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THE BENEFICIAL MICROBES CONFERENCE SERIES
THE 8TH BENEFICIAL MICROBES CONFERENCE
BMC2021 is the 8th conference in Beneficial Microbes Conference series. The conference series is
about defining gaps, needs, and opportunities for practical applications of pre- and probiotics in human
and animal health throughout the lifespan.
Internationally renowned speakers will present their latest research results on:
• pre/probiotics in human health and disease
• pre/probiotics in animal health and nutrition
• pre/probiotic intervention – a treatment module to support healthy ageing
• bacteria, brain & behaviour – modulation of the gut-brain-axis
• beyond the gut
• the placenta microbiome ‘battle’
• pre/probiotics and the skin microbiome
• milk & microbes – the journey ahead
• beneficial microbes to combat viral infections – the focus on SARS-CoV-2
• challenges for next-generation probiotic products
• and more…
BMC2021 promotes the creation of new initiatives for the customised application of pre- and probiotics
in food, feed, and healthcare in a networking environment.

CONFERENCE CHAIR
Prof. Koen Venema

Maastricht University and Beneficial Microbes Consultancy,
the Netherlands

ADVISORY BOARD
Dr Frédérique Chaucheyras-Durand
Dr Maria Carmen Collado
Prof. Richard Ducatelle
Dr Christiane Frahm
Dr Emily Hollister
Prof. Sarah Lebeer
Dr Thomas D. Leser
Dr Jiro Nakayama
Dr Arthur Ouwehand
Dr Guus Roeselers
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Lallemand, France
Department of Food Biotechnology, Spanish National
Research Council, Spain
Department of Pathology, Bacteriology and Poultry Diseases,
Ghent University, Belgium
Hans Berger Department of Neurology, Jena University
Hospital, Germany
Diversigen Inc., USA
Department of Bioengineering, University of Antwerp, Belgium
Human Health Innovation, Chr Hansen A/S, Denmark
Department of Bioscience and Biotechnology, Kyushu
University, Japan
IFF Health & Biosciences, Finland
Danone Nutricia Research, the Netherlands
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AT A GLANCE
ALL TIMES ARE IN CENTRAL EUROPEAN TIME (CET)
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AT A GLANCE
(continued)
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CONFERENCE PROGRAMME
MONDAY 22 MARCH 2021
12:30

Introduction to the 8th Beneficial Microbes Conference
Prof. Koen Venema, Maastricht University, the Netherlands

PLENARY SESSION
PRE- AND PROBIOTICS FOR LIFELONG HEALTH
The 8th Beneficial Microbes Conference will provide an overview of the latest scientific results and
future developments related to pre- and probiotics and their importance to human and animal health
across the lifespan.

Chair: Prof. Koen Venema, Maastricht University, the Netherlands

12:45

Awakening drugs by feeding bugs
Dr Filipe Cabreiro, MRC London Institute of Medical Sciences, Imperial College London, UK

13:05

Microbiota-gut-brain axis and mental health: a neurodevelopmental perspective
Dr Rochellys Diaz Heijtz, Department of Neuroscience, Karolinska Institutet, Sweden

13:25

Path towards predictable microbiota outcomes for fibre prebiotics
Prof. Bruce Hamaker, Whistler Center for Carbohydrate Research, Purdue University, USA

13:45

Break
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MONDAY 22 MARCH 2021

PLENARY SESSION
PRE- AND PROBIOTIC INTERVENTION: A TREATMENT MODULE TO SUPPORT HEALTHY
AGEING?
The gut microbiome is emerging as a key factor in the ageing process. Gut dysbiosis has been
implicated in the pathogenesis of age-related chronic diseases, including obesity, cardiovascular
diseases and neurodegenerative diseases. How can pre- and probiotic intervention help modulate and
(partially) restore the gut microbiota and its associated disorders, and support healthy ageing?

Chair: Dr Guus Roeselers, Danone Nutricia Research, the Netherlands

14:00

Chair’s introduction

14:05

Microbiome and brain ageing: finding the fountain of (brain) youth in the gut
Dr Marcus Böhme, APC Microbiome Ireland, University College Cork, Ireland

14:25

Microbial mutiny: how your gut microbes turn against you with age
Erica Dejong, Department of Pathology and Molecular Medicine, McMaster University,
Canada

14:45

Probiotic intervention for the ageing brain
Prof. Min-Tze Liong, School of Industrial Technology, Universiti Sains Malaysia, Malaysia

15:00

Introduction to the Innovative Training Network (ITN) “SmartAge”: Gut microbiota as a target to
modify cognitive ageing
Dr Christiane Frahm, Hans Berger Department of Neurology, Jena University Hospital,
Germany

15:15

Break
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MONDAY 22 MARCH 2021

PLENARY SESSION
THE PLACENTA MICROBIOME ‘BATTLE’
The human placenta may (or may not) have a low biomass microbiome. Does the placenta house a
sparse microbiome? Recent evidence that the placenta harboured a unique microbiome suggested a
role for microbes in foetal development, while a few recent studies suggests that other investigators
cannot distinguish microbes from contaminants. Can both be true?

Chair: Prof. Koen Venema, Maastricht University, the Netherlands

15:30

Chair’s introduction

15:35

Womb with a view: why the placenta is more conduit and communicator than barrier
Prof. Kjersti Aagaard, Department of Obstetrics and Gynecology, Baylor College of Medicine,
USA

15:50

All artefact and contamination? Why we need process controls
Prof. Christine Edwards, School of Medicine, Dentistry & Nursing, University of Glasgow, UK

16:05

Q&A

16:30

Join the Relax Area!

17:00

End of day 1
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TUESDAY 23 MARCH 2021

SESSION 1
PRE- AND PROBIOTICS IN HEALTH AND DISEASE: WHAT’S UP?
The potential application of pre- and probiotics includes prevention and treatment of various health
conditions and diseases. In this session, a selection of recent advancements in this field will be
presented.

Chair: Dr Arthur Ouwehand, IFF Health & Biosciences, Finland

10:00

Chair’s introduction

10:05

Bifidobacterial strains in newborn intestine originate from their mother
Dr Hiroshi Makino, Yakult Central Institute, Japan

10:25

Development of a novel Bifidobacterium breve that protects against NSAID-induced
enteropathy
Dr Anja Wellejus, Chr. Hansen, Denmark

10:45

Effects of a probiotic fermented dairy drink containing Lactobacillus casei CNCM I-1518 on
common infectious diseases: results of a systematic review and meta-analysis
Dr Stéphanie Jeansen, Danone Nutricia Research, France

11:05

Effect of supplementation of synbiotic ice cream on immune response, respiratory symptoms,
microbiota, and gut-brain axis-related parameters of military subjects
Dr Adriane E. Antunes de Moraes, School of Applied Sciences, University of Campinas, Brazil

11:25

Break
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TUESDAY 23 MARCH 2021

SESSION 2
BACTERIA, BRAIN & BEHAVIOUR: MODULATION OF THE GUT-BRAIN AXIS – ANIMAL
STUDIES
Alterations in the gut microbiota composition may be associated with pathogenesis of various
neurological disorders. Animal studies are the basis of a good understanding of the promises and
pitfalls of investigating the gut microbiome in relation to brain health. Here is a selection of recent
advancements in the exciting field of the gut-brain axis.

Chair: Prof. Richard Ducatelle, Ghent University, Belgium

10:00

Chair’s introduction

10:05

Effects of Lactobacillus supplementation on cognition and stress responses in piglets
Dr Else Verbeek, Department of Animal Environment and Health, Swedish University of
Agricultural Sciences, Sweden

10:25

Gut-brain axis: a two way connection for pets well-being
Dr Francesca Susca, Lallemand Animal Nutrition, Italy

10:45

Early life microbiota transplantation affects behavioural responses in chicken lines divergently
selected on feather pecking
Dr Jerine van der Eijk, Wageningen Livestock Research, Wageningen University and
Research, the Netherlands

11:05

Influence of the microbiota-gut-brain axis on behaviour and welfare in farm animals
Dr Narjis Kraimi, Department of Medicine, McMaster University, Canada

11:25

Break
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TUESDAY 23 MARCH 2021
SESSION 3
BACTERIA, BRAIN & BEHAVIOUR: MODULATION OF THE GUT-BRAIN
AXIS FROM A MECHANISTIC POINT OF VIEW – HUMAN STUDIES
(in co-operation with ILSI Europe)
How does the gut microbiota influence brain development and function? How are
brain disorders potentially shaped by the gut microbiota? And how dietary supplements, such as
probiotics, have their apparent effect on stress, mood and cognition? When the mechanisms are
unravelled, the potential for improving human quality of life through modulation of the gut microbiota is
vast.

Chair: Dr Lucie Geurts, ILSI Europe, Belgium

11:40

Chair’s introduction

11:45

Big data and microbiome: influence on the gut-brain axis
Prof. Lesley Hoyles, School of Science & Technology, Nottingham Trent University, UK

12:05

Gut microbes participate in food preference alterations during obesity
Prof. Amandine Everard, Louvain Drug Research Institute, UCLouvain, Belgium

12:25

How probiotics promote brain health
Prof. Philip Burnet, Department of Psychiatry, University of Oxford, UK

12:45

Toward mechanistic, translational, and real-life research: role of the immune system
Prof. Aletta Kraneveld, Department of Pharmaceutical Sciences, Utrecht University, the
Netherlands

13:05

Break
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TUESDAY 23 MARCH 2021

SESSION 4
PRE- AND PROBIOTICS IN ANIMAL HEALTH AND NUTRITION – PART 1
Recent advances in the use of pre-and probiotics in various animal production systems and their
impact on animal productivity will be presented. And what can we learn from animals as a model for
human response?

Chair: Dr Frédérique Chaucheyras-Durand, Lallemand, France

11:40

Chair’s introduction

11:45

Perinatal scFOS supplementation improves colostrum’s quality and reinforces immune
defences of piglets
Dr Cindy Le Bourgot, Tereos, France

12:05

The role of luminal pathobionts in sheep parasite gastroenteritis – is probiotic intervention the
way forward?
Dr Alba Cortés, Department of Pharmacy and Pharmaceutical Technology and Parasitology,
University of Valencia, Spain

12:25

Evaluation of a probiotic strategy to fight against ETEC infections in an in vitro model of the
weaning piglet colon coupled with porcine cell lines
Dr Raphaële Gresse, Université Clermont Auvergne, France

12:45

Epigenetic regulation of gut health in animals and the role of microbiota
Prof. Leluo Guan, Department of Agricultural, Food and Nutritional Science, University of
Alberta, Canada

13:05

Break
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TUESDAY 23 MARCH 2021

SESSION 5
PROBIOTICS AND THE SKIN MICROBIOME
The skin microbiota might play an important role in maintaining skin health. The use of probiotics in
therapeutic skin applications is an attractive idea offering an alternative way for treatment of
inflammatory skin disorders.

Chair: Prof. Koen Venema, Maastricht University, the Netherlands

13:45

Chair’s introduction

13:50

The influence of host species on the mammalian skin microbiome
Prof. Josh D. Neufeld, Department of Biology, University of Waterloo, Canada

14:10

Baby’s first flora: molecular mechanisms of microbial colonisation of the skin
Dr Benjamin Casterline, Pritzker School of Medicine, the University of Chicago, USA

14:30

The skin microbiome and the development of new skin therapeutics
Dr Chris Callewaert, Center for Microbial Ecology and Technology, Ghent University, Belgium

14:50

Cutibacterium acnes, the main component of the facial microbiome and its role in skin ageing
Dr Amine Zorgani, S-Biomedic, Belgium

15:10

Break
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TUESDAY 23 MARCH 2021

SESSION 6
BEYOND THE GUT (BACTERIA)

Much research has focused on the gut and the gut bacteria. Looking, however, beyond the
gut and its bacteria, what do we see?
Chair: Dr Thomas D. Leser, Chr. Hansen A/S, Denmark

13:45

Chair’s introduction

13:50

Say aah: probiotics and prebiotics for oral health
Dr Krista Salli, IFF Health & Biosciences, Finland

14:10

Beyond bacteria: gut fungal community in healthy individuals modulated by diet
Evy Maas, Faculty of Science and Engineering, Maastricht University, the Netherlands

14:30

Probiotic microvesicles: the bigger picture.
Christine L. West, McMaster Brain-Body Institute, St. Joseph’s Healthcare and Department of
Biology, McMaster University, Canada

14:50

The human gut virome: friends, foes, dark matter, and opportunities for discovery
Dr Emily Hollister, Diversigen Inc., USA

15:10

Break
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TUESDAY 23 MARCH 2021

SESSION 7
MILK AND MICROBES: THE JOURNEY AHEAD
Human milk oligosaccharides play a pivotal role in shaping the infant gut microbiota by actively
promoting beneficial bacteria. In addition, the notion that viable microorganisms are ubiquitously
present in milk produced by healthy lactating mothers suggests that human milk also serves as an
important microbial reservoir and transmission route.

Chair: Dr Guus Roeselers, Danone Nutricia Research, the Netherlands

15:25

Chair’s introduction

15:30

Milk microbiota: facts, open questions and roles for mother and offspring health
Dr Sergine Even, Science & Technology of Milk & Eggs, INRAE, France

15:50

Breast milk microbiota: beyond bacteria
Dr Maria Carmen Collado, Department of Food Biotechnology, IATA-CSIC, Spain

16:10

Human milk: glycobiology and microbiota
Dr Bernd Stahl, Danone Nutricia Research and Utrecht University, the Netherlands

16:30

Human milk oligosaccharides: next-generation functions and questions
Prof. Lars Bode, Department of Pediatrics, University of California, San Diego, USA

16:50

Join the Relax Area!

17:15

End of day 2
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TUESDAY 23 MARCH 2021

SESSION 8
BENEFICIAL MICROBES TO COMBAT VIRAL INFECTIONS – THE FOCUS ON SARS-CoV-2
Interspecies transmission of viruses may result in newly emerging diseases causing major threats to
public health. Can beneficial microbes play a prophylactic and supportive therapeutic role for the
management of such viral diseases? This session will focus on SARS-CoV-2 and collect currently
available information providing a starting point for future research related to this topic.

Chair: Prof. Sarah Lebeer, University of Antwerp, Belgium

15:25

Chair’s introduction

15:30

The gut microbiota - could it be a tool in the fight against COVID-19?
Dr Gemma E. Walton, Department of Food and Nutritional Sciences, University of Reading,
UK

15:50

Looking for a powerful ally: could probiotics be a trump card in preventing
and treating Covid-19?
Dr Benedetta Bottari, Department of Food and Drug Science, University of Parma, Italy

16:10

Engineered lactobacilli for use in oral vaccines against human coronaviruses
Prof. Gregg Dean, Department of Microbiology, Immunology and Pathology, Colorado State
University, USA

16:30

COVID-19 vaccine in probiotic bacteria
Dr Deepika Awasthi, Biological Systems and Engineering Division, Lawrence Berkeley
National Laboratory, USA

16:50

Join the Relax Area!

17:15

End of day 2
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WEDNESDAY 24 MARCH 2021

SESSION 9
BENEFICIAL MICROBES IN HEALTH AND DISEASE: WHAT FURTHER?
The use of beneficial microbes is increasing in popularity for both the improvement of health and the
treatment of diseases. In this session, some diverse studies will be presented.

Chair: Dr Jiro Nakayama, Kyushu University, Japan

10:00

Chair’s introduction

10:05

Possible contribution of gut dysbiosis to the pathogenesis of anorexia nervosa
Dr Nobuyuki Sudo, Department of Psychosomatic Medicine, Kyushu University, Japan

10:25

Pre- and probiotic strategies for gut health in space
Prof. Silvia Turroni, Department of Pharmacy and Biotechnology, University of Bologna, Italy

10:45

What’s in your yogurt? – Genome stability of Lacticaseibacillus rhamnosus, LGG® during
industrial production and in yogurt
Dr Anita Wichmann, Chr. Hansen, Denmark

11:05

Biodiversity is at the core of our health, a call for modern recovery of biodiversity for our health
Marco van Es, Bac2Nature, the Netherlands

11:25

Break
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WEDNESDAY 24 MARCH 2021

SESSION 10
PRE- AND PROBIOTICS IN ANIMAL HEALTH AND NUTRITION – PART 2
Research is going on to establish the role of pre- and probiotics in animal health and nutrition. Recent
advancements will be highlighted.

Chair: Dr Frédérique Chaucheyras-Durand, Lallemand, France

10:00

Chair’s introduction

10:05

Bacterial probiotics for adult horses – new perspectives and future applications
Prof. Veronique Julliand, AgroSup Dijon, France

10:25

The effect of carbobiotics on chicken intestinal health
Miriam Oost, Maastricht University, the Netherlands

10:45

Supplementation of a live yeast probiotic improves rumen functions and oxidative status of
gestating ewes
Dr Lysiane Dunière, Lallemand, France

11:05

Pre- and probiotics targeting the microbiota of the small intestine: the story of Bacillus and
lactose
Prof. Richard Ducatelle, Department of Pathology, Bacteriology and Poultry Diseases, Ghent
University, Belgium

11:25

Break
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WEDNESDAY 24 MARCH 2021

PLENARY SESSION
CHALLENGES FOR NEXT-GENERATION PROBIOTIC PRODUCTS
Despite the significant amount of evidence obtained so far on the use of probiotics to promote lifelong
human and animal health, a few important questions have not been answered yet, limiting the
effective use of probiotics in (clinical) practice. The aim of this session is to highlight some of these
existing issues.

Chairs: Prof. Koen Venema, Maastricht University, the Netherlands
Dr Maria Carmen Collado, Spanish National Research Council, Spain

11:40

Chair’s introduction

11:45

Challenges of using probiotics to manipulate gut metabolites: insights from an applied
bioanalyst
Dr Liam M. Heaney, School of Sport, Exercise and Health Sciences, Loughborough University,
UK

12:05

How the changes in Lactobacillus taxonomy will boost new insights in evolutionary
history and ecology
Prof. Sarah Lebeer, Department of Bioengineering, University of Antwerp, Belgium

12:25

What’s the point in living in someone’s gut? The bifidobacterial perspective
Prof. Douwe van Sinderen, School of Microbiology & APC Microbiome Ireland,
University College Cork, Ireland

12:45

Break

13:15

Next generation probiotics that stimulate a healthy mucosa
Dr Clara Belzer, Department of Agrotechnology and Food Sciences, Wageningen University &
Research, the Netherlands

13:35

Fascinating developments in delivery of viable probiotics to the intestines: a tale of two
formulations
Prof. Koen Venema, Maastricht University, the Netherlands

14:00

Closing of the 8th Beneficial Microbes Conference
Prof. Koen Venema, conference chair
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LECTURES

MONDAY 22 MARCH 2021

PLENARY SESSION
PRE- AND PROBIOTICS FOR LIFELONG HEALTH
The 8th Beneficial Microbes Conference will provide an overview of the latest scientific results
and future developments related to pre- and probiotics and their importance
to human and animal health across the lifespan.

Chair:
Prof. Koen Venema
Maastricht University, the Netherlands
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AWAKENING DRUGS BY FEEDING BUGS
Filipe Cabreiro
MRC London Institute of Medical Sciences, Imperial College London, UK
f.cabreiro@lms.mrc.ac.uk

Metformin is the first-line therapy for treating type-2 diabetes and a promising anti-aging drug, but the
fundamental question of how gut microbes and nutrition, key regulators of host physiology, impact the
effects of metformin are poorly understood. Combining two tractable genetic models, the
bacterium Escherichia coli and the nematode Caenorhbditis elegans, we developed a high-throughput
four-way screen to define the underlying host-microbe-drug-nutrient interactions. We show that
microbes integrate cues from metformin and the diet through the phosphotransferase signalling pathway
that converges on the transcriptional regulator Crp. A detailed experimental characterisation of
metformin effects downstream of Crp in combination with metabolic modelling of the microbiota in
metformin-treated type-2 diabetic patients predicts the production of microbial agmatine, a regulator of
metformin effects on host lipid metabolism and lifespan.
Our high-throughput screening platform paves the way for identifying exploitable drug-nutrientmicrobiome interactions to improve host health and longevity through targeted microbiome therapies.
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MICROBIOTA-GUT-BRAIN AXIS AND MENTAL HEALTH: A NEURODEVELOPMENTAL
PERSPECTIVE
Rochellys Diaz Heijtz
Department of Neuroscience, Karolinska Institutet, Sweden
rochellys.heijtz@ki.se

The mammalian gastrointestinal (GI) tract harbours a complex and dynamic population of
microorganisms, including bacteria, archaea, fungi, and viruses, termed gut microbiota, that plays a
critical role in host physiology and development. Over the past decades, the gut microbiota has emerged
as one of the key regulators of the gut-brain axis, a complex bidirectional communication system
interconnecting the gut and the brain, leading to the new concept of the microbiota-gut-brain axis.
Studies using animal microbiota models have shown that the gut microbiota exerts a broader range of
effects on host physiology and development beyond the GI tract, including the modulation of brain
circuits involved in the control of stress response, motor activity, anxiety-like behaviour and cognitive
functions. In humans, variations in the composition and metabolic activity of the gut microbiota has been
observed in a wide range of brain disorders, such as autism spectrum disorder (ASD), Parkinson’s
disease, anxiety, and depression. In addition, GI symptoms are a common comorbidity among these
disorders. However, the cause-effect relationship between the microbiota and the pathophysiology of
these disorders remain to be fully established. An important challenge in the microbiota-gut-brain axis
field is to understand the signalling pathways and mechanisms mediating interactions between the
microbiota and the brain.
In this presentation, I will cover new insights into the molecular mechanisms by which bacterial-derived
metabolites or components, such as peptidoglycans, could shape motor, social-emotional and cognitive
development. Finally, I will present preliminary findings from our prospective longitudinal study of infants
at high familial risk for ASD.
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PATH TOWARDS PREDICTABLE MICROBIOTA OUTCOMES FOR FIBRE PREBIOTICS
Bruce Hamaker and T. Cantu-Jungles
Whistler Center for Carbohydrate Research, Purdue University, USA
hamakerb@purdue.edu

Predictable microbiota outcomes for fibre prebiotics involves their specific support to individual gut
bacteria or groups of bacteria and a similar response among a population. The first requires an
alignment of fibre chemical and physical structures with target bacteria of interest and that provide health
benefit. We have been interested in mucosal butyrogenic clostridia and luminal propionate producers.
One way of investigating alignment of fermentable fibres to bacteria is to design or identify fibres to the
specialised machinery that bacteria have to access and break them down for their utilisation. This
involved experimentation on chemical and physical structures of fibres that could be utilised or not by
the gram (-) Sus-like system or gram (+) cellulosome-like system. Accessible matrix fibres were shown
to specifically be directed to the butyrogenic clostridia.
We introduced a new concept of dietary fibre selection for predictable gut microbiota response based
on a hierarchical view of fermentable fibres based on their chemical and physical specificity toward gut
bacteria. Initial experimental data supports the idea that highly specific fibres promote even individual
gut bacteria in a more consistent way across donors than less specific fibres. Of course, not all is known
and we view this as being on the path for identifying or designing fibre prebiotics for predictable response
in the gut microbiota.
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MONDAY 22 MARCH 2021

PLENARY SESSION
PRE- AND PROBIOTIC INTERVENTION: A TREATMENT MODULE
TO SUPPORT HEALTHY AGEING?
The gut microbiome is emerging as a key factor in the ageing process. Gut dysbiosis has been
implicated in the pathogenesis of age-related chronic diseases, including obesity, cardiovascular
diseases and neurodegenerative diseases. How can pre- and probiotic intervention help modulate and
(partially) restore the gut microbiota and its associated disorders, and support healthy ageing?

