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Abstracts
Human Gut Faecalibacterium prausnitzii Deploys a Highly Efficient
Conserved System to Cross-Feen on β-Mannan-Derived
Oligosaccharides
Lars J Lindstad1, Galiana Lo2, Shaun Leivers1, Zijia Lu3, Leszek Michalak1, Gabriel V
Pereira4, Åsmund K Røhr1, Eric C Martens4, Lauren S McKee3, Petra Louis2, Sylvia H
Duncan2, Bjørge Westereng1, Phillip B Pope1,5, Sabina Leanti La Rosa1,5
1

Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences, Norway. 2Gut
Health Group, Rowett Institute, University of Aberdeen, Scotland, United Kingdom. 3Division of Glycoscience,
Department of Chemistry, KTH Royal Institute of Technology, AlbaNova University Centre, Sweden.
4Department of Microbiology and Immunology, University of Michigan Medical School, Michigan, USA.
5
Faculty of Biosciences, Norwegian University of Life Sciences, Norway.

Dietary fibers are important for maintaining a healthy bacterial community in the gut
and thus important for the health of the host. Some of these fibers, β-mannans, are
hemicelluloses found in seed endosperms and common food additives in processed
food. The knowledge of β-mannan saccharification by commensal bacteria in the gut is
very limited, with only a few species known, which are believed to release βmannooligosaccharide (β-MOS) fragments to the surroundings in the colon. We have
showed that the Firmicutes, Faecalibacterium prausnitzii, that is a dominant butyrate
producer in the human gut and is linked to have a positive effect on human health, can
utilize and grow on the β-MOS made available from primary degraders.
Characterization of selected proteins in their two β-MOS utilization loci (MULs)
revealed a set of highly adapted enzymes that disassembles imported β-MOS. Further,
coculturing experiments with primary degraders like Bacteroides ovatus and Roseburia
intestinalis on polymeric β-mannan showed that F. prausnitzii can cross-feed on β-MOS
fragments released into the surrounding environment. The detailed biochemical
analysis revealed the mechanism that enables F. prausnitzii to acquire β-MOS released
in the gut by primary degraders. Genomic analysis of F. prausnitzii strains in public
human metagenomes showed that these MULs are highly conserved and distributed
worldwide. These findings may be used for selecting β-mannans in dietary
formulations for stimulating symbiotic interactions and growth of F. prausnitzii in the
gut (1). We are now combining the detailed understanding above with new small-scale
bioreactors and labeling methods (2) to further investigate how microbial communities
utilize selected substrates.

7
1. Lindstad LJ, et al. (2021) Human Gut Faecalibacterium prausnitzii Deploys a Highly Efficient Conserved System To CrossFeed on &#x3b2;-Mannan-Derived Oligosaccharides. 12(3):e03628-03620.
2. Leivers S, Lagos L, La Rosa SL, & Westereng B (2021) A technical pipeline for screening microbial communities as a function
of substrate specificity through single cell fluorescent imaging.2021.2005.2025.445716.

