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DISCLAIMER: THIS INFORMATION IS PROVIDED FOR THE USE OF PHYSICIANS AND OTHER LICENSED HEALTH CARE 
PRACTITIONERS ONLY. THIS INFORMATION IS NOT FOR USE BY CONSUMERS. THE INFORMATION AND OR PRODUCTS ARE NOT 
INTENDED FOR USE BY CONSUMERS OR PHYSICIANS AS A MEANS TO CURE, TREAT, PREVENT, DIAGNOSE OR MITIGATE ANY 
DISEASE OR OTHER MEDICAL CONDITION. THE INFORMATION CONTAINED IN THIS DOCUMENT IS IN NO WAY TO BE TAKEN AS 
PRESCRIPTIVE NOR TO REPLACE THE PHYSICIANS DUTY OF CARE AND PERSONALISED CARE PRACTICES. 
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INTRODUCTION 
 
Due to recent advancements in culture-independent molecular techniques, it is now possible to measure the 
composition of the human microbiota. Billions of microorganisms colonise the gastrointestinal tract, which extends 
from the stomach to the rectum. The presence and activity of these microorganisms is fundamental for the 
homeostasis of the organism. They play a key role in the development of the immune system, digestion of fibres, 
production of energy metabolites, vitamins and neurotransmitters and in the defence against pathogen colonisation. 
The disruption of these microbial communities, defined as dysbiotic profiles, has been associated with several diseases 
including metabolic syndrome, systemic inflammation, autoimmune and mental health conditions.  
 
Monitoring the gut microbiota is fundamental to obtain a holistic view of host current health and predict future health 
trajectories. The obtained information can be used to tailor specific interventions and to informatively adjust personal 
lifestyle choices in order to promote health.  
 
To this end, Phylobioscience have developed the GI EcologiX™ Gastrointestinal Health and Microbiome Profile, a 
ground-breaking tool for analysis of gastrointestinal microbiota composition and host immune responses. Using 
innovative microbial culture-independent technologies, including quantitative real-time PCR (qRT-PCR) and enzyme-
linked immunosorbent assay (ELISA), the profile provides an accurate, reliable and quantifiable measurement of 
microbiota abundance and host inflammatory markers. 
 
For microbiota composition analysis, the technology detects:  
 
• Abundance of commensal bacteria (SCFA producers and homeostasis-inducing organisms)  
• Abundance of pathobionts (opportunistic organisms that can provoke dysbiosis in immunocompromised subjects)  
• Presence of pathogens (bacteria and viruses that can cause disease)  
• Presence of commensal and pathogenic parasitic organisms 
 
For host biomarker analysis, the technology detects:  
 
• Beta-defensin 2 
• Calprotectin (protein marker of IBD and colorectal cancer)  
• Elastase (enzymatic marker of exocrine pancreatic insufficiency)  
• SIgA (antibody marker of immunity in mucosal surfaces)  
• Zonulin (protein marker of intestinal permeability)  
  
Dependent on microbiota composition and host biomarkers, the GI the profile will report three different states:  
 
• Healthy gastrointestinal microbiome (homeostasis of host and microbiome)  
• Gastrointestinal dysbiosis detected (imbalance of the GI microbiota and/or host immune response)  
• Gastrointestinal pathogens detected (bacteria and amoebae)   
 
 
 
 
 
GLOSSARY 
 

Term Description Reference 
Commensal Microorganism (i.e. bacteria, fungi) that lives in symbiosis with host when 

residing within its specific environment 
1 

Pathogen Microorganism (e.g. bacteria, fungi, virus) that may cause disease 2 
Pathobiont Potential pathogen that lives in symbiosis under normal conditions 2 
Homeostasis Ability to maintain internal stability in an organism despite environmental 

changes 
3 

Dysbiosis Imbalance or disturbance in the human microbiota 4 
Microbiota Collective ecosystem of microorganisms that inhabit the human body 5 
Nosocomial Referred to diseases that are originating in hospitalised patients  6 
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IBD Inflammatory Bowel Disease – term used to describe two different 
pathological conditions: ulcerative colitis (UC) and Crohn’s disease (CD). 
Both diseases are characterised by high inflammation in different areas of 
the gastrointestinal tract 

7 

IBS Irritable Bowel Syndrome – conditions characterised by stomach cramps, 
bloating, diarrhoea and constipation. Exact cause is unknown and there is 
not a defined cure 

8 

Immunocompromised Individuals with an impaired immune system, usually due to systemic 
disease, transplants or surgeries. These subjects are more prone to develop 
infections 

9 

 
 
BACKGROUND 
 
Gastrointestinal Microbiota 
 
The human body is densely colonised by microorganisms, with an estimated 1:1 ratio of human to bacterial cells10. From 
the skin to the gastrointestinal (GI) tract, almost all external and internal surfaces harbour specific communities of 
bacteria, viruses, archaea and unicellular organisms, collectively referred to as ‘microbiota’. The gastrointestinal 
microbiota is the most rich and diverse, consisting of more than 2,000 unique species of bacteria classified into 12 
different phyla. Nevertheless, the majority of these bacteria (93.5%) belong to only four phyla: Firmicutes, 
Bacteroidetes, Proteobacteria and Actinobacteria11. Species composition and abundance change and increase 
throughout the GI tract, reaching 1012 CFU/g of lumen content in the colon5. The composition of this last portion of GI 
tract is the one usually investigated through the analysis of the faecal content. Bacteria in the colon, and in the 
remaining tracts of the intestine, play a key role in executing fundamental processes for the human organism. An 
equilibrated interaction between these bacteria and the host promotes systemic health, a balance defined as 
‘homeostasis’. 
 
Homeostasis 
 
The mutualistic relationship established throughout evolution between the human host and the microorganisms led to 
the modern concept of humans as ‘super-organisms’12. The collection of all bacterial genomes – microbiome – encodes 
fundamental functionalities that are not present in the human genome13. Bacteria are able to digest complex 
polysaccharides and to produce beneficial metabolites for the host, like the short chain fatty acids (SCFAs), vitamins 
and neurotransmitters. The most produced SCFAs are acetate, propionate and butyrate in a 3:1:1 ratio. These molecules 
are absorbed by the epithelial cells of the intestine and they have a fundamental role in human metabolic pathways, 
gene expression, cell proliferation, apoptosis and immune system regulation. For example, butyrate is the main energy 
source for the colonic enterocytes and can induce apoptosis in colorectal cancer cells via its histone deacetylases 
(HDAC) inhibitory activity14. Additionally, it can reduce the production of proinflammatory cytokines through the 
inhibition of the NF-kB pathway15,16. Impaired butyrate metabolism has been associated with several diseases, including 
inflammatory bowel diseases (IBD) and other systemic disorders. Perturbed balance in the composition and function 
of the gut microbiota - defined as dysbiosis - has been associated to numerous diseases, including systemic 
inflammation, cancer, autoimmunity, atopic diseases, autism and depression. 
 
 
Dysbiosis 
 
The complex microbial communities of our organism are in a dynamic balance, constantly influenced by external 
factors such as the environment, diet, physical activity and use of pharmaceutical drugs such as antibiotics. Losing 
key bacterial species or having an overgrowth of others can disrupt this balance, influencing host physiology and 
leading to the development of disease.  
 
Atopic Diseases 
 
The early-life composition of the gut microbiota has a strong influence on the development of the immune system. 
C-section infants and infants who received formula milk instated of breastmilk have lower abundance of Bifidobacteria 
and Lactobacilli17. This deficit has been associated with the development of atopic diseases, such as asthma and 
eczema, later in life18. Additionally, the administration of probiotic strains belonging to both Bifidobacteria and 
Lactobacilli appear to reduce the incidence of the onset of such diseases and ameliorate symptoms of those 
affected19. 
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Obesity and Related Disorders 
 
Diet is a critical factor in shaping the composition of the gut microbiota. Diets high in fat reduce the biodiversity of 
the gut microbiota and increase the ratio of Firmicutes to Bacteroidetes20. Obesity and a sedentary lifestyle increase 
the risk of metabolic syndrome, characterised by high blood pressure, insulin resistance and fat accumulation. These 
subjects have less Bifidobacteria, Desulfovibrio, Akkermansia muciniphila and increased Staphylococcus, 
Enterobacteriaceae and Escherichia coli21. Aggravated conditions lead to the development of severe conditions like 
type II diabetes (T2D), cardiovascular diseases (CVD) and non-alcoholic fatty liver disease (NAFLD). In all of these 
disease states there is a reduction in SCFA-producing bacteria, such as Akkermansia muciniphila and Faecalibacterium 
prausnitzii. When the diet is enriched with fibres (prebiotics) and SCFA-producing bacteria (probiotics), research 
shows the conditions improve21. 
 
IBD, IBS and Colorectal Cancer 
 
Inflammatory bowel diseases (IBD) affect around 620,000 people in the UK22 and 3.1 million people in the USA.  Its 
incidence it is rising worldwide and is increasingly affecting younger age groups22. IBD is characterised by chronic 
inflammation of the gastrointestinal mucosa. It is caused by genetic predisposition and environmental factors, which 
have an impact on gut microbiota composition23. Dysbiotic profiles associated with IBD usually have decreased 
abundance of F. prausnitzii and increased presence of Enterobacteriaceae, including E. coli. Other bacteria possibly 
involved with the onset of IBD are Mycobacterium avium, Fusobacterium nucleatum and Ruminococcus gnavus but 
viruses and fungi (S. cerevisiae and C. albicans) are also believed to play a role in the development of the disease23.  
 
Irritable bowel syndrome (IBS) is characterised by an altered host immune function (abnormal cytokine secretion) and 
intestinal physiology (abnormal gut motility, increased permeability and mucin secretion), often followed with 
psychiatric comorbidity and stress24. Changes in the gut microbiota often involves increased Firmicutes and 
decreased Bacteroides. Additionally, in constipated patients, a higher abundance of Methanobrevibacter smithii has 
been found25. 
 
Colorectal cancer (CRC) is the third most common cause of cancer mortality in the world. Diets rich in fibre reduces 
the risk of CRC development, while red meat, fat and alcohol consumption are associated with increased incidence 
of CRC. Fibrous diets increase the abundance of SCFA producers and beneficial bacteria like Roseburia, Eubacterium, 
Bifidobacterium and Prevotella. Pathogens known to promote CRC are enterotoxigenic B. fragilis, adherent-invasive 
E. coli, Fusobacterium spp. and Campylobacter spp.26. 
 
Neurological Disorders and Autism 
 
Animal studies have elucidated a central role of the gut microbiota in influencing and promoting the development of 
the central nervous system (CNS). Bacteria can synthesize several neurotransmitters such as dopamine and GABA, 
which interact with the enteric nervous system and signal to the CNS. The administration of Bifidobacteria and 
Lactobacilli has been shown to reduce anxiety and depression, while pathogens such as Citrobacter and 
Campylobacter, activate stress circuits27. 
 
Dysbiotic gut microbiota profiles have been associated to neurodegenerative diseases like Alzheimer diseases (AD), 
Parkinson’s diseases (PD) and amyotrophic lateral sclerosis (ALS). In most cases, subjects have higher abundance of 
pro-inflammatory bacterial species28. 
 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder which is manifested through impaired social 
communication and repetitive behaviour, often with associated immune dysregulation and gastrointestinal disorders.  
Dysbiotic gut microbial profiles have been associated with ASD. Researchers have found higher abundance of 
Clostridia, Lactobacilli and Desulfovibrio species and decreased abundance of Bifidobacteria, Prevotella, 
Coprococcus and Veillonella species in subjects affected with ASD29. 
 
 
Nosocomial Infections 
 
The gut microbiota is composed by several pathobiont species. These microorganisms are asymptomatic in normal 
conditions and they participate in maintaining the homeostasis of the organism. Nevertheless, when disequilibrium in 
the microbiota composition, or in the regulation of the immune system is introduced through external factors, they 
can cause the onset of several diseases. Usually this happens in immunocompromised subjects, who have had surgery 
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or that are infected with HIV. Infections can involve the respiratory system, gastrointestinal tract or they can cause 
systemic inflammation and sepsis when entering the blood circulation. 
 
 
Pathogenic Infections 
 
Several pathogens can colonise the gastrointestinal tract, causing gastroenteritis. Salmonella and Shigella are common 
examples of food poisoning while Adenovirus and Rotavirus cause the typical gastrointestinal flu. Unicellular parasites 
like Giardia and Cryptosporidium can also colonise the gut, causing diarrhoea. As well as the acute discomfort, these 
pathogens may be triggers for chronic conditions such as post-infective Irritable Bowel Syndrome (IBS) and extra-
intestinal manifestations30. 
 
 
METHODOLOGY 
 
The Phylo Bioscience methodology is comprised of two key culture-independent techniques: quantitative real-time 
PCR (qRT-PCR), using Taqman technology, and enzyme-linked immunosorbent assays (ELISA). These techniques are 
used to quantify abundance of gastrointestinal microbiota species and host immune biomarkers. The selected 
microbiota species and host biomarkers are based on clinically relevant research. 
 
