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TECHNICAL ANNEX
1. S&T EXCELLENCE
1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
Contamination of plants meant for human consumption are of increased concern for food-safety and
human health. The 2011 German outbreak associated with consumption of produce contaminated
with enterohemorrhagic Escherichia coli (EHEC) O104:H4 in Hamburg in 2011 is one of the
examples of large-scale disease outbreaks associated with plants [1, 2]. The disease outbreak in
Hamburg resulted in the hospitalization of over 800 individuals and 53 deaths (Wikipedia) and was
the largest outbreak related to consumption of fresh vegetables in Europe. This outbreak
demonstrated the possibility of human pathogenic micro-organisms (HPMO) to occurin plant derived
products. It is clear that particular HPMO can find their ecological niches in agriculture production
systems (APS), since food-borne disease outbreaks related to consumption of plant-derived
materials have been reported worldwide (e.g. in spinach in the USA and in white radish sprouts in
Japan). However, the emergence, persistence and spread of HPMO in APS are poorly understood.
It is expected that native microbial communities in plants and in other systems relevant for plant
production (plant microbiomes) play important roles in establishment of HPMO and also in
competition and antagonism against HPMOs. They also play a role in exchange of genetic
information between HPMOs and the members of plant microbiomes. The limits imposed by
conventional culture-based methods have hindered progress in this area of research. However, the
recent development in sequencing technologies and methods to analyze the wealth of sequence
data, provide the opportunity to make significant progress. Microbiome studies are relatively new
and integrates microbial interactions between different ecosystems (agricultural systems, hospitals,
nature) . Microbiome studies involve all studies covering metagenomics at taxonomic and functional
levels, including mobilomics, virolomics as well as resistomics, they integrate also with genomic,
RNAsec, transcriptomic, proteomic and metabolomic studies. It is the objective of the Action to
combine and strengthen Pan-European research efforts on the role that plant microbiomes play in
the ecological behavior and public health risks of HPMO. Via networking, it is intented to develop
new national and European collaborative Science and Technology (S&T) platforms and programs to
fill up the knowledge gaps on the ecological behavior of HPMO in plants and to inform European
industry and policymakers about the consequences of HPMOs presence in APS. The Action
integrates within its framework, microbiological, molecular, ecological, agricultural, veterinary and
clinical sciences, including, in principle, all micro-organisms posing potential threats to human health.
Networking will provide information for new regulatory frameworks at national and transnational
(European) levels.
1.1.2. Relevance and timeliness
The EHEC O104 outbreak in Hamburg (2011) associated with imported fenugreek seeds from Egypt
[3] raised urgent questions on general understanding of HPMO behaviour in APS, that still are not
fully addressed. During and after the outbreak, many misconceptions about the nature and origin of
the pathogen prevailed between the controlling authorities, policy makers and the scientific
community at different integrative levels. This is illustrative for the relatively low awareness on
contaminations with HPMO in APS, not only by the general public, but also by policy makers,
controlling agents, plant growers, producers and processors and whithin the scientific community.
Knowledge on the behaviour of HPMO in APS is incomplete, and information on this topic is

scattered, resulting in low synergy in the acquired experimental data that sometimes even appear to
contradict. The most important reason for this misconception is that HPMO are considered to be
adapted to conditions common in the intestinal track systems of warm-blooded animals and not
those of other ecosystems. In the Action, acronymed HUPLANTcontrol, this dogma will be
challenged. The complex behaviour of HPMO in APS will be considered at an integrative and holistic
level, placing the role of the plant microbiome in a central position. This approach is needed in order
to decipher the complex nature of HPMO in APS and to explain their possibilities for adaptation to
locally reigning selective forces, as well as to understand the emerging threats to humans with
respect to virulence, pathogenicity and/ or (antibiotic) resistance of HPMOs. New research questions
thus can be formulated, such as:
 To which extent APS provide ecological niches, suitable (protective) for HMPO?
 How can HMPO multiply, spread, colonize and/or genetically alter in APS?
 How do agronomic activities influence HPMO behaviour in plants?
HUPLANTcontrol will create a platform in which scientific groups from European countries and
Inclusiveness Target Countries and International Partners Countries will collaborate with important
stakeholders in agro-production (growers, producers, suppliers, processing and retail industry) and
with authorities controlling food safety and public health. The intention of this platform is to create an
open forum for discussions between participants. Importantly, this topic must be considered as
‘sensitive’ for the plant-growing industry. Open access and exchange of information between the
scientific community and relevant stakeholders will lead to higher level of confidence between
science, society, agriculture and agro-industry. Accurate and consistent communication is an
important aspect in HUPLANTcontrol and it must to lead to a more consolidated scientific opinion on
the ecological behaviour of HPMO in APS.
Networking within HUPLANTcontrol will occur using the instruments available within a COST
Action, such as symposia, workshops, training schools, and scientist exchanges between
participating laboratories. Working Groups will be dedicated to specific scientific challenges
formulated within the platform, whereas one Working Group will overarch activities from other
Working Groups, in order to intensify collaboration and to coordinate dissemination activities. For
example, joint press releases between the scientific community and involved stakeholders will be
initiated by the overarching Working Group. Such actions should lead to an unified communication
strategy towards the general public, creating confidence and bringing the general knowledge on this
topic to a higher level of public awareness.
The HUPLANTcontrol networking platform will contribute to a new field in plant sciences and it
is anticipated that the generation of scientists will handle with novel instruments, complex data sets
and new concepts in plant-microbial sciences. Short-Term Scientific Missions and training schools
are the best instruments to develop young scientist to become involved in this new scientific field, to
create enthousiasm among participants and to create new job opportunities in science, industry and
food safety and public health regulatory organs. Participation of countries less intensive in science
will be stimulated and opportunities will be equally distributed among genders and nationalities to
guarantee broadest contribution the European scientific community.