Cocultivation experiments of F. prausnitzii with keystone β-mannan degraders. (a to c) Growth kinetics of
mono- and cocultures of F. prausnitzii (Fp) and B. ovatus (Bo) in M2 medium containing 0.2% konjac
glucomannan (KGM) (a), no carbon source (no carbon) (b), or 0.2% glucose (c). (d to f) Fermentation products
for mono- and cocultures of F. prausnitzii (Fp) and B. ovatus (Bo) (d), KGM with no carbon source (e) or
glucose (f). 16S rRNA gene-targeted qPCR data signifying changes in relative abundance for F. prausnitzii (Fp)
and B. ovatus (Bo) in monococulture and coculture in KGM (g) or glucose (h). (i to k) Growth of single and
cocultures of F. prausnitzii (Fp) and R. intestinalis (Ri) in M2 medium supplemented with 0.2% konjac
glucomannan (KGM) (i), no carbon source (j), or glucose (k). (l to n) Concentration of different metabolites in
the spent media of single and cocultures of F. prausnitzii (Fp) and R. intestinalis (Ri) in M2 medium with 0.2%
konjac glucomannan (KGM) (l), no carbon source (m), or glucose (n). (o and p) 16S rRNA gene-targeted qPCR
data signifying changes in relative abundance, for F. prausnitzii (Fp) and R. intestinalis (Ri) in monococulture
and coculture in KGM (o) or glucose (p). In panels g, h, o, and p, the number of 16S rRNA gene copies per
milliliter of culture, obtained using qPCR, at the start (T0) and end (T48) of the experimental run were
expressed as T48/T0 to obtain fold changes which were then log2 transformed. In all panels, the data are
means with standard deviations of a minimum of three replicates. For calculation of SCFA concentrations,
the values measured in uninoculated M2, glucose, and KGM media were subtracted from the sample values.
Statistically significant differences for butyrate concentration were determined with the Mann-Whitney test
using SCFA data.
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Inclusion of the food additive xanthan gum into diet drives
adaptation of the human gut microbiota
*Sabina Leanti La Rosa1,2, *Matthew P. Ostrowski3, Benoit J. Kunath1, Andrew Robertson4,
Gabriel Pereira3, Live H. Hagen1, Neha J. Varghese5, Ling Qui3, Tianming Yao6, Gabrielle
Flint3, James Li7, Sean McDonald7, Duna Buttner3, Nicholas A. Pudlo3, Matthew K. Schnizlein3,
Vincent B. Young3, Harry Brumer7, Thomas Schmidt3, Nicolas Terrapon8,9, Vincent Lombard8,9,
Bernard Henrissat8,9,10, Bruce Hamaker6, Emiley A Eloe-Fadrosh5, Ashootosh Tripathi4, #Eric
Martens3 , #Phillip B. Pope1,2
1
Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences,
Norway. 2Faculty of Biosciences, Norwegian University of Life Sciences, Norway. 3Department of
Microbiology and Immunology, University of Michigan, USA. 4Life Sciences Institute: Natural Products
Discovery Core, University of Michigan, USA. 5DOE Joint Genome Institute, USA. 6Department of Food
Science and Whistler Center for Carbohydrate Research, Purdue University, USA. 7 Michael Smith
Laboratories, University of British Columbia, Canada. 8Centre National de la Recherche Scientifique, AixMarseille Université, France. 9Institut National de Recherche pour l’Agruculture, l’Alimentation et
l’Environnement, France. 10Department of Biological Sciences, King Abdulaziz University, Saudi Arabia.

*,# These authors contributed equally to this work

Food additives, including emulsifiers, stabilizers and thickeners, are increasingly being
consumed in modern human diets. While often believed to be inert, little is known
about the interactions of food additives with the human gut microbiota and their fate
in the gut. Xanthan gum is a common food additive used as thickening-agent in bakery
products, beverages and in gluten-free foods among others. In this study, we surveyed
a population of >60 healthy adults and found that over a third of those individuals had
bacterial communities able to metabolize xanthan gum. Metagenomic and
metatranscriptomic analyses revealed the presence of a common uncultured
Ruminococcaceae genus (R. UCG13) equipped with a polysaccharide utilization locus
responsive to xanthan gum. Detailed biochemical studies supported a model whereby
extracellular hydrolysis of xanthan gum by a novel xanthanase generates
oligosaccharides that are subsequently depolymerized to monosaccharides by a
cocktail of intracellular enzymes. In some cases, oligosaccharides produced by the
keystone degrader R. UCG13 also cross-feed Bacteroides intestinalis populations
equipped with their own specific catabolic pathway. A survey of 2441 public human
gut metagenomes revealed the broad, diet-specific, distribution of these xanthan
utilization loci across the world. Overall, these findings show that this food additive
should not be considered inert and has driven the evolution of interlinked trophic
relationships between at least two populations within the human gut microbiota, an
adaptation that reflects the incorporation of xanthan gum into industrialized human
diets in the past 50 years.
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Effects of low-FODMAP diet on gut microbiota in individuals with
celiac disease having persistent gastrointestinal symptoms
Anne Mari Herfindal1,2, Frida van Megen3,4,5, Mari Christine Overvik Gilde2,6, Jørgen Valeur7, Knut
Rudi2, Gry Irene Skodje4,8, Knut Erik Aslaksen Lundin5,9, Christine Henriksen4,5 and Siv Kjølsrud
Bøhn2.
1Presenter. 2Department

of Chemistry, Biotechnology and Food Sciences, Norwegian University of Life
Sciences, Norway. 3Department of Clinical services, Oslo University Hospital Rikshospitalet, Norway.
4Department of Nutrition, Institute of Basic Medical Sciences, University of Oslo, Norway. 5K.G. Jebsen
Coeliac Disease Research Centre, University of Oslo, Norway. 6BioNordika Norway AS, Norway. 7UngerVetlesen Institute, Lovisenberg Diaconal Hospital, Norway. 8Healthy Life Centre, Municipality of Nes,
Norway. 9Department of gastroenterology, Oslo University Hospital, Norway.