METHODOLOGY FLOWCHART 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BIOMARKERS 
 
HEALTH MARKERS 
 

Beta-defensin 2 Peptide N/A 
Calprotectin Protein N/A 
Pancreatic Elastase Enzyme N/A 
SIgA Antibody N/A 
Zonulin Protein N/A 

 
 
 
COMMENSAL BACTERIA 

Faecal sample 

Supernatant preparation DNA extraction 

ELISA qRT-PCR 

Host immune response 
profile 

Microbiota composition 
and abundance 
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Akkermansia muciniphila Bacteria Gram-negative 
Anaerostipes caccae Bacteria Gram-variable 
Bacteroides spp. Bacteria Gram-negative 
Bifidobacterium spp. Bacteria Gram-positive 
Clostridium spp. Bacteria Gram-positive 
Escherichia coli Bacteria Gram-negative 
Eubacterium rectale Bacteria Gram-positive 
Faecalibacterium prausnitzii Bacteria Gram-positive 
Lactobacillus spp. Bacteria Gram-positive 
Roseburia homini Bacteria Gram-variable 
Ruminococcus bromii Bacteria Gram-positive 
Subdoligranulum variabile Bacteria Gram-negative 

 
BACTEROIDES SUB-GROUP 
 

Bacteroides dorei Bacteria Gram-negative 
Bacteroides fragilis Bacteria Gram-negative 
Bacteroides fragilis (Enterotoxigenic) Bacteria Gram-negative 
Bacteroides ovatus Bacteria Gram-negative 
Bacteroides thetaiotaomicron Bacteria Gram-negative 
Bacteroides uniformis Bacteria Gram-negative 
Bacteroides vulgatus Bacteria Gram-negative 

 
CLOSTRIDIUM SUB-GROUP 
 

Clostridium difficile Bacteria Gram-positive 
Clostridium diff TcdA-producing strains Bacteria Gram-positive 
Clostridium diff TcdB-producing strains Bacteria Gram-positive 
Clostridium perfringens Bacteria Gram-positive 
Clostridium sporenges Bacteria Gram-positive 

 
GRAM NEGATIVE BACTERIA 
 

Bilophila Wadsworthia Bacteria Gram-negative 
Citrobacter freundii Bacteria Gram-negative 
Citrobacter koseri Bacteria Gram-negative 
Citrobacter spp. Bacteria Gram-negative 
Desulfovibrio spp. Bacteria Gram-negative 
Enterobacter aerogenes Bacteria Gram-negative 
Enterobacter cloacae Bacteria Gram-negative 
Fusobacterium nucleatum Bacteria Gram-negative 
Hafnia alvei Bacteria Gram-negative 
Klebsiella oxytoca Bacteria Gram-negative 
Klebsiella pneumoniae Bacteria Gram-negative 
Morganella Morganii Bacteria Gram-negative 
Kluyvera ascorbata Bacteria Gram-negative 
Oxalobacter formigenes Bacteria Gram-negative 
Prevotella copri Bacteria Gram-negative 
Proteus Mirabilis Bacteria Gram-negative 
Pseudomonas aeruginosa Bacteria Gram-negative 
Veillonella spp. Bacteria Gram-negative 
Yersinia enterocolitica Bacteria Gram-negative 
Serratia marcescens Bacteria Gram-negative 

 
 
GRAM POSITIVE BACTERIA 
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Enterococcus faecalis Bacteria Gram-positive 
Enterococcus faecium Bacteria Gram-positive 
Enterococcus gallinarum Bacteria Gram-positive 
Methanobrevibacter smithii Bacteria Gram-positive 
Mycobacterium avium Bacteria Gram-positive 
Ruminococcus gnavus Bacteria Gram-positive 
Ruminococcus torques Bacteria Gram-positive 
Staphylococcus aureus Bacteria Gram-positive 
Streptococcus agalactiae Bacteria Gram-positive 
Streptococcus pneumoniae Bacteria Gram-positive 
Streptococcus pyogenes Bacteria Gram-positive 

 
MYCOLOGY 
 

Aspergillus fumigatus Fungi Trichocomaceae 
Candida albicans Fungi Saccharomycetes 
Candida krusei Fungi Saccharomycetes 
Candida tropicalis Fungi Saccharomycetes 
Malassezia restricta Fungi Basidiomycota 

 
HELICOBACTER PYLORI 
 

H. pylori qPCR Bacteria Gram-negative 
H. pylori Antigen (as confirmatory reflex) Bacteria Gram-negative 

 
PARASITOLOGY 
 

Blastocystis hominis Protista  Heterokonta 
Dientamoeba fragilis Protista Metamonada 
Entamoeba histolytica Protista Amoebozoa 
Giardia Protista Metamonada 

 
 
DATA INTERPRETATION Quality, Reproducibility & Standardisation 

 
GI EcologiX have a two-step quality and control process that underlies the methodology: standardisation of the 
samples to a particular concentration of extracted DNA, and the use of an endogenous control to normalise the data. 
 
Standardisation 
 
Stool samples vary significantly in terms of their composition – the human DNA content, microbial DNA content, fibre, 
water, etc. Therefore, for accuracy and reproducibility, Phylo extract a set amount of total DNA from the sample to 
analyse, as opposed to using a particular weight of stool. This removes many variables, limiting the risk of two samples 
from the same individual giving rise to different results – because of the varied components of the stool – and, 
therefore, allowing better comparisons between samples after time and/or treatment. 
 
Relative Abundance  
 
The data is represented as a relative abundance of the target microbes, compared to the ‘general’ microbial population 
available in the extracted DNA. We do this by using an endogenous control – the conserved portion of DNA for all 
microorganisms – to measure your ‘general microbial load within the stool sample. 
This is your baseline - a representation of the general population of your gut microbiome in the given sample. This is 
the most precise way of using DNA to establish microbial gene abundance, as is used throughout research. We then 
target specific markers using TaqMan probes to understand the levels of gene copy number per target microbe, which 
we can present relative to the total microbial abundance. 
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Because we use relative quantification, you will not see ‘healthy’ reference ranges with which to compare your sample 
to. There is no need for external reference ranges, as the results are high or low as compared to your individual total 
microbial load.  
 
In line with microbiome research, the results of GI EcologiX are to be viewed in light of the context of your patient and 
the patterns of microbial expression. This is what we refer to as ‘Pattern and Context Recognition’. 
 
Pattern & Context 
 
Microorganisms are in constant flux. They have a dynamic relationship with each other and with the host, largely 
mediated by the host’s immune function, diet, lifestyle and hormones. 
 
The host markers help us to understand the functioning of the host – the immune function - including inflammation - 
at the gut wall, digestive capacity, and potential loss of integrity of the epithelial lining of the gut. If these markers are 
presenting as out of balance, then we must view the microbial markers in light of that, as well as the context – the host 
markers, symptoms, and medical history – of the patient. 
 
 
HOST BIOMARKERS 
 

Beta-defensin 2 Range >62ng/g High >62ng/g 
 
Beta-defensins are anti-microbial peptides that play a large role in the innate immune response to potential 
pathogenic microorganisms. Beta-defensins display antibiotic activity toward gram-positive and gram-negative 
bacteria and enveloped viruses and fungi.  
 
Human Beta-defensin 2 is an inducible peptide produced by intestinal cells. They are antibiotic and have abilities to 
recruit dendritic and T-Cells to the site of microbial invasion. 
 
It is highly elevated in cases of irritable bowel syndrome (IBS), and in cases of those with active inflammatory bowel 
disease (IBD), but normal in healthy controls. It is helpful at showing a raised inflammatory response even in light of a 
lack of macroscopic inflammation31.  
 
Beta-defensin 2 has been shown to be consistently higher in cases of ulcerative colitis in compared to Crohn’s 
disease (even though still both over the normal level), hinting to different pathophysiology in the differing IBD 
presentations32 
 

Calprotectin Cut off: 50 µg/g IBD or CRC: >175 µg/g 
 
Calprotectin is a protein expressed mainly by myeloid cells38. It recruits monocytes to the site of inflammation and is 
thus believed to be a mediator of chronic inflammation39,40. It is used as a clinical marker for IBD 41.  
 
Concentrations <50 µg/g suggest presence of IBS while concentration >150 µg/g are indicative of IBD or possible 
presence of colorectal cancer. Values 50-150 µg/g may derive from infections or the use of nonsteroidal anti-
inflammatory drugs42.  
 
The NICE guidelines recommend retesting two weeks after an initial raised result of <100 µg/g, whilst avoiding NSAID 
and aspirin use. If there is a sustained high on retest of 100–250 µg/g, it is recommended to refer to a 
gastroenterologist appointment, or if there is a sustained high of greater than 250 µg/g it may trigger immediate 
colonoscopy investigation43.  
 
Calprotectin levels vary for age, with children and elderly people having a higher ‘normal’ range. Reference ranges 
for under 50 year olds are valid for ages between 4- 4944 
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Age Normal values, µg/g 

1–6 months <538 

7 months to 3 years <214 

3–4 years <75 

4–49 years <50 

50–70 years 24.7% To supress – higher than 65 

Above 70 years No data; probably higher than 100 

© De Gruyter 
 
 
 

Elastase PE-1 Range: 200-500 µg/g Severe exocrine pancreatic 
insufficiency: <100µg/g 

 
Elastase is a proteolytic enzyme excreted by the pancreas. Faecal concentrations reflect the secretory capacity of 
the pancreas since it does not breakdown in the intestinal tract45. Faecal elastase is used to detect exocrine pancreatic 
insufficiency which co-occur with several gastro- and non-gastro- intestinal diseases such as: coeliac disease, cystic 
fibrosis, HIV, IBS, IBD, pancreatitis, alcohol-related liver disease and diabetes mellitus46. Faecal elastase concentration 
is also used to predict survival rates in patients with pancreatic cancer47.  
 
There are good correlations between faecal elastase levels and pancreatic enzyme output including amylase, trypsin 
and lipase48. When elastase PE-1 is low, the best symptom to check for are a floating, difficult to flush stool, and weight 
loss. A single low reading should be repeated before further investigations are made.  
 
 

Secretory IgA Range :0 ‒ 2000 µg/g High >750 µg/g 

 
Faecal secretory immunoglobulin A (sIgA) is the most abundant secreted antibody and it has a fundamental role in 
preventing pathogen colonisation in the gastrointestinal tract49. Low levels of SIgA (<100 µg/g) correlate with increased 
susceptibility to GIT infection. Subjects affected by asthma, autoimmune disease, coeliac disease, food allergies and 
IBD have low levels of sIgA. On the other hand extreme levels of sIgA may indicate presence of acute gut infections, 
or  chronic infections due to, for example, the presence of CMV, EBV or HIV50–53.  
  
 

Zonulin Range: 0 - 500 µg/g High > 100 µg/g 
 
Zonulin, also known as prehaptoglobin-2, is a human protein that causes increased intestinal permeability through tight 
junction disassembly54. An increased intestinal permeability status is known to increase inflammation and has been 
associated to several diseases. Increased levels of zonulin have been specifically associated to coeliac disease, type 
I and II diabetes, non-alcoholic fatty liver disease, hyperlipidaemia, obesity, autism, autoimmune disease, nervous 
system diseases and certain cancers55–62. 
 
MICROBIOTA 
 

Akkermansia muciniphila COMMENSAL BACTERIA Negatively associated with 
metabolic disorders 

 
Akkermansia muciniphila is gram-negative, strictly anaerobic bacterium. It is commonly found in the human gut and it 
is specialised in mucin degradation63. It is hard to culture, so can only really be measured with qPCR techniques.  
Different human clinical studies reported a negative association between A. muciniphila and metabolic disorders. 
Obese subjects tend to have lower abundance of this bacterium, which increases after weight loss and bariatric 
surgery64–70.  
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A. muciniphila is also decreased in pre-diabetic and type II diabetic patients and may be involved in the modulation 
of glucose homestasis 71,72. 16s RNA sequencing of patients with multiple sclerosis showed an increase of 
Methanobrevibacter and Akkermansia species in untreated individuals73.  
 
Low levels of Akkermansia are associated with decreased production of short chain acids (SCFAs), which in turn can 
be associated with increased intestinal permeability74.  
 
 

Anaerostipes caccae COMMENSAL BACTERIA Butyrate producer 
 
Anaerostipes caccae is a gram-variable, saccharolytic bacterium. It can utilise lactate and the end product of its 
metabolism is butyrate78,79. A recent study described a trophic interaction between A. muciniphila and A. caccae, 
highlighting increased mucin degradation activity by A. muciniphila resulting in a higher butyrate production by A. 
caccae80. Butyrate has been associated with several beneficial effects for the host’s physiology, as previously 
described. 
 
 

Bacteroides spp.  
 

COMMENSAL BACTERIA Acetate producer 

Bacteroides dorei 
 

COMMENSAL BACTERIA Inversely linked with CVD 

Bacteroides fragilis 
 

PATHOBIONT Extraintestinal pathogen 

Bacteroides fragilis 
(Enterotoxigenic) 

OPPORTUNISTIC PATHOGEN Associated with increased intestinal 
permeability  

Bacteroides ovatus COMMENSAL BACTERIA Syntrophic effect with B. vulgatus 
Bacteroides thetaiotaomicron COMMENSAL BACTERIA Mucin degrading bacteria 

Bacteroides uniformis COMMENSAL  
Bacteroides vulgatus COMMENSAL Inversely linked with CVD 

 
Bacteroides is a genus of gram-negative; obligate anaerobic and saccharolytic bacteria, which mainly produce 
succinate and acetate SCFAs.  It is one of the most abundant genera in the gut of western people making up around 
25% of the gut microbiome 81. Bacteroides strains directly modulate gut function. Bacteroides play an important role 
in the maturation of the peyers patches of the immune system.  
  
Family members of Bacteroides possess the capacity to process and utilize complex dietary glycans, such as the 
mixed-linkage β-glucans that are abundant in cereal grains such as oats and barley 82,83. 
 
Bacteroides fragilis is well known as an extra-intestinal pathogen, which can be antibiotic resistant and cause 
inflammation or infection through the production of metalloprotease or enterotoxins84. Nevertheless, several strains 
belonging to B. fragilis are currently under investigation as potential next generation probiotics. Preliminary data shows 
reduced Helicobacter infections, relieved antibiotic-associated diarrhoea, decreased diseases and autism spectrum 
disorders85. Bacteroides dorei abundance in paediatric microbiomes is correlated with a higher occurrence of type 1 
juvenile diabetes86. Bacteroides species are thought to come from the mother during birthing, but breastfed babies 
have lower levels, with more of an abundance of Bifidobacterium, until they reach the age of weaning. Bacteroides 
vulgatus and B. dorei  have been shown to be in lower abundance in patients with cardiovascular arterial disease87.  
Diets higher in fibre have been shown to increase the prevalence of Bacteroides acidifaciens, which in turn has been 
linked with lower heart disease risk factors88.  
 
Enterotoxigenic Bacteroides fragilis (ETBF) is an opportunistic pathogen normally found in the GIT and it is associated 
with inflammatory diarrhoeal diseases89,90. The toxin destroys the zonula adherens tight junctions in the intestinal 
epithelium, resulting in barrier leakage and diarrhoea.  EBTF is also associated with IBD, colorectal cancer, and colitis91–

93. Bacteroides thetaiotaomicron lives near the mucus lining of the intestine and can bind and metabolize mucin glycans 
as an energy source. It appears to possess the ability to increase fucosylation in the mucus producing cells of the 
epithelium, thereby having some control in mucous production to help maintain its niche in the GIT.  
 
B. thetaiotaomicron and Bacteroides caccae both have the ability to switch between carbohydrate metabolism and 
mucin metabolism as a fuel source, and depriving the bacteria of polysaccharide sources results in a thinner mucin 
layer, which in turn has been shown to result in increased infection rate94. Increased serum titres of agglutinins to 
anaerobic intestinal bacteria, especially Bacteroides vulgatus, and Bacteriodies ovatus has been found in IBD patients. 
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Bacteroides ovatus  had been shown to elicit the largest IgG and IgA responses in Crohn’s patients of the commensal 
bacteria95.  
 
