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abstract

each human body plays host to a microbial population which is both numerically vast (at around 1014 
microbial cells) and phenomenally diverse (over 1,000 species). The majority of the microbial species 
in the gut have not been cultured but the application of culture-independent approaches for high 
throughput diversity and functionality analysis has allowed characterisation of the diverse microbial 
phylotypes present in health and disease. 

Studies in monozygotic twins, showing that these retain highly similar microbiota decades after 
birth and initial colonisation, are strongly indicative that diversity of the microbiome is host-specific 
and affected by the genotype. microbial diversity in the human body is reflected in both richness 
and evenness. Diversity increases steeply from birth reaching its highest point in early adulthood, 
before declining in older age. However, in healthy subjects there appears to be a core of microbial 
phylotypes which remains relatively stable over time.

Studies of individuals from diverse geopraphies suggest that clusters of intestinal bacterial groups 
tend to occur together, constituting ‘enterotypes’. So variation in intestinal microbiota is stratified 
rather than continuous and there may be a limited number of host/microbial states which respond 
differently to environmental influences. exploration of enterotypes and functional groups may 
provide biomarkers for disease and insights into the potential for new treatments based on 
manipulation of the microbiome.
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in health, the microbiota interact with host defences and exist in harmonious homeostasis which 
can then be disturbed by invading organisms or when ‘carpet bombing’ by antibiotics occurs. in a 
portion of individuals with infections, the disease will resolve itself without the need for antibiotics 
and microbial homeostasis with the host’s defences is restored. The administration of probiotics (live 
microorganisms which when administered in adequate amounts confer a health benefit on the host) 
represents an artificial way to enhance or stimulate these natural processes.

The study of innate mechanisms of antimicrobial defence on the skin, including the production of 
numerous antimicrobial peptides (amPs), has shown an important role for skin commensal organisms. 
These organisms may produce amPs, and also amplify the innate immune responses to pathogens 
by activating signalling pathways and processing host produced amPs. research continues into 
how to enhance and manipulate the role of commensal organisms on the skin. The challenges of 
skin infection (including diseases caused by multiply resistant organisms) and infestations remain 
considerable. The potential to re-colonise the skin to replace or reduce pathogens, and exploring the 
relationship between microbiota elsewhere and skin diseases are among a growing list of research 
targets.

Lactobacillus species are among the best known ‘beneficial’ bacterial members of the human 
microbiota. of the approximately 120 species known, about 15 are known to occur in the human 
vagina. These organisms have multiple properties, including the production of lactic acid, hydrogen 
peroxide and bacteriocins, which render the vagina inhospitable to potential pathogens. Depletion 
of the of the normal Lactobacillus population and overgrowth of vaginal anaerobes, accompanied by 
the loss of normal vaginal acidity can lead to bacterial vaginosis – the commonest cause of abnormal 
vaginal discharge in women. Some vaginal anaerobes are associated with the formation of vaginal 
biofilms which serve to act as a reservoir of organisms which persists after standard antibiotic therapy 
of bacterial vaginosis and may help to account for the characteristically high relapse rate in the 
condition. administration of Lactobacillus species both vaginally and orally have shown beneficial 
effects in the treatment of bacterial vaginosis and such treatments have an excellent overall safety 
record.

Candida albicans is a frequent coloniser of human skin and mucosal membranes, and is a normal 
part of the microbiota in the mouth, gut and vagina. nevertheless Candida albicans is the most 
common fungal pathogen worldwide and is a leading cause of serious and often fatal nosocomial 
infections. What turns this organism from a commensal to a pathogen is a combination of increasing 
virulence in the organism and predisposing host factors that compromise immunity. There has been 
considerable research into the use of probiotic Lactobacillus spp. in vaginal candidiasis. Studies in 
reconstituted human epithelium and monolayer cell cultures have shown that L. rhamnosus GG can 
protect mucosa from damage caused by Candida albicans, and enhance the immune responses 
of mucosal surfaces. Such findings offer the promise that the use of such probiotic bacteria could 
provide new options for antifungal therapy.