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
A networking platform will be created in which the following outstanding research and coordination
objectives will be assigned to dedicated Working Groups:
1. To improve current understanding on the role of the plant microbiome on ecological
behaviour, colonization and physiological and genetic adaptation of HPMO in APS
(WG1),
2. To improve and intensify taxonomical identification of individual members of the plant
microbiomes that are anticipated to pose a negative impact on human health (WG2),
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3. To evaluate and improve human proxies where possible, or to develop new/ adapt
existing systems for testing the human health threatening (pathogenic) nature of
particular representatives in plant microbiomes (WG3),
4. To propose improve and design new sanitary and agronomic practices, based on the
plant microbiome concept and aimed to control HPMO in APS such as in the open field,
in greenhouses (soil substrate, aquaculture), or at industrial scale level for example in
production of sprouts (WG4),
5. To involve stakeholders outside the scientific community to evaluate scientific models
and concepts for industrial and societal relevance and to coordinate overarching
communication and dissemination activities,
1.2.2. Capacity-building Objectives
6. To stimulate collaboration between science and agro-industry within the scope of
HUPLANTcontrol,
7. To stimulate collaboration between research groups of European countries,
Inclusiveness Target Countries and International Partners Countries and to connect this
pan-European network initiative to other worldwide initiatives around the scope of
HUPLANTcontrol,
8. To train a group of new scientist capable to handle novel instruments, big datasets and
concepts within plant microbiome related sciences,
9. To equalize participation in all undertaken activities and initiatives over the different
participating nationality, gender and age groups to guarantee maximum contribution to
the European scientific community,
The ambition of HUPLANTcontrol is to establish a Pan-European network of excellence among
research groups with broad support from industry and regulatory authorities on the impact of plant
microbiomes on human health.

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
Food-borne human pathogens observed in plants and in APS belong to different taxa, such
Escherichia coli and Salmonella enterica (Gammaproteobacteria, Enterobacteriaceae) and Listeria
monocytogenes and Bacillus cereus (Firmicutes). Some of these foodborne pathogens have a
principal reservoir in animals and consequently they prevail in food of animal origin (meat, eggs,
dairy products). However, these organisms are shed (often in high numbers) in manure by which
they can occur as contaminants in water, soil and plants [4]. These environments are in principle
believed to be ‘hostile’ for HPMO. Therefore, HPMO were anticipated not to colonize plants and
other systems relevant in plant production, and certainly not to persist, multiply, spread or genetically
alter in these systems. However, HPMO have been observed on and even inside plants. These
findings are unexpected under the assumption that HPMO can only exist in gut systems of warmblooded animals. Because HPMO in principle could have ecological niches in plants, it is explainable
that products derived from plants such as fresh produce, fruits and seeds can be contaminated with
HPMO. Ecological competentence of particular groups of HPMO (specific taxonomical lineages or
‘persistent’ strains) in plants gradually become accepted as a fact by the scientific community.
However, the mechanisms behind the ecological behaviour of HPMO in plants largely remains
unclear. From this perspective, interactions with plant microbiomes are considered to be relevant.
1.3.2. Progress beyond the state-of-the-art
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Long-term survival for some HPMO have been demonstrated in environmental matrices and on, and
inside, plants [5]. The ecological behaviour of HPMO in plants [6, 7] was sometimes comparable
with that of particular groups of endophytes [8] and plant pathogens, such as active movement to
plant exudates, plant surface attachment, passive or active penetration of plant tissue, internal
colonization and evocation of plant defence responses [9]. Plant colonization mechanisms applied
by HPMO often were the same as used for colonization of intestinal track systems of warm-blooded
animals [10]. These observations would indicate that particular groups of HPMO are better suited to
persist in the ‘plant environment’ than ever anticipated before. Given the fact that most HPMO can
be classified as mesophiles, are not host restricted and are genetically endowed to adapt to wider
ranges of physiochemical environments, it may be not surprising that particular groups of HPMO
would show ‘ecological competence’ in plants. The consequence of such ecological competence for
HPMO in plants is that these species 1) are present in deeper cell layers in plants, 2) occupy
ecological niches in plants where sufficient nutrients are available for growth and survival, 3) are
protected against plant defence and microbial competition, 4) can systemically spread through plants
to multiply and to occupy new niches inside or outside the plant environment, 5) will interact with
microbial species present in plants and/ or with microbial species indigenous to other ecosystems
relevant for plant production, and 6) are present in plants at relevant cell density numbers to cause
infections in humans upon consumption. If HPMO are ecological competent in plant environments,
then it may be more complicated to remove, inactivate or kill HPMO in plants or in plant derived
products meant for food and feed production. Because plants come into contact with humans,
animals (herbivores, nematodes, insect vectors), manures and fertizers (composts and digestates),
irrigation water from surface water bodies and soils, it makes sense that microbial species from these
sources interact with communities intrinsic to plants [4, 11]. Different agronomic practices have been
demonstrated to influence plant microbiome composition, so it is therefore reasonable to presume
that the same practices also will affect the fate of HPMOs in plants. A ‘healthy’ plant microbiome is
a plant microbiome that does not pose any threath to humans and these healthy microbiomes are
either devoid of any human pathogenic species, or when present, their growth and dissemination
are suppressed by other members in the plant microbiome.
In plant microbial communities, species taxonomical closely related with HPMO are found,
as is the case for particular groups of Gammaproteobacteria (Enterobacteriaceae) and Bacillus
species [5]. However, some plant-associated species are toxin-producing and even must be
considered as opportunistic pathogens for all, or susceptible groups of humans (e.g. young children,
adults aged over 65 years, pregnant women, and people of any age with certain medical
backgrounds, or weakened immune systems), such as species belonging to the genera of Fusarium,
Aspergillus, Pseudomonas, Serratia, Enterobacter, Bacillus, Burkholderia and Stenotrophomonas.
It is complicated to distinguish HPMO from non-pathogenic plant-associated lineages in microbial
taxa [e.g. 12]. Criteria for distinction between human threatening (pathogenic) and non-threatening
lineages in microbial taxa, e.g. by screening for presence or absence of virulence genes or
pathogenicity islands [13], are not always obvious. Isolates from plants taxonomically classified
within the same group as clinical isolates (isolates clinically proven to be responsible for disease in
humans) are often considered as ‘human pathogens’, although their true nature with respect to
evocation of disease symptoms in humans cannot be proven.
Thus, a new integrative approach is required for describing the nature of HPMO in plants taking a
wider range of ecological aspects into consideration.
1.3.3. Innovation in tackling the challenge
In summary, it is becoming apparent that particular groups of HPMO are better adapted to plant
environments than previously expected. HPMO often are able to occupy multiple habitats, from
which some must be considered as ‘alternative’ habitats, i.e. habitats where pathogens are able to
persist over longer periods in time, potentially in ‘resting states’ before they disseminate. Particular
groups of HPMO thus may be considered as ‘cross kingdom hoppers’, i.e. using plants, humans/
8

