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Institute of Internal Medicine, Oslo 
University Hospital 

1245 Microbiota and autism: programming -
biomarkers -restoration 

Tore Midtvedt, MTC, Karolinska 
Institutet, Stockholm, Sweden 

LUNCH 1300-1400 

      

Current concepts: Gut microbiome - from biomarker to clinical tool 1400-1500 

1400 Gut microbiome as clinical biomarker 
(introduction) 
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Medicine, Oslo University Hospital 
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Aquaculture, Nord University, Norway. 
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with cardiovascular events in a high-risk 
population 

Deji Awoyemi, Center for Clinical Heart 
Research, Department of Cardiology, Oslo 
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review and meta-analysis of randomized, 
controlled trials 

Heidi Borgeraas, Morbid Obesity Center, 
Vestfold Hospital Trust, Tønsberg, Norway 
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translocation predict liver transplantation 
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cholangitis 
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9 Two-year follow-up of Dysbiosis in 
Patients with Irritable Bowel Syndrome 
(IBS) 

Jostein Sauar, Department of Gastroenterology, 
Telemark Hospital, Skien 

   

10 The most active members of the inflamed 
mucosa-associated microbiota are not the 
most abundant in ulcerative colitis 
patients 

Tone Møller Tannæs, Department of Clinical 
Molecular Biology (EpiGen), Division of 
Medicine, Akershus University Hospital and 
University of Oslo,  Lørenskog, Norway 

   

11 Industry abstract: GA-map™ Dysbiosis 
Test: Bridging the gap between gut 
microbiota research and clinical use 

Caroline Frøyland, Genetic Analysis AS 
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Chronic fast food intake promotes diet-induced obesity and cecal microbiota 
changes compared to a homemade healthy meal in C57BL/6J mice 
 

Ida Rud1, Jacob Bak Holm2, Ingrid Måge1, Charlotte Ramstad Kleiveland3, Dimitrios Tzimorotas1, 
Tor Lea3, Karsten Kristiansen2, Lise Madsen2,4 & Bjørn Liaset4 
1Nofima-Norwegian Institute of Food, Fisheries and Aquaculture Research, Ås, Norway; 2University of Copenhagen, Denmark; 
3NMBU-Norwegian University of Life Sciences, Ås, Norway; 4NIFES-National Institute of Nutrition and Seafood Research, Bergen, 
Norway. 

 

Background and aims: Frequent intake of fast food is associated with development of obesity and 
obesity-related comorbidities. Here we aim to compare the effect of a typical fast food (FF) meal 
with a ready to eat (RTE) meal and a homemade healthy meal (HM) on changes in phenotype, 
metabolic health status and microbiota in obesity-prone mice. 

Methods: Beef burgers with bread and chips (FF), beef with boiled potatoes, peas and sauce (RTE), 
and salmon with whole barley grains, broccoli and skimmed milk (HM) were ad libitum fed to 
eight-weeks-old male C57/BL6J mice. After 16 weeks of feeding, plasma and tissues were collected 
for analyses. Cecum microbiota was investigated by 16S rRNA amplicon sequencing and 
functionality was predicted using PICRUSt. 

Results: FF fed mice had the highest body fat mass and liver lipid concentrations after the 
intervention. Both the FF and the RTE fed mice had reduced insulin sensitivity, and with 
indications of insulin-resistance in hepatic and in adipose tissues, respectively, compared to the HM 
fed mice. Diet effects on the cecal microbiota were shown by multivariate analysis. Allobaculum 
and one specific OTU of Bacteroidales S24-7 were more abundant in the FF fed mice, whereas 
Akkermansia was more abundant in the RTE and HM fed mice. Highest alpha diversity was seen in 
the mice fed HM. Functional prediction revealed that phosphotransferase systems involved in 
microbial processing of carbohydrates were enriched in the FF fed mice, also found in other 
obesity-linked microbiomes of mice and humans.  

Conclusions: Chronic FF consumption caused diet-induced obesity in male mice compared to a 
homemade HM diet, where the microbiota might have had a role in increased energy harvest and 
promoting obesity.  

 

 

 
 
 
 

  

Figure. Principal component 
analysis showing diet-induced 
microbiota differences between 
C57/BL6J mice fed a fast food (FF) 
meal, ready to eat (RTE) meal and a 
homemade healthy meal (HM). 
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The Future of Gut Microbiome Analysis  
 

Morten L. Isaksen, PhD, CEO1 
1Bio-ME AS. 

 

In order to meet the demand for the anticipated large volume of gut microbiome analysis in the 
future, rapid, low-cost and high throughput solutions must be made available. This talk will 
highlight some of the challenges with existing approaches to gut microbiome analysis, and point 
towards possible solutions. In addition, some preliminary data from a new test developed by Bio-
Me will be presented, including novel method to collect, ship and store the fecal samples. The 
technology will make it possible for the first time to process hundreds of samples in less 1 - 2 days 
(from fecal sample to ready report), with high accuracy and resolution (down to species level), and 
at low cost. Possible applications for this test and how it will influence personalized and precision 
medicine will be presented.  
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Effect of probiotics on gut microbiota and PET/MRI activity in HIV-infected 
persons  

Caroline J. Arnbjerg1, Beate Vestad2,3, Johannes R. Hov2,3,4,5,6, Karin K. Pedersen1, Sofie 
Jespersen1, Helle H. Johannesen7, Kristian Holm2,3,4,5, Eva Fallentin7, Adam E. Hansen7, Theis 
Lange8, Andreas Kjær7, Marius Trøseid2,3,9, Barbara M. Fischer7 and Susanne D. Nielsen1.  
1Viro-immunolgy Research Unit, Department of Infectious Diseases – Rigshospitalet, University Hospital of Copenhagen; 2Research 
Institute of Internal Medicine, Oslo University Hospital Rikshospitalet, Oslo, Norway; 3Institute of Clinical Medicine, Faculty of 
Medicine, University of Oslo, Oslo, Norway; 4K. G. Jebsen Inflammation Research Centre, University of Oslo; 5Norwegian PSC 
Research Center, Division of Surgery, Inflammatory Medicine and Transplantation, Oslo University Hospital Rikshospitalet, Oslo, 
Norway; 6Section of Gastroenterology, Division of Surgery, Inflammatory Medicine and Transplantation, Oslo University Hospital 
Rikshospitalet, Oslo, Norway; 7Department of Clinical Physiology, Nuclear Medicine & PET and Cluster for Molecular Imaging, 
Rigshospitalet, University Hospital of Copenhagen and University of Copenhagen; 8Department of Biostatistics University of 
Copenhagen. 9Section of Clinical Immunology and Infectious diseases, Oslo University Hospital Rikshospitalet, Oslo, Norway. 