Studies of changes of the human intestinal microbiota in health and disease are complicated by its 
size and diversity. The alimentary Pharmabiotic centre in cork (republic of ireland) has the mission to 
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‘mine microbes for mankind’ and its work illustrates the potential benefits of understanding the gut 
microbiota. Work undertaken at the centre includes: mapping changes in the microbiota with age; 
studies of the interaction between the microbiota and the gut; potential interactions between the 
gut microbiota and the central nervous system; the potential for probiotics to act as anti-infectives 
including through the production of bacteriocins; and the characterisation of interactions between 
gut microbiota and bile acids which have important roles as signalling molecules and in immunity.

one important disease entity where the role of the gut microbiota appears to be central is the irritable 
bowel Syndrome (ibS). ibS patients show evidence of immune activation, impaired gut barrier 
function and abnormal gut microbiota. Studies with probiotics have shown that these organisms can 
exert anti-inflammatory effects in inflammatory bowel disease and may strengthen the gut barrier 
in ibS of the diarrhoea-predominant type. formal randomised trials of probiotics in ibS show mixed 
results with limited benefit for some but not all.

Studies confirm that administered probiotics can survive and temporarily colonise the gut. They 
can also stimulate the numbers of other lactic acid bacilli in the gut, and reduce the numbers of 
pathogens. However consuming live organisms is not the only way to influence gut microbiota. 
Dietary prebiotics are selectively fermented ingredients that can change the composition and/
or activity of the gastrointestinal microbiota in beneficial ways. Dietary components that reach 
the colon, and are available to influence the microbiota include poorly digestible carbohydrates, 
such as non-starch polysaccharides, resistant starch, non-digestible oligosaccharides (nDos) and 
polyphenols. mixtures of probiotic and prebiotic ingredients that can selectively stimulate growth 
or activity of health promoting bacteria have been termed ‘synbiotics’. all of these approaches can 
influence gut microbial ecology, mainly to increase bifidobacteria and lactobacilli, but metagenomic 
approaches may reveal wider effects. characterising how these changes produce physiological 
benefits may enable broader use of these tactics in health and disease in the future.

The current status of probiotic products commercially available worldwide is less than ideal. 
Prevalent problems include misidentification of ingredient organisms and poor viability of probiotic 
microorganisms leading to inadequate shelf life. on occasions these problems mean that some 
commercially available products cannot be considered to meet the definition of a probiotic product. 
Given the potential benefits of manipulating the human microbiota for beneficial effects, there is a 
clear need for improved regulation of probiotics.  

The potential importance of the human microbiota cannot be overstated. ‘We feed our microbes, 
they talk to us and we benefit. We just have to understand and then exploit this.’ (Willem de vos).

key words: microbiota, probiotic, lactobacilli, commensals, microbiome, host immunity, bacterial vaginosis, candida 
albicans, prebiotics, synbiotics, antimicrobial peptides, bacteriocins, staphyloccocal skin infections, irritable bowel 
syndrome.
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The human body is home to a vast and complex realm of microbes. Each of us is host to 
around 1014 microbial cells (weighing about 2kg) representing more than 1,000 species1. 
Understanding the interaction of this microbiome with the host in both health and disease can 
provide important insights into how we can benefit from its presence. 

In order to be tolerated by our bodies our intestinal flora are adapted for their environment 
and interact with our immune system2, binding to intestinal cells and mucus3 and eliciting 
specific immune responses2,4 (Figure 1).

Figure 1: impact From intestinal interactions
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Numerically the microbiome dominates our bodies, dwarfing the amount of genetic material 
derived from our own cells (Figure 2). 

