobacter is
to prevent contaminated meat from entering the food market. Currently, real-time PCR is fulfilling
abovementioned criteriato a certain extent. Further development of real-time PCR, microarray PCR,
miniaturized biosensors, chromatographic techniques and DNA sequencing can improve our
monitoring capacity at alower cost. Combined with innovative sampling and sample treatment, these
techniques could become realistic options for on-farm and liquid-sample monitoring at
slaughterhouses.

The air sampling technique developed in this WP offers a very cost-efficient, sensitive and
noncomplex way of sampling for Campylabacter in poultry production facilities. Transport of the
gelatin air filters can be done by ordinary mail, since the detection method does not require live or
culturable bacteria. A rapid sample treatment in combination with areal-time PCR detection step
reduces both the cost and time of analysis significantly. This technique could be applied
simultaneously for monitoring of other important pathogens as well, and will be worth devel oping
further in the future.

Risk assessment and economics

Risk assessments have been performed by two activities:

Thefirst activity relatesto interventions at the farm that result in areduction in flock prevalence.
This study was primarily based on the risk factor study performed in WP1. The risk factor study has
identified which farm related risk factors do have a significant impact on the Campylobacter flock
prevalence in the different countries involved in CamCon. These risk factors have been trang ated
into practical control measures (interventions). Based on the collected data and the risk factor study,
the effect of implementation of these interventions in the six different countries has been analysed.
The interventions that are predicted to have a significant effect are “ building an anteroom and barrier
in al houses’; “reduction of the downtime to less than ten days between flocks, together with rodent
control and disinfection”; “building new houses if houses are > 15 years of age (houses with
anteroom and barrier, using nipples without cups and with designated tools per house)”; “apply
drinkers with nipples without cups’; “have designated toolsin all houses < 15 years old”.

Three additional interventions were included in the analysis. The results of WP did not allow an
analysis of these interventions due to data limitations in the 20 farms study of WP1. Still, they are
considered effective in the literature. Their effects have been analysed on the basis of previous
research done by EFSA (a ban on thinning and reduction of the slaughter age to < 35 days) and by
Bahrndorff et al. (2013) (fly screens applied to new housesin Denmark). The results of the studies on
fly nets performed in WP2 were not available on time to be included in the analyses.

The percentage of farmsinvolved in the intervention reflects the farms that are amenable for the
intervention: in those farms the intervention is not implemented already and it is possible to do it. If
this percentage islarge, alarger effect of the intervention may be expected.

The change in prevalence is calculated on the basis of the flock prevalence reported by EFSA on the
baseline study 2008. From these results both the relative reduction in prevalence and the absolute
reduction in prevalence can be derived. From previous risk assessment activities (e.g. Nauta et a
2009) it is assumed that the human health risk of campylobacteriosis from (domestically produced)
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broiler meat is proportional to the flock prevalence.

It can be seen that none of the interventions sticks out as the single solution. The highest effect is
achieved for building new housesin Spain. The general insight that biosecurity is crucia stands, all
effective intervention somehow imply an improvement of biosecurity and should preferably be
applied in combination.

The second activity relates to interventions that impact the Campylobacter concentration in the
intestinal content of live chickens. The plan was to apply results of WP2 on the effectivity of
vaccines and bacteriophages, but no quantifiable results were obtained in CamCon. Therefore this
study more generally considers the question whether a reduction of Campylobacter concentration in
the chicken caeca or chicken faeces at the entrance of the chicken processing plant can be translated
to areduction in human health risk of campylobacteriosis, by the use of arisk assessment model.
Two approaches are compared: one where alinear regression of log transformed data on
concentrationsin the birds' caeca and on concentrations on skin samples of the same flocks are
analysed, and one where a previously published risk assessment model is applied.