Why Bacteroides ovatus induces such as response is not totally known, but it does produce esterase and lipase which 
can be potentially hazardous to the intestinal tissue, especially if initial damage has been created by a bacterial toxin 
such as Enterotoxigenic Bacteroides fragilis (ETBF). Bacteriodes ovatus plays an important role of degrading inulin, 
which the metabolites of in turn feeds Bacteroides vulgatus and supports the colony, so they have a syntrophic 
relationship.  
 
 

Bifidobacterium spp.  Lactate and acetate producer 
 
Bifidobacterium is a genus of gram-positive, anaerobic bacteria96. Species of this genus are highly abundant in infants, 
especially in breastfed ones. Reduced levels of Bifidobacteria, with a consequent depletion of acetate production, in 
early life have been correlated to the insurgence of atopic diseases later in life, such as asthma and eczema18.  
 
Several strains are now used as probiotics in order to prevent the development of these diseases and ameliorate 
symptoms. For example, they have been used to treat or prevent colorectal cancer, treat antibiotic-associated 
diarrhoea, decrease incidence of necrotising enterocolitis, reduce symptoms of IBD, improve colon regula9rity and 
decrease pathogen colonisation in the gut97. 
 

Clostridium spp. COMMENSAL BACTERIA Butyrate producer 
 
Clostridium is a genus of gram-positive bacteria. Species belonging to this genus make up to 10-40% of the total 
bacteria in the gut microbiota and are involved in the homeostasis of the organism. Colonising the host since early-
life, they have a fundamental role in immune system priming. They are also one of the main producers of butyrate, 
which is an essential fuel for colonocytes. They also produce norepinephrine and dopamine, making them relevant 
bacteria in the gut-brain axis interaction98. The Clostridium cluster XIVa and IV make up a substantial part (10-40%) of 
the total bacteria in the gut microbiota98. There are pathogenic Clostridium species which can cause botulism and 
tetanus.  
 

Clostridia sub-group   
Clostridium difficile 

 
PATHOGEN Diarrhoea and colitis 

Clostridium diff TcdA-producing 
strains 

PATHOGEN Diarrhoea and colitis 

Clostridium diff TcdB-producing 
strains 

PATHOGEN Diarrhoea and colitis 

Clostridium perfringens PATHOGEN Food poisoning, autoimmune 
Clostridium sporenges Commensal Produces IPA from tryptophan 

 
Clostridium difficile is a gram-positive, toxin-producing, pathogenic bacterium usually associated with nosocomial 
infections in developed countries. In the past decade, Clostridium difficile became one of the most well-known 
pathogens due to its increased incidence in developed countries and its antibiotic resistance99.  
 
Colonisation can be asymptomatic, but the secreted toxins (toxin A and toxin B) cause colitis and acute diarrhoea100. 
Antibiotic treatments are often ineffective in curing chronic infection; however, recently faecal microbiota transplant 
(FMT) has shown promise101.  
 
Clostridium cluster I includes some pathogenic species, such as Clostridium Perfrigens and Clostridium Tetani. 
C. perfringens is found regularly in soil, decaying matter and in the human intestine. It is commonly be found in high 
amounts on raw meat and poultry.  Some strains of C. perfringens produce a toxin known as clostridium perfringens 
enterotoxin (CPE) which can cause food poisoning when found in high amounts, with symptoms that include abdominal 
cramping, diarrhoea, vomiting, and fever.  A strain of C. perfringens can produce Epsilon toxin (Etx), which can cross 
the blood brain barrier and bind to myelin sheath, and it is thought to play a role in the aetiology of multiple sclerosis 
(MS) and other autoimmune diseases102.  
 
C. sporogenes uses dietary tryptophan to produce indolepropionic acid (IPA). IPA is a metabolite produced exclusively 
by the microbiota and has been shown that it can fortify the intestinal barrier by directly engaging the pregnane X 
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receptor (PXR)4.  IPA also has potent radical-scavenging activity and has received considerable attention for its 
neuroprotective properties103.  
 

Escherichia coli COMMENSAL BACTERIA Can acquire virulent factors and 
antibiotic resistance 

 
Escherichia coli is a gram-negative bacterium. Ubiquitous in nature, it colonises the human intestine during the first 
days of life. In its commensal role, it does not cause disease and it can mainly be found in the mucus layer of the 
colon.  
 
Little is known about the role of commensal E. coli, its ability to metabolize gluconate probably gives selective 
advantage to other species104. It is a reservoir of antibiotic resistance and it can acquire virulent factors which lead to 
the production of enterotoxins, causing different diseases (see enterotoxigenic E. coli). 
 

Eubacterium rectale COMMENSAL BACTERIA Butyrate producer 
 
Eubacterium is a genus of gram-positive bacteria. They are one of the most abundant species in healthy colons and 
use lactate and acetate to produce butyrate, and 1,2 propanediol to produce propionate105,106.  
 
Depletion of Eubacterium rectale has been associated with high fat diets, colorectal cancer and ulcerative colitis107,108. 
Species belonging to this genus are also involved in the metabolism of polyphenols - health-promoting metabolites, 
which can reduce incidence of carcinogenesis109. Eubacterium rely on sources of resistant starches for survival.  
 

Faecalibacterium prausnitzii COMMENSAL BACTERIA Butyrate producer 
 
Faecalibacterium prausnitzii is a gram-positive, strictly anaerobic bacterium, which is one of the major producers of 
butyrate in the GIT.  The main end products of its metabolism are formate and butyrate79,110.  
 
Decreased abundance of F. prausnitzii is usually observed in Crohn’s disease, but not ulcerative colitis patients111. This 
bacterium is also negatively correlated to the presence of IBS and the development of colorectal cancer112,113. Other 
diseases that show a concomitant lowered concentration of F. prausnitzii are Parkinson's disease, T2D and 
hypovitaminosis D114–116. 
 

Lactobacillus spp. COMMENSAL BACTERIA Lactate and acetate producer 
 
Lactobacillus is a genus of gram-positive, facultative anaerobes. Species belonging to this genus normally colonise 
the mouth, gastrointestinal- and vaginal- tract of humans. They are also known as lactic acid bacteria since the main 
product of their metabolism is lactate and acetate117.  
 
Lactobacillus reduce pathogen colonisation in the GI tract by lowering the pH and by producing antimicrobial 
compounds like reuterin. Species belonging to this genus are mostly considered beneficial for the organism, helping 
maintain homeostasis, and are considered probiotics. They help to reduce inflammation through immunomodulation; 
act on the nervous system and on gut permeability. They are also protective from early-life disorders such as 
autoimmune diseases, allergies and obesity118. 
 

Roseburia homini COMMENSAL BACTERIA Butyrate producer 
 
Roseburia homini is a gram-negative or gram-variable, anaerobic bacterium119. Being a butyrate-producing bacterium, 
the derived anti-inflammatory proprieties have been inversely associated to the active status of Crohn’s disease120.  
Decreased abundance of R. hominis has been also associated to IBS and colorectal carcinogenesis121,122. Roseburia 
negatively correlates with plasma glucose in T2D patients, suggesting a possible role in glucose homeostasis123,124.  
Lower levels of Roseburia have been detected in subjects affected by Parkinson’s diseases and gallstones114,125. 
 
 

Ruminococcus bromii COMMENSAL BACTERIA Acetate producer 
Keystone species for resistant 

starch digestion 
 
Ruminococcus bromii is a keystone species, playing a large role in the digestion of resistant starches126. It has been 
proposed that the primary role played by R. bromii is to release energy from resistant starch to other members of the 
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microbial community, giving it an important role for maintaining microbial community balance127 R. gnavus can 
efficiently cross-feed on starch degradation products released by R. bromii, even though it is normally a mucin 
degrading bacteria.  
 

Subdoligranulum variabile COMMENSAL BACTERIA Butyrate producer 
 
Subdoligranulum variabile is a gram-negative, strictly anaerobic bacterium128. It produces butyrate through the 
butyrate kinase route instead of the butyryl-CoA:acetate CoA-transferase route commonly used by other species 
commonly present in the human gut (e.g. Eubacterium, Roseburia, Faecalibacterium)129. 
 
 
Gram-negative bacteria 
 

Bilophila Wadsworthia PATHOBIONT Positively correlates with metabolic 
impairment 

 
Bilophila Wadsworthia is a gram negative, anaerobic, sulfidogenic bacterium resistant to β-lactam antibiotics130. This 
pathobiont is commonly found in patients with appendicitis and it has been associated to the Western diet (high in 
fats and animal proteins), as well as severe malnutrition131–134.  
 
A recent study in animals showed that a high fat diet stimulates the growth of B. Wadsworthia, which causes 
inflammation, dysfunction in the intestinal barrier and bile acid metabolism, hepatic steatosis and dysfunctional 
glucose metabolism135. Interestingly, the co-administration of a probiotic strain (Lactobacillus rhamnoses) reduces the 
generated inflammation and limits the metabolic impairment.  
 

Citrobacter freundii PATHOBIONT Infections in immunocompromised  
 
Citrobacter freundii is a facultative anaerobe, gram-negative bacterium136. It is involved on the onset of several 
infections of the intestine, liver, biliary and urinary tract, respiratory tract and brain137–139.  
 
Immunocompromised subjects are vulnerable to this bacterium, with a reported 6.8% mortality rate among infected 
hospitalised patients. The rate increases to 17.8-56% in case of Citrobacter bacteraemia140. Recently, multidrug-
resistant strains of Citrobacter have emerged141.  
 

Citrobacter koseri PATHOBIONT Infections in immunocompromised 
 
Citrobacter koseri is a gram-negative, non-lactose fermenting bacterium. It is mainly associated with infant meningitis 
and fatal cerebral abscess in premature neonates142.  
 
In adults, it commonly causes infection of the urinary tract143. As with C. freundii, it is reported to cause liver failure 
and infectious aneurysms in immunocompromised subjects144,145. 
 

Desulfovibrio spp. COMMENSAL BACTERIA Sulphate production 
Involved in inflammation 

 
Desulfovibrio is a genus of gram-negative sulphate-reducing bacteria. This genus has been positively correlated to 
IBD, colorectal cancer, ulcerative colitis, liver disease and autism146–150. 
 

Enterobacter aerogenes PATHOBIONT Nosocomial infections 
 
Enterobacter aerogenes is a facultative anaerobe, gram-negative bacterium. Little is known about the pathogenicity 
of Enterobacter spp. but they are commonly involved in nosocomial infections in intensive care patients151.  E. 
aerogenes is highly resistant to antibiotic treatments152.  
 

Enterobacter cloacae PATHOBIONT Nosocomial infections 
 
Enterobacter cloacae is a gram-negative, multidrug-resistant bacteria152. E. cloacae is often isolated from patients with 
a clinical infection, especially when immunocompromised. 
It has been associated to peritonitis, sepsis, pneumonia and urinary tract infection151.  
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Fusobacterium nucleatum PATHOBIONT Associated with periodontitis, IBD, 
autoimmunity and cancer 

 
Fusobacterium nucleatum is a gram-negative bacterium that is found in the human oral cavity and can play a role in 
the progression of periodontal disease. High levels of F. nucleatum have been found gastrointestinal diseases including 
colorectal cancer (human adenomas), inflammatory bowel disease (IBD) and appendicitis153,154.  
 
Colorectal tumours which contain F. nucleatum  at time of surgery have been linked with increased mortality and 
poorer outcomes155.  F. nucleatum has been implicated in cardiovascular diseases (CVD), rheumatoid arthritis and 
Alzheimer’s disease, but with the main source of LPS intrusion being the oral cavity156.  
 

Hafnia alvei PATHOBIONT Associated with CFS 
 
Hafnia alvei plays an active role in fermented foods, such as cheeses, kimchi and other traditional fermented dishes.  
Increased serum IgA and IgM  have been found in chronic fatigue patients with increased intestinal permeability to 
Hafnia alvei, Pseudomonas aeruginosa, Morganella morganii, Proteus mirabilis, Pseudomonas putida, Citrobacter 
koseri, and Klebsiella pneumoniae157. Hafnia alvei has the potential to decarboxylate histidine to histamine.  
 

Klebsiella oxytoca PATHOBIONT Nosocomial infections 
 
Klebsiella oxytoca is a gram-negative bacterium belonging to the Enterobacteriaceae family. As for the Enterobacter 
genus, this bacterium is mainly related to nosocomial infections158. It usually causes colitis and sepsis and it is antibiotic 
resistant159. A recent study in animals correlated K. oxytoca to cancer cachexia by its capacity to alter gut barrier 
function160. 
 

Klebsiella pneumoniae PATHOBIONT Nosocomial infections 
 
Klebsiella pneumoniae is a facultative anaerobe, gram-negative bacterium161. Similar to K. oxytoca, it is an antibiotic 
resistant strain usually causing extra-intestinal nosocomial infections like liver, urinary infections and, above all, 
pneumonia162. Klebsiella pneumoniae has been linked with development of Ankylosing spondylitis163. High alcohol 
producing strains of K. pneumoniae have been linked with increased occurrence of fatty liver disease (non-alcoholic 
steatohepatitis, or NASH)164  Klebsiella pneumoniae has the potential to decarboxylate histidine to histamine.  
 

Morganella Morganii PATHOBIONT Nosocomial infections 
 
Morganella Morganii belongs to the Enterobacteriaceae family and - as with the other described bacteria of this family 
- it is an opportunistic pathogen involved in nosocomial infection.  
Occurrence rate of this bacterium in post-surgery infection is not as high as K. pneumoniae, C. koseri and P. mirabilis166. 
Nevertheless, mortality rate by its infections is high due to the increased resistance to antibiotic treatment and 
virulence167.  Morganella Morganii has the potential to decarboxylate histidine to histamine.  
 
 

Oxalobacter formigenes COMMENSAL BACTERIA Oxalate homeostasis 
 
Oxalobacter formigenes is an obligate anaerobe and it uses oxalic acid as its sole carbon source168. Accumulation of 
oxalate leads to the formation of kidney stones, leading to chronic kidney disease, and promotes arthralgias and breast 
cancer169–171.  Its use as a probiotic did not have any significant results, probably due to the used models or small study 
sizes, but its association to reducing oxalate concentration is widely recognised172. 
 