Figure 2: human gi tract: microbes dominate our body 
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The great majority (up to about 80%) of these microbial species have not been cultured and 
this has led to applications of novel culture-independent approaches to provide a phylogenetic 
framework for the study of the more than 1000 different intestinal species. In recent years the 
use of techniques for high throughput diversity and functionality analysis of the  gastrointestinal 
tract microbiota has allowed fundamental questions about about the role of microbes in the 
gut to be explored5,6,7 (Figure 3).

Figure 3: hoW to learn more From the gut
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With permission from bmJ Publishing Group ltd.
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The development of the human intestinal tract (HIT) chip, a phylogenetic microarray has allowed 
much more rapid analysis of the phylotypes represented in the abundant normal microbiota 
throughout life8. Comparative analysis with other methodologies such as pyrosequencing 
shows that this technique is robust and highly reproducible9.

Studies in monozygotic twins, showing that these retain highly similar microbiota decades 
after birth and intial colonisation is strongly indicative that diversity of the microbiome is host-
specific and affected by the genotype10. 

Microbial diversity in the human body shows both richness and eveness. Diversity increases 
steeply from birth reaching its highest point in early adulthood, before declining in older 
age11. Comparing the extremes of age shows marked differences in the composition of the 
microbiome with lower representation of butyrate producing species and an increased 
presence of potential pathogens in centenarians (Figure 4).

Human microbioTa in HealTH anD DiSeaSe

© Selfcare november 2012
s5 accepted for publication august 2012



Figure 4: marked diFFerences betWeen young & old (adapted from  biagi et al11)
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Diversity may be important and the composition of the microbiota may influence the health of 
babies from the earliest days of life. Babies crying because of intestinal colic showed significantly 
lower levels of microbial diversity than controls at 2 and 4 weeks. Representational Difference 
Analysis (RDA) analysis showed that 28% of this variance was explained by differences in a 
dozen microbial groups12.

It appears that there is a common core of approximately 400 microbial phylotypes in normal 
healthy subjects. Sequential sampling of individuals suggests that each individual has an 
individual core of phylotypes which remains stable over time13. Individual variation may 
explain the bulk of variation in populations with even extreme dietary manipulation (e.g. a 
very low caloric diet) producing relatively low levels of variation (60% vs 10% respectively). 

 Studies of sequenced faecal metagenomes of individuals from different countries has identified 
specific clusters of co-occurring bacterial groups, termed enterotypes. Confirmation of these 
enterotypes in larger cohorts, indicates that variation in intestinal microbiota is generally 
stratified rather than continuous14. This, in turn, suggests the existence of a limited number 
of host–microbial symbiotic states that might respond differently to diet and drug intake. 
Clustering of phylotypes in enterotypes and functional groups has enabled the search for early 
biomarkers of disease as well as providing new insights into the potential for novel therapies 
based on manipulation of the microbiome.
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experimental microbial therapies

When a clinical condition is clearly caused by disturbance of the normal gut microbiota, such 
as in C.difficile Infections (CDI), one possibility is to restore the normal intestinal microbiota 
through ‘transplantation’ of normal donor colonic or duodenal infusions. This ‘faecal 
transplantation’ has been tried in hundreds of cases over the last 50 years and seems to be 
characterized by a high degree of success15.

Recent studies have allowed the application of modern analysis to characterise the changes 
of microbiota on transplantation16. Deep and high throughput analysis of the microbiota for 
several months  after transplantation using the HIT Chip confirmed the correction of the 
microbiota17: 

▫ Initial low diversity in patients with CDI 

▫ correction of low diversity by the transplantations  

▫ stability of the newly established  diverse community 

▫  a clear shift in the microbiota of the recipients towards the donor signature,  
correcting the effect of the patients’ gram-negative pathogens.

impact oF gi tract microbes on obesity

Faecal transplantation studies in mice show that transferring the microbiota from lean and fat 
mice to germ-free mice induces greater weight gain in those receiving the ‘fat’ microbiota. The 
discovery of this obesity-associated microbiome18, raises the possibility of using transplanted 
microbiota to influence metabolic processes in humans.  