Roughly the results are similar (with a 45% to 80% reduction in risk predicted with a 1 log reduction
of the mean Campylaobacter concentration in intestinal contents, depending on the assumptions and
the country). However, in generd it is not possible to derive avalid “rule of thumb” that allows one
to simply trandlate a reduction in concentration in the intestinal content to arisk reduction. Reasons
for this complexity are that different data sets may predict very different relations between
concentrations in the faeces and in chicken skin, which is also predicted by the risk assessment
model. Also, some assumptionsin the risk assessment model (like the relation between
concentrations in the faeces and on the carcass exterior) have an impact on the predicted effect,
whereas there are no data available to analyse these assumptions. Possibly the variation in
performance between slaughterhouses is too large to allow the derivation of arule of thumb anyway.

The costs for interventions have been studied. Most expensive interventions are the building of new
houses, slaughter at 35 days and discontinuation of thinning, cheapest are having designated tools for
each house, building an anteroom and barrier and application of fly screens. The costs differ
considerably between countries, in general the costs are highest in Denmark and Norway.

Cost effectiveness has been studied on the basis of the risk assessment and the cost study. By
including published campylobacteriosis incidences in the different countries involved in CamCon,
and published values for the attributable fraction of chicken meat, afactor to trandate incidence to
DALY (disability adjusted life years) and trade data between countries, costs and cost effectiveness
of interventions could be analysed.

It isfound that the differences between different countries are large, which makesiit hard to draw
general conclusions on the cost effectiveness of control measures. Still, some conclusions can be
drawn.

* The control measures “building an anteroom + barrier” and “designated tools for each house” are
cheap and result in a considerable risk reduction.

* In those countries where the costs are highest (especially Denmark and Norway), the
Campylobacter prevalences are relatively low. Therefore, the differences between countries get even
larger in terms of cost effectiveness.

For methodological reasonsit is difficult to compare the cost effectiveness of on farm interventions
as assessed in this project with the cost utility of interventions post farm, as studied elsewhere.
Generally speaking, the cost effectiveness of on farm interventions shows alarger variation (between
countries and interventions) than interventions during processing.

A report has been written describing the data included in the risk assessment and some basic analyses
of the data.

In conclusion:
» Significant risk factors at the farm have been identified and translated to practical control measures.
They have been analysed for their effectivity in reducing the flock prevalence in the six countries
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involved in CamCon. The differences between countries are considerable and none of the
interventions is much better than the others.

e It isnot possible to derive a simple rule of thumb to relate reduction in Campylobacter
concentration in the intestinal content of chickens to reduction in concentration on the skin of human
health risk. The reason for thisis a combination of the existing variability in concentrations and
processes, and the uncertainty of their impact.

» Costs of control measures vary between countries, which is caused by differencesin general cost
levels between countries and by differences in average technical farm performance.

* The cost effectiveness study, again, shows large variation between countries. Results were obtained
and presented. Cheap interventions that results in significant risk reduction at population level are (1)
the use of separate designated tools per farmhouse and (2) building an anteroom and barrier. They are
assessed to give risk reductions between (1) 0.6 and 16.1% and (2) 2.8 and 13.2% respectively in the
Six countries.

Main outcomes from WP4

A total of four papers will be published about various topics in this WP. Also, three reports have
been written, about the collected data, the major outcomes of the Work Package and the future data
needs. The results have been and will be presented as abstracts/posters/oral presentations at more
than four international and national meetings, including meetings with the industry.

L essons learned

The results confirm the complexity of the Campylobacter problem and show the diversity between
countries. Still, the cost effectiveness of interventions could be evaluated and compared for different
countries, which gives valuable insights for risk management.

Future data needs are identified and summarized. The report on this topic clarifies the specific needs
for high quality data to be used for on-farm risk factor analysis, based on the experience in CamCon.

Also, the specific needs for food chain risk assessment, economic studies and cost effectiveness
analysis are indicated. Here it is stressed that these activities may require new data that is not
commonly collected in a project like CamCon. Without the availability of dataidentified by
CamCon, it is expected that it will be difficult to improve risk assessment and cost effectiveness
studies in Europe.