animals and other ecosystems as suitable habitats. It is disputable, however, whether suspected
human pathogens isolated from plants are all ‘true’ human pathogens.
Four research directions are identified to be tackled by participating groups within HUPLANTcontrol.
These are:
1) Identification of origins and sources of HPMO in plants. Knowledge on the role of different
microbiomes on HPMO transmission to plants, persistence and gene-exchange potential [14,
15] is important to identify critical control points in primary plant production chains. Targeted
sanitary measures and/ or agronomic practices can be evaluated or designed for control of
(particular groups of) HPMO in APS.
2) Improvement and intensification of taxonomical characterization of plant microbial identities
suspected to be HPMO. Design of new detection tools based on the new taxonomical
information. Current detection technologies are based on microbial species in single
matrices. The challenge is to integrate detection technologies across microbiomes of relevant
ecosystems to provide a complete overview on transmission strategies of HPMO. Improved
taxonomical identification of plant isolates related to HPMO in combination with an integrated
detection technology will thus lead to higher discriminative power of current detection
technologies for plants and other environments relevant for plant production.
3) Evaluation, improvement and novel design of human proxies and other test systems useful
for identifying the human health-threatening or pathogenic nature of plant isolates will assist
in better discrimination between pathogenic from non-pathogenic plant-associated isolates.
Better discrimination will lead to deeper knowledge on the potential human health-threatening
nature of particular groups of micro-organisms in plants, leading to more directed
assessment of risks for public health purposes, e.g. upon consumption of plant-derived foods
contaminated with agents suspected to be HPMO.
4) Evaluation, improvement and novel design of sanitary measures and agricultural practices
for control of HPMO in plants. Different strategies will be evaluated that are aimed to directly
affect targeted groups of pathogens (e.g. disinfection procedures) or that are aimed to
improve the intrinsic buffering capacities of plants (agricultural practices). Disinfection
measures can be useful as seed treatments, whereas agricultural practices can be used as
instruments to shift structures in plant-associated microbial communities [16], potentially
leading to changes in antagonistic capacities towards HPMO invasion and outgrowth.
Cultivar selection and soil amendment are examples of controlling instruments in agricultural
practices that have been shown to be important drivers in structural shifting of plantassociated microbial communities. Design of agricultural practices aimed to direct microbial
communities to higher antagonism against HPMO is still an unexplorered challenge. Rapid
development in high throughput sequence technology and bio-informatics (Next Generation
Sequencing; NGS) can be an important stimulant to gear up manipulation of plant-associated
microbial community structures by agricultural practices. Further, NGS has the potential to
become an important predictive tool in establishing the antagonistic capacities in plants
against particular groups of HPMO. Innovation necessarry to tackle the challenge relies on
the contribution of all four research directions together. Deeper knowledge on suspected
HPMO with respect to taxonomical identitry and potential threat to humans is necessarry to
control emerging threats resulting from (novel) agronomic activities.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
Presence of HPMO in plants and APS have been described in scientific literature. These
contaminations have great impact on food safety and especially on the reliability of fresh produce
for human health. Networking between European laboratories on this topic is important to obtain
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coherent strategies to understand and combat contaminations in food of plant origin (e.g. fresh
vegetable, fruit and sprouts). HUPLANTcontrol has a multidisciplinary nature as it integrates
research groups involved in agronomy, food microbiology, molecular microbiology, bio-informatics,
clinical, veterinary and environmental sciences. Input from these scientific directions are needed to
address most relevant questions of HUPLANTcontrol. Also, HUPLANTcontrol will bring scientific
groups into contact with plant growers, industry and food safety and public health authorities. Without
such a structured network, it is hard to consolidate multidisciplinary research endeavours on this
topic in Europe.
1.4.2. In relation to existing efforts at European and/or international level
Efforts have been undertaken at several occasions in Europe to combine research activities on the
roles that (plant) microbiomes play on cycling and transmission of human pathogens. Examples of
these activities are workshops, sessions within conferences and symposia and national and
transnational research activities with support from industry, growers and food safety and public
health control authorities. These activities were ad hoc, not structured in a coherent framework and
in some cases only focused on post-harvest aspects in food production chains. No consolidated
European network exist on the involvement of microbiomes on HPMO cycling and transmission to,
and from plants. Networking activities related to the challenge within COST exist and these are:
FA1202 (A European Network For Mitigating Bacterial Colonisation and Persistence On Foods and
Food Processing Environments, ending in October 2016), FA1103 (endophytes in biotechnology and
agriculture, ended in December 2015), FA1405 (Using three-way interactions between plants,
microbes and arthropods to enhance crop protection and production, ending in March 2019),
ES1103 (Microbial ecology & the earth system: collaborating for insight and success with the new
generation of sequencing tools, ended in October 2015). Congruent activities in other COST Action
networks are on colonization and biofilm formation of foodborne pathogens in food and food
processing industry (FA1202), on plant-associated, internalizing micro-organisms (FA1103), on
vector transmission of microbes to plants (FA1405) and on next generation sequencing technology
of environmental samples (ES1103). Input from these COST Actions into HUPLANTcontrol thus are
valuable, but HUPLANTcontrol distinguishes itself from the other COST Actions by the role that
microbiomes play in HPMO transmission and cycling in APS. For that reason, HUPLANTcontrol has
a scientific focus, network composition and interactions with non-scientific community
representatives from agronomy and agro-industry that deviates from all other COST Action network
activities.