In a controlled study (autologous transplantation) examining the effect of faecal transplantation 
from lean subjects to those with metabolic syndrome, results showed significant improvement 
of whole body insulin sensitivity at 6 weeks19.

summary and conclusion

Recent years have witnessed a microbiota revolution as we have utilised methodologies 
that allow us to study the diversity, enterotypes, and functional signatures of the intestinal 
microbiota. This has enabled the recognition of early biomarkers, provided new insights into 
diseases, and helped to develop novel therapies. Importantly it has also allowed us to focus on 
human rather than model animals.

The potential importance of the human microbiota cannot be overstated. Put simply, we feed 
our microbes, they talk to us and we benefit. We just have to understand and then exploit this.
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analytics oF the human microbiota  professor lars engstrand
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The gastrointestinal tract shows progressive colonization from the mouth to the colon with 
markedly different proportions of bacterial phyla present depending on the site of sampling. 
Humans are born sterile, but during birth a microbial population starts to establish in the gut. 
At first, the composition is very variable, with mainly facultative anaerobic or aerobic bacteria 
but after approximately 2 years it stabilizes. Composition of the large bowel is then mainly 
obligate anaerobes, Bacteroides and Firmicutes, such as clostridia. 

The gut microbiota is affected by a number of factors including: mode of delivery at birth 
(vaginal or caesarean section), host genotype and lifestyle factors (including dietary habits). 
Systemic antibiotics can have long term effects on microbial composition of the gut and can 
disrupt some bacterial groups for several years.

The characterization of the human microbiota employs many tools and has given rise to entire 
fields of study (Figure 1). 

The next generation of gene sequencing technology will enable enormous increases in the 
speed of sequencing at greatly reduced cost. Combination of 454-pyrosequencing of a hyper-
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variable region of the 16S rRNA gene in combination with sample specific barcode sequences, 
enables parallel in-depth analysis of hundreds of samples with limited sample processing1.

Figure 1 
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Modeling demonstrates that the method correctly describes microbial communities down 
to phylotypes below the genus level. Determining the microbial composition in patients and 
healthy controls using this technology may also provide novel therapeutic targets.

Figure 2:  heatmap oF bacterial diVersity
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Figure 2 shows a ‘heatmap’ of bacterial diversity illustrating the increase in diversity in samples 
from infants at different ages compared to their mother.   
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Figure 3: outcomes oF h. pylori inFection 
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Figure 3 shows the number of phylotypes sampled from different sites in the gastrointestinal 
tract as a function of the number of reads. Illustrated here is the impact of Helicobacter pylori 
infection.

Figure 4: inFlammatory boWel disease in tWins (t-rFlp)
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t-rFlp profiles: the size of the pie slice represent relative abundance value of each phylotype.

Using these techniques we can compare the microbiota of subjects with and without diseases 
and study e.g. the effects of host genotypes on disease. Figure 4 shows the T-RFLP profiles for 
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a healthy twin pair (left), a discordant twin pair (middle) and a concordant twin pair (right). 
The size of the pie slice represent relative abundance value. Black, blue, green, red and purple 
TRFs are also represented with the same color coding for Bacteroides sp. primers. 

We have also been able to show the changes in diversity over time in the microbiota of infants 
whether they were born vaginally or by caesarean section. The genus abundance over time 
shows clear differences at early time points which largely disappear at 24 months under the 
influence of external factors such as feeding.