Chair:
Guus Roeselers
Danone Nutricia Research, the Netherlands
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MICROBIOME AND AGEING: FINDING THE FOUNTAIN OF (BRAIN) YOUTH IN THE GUT?
Marcus Boehme1,2, M. van de Wouw1,2, T.F.S. Bastiaanssen1,2, K.E. Guzzetta1,2, G.M. Moloney1,2,
L. Olavarría-Ramírez1,2, K. Lyons4, F. Fouhy1,4, A.V. Golubeva1, F. Crispie1,4, P.D. Cotter1,4,
O. O’Leary1,2, G. Clarke1,3, C. Stanton1,4, T.G. Dinan1,3, H. Schellekens1,2 and J.F. Cryan1,2
1
2
3
4

APC Microbiome Ireland, University College Cork, Ireland
Department of Anatomy and Neuroscience, University College Cork, Ireland
Department of Psychiatry and Neurobehavioral Science, University College Cork, Ireland
Teagasc Food Research Centre, Moorepark, Ireland

marcus.boehme@rd.nestle.com

Middle age is a transitional period where many physiological and psychological changes occur leading
to cognitive and behavioural alterations, and a deterioration of brain function. However, the mechanisms
underpinning such changes are unclear. The gut microbiome has been implicated as a key mediator in
the communication between the gut and the brain, and in the regulation of brain homeostasis, including
brain immune cell function. Thus, we tested whether targeting the gut microbiome by prebiotic
supplementation may alter microglia activation and brain function in ageing. Male young adult (8 weeks)
and middle-aged (10 months) C57BL/6 mice received diet enriched with a prebiotic (10% oligofructoseenriched inulin) or control chow for 14 weeks. Prebiotic supplementation differentially altered the gut
microbiota profile in young and middle-aged mice with changes correlating with faecal metabolites.
Functionally, this translated into a reversal of stress-induced immune priming in middle-aged mice. In
addition, a reduction in ageing-induced infiltration of Ly-6Chi monocytes into the brain coupled with a
reversal in ageing-related increases in a subset of activated microglia (Ly-6C+) was observed. Taken
together, these data highlight a potential pathway by which targeting the gut microbiome with prebiotics
can modulate the peripheral immune response and alter neuroinflammation in middle age.
Our data suggest a novel strategy for the amelioration of age-related neuroinflammatory pathologies
and brain function.
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MICROBIAL MUTINY: HOW YOUR GUT MICROBES TURN AGAINST YOU WITH AGE
Erica Dejong
Department of Pathology and Molecular Medicine, McMaster University, Canada
dejone1@mcmaster.ca

Chronic systemic inflammation increases with age and is associated with late life diseases (e.g.,
sarcopenia and frailty) but the mechanisms causing systemic inflammation are largely unknown. Our
laboratory has shown that the aged microbiome increases intestinal permeability which allows bacterial
products into the circulation, thus promoting systemic inflammation. We do not, however, know which
microbes drive this phenomenon and ultimately impact healthy or unhealthy aging. To determine the
degree to which frailty, sarcopenia, and systemic inflammation can be accelerated or exacerbated via
the microbiome, we colonised germfree (recipient) mice with ‘young’ (≤6 months) or ‘old’ (≥ 18 months)
microbiota from specific pathogen free mice. Initially, we investigated the impact of recipient age by
colonising young and old germfree mice. Differences in sarcopenia and cellular inflammation were
driven by recipient age, not microbiota age, after 6 weeks of colonisation, while frailty decreased in old
mice colonised with young microbiota.
To further investigate the impact of the microbiota in aging, we colonised middle-aged (10-14 month)
germfree mice and assessed them 6 weeks and 6 months post colonisation. The aged microbiota drove
an increase in frailty after 6 months of colonisation. To understand the differences between young and
old microbial compositions we sequenced 16S rRNA isolated from the faecal microbiota of young and
old mice. We used frailty, sarcopenia, and cellular inflammation data to identify relationships with the
microbial community. We have identified microbes that correlate with age, frailty, sarcopenia, and
cellular inflammation.
By understanding the role of the microbiome in healthy and unhealthy aging we can develop
therapeutics to combat chronic systemic inflammation and prevent and/or reverse poor health
outcomes.
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PROBIOTIC INTERVENTION FOR THE AGEING BRAIN
Min-Tze Liong
School of Industrial Technology, Universiti Sains Malaysia, Malaysia.
mintze.liong@usm.my

Probiotic microorganisms have a long history of safe use and have been documented for their various
health benefits. Many strains of lactic acid bacteria (LAB) from the genus of Lactobacillus have been
identified to possess probiotic properties. They have been much emphasised on their roles to regulate
gut well-being, including the alleviation of lactose intolerance, improvement of diarrhoea and inhibition
towards pathogenic bacteria in the gut.
Recent evidence has illustrated the potential of LAB for brain health, ranging from neurodegenerative
diseases to stress, memory and cognition. Lactobacillus plantarum DR7, a cow’s milk isolate from
Penang, Malaysia has shown a reversal of symptoms associated with Alzheimer’s disease in a fruit fly
model, accompanied by distinct changes of gut microbiota profiles. In ageing and hyperlipidaemia rats,
DR7 has shown improved stress and anxiety symptoms, accompanied by improved memory. The
administration of DR7 for 12-weeks in stressed adults has contributed to improve stress and anxiety
scores, in addition to memory and cognitive abilities, primarily via enhancement along the serotonin
pathway and maintenance of the dopamine pathway.
This presentation will highlight the evidence of a probiotic strain, primarily targeting brain health, via
models ranging from insects to human.
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INTRODUCTION TO THE INNOVATIVE TRAINING NETWORK (ITN) ‘SMARTAGE’: GUT
MICROBIOTA AS A TARGET TO MODIFY COGNITIVE AGEING
Christiane Frahm
Hans Berger Department of Neurology, Jena University Hospital, Germany
christiane.frahm@med.uni-jena.de

Within the European Union initiative Horizon 2020 (2014-2020), 80 billion Euros were available to
support projects of excellent science, industrial leadership, and societal challenges. Marie SkłodowskaCurie Actions (MSCA) are funded by the Horizon 2020 framework programme to promote transnational,
intersectoral and interdisciplinary mobility with the aim of increasing the attractiveness of scientific
careers in the public or private sector. Innovative Training Networks (ITNs), as an MSCA action, aim to
train a new generation of creative, entrepreneurial and innovative young researchers capable of
addressing current and future challenges and translating knowledge and ideas into products and
services for economic and societal benefit. With the SmartAge project, which aims to analyse the
microbiome-gut-brain axis in the context of aging and was founded to understand and mitigate agerelated cognition decline, we have been granted an ITN at the University Hospital Jena, Germany under
the direction of Prof. Dr O.W. Witte (https://www.uniklinikum-jena.de/etnsmartage/en/). In this
presentation, a summary of the ITN SmartAge will be given.
In Europe, the population is aging. The age-associated decline in cognitive functions represents a
serious social and medical problem. Recent studies show that changes in lifestyle such as physical
activity and nutritional interventions – even late in life –are beneficial for cognition. The microbiome in
the gut is a central effector in the maintenance of brain plasticity and therefore represents a promising
target as well as sensor for interventions that aim to improve cognitive ability in the elderly. Detailed and
concise scientific investigations of gut-brain interactions, in particular in the elderly, are limited. Such
studies require a multidisciplinary approach and a combination of experts from various fields. The aim
of our network is to train a new generation of young scientists within a multidisciplinary consortium. The
ESRs will engage in individual and well defined, jointly supervised research projects, securing excellent
career perspectives and employability. By enabling ESRs to design and conduct studies in this
economically and socially important field, SmartAge will elucidate the role of the microbiome-gut-brain
axis in aging and its impact on cognition. SmartAge will apply a translational approach combining animal
and human studies, nutritional and lifestyle interventions, cognitive tests, brain imaging, cutting edge
omics and systems biology as well as faecal transfer as proof of principle to identify key regulators of
gut-brain communication with the aim to develop microbiome-based therapies. An expert team of
scientists from both academia and industry, such as clinicians, psychologists, nutritionists,
biotechnologists and bioinformaticians, will closely collaborate to strengthen microbiome research in
aging which will have a direct impact on cognitive health in Europe. Specialists for public communication
outreach will ensure effective and efficient transfer of outcomes to policy makers and into the everyday
life of the European population.
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MONDAY 22 MARCH 2021

PLENARY SESSION
THE PLACENTA MICROBIOME ‘BATTLE’
The human placenta may (or may not) have a low biomass microbiome. Does the placenta house a
sparse microbiome? Recent evidence that the placenta harboured a unique microbiome suggested a
role for microbes in foetal development, while a few recent studies suggests that other investigators
cannot distinguish microbes from contaminants. Can both be true?

Chair:
Koen Venema
Maastricht University, the Netherlands
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WOMB WITH A VIEW: WHY THE PLACENTA IS MORE CONDUIT AND COMMUNICATOR THAN
BARRIER
Kjersti Aagaard
Department of Obstetrics and Gynecology, Division Maternal-Fetal-Medicine, and Departments of
Molecular and Human Genetics, Molecular and Cell Biology, and Molecular Physiology and
Biophysics, Baylor College of Medicine and Texas Children’s Hospital, USA
aagaardt@bcm.edu

Human microbial communities are characterised by their metagenomic and metabolic diversity, which
varies by distinct body sites and influences human physiology. We are only beginning to characterise
the complex set of interactions which alters both community membership and function in early
development. With respect to the potential source of microbiota at birth, it has been generally assumed
that the majority of seeding microbes originate from the maternal lower genital tract, with microbiota
ascending into the otherwise sterile intrauterine. However, we and subsequently others have recently
demonstrated that (i) the vaginal and gut microbiome communities are distinctly structured in pregnancy,
and (ii) the intrauterine environment and the foetus is in fact not sterile, but rather harbours a lowabundance microbiome which varies by several measured exposures, and (iii) the maternal diet during
both gestation and lactation, and notably a high fat diet, has a particularly strong impact on the
developing and early in life microbial community structure. We have taken two dynamic approaches to
answering these questions in our studies. First, we use large and robust longitudinal cohorts of maternalinfant dyads collected across gestation and into infancy to gain deeper insight into both source and sink
of the early developmental microbiome and its role on determining length of gestation. Second, we utilise
our well-established primate models of maternal high fat dietary exposure, both in the absence and
presence of maternal obesity, to determine the impact of maternal diet on both the microbiome and the
resultant offspring metabolic phenotype. The mechanisms and means by which the intrauterine
environment is maintained as a low biomass community (and the implications for the developing foetus)
is one of the most important questions in our field.
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ALL ARTEFACT AND CONTAMINATION? WHY WE NEED PROCESS CONTROLS
Christine Edwards
School of Medicine, Dentistry & Nursing, University of Glasgow, UK
christine.edwards@glasgow.ac.uk

The importance of the gut microbiota in promoting health of the host and reducing risk of disease through
release of bioactive metabolites and interactions with the gut epithelial cells and immune system means
that it is crucial to understand early colonisation events which may impact on development of the infant
gut microbiome and infant development. An exciting development was identification of a potential low
biomass but significant placental microbiome which would expose the developing foetus to key
microorganisms before birth. However, this phenomenon was initially explored using culture techniques.
Then as next generation sequencing and metagenomics developed, more advanced techniques using
bacterial DNA extraction and analysis after amplification were used. The low biomass gives rise to
several possible contamination events and more recent studies have exposed clear contamination of
DNA extraction kits and reagents. Placental sample collection without contamination is also difficult even
with elective caesarean section and avoidance of contamination procedures are not well documented
in most studies. In addition, storage of samples and length of time before DNA extraction can lead to
selective degradation of DNA from different groups and species of bacteria. It is important to consider
the evidence when contamination risk has been reduced to a minimum and negative controls have been
introduced for all processes. In recent studies where this has been done, there has been very little
evidence for a placental microbiome in healthy pregnancy.
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TUESDAY 23 MARCH 2021

SESSION 1
PRE-AND PROBIOTICS IN HEALTH AND DISEASE: WHAT’S UP?
The potential application of pre-and probiotics includes prevention and treatment of various health
conditions and diseases. In this session, as election of recent advancementsin this field
will be presented.

Chair:
Arthur Ouwehand
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BIFIDOBACTERIAL STRAINS IN NEWBORN INTESTINE ORIGINATE FROM THEIR MOTHER
Hiroshi Makino
Microbiological Research Department, Yakult Central Institute, Japan
hiroshi-makino@yakult.co.jp

Bifidobacteria are one of the major components of the infant's gut microbiota. Colonisation with
bifidobacteria in early infancy is suggested to be important for health in later life. It has been assumed
that these microbes are derived from its mother and from other environmental sources which it comes
into contact at birth. However, there were no definitive explanation of bacterial transmissions from a
mother and/or any other environmental sources to the infant’s gut. The aim of our study was to verify
whether mother-to-infant transmission is occurring among bifidobacteria in the infant’s gut microbiota.
Faecal samples and breast milks were collected from healthy 109 mother-infant pairs (mother faeces:
twice before delivery; infant faeces: first faeces (meconium), 3, 7, 30, 90 days of age; breast milk: once
before delivery, first breast milk (colostrum), 7, 30 days after delivery), living in Belgium. Bifidobacterial
strains were isolated from these samples, and were discriminated by a strain-level analysis, multilocus
sequence typing (MLST). First, vertical transmission from mother to infant was investigated. Strains
isolated from vaginally delivered mother-infant pairs were identified to be identical between mother's
and infant's intestine. These mother-infant identical strains were continuously detected over time from
the infant, sometimes as early as the first day of life (meconium). These results indicate that intestinal
strains during pregnancy transmits to their infant, and subsequently colonise in the infant’s intestine
early after birth. Among C-section delivered infants, identical strains were not observed. Next, we
investigated whether specific strains are shared sustainably between maternal milk and infant’s gut. No
viable bifidobacteria were detected in mother’s milk collected before delivery, or in colostrum; viable
strains were isolated only from milk samples obtained 7 days after birth or later. In contrast, as described
above, bifidobacterial strains were obtained from infant’s faeces throughout the study period. MLST
analysis showed that several bifidobacterial strains were shared between infant’s faeces and mother’s
milk. Moreover, identical strains were isolated from infant’s faeces at the same time point or earlier than
from mother’s milk, and none were isolated earlier from mother’s milk than from infant’s faeces. Although
it remains unclear whether human milk is the first source of microbes for infants, since none of these
identical strains were isolated earlier from human milk than from infant’s faeces, and that no strain was
isolated from the human milk collected before delivery or the colostrum, these results do not confirm
that bifidobacteria are transmitted from human milk to the infant’s gut, as suggested by several studies.
This study confirmed that mothers transmit their unique bifidobacterial strains to their infants shortly after
birth. Transmitted strains become one of the predominant bacteria during early infancy, suggesting that
mother’s intestinal bifidobacteria are an important source of the infant’s gut microbiota. Therefore, the
maintenance of a healthy and balanced gut microbiota during pregnancy is to be considered as an
important factor to positively influence the new-born’s gut microbiota.
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DEVELOPMENT OF A NOVEL BIFIDOBACTERIUM BREVE THAT PROTECTS AGAINST NSAIDINDUCED ENTEROPATHY
Anja Wellejus1, B. Mortensen1, T.D. Leser1, J. Olsen1, A. Wichmann-Gustafsson1, N. Vera-Jiménez1,
A. Baker1, C. Murphy2,3, J. O’Grady2,3, M. Lucey4, G. Elsafi3, L. Barry4, V. Westphal1, O. Lukjancenko5,
A.C. Eklund5, H.B. Nielsen5, J.E.T. van Hylckama Vlieg1, F. Shanahan2,3, M. Buckley2,3,4 and
A. Damholt1
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Chronic use of acetylsalicylic acid (ASA) and other NSAIDs has been associated with development of
erosions, ulcers and bleeding of the stomach and small intestine. Our aim with this project was to
develop a Bifidobacterium capable of counteracting the GI side-effects induced by NSAIDs. Through a
comprehensive screening of a large collection of bifidobacterial in vitro and in an animal trial,
Bifidobacterium breve Bif195 (Bif195) was selected for further testing in humans. In two different clinical
trials healthy volunteers were challenged with ASA and the efficacy of different dosages of Bif195 was
tested.
Bifidobacteria were screened in vitro for acid- and bile tolerance (GI survival), modulation of
transepithelial electrical resistance (TER) measured by the CellZscope device (barrier integrity) and
cytokine release from cultured human-derived dendritic cells: IL-10 and IL-12 (activation of immune
cells). Top performing strains were evaluated in a DSS colitis rat model and during the study, body
weight, faecal bleeding score and stool consistency were measured and compared to the DSS control
group. B. breve Bif195 was selected and tested in a single-site, double-blind, parallel-group, proof of
concept analysis of 75 heathy volunteers given ASA (300 mg) daily for 6 weeks. The participants were
randomly assigned (1:1) to groups given oral capsules of Bif195 (≥ 50B CFU) or placebo, daily for 8
weeks. Small-intestinal damage was analysed by serial video capsule endoscopy (VCE) at 6 visits. The
area under the curve (AUC) for intestinal damage (Lewis score) and the AUC for ulcers were the primary
and first-ranked secondary endpoint of the trial, respectively. Further, a pilot trial – not powered for
statistical significance – was undertaken and here the participants in the active arm was dosed with 15B
CFU Bif195 daily for 6 weeks together with the ASA. Based on the in vitro profile, the Bif195 and 4 other
bifidobacteria were selected for the DSS colitis trial in rats. Bif195 counteracted DSS-induced inhibited
weight gain, faecal bleeding, and increased stool consistency score. In the human trial dosing 50B
CFUs, the AUC Lewis score was significantly (P=0.0376) lower in the Bif195 arm as compared to
placebo; 3,040 ± 1340 arbitrary units (au) in the Bif195 arm vs. 4,351 ± 3,195 au in the placebo arm
(corresponding to an effect size of 30%). The AUC ulcer number was also significantly (P=0.0258) lower
in the Bif195 arm as compared to placebo (50.4 ± 53.1 in the Bif195 arm vs. 75.2 ± 85.3 in the placebo
arm). When dosing 15B Bif195 in the pilot trial, an effect size of 19% was observed, however, this was
not statistically significant.
In conclusions, thorough in vitro and animal screening of bifidobacteria led to selection of B. breve
Bif195, that was tested in a model of chronic ASA use in humans. In healthy volunteers, daily oral intake
of Bif195 is safe and convers clinically significant and objectively verifiable reduced risk of small
intestinal enteropathy caused by ASA in humans. Based on two clinical trials, a dose-response
relationship of Bif195 could be proposed.
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EFFECTS OF A PROBIOTIC FERMENTED DAIRY DRINK CONTAINING LACTOBACILLUS CASEI
CNCM I-1518 ON COMMON INFECTIOUS DISEASES: RESULTS OF A SYSTEMATIC REVIEW
AND META-ANALYSIS
Stéphanie Jeansen
Danone Nutricia Research, France
stephanie.jeansen@danone.com