From science to industry

The specific objective of thiswork package was to achieve effective dissemination and
communication of up-to-date scientific knowledge on Campylobacter control and prevention to
stakeholdersin the poultry industry.

This has been achieved through the production of educational material and learning tools. These
comprise a Best Practice Manual, a Draft Certification Program and a web-based E-learning Program
on Campylobacter and biosecurity as a high level of biosecurity at house level is essential for
successful reduction of Campylobacter in primary poultry production.

Creating a draft version of the Best Practice Manual was done in close collaboration with WP2 and
their work on biosecurity and fly screensin Spain where farms needed an upgrading of biosecurity
practices. Thisinitial work included the production of illustrated biosecurity folders and posters as
well as the design of an essential biosecurity check list for use on broiler farms. Slide presentations,
one with step-by-step instructions for correct entry and exit from poultry houses and one covering
biosecurity control points included in the check list have also been produced.

This materia was then further devel oped and integrated with new science-based knowledge
generated in the CamCon project to form the backbone of the final Best Practice Manual, Draft
Certification Program and the E-learning Program.

The Best Practice Manual aims at highlighting and explaining how these procedures can be
implemented directly by the poultry industry. This manual is specifically targeted veterinarians and
technical advisors of poultry integrations and cooperatives working with poultry farmers.
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The Draft Certification Program provides poultry companies and independent auditing bodies with a
complete list of measures that should be implemented and checked regularly in order to ensure and
document a uniform quality production of broilerswith areduced risk of Campylobacter. This
program is specifically targeted quality managers of poultry companies dedicated to improving the
food safety of fresh poultry meat.

The comprehensive E-learning program on Campylobacter and biosecurity may be used by poultry
producers and poultry advisorsto train and educate farm staff. It goes systematically through the risk
factors for Campylobacter introduction at farm and house level in primary poultry production, and
underlines the importance of biosecurity procedures in the control and prevention of Campylobacter.
The E-learning program also includes a test to ensure that the content of the program has been
apprehended, and the results of the test may be used to document farm staff education level as part of
acompany quality or certification program.

The educational material was presented at the CamCon stakeholder Seminar on April 14th 2015 and
is now available at www.camcon-eu.net. In addition to this, the Best Practice Manual and Draft
Certification Program have been distributed as hard copiesto al major European poultry companies
aswell as poultry producer organisations and EU and national competent authorities.

Main outcomes from WP5
The main outcome of WP5 is the educational tools and a draft voluntary certification program that
have been produced in this WP.

The material has been presented at a number of international and national meetings, including
meetings with the industry, and has been received with great interest. At the time of writing several
requests have been received from both national Competent Authorities and leading European poultry
companies both for possibilities of national language versions of the educational material, and for
discussions on how this material may be utilised under the specific poultry company conditions.

Lessons learned

Due to the public concerns on Campylobacter and food safety within the EU there is no doubt that
there is aneed for effective measures at company and authority levels to be ingtituted to reduce this
problem.

The educational material produced in CamCon has been well received by the stakeholders, and
underlines the importance of including a strong element of end-user dissemination activitiesin future
research projects, in order to gain the full societal benefit from scientific advances in academia.

The way forward

During the project, CamCon hasidentified knowledge gaps and possibilities for future research. We
suggest that future projects on Campylobacter (and probably also studies on other topics) should
include

» well-designed data collection, based on the specific needs of risk assessment and cost effectiveness
studies (see future data needs report WP4). It may be advisable to perform and extensive risk
assessment study to design the data collection studies prior to the project.