2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
The scientific impact of the challenge is to create awareness on exchanges of micro-organisms
between plants and other environments relevant for APS. HPMO have access to the microbial gene
pools available within plants and their surroundings and therefore metagenomics is the best tool to
investigate this potential revervoir of mobile genetic elements, virulence and resistance genes and
other genes relevant for improving competence in plants. Current understanding on the ecology of
(potentially) pathogenic microbes is rather rigid in the sense that some species are strictly linked to
particular environments, as was the case for food-borne human pathogens. Technical innovations,
especially by recent developments in NGS, but also new scientific insight, e.g. in commonalities in
cellular and molecular functioning between human pathogenic and plant-pathogenic species, reveal
that ecosystem borders are not rigid at all, but rather diffuse. Species previously called ‘alien to’, or
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‘invasive for’ [17] particular environments are on closer inspection well-suited with respect to
colonization, persistence, growth and activity in these environments.
In the short-term, the scientific challenge is to investigatethe roles of different habitats on
contaminating microbial agents in plants. In APS, microbiomes of different ecosystems come
together and passages of HPMO through these systems may make them even better adapted to
locally reigning circumstances. Better understanding on the roles of local adaptation, genetic
mutations or exchanges between microbes, and microbial interaction and communication, e.g. in
mixed biofilms [18], and interaction with meso- and macro-organisms can explain the often
capricious nature of HPMO in APS. Local selective forces acting on HPMO may stimulate specific
lineages as may be the case for outbreak strains. On the other hand, microbes indigenous to plants
exist that are suspected to be human pathogenic, but whose pathogenicity can not be proven, and
whose relationship with non-pathogenic species can not be established because of technical
limitations. The bivalent nature of HPMO in habitat occupation is a key issue in the challenge and
network activities between scientific groups must lead to better and more consistent understanding
on the nature of HPMO in multiple ecosystem settings, something relevant for agro-production.
The holobiome is a new concept currently under development in the scientific community.
This concept is based on the fact that microbiomes of different ecosystems influence each other and
even the shortest contacts can already result in complex microbial exchanges between communities.
What are the effects of community changes and can invasiveness of particular microbial species
such as HPMO be facilitated by microbial community changes? What can agricultural practice do
with this novel insight? Within the holobiome concept it will be important to realize what the
consequences can be in most recent and future changes in agricultural practices. For instance what
can, according to this concept, be the consequences of agricultural intensification or extensification?
What can be the effects of soil-amendments such as manures, fertilizers, composts, or what can be
the impact of biological control or plant growth promotion agents via community structuring on food
safety or public health-related issues?
Technological impact will be the integration of novel omics technologies in a
multidisciplinary scientific setting, in order to understand the ecological behaviour of HPMO in APS.
Rapid development in NGS makes it possible to obtain vast quantities of data from microbial
communities of different environments. Technological challenges will be on acquisition and analysis
of the vast datasets via bio-informatics to detangle relevant from irrelevant information within the
context of HUPLANTcontrol. Key focus points in the context of HUPLANTcontrol are virulence and
antibiotic resistance genes (respectively, virulome and resistome analyses), mobile genetic elements
especially phages, insertion elements, transposons and plasmids (mobilome analyses), but also
genes that may improve ecological competence of HPMO under particular settings such as catabolic
genes and pathways, genes involved in cell-to-cell communication, biofilm formation and resistance
to plant defenses. As it may be anticipated that the ‘state of the art’ in -omics technologies are still
inadequate to address all raised research questions within HUPLANTcontrol, it will also be of
importance to consider integration of exisiting, often cultivation-based- technologies, with NGS in a
broader polyphasic context.
Socioeconomic impact will include translation of acquired information on food safetyrelated aspects into new agricultural management practices aimed to control spoilage or
contamination in fresh produce. Freshly consumable foods are important to improve our lifestyle and
combat disorders such as obesity. Guarantees on the absence of hazardous or spoiling microorganisms in fresh foods will guarantee maintenance of the often high public confidence in fresh
produce. Public messages on border interceptions or recalls of fresh products (sprouts,vegetables,
fruits, nuts, seeds, herbs etc.) from the market will have negative impact on public perception on
these products. From a societal, as well as, from an economic point of view, it will be of utmost
importance to guarantee the high public confidence in these products for the future. Within
HUPLANTcontrol this will be achieved by close collaboration between involved scientists and
partners from industry and regulatory authorities (food safety and public health). Confidence
11