Common infectious diseases (CIDs), which include respiratory and gastrointestinal infections, are a
major public health concern with more than 17.5 billion cases of respiratory infections worldwide in 2017.
This causes considerable discomfort and economic losses due to missed days at work or medical care.
There is a great interest in the research community in assessing the effects of probiotics in preventing
these infections. Systematic reviews and meta-analyses pooling different probiotics from the
Lactobacillus and bifidobacteria families have previously shown potential to prevent CIDs. Thus, the
question of the strain-specific effect may arise.
A systematic review combined with a meta-analysis has been conducted specifically with a probiotic
dairy drink containing the Lacticaseibacillus paracasei subsp. paracasei CNCM I-1518 (Lactobacillus
casei CNCM I-1518) and yogurt strains Lactobacillus bulgaricus and Streptococcus thermophilus. The
effects of this specific probiotic drink were investigated on CIDs, in a pooled data set from people of
different age groups. The data quality included was checked according to the criteria of the National
Institute of Health. Effects on CIDs incidence, duration and severity have been assessed. Compared to
the control, the consumption of the probiotic dairy drink resulted in (i) a significant reduction in the odds
of experiencing ≥1 CID (odds ratio (OR) (with a 95% confidence interval (CI)): 0.81 (0.66, 0.98);
P=0.029); (ii) a significant reduction in mean CIDs per subject (−0.09 (−0.15, −0.04); P=0.001); and (iii)
a trend towards reduced risk in cumulative CIDs (relative risk (RR): 0.91 (0.82, 1.01); P=0.082).
The results suggest that the probiotic dairy drink containing the L. paracasei subsp. paracasei CNCM I1518 and the yoghurt strains may reduce the incidence of CIDs in the general population.
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EFFECT OF A SUPPLEMENTATION WITH SYNBIOTIC ICE CREAM ON IMMUNE RESPONSE,
RESPIRATORY SYMPTOMS, MICROBIOTA AND GUT-BRAIN AXIS RELATED PARAMETERS OF
MILITARY SUBJECTS
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The military may be exposed to extreme conditions in-field training, with strenuous physical activity,
sleep deprivation and psychological stress, which may lead to impaired immune function,
gastrointestinal disorders, and respiratory diseases. Probiotics have been indicated as health promoters
and may benefit this public. The aim of this study was to evaluate the effect of 30-day supplementation
with synbiotic ice cream on microbiota, salivary IgA, respiratory symptoms, and well-being indicators of
a military group before and after field training.
Eighty military students, both genders, aged from 18 to 22 years old, joined the study. One group
received daily 60 g of synbiotic ice cream containing 8.9 log CFU/g Bifidobacterium animalis BB-12, 8.3
log CFU/g Lactobacillus acidophilus LA-5 and 2.5 g inulin (prebiotic), while the other group received a
placebo ice cream. The volunteers were evaluated after 15 days of washout period (after
supplementation and field training) by answering questionnaires and by analysis of saliva and faeces.
For statistical analysis, the variables were evaluated through Pearson or Spearman correlations, and
two-way analysis of variance considering P<0.05. Faecal microbiota analysis was performed by DNA
extraction, library preparation and sequencing of V3 and V4 regions from 16S rRNA using the Illumina
Miseq system. DADA2 pipeline were used for bioinformatics analysis, Phyloseq (R) and edgeR
(R/Bioconductor) packages were used for visualisation and statistical analysis. The salivary IgA average
showed a statistically significant decrease after field training for both groups, suggesting that synbiotic
ice cream consumption was not effective to mitigate this effect. The number of respiratory symptoms
significantly decreased during the supplementation period only for the synbiotic ice cream group. In the
intra-group analysis between the period after the washout and supplementation period, it was possible
to observe a significant reduction in sadness and tiredness, as well as a significant increase in happiness
and tranquillity for both groups. However, some differences were observed, such as significant increase
in alertness, ease of concentration and energetic/active state, which may be consequences of possible
effects of probiotic action on the gut-brain axis. Moreover, the supplemented group showed a significant
reduction in tension state and ease of concentration, with a significant increase in the tranquillity rates.
The results also suggest that synbiotic supplementation contributed to the sleep quality of the military.
Regarding microbiota analysis, the P-value of B. animalis was significantly higher after the
supplementation and field training period.
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SESSION 2
BACTERIA, BRAIN & BEHAVIOUR: MODULATION OF THE GUT-BRAIN AXIS –
ANIMAL STUDIES
Alterations in the gut microbiota composition may be associated with pathogenesis of various
neurological disorders. Animal studies are the basis of a good understanding of the promises and
pitfalls of investigating the gut microbiome in relation to brain health. Here is a selection of recent
advancements in the exciting field of the gut-brain axis.
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EFFECTS OF LACTOBACILLUS SUPPLEMENTATION ON COGNITION AND STRESS
RESPONSES IN PIGLETS
Else Verbeek1, J. Dicksved2, J.E. Lindberg2 and L. Keeling1
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The gut microbiota plays an important role in the early development of the HPA-axis and may alter
behaviour and cognition. However, farmed piglets have a less varied diet and are kept in cleaner
environments than wild pigs, which may limit exposure to microbes essential for the early development
of a healthy and well-balanced gut microbiota. Data suggests that supplementation with Lactobacillus
has an impact on gut-brain communication in rodents and humans. Thus, we hypothesise that
supplementing piglets with Lactobacillus early in life will enhance learning and memory in a T-maze and
promote appropriate stress responses. This is the first study on the impact of Lactobacillus
supplementation on stress responses, cognition and welfare in piglets.
Five piglets in each litter (n=7) were randomly, but balanced for birth weight and sex, assigned to receive
a supplement (SUPP: Lactobacillus reuteri ATCC-PTA-6475, 8x107 ± 3x107 CFU/dose and
Lactobacillus plantarum LA1-6, 2x109 ± 5x107 CFU/dose), and five received a placebo (CON: same
media as supplemented group, but without Lactobacillus) three times a week between 3 and 35 days of
age (weaning). At 40±0.2 days of age, 24 control and 27 supplemented piglets were subjected to a 5
min restraint challenge and blood samples were collected at time 0, 15 and 30 min for analysis of plasma
cortisol and ACTH concentrations. At 45 days of age, piglets were randomly assigned to one reward
arm in a T-maze to assess spatial discrimination learning. They received one session consisting of 10
trials per day (acquisition phase) until reaching the learning criterion of 80% correct responding on two
consecutive days. After this, piglets were tested for reversal learning (reward in opposite arm, reversal
phase). Data were analysed using mixed models in R (lme4 and lmerTest packages). Both plasma
cortisol and ACTH concentrations increased following the restraint challenge but were not affected by
treatment nor sex. In the T-maze, learning improved over the sessions (F(3,98)= 32.6, P<0,001), but no
effects of either treatment or sex were found (mean±sem for CON: 46±4%, 65±3 %, 75±5%, 79±4% and
SUPP: 52±5%, 62±5%, 76±4% and 86±4% correct trials per session, analysed for sessions 1, 2, 3 and
4 respectively). Ninety-three percent of the piglets passed the learning criteria in the acquisition phase.
In the reversal phase, learning also improved over time (F (4,322)=80.7, P<0.001) and there was a
treatment by session interaction (F(4,23)=5.9, P<0.01), with the supplemented piglets learning faster than
control pigs (session mean±sem CON: 22±5%, 42±6%, 55±7%, 64±6%, 75±6% and SUPP: 21±3%,
46±5%, 61±5%, 86±2%, 94±2% correct trials, analysed for sessions 1-5, respectively).
Supplementing piglets with Lactobacillus did not affect stress responses to a restraint challenge or initial
learning in a T-maze, but it did improve reversal learning. This increased flexibility in behaviour could
have implications for pig welfare and confirms that early supplementation with Lactobacillus influences
gut brain communication.
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GUT-BRAIN AXIS: A TWO WAY CONNECTION FOR PETS WELL-BEING
Francesca Susca
Lallemand Animal Nutrition, Italy
fsusca@lallemand.com

The digestive tract of dogs and cats harbours a complex community of microorganisms, the microbiota
that exerts a positive and vital effect on host health. It is the complex interactions between the microbiota,
the host immune system and genetics that influence the balance between health and disease. Genetic,
age, environment, antibiotics, diet are some of the factors recognised as able to affect the gut
community.
Gastro-intestinal disorders are well-known to be associated with alteration of the microbial communities,
but it is now increasingly documented that disorders beyond the GI tract, such as obesity, central
nervous disorders, atopic dermatitis etc., can be linked to changes in the microbiota. The crucial role of
the microbiota in the brain-gut communication axis has been demonstrated, as well as its role in anxiety
behaviour. The potential of probiotics to influence this brain-gut axis is a growing field of evidence with
first animal study published in 2006 [1], and few years later first human studies showing that a probiotic
supplement can effectively alleviate both physiological and psychological symptoms of chronic stress
[2-3]. To date, more than 50 published studies have evaluated the link between probiotics
supplementation and the brain-gut axis.
The brain-gut axis is certainly one of the newest and most promising areas of research in microbiota
and probiotics. The currently available studies pave the way for new holistic approaches to modern pet
well-being issues by targeting the gut microbiota.
References
1. Zareie, M. et al., 2006. Gut 55: 1553.
2. Diop, L. et al., 2008. Nutrition Research 28: 1.
3. Messaoudi, M. et al., 2010. The British Journal of Nutrition 105: 755.
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EARLY LIFE MICROBIOTA TRANSPLANTATION AFFECTS BEHAVIOURAL RESPONSES IN
CHICKENS LINES DIVERGENTLY SELECTED ON FEATHER PECKING
Jerine van der Eijk
Wageningen Livestock Research, Wageningen University and Research, the Netherlands
jerine.vandereijk@wur.nl
Early life environmental factors have a profound impact on an animal’s behavioural and physiological
development. In animal husbandry, early life factors that interfere with the behavioural and physiological
development could lead to the development of damaging behaviours. The gut microbiota could be such
a factor as it influences behaviour, such as stress and anxiety, and physiology, such as the serotonergic
system. Stress sensitivity, fearfulness and serotonergic system functioning are related to feather
pecking (FP), a damaging behaviour in chickens which involves pecking and pulling out feathers of
conspecifics. Furthermore, high (HFP) and low FP (LFP) lines differ in gut microbiota composition. Yet,
it is unknown whether gut microbiota affects FP or behavioural and physiological characteristics related
to FP.
Therefore, HFP and LFP chicks orally received 100 μl of a control (saline), HFP or LFP microbiota
treatment within 6 h post hatch and daily until 2 weeks of age (n=96 per group) using a pipette. FP
behaviour was observed via direct observations at pen-level between 0-5, 9-10 and 14-15 weeks of age.
Birds were further tested in a novel object test at 3 days and 5 weeks of age, a novel environment test
at 1 week of age, an open field test at 13 weeks of age and a manual restraint test at 15 weeks of age
after which whole blood was collected for serotonin analysis. We analysed treatment effects within lines
using mixed models with treatment, batch, sex, observer and test time as fixed factors and pen within
treatment as random factor or Kruskal-Wallis tests. Early life microbiota transplantation influenced
behavioural responses and peripheral serotonin but did not affect FP. HFP receiving HFP microbiota
tended to approach a novel object sooner and more birds tended to approach than HFP receiving LFP
microbiota at 3 days of age. HFP receiving HFP microbiota tended to vocalise sooner compared to HFP
receiving control in a novel environment. LFP receiving LFP microbiota stepped and vocalised sooner
compared to LFP receiving control in an open field. Similarly, LFP receiving LFP microbiota tended to
vocalise sooner during manual restraint than LFP receiving control or HFP microbiota. LFP receiving
HFP microbiota tended to have lower serotonin levels compared to LFP receiving control. Thus, early
life microbiota transplantation had short-term effects (during treatment) in HFP birds and long-term
effects (after treatment) in LFP birds. Previously, HFP birds had more active responses and lower
serotonin levels compared to LFP birds.
In this study, HFP birds seemed to adopt behavioural characteristics of donor birds, while LFP birds
seemed to adopt physiological characteristics (i.e., serotonin level) of donor birds. Interestingly,
homologous microbiota transplantation resulted in more active responses, suggesting reduced
fearfulness. Thus, homologous transplantation could be used to reduce fearfulness, thereby potentially
reducing the development of FP. Furthermore, since microbiota transplantation influenced behavioural
and physiological characteristics that are related to FP, it could thereby influence the development of
FP. However, microbiota transplantation did not influence FP up to adolescent age and more research
is needed to identify whether it could influence FP later in life.
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INFLUENCE OF THE MICROBIOTA-GUT-BRAIN AXIS ON BEHAVIOUR AND WELFARE IN FARM
ANIMALS
Narjis Kraimi1, M. Dawkins2, S.G. Gebhardt-Henrich3, P. Velge4, I. Rychlik5, J. Volf5, P. Creach6,
A. Smith2, F. Colles2 and C. Leterrier7
1
2
3
4
5
6
7

Department of Medicine, McMaster University, Canada
Department of Zoology, University of Oxford, UK
Center for Proper Housing: Poultry and Rabbits, University of Bern, Switzerland.
ISP, INRA, Université de Tours, UMR 1282, Centre Val de Loire, France.
Veterinary Research Institute, Czech Republic.
ITAVI, France.
INRA, CNRS, IFCE, Université de Tours, UMR 85, Centre Val de Loire, France.

kraimin@mcmaster.ca

There is increasing evidence of a pivotal role of the gut microbiota (GUT-M) in key physiological
functions in vertebrates. Many studies discuss functional implications of the GUT-M not only on
immunity, growth, metabolism, but also on brain development and behaviour leading to the microbiotagut-brain axis (MGBA) concept. However, while the influence of the MGBA on behaviour is documented
in rodents and humans, data on farm animals are scarce. Therefore, this presentation aims to describe
the influence of the MGBA on emotion, memory, social and feeding behaviours in farm animals. The
corpus of experiments presented suggests that a better understanding of the effects of the MGBA on
behaviour could have large implications in various fields of animal production. Specifically, animal
welfare and health could be improved by selection, nutrition and management processes that take into
account the role of the GUT-M in behaviour.
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SESSION 3
BACTERIA, BRAIN & BEHAVIOUR: MODULATION OF THE GUT-BRAIN AXIS FROM A
MECHANISTIC POINT OF VIEW – HUMAN STUDIES
How does the gut microbiota influence brain development and function? How are brain disorders
potentially shaped by the gut microbiota? And how dietary supplements, such as probiotics,
have their apparent effect on stress, mood and cognition? When the mechanisms are unravelled,
the potential for improving human quality of life through modulation of the gut microbiota is vast.

Chair:
Lucie Geurts
ILSI Europe, Belgium

in co-operation with ILSI Europe)
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BIG DATA AND MICROBIOME: INFLUENCE ON THE GUT-BRAIN AXIS
Lesley Hoyles
School of Science & Technology, Nottingham Trent University, UK
lesley.hoyles@ntu.ac.uk

Unfortunately, no abstract received.
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GUT MICROBES PARTICIPATE IN FOOD PREFERENCE ALTERATIONS DURING OBESITY
Amandine Everard
Metabolism and Nutrition Research Group, Louvain Drug Research Institute, Walloon Excellence in
Life Sciences and Biotechnology, UCLouvain, Belgium
amandine.everard@uclouvain.be

Obesity is mainly associated with unappropriated food intake. Hypothalamic regulations of food intake
are altered during obesity. The dopaminergic mesocorticolimbic system, responsible for the hedonic
response to food intake, is also affected. Gut microbes are other key players involved in obesity. Since
it has been described that gut microbiota can impact food intake, we are investigating whether the gut
microbiota is able to regulate reward processes and hedonic food intake. By using broad-spectrum
antibiotic treatment to deplete the gut microbiota of mice, we recently demonstrated the role of the gut
microbiota in the regulation of the pleasure associated with food intake. Then, to evaluate if the gut
microbiota play a causal role in reward processes and hedonic food intake alterations during obesity,
we used a faecal material transplantation model. Therefore, we transferred faecal material from lean or
diet-induced obese mice into recipient mice and evaluated the hedonic food intake using a food
preference test comparing the intake of control and palatable diets (HFHS, high-fat high-sucrose) in
donor and recipient mice. Obese mice ate significantly less HFHS than the lean donors, suggesting a
dysregulation of the food reward system during obesity. More strikingly, the reduction of the pleasure
induced by eating during obesity, was transferable through gut microbiota transplantation since obese
gut microbiota recipient mice exhibited similar reduction in HFHS intake as compared to obese mice.
We also pinpointed a highly positive correlation between the HFHS intake and Parabacteroides, which
could represent a key player involved in the reward process probably through the gut-to-brain axis.
These data suggest that the gut microbiota is regulating the reward and hedonic aspects of food intake.
Moreover, we demonstrate that the gut microbiota modifications associated with obesity participate to
the dysregulations of the reward and hedonic components of the food intake. Therefore, these data
provide evidence that the gut microbiota could be an interesting therapeutic target to tackle food reward
disorders related to obesity.
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HOW PROBIOTICS PROMOTE BRAIN HEALTH
Philip Burnet
Department of Psychiatry, University of Oxford, UK
phil.burnet@psych.ox.ac.uk

We have examined the behavioural effects and possible underlying mechanisms of a commercially
available multi-species probiotic in mice and humans. The administration of the probiotic to an anxious
strain of mouse (Balb/c) at 0.2 billion CFU/day for 3 weeks, but not 2 weeks, had an anxiolytic effect.
The probiotic did not influence depressive-like behaviour of mice in the forced swim test compared to
controls after 2- or 3- weeks supplementation. Heat-killed probiotic had a similar anxiolytic action in the
light/box test as live bacteria after 3 weeks of a daily administration, compared to controls. This indicated
that the psychotropic effect of this probiotic is probably mediated by direct interaction between the
bacterial cell wall and the host gut mucosa. The administration of either live or heat-killed probiotic to
mice reduced the plasma concentrations of the pro-inflammatory cytokines, IL-6 and IL-1β after both 2
and 3 weeks supplementation. Since no behavioural changes were observed following 2 weeks of
probiotic intake, these data may suggest that the anxiolytic effect seen after 3 weeks may be
independent of immune regulation, or that there is a temporal delay in the behavioural consequences
of reducing the inflammatory response.
Finally, we tested whether a daily, 4-week administration of the multi-species probiotic in people with
low mood, had anxiolytic and antidepressant actions. Volunteers completed a subjective Patient Health
Questionnaire-9 (PHQ-9), and were recruited for the randomised, double-blind, placebo-controlled study
if they were categorised as having low mood or moderate depression. A total of 71 subjects were
recruited (35 probiotic, 36 placebo), and subjective ratings for depression (PHQ-9) and anxiety
(State/Trait Anxiety Inventory, STAI) were collected at the beginning and end of the trial. After 4 weeks’
supplementation subjects also performed computer-based psychological tasks to assess their emotional
processing and reward learning which have been shown to improve after antidepressant treatment.
Plasma C-reactive peptide (CRP) and salivary cortisol were also measured. Probiotic intake significantly
reduced depression scores on the PHQ-9 but did not affect anxiety. In a facial expression recognition
task, the probiotic group were more accurate than placebo at identifying faces with neutral expressions
(not happy or sad) and were less vigilant to both positive and negative images in the dot probe task. In
these tests, traditional antidepressants increase both accuracy in identifying happy faces and attention
to positive stimuli, respectively. Therefore, the probiotic reduced the importance of emotional cues. In
the reward learning task, probiotic intake reduced the subjects’ learning from both wins and losses;
antidepressants usually increase learning from wins. Therefore, the probiotic also reduced the
importance of rewards which can influence emotion. The probiotic did not affect circulating CRP or
salivary cortisol.
Together, our data demonstrate that a multispecies probiotic improves emotional behaviour in mice and
humans, but the mechanisms underlying these may differ between species and current psychotropic
therapies.
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TOWARD MECHANISTIC, TRANSLATIONAL, AND REAL-LIFE RESEARCH: ROLE OF THE
IMMUNE SYSTEM
Aletta Kraneveld
Department of Pharmaceutical Sciences, Utrecht University, the Netherlands
a.d.kraneveld@uu.nl

The intestinal tract is our largest surface exposed to the environment inhabited with trillions of microbes.
70 % of our white blood cells have their origin in the intestinal tract and are programmed by the microbes.
In addition, the intestinal tract is innervated by 100 million of neurons forming the enteric nervous system
that can communicate bidirectionally with the brain but is also involved in local (neuro)immunomodulatory processes. Throughout life, changes in the composition of intestinal microbes go hand-inhand with changes in the immune system and neuronal networks in the brain. This suggest that the
immune system might be the linking pin between the gut microbes and brain function.
The frequently reported changes in the composition of the microbiota, leaky gut, and intestinal
inflammation associated with low-grade inflammation in patients point to the relevance of microbes-gutimmune system-brain axis in brain disorders. Based on (pre)clinical data the talk will shed light on the
possible immunological mechanism of the crosstalk between the gut and the brain. There is a great
need for additional, more in-depth, mechanistic studies. The presentation will end identifying (pre)clinical
research gaps regarding the possible role of the immune system in the gut-brain axis in health and
disease with a focus on embracing complexity.
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TUESDAY 23 MARCH 2021

SESSION 4
PRE- AND PROBIOTICS IN ANIMAL HEALTH AND NUTRITION – PART 1
Recent advances in the use of pre-and probiotics in various animal production systems and their
impact on animal productivity will be presented. And what can we learn from animals
as a model for human response?

Chair:
Frédérique Chaucheyras-Durand
Lallemand, France
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PERINATAL scFOS SUPPLEMENTATION IMPROVES COLOSTRUM’S QUALITY AND
REINFORCES IMMUNE DEFENCES OF PIGLETS
Cindy Le Bourgot
R&D, Tereos, France
cindy.lebourgot@tereos.com

Perinatal nutrition plays a decisive role in controlling gut bacterial primo-colonisation and, thereby, is an
important driver of the development and maturation of intestinal immunity. Since a short chain
fructooligosaccharide (scFOS) prebiotic was known to positively modulate gut microbiota, our studies
evaluated effects of such supplementation on colostrum’s quality, microbiota establishment and immune
defences development of piglets.
Sows received a standard control diet (CTRL group) or a diet supplemented with scFOS (Profeed®) for
the end of gestation and throughout the entire lactation period. Supplementation of scFOS improved the
immune quality of colostrum by increasing IgA and TGF-β1 concentrations. It also modulated the
maternal microbiota composition just after birth, highlighted mainly by a decrease in the
Campylobacteriaceae family, known to contain pathogenic species, and by greater production of shortchain fatty acids (SCFA). In neonates aged from 2 days, some strains of Lactobacillus increased greatly
with maternal scFOS supplementation, and interestingly, similarities were observed between the gut
microbiota composition of sows and their piglets 2 days after parturition. Later, at day 21, gut microbiota
composition changed toward an increased proportion of Prevotella associated to a higher production of
SCFA in piglets whose mothers were supplemented with scFOS during perinatal life. In addition, at this
stage, piglets from scFOS group presented a better maturation of intestinal immune system. Such
modulations in early life induced beneficial effects on immune system functionality, later in life, by
enhancing local defence mechanisms as number of goblet cells and cytokine secretion, and by
improving responsiveness to a bacterial vaccine challenge (Lawsonia intracellularis). These changes
resulted in improved growth performances after weaning, mainly by decreasing feed conversion ratio
and increasing body weight.
Our results demonstrated that adding scFOS to the maternal diet represents a beneficial nutritional
strategy to improve the immune quality of colostrum, modulate gut microbiota colonisation, and reinforce
gut immune defences, thus improving growth performances of piglets.
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THE ROLE OF LUMINAL PATHOBIONTS IN SHEEP PARASITE GASTROENTERITIS – IS
PROBIOTIC INTERVENTION THE WAY FORWARD?
Alba Cortés
Department of Pharmacy and Pharmaceutical Technology and Parasitology, University of Valencia,
Spain
alba.cortes@uv.es