* intervention studies like for the fly nets, for other interventions as well

* looking at how we can improve adherence to biosecurity on farm, so exploring farmer behaviour
and indeed farmer understanding of what biosecurity means

Potential impact and main dissemination activities and exploitation results

Potential impact

A scientific opinion published by EFSA in 2010 concludes that 50 — 80% of the cases of
campylabacteriosis in humans may be attributed to the chicken reservoir as awhole. Therefore,
reducing Campylobacter in the poultry sector, both by preventing flocks from becoming positive, but
also — by doing so — preventing the environment around the poultry houses becoming massively
contaminated by contamination from the inside to the outside of the house after a broiler flock has
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been positive and by used litter from the flock being deposited outside, will most certainly reduce the
number of cases of human illness, and thereby also reduce the costs and suffering related to this
disease. CamCon has how expanded the knowledge base enabling the industry to produce
Campylobacter free chickens/ chickens with low levels of Campylobacter, and provided the industry
with easy to use learning tools and a basis for a certification program for doing so.

CamCon did not succeed in devel oping effective ready-to-use interventions using bacteriophages or
vaccination, nor has other research groups succeeded in this so far. Therefore, the short term focus
will still be on biosecurity. Besides that biosecurity has several extra benefits, it also quite cheap as
calculated in WP4. The challenges of implementing biosecurity at CamCon-level — as defined in the
CamCon educational tools - will vary between countries/companies, and the human factor is
important, as strict biosecurity requires awareness and commitment of the farm house personnel.
Thisisfocused upon in the educational tools developed in CamCon.

The main advantage of biosecurity upgrade over more targeted interventions to reduce
Campylobacter in the intesting, is that biosecurity works at a general level and is simultaneously
effective against many other hazards, whereas more targeted interventions mostly only work on a
single bacteria, virus etc. By reducing the burden of Campylobacter coming from broilers, the
industry can improve poultry health and the economy in the poultry industry and additionally gain
trust by the consumers because they produce products free from harmful pathogens.

One important experience gained in CamCon, is that there is a discrepancy between the
recommended level of biosecurity in acountry/company, and the level that is actually practiced
on-farm in the everyday schedule. Thisis very important to realize, asit is difficult to make
improvements if the farmers do not receive thorough training or are tested in the skills required. The
educational material developed in CamCon is available for poultry producers worldwide, and can
help the industry to improve the biosecurity.

Although CamCon did not succeed in developing effective bacteriophage-treatment protocols or
vaccines, the results from CamCon regarding bacteriophages and vaccines can be built upon to
achieve further progress in these challenging research areas, hopefully producing effective means to
reduce Campylobacter in the future.

The air sampling and detection technique devel oped in WP3 holds potential for further investigation.
The sensitivity, ease of handling and cost-effectiveness indicates that thisis arealistic aternative to
the boot swap sampling performed widely today. Future technology advances could render
semi-continuous monitoring of poultry production facilities possible, and provide an early warning
system for entry of Campylobacter into the poultry flock.

Main dissemination activities

The e-learning tool produced by CamCon (and available through the CamCon Web site) is produced
in both an English and a Spanish version. Work is being done after CamCon ended in April 2015 to
also produce a German and a Danish version to be able to reach even more poultry producers across
Europe (and worldwide). Information about the educational material and where to find it was
actively distributed to the poultry industry across Europe. This educational tool is easy to use for
poultry producers, and provides atheoretical basis for understanding the sources of Campylobacter,
how the transmission to the poultry flocks takes place, and the biosecurity procedures that will
prevent such atransmission. It isimportant that this theoretical understanding is followed by training
of the biosecurity practices, and the companies/authorities should provide such assistance to the
farmers.

Several scientific publications have been and will be produced to inform the scientific community
about various aspects of Campylobacter in poultry, both regarding epidemiology, rapid methods,
vaccines, bacteriophages, risk assessment and economy.

Also, areport on dataregarding poultry production in six very different European countries has been
produced, data which authorities and others needing comparable data have access to at the CamCon
Web site.
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CamCon has been presented — both in general and more specific topics — at many meetings across
Europe, and also at international meetings (especially at severa CHRO-meetings, the meeting point
for the scientists worldwide which are interested in Campylobacter, CamCon has been/will be
presented at the biannual meetingsin 2011, 2013 and 2015).