Background: Despite combination antiretroviral therapy (cART) with suppressed viral replication, 
gut microbiota alterations, microbial translocation and low-grade inflammation persist in several 
HIV-infected individuals. The aim of this study was to investigate the effects of the probiotic strain 
Lactobacillus rhamnosus GG (LGG) on the gut microbiota composition, microbial translocation 
and intestinal inflammation.  

Methods: The gut microbiota composition (Illumina sequencing of 16s rRNA) and level of 
microbial translocation (lipopolysaccharide, LPS) were determined at baseline and after probiotic 
intervention in 45 individuals (15 cART näive and 30 cART-treated). All study participants 
received 6 x 109 colony-forming units of LGG twice daily for eight weeks. Gut microbial profiles 
were compared with measurements of intestinal inflammation by 18F-2-fluoro-2-deoxy-D-glucose 
positron emission tomography/magnetic resonance imaging (18FDG PET/MRI) scans in 15 
individuals. 

Results: After probiotic intervention, no overall change in microbial translocation (LPS) or 
microbial alpha diversity could be detected in the study group (observed operational taxonomic 
units (OTUs); mean change -0.83, 95% CI -2.33 to 0.67, p=0.328, phylogenetic diversity (PD) 
whole tree; mean change -10.96, 95% CI -33.33 to 11.41, p=0.270). However, a significant 
decrease in intestinal inflammation was detected on PET/MRI (-0.3 mean difference in combined 
activity grade score from six regions, P=0.006), along with a reduction in the bacterial families 
Enterobacteriaceae (p=0.018) and Erysipelotrichaceae (p=0.037) after probiotic intervention. 
Comparing individuals with decreased 18F-FDG-uptake on PET/MRI (good responders) with 
individuals with no change in uptake after intervention (poor responders), there was a significant 
reduction in the relative abundance of Enterobacteriaceae (p=0.048), but not Erysipelotrichaceae, in 
the gut microbiome of the good responders.  

Conclusions: Reduced abundance of Enterobacteriaceae after probiotic intervention could 
potentially explain the local anti-inflammatory effect in the gut measured by PET/MRI activity, as 
this bacterial family contains several known pathogenic strains with pro-inflammatory properties 
and ability to locally invade the gut mucosa. Future studies should focus on the potential effects on 
mucosal immunology and HIV pathogenesis, with PET/MRI as a non-invasive alternative to 
regionally explore the distribution of inflammation in the gut. 
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GA-mapTM Dysbiosis Test: Bridging the gap between gut microbiota research 
and clinical use	 
 

Caroline Jevanord Frøyland1, Christina Casén1, Finn Terje Hegge1, Thomas Borge1. 
1Genetic Analysis AS, Kabelgaten 8, 0580 OSLO, NORWAY, www.genetic-analysis.com . 

 

The gut microbiota has been named the ”forgotten organ” and is involved in our metabolism, uptake 
of nutrition, and immune function. It has been target for extensive research and a large number of 
clinical studies in recent years. In inflammatory bowel disease (IBD) and irritable bowel syndrome 
(IBS) bacteria profiles has recently been linked to prediction of responders and non-responders to 
different therapeutic options. Using gut microbiota profiles in a clinical setting requires a fast, easy 
to use, well documented method, which is in compliance with regulatory directives, – such as the 
GA-mapTM Dysbiosis Test.  

A current challenge in gut microbiota research, is to find a uniform protocol for analyzing the 
bacteria composition. The end result is highly sensitive for differences in analysis steps such as 
DNA extraction method, primer pairs sequences, laboratory instruments, preprocessing of data, and 
ambiguous OTU clustering. Low reproducibility and deviations in detection of bacterial DNA make 
clinical routine testing problematic.  

For the last ten years, the Norwegian biotech company Genetic Analysis AS has, in close 
collaboration with European specialists, developed, documented and commercialized the GA-
mapTM Dysbiosis Test. Here we present the technology that is an efficient clinical research tool 
ready to bridge the gap between gut microbiota research and clinical use.  
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Faecal transplantation versus placebo for moderate-to-severe irritable bowel 
syndrome: a randomised controlled trial 
 

Peter Holger Johnsen M.D.1,5, Frank Hilpüsch M.D.2,4, Jorunn Pauline Cavanagh PhD3,5, Ingrid 
Sande Leikanger MSc1, Caroline Kolstad M.D.5, Per Christian Valle PhD1, and Rasmus Goll PhD3,5 
1University Hospital of North Norway Harstad, Harstad, Norway; 2Sjøkanten Legesenter, Harstad, Norway; 3University Hospital of 
North Norway Tromsø, Tromsø, Norway; 4Norwegian Centre of Rural Medicine, UIT Arctic University of Norway; 5UIT The Arctic 
University of Norway, Tromsø, Norway. 

	

Background: Irritable bowel syndrome (IBS) is a common condition characterized by abdominal 
pain, bloating, and poor quality of life. IBS may be caused by a gut dysbiosis. This double blind 
randomized trial compared faecal microbiota transplant (FMT) to placebo in patients with IBS.  

Methods: We enrolled patients with moderate to severe IBS (defined by the ROME III criteria, 
without dominating constipation and irritable bowel symptom severity score) from general 
practitioners in Northern Norway. Participants were randomized in blocks of six to active or 
placebo (2:1) FMT.  The donor faeces was either freshly processed or previously stored and frozen; 
own faeces served as placebo. We ensured an equal number of blocks with fresh or frozen as the 
active treatment. The transplant was administered by a colonoscope to the cecum. Primary endpoint 
was >75 point symptom relief assessed by IBS severity scoring system (IBS-SSS) after three 
months, secondary endpoint at twelve months.  

Findings: Ninety participants were included and allocated to fresh, frozen or placebo. Three did not 
show for FMT, four were excluded after diagnosis of microscopic colitis, leaving eighty-three for 
final modified intention to treat analysis. The primary endpoint at 3 months and secondary at 12 
months after FMT showed response in 36/55 combined active vs 12/28 in the placebo group P = 
0.049 (Chi-square), and 31/55 in combined active groups vs. 10/28 in the placebo group P = 0.075, 
respectively. No serious adverse events could be attributed to FMT. Clinicaltrials.gov: 
NCT02154867.  