Growing evidence points towards a role for gastrointestinal (GI) helminths of ruminants in modifying the
composition of the host gut flora, with likely repercussions on the pathophysiology of worm infection and
disease, as well as on animal growth and productivity. Establishing causal relationships between
helminths and the host gut microbiota is therefore pivotal, as this knowledge will form the necessary
basis for the optimisation of control strategies based on the manipulation of the host commensal flora.
Recent studies from our group have investigated longitudinal variations in the faecal microbiota
composition of sheep vaccinated against, and experimentally infected with, the ‘brown stomach worm’
Teladorsagia circumcincta, a parasite of worldwide socio-economic significance. Our first study showed
that alterations in gut microbial composition were mostly associated with parasite infection and involved
the expansion of bacterial populations with known pro-inflammatory properties which might contribute
to the immunopathology of helminth disease. However, to achieve a comprehensive understanding of
the mechanisms governing helminth-microbiota interactions, as well as of their impact on host health
and welfare, experimental findings must be validated across studies. To this aim, we compared
quantitative and qualitative fluctuations in gut microbiota composition of vaccinated/infected and
(unvaccinated) infected sheep over the course of two separate trials, carried out over two consecutive
years. Whilst experimental protocols for animal vaccination/infection and gut microbiota profiling were
largely similar, profound differences were observed between populations of bacteria affected by T.
circumcincta immunisation and experimental infection in each trial. Nevertheless, selected groups of
bacteria were consistently affected by T. circumcincta infection in both trials and might therefore
represent biomarkers of infection. These results call for caution when interpreting data generated from
studies on helminth-microbiome interactions in vivo and bring forward current challenges for translating
this knowledge into practical applications. The rational manipulation of the resident microbiota via a
range of dietary interventions, such us supplementation with pre- and probiotics, has been proposed as
a plausible way to efficiently control infection establishment and progression through the modulation of
the host immune function, and/or parasite fitness and survival. However, to achieve these goals, several
aspects of the helminth-microbiota crosstalk must be first addressed, including (i) the causality of
interactions between the parasite, the gut microbiota, and the host immune system, (ii) the modes of
action of dietary probiotics and prebiotics, and (iii) the mechanisms by which diet supplementation aids
the development of resistance/tolerance to GI helminth infections.
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EVALUATION OF A PROBIOTIC STRATEGY TO FIGHT AGAINST ETEC INFECTIONS IN AN IN
VITRO MODEL OF WEANING PIGLET COLON COUPLED WITH PORCINE CELL LINES
Raphaële Gresse1,2, F. Chaucheyras-Durand1,2, S. Denis1, J.J. Garrido3, A. Jimenez3, M. Beaumont4,
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Enterotoxigenic Escherichia coli (ETEC) is the main infectious agent responsible for piglet post-weaning
diarrhoea with high mortality rates. Modifications of the gut microbiota, inflammation and host genetic
factors are involved in the development of ETEC infections. Antimicrobials represent the current
principal strategy for treating ETEC infections in pig farms, but the proportion of multi-resistant bacterial
strains has considerably increased in the last decades. Thus, finding non- antibiotic alternatives to
maintain piglet health at the critical period of weaning, preserving the use of last-resort antimicrobials in
human medicine and guarantying public health become a real emergency.
In this context, we investigated the effect of a live yeast strain, Saccharomyces cerevisiae var. boulardii
CNCM I-1079 commercialised under the Levucell SB product (SB), in an in vitro model of the weaning
piglet colon implemented with a mucus phase (MPigut-IVM) inoculated with ETEC and coupled with an
intestinal porcine cell line IPI-2I. We showed that SB was able to modulate the in vitro luminal and
mucus-associated microbiota, such as an increase in Bacteroidiaceae and a decrease in Prevotellaceae
families. Samples collected from the mucus phase of the model supplemented with SB were able to
mitigate the expression level of genes encoding for non-gel forming mucins, tight junction proteins,
innate immune response, and pro-inflammatory response in IPI-2I cells. Furthermore, SB exerted a
significant protective effect against ETEC adhesion on porcine IPEC-J2 intestinal cells in a dose
dependent manner. Additionally, SB showed a positive effect on ETEC-challenged IPEC-J2 by lowering
expression of genes involved in pro-inflammatory cascades such as TNFα, TLR4, IL8, IL1a or IL6 and
chemokines involved in immune responses like CCL20 and CXCL2.
Our results showed that the strain SB CNCM I-1079 could prevent microbiota dysbiosis and protect
porcine enterocytes from ETEC infections by reducing bacterial adhesion and modulating the
inflammatory response.
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EPIGENETIC REGULATION OF GUT HEALTH IN ANIMALS AND THE ROLE OF MICROBIOTA
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Currently, microbiome research has attracted tremendous interest in various research fields due to its
modulatory roles that contribute to the variations in host biology, especially health and production
performance in humans and livestock. Knowledge on the host-microbial interactions is mainly generated
through well controlled (in-bred, raised under controlled environment) germ-free or knockout small
animal models, which is a barrier to apply that in outbred large mammalians who constantly interact with
the changing environment. The exposure-driven changes in the microbiome are also known to affect
host epigenome, leading to altered expression of genes/proteins and subsequently health and
production performances. Some of the known epigenetic machineries are DNA methylation, chromatin
modification, and gene imprinting. Recent research has revealed that small non-coding RNAs can
modulate the complex host-microbial interactions and can be used as one of the targets to intervene
microbiome-linked host phenotypes. This presentation will introduce the recent findings on two groups
of non-coding RNAs (microRNAs and Circular RNAs) and their modulatory roles in host-microbial
interactions including pathogenesis of opportunistic and pathogenic microbiota. A deeper understanding
of the molecules modulating host-microbial interactions can provide scientific evidence to develop novel
cutting-edge microbiome-based interventions, small non-coding RNA based immunomodulators, and
biomarkers of microbiome-linked pathologies to improve animal health and production performances.
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SESSION 5
PROBIOTICS AND THE SKIN MICROBIOME
The skin microbiota might play an important role in maintaining skin health. The use of probiotics
in therapeutic skin applications is an attractive idea offering an alternative way
for treatment of inflammatory skin disorders.
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THE INFLUENCE OF HOST SPECIES ON THE MAMMALIAN SKIN MICROBIOME
Josh D. Neufeld
Department of Biology, University of Waterloo, Canada
jneufeld@uwaterloo.ca

Skin is the largest organ of the body and represents the primary physical barrier between mammals and
their external environment, yet the factors that govern skin microbial community composition among
mammals are poorly understood. The objective of this research was to generate a skin microbiota
baseline for members of the class Mammalia, testing the effects of host species, geographic location,
body region, and biological sex. Skin from the back, torso, and inner thighs of 177 non-human mammals
was sampled, representing individuals from 38 species and 10 mammalian orders. Animals were
sampled from farms, zoos, households, and the wild. The DNA extracts from all skin swabs were
amplified by PCR and sequenced, targeting the V3-V4 regions of bacterial and archaeal 16S rRNA
genes. Previously published skin microbiome data from 20 human participants, sampled and sequenced
using an identical protocol to the nonhuman mammals, were included to make this a comprehensive
analysis. Human skin microbial communities were distinct and significantly less diverse than all other
sampled mammalian orders. The factor most strongly associated with microbial community data for all
samples was whether the host was a human. Within nonhuman samples, host taxonomic order was the
most significant factor influencing skin microbiota, followed by the geographic location of the habitat. By
comparing the congruence between host phylogeny and microbial community dendrograms, we
observed that Artiodactyla (even-toed ungulates) and Perissodactyla (odd-toed ungulates) had
significant congruence, providing evidence of phylosymbiosis between skin microbial communities and
their hosts.
This presentation will also highlight how human hygienic practices are likely responsible for the distinct
microbial profiles of human skin. The external environmental layer found on other mammals lacking in
human counterparts has as-yet unknown implications for human health and disease.
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BABY’S FIRST FLORA: MOLECULAR MECHANISMS OF MICROBIAL COLONISATION OF
THE SKIN
Benjamin Casterline
Pritzker School of Medicine, the University of Chicago, USA
bcasterline@uchicago.edu

The utilisation of beneficial microbes for the treatment or prevention of dermatologic disease is an active
area of clinical investigation. Microbial acquisitions in early life may be especially potent due to niche
availability and modulation of the developing immune system. However, the mechanisms by which
bacteria colonise and persist on neonatal skin remain poorly understood.
In this presentation, physiochemical and immunological features of the cutaneous habitat are reviewed.
While these dynamic features of the niche may order microbiome assembly during development from
birth to adulthood, prediction of strain-level composition is limited by the complexity of bacterial
interactions. The presentation concludes with a discussion of the mechanisms of competitive exclusion
among bacteria and their exploitation for ‘bacteriotherapy’ in atopic dermatitis.
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THE SKIN MICROBIOME AND THE DEVELOPMENT OF NEW SKIN THERAPEUTICS
Chris Callewaert
Center for Microbial Ecology and Technology, Ghent University, Belgium
chris.callewaert@ugent.be

Fresh sweat does not smell. Malodour is caused by microbial transformation into volatiles. To
investigate, DrArmpit stuck his nose under more than 1000 armpits and will present some of his main
findings. The armpit microbiome and body odour development are influenced by many factors, some of
which we can change ourselves. For the really stinky people, DrArmpit came with a new solution:
changing the underarm microbiome for a better scent. More than 100 people enrolled into the challenge
to change their armpit bacteria. Initially, underarm microbiome transplants were conducted on 17 brave
subjects. This successfully induced a healthy and non-odorous bacterial microbiome for one month,
improving underarm odour. In a next step, the good bacteria were put into a spray application that about
80 people tested on daily basis in a clinical trial. This resulted in an improved underarm microbiome with
much better odour. Over time, the newly added microbiome conquered the indigenous microbiome, and
was able to eliminate a series of odour-causing microbes. The findings demonstrate how an armpit
microbiome dysbiosis is associated with malodour and that changing the microbiome improves the
odour.
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CUTIBACTERIUM ACNES, THE MAIN COMPONENT OF THE FACIAL MICROBIOME AND ITS
ROLE IN SKIN AGEING
Amine Zorgani
S-Biomedic, Belgium
amine@sbiomedic.com

Cutibacterium acnes is the main bacterial component of the skin microbiome on sebaceous and dry
body sites [1]. Despite its dominant role on the skin, many skin treatments aim at eradicating this
bacterial species.
In this presentation, a selection of examples of the literature will be presented why this bacterium is
important to us, how it has a symbiotic relationship with its human host and highlights its role in skin
ageing.
References
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SESSION 6
BEYOND THE GUT (BACTERIA)
Much research has focused on the gut and the gut bacteria. Looking, however,
beyond the gut and its bacteria, what do we see?

Chair:
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SAY AAH: PROBIOTICS AND PREBIOTICS FOR ORAL HEALTH
Krista Salli
IFF Health & Biosciences, Finland
krista.salli@iff.com

The environment of the oral cavity favours bacterial growth, and it contains a diverse microbial
community. Oral bacteria have several distinct habitats, and they live both in planktonic state and in
bacterial biofilms meaning in other words dental plaque. Oral diseases including caries and periodontitis
remain common in the general population. Probiotics and prebiotics have been suggested to help in
reducing disease risk and disease management.
The aim of this presentation is to give an overview of the current knowledge of probiotics and prebiotics
on caries and periodontitis. Clinical studies with various probiotics targeting on caries in both children
and adults as well as probiotics for periodontitis, as a sole treatment and in adjunct to scaling and root
planning, are summarised. Prebiotic interventions on oral microbiota are still scarce. As an example of
an oral prebiotic, the effect of xylitol on caries and of an oral probiotic, Bifidobacterium animalis
subspecies lactis HN019 as an adjunct therapy on periodontitis will be briefly discussed.
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BEYOND BACTERIA: GUT FUNGAL COMMUNITY IN HEALTHY INDIVIDUALS MODULATED
BY DIET
Evy Maas1 and K. Venema1,2
1

2
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The microbial community in the human gut consists not only of bacteria, but also fungi are present.
Fungi account for 0.1% of the gut microbiome. Several studies show that diet can drive changes in the
gut fungal community [1-3].
The aim of this study is to investigate the modulation of the gut mycobiome by diet, with the use of an
in vitro model. A validated, computer-controlled in vitro model of the colon (TIM-2) was used to study
the modulation of the human gut fungal population, inoculated with pooled microbiota from healthy
volunteers. Samples were taken during the test period at 0, 24, 48 and 72 h. Different dietary
interventions were carried out: standard medium, high/low carbohydrate, glucose and simple sugars.
The mycobiome was analysed by amplicon-sequencing of the internal-transcribed-spacer-region-2
(ITS2). The use of an in vitro model of the colon in combination with NGS of ITS2 is a successful way
to mechanistically study the effect of diet on gut fungi. The mycobiome showed low diversity. Some
dominant species, such as Candida, are found in most samples. Different dietary interventions led to a
diet-dependent shift in the fungal population, where a high glucose diet showed the clearest pattern.
References
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PROBIOTIC MICROVESICLES: THE BIGGER PICTURE
Christine L. West
Brain-Body Institute, St. Joseph’s Healthcare and Department of Biology, McMaster University,
Canada
westcl2@mcmaster.ca

Although first identified in Escherichia coli in the 1960s, scientific research interest in microvesicles has
grown exponentially in the last decade. These small, spherical lipid bilayer structures range from roughly
20-400 nm in diameter and contain a variety of molecules including phospholipids, proteins, nucleic
acids and enzymes. Some probiotic bacteria that evoke neuromodulatory and immunomodulatory
effects on the host organism, and in the gut particularly, produce microvesicles that are capable of
recapitulating these effects.
In our recent paper [1], we investigated a potential mechanism for the effects of Lactobacillus reuteri
DSM-17938 on small intestinal and colonic motility in mice by measuring changes in the velocity,
frequency, and amplitude of propagating contractile clusters (PCC) in response to the bacteria and its
products, including the conditioned media the bacteria were grown in and the bacteria’s isolated
microvesicles. The bacteria, conditioned media and microvesicles each reduced PCC velocity and
frequency in the jejunum and increased PCC velocity and frequency in the colon. When microvesicles
were removed from the conditioned media and this media was applied intraluminally, there was no
observed effect on motility. These findings demonstrate that microvesicles from DSM-17938 can
reproduce the effect of the bacteria on gut motility. This paper and recent literature highlight the potential
use of microvesicles in oral probiotic formulations. Given that the microvesicles recapitulate the effect
of the whole bacterium and contain fewer candidate molecules that may be attributed to this probiotic
effect and physiological activity, they may present a novel route to identify these active components.
References:
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THE HUMAN GUT VIROME: FRIENDS, FOES, DARK MATTER, AND OPPORTUNITIES FOR
DISCOVERY
Emily B. Hollister
Diversigen, USA
ehollister@diversigen.com

Viruses represent an important, but understudied, component of the human microbiome. In the human
gut, the virome consists of a variety of bacteriophage, endogenous retroviruses, and eukaryotic viruses.
Wide variation in genomic composition, small physical and genome sizes, database biases, and
methodological limitations have led to the perception that gut viruses consist largely of microbial dark
matter. However, recent advances in methods and sequencing are shedding light on viral dark matter
and the role of gut viruses in the context of human health. Viral interactions with human hosts and the
bacterial portion of the gut microbiome range from commensal to pathogenic; and shifts in virome
composition have been identified in the context of dietary changes, as well as in comparisons of health
versus disease states. New (and renewed) interest in viral surveillance, paired with high throughput
sequencing efforts and novel bioinformatics approaches are improving our understanding of the gut
virome and providing new opportunities for discovery, particularly in cases where bacterial explanations
have come up short.
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SESSION 7
MILK AND MICROBES: THE JOURNEY AHEAD
Human milk oligosaccharides play a pivotal role in shaping the infant gut microbiota by actively
promoting beneficial bacteria. In addition, the notion that viable microorganisms are ubiquitously
present in milk produced by healthy lactating mothers suggests that human milk also serves as an
important microbial reservoir and transmission route.
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MILK MICROBIOTA: FACTS, OPEN QUESTIONS AND ROLES FOR MOTHER AND OFFSPRING
HEALTH
C. Le Bras1,2, V. Chuat1, L. Rault1, N. Jacquet1, S. Blat2, G. Boudry2, F. Valence-Bertel1, I. Le HuërouLuron2, Y. Le Loir1 and Sergine Even1
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Although milk has long been considered sterile, microorganisms have emerged as a natural part of this
fluid. The presence of a complex microbial moiety in milk, hereafter referred to as ‘milk microbiota’,
consisting of commensal bacteria associated with healthy milk is supported by numerous studies,
especially in the last decade, through the use of high-throughput sequencing approaches. Based on the
growing literature on this microbial moiety, this presentation will address the question of what milk
microbiota is, what is known but also the remaining questions that still need to be addressed, including
the role milk microbiota plays in the mother and offspring physiology and health.
The presence of a complex microbial moiety in healthy milk is now widely accepted, at least once milk
is expressed. Whether a complex and living microbial community can be associated with milk inside the
breast and the mammary ducts remains to be determined. Milk microbiota is characterised by a low
microbial load but a high diversity with several dozens of genera and more than 200 species identified
so far. It has mainly been characterised in human and ruminants. The most frequently cited taxa include
Staphylococcus and Streptococcus but also Bifidobacterium, Corynebacterium, Propionibacterium,
Bacteroides, Enterococcus, Faecalibacterium, Lactobacillus, Veillonella, Serratia, Ralstonia,
Acinetobacter, Rothia and several members of the Lachnospiraceae and Ruminococcaceae families. A
cross-species analysis of milk microbiota even suggested that some of these frequently cited taxa could
be universally shared within species, thus constituting an inter-species core milk microbiota [1]. The
fungal and viral milk communities have also started to be explored. Several factors contribute to shape
the milk microbiota or affect its composition, including host and environment factors as well as
methodological factors, which likely introduce distortion in milk microbiota analysis.
Several questions remain on this complex microbial moiety of milk, in relation to its origin, the factors
shaping its composition, its viability, and on its contribution to infant’s gut microbiota establishment and
health as well as mammary gland health. The origin of milk microbiota remains a matter of debate. Milk
microbiota is likely a combination of microorganisms originating from mother skin and infant oral cavity
as well as from maternal gut through a yet hypothetical entero-mammary pathway. Besides,
discrepancies between culture-dependent and independent studies suggest that part of milk microbiota
is either non-viable or non-cultivable, inviting us to a better characterisation through high-throughput
culture-dependent methods.
The latest findings on the role it plays in the offspring physiology and health suggest milk microbiota
contribute to infant gut microbiota shaping [2]. Likewise, milk and mammary gland microbiota diversity
and composition were shown to be related to mammary gland health. Finally, several studies support
milk microbiota as a reservoir of beneficial bacteria for both infant’s gut and mother‘s mammary gland
health, inviting us to further explore this fascinating microbial community.
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BREAST MILK MICROBIOTA: BEYOND BACTERIA
Maria Carmen Collado
Department of Food Biotechnology, IATA-CSIC, Spain
mcolam@iata.csic.es

Beyond nutritional aspects, human milk contains bioactive compounds, such as microorganisms,
oligosaccharides and other substances, which are involved on host-microbe interactions. Most of the
studies have been focused on bacteria, however, emerging evidence shows that human milk also
includes yeast, fungi and viruses that are also transmitted via breastfeeding to the infant gut. Those
organisms would play a relevant role for the infant microbial colonisation and immune system
maturation. Thus, this presentation is aimed to provide a global overview on milk microbiota composition
and activity, factors shaping its composition and their potential biological relevance as well as the
scientific evidence on the presence of other organisms beyond bacteria.
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HUMAN MILK: GLYCOBIOLOGY AND MICROBIOTA
Bernd Stahl
Human Milk Research & Analytical Science, Danone Nutricia Research, the Netherlands and
Department of Chemical Biology & Drug Discovery, UIPS, Utrecht University, the Netherlands
bernd.stahl@danone.com

The first 1000 days, starting after conception, are a period of rapid growth and development with specific
nutritional requirements. The nutritional influence begins parenterally in utero and is affected by the
nutritional status and environment of the mother. After birth, human milk (HM) is the preferred nutrition.
The composition of HM is uniquely tailored to infant’s specific demands and is influenced by diet, genes,
lifestyle and health of mother and child. WHO recommends exclusive breastfeeding (BF) for first six
months, and continued BF with adequate complementary foods for up to two years and beyond. The
development of the gastro-intestinal tract and its microbial ecosystem during early life is largely
influenced by human milk (HM) tuning the infant’s immune responsiveness and metabolism towards
requirements.
Human milk offers nutrients and other bioactive factors of which many are glycans and glycoconjugates
[1]. More than thousand different HM proteins with hundreds of glycoproteins [2] reflecting variable
functional and nutritional needs. The lipid fraction of HM is composed of variable (long-chain
polyunsaturated) fatty acids as part of triglycerides, polar lipids (incl. glycolipids) within a complex milk
fat architecture driving regulation of energy homeostasis and cognitive development and immunity. HM
contains – as third largest fraction – human milk oligosaccharides (HMOS) with more than 200 identified
complex molecular structures affecting the microbiota and the developing immune system [3]. The main
prebiotic effect of HMOS could be translated into a concept for prebiotic nutrition for the first 1000 days
by applying specific complex mixtures of proven prebiotics. With this concept, a beneficial microbiota,
accompanied by a reduction of pathogens, and improvement of stool characteristics, reduce incidences
of infections and allergic symptoms can be achieved. More recently, it was discovered that HM contains
low levels of beneficial bacteria and their metabolites (postbiotics). The relevance of these HM biotics
(HMOS, pre-, pro-, syn- and postbiotics) and their physiological effect for mother and child is currently
being explored [4]. Future studies on the causes and consequences of the variation in HM composition
related to maternal nutrition, health and lifestyle will deepen our understanding of the nutritional needs
of mothers and their young children during the first 1000 days. The structure-function-relation of free
and bound glycans of human milk play a crucial role in our understanding of the optimal development
of the infants including their microbiota during the first 1000 days [5].
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HUMAN MILK OLIGOSACCHARIDES: NEXT-GENERATION FUNCTIONS AND QUESTIONS
Lars Bode
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Human milk oligosaccharides (HMOs) are complex sugars (carbohydrates) that represent the third most
abundant component of human milk after lactose and lipids. More than 150 different and structurally
distinct HMOs have been identified so far and accumulating data indicate specific structure-function
relationships – in other words: different HMOs have different functions. HMO composition varies
between different women and recent research focuses on how fixed and modifiable maternal factors
influence HMO variation. Once ingested, HMOs resist degradation and reach the distal parts of the
gastrointestinal tract. Here, HMOs serve as natural prebiotics and help shape the infant gut microbiome
with immediate and potential long-term consequences for health and development, including infant
growth, body composition and potential risk of childhood obesity. However, HMOs are more than just
‘food for bugs’. HMOs serve as antimicrobials and antiadhesives that keep potential pathogens in check.
HMOs also have direct effects on epithelial cells as well as on immune cells, both locally in the
gastrointestinal tract as well as systemically. Some of the effects of HMOs are highly structure-specific
and dose-dependent, suggesting that they interact with specific host and/or microbial receptors. Specific
HMOs are required to exert these effects while other, structurally distinct HMOs cannot mimic these
effects. Other HMO effects require a particular ‘mixture’ of HMOs with specific ratios of different HMOs
to each other. One HMO alone is ineffective; instead, a group of different HMOs is required to act
together in modulating the composition and activity of microbial communities and/or a complex immune
system response.
HMOs were first discovered in the mid 1950s and HMO research has come a long way since and has
been greatly accelerated over the past few years due to advances in analytical technologies as well as
in methods to generate individual HMOs at large scale for research and application. However, we are
still at the very beginning of uncovering the complexity of HMOs and understanding their full potential in
influencing immediate and long-term infant health and development.
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SESSION 8
BENEFICIAL MICROBES TO COMBAT VIRAL INFECTIONS – THE FOCUS ON SARS-CoV-2
Interspecies transmission of viruses may result in newly emerging diseases causing major threats to
public health. Can beneficial microbes play a prophylactic and supportive therapeutic role for the
management of such viral diseases? This session will focus on SARS-CoV-2 and collect currently
available information providing a starting point for future research related to this topic.
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THE GUT MICROBIOTA – COULD IT BE A TOOL IN THE FIGHT AGAINST COVID-19?
Gemma Walton
University of Reading, UK
g.e.walton@reading.ac.uk