between involved stakeholders is a key issue in this COST Action that will guarantee greatest
success on implementation of scientific achievements into practical applications.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
Relevant stakeholders are growers, growers’ organizations and commodity boards, trade
organizations, industry (producers of -biological- fertilizers, compost, plant growth promoting agents,
biological control agents, seed producers, sprout producers, fresh food packaging), retail, public
health and food-safety authorities. These stakeholders are already involved in current and past
European projects, workshops and symposia related to this challenge. Interactions between
scientific research groups and stakeholders currently are ad hoc organized and activities performed
within the challenge are aimed to involve European stakeholders in planning of scientific
experiments, projects and programs. In the most recent Strategic Research and Innovation Agenda
of the European Technology Platform (ETP) Food for Life (2012 – 2020 and beyond), it is recognized
that food-safety related issues in plant production are important. In the agenda, it is specified that
emergence of new and more risky variants of food-borne pathogens are of concern. Further, it is
specified in the agenda that advances in -omics technologies and in plant biology should lead to
novel insights in safe and sustainable food production and that integrated and more holistic
approaches must be encouraged. Therefore, the intentions stated within HUPLANTcontrol match
perfectly with the most recent strategic agenda of ETP Food for Life.
For industry, continuation in production of fresh foods in the absence of interceptions or
recalls is an important issue. Food safety is a non-negotiable issue for consumers and further
improvements in reliability and safety of food products can not be used as advertisement by
companies (producers, industry, retail). On the other hand, companies do not always appreciate the
associations made between their commodities and food safety related aspects. This can hamper the
implementation of novel scientific insight on food safety related aspects into decontamination
procedures or agricultural practices. For implementation into practice, close interactions between
the scientific community, industry and food safety and public health authorities will be needed.
Confidence between all involved stakeholders is critical for the success of dissemination activities to
be undertaken within HUPLANTcontrol. Networking activities within HUPLANTcontrol will create
opportunities for collaboration between science, industry and regulation/ inspection that is important
for dissemination of knowledge into practical applications or guidelines, leading to a safer and more
reliable food production. This will be done by organizing workshops and symposia in the context of
each individual WG, but also dissemination activities beyond the contexts of individual WGs are
important and this will be the task of WG5.
2.2.2. Dissemination and/or Exploitation Plan
The target audience for output of the COST Action HUPLANTcontrol will include researchers from
agronomic, microbiological and medical disciplines, students and post-graduate (PhD) students,
employers and employees of large, medium and small enterprises in agronomic industry, retail, and
growers, of growers organizations and commodity boards, and of food safety and public health
authorities.
Public disclosures of the Action’s outcomes and results in details will be done through:
 Two large events in the form of international conferences will be organized within the
context of HUPLANTcontrol. Both will be open to participants from the scientific
community, industry, retail, growers and growers organizations and commodity
boards and food-safety and public health authorities. International conferences will
provide high visibility for HUPLANTcontrol and will be organized at the start of the
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Action (launch conference, Q5) and at the end of the Action (dissemination
conference, Q16). Proceedings of both conferences will be published with open
access on the Action’s website. The final conference to be held within
HUPLANTcontrol is aimed to be continued as a self-standing series of biannual
conferences on this topic in the future.
 Workshops to be organized within the contexts of individual WGs, endeavouring at
least four workshops within WG1 to WG4 and at least two overarching workshops
within WG5.
 The HUPLANTcontrol website will contain a portal that is accessible for the general
public. This portal will be written in an easily understandable format and use of
language, wel suited for a broad audience. Announcements (e.g. STSM calls) and
information will be quarterly refreshed on the open access portal of the
HUPLANTcontrol website.
 Scientific publications in (open access) peer-reviewed journals will appear on the
ecology of HPMO in APS, on ecological and genetic interactions between HPMO and
plant-associated microbial communities and on taxonomical relationships between
HPMO and specific (non-pathogenic) representatives of plant-associated
communities through collaborative activities within HUPLANTcontrol. Review articles
on interdisciplinary topics are expected by collaborations within HUPLANTcontrol.
 Press releases (popular press), communications via social media and
recommendations for practice (proposed guidelines and standards) will be posted on
a regular basis.
 Electronic newsletters will be published yearly written in a format and language
suitable for a broad audience. Newsletters will be electronically send around to a list
of subscribers compiling from the start of the Action.
All activities within HUPLANTcontrol will be announced on a website with an open access portal for
important announcements such as annual calls for STSMs, workshops and symposia to be
organized within HUPLANTcontrol, as well as important output such as reports from STSMs,
conference abstracts, scientific publications, PhD theses, press releases and recommendations e.g.
as proposals for guidelines and / or standards in agriculture production.
As it is of importance to inform well public, authorities and policy makers on this sensitive topic, and
therefore, transparency and accuracy in presentation of data and provision of information must be
endeavoured under all circumstances. It will be of relevance that output, especially in the forms of
press releases of (short) communications via social media, will be well discussed beforehand with
all involved stakeholders participating in HUPLANTcontrol, which is a main task for WG5.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
The HUPLANTcontrol consortium will consist of participants with substantial expertise in a broad
spectrum of scientific fields. Major breakthroughs in science and technology can be envisioned by
intensive collaborations within individual WGs and by WG overarching activities. Breakthroughs are
anticipated within the concept of the plant holobiome as well as in the knowledge about microbial
community changes and exchanges between individual members in microbial communities. Both
factors can play important roles in successful establishment and genetic adaptation of HPMO in
APS. Scientific breakthroughs will go hand in hand with technological innovation in NGS and other
omics technologies, in a new design of integrative polyphasic analysis strategies and in the
development of new, or adaptation of existing bio-informatics pipelines. The anticipated close
interaction with the relevant non-scientific stakeholders participating in the HUPLANTcontrol Action
will create direct communication lines between the scientific community and practice. These direct
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communication lines are essential for accurate formulation of generated output, creating faster and
higher levels of public acceptance for all acquired S&T efforts. Better understanding of the yetundetermined nature of HPMOs under plant production circumstances will facilitate development of
new agronomic control measures aimed at producing safer (fresh) foods from plants. Safer food
production will contribute to a healthier lifestyle, as fresh plant derived foods are essential for a
healthy diet. Innovation thus not only comes from science, but also from transparant communication
about scientific and conceptual breakthroughs that will lead to safer food production. This must
circumvent public distrust about technical innovations in safe and reliable food production.