Interpretation: FMT induced a significant symptom relief in patients with IBS. However, larger 
multicentre studies are needed to confirm the results.  
FUNDING: HelseNord (SFP1210-14) and Norwegian Center of Rural Medicine (University of Tromsø, Norway). 
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HUNT One Health – the world’s first large-scale population-wide study of 
human and animal health interactions 
 

Arne Holst-Jensen1, Petter Hopp1, Kristian Hveem2,3, Lisbeth Rannem4, Eystein Skjerve5, Anne 
Margrete Urdahl1 & Yngvild Wasteson5. 
1Norwegian Veterinary Institute, Oslo, Norway; 2Norwegian University of Science and Technology, Trondheim, Norway; 3Nord-
Trøndelag Health Study, Levanger, Norway; 4Fylkesmannen Nord-Trøndelag/HUNT One Health, Steinkjer/Levanger, Norway; 
5Norwegian University of Life Sciences, Faculty of Veterinary Medicine, Oslo, Norway. 

 

Humans and animals affect each other’s health in many ways. The world’s first large-scale 
population-wide study of human-animal health interactions commenced in Norway in the late 
autumn of 2017. The objective of the project “HUNT One Health” is to dig out new knowledge 
that can contribute to improved human and animal health. The first putative gold mine is dirt, stool 
and droppings. 

The term “One Health” highlights that the health of humans and animals is tightly interwoven, and 
affected by their shared environments. HUNT One Health is an expansion of HUNT (the Nord-
Trøndelag Health Study), a large human population-wide project that has been ongoing since the 
mid 1980-ies. The parties of HUNT One Health are HUNT (owned by the Norwegian University 
of Science and Technology; NTNU), the Norwegian Veterinary Institute and the Norwegian 
University of Life Sciences (NMBU). In the initial phase of HUNT One Health, coordinated 
efforts will focus on sampling from animals and their owners. Droppings will be collected from 
cattle, pigs, sheep, dogs and horses, while HUNT simultaneously will collect various types of 
samples, including stools, from humans. 

The availability of biological research material and associated metadata from animals and the 
people in contact with the animals is expected to open for a broad range of interesting and high-
impact studies in the coming years. The ability to link human and animal microbiotas and other 
health parameters on a large scale makes this project unique. The research material will be 
(conditionally) available also to the broad scientific community. 
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Improved explorative analysis of microbiota data 
 

Jonas C. Lindstrøm1 
1Akershus Universitetsykehus 

 

A common step in the data analysis pipeline in amplicon based microbiota studies is the calculation 
of UniFrac distances between sampled communities. The UniFrac distances are then used to 
construct a low-dimensional scatterplot of the samples that is used to look for general patterns and 
clusters. The most common techniques for the scatterplot creation, such as PCoA, aim for a faithful 
representation of the distances, but this might not always reveal the interesting patterns in the data. 
Here we introduce our R package tsnemicrobiota which implements the t-SNE algorithm for 
easy use with microbiota data sets. The t-SNE algorithm emphasizes the samples that are near each 
other in UniFrac space in addition to having a more flexible layout criterion, which combined 
allows for more complex patterns to be visualized in a 2D scatterplot.  We believe that this 
technique will be a useful addition to the data analysis toolbox in microbiota studies. 
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Early life and intestinal bacterial communities of Atlantic salmon from different 
sources 
  

Jep Lokesha, Jorge M. O. Fernandesa, Viswanath Kirona 
a Faculty of Biosciences and Aquaculture, Nord University, Norway. 

 

In many phylogenetically diverse animals, including fish, interactions between the host and its 
microbiome complement several life-sustaining processes. Atlantic salmon is an important farmed 
fish species, and knowledge of their bacterial communities will be useful for the aquaculture 
industry. We examined the variations in the community profiles during the ontogeny of the fish. 
The major groups of bacteria associated with the adult fish from farms, an indoor rearing facility 
and the wild, were also identified. 

Stage-specific composition and progressive transition of the intestinal bacterial communities were 
the features of the early life stages and the freshwater and seawater salmon. In the adult salmon 
from various sources, different types of bacteria were detected as highly abundant. They included 
OTUs belonging to the genera Mycoplasma, Photobacterium or phylum Spirochaetes, and these 
OTUs were not over abundant ones in any of the developmental stages. Nevertheless, they were 
present in the intestine of the early developmental stages. These results indicate that a multitude of 
factors can shape the adult intestinal bacterial community profile. 

These findings form the basis for further studies that aim to delineate the effect of host-derived 
factors and environment on shaping the bacterial communities of Atlantic salmon. 
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Altered gut microbiota profile in heart failure driven by depletion of butyrate 
producing bacteria 
 

Cristiane C. K. Mayerhofer*,a,b,c,d, Martin Kummen*,b,e, Beate Vestadb,c, Kaspar Brocha, Ayodeji 
Awoyemic,f,g, Christopher Storm-Larsenb,c,e, Ingebjørg Seljeflotc,f,g, Thor Uelandb,c,d, Kristian 
Holmb,c,d,e, Lars Gullestada,c,g, Arne Yndestadb,c,d,g, Pål Aukrustb,c,d,h, Johannes R. Hov†,b,c,d,e,i and 
Marius Trøseid†,b,c,h. 
aDepartment of Cardiology, Oslo University Hospital Rikshospitalet, Oslo, Norway; bResearch Institute of Internal Medicine, Oslo 
University Hospital Rikshospitalet, Oslo, Norway; cInstitute of Clinical Medicine, Faculty of Medicine, University of Oslo, Oslo, 
Norway; dK. G. Jebsen Inflammation Research Centre, University of Oslo; eNorwegian PSC Research Center, Division of Surgery, 
Inflammatory Medicine and Transplantation, Oslo University Hospital Rikshospitalet, Oslo, Norway; fCenter for Clinical Heart 
Research, Department of Cardiology, Oslo University Hospital Ullevål, Oslo, Norway; gCenter for Heart Failure Research, Oslo 
University Hospital, Oslo, Norway; hSection of Clinical Immunology and Infectious diseases, Oslo University Hospital 
Rikshospitalet, Oslo, Norway; iSection of Gastroenterology, Division of Surgery, Inflammatory Medicine and Transplantation, Oslo 
University Hospital Rikshospitalet, Oslo, Norway. *Shared first authorship. †Shared senior authorship. 

 

Aims: Morbidity and mortality remain high in heart failure (HF) despite optimal treatment. The gut 
microbiota is a potential modulator of inflammatory and metabolic pathways, but little is known 
about gut microbiota composition in patients with HF. We aimed to compare the gut microbiota of 
chronic HF patients with that of healthy controls, and potential associations with clinical and 
hemodynamic characteristics and outcome. 