The COVID-19 pandemic has had a destructive effect upon millions of people worldwide, whilst
changing the way we all work and interact. From the start of the pandemic evidence has suggested a
link between the infection and gut microbial community. This could be an interesting area of focus as
the gut microbiota is one of several factors that may contribute towards severity of infection. The gut is
heavily linked to immunity, inflammatory status, and the ability to challenge pathogens, as such it is
worthwhile considering dietary intervention of the gut microbiota as means of potentially challenging the
viral outcome. Therefore, links between the gut microbiome and COVID-19 infection will be considered
along with current emerging evidence from trials to discuss whether the gut microbiome could be a tool
in the fight against COVID-19 infection.
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LOOKING FOR A POWERFUL ALLY: COULD PROBIOTICS BE A TRUMP CARD IN PREVENTING
AND TREATING COVID-19?
Benedetta Bottari
Department of Food and Drug Science, University of Parma, Italy
benedetta.bottari@unipr.it

It has been a year since the Covid-19 pandemic brought about the end of our peaceful dreams. Used
to working with good bacteria and without the possibility to go to the lab, one year ago we started thinking
to collect available information on the different possible roles that probiotics could have in the framework
of this extremely severe illness, providing a starting point for future studies focusing on this topic.
Nowadays, much more information is available on how probiotics could be used to reduce the burden
and severity of SARS-CoV-2 infections. In particular, the modulation of the gut microbiota by probiotics
has been considered as a potential approach in Covid-19 management, as alterations of intestinal
microbiota have been observed patients who contracted the viral infection, even if no antibiotic therapy
was used. These observations have also been extended to the knowledge of a lung-gut axis, as through
a gut-lung crosstalk, after the potential improvement of gastrointestinal symptoms by probiotics, the
respiratory system could also be protected. Other roles have been hypothesised for probiotic bacteria
in the pandemic, considering their effect on immune systems, ACE enzymes and respiratory tracts
infections. Even if so far the rationale for using probiotics in COVID-19 is derived from indirect evidence,
and there is still the need for a more targeted approach through the characterisation of probiotic strains’
specific properties, clinical trials and evidence-based medical data, the literature is increasingly agreeing
in considering probiotics as a powerful ally in preventing and treating SARS-CoV-2 infections.
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ENGINEERED LACTOBACILLI FOR USE IN ORAL VACCINES AGAINST HUMAN
CORONAVIRUSES
Gregg Dean, B. Curtis, A. Vilander, Y.J. Goh and R. Barrangou
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In response to the Severe Acute Respiratory Syndrome 2 (SARS CoV2) pandemic, several vaccines
have been tested, approved, and deployed with remarkable speed. Global distribution to low- and
middle-income countries, however, will take much longer and may not be possible due to cost, limited
availability and need for cold-chain during transport and storage. Currently, most SARS CoV2 vaccines
depend on neutralising antibody against the S1 region of the spike protein that is prone to mutation and
can result in immune evasion. Thus, a vaccinated population may become susceptible to variant viral
strains necessitating a strategy for recurring vaccination. We are investigating recombinant
Lactobacillus acidophilus (rLA) as a vaccine platform to protect against coronaviruses and other
mucosally-transmitted viruses. We have developed a strategy to enhance immunogenicity of this
probiotic organism by the addition of adjuvants that broaden innate immune activation and by targeting
the vaccine to immune-inductive sites. We have also developed several strategies to express pathogen
peptides and proteins selected to provide broad humoral and cellular immunity at the mucosa and
systemically. A rLA vaccine platform would be inexpensive and easy to manufacture, would not require
cold-chain storage, and would be orally delivered, thereby avoiding the requirement for administration
by trained medical personnel. Such an approach could also be deployed as a pan-coronavirus vaccine
to pre-emptively protect against the emergence of new coronaviruses into humans in the future.
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COVID-19 VACCINE IN PROBIOTIC BACTERIA
Deepika Awasthi
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Coronavirus disease-19 (COVID-19) caused by coronavirus SARS-CoV-2, from its first report of
endemic spread in December 2019, evolved into a global pandemic within a few months. Development
of targeted vaccine against the SARS-CoV2 infection was the most sought approach since it will be a
long-term effective control strategy. Though existing commercial vaccine platforms include either
attenuated/dead virus/bacteria or the original/recombinant antigenic region of pathogen (subunit
vaccine), that can elicit an immune response but, the emergency use approved COVID-19 vaccine is
mRNA based new technology. The struggle of finding a vaccine for COVID-19 disease seems to be
coming to an end with emergency use approvals on the use of mRNA-based vaccines yet a giant
concern is shaping next. The mRNA-based vaccines are shipped and stored frozen (-80°C to -60°C),
they require intramuscular injections and two doses at specific time duration. Each of these attributes
are also a challenge of this technology considering the necessity is rapid global immunisation. As we
see, an enormous focus of research has been and will be, in identifying these molecules and agents
that can work as a vaccine candidate for immunisation, however, the challenges of manufacturing,
storage and administration are still widely overlooked. The ongoing pandemic: COVID-19 has prompted
to review this vulnerability and address with developing long term as well as intermediate solutions for
the future. In that regard, we propose developing probiotic organisms as an oral-vaccine platform for a
solution.
The use of oral probiotics is known to support health benefits due to their natural ability to elicit local gut
immune response, antimicrobial properties and aiding in digestion. With the state-of-art synthetic biology
tools and techniques developed in Biosciences Division at Berkeley Lab, the probiotic host platforms
and their ability to produce therapeutic biomolecules can be easily expanded. In this presentation, our
efforts to engineer Bacillus subtilis for recombinant subunit COVID-19 vaccine, an approach reducing
the burden on manufacturing, will be discussed. In addition, the added benefit of delivering the
engineered B. subtilis vaccines/drugs via oral administration will also be highlighted. Although current
efforts specifically focus on targeting SARS-CoV2, this work lays an important foundation for more
generalised use of B. subtilis and other engineered probiotics to address large scale development,
production, and delivery of vaccines or drugs.
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SESSION 9
BENEFICIAL MICROBES IN HEALTH AND DISEASE: WHAT FURTHER?
The use of beneficial microbes is increasing in popularity for both the improvement of health and
the treatment of diseases. In this session, some diverse studies will be presented.
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POSSIBLE CONTRIBUTION OF GUT DYSBIOSIS TO THE PATHOGENESIS OF ANOREXIA
NERVOSA
Nobuyuki Sudo
Department of Psychosomatic Medicine, Graduate School of Medical Sciences, Kyushu University,
Japan
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Anorexia nervosa (AN) is a psychological illness with devastating physical consequences; however, its
pathophysiological mechanism remains unclear. Because numerous reports have indicated the
importance of gut microbiota in the regulation of weight gain, it is reasonable to speculate that AN
patients might have a microbial imbalance, ‘gut dysbiosis’.
In this presentation, I would like to talk about the possible contribution of gut microbes to the pathology
of AN, based on our research data. We first compared the faecal microbiota of female AN patients
(n=25) with those of age-matched healthy female controls (n=21) using the Yakult Intestinal FloraSCAN. The AN patients had lower amounts of total bacteria and obligate anaerobes, including those
from the Clostridium coccoides group, Clostridium leptum subgroup, and Bacteroides fragilis group than
the age-matched healthy women [1]. Next, the serum metabolic profiles of 10 female patients with
restricting type anorexia nervosa (ANR) were compared to those of 10 age-matched healthy female
controls. As a result, the levels of uremic toxins, including p-cresyl sulphate (PCS), indole-3-acetic acid,
and phenyl sulphate, were higher in ANR patients. The serum PCS levels correlated positively with the
abundance of the C. coccoides group or the C. leptum subgroup in the faeces of patients, but not in
those of controls, suggesting that C. coccoides and/or C. leptum may be involved in such an increase
in uremic toxins [2]. Finally, germ-free mice were reconstituted with the microbiota of anorexia nervosa
restricting-type patients (gAN mice) and healthy control individuals (gHC mice). Compared with gHC
mice, gAN mice showed a decrease in body weight gain, concomitant with reduced food efficiency ratio
(body weight gain/food intake), suggesting that the capacity to convert ingested food to unit of body
substance may contribute to poor weight gain. Both anxiety-related behaviour measured by both openfield and marble-burying tests were increased only in gAN mice but not in gHC animals [3].
Collectively, these results suggest that AN-specific dysbiosis may contribute to AN-specific pathologies
such as poor weight gain and neuropsychiatric abnormalities.
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PRE- AND PROBIOTIC STRATEGIES FOR GUT HEALTH IN SPACE
Silvia Turroni
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Space travels are typically associated with several stressors, including microgravity, fluid shifts, galactic
cosmic radiation, sleep deprivation with alteration of circadian rhythms and, in general, stressful
conditions due to prolonged isolation and confinement, collectively referred to as the space exposome.
These stressors can lead to major changes in body systems, including changes in metabolic health,
musculoskeletal system, neurobehavioural health, immune system and gastrointestinal system, with
potentially critical implications for health and mission success.
Spaceflight and analogue studies have consistently highlighted a dysbiotic profile of the gut microbiome,
generally characterised by low diversity, rich in pathobionts while poor in health-associated short-chain
fatty acid producers. Based on current evidence, prebiotic- and probiotic-based countermeasures could
represent feasible means to balance the gut microbiome and maintain the space travellers’ health in the
long term. However, there are still many shortcomings on their usability in space that parallel what is
available on Earth.
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WHAT’S IN YOUR YOGURT? – GENOME STABILITY OF LACTICASEIBACILLUS RHAMNOSUS,
LGG® DURING INDUSTRIAL PRODUCTION AND IN YOGURT
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Lacticaseibacillus rhamnosus GG, commercially known as LGG®, was originally isolated from a human
faecal sample by Sherwood Gorbach and Barry Goldin in 1985 and was identified as a potential probiotic
based on its good acid and bile tolerance, adhesion capacity and growth characteristics [1]. Since its
introduction into the market in 1990, LGG® has become one of the most widely marketed and studied
probiotic strains. The LGG® strain has demonstrated health benefits in numerous clinical trials [2-6].
Genomic and in vitro studies have shown that the LGG® genome contains genes that are important for
probiotic functions, such as the spaCBA-srtC1 gene cluster encoding pili [7]. The pili of LGG® are
important for mucus adhesion [8] and also possibly the elimination of VRE colonisation via a competitive
exclusion mechanism [9].
Genome instability in L. rhamnosus GG isolates purified from commercial dairy products has been
reported, where deletions were observed in the regions encoding the spaCBA genes [10]. Given the
importance of pili for mucus adhesion and persistence in the intestine, loss of the spaCBA genes could
result in reduction or loss of efficacy of the strain. Therefore, we investigated genome stability of LGG®
produced in the industrial process at Chr. Hansen A/S. We analysed the initial stock, pre-fermentation
samples and final freeze-dried material from seven different production batches and did not find any
deletions or SNPs [11]. Thus, we demonstrate that the genome of LGG® is remarkably stable throughout
the industrial production process. We also show that pili are present on final freeze-dried products and
that different production batches of LGG® exhibit consistent phenotypes on in vitro assays such as acid
and bile tolerance. In addition, we demonstrate high genome stability of LGG® in a yogurt matrix.
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BIODIVERSITY IS AT THE CORE OF OUR HEALTH, A CALL FOR MODERN RECOVERY OF
BIODIVERSITY FOR OUR HEALTH
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Since the industrial revolution human exposure to microbes has been drastically diminished in amount
and diversity for a number of reasons. First of all, the biodiversity has been reduced in our ambient
environment as a result of urbanisation. Second, our daily ingestion of microbes has been limited in food
and water as a result of processing and purification, respectively. Third, the overuse of antimicrobial
cleaning agents and antibiotics has led to reduced microbial exposure. These ‘developments’ of
westernisation have led to a reduction of the diversity of our microbiome. Interestingly, there is an
accumulating amount of evidence that the diversity of the human gut microbiome is intimately linked
with our health. For example, healthy centenarians have a higher diversity of microbes in their guts than
the control group, and many chronic physical and mental diseases are linked with a poor microbial
diversity.
Resilient health
Strong & Balanced
Immune system
Diverse & stable
microbiome
Air & food with
High microbial diversity
Urbanisation & agriculture
Based on high biodiversity

These findings form the essentials of the revision of the hygiene hypothesis, also known as the
biodiversity hypothesis of health: reduced contact of people to the natural environment and its
associated microbial biodiversity may adversely affect the human commensal microbiota and
its immunomodulatory capacity.

BMC2021 – virtual conference
22-24 March 2021

74

WEDNESDAY 24 MARCH 2021

SESSION 10
PRE- AND PROBIOTICS IN ANIMAL HEALTH AND NUTRITION – PART 2
Research is going on to establish the role of pre- and probiotics in animal health and nutrition.
Recent advancements will be highlighted.
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BACTERIAL PROBIOTICS FOR ADULT HORSES – NEW PERSPECTIVES AND FUTURE
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Currently no bacteria are authorised as feed additives for adult horses in Europe. Research studies
assessing the efficacy of bacteria as potential probiotics in mature horses have mainly dealt with lacticacid bacteria (LAB) from Bifidobacterium, Enterococcus, Lacticaseibacillus, Lactobacillus,
Lactiplantibacillus, Levilactobacillus, Ligilactobacillus, Limosilactobacillus, and Streptococcus genera.
The effects have been investigated on performance, digestibility, and health. In exercised horses, the
use of one LAB strain did not induce modifications [1], while supplementing a mixture of seven strains
of different LAB decreased post-training blood lactate concentration, suggesting a switch of energy
source in muscle from carbohydrates to SCFAs [2]. The effect of LAB was measured on organic matter
and cell-walls apparent digestibility. Whereas digestibility was not modified in horses fed one strain or a
mixture of four strains [1,3], it increased in horses receiving a mixture of two LAB strains [4]. Changes
in hindgut bacteria and microbial activity appeared concomitantly suggesting a higher fibrolytic activity
in horses fed the mixture of two LAB strains [5]. Further data reported also numerically higher counts of
cellulose-utilising bacteria and higher VFAs concentrations in the colon of horses fed a mixture of two
strains of LAB [6]. In mature horses, LAB have mainly been assessed for their effect on intestinal
pathogens growth and diseases. Supplementing mixtures of LAB strains to horses with colic did no
modify Salmonella faecal shedding, prevalence of postoperative diarrhoea, duration of antimicrobial
treatment or the hospitalisation of horses [7]. Two later studies confirmed that the incidence of
Salmonella faecal shedding was not significantly modified using two LAB mixtures [8-9]. In healthy
horses fed a mixture of LAB, Clostridium numbers remained stable throughout the experiment [9] but
healthy horses receiving one LAB strain had significantly lower faecal concentrations of E. coli [1].
Studies assessing how LAB acts to prevent pathogens infection or prevent disease are lacking in the
mature horse. LAB are known to exert beneficial effects in mammalians through the barrier function and
immunomodulation improvement. Recent findings in our research team (Collinet, A. et al.) suggested
that supplementation with a mixture of three LAB strains could have interesting mucosal
immunomodulatory effects due to a stabilisation of faecal secretory IgA levels in vivo in adult horses
subjected to an oral administration of antibiotics. The focus of study on potential bacterial probiotic
should be placed on other species playing a crucial role in the hindgut. Recent in vitro studies have
brought preliminary data on the use of two strains isolated from the horse hindgut. When Megasphaera
elsdenii was added to equine caecal contents provided with different feed substrates, lactate
accumulation was reduced, pH stabilised, and fermentative activity enhanced [10]. In our research team,
we conducted an in vitro study with a commensal keystone bacterium, Fibrobacter succinogenes that
we isolated. We showed that in vitro gas production increased, and D-lactate concentration decreased
significantly [11]. These two strains have a probiotic potential to regain an intestinal balance, decrease
acidosis that might confer nutrition and health benefits to the horse but requires further research.
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THE EFFECT OF CARBOBIOTICS ON CHICKEN INTESTINAL HEALTH
Miriam Oost and K. Venema
Centre for Healthy Eating & Food Innovation, Maastricht University – Campus Venlo, the Netherlands
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Early-life coccidiosis in broiler chickens is a well-recognised veterinary health problem, caused by
protozoan parasites of the genus Eimeria. Eimeria causes intestinal disease and predisposes for
overgrowth by harmful gut bacteria, such as Clostridium, which can result in severe gut inflammation.
Prebiotic carbohydrates have shown beneficial effects in Eimeria infected broilers regarding gut health
and can reduce the impact of these intestinal infections by promoting mucosal immune fitness. However,
the knowledge on the mode-of-action is limited.
To study the effect of carbohydrates on chicken intestinal health, we make use of the Chicken
ALImentary tRact mOdel-2 (CALIMERO-2), which is based on the TIM-2 system. CALIMERO-2 mimics
the ceca of broiler chickens and was used to study the microbiota composition and function. This study
shows a difference in alpha and beta-diversity between the various carbohydrates. Moreover, the
carbohydrates adjust the taxonomic composition, for example, the beneficial Prevatellaceae bacteria is
significantly increased in TS2, TS3 and the positive control, compared to the negative control. These
results indicate that these selected carbohydrates can affect the microbiota and might have some gut
health-promoting effects.
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SUPPLEMENTATION OF A LIVE YEAST PROBIOTIC IMPROVES DIGESTIVE FUNCTIONS AND
OXIDATIVE STATUS OF GESTATING EWES
Lysiane Duniere1,2, D. Esparteiro1,2, Y. Lebbaoui1,2, E. Forano2, E. Apper1 and F. ChaucheyrasDurand1,2
1
2

Lallemand SAS, France
UCA-INRAE UMR 454 MEDiS, Centre INRAE Auvergne Rhône-Alpes, France

lduniere@lallemand.com

The objective of this study was to investigate the modifications of gastrointestinal microbiota and ruminal
function during the highly challenging period of peripartum in ewes, as well as the parturition impact on
metabolic and oxidative status of the animal. A second objective was to study the effect of a live yeast
probiotic daily supplementation, a few weeks before parturition, on those parameters. Ewes were
supplemented daily by Saccharomyces cerevisiae SC (CNCM I-1077, Levucell SC), distributed in the
concentrate at a rate of 8 x 109 CFU/head/day, during the last month of gestation. Ewes were fed a high
forage diet and monitored up to two weeks after parturition. Biological samples were collected before
supplementation, around parturition and 2 weeks post-partum from ewes supplemented or not with the
probiotic. Ruminal VFA concentrations were measured, and rumen and faecal microbiota were analysed
through DNA metabarcoding approaches. Blood samples were collected to assess oxidative stress and
metabolic markers.
Rumen and faecal microbial parameters were both significantly affected a few days before parturition in
the control group. In the rumen, we observed a drastic numerical decrease of Fibrobacteres phylum
relative abundance. Main changes in faeces were a decrease in alpha-diversity of bacterial community
as well as a significantly reduced relative abundance of the Fibrobacteres phylum. Interestingly, changes
observed just before parturition were alleviated in the SC supplemented ewes. In particular, a weaker
decrease of Fibrobacteres was observed along the digestive tract, suggesting a more stable microbial
ecosystem. In addition, a lower abundance of Euryarchaeota was observed close to parturition while
Verrucomicrobia were less abundant post-partum in SC group. A high abundance of these 2 functional
taxa has been observed in high methane emitting animals. Although the relative abundance of anaerobic
fungi decreased around parturition in both groups, a better stability of protozoal populations was
observed in SC group, strengthening thus the hypothesis of a more stable microbial ecosystem. As
expected, a higher number of sequences assigned to Saccharomyces genus was retrieved in SC group
at the end of supplementation period. Fermentative activity of the rumen microbiota was modified by SC
supplementation with a higher stability of total VFA concentrations compared to Control group along the
experimental period. Control ewes were observed to be more prone to oxidative stress, as shown by an
increase in malondialdhehyde (MDA) concentration, a lower total antioxidant status, and a higher
glutathione peroxidase (GPx) activity. In ewes supplemented with SC, GPx activity was shown to
increase close to parturition, suggesting a more active removal of free radicals, and MDA concentration
was significantly decreasing, indicating less lipid peroxidation. The negative energy balance of the
animals was estimated through blood metabolic markers such as non-esterified fatty acids (NEFA), βhydroxybutyric acid (BHBA) and glucose and through hepatic biomarkers (aminotransferases, alkaline
phosphatase (ALP) and gamma glutamyltransferase (γ-GT)). Those biomarkers showed great variability
among animals but indicated an overall good adaptation of the diet to the animal needs.
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PRE- AND PROBIOTICS TARGETING THE MICROBIOTA OF THE SMALL INTESTINE
Richard Ducatelle, F. Van Immerseel, P. Choi and E. Goossens
Department of Pathology, Bacteriology & Avian Medicine, Faculty of Veterinary Medicine, Ghent
University, Belgium
richard.ducatelle@ugent.be

Compared to the vast amount of information published on the microbiota of the large intestine, much
less is known about the microbiota of the small intestine, especially regarding the duodenum and
jejunum. In man, this is explained by the difficulty to access these segments of the intestine, but even
in lab animals, domestic animals and wildlife, data are limited. From what is found in the literature, it can
be concluded that the microbiota of duodenum and jejunum is characterised by its low density
(especially so in the duodenum), low levels of viability and culturability, relatively low diversity, and a
remarkable clustering close to the microbiota of oral dental plaque and saliva. When the density
increases and exceeds the empirical threshold of 10 3 CFU/ml in duodenal aspirate, a condition called
SIBO (small intestinal bacterial overgrowth) is observed, which is associated with an increased relative
abundance of Proteobacteria. We found that incubation of some butyrate producing strict anaerobes at
low pH (mimicking gastric passage) does not affect their viability but does result in a temporary loss of
culturability, resembling the viable but non-culturable state, as described in other conditions. This means
that these microorganisms pass through the small intestine metabolically inactive, thus not competing
with the host for the uptake of nutrients. Moreover, the duodenum and jejunum constitute a hostile
environment for bacteria, due to a myriad of antibacterial substances produced by the epithelial cells.
These include alkaline phosphatase, which inactivates LPS from gram-negative bacteria, peptidoglycan
receptor protein and a range of antibacterial peptides, which form pores in the peptidoglycan layer on
the bacterial surface, and lysozyme, which breaks peptidoglycan down into its smallest bioactive
fragment, muramyl dipeptide. The microbiota of the ileum is characterised by a moderate density (103108/ml), a dominant population of lactobacilli, adherence of Candidatus Savagella to the epithelial cells,
and the interaction with the host immune system in Peyer’s patches.
All the literature data point into the same direction: numerous mechanisms are in place to suppress
bacterial load in the small intestine, and failure of these mechanisms lead to SIBO, which is a
pathological condition. We investigated whether a Bacillus strain (29784) was able to steer the
conditions in the small intestine. Being an aerobic organism, it seemed logical that we found this
organism to be metabolically active only in the small intestine. However, this was the case already in
the duodenum, indicating that it did not enter the viable but non-culturable state. Bacillus 29784
treatment suppressed the abundance of functional modules involved in degradation of a range of amino
acids and chondroitin sulphate, and involved in nitrate reduction by ileum microbiota, especially through
suppressing Enterobacteriaceae. In vitro metabolome analysis showed remarkable production of
hypoxanthine, which was also found to be increased in the small intestinal content in an in vivo mouse
experiment. We speculate that the hypoxanthine contributes to the antibacterial defence by providing
additional substrate to the xanthine oxidase which is produced by the epithelial cells.
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CHALLENGES FOR NEXT-GENERATION PROBIOTIC PRODUCTS
Despite the significant amount of evidence obtained so far on the use of probiotics to promote lifelong
human and animal health, a few important questions have not been answered yet, limiting the
effective use of probiotics in (clinical) practice. The aim of this session is to highlight
some of these existing issues.
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CHALLENGES OF USING PROBIOTICS TO MANIPULATE GUT METABOLITES: INSIGHTS
FROM AN APPLIED BIOANALYST
Liam M. Heaney
School of Sport, Exercise and Health Sciences, Loughborough University, UK
l.m.heaney2@lboro.ac.uk