3. IMPLEMENTATION
3.1.

Description of the Work Plan

3.1.1.

Description of Working Groups

WG1. Ecology of HPMO in plants and in environments relevant for plant production.
Persistence of HPMO in APS is a main concern in safe and healthy food production. A key question
that will be addressed within this WG is the ecological behaviour of human pathogens in plants and
environments important for plant production such as soil, water, fertilizers and starting materials.
Persistence and survival of human pathogens in systems relevant in plant production is a key issue
because contamination of plants most likely occur in these ecosystems. Biotic and abiotic factors
influencing survival of human pathogens in these ecosystems will be an important aspect for
networking and study in WG1. Plant colonization and internalization is another important aspect
concerning plant contamination by human pathogens. Interaction and association with plants by
human pathogens, and even internalization, often have been demonstrated, but consistency in data
on association between human pathogens and plants is lacking and therefore will be subject for
collaborative activities and networking. Plant colonization leading to contamination of next
generations of plants by HPMO requires also specific attention, since it is an important issue for food
safety authorities, policymakers, seed production and treatment industries and plant growers.
Another scientific question that will be addressed in WG1 is the role that different microbiomes (e.g.
in soils, manures and plants) play on the behaviour of HPMO. Genetic exchange between HPMO
and locally resident microbial communities leading to better adapted, more resistant and / or higher
virulent lineages of groups of HPMO is an important topic that links WG1 to WG2. Scientific output
on the ecological behaviour of human pathogens and their interactions with microbial communituies
in different ecosystems are of relevance for agronomic and sanitary measures, undertaken for
control of human pathogens in plant production systems, e.g. by assignment of critical control points
in primary plant food production chains (WG4).
WG2. Taxonomical relatedness of HPMO with plant-associated micro-organisms.
Taxonomical relatedness of HPMO with micro-organisms naturally residing in plants is an important
issue because it hampers distinction between pathogenic versus non-pathogenic / or even
potentially beneficial organisms. WG2 emphasizes the technical aspects related to human
pathogens associated with plants. Taxonomical distinction of (sub-) groups of human pathogens
from non-pathogenic / beneficial organisms, is a key issue for biocontrol industry, e.g for registration
of novel biocontrol agents. Further, discrimination of human pathogens from naturally residing (and
taxonomically related) populations in complex systems like in soils and plants using cultivationdependent and / or cultivation independent microbial detection techniques are of relevance for
effective evaluation of agricultural measures (WG4). Detection technology is also of relevance for
following the fate of HPMO, or specific linages thereof, in complex systems (WG1). The scientific
challenge of WG2 is the taxonomical classification of human pathogens. The possibility of genetic
exchange, e.g. via horizontal gene transfer, can be a concerted issue for WG1 and WG2.
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WG3. Public health issues related to occurrence of human pathogens in plant environments.
Environmental isolates from different ecosystems (soils, water, plants) showing close taxonomical
relatedness with clinical isolates are considered to be pathogenic. For ethical reasons these
environmental isolates cannot always be evaluated for disease symptoms in animal models. Key
issue that will be addressed under WG3 is the evaluation of the virulent nature of environmental
isolates and distinction between human threatening and non-threathening / non-pathogenic species
in plant-associated environments, an issue shared with WG2. Test systems and / or animal models
for virulence testing of environmental isolates, chosen as proxies for humans, will be evaluated under
WG3. Physiological and genetic distinction of environmental isolates from closely related clinical
isolates will be a second underscored aspect in WG3, an issue shared with WG2. The outcome of
WG3 is important for policy makers and industry as it provides information on the most optimal
approaches to classify environmental isolates into the group of human pathogens. The scientific
challenge of WG3 is related to physiological and genetic aspects relevant for survival, colonization,
multiplication and spread in environments different from the clinics. Commonalities in survival of
human pathogens in clinical versus non-clinical environments, e.g. by biofilm encapsulation, will be
emphasized in WG3 and shared among WGs 1 and 4.
WG4. Agricultural practices and sanitary measures undertaken for the control of HPMO in
APS. Human pathogenic micro-organisms present in plants, seeds or plant materials and in products
derived from plants are difficult to kill by sanitary measures, e.g. by the use of disinfecting reagents
and / or physical treatments. Different approaches will be evaluated under WG4, including evaluation
of effectiveness under all circumstances prevailing in plant production as will be emphasized under
WG1 (plant internalization) and WG3 (biofilm formation). Impact of sanitizing applications on HPMObuffering microbial communities in plants or products derived from plants is an important aspect that
will be taken under consideration. Choice and mode of application of sanitary agents is an important
issue for policy makers, agro-industry and food safety authorities and close contact between these
groups and the European scientific community will be emphasized under WG4 in connection with
WG5. Good agricultural practices will be evaluated with plant producers, food control authorities and
the scientific community. Evaluation of critical control points in primary plant food production will be
assessed in connection with WG1. Scientific challenges will be on the antagonistic aspects of
microbial communities resident in plants, seeds and products derived from plants as well as in
resources relevant for plant production (soil, manure/ fertilizer and water bodies used for irrigation).
WG5. Overarching activities for bridging between individual WGs and stakeholders leading
to concerted dissemination activities. Bridging between scientists involved in the different WGs
and stakeholders is an important aspect in the HUPLANTcontrol COST Action as it will lead to
practical implementation of technological innovations and scientific achievements and to increase
the level of public awareness about the possible occurrence of HPMO in APS. Key outcomes of
WG5 will be the dissemination of innovative aspects related to control of plant contamination with
human pathogens, higher level of public awareness on microbial contaminants in plants and broader
scientific implementation of knowledge about human pathogens in non-clinical, plant-associated,
environments. Organization of two symposia and two workshops overarching the four other WGs
are essential for WG5. Further, WG5 will organize collaborative peer-reviewed publications, public
statements and press releases made by participants from different workpackages.