Methods: We recruited two independent, cross-sectional cohorts (discovery, n=40 and validation, 
n=44) of patients with systolic HF. Healthy controls (n=266) were recruited for comparison. The 
gut microbiota was characterised by sequencing of the 16S rRNA gene. Only significant differences 
between HF and controls in both cohorts are reported. Data on endpoints were available from the 
discovery cohort only.  

Results: Patients with HF had reduced bacterial richness compared with controls (P=0.005 adjusted 
for age, gender and body mass index). HF patients had lower abundance of Bifidobacterium and 
Firmicutes, including butyrate-producing bacteria like Lachnospiraceae which correlated inversely 
with T cell activation as assessed by soluble CD25. During 14 months’ follow-up, 18 patients 
reached an endpoint of heart transplant or death. These patients had lower abundance of the 
Eubacterium hallii group, known for butyrate production, than controls (P=0.001) and patients who 
did not reach an endpoint (P=0.007). 

Conclusion: Chronic HF patients had altered gut microbiota composition with reduced bacterial 
diversity and downregulation of butyrate-producing bacteria, the latter being associated with 
increase in a marker of T-cell activation, suggesting that the HF-associated gut microbiota could 
contribute to chronic immune activation. 
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Markers of gut leakage are associated with cardiovascular events in a high-risk 
population 
 

A Awoyemi MD1,2, M Trøseid MD PhD2,3,4, S Solheim MD PhD1,2, H Arnesen MD PhD1,2, I 
Seljeflot PhD1,2. 

1Center for Clinical Heart Research, Department of Cardiology, Oslo University Hospital Ullevål, Oslo, Norway; 2Institute of 
Clinical Medicine, Faculty of Medicine, University of Oslo, Norway; 3Research Institute of Internal Medicine, Oslo University 
Hospital Rikshospitalet, Oslo, Norway; 4Section of Clinical Immunology and Infectious diseases, Oslo University Hospital, 
Rikshospitalet, Norway. 

 

Background: The endotoxin lipopolysaccharide (LPS) elicits a strong proinflammatory and 
atherogenic response when it interacts with the innate immune system. This interaction is facilitated 
through lipopolysaccharide binding protein (LBP) and the co-receptor CD14. LBP-CD14 complex 
promote these properties through toll-like receptor 4.  

The source of plasma LPS in healthy is thought to derive from the gut. Studies have shown that 
smoking, high-fat meals and metabolic disturbances may induce low-grade gut-related 
endotoxemia.  

Purpose: We want to investigate whether circulating levels of LBP and CD14 were associated with 
cardiovascular (CV) events and all-cause mortality in a high-risk population. 

Methods: We examined 484 men, aged between 65-75 years, at high CV risk who were followed 
for 3 years. At inclusion, 16% were diabetics, 33% smokers, 18% had a previous myocardial 
infarction (MI) and 31% were treated for hypertension. Blood samples were taken at inclusion in 
fasting condition. 55 patients suffered new CV events and 30 patients died.  

Results: The concentration of LBP was significantly higher in patients who suffered a new CV 
event compared to individuals without (median 14.16 vs 12.68 ug/ml, respectively; p=0.006). 
sCD14 levels were significantly higher in patients who died compared to survivors (median 1456 vs 
1286 ng/mL, respectively; p=0.009). When dichotomizing levels at medians, the group above the 
median of LBP (15.22 ug/mL) had an unadjusted odds ratio (OR) of 2.45(95% CI 1.34-4.47), 
p=0.004 for having a CV event and the group with the highest CD14 levels (>1524 ng/mL) had an 
unadjusted OR of 2.91(CI 1.27-6.68), p =0.012 for death. When adjusting for relevant covariates, 
LBP remained significantly associated with new CV events (OR 2.33 (CI 1.23-4.40), p=0.009), 
whereas sCD14 did no longer remain significantly associated. 

Conclusion: Markers of gut leakage, probably reflecting low-grade endotoxemia, are significantly 
associated with clinical outcome in individuals at high risk of CV disease. 
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Microbiota and autism: Programming - biomarkers – restoration 
 
Tore Midtvedt1 
1MTC, Karolinska Institutet, Stockholm, Sweden. 
 
 

In spite of more than 39000 publications in PubMed, there is no objective means to diagnose this 
condition which is characterized by impairments in communications and social interactions together 
with restrictive and repetitive behaviors Symptoms start during first one to two years of life, often 
with a rapid onset. Being very rare half a century ago, the numbers are rapidly increasing almost 
everywhere world-wide. In South Korea, around 3 out of 100 newborns will develop autism. 
Genetic factors account for a minor part (less than 10%), leaving the field wide open to 
environmental factors performing epigenetic programming in utero as well as in the first year(s) of 
life. 
 
Over the years, a very wide spectrum of psycho-sociological, pharmacological and dietary 
interventions has been tried with variable effect. 
 
In the last two decades, focus has been put on gut-brain disturbances -from an etiological as well as 
therapeutically point of view. So far, it has been impossible to implicate a single microbial species 
as the cause of development of autism. Therefore, in the last few years, the “global description 
strategy” has been in focus. Increasing amounts of data have been presented indicating that 
alterations in the establishment of intestinal microbiota and functions, together with genetic and 
environmental factors, are involved in the pathogenesis of autism, thus opening up for therapeutic 
interventions 
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Effects of probiotics on body weight, BMI, fat mass and fat percentage: a 
systematic review and meta-analysis of randomized, controlled trials 
 

Borgeraas Ha, Johnson LKa, Hertel JKa and Hjelmesæth Ja,b. 

aMorbid Obesity Center, Vestfold Hospital Trust, Tønsberg, Norway; bDepartment of Endocrinology, Morbid Obesity and Preventive 
Medicine Institute of Clinical Medicine University of Oslo, Norway. 