A Stakeholder Seminar was held in April 2015, presenting the results from CamCon, and also
demonstrating the teaching material. The Seminar had more than 60 registered participants, both
from the industry, several national Authorities and the scientific community. The registered
participants represented 11 different European countries.

Exploitation of results

CamCon demonstrated that reducing the burden of Campylobacter in broilers currently will not be
achieved by one intervention or management factor. It will require awide approach directed at
biosecurity, house design and aso management of flocks. The risk factors identified in CamCon
should be taken into account when considering the design of new poultry houses, and the type of
drinking systems and incorporation of fly screens into the design of new houses should be
considered.

The educational tools described above will enable the poultry industry to create certification
programs which can be used for producing Campylobacter free broilers. Thiswill give the industry
an opportunity to produce more safe and more “valuable” products.

The work on bacteriophages and vaccines has expanded the knowledge base regarding these
important intervention possihilities, and hopefully, at some point in the future, one will succeed in
producing effective products giving the industry another way of producing low risk broilers with
regards to Campylobacter. Risk assessment studies suggest that the effect of the interventions on
public health risk may be large.

Address of project public website and relevant contact details

www.camcon-eu.net. It will continue to be online for five years after the end of the project. After
that, the teaching material will be available via other channels.

Project coordinator: Merete Hofshagen, Norwegian Veterinary institute. email:
merete.hof shagen@vetinst.no
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4.2 Use and dissemination of foreground

Section A (public)

Publications
LIST OF SCIENTIFIC PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES
No. Title/ DOI Main author Title of the periodical or the series Number, Publisher Place of publication Dateof Relevant pages Isopen Type
date or publication access
frequency provided to
this
publication
?
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No. Type of activities
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Conference

2 Oral presentation to
awider public
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Section B (Confidential or public: confidential information marked clearly)

LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNSUTILITY MODELS, ETC.

Type of IP Rights Confidential Foreseen embargo date Application reference(s) (e.g.  Subject or title of application Applicant(s) (ason the
dd/mmlyyyy EP123456) application)
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Type of Exploitable  Description of
Foreground Exploitable
Foreground

Genera advance  Learning material

ment of knowledge (E-learning progr
amme, Best Prac

tice Manual and the
draft Voluntary
Certification Progr
amme).

Description of Exploitable
Foreground

OVERVIEW TABLE WITH EXPLOITABLE FOREGROUND

Confidential Foreseen embargo Exploitable Sector(s) of Timetablefor  Patentsor other IPR ~ Owner and Other
date dd/mm/yyyy product(s) or application commercial use or exploitation Beneficiary(s) involved
measure(s) any other use (licences)
No Better biosecurity ¢ Poultry Industry Theinformation None Dianova
an make it possible material was placed
to produce CAmp on the CamCon

ylobacter free chick web sitein April 20

ens. 15. It was also acti
vely communicated

at the CamCon St

akeholder Seminar

in Copenhagen 14

April 2015.

ADDITIONAL TEMPLATE B2: OVERVIEW TABLE WITH EXPLOITABLE FOREGROUND
Explain of the Exploitable Foreground

Learning material (E-learning progr The learning materia is available to the General Public and has been actively promoted to the European Poultry Industry and will enable everyoneto learn

amme, Best Practice Manual and
the draft Voluntary Certification
Programme).

more about Campylobacter and biosecurity.
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4.3 Report on societal implications

B. Ethics

1. Did your project undergo an EthicsReview No

(and/or Screening)?

If Yes: have you described the progr ess of
compliance with the relevant Ethics

Review/Screening Requirementsin the frame

of the periodic/final reports?

2. Pleaseindicate whether your project involved any of the following issues:

RESEARCH ON HUMANS

Did the project involve children?
Did the project involve patients?