3.1.2. GANTT Diagram
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MC kick off
Agenda
Website
Annual MC meetings
CG meetings
symposium S1

15

workshop W1
workshop W2
workshop W3
workshop W4
workshop W5
workshop W6
Training school TS1
Training school TS2
Training school TS3
symposium S2
Deliverables
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
WG
1

Objective
1

Activities/ Tasks

Deliverables

To create a platform of specialists on
next generation sequencing and
omics technologies.

D1. Network of excellence on analysis of
plant-associated communities by next
generation sequencing and other omics
technologies
D2. Inventory list of different HPMO groups
occurring in different types of plant
production facilities and/ or under different
types of agronomic practices.
D3. Report from workshop (W1) on next
generation technologies for description of
HPMO behaviour in plants and their
surroundings.

1

1

To create an inventory list of HPMO
groups commonly found in different
plant production facilities.

1

1

1

1

To review current understanding on
the involvement of plant microbiomes
in HPMO transmission, adaptation,
plant colonization and genetic
exchanges.
To disseminate pratical state-of-the
art knowledge on HPMO interactions
with the plant microbiome to all
HUPLANTcontrol Action participants

2

2

2

2

2

2

3

3

To create a platform of taxonomical
specialists for addressing questions
on taxonomical identities of HPMO
groups identified under D1.
To describe best practices for
taxonomical identification of different
groups of HMPOs.

To disseminate pratical state-of-the
art knowledge on taxonomical
identifcation of plant related HPMOs to
all
HUPLANTcontrol
Action
participants.
To create a platform of specialists for
optimization
of
human
proxy
evaluation
systems
to
identify
potential threats for human health for
the different identified HPMO groups
under D1.

D4. Training school on data analyses from
next generation sequencing and other omics
technologies in relation with HPMO
interactions with the plant microbiome
(TS1).
D5. Network of excellence on taxonomical
identification of HPMO groups occurring in
arable plants and their surroundings.
D6. Report from workshop (W2) on optimal
procedures to taxonomically classify
different groups of HPMO with the specific
focus to detangle human pathogenic from
non-pathogenic plant associated groups.
D7. Training school on principles and
technologies of taxonomical identification of
HPMOs (TS2).

D8. Network of excellence on evaluation,
improvement and newly design of test
systems to be used as human proxies for
identifying potential threats of different
HPMO groups on human health.
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3

3

To create a list of test systems for
evaluation of potential hazards by
different HPMO groups (D1).

3

3

4

4

4

4

5

5

To disseminate pratical state-of-the
art knowledge on assesment of plant
isolated strains on their potential
threath
to
humans
to
all
HUPLANTcontrol Action participants.
To create an integrative platform of
specialist
from
the
scientific
community
and
from
other
stakeholders involved agronomic
procedures for control of HPMO
To make an inventory list of critical
procedures in agricultural practices
leading to HPMO contaminations in
plants
To communicate on best agricultural
practices on control of HPMO in plant
production facilities

5

5

To
discriminate
HPMO
from
taxonomically close related but nonpathogenic groups occurring in plants
and their surroundings

CG

6

All

7

To
stimulate
transnational
collaboration
within
WGs
and
encouraging participation of European
and non-European researchers in the
Action
To stimulate equal balance in
nationality, gender and age group
over all undertaken activities and
initiatives

All
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To stimulate collaboration between
between scientific community and
non-scientific community participants
in the HUPLANTcontrol Action.