 

Prevotella spp. COMMENSAL BACTERIA Predominant in fibre-diet, 
Involved in inflammation 

 
Prevotella is a genus of gram-negative bacteria belonging to the Bacteroidetes phylum173. Subjects consuming a fibre-
rich diet have a higher abundance of Prevotella than Bacteroides, suggesting a negative correlation between the two 
genera174,175. Increased abundance of Prevotella has been associated with periodontitis, bacterial vaginosis, rheumatoid 
arthritis, metabolic disorders, low-grade systemic inflammation, bone diseases and HIV176–178. Reduced presence of 
bacteria belonging to this genus has been observed in subjects affected by Parkinson’s diseases and autism179,180.  
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Prevotella copri, alongside Bacteroides vulgatus are identified as the main species driving the association between 
biosynthesis of branched chain amino acids (BCAAs) and insulin resistance181.  
Conversely, research links P. copri to improved insulin utilisation, as long as the diet is high in fibre175,182, which suggests 
a diet-dependent symbiosis/dysbiosis interaction181. P. copri is found in a higher abundance and diversity of clades in 
non-westernised diets183. 
 

Proteus mirabilis PATHOBIONT Nosocomial infections 
 
Proteus mirabilis is a gram-negative and facultative anaerobe which produces high levels of urease184. For this reason, 
it is commonly associated to kidney stone formation and urinary tract infections185. P. mirabilis can also cause sepsis 
and brain infections and it was found in increased abundance in urine of subjects affected by Parkinson’s disease186,187.  
Animal studies have shown the administration of P. mirabilis causes dopaminergic neuronal damage and inflammation, 
associating the bacterium to Parkinson’s disease pathogenesis188.  
 
Early microbiome research found an additive effect of the immune response to two P. mirabilis antigens - haemolysin 
and urease - in the disease development of rheumatoid arthritis (RA)189, and molecular mimicry from a P. mirablis 
infection is still thought to a contributing factor in some RA development190. 
 

Pseudomonas aeruginosa PATHOBIONT Nosocomial infections 
 
Pseudomonas aeruginosa is an encapsulated, gram-negative bacterium responsible for 10-15% of the nosocomial 
infections worldwide191. It can cause diarrhoeal diseases and systemic infections, but it is mainly associated with urinary 
and respiratory infections, particularly with cystic fibrosis lung infections192,193. It is naturally antibiotic resistant, so when 
infections are set up outside of the GIT tract, they are often hard to treat. 
 
 

Veillonella spp PATHOBIONT Nosocomial infections 
 
Veillonella spp are non-fermentative, strictly anaerobic, Gram-negative cocci that form part of the human 
gastrointestinal tract, mouth and vaginal flora. Abundance of Veillonella parvula has shown associations with liver 
disease severity and also significantly increased in patients with long-term PPI therapy. 
 

Yersinia enterocolitica PATHOGEN Food poisoning 
 
Yersinia enterocolitica is a gram-negative bacterium. As with salmonella and shigella, it is a foodborne pathogen - 
mainly found in pork - and it causes bloody/watery diarrhoea and fever194. When it invades the mesenteric lymph 
nodes, it causes lymphadenopathy, also named pseudoappendicitis195. Reactive arthritis or erythema nodosum are 
often developed post-infection196. Yersinia enterocolitica antibodies in the serum have been found in higher numbers 
in autoimmune thyroid diseases such as Grave’s disease and Hashimoto’s197 
 
 

Serratia marcescens PATHOBIONT Nosocomial infections 
 
Serratia marcescens is a facultative anaerobe belonging to the Enterobacteriaceae family198.  
It is a multidrug-resistant bacterium typically associated with hospital-acquired infections, especially of the urinary 
tract199.  
 
 
 
 
 
 
 
 
Gram-positive bacteria 
 

Enterococcus faecalis PATHOBIONT Nosocomial infections 
 
Enterococcus faecalis is a gram-positive bacterium commonly associated with nosocomial infections200. Frequently 
associated with failure of endodontic treatments, it can also cause sepsis, meningitis and urinary tract infections201,202.  
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E. faecalis metalloprotease increases intestinal inflammation by compromising the gut epithelial barrier203. Increased 
abundance of E. faecalis was found in colorectal cancer patients107. Interestingly, the interaction with C. albicans 
promotes a non-pathogenic association with the host204. 
 

Enterococcus faecium PATHOBIONT Nosocomial infections 
 
Enterococcus faecium is a gram-positive bacterium that can cause vancomycin-resistant infections205. For this reason, 
it is usually associated with nosocomial infections. A specific strain susceptible to vancomycin has been investigated 
as a possible probiotic206. Enterococci are members of the lactic acid bacteria and can improve intestinal health and 
reduce serum cholesterol levels207,208. Enterococci can also produce enterocins, a class of bacteriocins that inhibit the 
growth of pathogens209. 
 

Enterococcus gallinarum PATHOBIONT Nosocomial infections 
 
Enterococcus gallinarum is a gram-positive bacterium. It has low-level resistance to vancomycin compared to E. 
faecalis and E. faecium due to the presence of a different gene210. For this reason, it rarely causes nosocomial 
infections211.  
A recent study showed that the translocation of this bacterium to the liver, or other systemic tissues, can trigger 
autoimmune responses212. 
 

Methanobrevibacter smithii COMMENSAL ARCHAEA Hydrogen homeostasis and 
methanogenic 

 
Methanobrevibacter smithii is a methanogenic archaeon. It balances gut H2 levels by converting carbon dioxide (CO2) 
and hydrogen (H2) into methane (CH4)  

213. Literature reports there is an increased presence of M. smithii in subjects 
affected by IBS-Constipation 214,215. On the other hand, reduced abundance of M. smithii has been observed in IBD 
patients with a concomitant increment in subject on clinical remission 216. Lower concentrations of M. smithii are also 
considered a risk factor for IBS, colorectal cancer, diverticulosis and obesity 217–219. 
 

Mycobacterium avium PATHOGEN Linked with Crohn’s disease 
 
M. avium is a slow-growing mycobacterium which can be an opportunistic intracellular pathogen. It is found world-
wide and can cause lung and gastrointestinal infections, especially in the immunocompromised220. Infection of M. 
avium has been linked with the development of Crohn’s disease, although not everyone carrying it necessarily has 
symptoms. It is thought that is a dual combination of immune dysregulation plus infection with M. avium which is 
thought to bring on the progression of the disease221  
 

Ruminococcus gnavus PATHOBIONT IBD 
 
Ruminococcus gnavus is a gram-positive bacterium belonging to the Clostridia class. Increased abundance of this 
bacterium has been observed in IBD patients, particularly in the ones affected by Crohn’s disease 222–224. It produces 
an inflammatory molecule which  induces the production of inflammatory cytokines, including TNFα225.  
 
Specific strains have found to degrade mucin and to encode for beta-glucuronidase activity 226,227. R. gnavus positively 
correlates with the development of respiratory allergic diseases in infants and causes airway inflammation in mice 
through Th2 cells stimualtion228.  
 
In the mucus of inflammatory bowel disease patients, an increased number of the mucus-degrading bacterium 
Ruminococcus gnavus has been observed,  producing a defective mucus layer which may lead to increased 
translocation of bacterial lipopolysaccharide, thereby contributing to metabolic diseases94. 
 
 
 
 

Ruminococcus torques PATHOBIONT IBD and ASD 
 
Ruminococcus torques is a mucolytic gram-positive bacterium associated with IBD223,229,230. The ability to degrade 
mucin and adhere to the gut epithelium is believed to alter the permeability of the intestine, inducing inflammatory 
responses. R. torques has been found in higher concentrations in children with autism spectrum disorders231. 
Ruminococcus torques has been found to be in higher levels in humans with circadian rhythm disturbances232 
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Staphylococcus aureus PATHOBIONT Nosocomial infections 

 
Staphylococcus aureus is a gram-positive bacterium frequently found on the skin and the upper respiratory tract. It 
is a facultative anaerobe, allowing it to colonise the intestine and the reproductive tract in women.  
It commonly causes skin infections but it is also responsible for pneumonia, bone infections, food poisoning and 
bloodstream infection after surgery233. Methicillin-resistant Staphylococcus aureus (MRSA) infections are rapidly rising 
worldwide, making this bacterium one of the principal nosocomial pathogens234. 
 

Streptococcus agalactiae PATHOBIONT Neonates infections 
 
Streptococcus agalactiae, also known as Lancefield’s group B streptococcus (GBS), is a gram-positive facultative 
anaerobe235. Found in around 30% of healthy adult gastrointestinal tracts and vaginas, it can cause severe infections236. 
The bacterium is the leading cause of septicaemia, pneumonia and meningitis in neonates237. Additionally, a recent 
study showed that neonates of GBS+ women have a different microbiota composition compared to GBS-, possibly 
leading to disease development later in life238. 
 

Streptococcus pneumoniae PATHOBIONT Respiratory infections 
 
Streptococcus pneumoniae is a gram-positive bacterium commonly found in the respiratory tract. It can cause 
pneumonia, meningitis and sepsis in immunocompromised patients239. Penicillin-resistant Streptococcus pneumoniae 
(PRSP) infections are rapidly rising worldwide. A recent animal study suggested an active role of the gut microbiota as 
a protective mediator during pneumococcal pneuomonia240. 
 

 Streptococcus pyogenes PATHOBIONT Throat infections 
 
Streptococcus pyogenes is an aerotolerant, gram-positive bacterium. It is commonly known to cause strep throat, but 
it can also be found on the skin, rectum and genital mucosa. It is human-specific and it is transmitted by contact241.  
S. pyogenes can sometimes cause autoimmune diseases, such as rheumatic fever. This bacterium stimulates a Th1-
type cytokine response in monocyte-derived dendritic cells242. 
 
 
Mycology 
 

Aspergillus fumigatus PATHOGEN Infections  
 
Aspergillus fumigatus is a ubiquitous fungus found in the environment. Inhaled spores are constantly destroyed by the 
immune system but it can cause infections in immunocompromised subjects under cancer therapies or organ 
transplants and AIDS patients243.It is estimated that A. fumigatus causes over 600,000 deaths a year, mainly due to the 
lung infection aspergillosis244.  
 

Candida albicans PATHOBIONT Infections & SIFO 
 
Candida albicans is a filamentous yeast that colonises the mouth and gastrointestinal tract of more than 60% of healthy 
adults245. In immunocompromised subjects (cancer, organ transplants, AIDS) it often causes the infection candidiasis.  
Superficial infections commonly affect the mouth and vagina, while systemic infections, often together with S. aureus, 
have a 40-60% mortality rate246,247. C. albicans is associated with small intestinal fungal overgrowth (SIFO), causing 
bloating, diarrhoea and nausea248.  C. albicans is also associated with Crohn’s disease249.  
 
 
 
 
 
 

Candida krusei PATHOBIONT Infections 
 
Candida krusei is an emerging nosocomial pathogen causing fungemia in immunocompromised subjects250.  
As with the other Candida species, it is responsible for superficial candidiasis, infecting the mouth and vagina, as well 
as systemic infections. It is less abundant and virulent compared to C. albicans. 
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Candida tropicalis PATHOBIONT Infections 
 
Candida tropicalis is the second most virulent Candida species affecting humans and can cause oral and vaginal 
candidiasis251. C. tropicalis infections are usually associated with patients suffering from leukaemia or neutropenia (low 
concentrations of neutrophils)252. 
 

Malassezia restricta PATHOBIONT Associated with IBD 
 
Malassezia restricta is a common fungi resident in the skin. M. restricta has been found in the mucosal lining of patients 
with Crohn’s disease.  It has been shown to elicit innate inflammatory responses, especially in patients with a 
polymorphism with CARD9, a signalling adaptor important for anti-fungal defense253. Higher levels of Malassezia 
restricta, and other fungi such as, Candida albicans, Candida glabrata, and Aspergillus gracili have been found in 
patients with uveitis254. 
 
 
Helicobacter pylori 
 

Helicobacter pylori PATHOBIONT Gastritis and Stomach Cancer 
 
Helicobacter pylori is a gram-negative bacterium usually found in the stomach. It is believed to be a stable member 
of the human microbiota and it is asymptomatic in 90% of the population255. This bacterium can cause 
gastroesophageal reflux disease (GERD), chronic gastritis, gastric or duodenal ulcers and oesophageal or stomach 
adenocarcinomas256,257.  Reduced colonisation of H. pylori has been correlated to an increased incidence of asthma 
and allergy development258. H. pylori antibodies in the serum have been correlated with autoimmune thyroid 
diseases197. If Helicobacter pylori is detected by PCR, reflexively there will be the HP antigen test performed, which is 
the same process used by the NHS in the UK at present. It is possible that there will be positive on PCR due to 
sensitivity, but negative on the antigen testing. We always advise correlation with clinical symptoms before 
approaching any treatment regime.  
 
 
Parasitology 
 

Dientamoeba fragilis PATHOBIONT GI pain, diarrhoea, IBD/IBS 
 
Dientamoeba fragilis is a protozoan parasite that colonises the human gastrointestinal tract, especially in developed 
countries259. Infections are often asymptomatic, but symptoms can include abdominal pain, nausea and acute/chronic 
diarrhoea. Research studies have associated this protozoa to the development of colitis, IBD and IBS260. 
 

Blastocystis hominis PATHOBIONT Diarrhoea and IBS 
 
Blastocystis hominis is a common human intestinal parasite. Mostly asymptomatic, it can cause abdominal pain and 
diarrhoea. It has been associated with IBS, in particular when in a co-infection with Dientamoeba fragilis261,262.  
It has been reported that B. hominis infection can cause acute urticaria263,264. 
 

Entamoeba histolytica PATHOGEN Amoebiasis 
 
Entamoeba histolytica is a protozoan parasite causing amoebiasis, a major health problem in developing countries 
outpaced only by malaria and schistosomiasis.  
In 90% of cases, amoebic infections are asymptomatic, but the pathogenic phenotype can cause deadly dysentery, 
colitis and liver abscess272,273. 
 