In a study of individuals with celiac disease (CeD), a low-FODMAP (fermentable oligo-,
di- and monosaccharides and polyols) diet resulted in relief of persistent
gastrointestinal symptoms. Whether a low-FODMAP diet will lead to changes in the gut
microbiota of this target group is unknown.
Our major aim was to investigate whether the low-FODMAP diet induced changes in
fecal gut microbiota and gut inflammation.
The 4-weeks randomized clinical trial included adult CeD individuals on a gluten-free
diet (GFD) having persistent GI symptoms. The participants were randomized to
consume a low-FODMAP diet in addition to their GFD (n=34) or continue their regular
GFD (controls, n=36).
The low-FODMAP diet, which mainly led to reduction in intake of lactose in the lowFODMAP group, induced greater shifts in the overall microbiota profile as compared to
controls (β-diversity, 16S sequencing, p<0.0001). However, when analyzing bacterial
taxa abundance, few taxa changed systematically in the low-FODMAP group, the most
convincing being reduction in Anaerostipes. The low-FODMAP diet did not induce
changes in fecal short chain fatty acids (SCFAs), except for propionic and valeric acid,
where the low-FODMAP diet seemed to induce a reduction in the individuals with
initially high values (GC-FID technology). Neutrophil gelatinase-associated lipocalin
(NGAL), a biomarker of gut integrity and inflammation, was unaffected by the lowFODMAP diet (ELISA).
The low-FODMAP diet induced reduction in GI symptoms and greater overall shifts in
gut microbiota, few uniform changes in bacterial abundances were found, indicating
highly individual responses to the low-FODMAP diet.
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Figure 1: Objective illustrated. CD, coeliac disease; GFD, gluten-free diet; GI, gastrointestinal; FODMAP,
fermentable oligo-, di- and monosaccharides and polyols.
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Gut Leakage Markers in Response to Strenuous Exercise in Patients
with Suspected Coronary Artery Disease
Susanne Kristine Aune1,2, Joanna Cwikiel1, Arnljot Flaa3, Harald Arnesen1,2, Svein Solheim1,3,
Ajodeji Awoyemi1,3, Marius Trøseid2,4, Ingebjørg Seljeflot1,2,3, Ragnhild Helseth1,3
1Center

for Clinical Heart Research, Department of Cardiology, Oslo University Hospital Ullevål, Norway.
of Medicine, University of Oslo, Norway. 3Department of Cardiology, Oslo University Hospital
Ullevål, Norway. 4Section of Clinical Immunology and Infectious diseases, Oslo University Hospital
Rikshospitalet, Norway.
2Faculty