 

A systematic review and meta-analysis of randomized controlled trials was conducted to examine 
the effects of probiotic supplementation on body weight, BMI, fat mass and fat percentage in 
subjects with overweight (BMI 25-29.9 kg/m2) or obesity (BMI ≥30 kg/m2). MEDLINE, EMBASE 
and the Cochrane Central Register of Controlled Trials were searched for studies published between 
1946 and September 2016. A meta-analysis, using a random effects model, was performed to 
calculate the weighted mean difference (WMD) between the intervention and control groups. Of 
800 studies identified through the literature search, 15 were finally included. The studies comprised 
a total of 957 subjects (63% women), with the mean BMI being 27.6 kg/m2. Both single species 
(n=10) and two/multiple species (n=5) of probiotics were administered to the participants, either in 
food (n=10) or capsules/powder (n=6). The daily doses of probiotics varied between 4.8 x 1011 and 
1.0 x 109 CFU colony forming units, and the duration of the interventions ranged from 3 to 12 
weeks. Most studies had low risk of bias. Administration of probiotics resulted in a significantly 
larger reduction in body weight [WMD (95% CI); -0.60 (-1.19, -0.01) kg, I2=49%], BMI [-0.27 (-
0.45, -0.08) kg/m2, I2 =57%] and fat percentage [-0.60 (-1.20, -0.01) %, I2=19%], compared to 
placebo, however, the effect sizes were small and heterogeneity between the studies considerable. 
The effect of probiotics on fat mass was non-significant [-0.42 (-1.08, 0.23) kg, I2=84%].  
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Chronic alcohol overconsumption may alter composition of gut microbiota 
 
Bjørkhaug ST1, Aanes H2, Skar V1, Medhus AW3, Bramness JG4, Valeur J1.  
1Unger-Vetlesen Institute, Lovisenberg Diaconal Hospital, Oslo, Norway; 2Department of Microbiology, Oslo University Hospital, 

Rikshospitalet, Norway; 3Department of Gastroenterology, Ullevål University Hospital, Oslo, Norway; 4Norwegian National 
Advisory Unit on Concurrent Substance Abuse and Mental Health Disorders, Innlandet Hospital Trust, Brumunddal, Norway. 

 

Background: The gut microbiota may play a role in the pathophysiology of several gastrointestinal 
and extra-intestinal disorders, including alcohol-associated diseases. 

Aim: To explore gut microbiota composition in patients with chronic alcohol overconsumption. 

Materials and methods: Consecutive patients admitted to Lovisenberg Diaconal Hospital (Oslo, 
Norway) with a confirmed history of ongoing or recent chronic (> 10 years) alcohol 
overconsumption (>20 or 40 g/day for women and men, respectively), including individuals with a 
binge drinking pattern, were included in the study (n = 33). Patients with no history of alcohol 
overconsumption (n=18) were included as controls. Faecal samples were collected and DNA 
isolated. The V3-V4 regions of the 16S rRNA gene were amplified and sequenced on an Illumina 
HiSeq 2500 platform, generating 250 bp paired-end reads. Sequences with ≥97% similarity were 
assigned to the same OTU and annotated using the GreenGene Database (version 2.2.25). 

Results: We obtained saturated sequencing depths of ~60,000 reads per sample. There was no 
significant difference in species diversity (Shannon alpha-diversity) between patients and controls. 
Testing for differential abundance at phylum level showed that patients had a significantly higher 
relative abundance of Proteobacteria, and a lower Firmicutes/Bacteriodetes ratio than controls. 
Testing for differential abundance at genus level, we found that Faecalibacterium were less 
abundant, while Sutterella, Clostridium and Holdemania were more abundant in patients versus 
controls.  

Conclusions: Our findings suggest that chronic alcohol overconsumption is associated with altered 
composition of the gut microbiota, skewed towards phyla and genera that may possess pro-
inflammatory properties. Disturbances of microbial functions may play a role in development of 
alcohol-associated diseases, and should be further examined.  
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Figure 1: Panel A and C-F: Box plots comparing relative abundance (%) 
of proteobacteria and relevant genera in patients with alcohol 
overconsumption (n=33) and controls (n=18). Panel B: Box plot 
comparing Firmicutes/Bacteroidetes ratio for the same two groups. 
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Circulating markers of bacterial translocation predict liver transplantation free 
survival in primary sclerosing cholangitis  

 
Amandeep K. Dhillon1,2,3, Marius Trøseid2,3,4, Martin Kummen1,2,3, Mette Vesterhus1,5, Tom H. 
Karlsen1,2,3,6, Ingebjørg Seljeflot2,7, Johannes R. Hov1,2,3,6

 

1Norwegian PSC center, Division of Surgery, Inflammatory Medicine and Transplantation, Oslo University Hospital Rikshospitalet, 
Oslo, Norway; 2Institute of Clinical Medicine, University of Oslo, Oslo, Norway; 3Research Institute of Internal Medicine, Oslo 
University Hospital Rikshospitalet, Oslo, Norway; 4Section of Clinical Immunology and Infectious Diseases, Oslo University 
Hospital, Oslo, Norway; 5Department of Medicine, National Centre for Ultrasound in Gastroenterology, Haukeland University 
Hospital, Bergen, Norway; 6Section of Gastroenterology, Division of Surgery, Inflammatory Medicine and Transplantation, Oslo 
University Hospital Rikshospitalet, Oslo, Norway; 7Center for Clinical Heart Research, Oslo University Hospital Ullevål, Norway. 

 

Background: Primary sclerosing cholangitis (PSC) is strongly linked to inflammatory bowel 
disease (IBD). One important hypothesis suggests that bacterial products from an inflamed leaky 
gut leads to biliary inflammation. There is, however, little evidence of increased bacterial 
translocation in studies of human PSC. In the present study we aimed to investigate whether 
circulating markers of bacterial translocation were associated with survival in a Norwegian PSC 
cohort.  

Methods: In total, 166 Norwegian PSC patients (80 % male, 74% IBD, median age 38.6 years) 
recruited at Oslo University Hospital were included together with 100 healthy controls. Commercial 
ELISAs were used to analyze serum levels of intestinal fatty acid binding protein (IFABP, putative 
marker of enterocyte injury), zonulin (regulator of intestinal permeability), lipopolysaccharide 
binding protein (LBP, surrogate marker of endotoxin levels) and soluble CD14 (sCD14, marker of 
macrophage activation and inflammation, previously associated with PSC severity). Serum levels 
were compared between cases and controls. Survival was defined as time from serum sampling 
without liver transplantation or death.  

Results: Serum LBP and sCD14 were elevated in PSC compared with healthy controls (median 
13662 vs 12339 ng/mL, P<0.019 and 1657 vs. 1196 ng/mL, P<0.001, respectively). There was no 
significant difference for serum IFABP while zonulin was lower in PSC than controls (P<0.001). 
LBP and sCD14 levels were moderately correlated (Spearman's rho=0.19, P=0.002). All markers 
were similar in patients with and without IBD. When stratifying the markers by the median as high 
or low, both high sCD14 and LBP were associated with reduced liver transplantation free survival 
(log rank P<0.001 and P=0.043, respectively) (Figure), while no effects were seen for IFABP and 
zonulin. In multivariable Cox regression, Mayo risk score and high sCD14 were independently 
associated with transplantation free survival (HR 1.7 95%CI (1.4-2.0), P<0.001 and HR 2.3 95% CI 
(1.2-4.1), P=0.007), respectively, while LBP was no longer significant.  