 
 
 

Giardia lamblia PATHOGEN Giardiasis 
 
Giardia lamblia, also known as Giardia intestinalis, is a single-cell parasite that colonises the human small intestine267.  
It causes giardiasis, characterised by diarrhoea, abdominal pain and weight loss. It is commonly contracted by 
travellers in developing counties268.   
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SUMMARY 
 
The Phylobioscience GI EcologiX™ Gastrointestinal Health & Microbiome Profile is an innovative tool for analysis of 
the gastrointestinal microbiota composition and host immune responses.  
Phylobioscience recommend the profile is used on an annual basis to monitor changes in gut health. The gut health 
and microbiome profile may also be used as a diagnostic tool in symptomatic patients. 
For effective analysis of results, the interpretive guide should be used in combination with Invivo Healthcare's Gut 
Microbiome Clinical Considerations, the patient’s symptomology and results. 
The Gut Microbiome Clinical Considerations provides further information on lifestyle and environmental factors that 
may influence the gut microbiota. The Gut Microbiome Clinical Considerations also provides recommendations for 
treatment and management plans for results indicative of dysbiosis, inflammation, and infection. 
If you have any queries on patient results or clinical considerations, please contact the Clinical Education team at 
support@invivohealthcare.com 
 
 
RECOMMENDED READING 
 
Functional interactions between the gut microbiota and host metabolism 
Tremaroli, V. and Bäckhed, F., 2012. Functional interactions between the gut microbiota and host metabolism. Nature, 
489(7415), p.242. 
The gut microbiota shapes intestinal immune responses during health and disease 
Round, J.L. and Mazmanian, S.K., 2009. The gut microbiota shapes intestinal immune responses during health and 
disease. Nature reviews immunology, 9(5), p.313. 
Normal gut microbiota modulates brain development and behaviour 
Heijtz, R.D., Wang, S., Anuar, F., Qian, Y., Björkholm, B., Samuelsson, A., Hibberd, M.L., Forssberg, H. and Pettersson, S., 
2011. Normal gut microbiota modulates brain development and behavior. Proceedings of the National Academy of 
Sciences, 108(7), pp.3047-3052. 
The Impact of the Gut Microbiota on Human Health: An Integrative View 
Clemente, J.C., Ursell, L.K., Parfrey, L.W. and Knight, R., 2012. The impact of the gut microbiota on human health: an 
integrative view. Cell, 148(6), pp.1258-1270. 
The gut microbiota in IBD 
Manichanh, C., Borruel, N., Casellas, F. and Guarner, F., 2012. The gut microbiota in IBD. Nature reviews 
Gastroenterology & hepatology, 9(10), p.599. 
Gut microbiota metabolism of dietary fibre influences allergic airway disease and haematopoiesis 
Trompette, A., Gollwitzer, E.S., Yadava, K., Sichelstiel, A.K., Sprenger, N., Ngom-Bru, C., Blanchard, C., Junt, T., Nicod, 
L.P., Harris, N.L. and Marsland, B.J., 2014. Gut microbiota metabolism of dietary fiber influences allergic airway disease 
and hematopoiesis. Nature medicine, 20(2), p.159. 
Probiotics and the gut microbiota in intestinal health and disease 
Gareau, M.G., Sherman, P.M. and Walker, W.A., 2010. Probiotics and the gut microbiota in intestinal health and disease. 
Nature reviews Gastroenterology & hepatology, 7(9), p.503. 
 
 
REFERENCES 
 
1. Littman, D. R. & Pamer, E. G. Role of the Commensal Microbiota in Normal and Pathogenic Host Immune 

Responses. Cell Host Microbe 10, 311–323 (2011). 
2. Kamada, N., Chen, G., Inohara, N., immunology, G. N.-N. & 2013,  undefined. Control of pathogens and pathobionts 

by the gut microbiota. nature.com 
3. Honda, K. & Littman, D. R. The microbiota in adaptive immune homeostasis and disease. Nature 535, 75–84 (2016). 
4. Carding, S., Verbeke, K., Vipond, D. T., Corfe, B. M. & Owen, L. J. Dysbiosis of the gut microbiota in disease. 

Microb. Ecol. Heal. Dis. 26, (2015). 
5. Turnbaugh, P. J. et al. The Human Microbiome Project. Nature 449, 804–810 (2007). 
6. Garner, J. S., Jarvis, W. R., Emori, T. G., Horan, T. C. & Hughes, J. M. CDC definitions for nosocomial infections, 

1988. Am. J. Infect. Control 16, 128–140 (1988). 
7. Jostins, L. et al. Host–microbe interactions have shaped the genetic architecture of inflammatory bowel disease. 

Nature 491, 119–124 (2012). 
8. FRANCIS, C. Y., MORRIS, J. & WHORWELL, P. J. The irritable bowel severity scoring system: a simple method of 

monitoring irritable bowel syndrome and its progress. Aliment. Pharmacol. Ther. 11, 395–402 (1997). 
9. Taur, Y. & Pamer, E. G. The intestinal microbiota and susceptibility to infection in immunocompromised patients. 

Curr. Opin. Infect. Dis. 26, 332–7 (2013). 
10. Sender, R., Fuchs, S. & Milo, R. Are We Really Vastly Outnumbered? Revisiting the Ratio of Bacterial to Host Cells in 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

Humans. Cell 164, 337–340 (2016). 
11. Thursby, E. & Juge, N. Introduction to the human gut microbiota. Biochem. J. 474, 1823–1836 (2017). 
12. Nicholson, J. K., Holmes, E. & Wilson, I. D. Gut microorganisms, mammalian metabolism and personalized health 

care. Nat. Rev. Microbiol. 3, 431–438 (2005). 
13. Huttenhower, C. et al. Structure, function and diversity of the healthy human microbiome. Nature 486, 207–214 

(2012). 
14. Fernández, J. et al. Colon microbiota fermentation of dietary prebiotics towards short-chain fatty acids and their 

roles as anti-inflammatory and antitumour agents: A review. J. Funct. Foods 25, 511–522 (2016). 
15. Kumari, R., Ahuja, V., WJG, J. P.-W. journal of gastroenterology: & 2013,  undefined. Fluctuations in butyrate-

producing bacteria in ulcerative colitis patients of North India. ncbi.nlm.nih.gov 
16. Segain, J., Blétiere, D. D. La, Bourreille, A., Gut, V. L.- & 2000,  undefined. Butyrate inhibits inflammatory responses 

through NFκB inhibition: implications for Crohn’s disease. gut.bmj.com 
17. Yatsunenko, T. et al. Human gut microbiome viewed across age and geography. Nature 486, 222–227 (2012). 
18. Hevia, A. et al. Allergic Patients with Long-Term Asthma Display Low Levels of Bifidobacterium adolescentis. PLoS 

One 11, e0147809 (2016). 
19. Kim, J. Y. et al. Effect of probiotic mix ( Bifidobacterium bifidum, Bifidobacterium lactis, Lactobacillus acidophilus ) 

in the primary prevention of eczema: a double-blind, randomized, placebo-controlled trial. Pediatr. Allergy 
Immunol. 21, e386–e393 (2010). 

20. Zhang, M. & Yang, X.-J. Effects of a high fat diet on intestinal microbiota and gastrointestinal diseases. World J. 
Gastroenterol. 22, 8905–8909 (2016). 

21. Festi, D. et al. Gut microbiota and metabolic syndrome. World J. Gastroenterol. 20, 16079–94 (2014). 
22. Ghosh, N. & Premchand, P. A UK cost of care model for inflammatory bowel disease. Frontline Gastroenterol. 6, 

169–174 (2015). 
23. Ni, J., Wu, G. D., Albenberg, L. & Tomov, V. T. Gut microbiota and IBD: causation or correlation? (2017). 

doi:10.1038/nrgastro.2017.88 
24. Collins, S. M. A role for the gut microbiota in IBS. Nat. Rev. Gastroenterol. Hepatol. 11, 497–505 (2014). 
25. Dridi, B., Raoult, D. & Drancourt, M. Archaea as emerging organisms in complex human microbiomes. Anaerobe 17, 

56–63 (2011). 
26. Louis, P., Hold, G. L. & Flint, H. J. The gut microbiota, bacterial metabolites and colorectal cancer. Nat. Rev. 

Microbiol. 12, 661–672 (2014). 
27. Foster, J. A. & McVey Neufeld, K.-A. Gut–brain axis: how the microbiome influences anxiety and depression. Trends 

Neurosci. 36, 305–312 (2013). 
28. Tremlett, H., Bauer, K. C., Appel-Cresswell, S., Finlay, B. B. & Waubant, E. The gut microbiome in human neurological 

disease: A review. Ann. Neurol. 81, 369–382 (2017). 
29. Vuong, H. E. & Hsiao, E. Y. Emerging Roles for the Gut Microbiome in Autism Spectrum Disorder. Biol. Psychiatry 81, 

411–423 (2017). 
30. Halliez, M. C. M. & Buret, A. G. Extra-intestinal and long term consequences of Giardia duodenalis infections. World 

J. Gastroenterol. 19, 8974–8985 (2013). 
31. Langhorst, J. et al. Elevated human β-defensin-2 levels indicate an activation of the innate immune system in 

patients with irritable bowel syndrome. Am. J. Gastroenterol. 104, 404–410 (2009). 
32. Kapel, N. et al. Fecal β-defensin-2 in children with inflammatory bowel diseases. J. Pediatr. Gastroenterol. Nutr. 48, 

117–120 (2009). 
33. Siddiqui, I., Majid, H. & Abid, S. Update on clinical and research application of fecal biomarkers for gastrointestinal 

diseases. World J. Gastrointest. Pharmacol. Ther. 8, 39–46 (2017). 
34. Mroczynska, M., Galecka, M., Szachta, P., Microbiol, D. K.-P. J. & 2013,  undefined. Beta-glucuronidase and beta-

glucosidase activity in stool specimens of children with inflammatory bowel disease. academia.edu 
35. Kim, D.-H. & Jin, Y.-H. Intestinal bacterial β-glucuronidase activity of patients with colon cancer. Arch. Pharm. Res. 

24, 564–567 (2001). 
36. Flores, R. et al. Fecal microbial determinants of fecal and systemic estrogens and estrogen metabolites: a cross-

sectional study. J. Transl. Med. 10, 253 (2012). 
37. Leung, J. W. et al. Expression of bacterial β-glucuronidase in human bile: An in vitro study. Gastrointest. Endosc. 

54, 346–350 (2001). 
38. Zwadlo, G., Brüggen, J., Gerhards, G., Schlegel, R. & Sorg, C. Two calcium-binding proteins associated with specific 

stages of myeloid cell differentiation are expressed by subsets of macrophages in inflammatory tissues. Clin. Exp. 
Immunol. 72, 510–5 (1988). 

39. Eue, I., Pietz, B., Storck, J., … M. K.-I. & 2000,  undefined. Transendothelial migration of 27E10+ human monocytes. 
academic.oup.com 

40. Catalán, V. et al. Increased Levels of Calprotectin in Obesity Are Related to Macrophage Content: Impact on 
Inflammation and Effect of Weight Loss. Mol. Med. 17, 1157–1167 (2011). 

41. Sherwood, R. & Walsham, N. Fecal calprotectin in inflammatory bowel disease. Clin. Exp. Gastroenterol. 9, 21 (2016). 
42. Walsham, N. E. & Sherwood, R. A. Fecal calprotectin in inflammatory bowel disease. Clin. Exp. Gastroenterol. 9, 21–9 

(2016). 
43. NICE. Adoption support resource – insights from the NHS. 20, 1–13 (2019). 
44. Manceau, H., Chicha-Cattoir, V., Puy, H. & Peoc’h, K. Fecal calprotectin in inflammatory bowel diseases: Update 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

and perspectives. Clin. Chem. Lab. Med. 55, 474–483 (2017). 
45. Loser, C., Mollgaard, A., Folsch, U. R., Loser Mollgaard, C. A. & Chr LUser, P.-D. Faecal elastase 1: a novel, highly 

sensitive, and specific tubeless pancreatic function test. Gut 39, 580–586 (1996). 
46. Leeds, J. S., Oppong, K. & Sanders, D. S. The role of fecal elastase-1 in detecting exocrine pancreatic disease. Nat. 

Publ. Gr. 8, 405–415 (2011). 
47. Partelli, S. et al. Faecal elastase-1 is an independent predictor of survival in advanced pancreatic cancer. Dig. Liver 

Dis. 44, 945–951 (2012). 
48. Lam, K. W. & Leeds, J. How to manage : patient with a low faecal elastase. Frontline Gastroenterol. 1–7 (2019). 

doi:10.1136/flgastro-2018-101171 
49. Fagarasan, S. & Honjo, T. Intestinal IgA synthesis: regulation of front-line body defences. Nat. Rev. Immunol. 3, 63–

72 (2003). 
50. Mantis, N. J., Rol, N. & Corthésy, B. Secretory IgA’s complex roles in immunity and mucosal homeostasis in the gut. 

Mucosal Immunol. 4, 603–11 (2011). 
51. Brandtzaeg, P. Update on mucosal immunoglobulin A in gastrointestinal disease. Curr. Opin. Gastroenterol. 26, 554–

563 (2010). 
52. Prince, H. E., Norman, G. L. & Binder, W. L. Immunoglobulin A (IgA) deficiency and alternative celiac disease-

associated antibodies in sera submitted to a reference laboratory for endomysial IgA testing. Clin. Diagn. Lab. 
Immunol. 7, 192–6 (2000). 

53. Lin, R. et al. Clinical significance of soluble immunoglobulins A and G and their coated bacteria in feces of patients 
with inflammatory bowel disease. J. Transl. Med. 16, 359 (2018). 

54. Fasano, A. et al. Zonulin, a newly discovered modulator of intestinal permeability, and its expression in coeliac 
disease. Lancet 355, 1518–1519 (2000). 

55. Ohlsson, B. et al. Higher Levels of Serum Zonulin May Rather Be Associated with Increased Risk of Obesity and 
Hyperlipidemia, Than with Gastrointestinal Symptoms or Disease Manifestations. Int. J. Mol. Sci. 18, 582 (2017). 

56. Esnafoglu, E. et al. Increased Serum Zonulin Levels as an Intestinal Permeability Marker in Autistic Subjects. J. 
Pediatr. 188, 240–244 (2017). 

57. Pacifico, L. et al. Increased circulating zonulin in children with biopsy-proven nonalcoholic fatty liver disease. 
World J. Gastroenterol. 20, 17107 (2014). 

58. Zhang, D. et al. Circulating zonulin levels in newly diagnosed Chinese type 2 diabetes patients. Diabetes Res. Clin. 
Pract. 106, 312–318 (2014). 

59. Zak-Gołąb, A. et al. Gut microbiota, microinflammation, metabolic profile, and zonulin concentration in obese and 
normal weight subjects. Int. J. Endocrinol. 2013, 674106 (2013). 

60. Moreno-Navarrete, J. M., Sabater, M., Ortega, F., Ricart, W. & Fernández-Real, J. M. Circulating Zonulin, a Marker of 
Intestinal Permeability, Is Increased in Association with Obesity-Associated Insulin Resistance. PLoS One 7, e37160 
(2012). 