Gut dysbiosis is associated with gut leakage, the translocation of bacterial compounds
across the gut barrier into the circulation, and has been shown to be common in
patients with coronary artery disease (CAD). Elevated levels of gut leakage markers
have been shown after strenuous exercise in healthy individuals, but has not been
explored in patients with CAD. We aimed to explore circulating levels of gut leakage
markers in response to a bout of strenuous exercise in patients with symptoms of CAD.
Patients referred to exercise stress testing due to symptoms of CAD were included
(n=287). A maximal exercise ECG stress test was performed. Venous blood samples
were drawn at rest and within 5 min after the test, for analysis of circulating biomarkers
sCD14, LBP, I-FABP, LPS and gene expression of TLR4 in circulating leukocytes. Patients
then underwent coronary angiography, and were grouped according to degree of
coronary artery stenosis.
LPS, LBP and sCD14 increased significantly after strenuous exercise in patients with
symptoms of CAD (p<0.001, all). Gene expression of TLR4 decreased significantly after
exercise (p<0.001), while I-FABP remained unchanged (p=0.097). There were no
significant differences in exercise-induced changes in the measured markers between
the groups with no CAD, non-significant CAD and significant CAD (p>0.05, all).
Gut leakage markers increased in all patients, suggesting that even short bouts of
strenuous exercise are associated with gut leakage. There we no differences between
groups of CAD, suggesting gut leakage to be independent of the presence of CAD.
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Figure 1. Change in gut leakage markers from before to after exercise in all patients.
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Gut microbiota alterations in patients with respiratory dysfunction
three months after severe COVID-19
Beate Vestad1,2, Thor Ueland1,3, Tøri Vigeland Lerum3,4, Tuva Børresdatter Dahl1,5, Kristian
Holm1,2,3, Andreas Barratt-Due5,6, Trine Kåsine3,5, Anne Ma Dyrhol-Riise3,7, Birgitte Stiksrud3,7,
Kristian Tonby3,7, Hedda Hoel1,3,8, Inge Christoffer Olsen9, Katerina Nezvalova Henriksen10,11,
Anders Tveita12, Ravinea Manotheepan13, Mette Haugli14, Ragnhild Eiken15, Åse Berg16, Bente
Halvorsen1,3, Tove Lekva1, Trine Ranheim1, Annika Elisabeth Michelsen1,3, Anders Benjamin
Kildal17, Asgeir Johannessen3,18, Lars Thoresen19, Hilde Skudal20, Bård Reiakvam Kittang21, Roy
Bjørkholt Olsen22, Carl Magnus Ystrøm23, Nina Vibeche Skei24, Raisa Hannula25, Saad Aballi26,
Reidar Kvåle27, Ole Henning Skjønsberg3,4, Pål Aukrust1,3,29 , Johannes Roksund Hov1,2,3,28 and
Marius Trøseid1,3,29 on behalf of the NOR-Solidarity study group
1

Research Institute of Internal Medicine, OUH Rikshospitalet, Norway. 2Norwegian PSC Research Center,
OUH Rikshospitalet, Norway. 3Institute of Clinical Medicine, UiO, Norway. 4Department of Pulmonary
Medicine, OUH Rikshospitalet, Norway. 5Division of Critical Care and Emergencies, OUH Rikshospitalet,
Norway. 6Division of laboratory Medicine, Dept. of Immunology, OUH Rikshospitalet, Norway. 7Department
of Infectious Diseases, OUH Rikshospitalet, Norway. 8Medical Department, Lovisenberg Diaconal Hospital,
Norway. 9Department of Research Support for Clinical Trials, OUH Rikshospitalet, Norway. 10Department of
Haematology, OUH Rikshospitalet, Norway. 11Hospital Pharmacies, South-Eastern Norway Enterprise,
Norway. 12Medical Department, Bærum Hospital, Vestre Viken Hospital Trust, Norway. 13Division of
Medicine, Diakonhjemmet Hospital, Norway. 14Department of Infectious Diseases, Sørlandet Hospital SSK,
Norway. 15Innlandet Hospital Trust, Norway. 16Department of Infectious Diseases, Stavanger University
Hospital, Norway. 17Department of Anesthesiology and Intensive Care, University Hospital of North Norway,
Norway. 18Department of Infectious Diseases, Vestfold Hospital Trust, Norway. 19Department of Medicine,
Ringerike Hospital, Vestre Viken Hospital Trust, Norway. 20Division of infectious Diseases, Telemark Hospital
Trust, Norway 21Department of Medicine, Haraldsplass Deaconess Hospital, Norway. 22Department of
Anaesthesiology, Sorlandet Hospital, Norway. 23Department of Medicine, Innlandet Hospital Trust, Norway.
24
Department of Anesthesia and Intensive Care, Levanger Hospital, Nord-Trøndelag Hospital Trust, Norway.
25Department of Infectious Diseases, Trondheim University Hospital, Norway. 26Department of Infectious
Diseases, Østfold Hospital Kalnes, Norway. 27Department of Anesthesia and Intensive Care, Haukeland
University Hospital, Norway. 28Section of Gastroenterology, Department of Transplantation Medicine, OUH
Rikshospitalet, Norway. 29Section of Clinical Immunology and infectious Diseases, OUH Rikshospitalet,
Norway.