Conclusion: PSC patients show increased levels of circulating markers of bacterial translocation. 
High levels are associated with poor prognosis measured by transplantation free survival, indicating 
that ongoing gut leakage could have clinical impact in PSC.  



 23 

 
 

  



 24 

Randomized controlled trial of rifaximin in common variable immunodefiency  
 

Silje F Jørgensen1,2,3, Magnhild Eide Macpherson1,2,3, Tonje Bjørnetrø1,4, Kristian Holm1,4, Azita 
Rashidi1, Annika E Michelsen1,3,
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Methods: We conducted a single-center, open-label explorative randomized control trial, where 
CVID-patients aged 18 ≥ and <75 years were randomized (1:1) to twice-daily oral rifaximin 550 mg 
versus no treatment for 2 weeks. Primary endpoints were reduction in systemic inflammation and 
gut leakage markers; e.g. soluble (s) CD14, sCD25, LPS and other selected cytokines measured at 
0, 2 and 6 weeks after termination of therapy. Secondary endpoint was changes in intra-individual 
bacterial diversity in stool samples.  

Background: Common variable immunodeficiency (CVID) patients have reduced diversity of the 
gut microbiota, increased plasma lipopolysaccharide (LPS) levels as a marker of gut leakage, and 
increased immune activation in blood compared to healthy controls, related to changes in key 
bacteria. In this study, we hypothesized that rifaximin, an oral non-absorbable antibiotic may alter 
gut microbial composition and reduce systemic immune activation.  

Results: Forty patients were recruited between Oct 8, 2013, and Oct 20, 2014. Plasma/serum levels 
of sCD14 (3378 vs. 3639 mg/ml, 3949 vs. 4032 mg/ml; P=0.56), sCD25 (0.65 vs. 0.63 ng/ml, 1.44 
vs. 1.54 ng/ml; P=0.64) and LPS (87 vs. 90 pg/ml, 83 vs. 86 pg/ml; P=0.96), median at baseline vs. 
week 2 for rifaximin and no treatment groups, respectively, were not significantly changed by 
rifaximin treatment. Rifaximin use caused a significant decrease in gut microbial diversity during 
the first two weeks compared with no treatment (Figure 1, p=0.0002), returning to baseline levels 
after 8 weeks. Despite significant alteration of the gut bacterial richness, the key gut bacteria in 
CVID were not changed by the rifaximin.  

Conclusion: A 2-week course of rifaximin modulates microbial diversity, but has no significant 
effect on gut leakage or systemic immune activation in CVID-patients; potentially reflecting that 
rifaximin does not target the ‘right’ bacteria to alter systemic inflammation.  
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  Figure 1: Comparing alpha diversity (phylogenetic diversity 
[PDnew]) in stool samples before (week 0), after (week 2) and at 
follow up (week 8) for a 2-week rifaximin course versus no 
treatment. ***P < 0.001.  
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Two-year follow-up of Dysbiosis in Patients with Irritable Bowel Syndrome 
(IBS)  
 
Jostein Sauar1, Fred-Arne Halvorsen2, Christian Corwin2 and Snorri Olafsson1.  
1Department of Gastroenterology, Telemark Hospital, Skien; 2epartment of Gastroenterology, Vestre Viken Hospital, Drammen, 
Norway

Introduction: Gut microbiota may play a role in IBS pathophysiology.	

Methods: Sixty-three patients with IBS (Rome III) received education about treatment by a 
gastroenterologist and were tested for dysbiosis using the GA-mapTM Dysbiosis Test: a semi-
quantitative 16SrRNA-based analysis of fecal bacteria (Genetic Analysis, Oslo). Dysbiosis is 
defined by a dysbiosis index, DI (1-5), which is calculated by abundance (low, normal or high) and 
profile of bacteria. DI ≥3 = dysbiosis. All patients were again seen by a gastroenterologist after 2 
years and GA repeated in 60. They answered questionnaires about abdominal, joint and muscular 
complaints, anxiety, depression, fatigue, freezing and use of special diets.	

Results: Median age was 46 (18-76), 24% male. IBS-C, IBS-D and IBS-M had dysbiosis in 67, 75 
and 65% (p=0.73). No significance between dysbiosis and abdominal, joint, muscular complaint, 
depression. Patients with anxiety showed less dysbiosis (2.40 vs. 3.23, p=0.005) (Table 1). The 
tendency to freeze was positively related to abundance of Bacteroides fragilis (Fig. 1). There was no 
relationship between FODMAP diet and dysbiosis. Seventeen percent tested negative for dysbiosis 
both times (never had dysbiosis=NHD), 55% had dysbiosis both times (DBT), 13% went from no 
dysbiosis to having it, and 15% went from dysbiosis to none. First two groups: abundance of 
Faecalibacterium prausnitzii, Shigella/Escherichia and Bifidobacterium was significantly lower (p-
value 0.07, 0.02, 0.04) in the DBT group than the NHD group at baseline, while abundance of 
Dialister and Bacteroides was significantly higher in the DBT group (0.04, 0.009) after 2 years 
(Table 2). In the DBT group, the abundance of Ruminococcus gnavus, Lactobacillus, Strectococcus 
sanguinis and Alistipes showed high agreement between visits (82-85%), but low agreement (52-
57%) for Faecalibacterium prausnitzi, Shigella/Escherichia and Bifidobacterium (Table 2). Low 
inflammatory panel was seen in 4.	

Conclusions: 2/3 had dysbiosis. Fifty-five percent had it at baseline and after 2 years; 17% tested 
negative both times; 15% developed dysbiosis; 13% lost it. Some symptoms such as anxiety and 
freezing may be related to the fecal bacteria profile. Some bacteria were more stable than others. 
Testing stability may be of interest in studies to treat disturbances in gut microbiota. Examination of 
single bacteriae may give important information in addition to the dysbiosis index in IBS.  
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Two-year	follow-up	of	Dysbiosis	in	Patients	with	Irritable	Bowel	Syndrome	(IBS)	

Jostein	Sauar*,	Fred-Arne	Halvorsenƚ,	Christian	Corwinƚ	and	Snorri	Olafsson*.		
1)	Department	of	Gastroenterology,	*Telemark	Hospital,	Skien,	and	2)	ƚVestre	Viken	Hospital,	Drammen,	Norway	