Recent years have seen a rapid rise in the interest of the metabolic by-products released by bacteria
resident in the gut. These metabolites are produced via normal bacterial metabolic processes and are
often absorbed into the systemic circulation where they are able to be transported around the body.
There is ever-increasing evidence to suggest that these metabolites are related to the progression, or
protection, of disease and other health conditions. It is, therefore, unsurprising that steps are being taken
in an attempt to manipulate these pathways to bring about the desired result in terms of systemic levels
of the bacterial metabolites, or their downstream counterparts. These metabolites are broadly
categorised into those which have been shown to be associated with poor outcomes in disease, and
those to the contrary which seem to offer some protection towards processes such as the inflammatory
and immune response.
In this talk, I will briefly highlight examples of these metabolites and where we have seen either negative
or positive evidence for their presence. This will further expand to discuss the use of probiotics to
manipulate their levels, with a discussion on the evidence to either increase or decrease levels through
targeted probiotic supplementation. Finally, I will consider the challenges that we currently face for our
human-based trials, principally linked to the integration of knowledgeable microbiologists. It is no secret
that for human interventional scientists, applied bioanalysts (such as myself), and clinicians looking to
improve patient care, the need to integrate microbiologists and industry partners is paramount to
strategically design studies that are most likely to find success. This presentation provides a light touch
approach to the topic but is intended to initiate thoughts and strategies to actively improve our research
across all aspects including human trials, the microbiome manipulation, collection, and analysis of
biosamples, and interpretation of results associated with clinical and population health.
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HOW THE CHANGES IN LACTOBACILLUS TAXONOMY WILL BOOST NEW INSIGHTS IN
EVOLUTIONARY HISTORY AND ECOLOGY
Sarah Lebeer
Department of Bioscience Engineering, UAntwerpen, Belgium
sarah.lebeer@uantwerpen.be

Lactobacilli form the largest group of bacteria with documented probiotic activities. Since Nobel-laureate
Eli Metchnikoff hypothesised that lactic acid bacteria can promote human health in the gut, the research
on lactobacilli and probiotics has mainly focused on the human gut and fermented dairy foods. However,
a major knowledge gap exists on the beneficial potential of lactobacilli in other human body sites, such
as the vagina, or other fermented foods, such as fermented vegetables. Recent more advanced whole
genome and microbiome amplicon sequencing tools now allow for novel insights in the biology and
specific properties of different lactobacilli. For example, the increasing availability of whole genome
sequences has stimulated a major taxonomic revision. The old Lactobacillus genus complex comprised
250 species that were extremely diverse at phenotypic, ecological, and genotypic levels. Moreover, it
was paraphyletic, with also the genus Pediococcus and the entire family of the Leuconostaceae having
the same most common recent ancestor as all species in the old Lactobacillus complex. Therefore, an
international consortium led by Michael Gänzle (Canada), Giovanna Felis (Italy), Paul O’Toole (Ireland)
and our team (Belgium) evaluated the taxonomy of Lactobacillaceae and Leuconostocaceae on the
basis of whole genome sequences. Parameters that were evaluated included core genome phylogeny,
pairwise average amino acid identity, clade-specific signature genes, physiological criteria, and the
ecology of the organisms. Based on this approach, a break-up of the genus Lactobacillus into 25 genera
was proposed. This included the new strictu sensu Lactobacillus genus that had been referred to as the
L. delbrueckii group, Paralactobacillus and 22 novel genera (Holzapfelia, Amylolactobacillus,
Bombilactobacillus, Companilactobacillus, Lapidilactobacillus, Agrilactobacillus, Schleiferilactobacillus,
Loigolactobacilus, Lacticaseibacillus, Latilactobacillus, Dellaglioa, Liquorilactobacillus, Ligilactobacillus,
Lactiplantibacillus, Furfurilactobacillus, Paucilactobacillus, Limosilactobacillus, Fructilactobacillus,
Apilactobacillus, Levilactobacillus, Secundilactobacillus, and Lentilactobacillus). We also proposed to
extend the description of the family Lactobacillaceae to include all genera that were previously included
in families Lactobacillaceae and Leuconostocaceae. The generic germ ‘lactobacilli’ was considered to
be still useful to designate all organisms that were classified as Lactobacillaceae until 2020.
The advantages of this reclassification include less miscommunication and better insights into shared
ecological and metabolic properties of the different clades or new genera, as exemplified for the new
Lactobacillus strictu sensu encompassing species adapted to vertebrates, such as L. delbrueckii and
the vaginal type strains L. crispatus, L. jensensii L. iners, more gut-adapted L. johnsonii, and L.
acidophilus, and invertebrates, such as L. apis and L. bombicola. The adaptation of especially the typical
vaginal species is currently explored in our Citizen Science project on the female microbiome
(www.isala.be).
This new taxonomy helps us to frame new hypotheses for further research based on knowledge of
shared traits or signature genes of the different newly proposed genera.
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WHAT’S THE POINT IN LIVING IN SOMEONE’S GUT? THE BIFIDOBACTERIAL PERSPECTIVE
Douwe van Sinderen
School of Microbiology & APC Microbiome Ireland, University College Cork, Ireland
d.vansinderen@ucc.ie

Bifidobacteria are common commensals of the (lower) gut of humans and other mammals. The are
known to rapidly colonise the human gastrointestinal tract immediately following birth and reach high
relative abundance in vaginally-delivered, breast-fed babies.
This presentation will cover some of the reasons as to why bifidobacteria are so successful in colonising
the highly competitive gut, why it matters to them what the diet of their host is, and that there are very
specific interactions between bifidobacterial and their host, that will benefit the latter. In particular,
microbe-host interactions involving bifidobacterial pili and exopolysaccharides will be highlighted,
arguing in the latter case that not all bifidobacteria provide the same functionalities. Finally, this
presentation will provide some perspectives on how the accumulating scientific knowledge on
bifidobacteria is expected to provide guiding principles with respect to rational, research-based probiotic
and prebiotic selection.
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NEXT GENERATION PROBIOTICS THAT STIMULATE A HEALTHY MUCOSA
Clara Belzer
Department of Agrotechnology and Food Sciences, Wageningen University & Research, the
Netherlands
clara.belzer@wur.nl

An important factor in the symbiosis between humans and microbes is the interplay between microbes
and human-produced glycans in mucin and breast milk. These complex glycan structures act as a
protective barrier against microorganisms but are also used as substrates by microbiota members. A
diversity of gut microbiota members has adapted towards utilisation of host-produced glycans and
colonise the early gut and mucosal layer. This can induce several health benefits like immune, metabolic
stimulation and the production of beneficial metabolites and vitamins can improve gut health.
Collaborative microbial metabolic networks are needed to degrade the complex and diverse glycanstructures and in synthetic communities the degradation process is more efficient and faster and will
yield more benefits to the host. Nutrition that targets these beneficial mucin colonisers can stimulate
their growth and activity and as such the stimulate mucosal health.
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FASCINATING DEVELOPMENTS IN DELIVERY OF VIABLE PROBIOTICS TO THE INTESTINES:
A TALE OF TWO FORMULATIONS
Koen Venema
Centre for Healthy Eating & Food Innovation, Maastricht University – Campus Venlo, the Netherlands
k.venema@maastrichtuniversity.nl