Although COVID-19 is primarily a respiratory infection, mounting evidence suggests
that the GI tract is involved in the disease, with gut barrier dysfunction and gut
microbiota alterations being related to disease severity. Whether these alterations
persist and could be related to long-term respiratory dysfunction is unknown.
From the NOR-Solidarity trial (n=181), plasma was collected during hospital admission
and after three months, and analyzed for markers of gut barrier dysfunction and
inflammation. At the three-month follow-up, pulmonary function was assessed by
measuring diffusing capacity of the lungs for carbon monoxide (DLCO), and rectal
swabs for gut microbiota analyses were collected (n= 97) and analysed by sequencing
of the 16S rRNA gene.
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Gut microbiota diversity was reduced in COVID-19 patients with respiratory
dysfunction, defined as DLCO below lower limit of normal three months after
hospitalization. These patients also had an altered global gut microbiota composition
(Fig. 1), with reduced abundance of Erysipelotrichaceae UCG-003 and increased
abundance of Flavonifractor and Veillonella, the latter potentially being linked to
fibrosis. During hospitalization, increased plasma levels of lipopolysaccharide-binding
protein (LBP) were strongly associated with respiratory failure, defined as pO2/fiO2(P/F-ratio)<26.6 kPa. LBP levels remained elevated during and after hospitalization,
and were associated with low-grade inflammation and respiratory dysfunction after
three months.
Respiratory dysfunction after COVID-19 is associated with reduced biodiversity and gut
microbiota alterations, along with persistently elevated LBP levels. Our results point to
a potential gut-lung axis that should be further investigated in relation to long-term
pulmonary dysfunction and long COVID.

Figure 1. Gut microbial composition in patients with respiratory dysfunction at the three-month follow-up
(DLCO<LLN, n=83). A) LDA score of taxa abundance differences using LEfSe analysis. B) Taxonomic
cladogram highlighting differentially abundant taxa (p<0.05) by LEfSe. C) Volcano plot from ALDEx2
analysis showing effect size (difference between groups divided by dispersion within groups, on log2-scale)
by p-value of differentially abundant genera. Abbreviations: LDA, linear discriminant analysis; LEfSe, linear
discriminant analysis effect size.
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Outer membrane vesicles from Porphyromonas gingivalis – isolation
and characterization
Helene Rygvold Haugsten1, Tine M. Søland1, Morten Enersen1, Anne Karin Kristoffersen1, Trude
Haug1, Hilde Galtung1. Collaborators: Reidun Øvstebø2, Hans Christian Dalsbotten Aass2
1Department

of Oral Biology, University of Oslo, Norway. 2The Blood Cell Research Group, Department of
Medical Biochemistry, Oslo University Hospital, Ullevål, Norway

Periodontal diseases, an inflammatory condition caused by bacteria, represent a
serious health problem worldwide. The inflammation damages the supporting tissue
of the teeth and can also predisponate to systemic disease. Here, Porphyromonas
gingivalis (P. gingivalis) is considered a keystone pathogen. It releases outer membrane
vesicles (OMVs) that could contain virulence factors and play a role in the pathogenesis
of the bacteria.
This study aimed to isolate OMVs from three strains of P. gingivalis, to characterize the
OMVs and investigate OMV uptake into human oral fibroblasts.
OMVs from three bacterial strains of P. gingivalis (ATCC 33277, A7A1-28 and W83)
were isolated through ultrafiltration and size-exclusion chromatography. To measure
concentration and size distribution, we used Nano-Tracking Analysis.
Transmission electron microscopy was used to visualize the vesicles. We used Flow
Cytometry targeting a known virulence factor, gingipains. Uptake of OMVs, labelled
with PKH67, in fibroblasts were visualized using confocal microscopy.
We isolated OMVs using ultrafiltration and size-exclusion chromatography. We could
by Nano-Tracking Analysis show concentrations of OMVs from 106 to 109 particles/ml
and a diameter from 39 nm to 368 nm. TEM pictures demonstrated vesicle-like
structures. Flow Cytometry analyses detected gingipains present in the OMVs.
Fibroblasts incubated with OMVs displayed intracellular labelling in the cytoplasm
consistent with OMV internalization.
It was possible to isolate and characterize OMVs from P. gingivalis. Preliminary results
show uptake of OMVs in human oral fibroblasts. Further studies could contribute to a
better understanding of the role of P. gingivalis and its OMVs in the pathogenesis of
periodontal diseases.
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Figure 1: Transmission electron microscopy picture of Outer membrane vesicles from P. gingivalis.
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Analysing Microbiome Intervention Design Studies: Comparison of
Alternative Multivariate Statistical Methods
Maryia Khomich1,2, Ingrid Måge1, Ida Rud1 and Ingunn Berget1
1

Nofima, Norwegian Institute of Food, Fisheries and Aquaculture Research, Norway. 2University of Bergen,
P.O. Box 7804, 5020 Bergen, Norway.