These techniques have also been used to study the gut bacteria of Ötzi – the iceman – an 
individual who lived in 3300 BC and was discovered well preserved in ice 5 millenia later. 
Sampling from various sites in the gastrointestinal tract yielded an impressive list of pathogens 
and associated virulence factors.

summary

The use of 454-pyrosequencing of a hyper-variable region of the 16S rRNA gene in combination 
with sample specific barcode sequences has great potential to help in our understanding of 
the human microbiota in health and disease. Pilot studies are already underway in a number 
of diseases and areas of interest including: 

▫ Bacterial vaginosis

▫ Psoriasis

▫ Paradontitis, neutropenia 

▫ Ulcer and gastritis 

▫ Neonatal necrotizing entercolitis 

▫ Probiotics, Allergy, Birth
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stability and Quality oF commercially aVailable products  professor lorenzo drago
lab. of clinical chemistry and  microbiology, irccs galeazzi hospital – dept of biomedical sciences for 
health, university of milan, italy.

 
Probiotics are live microorganisms which, when administered in adequate amounts, confer a 
health benefit on the host1.

Probiotics set a number of challenges for micriobiologists, namely:

Terminology
Defining the terminology associated with probiotics 

Guidelines
Defining the characteristics of probiotics according to guidelines 

Methodology
Developing new tools to evaluate preclinical and clinical efficacy or to better understand 
the mechanisms of action. 

Safety
Monitoring of issues (i.e. genetic stability, antibiotic-resistance, local adverse effects) 
occurring over time.

In the last 2 decades (from June 1989 to March 2011) 6806 studies of probiotics have been 
published in indexed journals most dealing with efficacy but few addressing the quality of 
marketed probiotic products. Over approximately the same period there has been an evolution 
in the therapeutic areas where probiotics have been claimed to offer benefit. In the early 
1990s these products were mainly promoted for diarrhoea, but in the last decade this has 
been generalised to intestinal dysfunction and irritable bowel syndrome with atopic diseases 
joining the list in 2008. 

Probiotics vary greatly in popularity between countries: in 2009 in Italy there were 206 
manufacturers of 1609 products of this type. In some cases, the sales of individual products 
seem inversely proportional to the amount of scientific literature generated about them.  

The Guidelines drafted in 2002 by FAO / WHO1 proposed important guidance for identifying 
and characterizing organisms to species level, assessing safety and conducting clinical studies 
of efficacy.

The first of these is important since different strains of the same species may act in different 
ways and produce different results. For this reason it is absolutely essential to identify the 
strain of organism to be used as a probiotic and there are well established ways to do this by 
genotyping. However it has been known for some time that probiotic supplements may not 
contain what they are promoted to contain, may be of deficient microbiological quality, and 
may make misleading health claims2,3.

Some of the more frequent misidentifications of ingredient organisms include:



Human microbioTa in HealTH anD DiSeaSe

© Selfcare november 2012
s14accepted for publication august 2012

L. crispatus  instead of L. acidophilus

L. gasseri instead of L. acidophilus

L. paracasei instead of  L. casei or L. jughurti

and even Streptococcus sanguis instead of L. Acidophilus

Some probiotic organisms have been given made up names, presumably for marketing 
purposes, including: Bifidus actiregularis, Lactobacillus immunitass, Bifidus attivo essensis.

One important problem for manufacturers to overcome is the need for sufficient viable 
organisms to be delivered in the product, since a large load may be needed to survive gastric 
acid exposure. This consideration leads to recommendation to take doses of  the order of 108 
– 1011 colony forming units (cfu) per dose, one to several times per day.

Studies of probiotic products commercialised in Italy have consistently revealed deficiencies 
in their probiotic attributes4,5. Lactobacillus sporogenes, or Bacillus coagulans, as it should 
be correctly classified, represents the archetypal misidentified probiotic. Bacillus probiotics 
could offer some advantages, such as low cost of production processes, ease of preparation, 
resistance to production process and extended shelf life over a wide range of temperatures. 
Although the use of L. sporogenes spores as a probiotic has increased in recent years, clinical 
evidence of its benefits are limited to only a few studies involving small patient populations6.