Probiotics are life microorganisms, which, when administered in adequate amounts, have a health
benefit on the host. In general, the assumption is that life microorganisms interact with the host in the
intestines more so than dead bacteria or bacterial fragments, and that this leads to the observed health
benefits. Therefore, it would be good to increase the delivery of life cells to the intestines, especially for
those probiotic strains that are very sensitive to the low pH in the gastric compartment. One way to
accomplish this would be to protect the cells from interacting with gastric acid by providing them with a
coating or encapsulating them. In this presentation, I will present two strategies to increase the number
of viable cells in the small intestine. One makes use of an enteric coating around a tablet with probiotics
[1], the other incorporates the cells in a capsule-within-capsule technology [2].
The enteric coating was developed using the sophisticated, dynamic in vitro model of the stomach and
small intestine (TIM-1). Using standardised settings, the polymers that constitute the coating, as well as
the thickness of the coating was optimised by testing 7 different potential coatings against the uncoated
(core) tablet and the powder that was used to press the tablet [1]. For the capsule-within-capsule
technology, the probiotics were placed in the inner capsule and surrounded by Ahiflower oil in the outer
capsule [2]. The survival in TIM-1was compared in a situation where the oil was not present.
Both strategies led to an increase in viable cells delivered to the small intestine. For the enteric coated
tablet (BION3, containing 3 probiotic strains: 1 Lactobacillus and 2 bifidobacteria), this was ~40 fold for
the bifidobacteria and >100-fold for the Lactobacillus strain. For the capsule-within-capsule technology
(containing 2 bifidobacteria and 3 lactobacilli), this was 2-fold. The latter seems a small increase, but
this increase could just be the tipping-point between an efficacious and a non-functional product.
References
1. Venema, K. et al., 2019. Letters in Applied Microbiology 69: 325.
2. Venema, K. et al., 2020. Beneficial Microbes 8: 1.
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P1
Effect of Saccharomyces cerevisiae var. boulardii supplementation in sow diet on sow and
piglet microbiota, health, and performance
Caroline S. Achard, F.A. Eugenio, E. Apper, S. Combes, H. Quesnel and N. Le Floch
Lallemand, France
cachard@lallemand.com
It is critical to get a better understanding of the link between the microorganisms that inhabit the
gastrointestinal tract and animal health and performance. In the context of swine production, the gut
microbiota is indeed shaped by stressful events, changes of diet and/or medication during farrowing or
weaning. Feeding probiotics, such as Saccharomyces cerevisiae var. boulardii CNCM I-1079 (SB), is
recommended to promote a better health and reduce antibiotic use during critical periods. The objectives
of this study were to assess whether SB added in the diet of sows during the last 2 months of gestation
and during lactation may (i) have an impact on piglet’s health and performance before and after weaning,
and (ii) modulate the gut microbiota composition in sows and piglets. Crossbred sows from parity one
to nine were allocated to two dietary treatments, control (n=23) and SB (n=22). Sows in SB group were
fed the same standard diets as the control sows but with the addition of SB at 1x109 CFU/kg of feed.
Piglets were weaned at 4 weeks of age in challenging conditions. A strong effect of age and sampling
date on the faecal microbiota of sows and piglets was evidenced. SB supplementation in sow diets
influenced faecal microbiota of the sows and of their piglets. A partial least square discriminant analysis
allowed to discriminate SB from control sows faecal samples at 110 days of gestation and 28 days after
farrowing (32 and 37% error rates), but not 6 days after farrowing. Piglet samples could also be
discriminated according to the diet of their mother, with a better discrimination (4 vs. 13% error rate)
early after birth (day 6 of lactation) than after weaning (day 5 post-weaning). Five days after weaning,
the alpha-diversity was lower (P<0.05) in piglets from SB sows than in piglets from control sows.
Irrespective of SB supplementation, weaning induced greater white blood cell count, plasma haptoglobin
and oxidative stress (P<0.001). SB supplementation in sow diets had no significant effect on growth
performance of piglets during lactation and the post-weaning period. Moreover, SB supplementation did
not elicit any changes on the sows’ reproductive performance, metabolic and health status, nor in the
immunoglobulin and nutrient content of colostrum and milk. Feeding SB to sows impacted sow and
piglet microbiota but no consequences on health or performance could be evidenced in these
experimental conditions.
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The vaginal microbiome is the cornerstone of the female reproductive health and is steadily gaining
more attention from both the general population and the global microbiome research field. In contrast to
the gut, interindividual variations in the vaginal microbiome have remained largely under-investigated in
large-scale population studies outside the clinic. In addition, functional studies on key microbe-microbe
and microbe-host interactions are lagging behind. Therefore, in the spring of 2020, we launched Isala
in Belgium (https://isala.be/). To engage sufficient women to donate vaginal samples and provide
sensitive information via a large questionnaire, we organised a Citizen Science-based campaign that
included an elaborate communication plan for optimal commitment and community creation.
Participating women had to take two vaginal swabs, one for microbiome profiling and one for cultivation.
To reliably process the samples from 5528 registered participants, we first conducted a pilot study to
maximise isolation of cultivable vaginal microbiota members with a focus on lactobacilli. Two cultivation
swabs, nine different growth media and three different microaerophilic growth conditions for vaginal
samples were tested. Plating out on de Man, Rogosa and Sharpe (MRS) agar medium, MRS with
vancomycin and Columbia Blood agar and overnight growth at 37°C with 5% CO 2 was found to be the
optimal set-up. The optimised cultivation set-up was implemented in the large-scale Isala project with a
specific focus on vaginal swabs from 703 women who self-reported to be (very) healthy, and we
hypothesised that they could be most probable carriers of beneficial lactobacilli. Up until now, we
isolated 1,633 vaginal microorganisms mostly belonging to Enterococcus, Staphylococcus and
Lactobacillus species, identified by Sanger sequencing of the 16S rRNA genetic region. We are currently
functionally characterising hundreds selected vaginal lactobacilli from fourteen different species with in
vitro assays for time-course growth analyses, acid production and antimicrobial activity against three
main vaginal pathogens Candida albicans, Streptococcus agalactiae and Gardnerella vaginalis. Strains
of Limosilactobacillus spp. (L. fermentum and L. reuteri), Lactiplantibacillus plantarum, Lacticaseibacillus casei and Lactobacillus spp. (L. gasseri and L. jensenii) did demonstrate the most promising
beneficial effects in vitro. Isolation and detailed functional characterisation of potentially beneficial
lactobacilli expands our understanding of the vaginal microbial communities and can facilitate
microbiome interventions through lactobacilli-based probiotic applications.
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The objective of this research is to evaluate the effects and tolerance of a 4-week supplementation with
Lactobacillus gasseri LA806 in patients with irritable bowel syndrome (IBS) in a real-life study. Male and
female adults suffering from IBS according to Rome IV criteria, irrespective of subtype, with symptom
onset at least 6 months before diagnosis and experiencing recurrent abdominal pain on average 1 day
a week during the last 3 months, presenting no clinical signs of alarm, no other gastrointestinal diseases
and no history of abdominal surgery were eligible for inclusion in this real-life study (therefore few
inclusion and non-inclusion criteria). Patients were advised by their physician to take two capsules
containing 5x109 CFU of Lactobacillus gasseri LA806 each, per day from day 1 to day 28. Data were
collected at consultations with the physician on day 0 and day 28 and by on-line patient questionnaires
completed on a weekly basis. 118 patients (80% female; age: 46.3 ± 15.5 years) were included in the
full analysis set (FAS) population. A reduction of at least 30% in abdominal pain score between inclusion
and the end of the 4-week supplementation period (primary endpoint; item 1b of IBS-symptom severity
scale [IBS-SSS] questionnaire) was attained by 71.8% of patients. Mean score for abdominal pain
decreased by 54.2% (from 5.3 ± 2.0 at day 0 to 2.2 ± 2.4 at day 28, P<0.001), the decrease being
significant from the first week of supplementation. Mean global score of the IBS-SSS decreased from
291.8 ± 78.3 at day 0 to 139.8 ± 98.4 at day 28 (P=0.001), an average decrease of more than 150 points.
Overall, global IBS-SSS at 4 weeks indicated disease remission in 27% of patients and the proportion
with severe IBS was divided by 10. Stool type was improved in patients with IBS with diarrhoea and
stool frequency increased in patients with IBS with constipation. A significant improvement of quality of
life (SF-12) score was also observed. Intakes of concomitant antispasmodic treatments and
paracetamol decreased significantly between inclusion and study end. The supplementation was well
tolerated by 88% of patients. In conclusion, in this real-life study, a 4-week supplementation with L.
gasseri LA806 significantly improved IBS symptoms, in particular abdominal pain, with a favourable
safety profile.
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Ruminococcus gnavus is a prevalent member of the human gut microbiota and has a profound impact
on health and disease. We recently unravelled a unique pathway for the recognition and metabolism of
sialic acid, a sugar found in terminal location of mucins, by R. gnavus. This unique pathway is based on
R. gnavus’ ability to produce 2,7-anhydro-Neu5Ac from sialylated substrates using an intra-molecular
trans-sialidase [1-2], the exquisite specificity of its 2,7-anhydro-Neu5Ac transporter3 and of an
oxidoreductase enzyme capable of reversibly converting 2,7-anhydro-Neu5Ac to Neu5Ac once inside
the cell [3]. We showed that this pathway is critical to R. gnavus fitness and spatial adaptation in the gut
[4]. Here we further explored the effect of 2,7-anhydro-Neu5Ac on the growth of enteric pathogens and
modulation of the gut microbiota in vitro. We showed that 2.7-anhydro-Neu5Ac can preferentially
promote R. gnavus growth in in vitro colon models seeded with human faecal samples from donors and
supplemented with 2.7-anhydro-Neu5Ac, Neu5Ac or 3’sialylactose, as monitored over time by qPCR.
Combining this approach with 16S rRNA sequencing and taxonomic analysis revealed that a limited
number of gut commensal bacteria were capable of metabolising 2,7-anhydro-Neu5Ac, in line with our
in silico analyses, supporting its possible use as next generation prebiotics. In addition, we showed that
enteric pathogens Salmonella Typhimurium and Clostridium difficile, that scavenge free Neu5Ac in the
mucosal niche released by other gut symbionts, could not utilise 2,7-anhydro-Neu5Ac while they could
grow to high level on Neu5Ac. Together these data could help develop alternative antimicrobial strategy
to limit growth of pathogens in the gut.
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Compositional analysis of commensal bacterial populations collected from a variety of clinical samples
has been made possible with the availability of next generation sequencing. Studies conducted with
cohorts of patients vs. controls highlighted the positive or negative association of a variety of gut
commensal species with a number of pathological conditions. Consequently, there is a growing interest
in using well-characterised strains to complement observed deficiencies in gut microbiota composition.
However, this approach is still hampered by the fact that there are usually only few or even no strains
available for specific species of interest, being due to specific nutritive requirements, extreme oxygen
sensitivity (EOS) or under-representation in the whole bacterial population. In an attempt to circumvent
these limitations, we developed flow cytometry and cell sorting in anaerobic conditions. We investigated
performances of the setup with the EOS species Faecalibacterium prausnitzii, demonstrating
preservation of viability during the sorting while complete kill was observed in atmospheric conditions.
Non-specific staining, such as viability or Gram staining, demonstrated only limited impact on
cultivability. We also used heat-inactivated bacteria to develop specific polyclonal antibodies directed
against F. prausnitzii, A. muciniphila, C. minuta and other anaerobes that were then used to target, sort,
and cultivate commensal bacterial from fresh faecal samples. For example, in a very short time, we were
able to obtain a collection of F. prausnitzii strains that were then evaluated for their relative
immunomodulatory potential. An alternative approach for antibody development against non-available
bacterial species is recombinant proteins production based on genomic data. Targeted co-culture
experiments are also under investigation, as well as IgA sorting. All together, these tools allow accurate
and high throughput isolation of EOS target bacteria from a variety of environments including faecal
samples.
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Whey, a by-product of the dairy industry, can be further processed to minimise its ecological impact on
the environment. Processing of acid whey, which is obtained during the fermentation or acid coagulation
of milk, is much more challenging than processing of sweet whey, which is a by-product of cheese
making, mainly because of the higher lactic acid content that interferes with the drying process. We used
acid whey enriched with yeast extract as a growth medium for various probiotic bacteria and lactic acid
bacteria, and for the production of various metabolites such as bacteriocin nisin and vitamin B12. The
experiments were initially conducted on a small laboratory scale and later scaled up to 1-2.5 L in
benchtop bioreactors. All strains used were able to grow in acid whey enriched with yeast extract and
their yield was higher when pH was not regulated during the fermentation process. Acid whey-based
media were also suitable for the production of nisin with Lactococcus lactis IM 145 and vitamin B12 with
Propionibacterium freudenreichii subsp. freudenreichii van Niel 1928. In nisin production, we monitored
pH, optical density, and also antimicrobial activity against the bacteriocin-sensitive strain
Latilactobacillus sakei subsp. sakei IM 108. Bacteriocin activity was highest after 6 to 8 h, which
coincided with the stationary growth phase (cfu/mL). Nisin was further semi-purified by reversed-phase,
hydrophobic interaction or cation-exchange chromatography. Using Propionibacterium fermentation in
enriched acid whey, we determined with LC-MS/MS analysis two forms of B12 after 4-day incubation
period – adenosylcobalamin and cyanocobalamin. We confirmed that acid whey is a suitable growth
medium for probiotic and lactic acid bacteria and for the production of nisin and B12, showing a new
way of utilisation that could contribute to the reduction of waste from the dairy industry.
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The microbiota has emerged as the gatekeeper in the control of the human health, especially recent
insights support the link between the colon and the brain, known also as gut- microbiota-brain axis.
Multiple overlapping pathways, including neuroendocrine, immune, autonomic system and particularly
vagus nerve allow the interactions within these systems. The disruption of this network can have relevant
role on mood, behaviour, and stress responsiveness, including those relevant to anxiety and depression.
Because of that, this study aims to select probiotic strain with potential psychobiotic activity able to
produce neurotransmitter such as serotonin, GABA, acetylcholine, and catecholamine, for developing
truly supplement that may improve cognitive outcome, as well as antidepressant and anxiolytic-like
effect. After the first screening activity in which functional spectrometry (API) has been carried out for
detecting the presence of neurotransmitters in the bacteria growth media, an in vitro batch fermentation
that reproduces the distal colon is performed to assess the activity of the formulate containing the
selected probiotics on the composition of the microbiota. Finally, the last goal of this research is to set
up a clinical trial in which some surveys will be given to healthy human volunteers with mild/moderate
stress of level for the assessment of cognitive performance and mood. Microbiome-targeted treatments
are just now started to be well-studied, so this study may be innovative and of great importance for
changing the quality of life of many people through therapeutic strategies based on probiotics.
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Bowel function plays a central role in gut health and overall well-being. Constipation is related to several
disorders and is one of the most common gastrointestinal complaints, affecting 14 to 16% of the general
population worldwide. Without organic causes, constipation is often associated with poor lifestyles, such
as high-fat/protein and low-fibre diet and insufficient liquid intake and lack of exercise. Per the ROME III
criteria for functional constipation in adults, unsatisfactory defecation is characterised by infrequent
stools (fewer than 3 defecations per week) and difficult stool passage. Psyllium and lactitol have been
reported to increase faecal volume, moisture content and bowel movement frequency (BMF). However,
the benefits of their combined use on constipation have not been examined. The aim of this study was
to evaluate the effects of a 4-week intervention with lactitol and/or psyllium on bowel function in
constipated volunteers. Secondary endpoints were assessed by inventories, including stool consistency,
patient assessment of constipation symptoms and quality of life, relief of constipation, food intake (24-h
food recall), physical activity, product satisfaction and adverse events. Adults (n=172) who were
diagnosed with functional constipation per Rome III criteria and randomised to four treatment groups:
10 g lactitol, 3.5 g Psyllium, a combination of 10 g lactitol and 3.5 g Psyllium, or placebo. BMF increased
by 3.0 BMs with lactitol, by 2.9 with Psyllium, and by 3.1 with the combination, but this increase was not
different from placebo (3.7 BMs). There were no significant differences in stool consistency, patient
assessment of constipation symptoms and quality of life and physical activity. The changes in total
calories, macronutrients, and liquid intake were comparable between active treatments vs. placebo. No
serious adverse events were reported; adverse events were not different between the groups. In
conclusion, this study showed a similar effect on relief of constipation in all treatment groups. The
treatments that were administered to the volunteers were well tolerated.
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Ruminococcus gnavus is an important member of the human gut microbiota associated with health and
disease. There is therefore a need to better understand the mechanisms underpinning its adaptation to
the gut and impact on human health. We previously showed that the ability of R. gnavus to utilise mucin
glycans is strain-dependent and associated with its glycosidase profile [1-3]. Here we hypothesised that
differences in mucin glycan metabolism may influence R. gnavus cell surface glycosylation affecting its
interaction with the host. Three strains of R. gnavus isolated from healthy donors – two mucin glycanforaging strains ATCC 29149 and ATCC 35913 and the non- mucin glycan-foraging strain E1 – were
grown under strict anaerobic conditions on different carbon sources. We first used in silico analysis and
flow cytometry lectin-binding assay, to screen carbohydrate epitopes on the cell surface of these strains.
The lectin binding profiles were found to vary depending on the strain and on the carbohydrate source.
In silico analysis revealed difference in the glucorhamnan biosynthesis gene cluster in the strains ATCC
29149, E1 and ATCC 35913 which may contribute to the phenotypic profile. We next carried out a
detailed investigation of R. gnavus cell surface polysaccharide using GC-MS and 1H-NMR analyses.
The analysis revealed strain-specific differences in the glucorhamnan structure in terms of number of
rhamnose residues constituting the backbone and glucose residues in the sidechains. Taken together,
these data may reflect variable immunomodulatory properties of R. gnavus strains associated to distinct
nutritional niches in the gut.
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Adding fibre to snack foods may help to meet dietary fibre intake recommendations and could alter the
intestinal microbiota to a more favourable composition and function. We investigated whether the intake
of low and moderate-dose fibre-containing snack bars has an effect on gut microbiota in healthy adults
with a low dietary fibre intake. Two separate 4-week, placebo-controlled, double-blind, crossover trials
were conducted. Fifty healthy adults with low dietary fibre intake were randomly assigned to receive
either moderate-dose fibre (7 g/d) snack bars or an isocaloric control (trial 1, n=25) or low dose fibre (3
g/d) snack bars or an isocaloric control (trial 2, n=25). The snack bars mainly comprised chicory root
inulin-type fructans (ITF). Gut microbiota were analysed using 16S ribosomal RNA-based approaches.
The moderate-dose group showed significant differences across multiple microbial taxa compared with
the control group, in particular an increased relative abundance of the Bifidobacterium genus from (mean
± SEM) 5.3 ± 5.9% to 18.7 ± 15.0%. Significant increases were also found in the low-dose ITF group,
however, these disappeared after correction for multiple comparisons. In the low-dose group, targeted
analysis with qPCR showed a significant increase in Bifidobacterium. Faecal SCFAs were affected by
time but not treatment and there were no between-group differences in gastrointestinal symptoms.
Notably, fibre intake increased significantly with both snack bars. In conclusion, adding 3 or 7 g ITF to
snack bars increased Bifidobacterium, which is a beneficial member of the gut microbiota. The addition
of ITF to food products could help increase dietary fibre intake. This trial was registered at
clinicaltrials.gov as NCT03042494.
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Mastitis is a mammary gland inflammatory disease often due to bacterial infections. Mastitis is
responsible for considerable economic losses in dairy farms and preventive and curative strategies that
mainly rely on antibiotic therapies are not totally effective and contribute to antibiotic resistance
dissemination, prompting the need for alternative or complementary strategies. Given the relationship
between microbiota composition and health that was reported in several contexts in both human and
animals, we explored a potential role of the bovine mammary gland microbiota in udder health. The
bovine teat microbiota was investigated using metataxonomics on the 16s rRNA gene in quarters which
were all free of inflammation at sampling time but which had different histories regarding mastitis: from
no episode of mastitis on all the previous lactations (Healthy quarter, Hq) to one or several clinical
mastitis events (Mastitic quarter, Mq). Our results revealed a higher diversity in Hq compared to Mq
quarters and allowed to identify taxonomic markers of the health status of quarters. These results
indicated a link between teat microbiota composition and bovine mastitis even at distance from the
infectious episode. To further decipher the relationships between teat microbiota and immune and
microbial responses, we used a switch from twice- to once-daily milking (ODM) in initially healthy
quarters of dairy cows to trigger an udder perturbation. Our results clearly support a temporal
relationship between initial teat microbiota composition and richness, the immune response to ODM,
and mastitis development. Quarters with a higher richness and specific taxonomic markers displayed
early inflammation following transition to ODM but without developing mastitis (no infection). Altogether,
these results suggest a role of the bovine teat microbiota composition and richness in the immune
response of the mammary gland during perturbations such as transition to ODM or pathogen entrance.
They invite us to consider strategies that can preserve teat microbiota diversity as well as taxa
associated to a healthy status of the bovine mammary gland for the design of next-generation probiotics.
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The continuous increase in multidrug-resistant strains has reached alarming dimensions. Approaches
for combating these ‘superbugs’ include the search for new antibiotics and also other antimicrobial
metabolites. Bacteriocins are promising examples of primary metabolites and are defined as naturally
occurring antimicrobial peptides known for their narrow spectrum of activity. They typically inhibit the
growth of microorganisms phylogenetically related to the producer strain. Enterococcus spp. are
members of the lactic acid bacteria, and several strains have been extensively evaluated as beneficial
organisms and are also known for the production of enterocins. However, applications of Enterococcus
spp. – both as biopreservatives and starter cultures – have long been debated due to safety concerns.
Still, implementation of some strains by the food production industries has long been practiced, and also
adopted for several probiotic strains for various food and feed products intended for human and animal
consumption. We have studied different functional properties of Enterococcus faecium ST7119ea,
previously isolated from a Korean traditional fermented soybean paste. It was characterised for its
bacteriocinogenic activity against Listeria monocytogenes ATCC15313, Listeria innocua ATCC33090
and vancomycin-resistant Enterococcus VRE19 from clinical origin. Furthermore, assessment for its
safety and probiotic properties were carried out. From a total of 180 putative LAB isolates,
bacteriocinogenic strains were selected by screening against L. monocytogenes ATCC15313 and
differentiated through DNA fingerprinting techniques (rep-PCR and RAPD-PCR). The unique
bacteriocin-producing strains were identified, were profiled by phenotypic and biochemical
characteristics, and finally identified by16S rRNA sequencing resulting in various bacteriocinogenic E.
faecium strains including E. faecium ST7119ea. Bacteriocin-associated genes were detected through
PCR-based assay showing that the studied strain carried entA and entB genes with the estimated
molecular size of the expressed bacteriocin is at 4.5kDa. Studying the spectrum of activity, the
bacteriocin showed effectivity against Listeria spp. and VRE but had no significant effect on the growth
of beneficial LAB strains, Staphylococcus spp., and Streptococcus spp. Furthermore, safety evaluation
of the strain showed that ST7119ea is a non-haemolytic, gelatinase-negative, non-biogenic amine
producer, and is highly susceptible to antibiotics. Also, it was found that genes for putative virulence
factors (efaA, cyt, IS16, esp, asa1, hyl, and vanABCDEG) were not present in the strains studied. The
strain E. faecium ST7119ea was also evaluated for its probiotic properties and showed high survivability
to gastric conditions and genes coding for 𝛾-aminobutyric acid (GABA). This might open the way for a
new approach towards finding solutions for the continued emergence of antibiotic-resistant strains.
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Building on a new lower-cost metagenome sequencing technique developed by us, we have carried out
the largest metagenomic analysis of the pig gut microbiome to-date. By processing over 800 time-series
samples from 126 porcine hosts, we have generated over 8Tbp of metagenomic sequence data. From
this data we reconstructed over 50,000 metagenome-assembled genomes (MAGs) of organisms
resident in the porcine gut, 26,800 of which were above 70% complete with a <10% contamination, and
12,400 of which were nearly complete genomes. To do so we created co-assemblies for each individual
host, pooling all the time-series samples available from each subject, thereby increasing the power to
reconstruct genomes from low abundance microbes. We find that the microbiomes of post-weaning
piglets appear to follow a highly structured developmental program in the weeks following weaning, and
this development is robust to treatments including antibiotics and probiotics. The high resolution we
obtained allowed us to identify specific taxonomic and genomic “signatures” characterising the stages
that the piglet gut microbiome shifts through during its development immediately after weaning (4 weeks)
and up to the ninth week of life. These compositional shifts were also evident in analysis with an
assembly-free phylogenetic profiling technique. Both the assembly-free method and the analysis of
MAGs show strong associations between community composition and individual factors, such as breed
and mother, and can even resolve small differences in age (down to 3 days). Finally, by predicting
proteins from the metagenomes and mapping them against the CAZy database, we described the
carbohydrate repertoire of the post-weaning piglets. We tracked the shifts in abundance of these
enzymes across time and identified the species and higher level taxonomic groups that carry each of
these enzymes in their metagenomes.
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Lactic-acid fermentation is an ancient practice and cultural art that preserves food and increases its
nutritional and potential probiotic value. Since the industrialisation of Western food systems,
consumption of lacto-fermented vegetables has been lost from the everyday diet. Furthermore, more
sterilised and ‘hygienic’ environments have contributed to the loss of beneficial gut microbes. While the
benefits of consuming fermented foods, in the form of cultured dairy products, have been extensively
documented, we know very little on the health benefits of consuming lacto-fermented vegetables as a
normal part of the Western diet, including effects on the human gut microbiome. To address this
question, we compared the gut microbiome and dietary habits from healthy individuals that have been
consuming lacto-fermented vegetables, such as krauts and kimchis, as a part of their regular diet for at
least a year (n=23) and compared their gut microbiome patterns with those of a healthy cohort that do
not consume them (n=24). We used amplicon sequencing techniques for bacterial and fungal profiling
(16s rRNA and ITS MiSeq) and untargeted metabolomics (LC-MS) to analyse stool samples. Study
participants also provided three consecutive days of dietary and lifestyle data. The results show that
long-term consumption of lacto-fermented vegetables only has minor effects on bacterial community
composition, likely influencing the abundance of taxa such as Lactobacillaceae, Leuconostoc
mesenteroides, and Coprococcus, among others. However, the faecal metabolome of lacto-fermented
vegetable consumers showed significant distinctions, mainly characterised by higher levels of dopamine
sulphate and a more diverse metabolite pool (Wilcoxon signed rank test, P<0.001). Compared with nonconsumers, ferment consumers also had better mood scores (F-test, P=0.02) and more diverse diets,
in which vegetables and legumes were prioritised (number of foods consumed; Wilcoxon signed rank
test, P=0.02). Overall, the results indicate subtle gut microbiome differences but significant metabolome
distinctions between consumers and non-consumers of lacto-fermented vegetables. Based on overall
dietary quality differences we suggest that the combined effect of consuming diverse diets and
fermented vegetables may influence health, including a possible role in the gut-brain axis.
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Candida albicans is an opportunistic pathogen that causes gastrointestinal (GI) candidiasis closely
associated with an inflammatory state of the intestine. The emergence of drug resistance, side effects
of available antifungal agents and the high recurrence of candidiasis indicate the need for new and
improved therapies. This has led to increased interest in exploring the potential of plants for the
treatment of fungal infections that would have less serious adverse effects. In this study, we investigated
the effects of two plant extracts on the GI colonisation by C. albicans, colon inflammation and gut
microbiota composition in mice. Hydroethanolic extracts of licorice root (LRE) and walnut leaf (WLE;
PiLeJe, France) were administered orally, separately (250 mg/kg) or in combination (125 + 125 mg/kg),
once daily for 12 days in 8-week-old female wild-type C57BL/6 mice. Then, mice received 5x107
blastospores of C. albicans in sterile saline solution to establish oesophageal and GI candidiasis. Stools
were collected to quantify viable C. albicans 3, 4 and 5 days after gavage. C. albicans and mucosaeassociated bacteria were quantified in GI tract by qPCR. The inflammatory state of colon was
determined by evaluating RT-qPCR gene expression of CRP, pro-inflammatory and anti-inflammatory
cytokines, and enzymes involved in the release of pro-inflammatory and pro-resolutive lipids.
Prophylactic treatment with LRE and WLE alone or in combination significantly reduced the level of
viable C. albicans in the faeces of infected mice as well as the colonisation of GI tract by the pathogen,
showing a robust antifungal activity of the two plant extracts. Although total bacterial content was
unaffected by the extracts administered separately or in combination, the abundance of protective
bacteria such as Bifidobacterium spp. and Faecalibacterium prausnitzii increased and the burden of the
pathobiont Clostridium spp. decreased significantly with the combination. Regarding the inflammatory
state, while the administration of WLE did not significantly alter the expression of pro-inflammatory
genes (except for Crp), LRE significantly decreased the expression of Il12, Ccl2 and Crp. The
combination of WLE and LRE significantly reduced the expression of the same three genes but also
that of Tnf-α and Il1b. This was corroborated by the reciprocal increase in the expression of the antiinflammatory genes Tgfb1 and Il10 in the colon of C. albicans-infected mice that received the
combination. This anti-inflammatory activity of the combination was further supported by a significant
decrease in the expression of the genes of cox2 and enzymes involved in oxidative stress (p47phox,
nos2). The results show that the combination of the hydroethanolic extracts of licorice root and walnut
leaf could be a good candidate to limit GI candidiasis and the associated inflammation likely by
modulating the composition of the gut microbiota.
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Various regions in our bodies are composed of mucosal areas colonised by microbiota that are important
for balancing and sustaining of host health. Probiotics have been shown to support the beneficial effects
of the established microbiome, e.g., through reinforcement of the epithelial barrier and
immunomodulation. This study aimed to isolate and evaluate a novel lactic acid bacterial strain for its
safety and functionality, especially targeting gastrointestinal and respiratory tract. Lactobacillus sakei
HEM 224 was isolated from traditional Korean kimchi and identified by 16S rRNA gene and whole
genome sequencing. In the safety assessment L. sakei HEM 224 showed negative results for
haemolysis, biogenic amine production and antibiotic resistance. The latter was supported by the
absence of antibiotic resistance genes as additional evidence of its safety. For functionality evaluation,
survivability of L. sakei HEM 224 was determined in the Simulated Stomach Duodenal Passage (SSDP)
in vitro test in which L. sakei HEM 224 showed better survival as L. rhamnosus GG, the golden standard
probiotics. Our strain was applied to a murine colitis model; the condition was induced by dextran
sulphate sodium (DSS). Oral administration of L. sakei HEM 224 resulted in reduction of loss in body
weight, shortening of colon, and recovery of inflammation and barrier structure as shown by histology.
Moreover, L. sakei HEM 224 induced the expression of tight junction genes, such as occludin, zonula
occludens (ZO-1) and claudins, and mucin, suggesting the improvement of the epithelial barrier.
Furthermore, to evaluate the effect of L. sakei HEM 224 in the respiratory tract, a murine allergic asthma
model induced by ovalbumin was introduced. The intranasal administration of the strain decreased Th2
cytokines, immunoglobulin E (IgE), and infiltration of inflammatory cells around alveoli, demonstrating
its beneficial effect against allergic airway inflammation. Similar to the results of the colitis model, L.
sakei HEM 224 also induced an increase in tight junction protein genes and a decrease in inflammatory
cytokine and chemokine expression from the respiratory tract in the allergic asthma model. These results
demonstrate that L. sakei HEM 224 can ameliorate inflammatory diseases in both the gastrointestinal
and respiratory tracts through the reinforcement of the epithelial barrier and immunomodulation in
mucosal sites.
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At birth, the exposure to specific microbial strains dictates the shaping of our microbiome and its
symbiotic function as we age. Studies link diet, mode of birth and several other factors to microbial
diversity evolution in infants. Increasingly, microbiome-linked health outcomes appear to be
consequences of individual strains of specific microbes. Strain specificity is key in determining the
‘window of opportunity’ as well as ‘immune training’ in babies and young infants. Hence several studies
and commercially available infant milk formulas (IMFs) target the microbiome at strain level. For
example, faecal Bifidobacterium longum subsp. infantis compared to B. bifidum strains lead to functional
consequences for the infant due to differences in human milk oligosaccharides processing capabilities
[1]. To expand the microbiome analysis beyond the genus level typical for 16S data, shotgun
metagenomic data was used to perform in-depth, strain-level analyses using a custom bioinformatics
pipeline. We present an integrated computational shotgun metagenomics pipeline for quantifying
abundance and strain-level classification of bacteria specifically within the infant microbiome. To
improve meaningful classification, a custom database was constructed of all current available reference
genomes of bacterial strains found in the infant gut using the Kraken2 program. Together with the
Bracken program accurate abundance tables are created at the strain level even when samples contain
multiple near-identical species. Kraken2-Bracken’s fast analysis speed based on k-mer queries is of
great advantage for larger datasets such as metagenome datasets as well as larger sample size projects
within clinical trials. Classification at the strain level is relevant for clients working in infant nutrition, such
as companies that produce infant formulas, human milk oligo-saccharides, potential probiotics, and
other dietary supplements but also cohorts and large-scale multigenerational population studies such
as LifeLines-UMCG. This bioinformatics pipeline is also relevant for strain tracking, for example for
probiotic clinical trials. Database optimisation and bioinformatic tools comparison led to the increase of
accurate and meaningful strain identification in infant shotgun metagenome datasets, especially
compared to more generic databases. This high performing taxonomic profiling pipeline is tested and
validated, both for real-life communities from probiotic clinical trials, in silico created shotgun
metagenomics infant microbiome datasets and shotgun metagenome sequencing data sets of mock
communities relevant for the gut microbiome. Our customised pipeline can discriminate bacteria at strain
level which is a big plus for the industry aiming to link host-microbe interactions, next generation microbe
associated products, and gaining an understanding for gut-brain-skin axis and other health and disease
patterns.
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Neonatal piglet health depends on sow colostrum for nutrition and protection from diseases. Sow
colostrum, beyond nutritional and protective immune components, is also a source for postnatal
microbial transference from sow to piglets with potential impact on piglet microbial colonisation.
However, the information on the type of microbiota in sow colostrum is limited. Thus, the aim of this
study was to assess the microbiota composition of sow colostrum on two commercial Finnish farms.
Colostrum samples were taken from eight sows from Farm1 and nine sows from Farm2, resulting in 17
samples. Samples were taken within the first 6 h after the birth of the first piglet. Two teats and the
surrounding skin of the udder of each sow was disinfected before collecting the sample. The colostrum
samples were stored in -20°C within an hour of sampling and stored in -70°C until analysed. DNA was
extracted, the V3-V4 hypervariable region of the 16S rRNA gene was amplified and sequenced, and the
taxonomy was assigned. Statistical analyses were conducted using SPSS. Colostrum microbiota was
dominated by members of Firmicutes phylum (74%) followed by Proteobacteria (16%) and
Actinobacteria (7%) phyla. We found significant differences in sow colostrum microbiota between Farm1
and Farm2 in PERMANOVA (with 999 permutation on Bray Curtis distance, non-phylogenetic) and
multivariate redundant discriminant analysis (RDA). The analyses demonstrated differences in microbial
composition between the two farms (P=0.001 for both). No differences were found in microbial Alphadiversity indices for diversity or richness. At family level, Farm2 had a higher abundance of
Erysipelotrichaceae, Leuconostocaceae, and lower abundance of Weeksellaceae compared to Farm1
(P<0.05 for all). At genus level, Farm2 had a higher abundance of Aerococcus spp. and Turicibacter
spp. compared to Farm1 (P<0.05 for both). LEfSe analysis supported the higher abundance of
Aerococcus spp. (LDA 4.53) and Turicibacter spp. (LDA 4.27) on Farm2 and the occurring of
Ruminococcus gauvreauii group (LDA 3.75) on Farm1. One of the identified bacterial families,
Erysipelotrichaceae, appears to contain highly immunogenic [1] and pro-inflammatory bacteria [2].
Bacteria from another identified family, Leuconostocaceae, are found for example in foods contributing
to fermentation processes [3]. Bacteria from the third identified family, Weeksellaceae, are present in
high abundance in the nasal cavity of healthy pigs, despite that high abundancies of Weeksellaceae in
the core microbiota have been associated with respiratory diseases [4]. The identified bacterial genera
also include potential opportunistic human pathogens, namely Aerococcus spp. [5]. Turicibacter spp. is
in decreased abundance associated with intestinal inflammation in humans [6]. The farm environment
has a large impact on the differences found in the sow colostrum microbiota. Nevertheless, all these
bacteria are a depiction of microbes, which a neonate piglet ingests with colostrum. This suggests that
the compositions are likely to be reflected in the piglet gastro-intestinal tract in long-term and highlights
the importance of transferrable microbes in sow colostrum on the health of piglets. In conclusion,
ingested colostrum microbes direct the progression of the pig’s microbiome influencing host immunity
and health.
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Numerous studies have demonstrated the key role played by the gut microbiota in the development and
functioning of the immune system. Thus, targeted modulation of the gut microbiota could strengthen the
immune system and prevent the onset of infections. The composition and metabolic signatures of the
gut microbiota can be modified by consuming prebiotic fibres, such as short chain fructooligosaccharides (scFOS; Actilight®) obtained from beet sugar. They show interesting beneficial effects
on the modulation of the intestinal microbiota which could influence the immune system response. In
this context, a review of the literature was carried out to better understand the immuno-modulatory
effects of scFOS supplementation. A review of the literature has been done on PubMed by selecting
publications based on the following criteria: (i) study conducted in human or animal; (ii) scFOS tested
as single supplementary ingredient; and (iii) at least one measure on immune or inflammatory
parameter. Forty-five studies meeting eligibility criteria have been identified. Six human clinical studies
and 39 preclinical trials in diverse animal models demonstrated that scFOS supplementation can impact
immune function at different life stages, and in basal or challenging conditions (vaccinated or infected).
Overall, studies reported that scFOS may have immuno-modulatory effects, both in humans and in
animals, highlighted by specific effects on different immune system components, for example: (i)
modulation of immune cell composition of the GALT (Gut-Associated Lymphoid Tissue) and its secretory
capacity; (ii) enhancement of intestinal barrier function and upregulation of intestinal IgA secretion, main
marker of intestinal immunity having a key role in gut defences; (iii) improvement of specific immune
response to vaccination/infection (Influenza, Lawsonia intracellularis, Bordetella bronchiseptica,
Clostridium difficile, Salmonella typhimurium, etc.); and (iv) decrease in inflammation and fewer
infection-related symptoms. These data demonstrated that the consumption of scFOS modulates the
interactions between gut microbiota, the intestinal mucosa, and the immune system, which determines
the type of immune response as well as its effectiveness. Scientific data reveal the immuno-modulatory
effects of scFOS, mainly thanks to its prebiotic properties stimulating the growth of beneficial bacteria
and producing metabolic by-products, notably SCFAs (short-chain fatty acids), which exhibit an immunomodulatory activity. Further trials are required to confirm these findings in humans, as well as to
determine the optimal dose and duration of intervention.