The diet plays a major role in shaping gut microbiome composition and function in both
humans and animals. Dietary intervention trials are often used to investigate and
understand these effects. A plethora of statistical methods for analysing the
differential abundance of microbial taxa exists, but there is a lack of benchmarking
studies and clear consensus on the best multivariate statistical practices.
We compared the outcomes of generic multivariate ANOVA (ASCA and FFMANOVA)
against statistical methods commonly used for community analyses (PERMANOVA and
SIMPER) and methods designed for analysis of count data from high-throughput
sequencing experiments (ALDEx2, ANCOM and DESeq2). The comparison is based on
both simulated data and five published dietary intervention trials representing
different subjects and study designs. We found that the methods testing differences at
the community level were in agreement regarding both effect size and statistical
significance. However, the methods that provided ranking and identification of
differentially abundant operational taxonomic units (OTUs) gave incongruent results,
implying that the choice of method is likely to influence the biological interpretations.
In the simulation study, ASCA and FFMANOVA had the best performance in
identification of the true differential abundant OTUs.
To conclude, the generic multivariate ANOVA tools, i.e. ASCA and FFMANOVA, have
the flexibility needed for analysing multifactorial experiments and provide outputs at
both the community and OTU levels. Their good performance in the simulation studies
suggests that these statistical tools also are highly suitable for microbiome data sets.
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Figure 1: A diagram of statistical methods used in the study (pre-print DOI: 10.21203/rs.3.rs-30540/v2)
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Gut bacteria diversity index and functional bacteria profiles detected
by the GA-map® Dysbiosis Test
Kristin Gravdal1, Graceline Tina Kirubakaran1, Anja Bråthen Kristoffersen1, Christina Casén1
1

Genetic Analysis AS, Oslo, Norway

The diversity and functionality of gut microbiota is increasingly acknowledged as
important biomarkers for gut health. For the estimation of gut bacteria diversity and
indication of the balance or imbalance of functionally important bacteria, GA has
developed the GA-map® diversity index and functional bacteria profiles, based on the
GA-map® Dysbiosis Test1. The GA-map® Dysbiosis Test Lx uses molecular biology
techniques to detect 48 bacteria markers in human stool, covering ~300 bacterial
species.
The GA-map® diversity index estimates the bacteria diversity of a sample using
weighted signal strength data from 28 non-correlated bacteria markers. The resulting
diversity index value ranges from 0 to 5, where higher values indicate greater diversity.
Selected bacteria markers were consolidated into five profiles representing different
gut bacteria functions (Table 1). Criteria to indicate functional balance or imbalance
were set using the bacteria abundances from the GA-map® Dysbiosis Test Lx.
GA-map® diversity index and functional bacteria profiles were calculated for healthy
control subjects (HC), and patients diagnosed with irritable bowel syndrome (IBS) or
inflammatory bowel disease (IBD).
A median diversity index of 3.9, 3.8 and 2.5 were estimated for the HC, IBS and IBD
cohorts, respectively.
The functional imbalance criteria were fulfilled in 3-6% of HC, 9-22% of IBS and 36-51%
of IBD for the different functional profiles.
The additional new tools enable rapid evaluation of bacteria diversity and easy
detection of the presence or decrease of bacteria maintaining important gut functions.
1. Casén C, et al. Deviations in human gut microbiota: a novel diagnostic test for determining dysbiosis in
patients with IBS or IBD. Aliment Pharmacol Ther. 2015 Jul;42(1):71-83. doi: 10.1111/apt.13236. Epub 2015
May 14. PMID: 25973666; PMCID: PMC5029765.
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Table 1: Functional bacteria profiles
Functional bacteria
profiles

Bacteria marker

Butyrate producing
bacteria

Anaerobutyricum hallii
[Eubacterium] rectale
Reduced abundance in at least two markers
Faecalibacterium prausnit
zii

Gut mucosa
protective bacteria

Faecalibacterium prausnit
zii
Akkermansia muciniphila

Gut intestinal health Faecalibacterium prausnit
marker
zii

Criteria, functional imbalance

Reduced abundance in both markers

Reduced abundance, at least below -1

Gut barrier
protective and
potentially
harmful bacteria

Faecalibacterium prausnit
zii
Reduced abundance in protective marker (F.
Ruminococcus gnavus
prausnitzii) and increased abundance in at
Proteobacteria
least one potentially harmful bacteria
Shigella spp./Escherichia
marker
spp.