61. Sapone, A. et al. Zonulin Upregulation Is Associated With Increased Gut Permeability in Subjects With Type 1 
Diabetes and Their Relatives. Diabetes 55, 1443–1449 (2006). 

62. Fasano, A. Intestinal Permeability and Its Regulation by Zonulin: Diagnostic and Therapeutic Implications. Clin. 
Gastroenterol. Hepatol. 10, 1096–1100 (2012). 

63. Derrien, M., Belzer, C. & de Vos, W. M. Akkermansia muciniphila and its role in regulating host functions. Microb. 
Pathog. 106, 171–181 (2017). 

64. Karlsson, C. L. J. et al. The Microbiota of the Gut in Preschool Children With Normal and Excessive Body Weight. 
Obesity 20, 2257–2261 (2012). 

65. Escobar, J., Klotz, B., … B. V.-B. & 2014,  undefined. The gut microbiota of Colombians differs from that of 
Americans, Europeans and Asians. bmcmicrobiol.biomedcentral.com 

66. Kim, B., Song, M., ethnopharmacology, H. K.-J. of & 2014,  undefined. The anti-obesity effect of Ephedra sinica 
through modulation of gut microbiota in obese Korean women. Elsevier 

67. Remely, M., Tesar, I., Hippe, B., … S. G.-B. & 2015,  undefined. Gut microbiota composition correlates with changes 
in body fat content due to weight loss. wageningenacademic.com 

68. Santacruz, A., Collado, M., … L. G.-V.-B. J. of & 2010,  undefined. Gut microbiota composition is associated with 
body weight, weight gain and biochemical parameters in pregnant women. cambridge.org 

69. Teixeira, T., Grześkowiak, Ł., Salminen, S., nutrition, K. L.-C. & 2013,  undefined. Faecal levels of Bifidobacterium and 
Clostridium coccoides but not plasma lipopolysaccharide are inversely related to insulin and HOMA index in 
women. Elsevier 

70. Zhang, H., DiBaise, J., … A. Z.-P. of the & 2009,  undefined. Human gut microbiota in obesity and after gastric 
bypass. Natl. Acad Sci. 

71. Zhang, X. et al. Human Gut Microbiota Changes Reveal the Progression of Glucose Intolerance. PLoS One 8, e71108 
(2013). 

72. Zhang, X. et al. Human gut microbiota changes reveal the progression of glucose intolerance. journals.plos.org 
73. Cantarel, B. L. et al. Gut microbiota in multiple sclerosis: Possible influence of immunomodulators. J. Investig. Med. 

63, 729–734 (2015). 
74. Harbison, J. E. et al. Gut microbiome dysbiosis and increased intestinal permeability in children with islet 

autoimmunity and type 1 diabetes: A prospective cohort study. Pediatr. Diabetes pedi.12865 (2019). 
doi:10.1111/pedi.12865 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

75. E.F.  de Groot et al. Intestinal microbiota in paediatric ulcerative colitis differs from healthy controls. (2019). 
76. Li, F., Hullar, M. A. J., Schwarz, Y. & Lampe, J. W. Human Gut Bacterial Communities Are Altered by Addition of 

Cruciferous Vegetables to a Controlled Fruit-and Vegetable-Free Diet 1-3. J. Nutr. Nutr. Physiol. Metab. Nutr. 
Interact. J. Nutr 139, 1685–1691 (2009). 

77. Ke, X. et al. Synbiotic-driven improvement of metabolic disturbances is associated with changes in the gut 
microbiome in diet-induced obese mice. doi:10.1016/j.molmet.2019.01.012 

78. Schwiertz, A. et al. Anaerostipes caccae gen. nov., sp. nov., a New Saccharolytic, Acetate-utilising, Butyrate-
producing Bacterium from Human Faeces. Syst. Appl. Microbiol. 25, 46–51 (2002). 

79. Duncan, S. H., Louis, P. & Flint, H. J. Lactate-utilizing bacteria, isolated from human feces, that produce butyrate as 
a major fermentation product. Appl. Environ. Microbiol. 70, 5810–7 (2004). 

80. Chia, L. W. et al. Deciphering the trophic interaction between Akkermansia muciniphila and the butyrogenic gut 
commensal Anaerostipes caccae using a metatranscriptomic approach. Antonie Van Leeuwenhoek 111, 859–873 
(2018). 

81. Wexler, H. M. Bacteroides: The good, the bad, and the nitty-gritty. Clin. Microbiol. Rev. 20, 593–621 (2007). 
82. Wernersson, S. et al. Backbone 1 H, 13 C, and 15 N resonance assignments of BoMan26A, a β-mannanase of the 

glycoside hydrolase family 26 from the human gut bacterium Bacteroides ovatus. Biomol. NMR Assign. 13, 213–218 
(2019). 

83. Tamura, K. et al. Surface glycan-binding proteins are essential for cereal beta-glucan utilization by the human gut 
symbiont Bacteroides ovatus. Cell. Mol. Life Sci. 76, 4319–4340 (2019). 

84. Song, Y., Liu, C. & Finegold, S. M. Bacteroides. in Bergey’s Manual of Systematics of Archaea and Bacteria 1–24 
(John Wiley & Sons, Ltd, 2015). doi:10.1002/9781118960608.gbm00238 

85. Tan, H., Zhai, Q. & Chen, W. Investigations of Bacteroides spp. towards next-generation probiotics. Food Res. Int. 
116, 637–644 (2019). 

86. Davis-Richardson, A. G. et al. Bacteroides dorei dominates gut microbiome prior to autoimmunity in Finnish 
children at high risk for type 1 diabetes. (2014). doi:10.3389/fmicb.2014.00678 

87. Naofumi Yoshida et al. Bacteroides vulgatus and Bacteroides dorei Reduce Gut Microbial Lipopolysaccharide 
Production and Inhibit Atherosclerosis. (2018). doi:10.1161/CIRCULATIONAHA.118.033714 

88. Marques, F. Z. et al. High-fiber diet and acetate supplementation change the gut microbiota and prevent the 
development of hypertension and heart failure in hypertensive mice. Circulation 135, 964–977 (2017). 

89. Sears, C. L. Enterotoxigenic Bacteroides fragilis: a Rogue among Symbiotes. Clin. Microbiol. Rev. 22, 349–369 
(2009). 

90. Sears, C. L. et al. Association of Enterotoxigenic Bacteroides fragilis Infection with Inflammatory Diarrhea. Clin. 
Infect. Dis. 47, 797–803 (2008). 

91. Prindiville, T. P. et al. Bacteroides fragilis enterotoxin gene sequences in patients with inflammatory bowel disease. 
Emerg. Infect. Dis. 6, 171–4 (2000). 

92. Ulger Toprak, N. et al. A possible role of Bacteroides fragilis enterotoxin in the aetiology of colorectal cancer. Clin. 
Microbiol. Infect. 12, 782–786 (2006). 

93. Rabizadeh, S. et al. Enterotoxigenic Bacteroides fragilis: A potential instigator of colitis. Inflamm. Bowel Dis. 13, 
1475–1483 (2007). 

94. Schroeder, B. O. Fight them or feed them: how the intestinal mucus layer manages the gut microbiota. 
doi:10.1093/gastro/goy052 

95. Saitoh, S. et al. Bacteroides ovatus as the Predominant Commensal Intestinal Microbe Causing a Systemic 
Antibody Response in Inflammatory Bowel Disease. Clin. Diagn. Lab. Immunol. 9, 54–59 (2002). 

96. Schell, M. A. et al. The genome sequence of Bifidobacterium longum reflects its adaptation to the human 
gastrointestinal tract. Proc. Natl. Acad. Sci. U. S. A. 99, 14422 (2002). 

97. O’Callaghan, A. & van Sinderen, D. Bifidobacteria and Their Role as Members of the Human Gut Microbiota. Front. 
Microbiol. 7, 925 (2016). 

98. Lopetuso, L. R., Scaldaferri, F., Petito, V. & Gasbarrini, A. Commensal Clostridia: leading players in the maintenance 
of gut homeostasis. Gut Pathog. 5, 23 (2013). 

99. Abt, M. C., McKenney, P. T. & Pamer, E. G. Clostridium difficile colitis: pathogenesis and host defence. Nat. Rev. 
Microbiol. 14, 609–620 (2016). 

100. Leffler, D. A. & Lamont, J. T. Clostridium difficile Infection. N. Engl. J. Med. 372, 1539–1548 (2015). 
101. Bakken, J. S. et al. Treating Clostridium difficile Infection With Fecal Microbiota Transplantation. Clin. 

Gastroenterol. Hepatol. 9, 1044–1049 (2011). 
102. Blanch, M. et al. The Cytotoxicity of Epsilon Toxin from Clostridium perfringens on Lymphocytes Is Mediated by 

MAL Protein Expression. (2018). doi:10.1128/MCB.00086-18 
103. Dodd, D. et al. A gut bacterial pathway metabolizes aromatic amino acids into nine circulating metabolites HHS 

Public Access. doi:10.1038/nature24661 
104. Kaper, J. B., Nataro, J. P. & Mobley, H. L. T. Pathogenic Escherichia coli. Nat. Rev. Microbiol. 2, 123–140 (2004). 
105. Engels, C., Ruscheweyh, H.-J., Beerenwinkel, N., Lacroix, C. & Schwab, C. The Common Gut Microbe Eubacterium 

hallii also Contributes to Intestinal Propionate Formation. Front. Microbiol. 7, 713 (2016). 
106. Flint, H. J., Scott, K. P., Louis, P. & Duncan, S. H. The role of the gut microbiota in nutrition and health. Nat. Rev. 

Gastroenterol. Hepatol. 9, 577–589 (2012). 
107. Wang, T. et al. Structural segregation of gut microbiota between colorectal cancer patients and healthy volunteers. 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

ISME J. 6, 320–329 (2012). 
108. Vermeiren, J. et al. Decreased colonization of fecal Clostridium coccoides/Eubacterium rectale species from 

ulcerative colitis patients in an in vitro dynamic gut model with mucin environment. FEMS Microbiol. Ecol. 79, 685–
696 (2012). 

109. Cardona, F., Andrés-Lacueva, C., Tulipani, S., Tinahones, F. J. & Queipo-Ortuño, M. I. Benefits of polyphenols on 
gut microbiota and implications in human health. J. Nutr. Biochem. 24, 1415–1422 (2013). 

110. Stewart, C. S., Hold, G. L., Duncan, S. H., Flint, H. J. & Harmsen, H. J. M. Growth requirements and fermentation 
products of Fusobacterium prausnitzii, and a proposal to reclassify it as Faecalibacterium prausnitzii gen. nov., 
comb. nov. Int. J. Syst. Evol. Microbiol. 52, 2141–2146 (2002). 

111. Miquel, S. et al. Faecalibacterium prausnitzii and human intestinal health. Curr. Opin. Microbiol. 16, 255–261 (2013). 
112. Rajilić–Stojanović, M., Biagi, E., Heilig, H., Gastroenterology, K. K.- & 2011,  undefined. Global and deep molecular 

analysis of microbiota signatures in fecal samples from patients with irritable bowel syndrome. Elsevier 
113. Wang, T. et al. Structural segregation of gut microbiota between colorectal cancer patients and healthy volunteers. 

nature.com 
114. Keshavarzian, A., Green, S., Disorders, P. E.-… & 2015,  undefined. Colonic bacterial composition in Parkinson’s 

disease. Wiley Online Libr. 
115. Tilg, H., Gut, A. M.- & 2014,  undefined. Microbiota and diabetes: an evolving relationship. gut.bmj.com 
116. Ciubotaru, I., Green, S., Kukreja, S., Research, E. B.-T. & 2015,  undefined. Significant differences in fecal microbiota 

are associated with various stages of glucose tolerance in African American male veterans. Elsevier 
117. Duar, R. M. et al. Lifestyles in transition: evolution and natural history of the genus Lactobacillus. FEMS Microbiol. 

Rev. 41, S27–S48 (2017). 
118. Mu, Q., Tavella, V. J. & Luo, X. M. Role of Lactobacillus reuteri in Human Health and Diseases. Front. Microbiol. 9, 

757 (2018). 
119. Duncan, S. H. et al. Proposal of Roseburia faecis sp. nov., Roseburia hominis sp. nov. and Roseburia inulinivorans 

sp. nov., based on isolates from human faeces. Int. J. Syst. Evol. Microbiol. 56, 2437–2441 (2006). 
120. Machiels, K. et al. A decrease of the butyrate-producing species Roseburia hominis and Faecalibacterium 

prausnitzii defines dysbiosis in patients with ulcerative colitis. Gut 63, 1275–1283 (2014). 
121. Chen, L. et al. Characteristics of fecal and mucosa-associated microbiota in Chinese patients with inflammatory 

bowel disease. ncbi.nlm.nih.gov 
122. Borges-Canha, M., … J. P.-C.-R. E. & 2015,  undefined. Role of colonic microbiota in colorectal carcinogenesis: a 

systematic review. SciELO Espana 
123. Qin, J. et al. A metagenome-wide association study of gut microbiota in type 2 diabetes. nature.com 
124. Wu, X. et al. Molecular Characterisation of the Faecal Microbiota in Patients with Type II Diabetes. Curr. Microbiol. 

61, 69–78 (2010). 
125. Keren, N., Konikoff, F., Paitan, Y., … G. G.-E. & 2015,  undefined. Interactions between the intestinal microbiota and 

bile acids in gallstones patients. Wiley Online Libr. 
126. Ze, X., Duncan, S. H., Louis, P. & Flint, H. J. Ruminococcus bromii is a keystone species for the degradation of 

resistant starch in the human colon microbe-microbe and microbe-host interactions. ISME J. 6, 1535–1543 (2012). 
127. Crost, E. H. et al. Mechanistic Insights Into the Cross-Feeding of Ruminococcus gnavus and Ruminococcus bromii 

on Host and Dietary Carbohydrates. Front. Microbiol. 9, (2018). 
128. Holmstrøm, K., Collins, M. D., Møller, T., Falsen, E. & Lawson, P. A. Subdoligranulum variabile gen. nov., sp. nov. from 

human feces. Anaerobe 10, 197–203 (2004). 
129. Louis, P. & Flint, H. J. Formation of propionate and butyrate by the human colonic microbiota. Environ. Microbiol. 

19, 29–41 (2017). 
130. Finegold, S., Summanen, P., Hunt Gerardo, S. & Baron, E. Clinical importance ofBilophila wadsworthia. Eur. J. Clin. 