Introduction.	Gut	microbiota	may	play	a	role	in	IBS	pathophysiology.			
Methods.	Sixty-three	patients	with	IBS	(Rome	III)	received	education	about	treatment	by	a	gastroenterologist	
and	were	tested	for	dysbiosis	using	the	GA-mapTM	Dysbiosis	Test:	a	semi-quantitative	16SrRNA-based	analysis	
of	fecal	bacteria	(Genetic	Analysis,	Oslo).	Dysbiosis	is	defined	by	a	dysbiosis	index,	DI	(1-5),	which	is	calculated	
by	abundance	(low,	normal	or	high)	and	profile	of	bacteria.	DI	≥3	=	dysbiosis.		All	patients	were	again	seen	by	a	
gastroenterologist	after	2	years	and	GA	repeated	in	60.	They	answered	questionnaires	about	abdominal,	joint	
and	muscular	complaints,	anxiety,	depression,	fatigue,	freezing	and	use	of	special	diets.			
Results.		Median	age	was	46	(18-76),	24%	male.	IBS-C,	IBS-D	and	IBS-M	had	dysbiosis	in	67,	75	and	65%	
(p=0.73).	No	significance	between	dysbiosis	and	abdominal,	joint,	muscular	complaint,	depression.	Patients	
with	anxiety	showed	less	dysbiosis	(2.40	vs.	3.23,	p=0.005)	(Table	1).	The	tendency	to	freeze	was	positively	
related	to	abundance	of	Bacteroides	fragilis	(Fig.	1).	There	was	no	relationship	between	FODMAP	diet	and	
dysbiosis.	Seventeen	percent	tested	negative	for	dysbiosis	both	times	(never	had	dysbiosis=NHD),	55%	had	
dysbiosis	both	times	(DBT),	13%	went	from	no	dysbiosis	to	having	it,	and	15%	went	from	dysbiosis	to	none.	
First	two	groups:	abundance	of	Faecalibacterium	prausnitzii,	Shigella/Escherichia	and	Bifidobacterium	was	
significantly	lower	(p-value	0.07,	0.02,	0.04)	in	the	DBT	group	than	the	NHD	group	at	baseline,	while	abundance	
of	Dialister	and	Bacteroides	was	significantly	higher	in	the	DBT	group	(0.04,	0.009)	after	2	years	(Table	2).	In	the	
DBT	group,	the	abundance	of	Ruminococcus	gnavus,	Lactobacillus,	Strectococcus	sanguinis	and	Alistipes	
showed	high	agreement	between	visits	(82-85%),	but	low	agreement	(52-57%)	for	Faecalibacterium	prausnitzi,	
Shigella/Escherichia	and	Bifidobacterium	(Table	2).	Low	inflammatory	panel	was	seen	in	4.		
Conclusions.	2/3	had	dysbiosis.	Fifty-five	percent	had	it	at	baseline	and	after	2	years;	17%	tested	negative	both	
times;	15%	developed	dysbiosis;	13%	lost	it.	Some	symptoms	such	as	anxiety	and	freezing	may	be	related	to	
the	fecal	bacteria	profile.	Some	bacteria	were	more	stable	than	others.	Testing	stability	may	be	of	interest	in	
studies	to	treat	disturbances	in	gut	microbiota.	Examination	of	single	bacteriae	may	give	important	information	
in	addition	to	the	dysbiosis	index	in	IBS.	

Table	1.	Anxiety	and	Dysbiosis	
	

Table	2.	DBT	=	dysbiosis	both	times	(2013	and	2015).	NHD=	never	had	dysbiosis.		
*Fisher’s	exact	test.	**	Abundance	was	measured	semi-quantitatively	as	low,	normal	
or	high. 

	

	

	

	

	

		

	
DBT	(n=33)	vs	NHD	

(n=10)	
Comment	 Agreement	

in	
abundance	
test	1	and	
2	(%)	for	
DBT**	

	 Test	1	 Test	2	 	

	 p-value	 	
Bacteria	 	 	 	
Ruminococcus	albus/bromii	 0.66	 0.66	 	 76	

Ruminococcus	gnavus	 1.00	 1.00	 	 85	

Faecalibacterium	prausnitzii	 0.07	 0.24	 DBT	lower	test	1	 57	

Lactobacillus	 0.17	 1.00	 	 85	

Streptococcus	sanguinis	and	S.	
salivarius	 1.00	 0.61	 	 85	

Dialister	invisus	 0.73	 0.04	 DBT	higher	test	2	 67	

Akkermansia	muciniphilia	 0.21	 0.66	 	 76	

Bacteroides	fragilis	 0.45	 0.28	 	 67	

Alistipes	 1.00	 1.00	 	 82	

Shigella/Escherichia	 0.02	 0.24	 DBT	lower	test	1	 52	

Bifidobacterium	 0.04	 1.00	 DBT	lower	test	1	 52	

Bacteroides/Prevotella	 0.60	 0.01	 DBT	higher	test	2	 61	

Firmicutes	(Bacillli)	 0.85	 0.86	 	 63	

Firmicutes	(Clostridia)	 1.00	 0.59	 	 58	

Proteobacteria	 0.29	 1.00	 	 70	
	

Dysbiotic		
index	

Anxiety	
No	 Yes	

1	 	 3	
2	 8	 4	
3	 21	 6	
4	 8	 	
5	 5	 	
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The most active members of the inflamed mucosa-associated microbiota are not 
the most abundant in ulcerative colitis patients 
 
Aina E Fossum Moen1,2, Jonas Christoffer Lindstrøm2,3, Tone Møller Tannæs1,2, Simen Vatn4, Petr 
Ricanek4, Morten H Vatn2, Jørgen Jahnsen2,4 and the IBD-Character Consortium. 
1Department of Clinical Molecular Biology (EpiGen), Division of Medicine, Akershus University Hospital, Lørenskog, Norway; 
2Institute of Clinical Medicine, University of Oslo, Oslo, Norway; 3Health Services Research Unit, Akershus University Hospital, 
Lørenskog, Norway; 4Department of Gastroenterology, Division of Medicine, Akerhus University Hospital, Lørenskog, Norway. 

 

Purpose: Active members of the mucosa-associated microbiota could have significant relevance 
when assessing the contribution of microbial members to disease. Our aim was to investigate which 
members of the colonic mucosa-associated microbiota are more active in normal and inflamed 
tissue of newly diagnosed, treatment-naïve UC patients, and if the most active members are the 
most abundant.  

Methods: Colonic biopsies from inflamed and non-inflamed tissue of 44 UC and non-inflamed 
tissue from 35 symptomatic non-IBD patients were collected. The mucosa-associated microbiota 
was assessed using DNA and RNA from the same biopsy and 16S rRNA amplicon sequencing on 
both gene product and DNA. Data were analyzed by Mothur and R.  