Pro-inflammatory
bacteria

Proteobacteria
Shigella spp./ Escherichia
spp.

Increased abundance in both markers, and
at least one above +1
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Increased fecal levels of the SCFA butyrate may indicate poor
absorption due to disrupted gut barrier in patients with carotid
stenosis
Kristine Stø1,2, Jørgen Valeur3, Thor Ueland1,4,5, Gunn Helen Malmstrøm3, Vigdis Bjerkeli4, Syed
Sajid Hussain Kazmi1,6, Marius Trøseid1,4,7, Johannes Hov1,4,5,9, Mona Skjelland1,2, Karolina
Skagen1,2.
1Institute

of Clinical Medicine, University of Oslo, Norway. 2Department of Neurology, OUH, Norway. 3UngerVetlesen Institute, Lovisenberg Diaconal Hospital, Norway. 4Research Institute of Internal Medicine, OUH,
Norway. 5Faculty of Health Sciences, K.G. Jebsen TREC, University of Tromsø, Norway. 6Department of
Vascular surgery, OUH, Norway. 7Section of Clinical Immunology and Infectious Diseases, OUH, Norway.
8Norwegian PSC Research Center, Division of Cancer, Surgery and Transplantation, OUH, Norway.
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Carotid atherosclerosis is a chronic inflammatory disease accounting for 20-25% of all
ischemic strokes. Selection criteria for preventative surgery are based on the degree of
stenosis, and clinical symptoms however; these alone are not sufficient predictors for
future strokes. Short chain fatty acids (SCFAs), a family of gut microbial metabolites,
have been reported to promote anti-atherosclerotic actions. Increasing evidence
suggest that Nod-like Receptor Protein (NLRP) 3 inflammasome activation plays a role
in the pathogenesis of atherosclerosis as well as impaired gut barrier.
This cross-sectional study is comparing patients with moderate or severe carotid
stenosis (n=43) with healthy control subjects (n=38). Fecal SCFAs (acetate, proprionate,
butyrate) were distilled and further analyzed by Gas Chromatography. Plasma levels of
markers of gut leakage and inflammasome activation (iFABP, CCL25, IL-18, LBP) were
measured.
Results:
i)
ii)

Fecal levels of the SCFA butyrate were significantly higher in patients
compared with controls (p=0.024).
Plasma levels of markers of gut leakage and inflammasome activation
(iFABP, CCL 25 and IL18), were significantly higher in patients compared
with controls.