D9. Report from workshop (W3) on
evaluation of existing test systems serving
as human proxies and recommendations for
improvement and/ or new design.
D10. Training school on principles and
technologies of test assays meant as
proxies to humans (TS3).

D11. Network of agronomic specialists of
different background for identification of
critical steps in agricultural practices for
control of HPMO.
D12. e-brochure from workshop (W4) on
identification of critical control points in
agricultural practices leading to HPMO
contaminations in plants.
D13. Report from a combined workshop
(W5) organized with participation of WG1, 4
and 5 on evaluation of critical control points
in agricultural practices with respect to
ecological behaviour of HPMO in plants and
their surroundings and their interactions with
the plant microbiome.
D14. Report from a combined workshop
(W6) organized with participation of WG2, 3
and 5 on integrated discriminative
technologies for identification of HPMO in
plant-associated communities.
D15. Regularly updated and dynamic
participation list of Action members from
different countries in participation in different
WGs.
D16. CG existing of 12 individuals from
different nationaties and age groups with an
equal balance in gender. CG is agenda
making and final responsible for calls and
selections for STSMs and training school.
D17. Action detailed agenda resulting from a
symposium involving all WGs launching the
HUPLANTcontrol Action and setting out
activities within and between individual WGs
(S1).
Two overarching workshops (D13, D14).

CG

9

To create a pan-European network
excellence on control of HPMO
plant production systems and
disseminate results from actions
strengthen visibility of the network.

of
in
to
to

D18. Final report resulting from a
symposium involving all WGs evaluating
final outcome in activities and tasks
undertaken in all five WGs (S2).
D19. Website of the HUPLANTcontrol
Action that will be quaterly refreshed with
announcements for symposia, workshops,
STSM calls, recent publications and PhD
theses and other achievements within the
context of the HUPLANTcontrol Action.
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3.1.3. PERT Chart

3.1.4. Risk and Contingency Plans
Risk
Delayed delivery of HPMO
inventory list (activity WG1).
No interaction WGs 1 and 4.
No interaction WGs 2 and 3.
No interactions WG1 with WG2
and WG3.
Different order of Milestones and
Deliverables.

No integration in final
dissemination activities

3.2.

Likelihood Severity Contingency measure
low
high
Organization WG1 workshop
integrated in, or separate, directly
after kick-off meeting.
low
high
Overarching activity WG5.
low
high
Overarching activity WG5.
low
high
Strict order organization workshop
WG1 with respect to other ones.
medium
low
Strive to balance activities of each
WG over the four years. Flexibility
in organisation of workshops and
training schools must be tolerated
and will be negotiable between
WGs.
low
high
Overarching activity WG5 and final
meeting

Management structures and procedures

The HUPLANTcontrol Action consist of five Working Groups (WGs), of which four emphasize the
individual objectives stated under paragraph 1.2.1, whereas one will be dedicated to activities
bridging between WGs and stakeholders and on the dissemination of network endeavours (WG5).
HUPLANTcontrol will be led by a Chair, a Vice Chair and five WG Leaders and five WG Vice Leaders
(Core Group, CG). A good balance in nationality, gender and age group will be strived for the CG.
CG meetings will be held two times per year (one by teleconference/ skype, the other combined with
the annual MC meeting).
Management Committee (MC) meetings will be held once a year starting at the onset of the COST
Action to the maximum period of four years. Short-Term Scientific Missions (STSM) will be
coordinated by the CG keeping balance between the different objectives within each WG and
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encouraging young scientists especially from less research-intensive countries to participate,
keeping a good balance between genders. The MC will approve annual lists of STSMs composed
by the CG via voting and proposals will be approved by > 50% favouring the proposal. In case the
STSM list is rejected, then a new list will be proposed based on the feed back from the MC within
one month after the first voting.
WG group meetings, symposia, workshops and training schools will be organized within each WG
and between WGs.
WG5 will organize activities overarching the other four WGs and meetings of this WG will always
include at least one representative (Chair and / or Vice Chair, or assigned WG member) of each of
the other four WGs. Activities within WG5 will always combine activities of at least two other WGs.

3.3.

Network as a whole

The HUPLANTcontrol network consortium is already supported by 36 proposers from 14 COST
country institutes, one Near Neighbour Country Institution, and two Cost International Partner
Country institutions and 31 individuals from different countries showed their interest in the Action.
Participation of representatives from many different countries within the HUPLANTcontrol action
emphasizes the pan-European nature of the Action. Recruitment of other COST countries, but also
of ITC and IPC institutions will be endeavoured to guarantee the broadest support for the Action and
to strengthen the consortium. The consortium include relevant stakeholders outside the scientific
community. The interaction between science, industry, agronomical practice, retail and authorities
must be regarded as highly relevant for general public acceptance of acquired knowledge and
concepts created by networking activities. The Action is of multidisciplinary nature and individual
competences are complementary, which guarantees successful implementation of all tasks,
activities and initiatives within the Action. The structure of the Action guarantees synergy and optimal
collaboration between WGs. The HUPLANTcontrol Action links to wider national and international
initiatives on metagenome, microbiome networks and on One Health initiatives. The field of expertise
is emerging and via networking new skills will be developed for Early Career Investigators and
scientists from less science intensive countries. STSMs within the HUPLANTcontrol offer unique
opportunities for young scientists which is important for strengthening and enlarging a cohort of new
scientists capable to handle massive datasets obtained from plant microbiome studies. The
HUPLANTcontrol network will create new opportunities for young scientists and researchers in this
challenging and rapidly developing scientific field.
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