Did the project involve persons not able to
consent?

Did the project involve adult healthy
volunteer s?

Did the project involve Human genetic
material?

Did the project involve Human biological
samples?

Did the project involve Human data
collection?

RESEARCH ON HUMAN EMBRYO/FOETUS
Did the project involve Human Embryos?

Did the project involve Human Foetal Tissue/

Cells?

Did the project involve Human Embryonic
Stem Cells (hESCs)?

Did the project on human Embryonic Stem
Cellsinvolve céllsin culture?

Did the project on human Embryonic Stem
Cédllsinvolve thederivation of cellsfrom
Embryos?

PRIVACY

Did the project involve processing of genetic
information or personal data (eg. health,
sexual lifestyle, ethnicity, political opinion,
religious or philosophical conviction)?

Did the project involve tracking the location
or observation of people?

RESEARCH ON ANIMALS

No
No
No

No

No

No

No
No

No

No

No

No

No
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Did the project involveresearch on animals?  Yes

Wer e those animals transgenic small No
laboratory animals?

Wer e those animals transgenic farm animals? No

Werethose animals cloned farm animals? No
Wer e those animals non-human primates? No
RESEARCH INVOLVING DEVELOPING COUNTRIES
Did the project involve the use of local No

resour ces (genetic, animal, plant etc)?

Wasthe project of benefit to local community No
(capacity building, accessto healthcare,
education etc)?

DUAL USE
Resear ch having direct military use No

Resear ch having potential for terrorist abuse No

C. Workforce Statistics

3. Workforce statistics for the project: Please indicatein the table below the number of people
who worked on the project (on a headcount basis).

Type of Position Number of Women Number of Men
Scientific Coordinator 1 0
Work package leaders 3 3
Experienced researchers (i.e. PhD holders) 21 23
PhD student 7 1
Other 32 9
4. How many additional researchers(in 7

companies and univer sities) were recruited
specifically for thisproject?

Of which, indicate the number of men: 2
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D. Gender Aspects

5. Did you carry out specific Gender Equality No

Actionsunder the project ?

6. Which of the following actions did you carry out and how effective were they?

Design and implement an equal opportunity
policy

Set targetsto achieve a gender balance in the
wor kforce

Or ganise conferences and wor kshops on
gender

Actionsto improve work-life balance
Other:

7. Wastherea gender dimension associated
with theresearch content - i.e. wherever
people wer e the focus of theresearch as, for
example, consumers, users, patientsor in
trials, wastheissue of gender considered and
addressed?

If yes, please specify:

E. Synergieswith Science Education

8. Did your project involve working with
students and/or school pupils (e.g. open days,
participation in science festivals and events,
prizes/competitions or joint projects)?

If yes, please specify:

9. Did the project generate any science
education material (e.g. kits, websites,
explanatory booklets, DVDs)?

F. Interdisciplinarity

Not Applicable

Not Applicable

Not Applicable

Not Applicable

No

Yes

Wellcome Trust Nuffield students (high school
students) ~6, Work experience students (high
school students, veterinary and biology
undergraduate students) ~17, Honours year
veterinary and biology undergraduate students
~20, Specificaly on projects to do with CamCon,
1 MSc student and 1 BV Sc undergraduate
student, however many other projects were on
Campylobacter and of relevance to CamCon.
Local and National event (2014) on
Campylobacter aimed at school children and the
general public to raise awareness of
Campylobacter and our research.

Yes

10. Which disciplines (seelist below) areinvolved in your project?
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Main discipline:

Associated discipline:

Associated discipline:

1.5 Biological sciences (biology, botany,
bacteriology, microbiology, zoology, entomology,
genetics, biochemistry, biophysics, other allied
sciences, excluding clinical and veterinary
sciences)

4.2 Veterinary medicine

1.1 Mathematics and computer sciences
[mathematics and other allied fields: computer
sciences and other allied subjects (software
development only; hardware development should
be classified in the engineering fields)]

G. Engaging with Civil society and policy makers

11a. Did your project engage with societal
actor s beyond the resear ch community? (if
'No', go to Question 14)

11b. If yes, did you engage with citizens
(citizens panels/juries) or organised civil
society (NGOs, patients' groups etc.)?