Patients with moderate or severe carotid stenosis have increased fecal levels of
butyrate compared with controls. The increased plasma levels of markers of gut
leakage and inflammasome activation (IL18, CCL 25 and iFABP) found in these patients
suggest that they have a disturbed gut barrier. This gut impairment with reduced
absorption of butyrate and associated inflammasome activation could be a possible
contributor to carotid atherosclerosis.
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The early life microbiome has been linked to inflammatory diseases in adulthood and
several lines of evidence support a role for the microbiome in cholangiopathies.
We utilized the NOD.c3c4 mouse model that develops an immune-driven spontaneous
biliary disease. Germ-free (GF) NOD.c3c4 offspring were conventionalized into a
specific pathogen free (SPF) environment at birth (CONV-R, n=21) and at weaning (GFR, n=19). Age and gender-matched GF and conventional (CONV) NOD.c3c4 mice were
included as controls.
GF mice were successfully colonized as evidenced by reversed caecum weight in both
conventionalized groups (GF-R 0.6 g, CONV-R 0.6 g, CONV 0.5 g, GF 2.6 g). Total body
weight was comparable in all groups. The biliary inflammation was increased in CONVR compared to GF-R (score 2.3 vs 1.6, p=0.017) while the inflammation was comparable
between GF-R and GF mice (score 1.6 vs 1.5, p=0.9) indicating that early life exposure
to the microbiome is of importance for development of bile duct inflammation. The
CONV-R mice developed more biliary inflammation than GF mice (score 2.3 vs 1.5,
p=0.0007) and GF mice developed milder bile duct inflammation than CONV mice
(score 1.5 vs 2.1, p=0.0042). These histopathological findings were further supported
by an increased liver weight in CONV-R compared to GF-R (p=0.0057) indicating also an
effect on macroscopically detectable liver disease.
Microbial exposure during early life regulates biliary tract inflammation in the
NOD.c3c4 mouse model. These results suggests that age-sensitive interaction with
commensal microbes have long-lasting effects on biliary immunity and is probably also
of importance for human cholangiopathies.
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Figure 1. Portal inflammation augmented in conventionallyraised NOD.c3c4 males. Data presented as mean  SEM.
*p0.05, **p  0.01, ***p0.001.
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Fatty acid (FA) abnormalities have been found in various inflammatory disorders and
have been related to disturbed gut microbiota. Patients with Common variable
immunodeficiency (CVID) have inflammatory complications associated with altered gut
microbial composition. We hypothesized that there is an altered FA profile in CVID
patients, related to gut microbial dysbiosis.
Plasma FAs were measured in 39 CVID patients and 30 healthy controls. Gut microbial
profile, a food frequency questionnaire and the effect of the oral antibiotic rifaximin,
were investigated in CVID patients.
The n-3 polyunsaturated fatty acids (PUFAs), (eicosapentaenoic acid) EPA (1.4 [1.0-1.8]
vs 1.9 [1.2-2.5], median [IQR], P<0.05) and docosahexaenoic acid (DHA) (3.2 [2.4-3.9]
vs 3.5 [2.9- 4.3], P<0.05), all values expressed as weight percent of total plasma FAs,
were reduced in CVID compared to controls. Also, n-6 PUFAs (34.3 ± 3.4, vs 37.1 ± 2.8,
mean ± SD, P< 0.001) and linoleic acid (LA) (24.5 ± 3.3, vs 28.1 ± 2.7, P< 0.0001), and
the FA anti-inflammatory index (98.9, [82.1-119.4], vs 117.0, [88.7-153.1], median
[IQR]), P<0.05) were reduced in CVID. The microbial alpha diversity was positively
associated with plasma n-6 PUFAs, (r=0.41, P<0.001) and LA (r=0.51, P<0.001), but not
n-3 PUFAs (P= 0.78). Moreover, a 2-week course of rifaximin significantly reduced the
proportion of n-6 PUFAs (P=0.04, UNIANOVA). Serum Immunoglobulin G (IgG) levels
correlated with plasma n-3 PUFAs (rho=0.36, P=0.03) and DHA (rho=0.41, P=0.009).
We found a potentially unfavourable FA profile in CVID, related to low IgG levels. High
plasma n-6 PUFAs were related to increased gut microbial diversity and altered by
rifaximin therapy.
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The fecal microbiota is altered in primary sclerosing cholangitis (PSC), but data on
mucosal microbiota is still limited. No microbiota characteristics are consistent in PSCIBD, and little is known about the impact of recurrent PSC (rPSC) after liver
transplantation (LT). We aimed to investigate the mucosal microbiota in PSC and utilize
rPSC to define consistent microbiota features associated with sclerosing cholangitis
irrespective of transplantation.
We included 84 PSC and 51 PSC-LT patients (rPSC: 49%, recurrence median 5.0 years
post-LT) with biopsies available from at least two ileocolonic segments, and nineteen
healthy controls (HC). Extracted DNA was subjected to 16S rRNA sequencing (V3-V4)
and analyzed using QIIME2.
Mucosal gut microbiota alterations observed in PSC were more pronounced in PSC-LT,
including a particular expansion of Proteobacteria in PSC-LT. A limited set of genera
associated with sclerosing cholangitis both before (PSC vs HC) and after LT (rPSC vs. no
rPSC). This set consisted of reduced Bilophila, Eubacterium hallii and two
Lachnospiraceae, and increased Enterococcus, Streptococcus, Eisenbergiella and
Hungatella. Alpha diversity was reduced and Veillonella increased in PSC and PSC-LT,
but did not separate rPSC from PSC-LT without recurrence. Concomitant IBD was
associated with reduced abundance of Akkermansia, irrespective of LT. The potential
pathobiont Klebsiella was associated with reduced transplantation-free survival and
was increased in patients who were transplanted or developed rPSC.
We identify mucosal microbes associated with sclerosing cholangitis and PSC-IBD
irrespective of transplantation status, highlighting that the mucosal microbiota may
contribute to disease development and severity also after LT.