Microbiol. Infect. Dis. 11, 1058–1063 (1992). 
131. Bernard, D., Verschraegen, G., … G. C.-C. infectious & 1994,  undefined. Bilophila wadsworthia Bacteremia in a 

Patient with Gangrenous Appendicitis. academic.oup.com 
132. David, L. A. et al. Diet rapidly and reproducibly alters the human gut microbiome. Nature 505, 559–563 (2013). 
133. Schneeberger, M., Everard, A., reports, A. G.-V.-S. & 2015,  undefined. Akkermansia muciniphila inversely correlates 

with the onset of inflammation, altered adipose tissue metabolism and metabolic disorders during obesity in. 
nature.com 

134. Smith, M., Yatsunenko, T., Manary, M., … I. T.- & 2013,  undefined. Gut microbiomes of Malawian twin pairs 
discordant for kwashiorkor. science.sciencemag.org 

135. Natividad, J. M. et al. Bilophila wadsworthia aggravates high fat diet induced metabolic dysfunctions in mice. Nat. 
Commun. 9, 2802 (2018). 

136. Liu, L.-H. et al. Citrobacter freundii bacteremia: Risk factors of mortality and prevalence of resistance genes. J. 
Microbiol. Immunol. Infect. 51, 565–572 (2018). 

137. Lipsky, B., III, E. H., … A. S.-R. of infectious & 1980,  undefined. Citrobacter infections in humans: experience at the 
Seattle Veterans Administration Medical Center and a review of the literature. academic.oup.com 

138. Kumar, P., Ghosh, S., Rath, D., reports, A. G.-B. case & 2013,  undefined. Multidrug resistant citrobacter: an unusual 
cause of liver abscess. casereports.bmj.com 

139. Plakkal, N., Soraisham, A., Neonatology, H. A.-P. & & 2013,  undefined. Citrobacter freundii brain abscess in a 
preterm infant: a case report and literature review. Elsevier 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

140. Shih, C., Chen, Y., Chang, S., … K. L.-C. infectious & 1996,  undefined. Bacteremia Due to Citrobacter Species: 
Significance of Primary Intraabdominal Infection. academic.oup.com 

141. Kanamori, H., Yano, H., Hirakata, Y., … S. E.-J. of & 2011,  undefined. High prevalence of extended-spectrum β-
lactamases and qnr determinants in Citrobacter species from Japan: dissemination of CTX-M-2. 
academic.oup.com 

142. diseases, T. D.-C. infectious & 1999,  undefined. The Role of Citrobacter in Clinical Disease of Children. 
academic.oup.com 

143. Stewart, Z. E., Shaker, M. & Baxter, J. D. Urinary Tract Infection Caused by Citrobacter koseri in a Patient With 
Spina Bifida, an Ileal Conduit and Renal Caluli Progressing to Peri-nephric Abscess and Empyema. Urol. Case 
Reports 11, 22–24 (2017). 

144. Srikanth, K. et al. Multifocal hepatic abscess with community acquired Citrobacter koseri infection causing liver 
failure in an immune competent child. Trop. Gastroenterol. 38, 65–66 (2017). 

145. Ando, T. et al. Infectious Aneurysm Caused by &lt;i&gt;Citrobacter koseri&lt;/i&gt; in an Immunocompetent Patient. 
Intern. Med. 58, 813–816 (2019). 

146. Berry, D. & Reinisch, W. Intestinal microbiota: A source of novel biomarkers in inflammatory bowel diseases? Best 
Pract. Res. Clin. Gastroenterol. 27, 47–58 (2013). 

147. Zhu, Q. et al. Analysis of the Intestinal Lumen Microbiota in an Animal Model of Colorectal Cancer. PLoS One 9, 
e90849 (2014). 

148. Rowan, F. et al. Desulfovibrio Bacterial Species Are Increased in Ulcerative Colitis. Dis. Colon Rectum 53, 1530–1536 
(2010). 

149. Xie, G. et al. Distinctly altered gut microbiota in the progression of liver disease. Oncotarget 7, 19355–66 (2016). 
150. Tomova, A. et al. Gastrointestinal microbiota in children with autism in Slovakia. Physiol. Behav. 138, 179–187 (2015). 
151. Davin-Regli, A., Lavigne, J.-P. & Pagès, J.-M. Enterobacter spp.: Update on Taxonomy, Clinical Aspects, and 

Emerging Antimicrobial Resistance. (2019). doi:10.1128/CMR.00002-19 
152. Davin-Regli, A. & PagÃ¨s, J.-M. Enterobacter aerogenes and Enterobacter cloacae; versatile bacterial pathogens 

confronting antibiotic treatment. Front. Microbiol. 6, 392 (2015). 
153. Han, Y. W. Fusobacterium nucleatum: a commensal-turned pathogen. (2014). doi:10.1016/j.mib.2014.11.013 
154. Kostic, A. D. et al. Genomic analysis identifies association of Fusobacterium with colorectal carcinoma. Genome 

Res. 22, 292–298 (2012). 
155. Lauka, L. et al. Role of the intestinal microbiome in colorectal cancer surgery outcomes. World J. Surg. Oncol. 17, 

204 (2019). 
156. Sparks Stein, P. et al. Serum antibodies to periodontal pathogens are a risk factor for Alzheimer’s disease. 

Alzheimers. Dement. 8, 196–203 (2012). 
157. Maes, M., Mihaylova, I. & Leunis, J.-C. Increased serum IgA and IgM against LPS of enterobacteria in chronic 

fatigue syndrome (CFS): Indication for the involvement of gram-negative enterobacteria in the etiology of CFS and 
for the presence of an increased gut-intestinal permeability. (2006). doi:10.1016/j.jad.2006.08.021 

158. Chakraborty, S. et al. Prevalence, antibiotic susceptibility profiles and ESBL production in Klebsiella pneumoniae 
and Klebsiella oxytoca among hospitalized patients. Period. Biol. 118, 53–58 (2016). 

159. Högenauer, C. et al. Klebsiella oxytoca as a Causative Organism of Antibiotic-Associated Hemorrhagic Colitis. N. 
Engl. J. Med. 355, 2418–2426 (2006). 

160. Pötgens, S. A. et al. Klebsiella oxytoca expands in cancer cachexia and acts as a gut pathobiont contributing to 
intestinal dysfunction. Sci. Rep. 8, 12321 (2018). 

161. Navon-Venezia, S., Kondratyeva, K. & Carattoli, A. Klebsiella pneumoniae: a major worldwide source and shuttle for 
antibiotic resistance. FEMS Microbiol. Rev. 41, 252–275 (2017). 

162. Paczosa, M. K. & Mecsas, J. Klebsiella pneumoniae: Going on the Offense with a Strong Defense. Microbiol. Mol. 
Biol. Rev. 80, 629–661 (2016). 

163. Zhu, W. et al. Ankylosing spondylitis: etiology, pathogenesis, and treatments. Bone Res. 7, (2019). 
164. Yuan, J. et al. Fatty Liver Disease Caused by High-Alcohol-Producing Klebsiella pneumoniae. Cell Metab. 30, 675-

688.e7 (2019). 
165. Lee, J., Hwang, J.-H., Jo, D. S., Lee, H. S. & Hwang, J.-H. Kluyvera ascorbata as a Pathogen in Adults and Children: 

Clinical Features and Antibiotic Susceptibilities in a Single Center Study. Jpn. J. Infect. Dis 72, 142–148 (2019). 
166. Farmer, J., … B. D.-J. of clinical & 1985,  undefined. Biochemical identification of new species and biogroups of 

Enterobacteriaceae isolated from clinical specimens. Am Soc Microbiol 
167. Liu, H., Zhu, J., Hu, Q. & Rao, X. Morganella morganii, a non-negligent opportunistic pathogen. Int. J. Infect. Dis. 50, 

10–17 (2016). 
168. Allison, M. J., Dawson, K. A., Mayberry, W. R. & Foss, J. G. Oxalobacter formigenes gen. nov., sp. nov.: oxalate-

degrading anaerobes that inhabit the gastrointestinal tract. Arch. Microbiol. 141, 1–7 (1985). 
169. Brzica, H., Breljak, D., Burckhardt, B. C., Burckhardt, G. & Sabolić, I. Oxalate: From the Environment to Kidney 

Stones. Arch. Ind. Hyg. Toxicol. 64, 609–630 (2013). 
170. Kuiper, J. J. Initial manifestation of primary hyperoxaluria type I in adults-- recognition, diagnosis, and management. 

West. J. Med. 164, 42 (1996). 
171. Castellaro, A. M. et al. Oxalate induces breast cancer. BMC Cancer 15, 761 (2015). 
172. Liu, M. et al. Oxalobacter formigenes-associated host features and microbial community structures examined using 

the American Gut Project. Microbiome 5, 108 (2017). 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

173. Ley, R. E. Gut microbiota in 2015: Prevotella in the gut: choose carefully. Nat. Publ. Gr. 13, (2016). 
174. Martínez, I. et al. The Gut Microbiota of Rural Papua New Guineans: Composition, Diversity Patterns, and Ecological 

Processes. Cell Rep. 11, 527–538 (2015). 
175. Kovatcheva-Datchary, P. et al. Dietary Fiber-Induced Improvement in Glucose Metabolism Is Associated with 

Increased Abundance of Prevotella. Cell Metab. 22, 971–982 (2015). 
176. Larsen, J. M. The immune response to Prevotella bacteria in chronic inflammatory disease. Immunology 151, 363–

374 (2017). 
177. Lukens, J. R. et al. Dietary modulation of the microbiome affects autoinflammatory disease. Nature 516, 246–249 

(2014). 
178. Lozupone, C. A. et al. Alterations in the Gut Microbiota Associated with HIV-1 Infection. Cell Host Microbe 14, 329–

339 (2013). 
179. Petrov, V. A. et al. Analysis of Gut Microbiota in Patients with Parkinson’s Disease. Bull. Exp. Biol. Med. 162, 734–737 

(2017). 
180. Kang, D.-W. et al. Reduced Incidence of Prevotella and Other Fermenters in Intestinal Microflora of Autistic 

Children. PLoS One 8, e68322 (2013). 
181. Pedersen, H. K. et al. Human gut microbes impact host serum metabolome and insulin sensitivity. Nature 535, 376–

381 (2016). 
182. De Vadder, F. et al. Microbiota-Produced Succinate Improves Glucose Homeostasis via Intestinal 

Gluconeogenesis. Cell Metab. 24, 151–157 (2016). 
183. Tett, A. et al. The Prevotella copri complex comprises four distinct clades that are underrepresented in 

Westernised populations. bioRxiv 26, 600593 (2019). 
184. Pearson, M. M. et al. Complete Genome Sequence of Uropathogenic Proteus mirabilis, a Master of both 

Adherence and Motility. J. Bacteriol. 190, 4027–4037 (2008). 
185. Torzewska, A., Budzyńska, A., Białczak-Kokot, M. & Różalski, A. In vitro studies of epithelium-associated 

crystallization caused by uropathogens during urinary calculi development. Microb. Pathog. 71–72, 25–31 (2014). 
186. Kassim, Z., Aziz, A. A., Haque, Q. M. & Cheung, H. A. S. Isolation of Proteus mirabilis from severe neonatal sepsis and 

central nervous system infection with extensive pneumocephalus. Eur. J. Pediatr. 162, 644–645 (2003). 
187. Cassani, E. et al. Increased urinary indoxyl sulfate (indican): New insights into gut dysbiosis in Parkinson’s disease. 

Parkinsonism Relat. Disord. 21, 389–393 (2015). 
188. Choi, J. G. et al. Oral administration of Proteus mirabilis damages dopaminergic neurons and motor functions in 

mice. Sci. Rep. 8, 1275 (2018). 
189. Wilson, C., Thakore, A., Isenberg, D. & Ebringer, A. Correlation between anti-Proteus antibodies and isolation rates 

of P. mirabilis in rheumatoid arthritis. Rheumatol. Int. 16, 187–189 (1997). 
190. Neidhart, S. & Neidhart, M. Rheumatoid arthritis and the concept of autoimmune disease. Int. J. Clin. Rheumatol 14, 

75–79 (2019). 
191. Yordanov, D. & Strateva, T. Pseudomonas aeruginosa – a phenomenon of bacterial resistance. J. Med. Microbiol. 

58, 1133–1148 (2009). 
192. OHARA, T. & ITOH, K. Significance of Pseudomonas aeruginosa Colonization of the Gastrointestinal Tract. Intern. 

Med. 42, 1072–1076 (2003). 
193. Oliver, A., Cantón, R., Campo, P., Baquero, F. & Blázquez, J. High frequency of hypermutable Pseudomonas 

aeruginosa in cystic fibrosis lung infection. Science 288, 1251–4 (2000). 
194. Sabina, Y., Rahman, A., Ray, R. C. & Montet, D. Yersinia enterocolitica : Mode of Transmission, Molecular Insights of 

Virulence, and Pathogenesis of Infection. J. Pathog. 2011, 1–10 (2011). 
195. Rosner, B. M., Stark, K. & Werber, D. Epidemiology of reported Yersinia enterocolitica infections in Germany, 2001-

2008. BMC Public Health 10, 337 (2010). 
196. Cover, T. L. & Aber, R. C. Yersinia Enterocolitica. N. Engl. J. Med. 321, 16–24 (1989). 
197. Köhling, H. L., Plummer, S. F., Marchesi, J. R., Davidge, K. S. & Ludgate, M. The microbiota and autoimmunity: Their 

role in thyroid autoimmune diseases. (2017). doi:10.1016/j.clim.2017.07.001 
198. HEJAZI, A. & FALKINER, F. R. Serratia marcescens. J. Med. Microbiol. 46, 903–912 (1997). 
199. Moradigaravand, D., Boinett, C. J., Martin, V., Peacock, S. J. & Parkhill, J. Recent independent emergence of 

multiple multidrug-resistant Serratia marcescens clones within the United Kingdom and Ireland. Genome Res. 26, 
1101–1109 (2016). 

200. Duggan, J. M. & Sedgley, C. M. Biofilm Formation of Oral and Endodontic Enterococcus faecalis. J. Endod. 33, 815–
818 (2007). 