11c. In doing so, did your project involve
actorswhoseroleis mainly to organise the
dialogue with citizens and organised civil
society (e.g. professional mediator;
communication company, science museums)?

12. Did you engage with government / public
bodies or policy makers (including
international organisations)

13a. Will the project gener ate outputs
(expertise or scientific advice) which could be
used by policy makers?

13b. If Yes, in which fields?
Agriculture

Audiovisual and Media

Budget

Competition

Consumers

Culture

Customs

Development Economic and Monetary Affairs
Education, Training, Y outh

Employment and Social Affairs

Energy

Enlar gement

Yes

No

Y es, in communicating /disseminating / using the
results of the project

Y es - as a secondary objective (please indicate
areas below - multiple answer possible)

Yes
No
No
No
No
No
No

No
No
No
No

Project No.: 244547
Period number: 3rd
Ref: 244547_CamCon_Final_Report-13_20150624_161614_CET.pdf

Page - 33 of 37



Enterprise

Environment

External Relations

External Trade
Fisheriesand Maritime Affairs
Food Safety

Foreign and Security Policy
Fraud

Humanitarian aid

Human rightsd

Information Society
Institutional affairs

Internal Market

Justice, freedom and security
Public Health

Regional Policy
Research and Innovation
Space

Taxation

Transport

13c. If Yes, at which level?

H. Use and dissemination

14. How many Articleswere

published/accepted for publication in

peer-reviewed journals?

To how many of theseis open access

provided?

How many of these are published in open

access journals?

How many of these ar e published in open

repositories?

To how many of theseis open access not

provided?

No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No

International level

Please check all applicable reasonsfor not providing open access:

publisher'slicensing agreement would not
permit publishing in arepository

no suitablerepository available

no suitable open accessjournal available

No

No

Yes
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no funds available to publish in an open access No

journal
lack of time and resour ces No
lack of information on open access No

If other - please specify

15. How many new patent applications 0
(‘priority filings') have been made?

(" Technologically unique" : multiple
applications for the sameinvention in

different jurisdictions should be counted as

just one application of grant).

16. Indicate how many of the following Intellectual Property Rightswere applied for (give
number in each box).

Trademark 0
Registered design 0
Other 0
17. How many spin-off companies were 0
created / are planned as a direct result of the
project?

Indicate the approximate number of 0

additional jobsin these companies:

18. Please indicate whether your project hasa Difficult to estimate/ not possible to quantify,

potential impact on employment, in None of the above/ not relevant to the project
comparison with the situation before your

project:

19. For your project partnership please ODifficult to estimate / not possible to quantify

estimate the employment effect resulting
directly from your participation in Full Time
Equivalent (FTE = one per son working
fulltimefor ayear) jobs:

|. Media and Communication to the general public

20. Aspart of the project, were any of the No
beneficiaries professionalsin communication
or mediarelations?

21. Aspart of the project, have any No
beneficiariesreceived professional media/
communication training / advice to improve
communication with the general public?

22. Which of the following have been used to communicate infor mation about your project to

the general public, or haveresulted from your project?
Press Release No

Media briefing No
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TV coverage/ report No

Radio coverage/ report No
Brochures/posters/ flyers Yes
DVD /Film /Multimedia No
Coveragein specialist press Yes
Coveragein general (non-specialist) press No
Coveragein national press Yes
Coveragein international press No
Website for the general public/ internet Yes
Event targeting general public (festival, No

conference, exhibition, science café)

23. In which languages ar e the information products for the general public produced?

L anguage of the coordinator No
Other language(s) Yes
English Yes
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