Results: The inflamed and non-inflamed mucosa-associated microbiota in UC patients revealed 
differences among active and abundant members. Increase of phylum Proteobacteria and family 
Enterobacteriaceae were found in the abundant microbiota (Table1), but not in the active, 
indicating a less prominent function or pathophysiological role in the inflamed tissue. The active 
microbiota revealed a decrease of the phylums Proteobacteria and Actinobacteria, and the families 
Alcaligenaceae and Bifidobacteriales. UC and non-IBD patients showed similarities in active and 
abundant members. Increases in Enterobacteriaceae and the Firmicutes family 
Peptostreptococcaceae indicate important contributions to the UC microbiota. 

Conclusions: The most abundant members of the UC inflamed tissue microbiota are not the most 
active. Studies on gut microbiota-host interactions should detect the active members which most 
likely have more influence on the host reaction compared to the abundant.  
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Effects of beta-glucan on glycemic regulation and gut microbiota metabolism in 
healthy subjects 
 

Telle-Hansen VH1, Gaundal L1, Høgvard B1, Ulven SM2, Holven KB2, Byfuglien MG3, Knutsen 
SH4, Rieder A4, Rud I4, Måge I4 and Myhrstad MCW1 
1Oslo and Akershus University College, Oslo, Norway; 2University of Oslo, Norway; 3Mills AS, Oslo, Norway; 4Nofima: Norwegian 
Institute of Food, Fisheries and Aquaculture Research, Ås, Norway. 

 

Background: Beta-glucan, a soluble dietary fiber, improves insulin sensitivity and maintains 
glycemic control. The mechanisms have traditionally been attributed to the viscous gel forming in 
the stomach and intestine, giving a longer absorption time. However, recent evidence suggests that 
bacterial fermentation of beta-glucan in the gut causes production of short chain fatty acids (SCFA) 
affecting metabolic status of the host. The aim of the current study was to investigate the effects of 
a glucose challenge on postprandial glycemic regulation after a short intervention with beta-glucan, 
and further to relate the effects to gut microbiota composition. 

Method: Fourteen healthy, normal weight men and women, aged 20-46, completed a fixed-order 
dietary cross-over study. Different amounts of beta-glucan (0.5g, 3.5g, 8g) was provided in evening 
cereal meals for 3 consecutive days. Postprandial blood glucose and insulin were measured after a 
3h oral glucose tolerance test at baseline and after the 3-days interventions. Fasting blood SCFAs 
and gut microbiota in feces were also measured. 

Results: Intake of 3.5g beta-glucan significantly decreased post-prandial glucose and insulin 
response (iAUC) compared with intake of 0.5g and 8g beta-glucan. Further, intake of 3.5g and 8g 
beta-glucan significantly decreased fasting insulin compared with baseline. Acetate and butyrate 
were both significantly increased after intake of 3.5g and 8g compared with baseline, while 
propionate were unchanged. Preliminary data indicates effects on the gut microbiota. More results 
will be presented at the meeting. 

Conclusion: Intake of beta-glucan in an evening meal for 3 consecutive days reduces the 
postprandial glycemic response, with the most beneficial effect after intake of 3.5g beta-glucan. 
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Breast milk concentrations of environmental contaminants are associated with 
gut microbiota composition and short-chain fatty acids in infants one month old  

Nina Iszatt1, Stefan Janssen2, Virissa Lenters1, Cecilie Dahl1, 3, Hein Stigum4, Rob Knight2,5, 
Siddhartha Mandal6, Shyamal Peddada7, Merete Eggesbø1 
1Department of Environmental Exposure and Epidemiology, Norwegian Institute of Public Health, Oslo, Norway; 2 Department of 
Pediatrics, University of California San Diego, La Jolla, CA, USA; 3University of Oslo, Oslo, Norway; 4Department of Non-
communicable Disease, Norwegian Institute of Public Health, Oslo, Norway; 5Center for Microbiome Innovation, University of 
California San Diego, La Jolla, CA, USA; 6Public Health Foundation of India, Gurgaon, India; 7 Biostatistics Branch, Institute of 
Environmental Health Sciences (NIEHS), North Carolina, USA. 

 

Background: Environmental toxicants negatively affect gut microbiome composition in 
experimental studies. We investigated whether breastfeeding exposure to environmental toxicants 
impacts human infant gut microbiome composition and short-chain fatty acids (SCFAs) at one 
month. 

Methods: We studied 293 mother-singleton pairs with information on breast milk toxicant 
concentrations and gut microbiota composition from fecal samples in the Norwegian Microbiota 
Cohort (NoMIC). We included 28 chemical exposures: polychlorinated biphenyls (PCBs), 
polybrominated flame retardants (PBDEs), perfluoroalkyl substances (PFAAs) and organochlorine 
pesticides. We calculated infant gut alpha and beta diversity, differential abundance of taxa, meta-
transcriptome predictions, and, in a subset (n=70), SCFAs. We assessed toxicant exposure and 
alpha diversity/SCFA using: i) elastic net regression modelling, selecting amongst correlated 
toxicants; and, ii) generalized linear models for unbiased estimates, adjusting for confounders. We 
compared <20th, ≥20-<80th and ≥80th percentile (low, medium, high) exposed groups, detecting 
variation in beta diversity (Bray-Curtis, UniFrac), differentially abundant microbial taxa (ANCOM) 
and predicted differential meta-transcriptomes (PiCRUSt).  

Results: Higher breast milk toxicant concentrations were associated with a perturbed gut 
microbiome composition and functional potential. Individual contaminants within the same 
chemical class produced similar signals. Dioxin-like PCBs were associated with greater microbiome 
and functional diversity and SCFA excretion. Non-dioxin-like PCBs were more strongly associated 
with reduced diversity and SCFA excretion. Organochlorine pesticides tended towards reduced 
functional diversity and SCFAs. PBDEs were also associated with a decrease in alpha and beta 
diversity and SCFAs. PFOA increased and PFOS decreased phylogenetic diversity, while both 
increased SCFAs. In general, all classes of toxicants reduced abundance of microbes belonging to 
the phyla firmicutes (L. gasseri, V. parvula) and bacteroidetes (B. vulgatus, fragilis and 
faecichinchillae) and actinobacteria (E. lenta, C. pseudodiphtheriticum). High PCB-105 and PBDE-
100 exposed infants had an increase in the firmicutes C. perfringens and actinobacteria B. 
adolescentis, respectively. 

Conclusion: In a multipollutant study, breast milk concentrations of environmental contaminants 
affected both microbial community composition and function. Further investigation is required to 
understand the significance of our findings for child health, particularly in countries with higher 
toxicant exposures.  
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