201. Sundqvist, G. et al. Microbiologic analysis of teeth with failed endodontic treatment and the outcome of 
conservative re-treatment. Elsevier 

202. Murray, B. E. The life and times of the Enterococcus. Clin. Microbiol. Rev. 3, 46–65 (1990). 
203. Steck, N. et al. Enterococcus faecalis Metalloprotease Compromises Epithelial Barrier and Contributes to Intestinal 

Inflammation. Gastroenterology 141, 959–971 (2011). 
204. Garsin, D. A. & Lorenz, M. C.  Candida albicans  and  Enterococcus faecalis  in the gut. Gut Microbes 4, 409–415 

(2013). 
205. Hegstad, K., Mikalsen, T., Coque, T. M., Werner, G. & Sundsfjord, A. Mobile genetic elements and their contribution 

to the emergence of antimicrobial resistant Enterococcus faecalis and Enterococcus faecium. Clin. Microbiol. 
Infect. 16, 541–554 (2010). 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

206. İspirli, H., Demirbaş, F. & Dertli, E. Characterization of functional properties of Enterococcus faecium strains 
isolated from human gut. Can. J. Microbiol. 61, 861–870 (2015). 

207. Giraffa, G. Functionality of enterococci in dairy products. Int. J. Food Microbiol. 88, 215–22 (2003). 
208. Hlivak, P. et al. One-year application of probiotic strain Enterococcus faecium M-74 decreases serum cholesterol 

levels. Bratisl. Lek. Listy 106, 67–72 (2005). 
209. Franz, C. M. A. P., Van Belkum, M. J., Holzapfel, W. H., Abriouel, H. & Gálvez, A. Diversity of enterococcal 

bacteriocins and their grouping in a new classification scheme. FEMS Microbiol. Rev. 31, 293–310 (2007). 
210. Leclercq, R., Dutka-Malen, S., Duval, J. & Courvalin, P. Vancomycin resistance gene vanC is specific to 

Enterococcus gallinarum. Antimicrob. Agents Chemother. 36, 2005–8 (1992). 
211. Contreras, G. A. et al. Nosocomial outbreak of Enteroccocus gallinarum: untaming of rare species of enterococci. 

J. Hosp. Infect. 70, 346–352 (2008). 
212. Manfredo Vieira, S. et al. Translocation of a gut pathobiont drives autoimmunity in mice and humans. Science (80-. 

). 359, 1156–1161 (2018). 
213. agronomy, R. C.-A. in & 2007,  undefined. Microbial ecology of methanogens and methanotrophs. Elsevier 
214. Ghoshal, U., Shukla, R., Srivastava, D. & Ghoshal, U. C. Irritable Bowel Syndrome, Particularly the Constipation-

Predominant Form, Involves an Increase in Methanobrevibacter smithii, Which Is Associated with Higher Methane 
Production. Gut Liver 10, 932–938 (2016). 

215. Kim, G. et al. Methanobrevibacter smithii Is the Predominant Methanogen in Patients with Constipation-
Predominant IBS and Methane on Breath. Dig. Dis. Sci. 57, 3213–3218 (2012). 

216. Ghavami, S. B. et al. Alterations of the human gut Methanobrevibacter smithii as a biomarker for inflammatory 
bowel diseases. Microb. Pathog. 117, 285–289 (2018). 

217. Horz, H., Archaea, G. C.- & 2010,  undefined. The Discussion Goes on: What Is the Role of Euryarchaeota in 
Humans? downloads.hindawi.com 

218. Aminov, R. I. Role of archaea in human disease. Front. Cell. Infect. Microbiol. 3, (2013). 
219. Million, M. et al. Obesity-associated gut microbiota is enriched in Lactobacillus reuteri and depleted in 

Bifidobacterium animalis and Methanobrevibacter smithii. Int. J. Obes. 36, 817–825 (2012). 
220. Busatto, C., Vianna, J. S., da Silva, L. V., Ramis, I. B. & da Silva, P. E. A. Mycobacterium avium: an overview. 

Tuberculosis 114, 127–134 (2019). 
221. Davis, W. C. On deaf ears, Mycobacterium avium paratuberculosis in pathogenesis Crohn’s and other diseases. 

World J Gastroenterol 21, 48 (2015). 
222. Prindiville, T., … M. C.-I. bowel & 2004,  undefined. Ribosomal DNA sequence analysis of mucosa-associated 

bacteria in Crohn’s disease. Wiley Online Libr. 
223. Willing, B., Dicksved, J., Halfvarson, J., Gastroenterology, A. A.- & 2010,  undefined. A pyrosequencing study in twins 

shows that gastrointestinal microbial profiles vary with inflammatory bowel disease phenotypes. Elsevier 
224. Joossens, M., Huys, G., Cnockaert, M., Gut, V. D. P.- & 2011,  undefined. Dysbiosis of the faecal microbiota in 

patients with Crohn’s disease and their unaffected relatives. gut.bmj.com 
225. Henke, M. T. et al. Ruminococcus gnavus, a member of the human gut microbiome associated with Crohn’s 

disease, produces an inflammatory polysaccharide. Proc. Natl. Acad. Sci. U. S. A. 116, 12672–12677 (2019). 
226. Crost, E. H. et al. Utilisation of Mucin Glycans by the Human Gut Symbiont Ruminococcus gnavus Is Strain-

Dependent. PLoS One 8, e76341 (2013). 
227. Beaud, D., Tailliez, P. & Anba-Mondoloni, J. Genetic characterization of the  -glucuronidase enzyme from a human 

intestinal bacterium, Ruminococcus gnavus. Microbiology 151, 2323–2330 (2005). 
228. Chua, H.-H. et al. Intestinal Dysbiosis Featuring Abundance of Ruminococcus gnavus Associates With Allergic 

Diseases in Infants. Gastroenterology 154, 154–167 (2018). 
229. Png, C., Lindén, S., … K. G.-T. A. journal of & 2010,  undefined. Mucolytic Bacteria With Increased Prevalence in IBD 

Mucosa Augment In Vitro Utilization of Mucin by Other Bacteria. nature.com 
230. Martinez-Medina, M., … X. A.-I. bowel & 2006,  undefined. Abnormal microbiota composition in the ileocolonic 

mucosa of Crohn’s disease patients as revealed by polymerase chain reaction-denaturing gradient gel. 
academic.oup.com 

231. Wang, L. et al. Increased abundance of Sutterella spp. and Ruminococcus torques in feces of children with autism 
spectrum disorder. Mol. Autism 4, 42 (2013). 

232. Deaver, J. A., Eum, S. Y. & Toborek, M. Circadian disruption changes gut microbiome taxa and functional gene 
composition. Front. Microbiol. 9, 1–9 (2018). 

233. Tong, S. Y. C. et al. Staphylococcus aureus infections: epidemiology, pathophysiology, clinical manifestations, and 
management. Clin. Microbiol. Rev. 28, 603–61 (2015). 

234. Klein, E., Smith, D., diseases, R. L.-E. infectious & 2007,  undefined. Hospitalizations and deaths caused by 
methicillin-resistant Staphylococcus aureus, United States, 1999–2005. ncbi.nlm.nih.gov 

235. Facklam, R. What happened to the streptococci: overview of taxonomic and nomenclature changes. Clin. 
Microbiol. Rev. 15, 613–30 (2002). 

236. Barcaite, E. et al. Prevalence of maternal group B streptococcal colonisation in European countries. Acta Obstet. 
Gynecol. Scand. 87, 260–271 (2008). 

237. Glaser, P. et al. Genome sequence of Streptococcus agalactiae, a pathogen causing invasive neonatal disease. 
Mol. Microbiol. 45, 1499–1513 (2002). 

238. Cassidy-Bushrow, A. E. et al. Maternal group B Streptococcus and the infant gut microbiota. J. Dev. Orig. Health 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

Dis. 7, 45–53 (2016). 
239. van der Poll, T. & Opal, S. M. Pathogenesis, treatment, and prevention of pneumococcal pneumonia. Lancet 374, 

1543–1556 (2009). 
240. Schuijt, T. J. et al. The gut microbiota plays a protective role in the host defence against pneumococcal 

pneumonia. doi:10.1136/gutjnl-2015-309728 
241. Bessen, D. E. Population biology of the human restricted pathogen, Streptococcus pyogenes. Infect. Genet. Evol. 

9, 581–593 (2009). 
242. Veckman, V. et al. Streptococcus pyogenes and Lactobacillus rhamnosus differentially induce maturation and 

production of Th1-type cytokines and chemokines in human monocyte-derived dendritic cells. J. Leukoc. Biol. 75, 
764–771 (2004). 

243. Ben-Ami, R., Lewis, R. E. & Kontoyiannis, D. P. Enemy of the (immunosuppressed) state: an update on the 
pathogenesis of Aspergillus fumigatus infection. Br. J. Haematol. 150, no-no (2010). 

244. Brown, G., Denning, D., … N. G.-S. translational & 2012,  undefined. Hidden killers: human fungal infections. 
stm.sciencemag.org 

245. Schulze, J. & Sonnenborn, U. Yeasts in the Gut. Dtsch. Aerzteblatt Online (2009). doi:10.3238/arztebl.2009.0837 
246. Peters, B. M. et al. Microbial interactions and differential protein expression in Staphylococcus aureus -Candida 

albicans dual-species biofilms. FEMS Immunol. Med. Microbiol. 59, 493–503 (2010). 
247. Weinberger, M. et al. Characteristics of candidaemia with Candida-albicans compared with non-albicans Candida 

species and predictors of mortality. J. Hosp. Infect. 61, 146–154 (2005). 
248. Erdogan, A. & Rao, S. S. C. Small Intestinal Fungal Overgrowth. Curr. Gastroenterol. Rep. 17, 16 (2015). 
249. Poulain, D. et al. Yeasts: Neglected Pathogens. Dig. Dis. 27, 104–110 (2009). 
250. SAMARANAYAKE, Y. H. & SAMARANAYAKE, L. P. Candida krusei: biology, epidemiology, pathogenicity and clinical 

manifestations of an emerging pathogen. J. Med. Microbiol. 41, 295–310 (1994). 
251. Zuza-Alves, D. L., Silva-Rocha, W. P. & Chaves, G. M. An Update on Candida tropicalis Based on Basic and Clinical 

Approaches. Front. Microbiol. 8, 1927 (2017). 
252. Mendes Giannini, M. J. S., Bernardi, T., Scorzoni, L., Fusco-Almeida, A. M. & Sardi, J. C. O. Candida species: current 

epidemiology, pathogenicity, biofilm formation, natural antifungal products and new therapeutic options. J. Med. 
Microbiol. 62, 10–24 (2013). 

253. Limon, J. J. et al. Malassezia Is Associated with Crohn’s Disease and Exacerbates Colitis in Mouse Models. Cell Host 
Microbe 25, 377-388.e6 (2019). 

254. Jayasudha, R. et al. Implicating dysbiosis of the gut fungal microbiome in uveitis, an inflammatory disease of the 
eye. Investig. Ophthalmol. Vis. Sci. 60, 1384–1393 (2019). 

255. Cover, T. L. & Blaser, M. J. Helicobacter pylori in Health and Disease. Gastroenterology 136, 1863–1873 (2009). 
256. Kusters, J. G., Van Vliet, A. H. M. & Kuipers, E. J. Pathogenesis of Helicobacter pylori Infection. Clin. Microbiol. Rev. 

19, 449–490 (2006). 
257. Suerbaum, S. & Michetti, P. Helicobacter pylori Infection. N. Engl. J. Med. 347, 1175–1186 (2002). 
258. Chen, Y., diseases, M. B.-T. J. of infectious & 2008,  undefined. Helicobacter pylori Colonization Is Inversely 

Associated with Childhood Asthma. academic.oup.com 
259. Barry, M. A., Weatherhead, J. E., Hotez, P. J. & Woc-Colburn, L. Childhood Parasitic Infections Endemic to the 

United States. Pediatr. Clin. North Am. 60, 471–485 (2013). 
260. Stark, D., Barratt, J., Chan, D. & Ellis, J. T. Dientamoeba fragilis, the Neglected Trichomonad of the Human Bowel. 

Clin. Microbiol. Rev. 29, 553–80 (2016). 
261. Yakoob, J. et al. Blastocystis hominis and Dientamoeba fragilis in patients fulfilling irritable bowel syndrome criteria. 

Parasitol. Res. 107, 679–684 (2010). 
262. Yakoob, J. et al. Irritable bowel syndrome: is it associated with genotypes of Blastocystis hominis. Parasitol. Res. 

106, 1033–1038 (2010). 
263. Gupta, R. & Parsi, K. Chronic urticaria due to Blastocystis hominis. Australas. J. Dermatol. 47, 117–119 (2006). 
264. Hameed, D. M. A., Hassanin, O. M. & Zuel-Fakkar, N. M. Association of Blastocystis hominis genetic subtypes with 

urticaria. Parasitol. Res. 108, 553–560 (2011). 
265. Silva, J. et al. Campylobacter spp. as a Foodborne Pathogen: A Review. Front. Microbiol. 2, 200 (2011). 
266. Man, S. M. The clinical importance of emerging Campylobacter species. Nat. Rev. Gastroenterol. Hepatol. 8, 669–

685 (2011). 
267. Carranza, P. G. & Lujan, H. D. New insights regarding the biology of Giardia lamblia. Microbes Infect. 12, 71–80 

(2010). 
268. Minetti, C., Chalmers, R. M., Beeching, N. J., Probert, C. & Lamden, K. Giardiasis. BMJ 355, i5369 (2016). 
269. Fayer, R., Morgan, U. & Upton, S. J. Epidemiology of Cryptosporidium: transmission, detection and identification. 

Int. J. Parasitol. 30, 1305–1322 (2000). 
270. Smith, H. V., Cacciò, S. M., Cook, N., Nichols, R. A. B. & Tait, A. Cryptosporidium and Giardia as foodborne 

zoonoses. Vet. Parasitol. 149, 29–40 (2007). 
271. Wang, Z.-D. et al. Prevalence of Cryptosporidium, microsporidia and Isospora infection in HIV-infected people: a 

global systematic review and meta-analysis. Parasit. Vectors 11, 28 (2018). 
272. Mortimer, L. & Chadee, K. The immunopathogenesis of Entamoeba histolytica. Exp. Parasitol. 126, 366–380 (2010). 
273. Shirley, D.-A. T., Farr, L., Watanabe, K. & Moonah, S. A Review of the Global Burden, New Diagnostics, and Current 

Therapeutics for Amebiasis. Open forum Infect. Dis. 5, ofy161 (2018). 



INTERPRETIVE GUIDE

Invivo Healthcare, The New Warehouse, Libby’s Drive, Stroud, GL5 1RN 
Please call us on 0333 241 2997, or visit us at invivohealthcare.com

 

 
 

 