BMC2021 – virtual conference
22-24 March 2021

108

P20
Fermentation of high-amylose maize starch boosts colon health with colon-region dependent
benefits in a dynamic gut simulator
Yafei Liu, A. Chandran Matheyambath, I. Ivusic Polic and G. LaPointe
Department of Food Science, University of Guelph, Canada
yafeil@uoguelph.ca
Everyday practices of cooking and cooling influence the structure of dietary starch, which likely affects
their fermentation profiles in successive colon regions. Native high-amylose maize starch is rich in type2 resistant starch (RS2) which, however, may not retain its resistance after cooking. Cooling of cooked
starch promotes starch retrogradation, forming RS3 which is structurally distinct from RS2. This study
employed the mucosal-simulator of the human intestinal microbial wcosystem (M-SHIME) to compare
the fermentation profiles of high-amylose maize starch in raw, cooked, or cooked-cooled form. A TripleM-SHIME system was fitted with mucin-covered microcosms in the proximal colon (PC) and distal colon
(DC) vessels inoculated with a faecal sample from a healthy adult. Raw Hi-Maize® 260 starch was added
to the sterilised basal feed (Raw preparation). Basal feed supplemented with raw Hi-Maize starch was
autoclaved and kept at room temperature (Cooked preparation) or 4 °C (Cooked-cooled preparation).
Starch supplementation lasted for one week before a one-week washout period on basal feed. The
composition of luminal and mucosal microbiota was analysed using bacterial 16S rRNA gene
sequencing. Short chain fatty acid (SCFA) concentration was quantified using 1H NMR analysis. Highamylose starch supplementation promoted colonic production of butyrate among SCFA, while the
cooked starch induced the highest production of butyrate (from 12-17 mM to 21-24 mM) in both colon
regions as well as acetate (44 mM) and propionate (11 mM) in the DC region. All starch preparations
enriched the Bifidobacteriaceae in the PC region, with up to 4-fold and 2-fold increase in relative
abundance in the luminal (from 0.6% to 3%) and mucosal (from 5% to 9%) compartments, respectively.
Greater enrichment of Bifidobacteriaceae was obtained with raw and cooked starches than with the
cooked-cooled counterpart. Akkermansiaceae in both the luminal and mucosal compartments of the DC
region doubled in relative abundance (from 9 to 17%, from 1 to 2%) with the cooked starch only. At the
end of washout, butyrate production and microbiota composition were similar to the stabilisation period,
suggesting transient changes according to diet. This study highlights the enhanced benefits (i.e., SCFA
production and beneficial bacterium groups) of cooking high-amylose starch in both colon regions.
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Gut health is a very complex issue involving the microbiota, diet, and host response (inflammation and
epithelial integrity). Therefore, biomarkers to evaluate gut health are also difficult to determine with
precise accuracy. Nevertheless, biomarkers are necessary to evaluate the intestinal health status, to
predict animal performance, to evaluate efficacy of gut health solutions, to be able to justify interventions,
and to test dietary strategies and novel diagnostic tools. The aim of the present work was to review the
current knowledge of the most relevant gut health biomarkers for poultry production and evaluate the
effect of the probiotic solution Bacillus subtilis DSM 29784 (Bs29784) on modulating these markers. The
first approach is to do the macroscopical scoring of the intestine. Several methodologies exist but the
one published by Teirlynck et al. [1] showed negative correlation with villus length and positive
correlation with T-cell infiltration in dysbacteriosis condition. In our trial, a dietary challenge was induced
by increasing NSP content of the feed with 20% rye inclusion. The Bacterial Enteritis Score was 2.0 for
the control group and decreased to 1.0 with the supplementation of Bs29784. Then, microscopical
evaluation (histomorphology) of the gut gives a precise state of the epithelial integrity and inflammation
[2]. For instance, longer villi height (and then quantity of epithelial cells) is associated with higher body
weight [3]. On 42-day-old broilers, Bs29784 significantly increased villi length relative to control from
0.66 to 0.79 µm in the ileum, and from 1.25 to 1.46 µm in the cecum. Looking at the microbiota from an
ecological perspective could provide insight into how to promote health by targeting this microbial
community with dietary solutions. Microbiota will be as resilient as possible if the population is diverse
and contains more bacteria with anti-inflammatory properties (butyrate producers, such a
Ruminococcaceae and Lachnospiraceae) and less opportunistic pathogens like Clostridium perfringens
or Enterobacteriaceae (Salmonella or Escherichia coli). In a necrotic enteritis challenge model, Bs29784
group showed higher alpha-diversity than control birds with Chao and Shannon index. We also observed
higher prevalence of Ruminococcaceae (P>0.001) with the supplementation of Bs29784, especially for
Faecalibacterium prausnitzii (+13.4%; P<0.001) that is known to be correlated with other gut health
parameters such as villus length and CD3 area. In another trial where broilers were challenged with C.
perfringens, we observed that the number of E. coli at 21 days and the number of C. perfringens at 28
days were significantly reduced in the Bs29784 group. Finally, some microbial metabolites can be linked
to gut health. Nicotinic acid for instance activates the GPR109A receptor, which suppresses intestinal
inflammation. We demonstrated that it increases cell proliferation and wound healing in a Caco-2 in vitro
model. An exploratory study on 13-day-old chicks showed that Bs29784 increased (P<0.01) the
intestinal content of nicotinic acid in ileum and jejunum, revealing a mode of action through which it can
improve gut health. This work highlighted some very important gut health biomarkers that could be used
for both research and practical purposes. We also demonstrated that these key markers can be
measured to evaluate the consistent efficacy of Bs29784 in broilers.
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Depression is a common disorder which continues to increase in prevalence, largely independent of
economic factors. Epidemiological evidence demonstrates a role for gestational obesity in offspring
behavioural disorders, alongside perturbations to the microbiota-gut-brain axis. Prebiotic administration
reduces offspring depressive-like behaviour in naïve, normal weight dams, but the action of probiotics
in obese dams is unknown. Moreover, the mechanisms by which perinatal probiotic exposure exerts
beneficial effects remains elusive. We aimed to determine whether maternal probiotic supplementation
protected offspring against the adverse behavioural and metabolic effects of maternal obesity. CD-1
female mice were randomly assigned to receive either a high-fat diet or a carbohydrate-matched control
diet prior to and throughout gestation and nursing. Maternal and offspring behaviour were tested at
weaning age. We then used nuclear magnetic resonance spectroscopy to investigate the functional
changes of maternal diet-induced obesity and maternal probiotic intake in offspring, across multiple body
sites. Progeny of obese dams exhibited increased depressive-like behaviour, while maternal probiotic
intake mitigated the pro-depressant effects of maternal obesity. Maternal probiotic intake increased milk
short-chain fatty acids (SCFAs) levels during nursing, and faecal short-chain fatty acids in the offspring
at weaning age. We provide novel evidence for the therapeutic effects of perinatal probiotic
supplementation on offspring depressive-like behaviour, induced by maternal obesity, and associate
these effects with increased microbial short-chain fatty acid production in early life.
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The development of a balanced microbial ecosystem in livestock farming is challenged by farm
management strategies inherent to intensive production systems. Specifically, the onset of the microbial
ecosystem associated to the animal’s close environment within the first few days following disinfection
and animal entrance, appears critical. At this stage, opportunistic pathogenic bacteria could take
advantage over commensals, while the intestinal microbiota and immune system of the animals are still
immature. In this context, a novel strategy based on the early seeding of beneficial bacteria in the close
environment of the animals with the aim to positively influence microbial biofilms, starts to receive
attention. In this study we monitored the effect of such commercial product on the development of biofilm
associated microbial community using 16S rRNA analysis. Two livestock buildings of 800 m 2 (Control
vs LALFILM PRO) were monitored for 18 days after application of LALFILM PRO with a mist blower 4
days before the entrance of the animals (dosage: 0.2 g/m² = 6 x 10 9 CFU/m²). Biofilm was captured
using a novel sampling system located underneath the water line and removed at days 3 (before), 6,
10, 18 post animal entrance (n=5). DNeasy PowerLyser PowerSoil Kit (QIAGEN) was used for DNA
extraction. PCR was done with universal primers F343 and R784 of V3-V4 region of the 16S rRNA
marker genes. Amplicons from 100 samples were sequenced with Illumina Myseq and fastq files were
analysed with QIIME2: DADA2, PERMANOVA, Mann-Whitney U test and LEfSe. The results showed
the impact of LALFILM PRO (product containing Bacillaceae and Lactobacillaceae) on the main bacteria
families for the first week following the entrance of the animal. The product impacted the relative
abundance of Lactobacillaceae (significantly at day 3), Enterococcaceae (significantly at day 6) and
Enterobacteriaceae during the first week and overall. Interestingly, Pediococcus sp. was significantly
higher until Day 18, and Bacillus sp. until Day 10. LALFILM PRO significantly modulated weighted
distances of microbiota composition across the experimental period, specifically at day 3 and 18.
Shannon index was also significantly affected by LALFILM PRO, resulting in a more stable evolution
over time. Our results support that an early microbial intervention on building surfaces can influence
biofilm associated microbial communities in a commercial chicken production system. In particular, we
were able to detect a significant increase and persistence of 2 genera likely resulting from the
contribution of the microbial strains contained in the product, while important families, such as
Enterococcaceae and Enterobacteriaceae were also decreased during the first week of rearing. More
studies should be performed to continue to explore the relevance of microbial biofilms in poultry
production and the strategies to control it.
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The role of beneficial bacteria in maintenance and in improvement of host health status is one of the
most growing research areas in veterinary medicine. An increasing problem of antibiotic resistant
bacteria also poses a risk that has an impact on both the animal and human health. Therefore, we need
to develop alternative approaches to reduce antimicrobial use especially in production animals. The
genus Lactobacillus has proven to include several species that may be potential probiotic candidates
but until now, no pig-specific evidence-based candidate species have been characterised. We aimed to
profile and compare the faecal lactobacilli composition of healthy sows from an organic herd and from
a small welfare-oriented herd. We hypothesised that in non-conventional herds the microbiota of sows
is rich and diverse, thus offering a platform for further screening of potential candidate species. Sows
from two non-commercial Finnish pig herds, organic (ORG) and small welfare oriented (SWO) herd,
were included in the study. The average number of sows in the ORG herd was 50 and 35 in the SWO
herd, and a total of 26 and 19 sows were sampled for this study, respectively. The sow inclusion criteria
were that a sow had neither received antimicrobial nor non-steroidal anti-inflammatory drug treatment
within a year prior to sampling. The study population contained both pregnant (27%) and lactating (73%)
sows. Parity range of sows varied from 0 to 4 (median 1) in the ORG herd and from 0 to 5 (median 2) in
the SWO herd. Rectal faeces samples were taken with disposable gloves and transferred into
individually marked plastic tubes that were placed immediately in a cooler. Samples were transported
in the cooler to the laboratory within two hours after sampling and stored at −80°C until analysis. Faecal
samples were cultured on BL agar (Nissui Pharmaceuticals, Japan). The grown colonies were viewed
under microscope and all rod shaped non-motile bacteria were isolated into Gifu Anaerobic Medium
Broth (GAM broth; Nissui Pharmaceuticals, Japan), and then streaked on BL plates. Colony PCR was
done with Lactobacillus specific primers to identify all lactobacilli and another PCR with 16S primers
was done to identify which species of lactobacilli each sample contained. The 16S product was purified,
the DNA was sequenced and the lactobacilli species were identified using the BLAST database of the
National Center for Biotechnology Information (NCBI) with 96% accuracy. The lactobacilli nomenclature
was obtained from the publication of Zheng et al. [1]. In the ORG herd, the average number of different
lactobacilli per sow was 2.4 (SD 1.3) and sequencing technique identified nine different species of
lactobacilli whereas small amount remained unidentified. The average number of different lactobacilli in
the SWO herd was 2.1 (SD 1.0), ten different species were identified and none remained unidentified.
The herds had five different species of lactobacilli in common, of which three were the most prevalent
in both herds: these comprised 95.9% of all lactobacilli in the ORG herd and 99.1% in the SWO herd.
In the ORG herd, Limosilactobacillus reuteri constituted 71.1% of the total lactobacilli count followed by
Lactobacillus amylovorus (21.5%) and Ligilactobacillus ruminis (4.3%). Conversely, in the SWO herd,
the top three lactobacilli were Lactobacillus amylovorus / acidophilus with 64.9% followed by
Lactobacillus amylovorus (28.6%) and Limosilactobacillus reuteri (5.7%). Analysis of variance (ANOVA)
test showed a difference in the Lactobacillus species count between sows of different parity (F 5=2.7,
P=0.04). Lactating sows tended to harbor more different lactobacilli species compared with pregnant
sows (t-test, P=0.08). The total amount of lactobacilli did not differ significantly between parity groups
or by production phase. In conclusion, the species number of different lactobacilli identified in healthy
sows from two non-conventional herds were comparable. Five main species were present in both herds
but in variable concentrations. Overall, the predominance of two species, Lactobacillus amylovorus and
Limosilactobacillus reuteri were observed in both herds. Sow parity as well as the reproductive stage
may contribute to the species richness. This should be considered more in detail to understand the
interaction of Lactobacillus species composition and activity, and the environment.
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The main pathogenic agent of travellers’ diarrhoea, enterotoxigenic Escherichia coli (ETEC), is
responsible of 45% of the 200 million cases occurring each year worldwide. The production of
enterotoxins constitutes the major ETEC’s virulence traits. The treatment of such infections remains
mainly symptomatic with a frequent use of antibiotics. Given the burden of antimicrobial resistance and
its negative impact on human health, it is urgent to develop new alternative preventive strategies. Recent
works in mice have suggested that a fibre-free diet promotes mucus layer erosion associated with an
increase susceptibility to intestinal pathogens such as Citrobacter rodentiumI [1]. During the infection
process and especially for toxin release, ETEC have to reach the intestinal epithelium in the ileum,
suggesting that preserving mucus barrier integrity through a fibre strategy could also decrease infection
susceptibility. The aim of this work was to investigate a preventive strategy against ETEC pathogens
based on the use of different soluble and insoluble fibres and considering mucus interactions. Using
complementary in vitro approaches, eight fibres extracted from cereals and legumes or yeast cell walls
were tested for their ability to prevent ETEC H10407 growth and toxin production in culture media,
adhesion to mucins and intestinal epithelial cells (Caco-2 and HT-29Mtx mucus-secreting cells) and
induced-cell inflammation. Modulation of ETEC virulence gene expression was also monitored on the
most promising fibres. This study revealed that all the fibres had no effect on the viability of ETEC in
culture media. In addition, under these conditions, among the 8 fibres screened, lentils are the only one
able to decrease toxin production in a dose-dependent manner. Our in vitro results also showed that
yeast and lentils prevented ETEC adhesion to both mucin beads and mucus-secreting cells. Lentils also
exhibited a protective effect against ETEC pathogen through inhibition of IL-8 secretion in cell culture
assays. This work sheds light on a new possible preventive strategy against ETEC enteric infections
based on the use of dietary fibres. Further investigations will unravel the beneficial role of insoluble
fibres, especially lentils, in ETEC infection, by integrating two major components of host homeostasis,
namely mucus layer and gut microbiota. In this endeavour, we will associate cell-based approaches to
relevant in vitro gut models, such as the gastric and small intestinal TNO gastrointestinal model (TIM)
and the colonic mucosal simulator of the human microbial ecosystem (M-SHIME).
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Complex bacterial and yeast communities of spontaneously fermented beer and cider produce, besides
the alcohol, the metabolites with potential health effects. Augmentation of metagenomics with
chromosome conformation capture methods (such as Hi-C/3-C) provides improved profiles of
microbiome structure and functions. We developed an Hi-C metagenomics-based pipeline for
investigating food microbiome with a particular focus on yeast. This pipeline includes the experimental
stage, Hi-C-aided reconstruction of metagenome-assembled-genomes (MAGs) and secondary analysis
(with yeast comparative genomics analysis). As a pilot study, we analysed 3 spontaneous fermentation
beverages (2 beers and 1 cider) selected from a larger collection based on the 16S rRNA and ITS
sequencing (PMID:33279083). Along with the multiple bacterial MAGs, an abundant yeast MAG of
Brettanomyces/Dekkera bruxellensis was detected. The Hi-C signal was used to perform the
chromosome-wide scaffolding of the yeast MAG. We compared it to most publicly available genomes of
the species isolated from beer (n=3) and wine (n=3). Phylogenetic analysis showed that all beer strains
(including our MAG) were closely related, while the wine strains were distant and did not form a distinct
cluster. Functional enrichment analysis of wine- and beer-specific accessory genes revealed several
functions likely linked to the adaptation to distinct niches. Our results show that the Hi-C metagenomics
is a promising technique for in-depth analysis of food microbiome. It allows improved reconstruction of
bacterial and yeast genomes compared to conventional metagenomics, thus facilitating downstream
analysis steps like comparative genomics. A combined investigation of food community structure along
with the functional potential of each of its members will allow better understanding of microbial ecology,
identification of new probiotics and contribute to the improved quality control and innovative formulation
development of products with health-modulating effects, including low-alcohol/alcohol-free beverages.
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Increased intestinal permeability is associated with numerous disorders including irritable bowel
syndrome (IBS). Human milk oligosaccharides (HMOs) are carbohydrates found in breast milk
supporting infant health. We previously showed that metabolites of fermentation of 2'-O-fucosyllactose
(2'FL), lacto-N-neotetraose (LNnT) and combination thereof (MIX) affected intestinal barrier function
using cell lines and human gut organoid-on-chips [1]. Recent human intervention studies showed that
2'FL/LNnT increased Bifidobacterium spp. [2] whilst improving IBS symptoms [3], suggesting that HMOs
could modulate gut microbiota of IBS patients for better health. Here, faecal material from 6 donors with
IBS were used in in vitro continuous culture colon models supplemented with HMO MIX (2’FL/LNnT)
and supernatants collected, throughout fermentation, from vessels corresponding to the proximal,
transverse and distal colon. We observed a donor-dependent effect of fermented MIX on gut barrier
function as indicated by reduced FITC-dextran permeability of Caco-2 monolayers on transwells and IL6 secretion using ELISA. This effect increased along the proximal-transverse-distal colon axis. Distal
samples showing most reduction of paracellular permeability and IL-6 secretion were selected for gene
expression analyses by qPCR. The HMO treatment led to donor-dependent effects including
downregulation of IL-6, tryptase and TPH-1, both considered as candidate IBS biomarkers, and
upregulation of tight-junction protein ZO-1. Together, these results suggest that HMO supplementation
in IBS may be a personalised strategy to strengthen barrier function although more research is needed
to validate these findings e.g., using microfluidic human based gut-on-chip models.
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The human gut symbiont Ruminococcus gnavus displays a strain-specific repertoire of glycoside
hydrolases (GHs) contributing to its spatial location in the gut. Sequence similarity networks showed
that R. gnavus GH98 (RgGH98) sequence fell in a cluster different from sequences of GH98 enzymes
functionally characterised to date. We heterologously expressed and purified RgGH98, and determined
its substrate and linkage specificity. We showed that RgGH98 is specific for blood group A antigen
(BgA), as also confirmed by isothermal titration calorimetry (ITC) and saturation transfer difference
(STD) NMR, revealing affinity for blood group A over blood group B and H antigens. The molecular basis
of RgGH98 specificity was further investigated using a combination of site-directed mutagenesis and Xray crystallography. The crystal structure of the complex between RgGH98 and BgA trisaccharide and
RgGH98 inactive mutant with BgA tetrasaccharide identified residues involved in RgGH98 unique
specificity. RNAseq and qPCR analysis showed that the gene encoding RgGH98 is part of an operon
that is overexpresssed in vitro when R. gnavus is grown on mucin as sole carbon source. We showed
that RgGH98 releases BgA trisaccharide from mucin and that pretreatment of mucin with RgGH98
conferred other R. gnavus strains lacking this enzyme the ability to grow through BgA metabolism and
access to the underlying mucin glycan chain. These data further support that the GH repertoire of R.
gnavus strains enables them to colonise different nutritional niches in the gut and provide a source of
enzymes with unique specificities for potential applications in diagnostic or therapeutics.
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