More recently we conducted a study to determine if products available in the USA market in 
2009 were correctly labeled in terms of quantity of viable bacteria, identification of species 
and cross contamination by species not on the label. Disturbingly, we found that only 4 of 13 
products (31%) were in accordance with label claims. Furthermore 6/13 (46%) contained less 
viable bacteria than claimed, 5/13 (38%) had at least one species missing, and 7/13 (54%) 
contained contaminant organisms (Bacillus spp., Staphylococcus spp., Enterococcus faecium, 
molds)7.

In a similar, as yet unpublished study with 24 commercial products available in the Italian 
market in 2010, we found: 15/24 (62.5%) products in accordance with the label; 9/24 (37.5%) 
containing less viable bacteria than declared (regarding one species at least); 4/24 (17%) with 
at least one species missing; and 2/24 (8%) containing contaminant Enterococcus faecium.

Nonetheless, and considering their widespread use, probiotics have not been associated with 
many significant safety issues. There have been no deaths apparently due to probiotics (except 
for one study with acute pancreatitis patients)8. With regard to Lactobacillus bacteremias there 
have been 180 cases in 30 years and 69 cases of endocarditis. 

There have been case reports of outbreaks caused by S. cerevesiae and S. Boulardii 9,10,11. 

One safety question that has arisen is ‘Can probiotics transfer antimicrobial resistance to other 
bacteria?’.  From this several subsidiary questions arise:
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▫ Is co-administration of antibiotics  and probiotics appropriate ?

▫ Can a probiotic develop resistance?

▫ Can resistance become stable? 

▫ Can a probiotic transfer resistance? 

We have shown resistance to macrolides and/or tetracycline in 14 and 4 isolates respectively 
of 40 isolates of Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus crispatus, 
and Lactobacillus casei isolated from faeces of apparently healthy volunteers. Serial exposure 
to antibiotics led to selection of resistant mutants. However, acquired resistance was rather 
unstable and was lost after subcultures in antibiotic-free medium in most mutants12. These 
findings lead us to recommend that since lactobacilli are often used as probiotics, their ability 
to acquire resistance should be evaluated for isolates that may be candidates to be included in 
probiotic based products.

In an unpublished study we examined the presence of antibiotic resistance in Italian probiotics. 
In 13 commercial products, containing 21 isolated strains we found:

▫  12/13 (92%) products containing at least one strain showing resistance to at least 
one antibiotic

▫  10/13 (77%) products containing at least one strain harbouring known resistance 
genes

And among the isolates:

▫  5/21 (24%) erythromycin-resistant strains

▫  2/21 (9,5%) tetracycline-resistant strains

▫  14/21 (67%) gentamicin-resistant strains

▫  0/21 (0%) penicillin-resistant strains

summary

Strain identification still remains a worldwide problem. Some products are misnamed and 
not correctly identified. A combination of proper molecular methods seems the most suitable 
approach to this problem. Viability of probiotic microorganisms is essential, but some marketed 
products do not possess a suitable shelf-life. It is possible that resistant genes may be spread 
via some probiotics. It is apparent that some commercially produces products should not be 
included on the list of true probiotics. There are many “fancy names” and much “mislabelling” 
and there is a clear need to improve regulatory issues.
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modes oF action oF microbiota restoration  - dr gregor reid
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Inside every human, potentially pathogenic and non-pathogenic organisms can be found. When 
infection occurs, it can be due to an external source or by propagation of the person’s own 
organisms. Antibiotics and other chemicals can disturb the microbiota by essentially carpet 
bombing a niche and killing pathogens as well as so-called beneficial organisms. It takes many 
weeks for homeostasis to recover. In a portion of patients with infection, such as in the bladder, 
vagina or respiratory tract, infection can self-resolve without the intervention of antibiotics. 
This, and the damage caused by antibiotics, has lead to a search for ways to understand and 
restore microbial homeostasis more quickly.
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Probiotics are “live microorganisms which when administered in adequate amounts confer a 
health benefit on the host”. Strains of probiotics have been examined for a role in preventing 
and managing infections, especially in the gut and vagina. 

A key factor in applying probiotic interventions is to understand how the microbiome develops 
from the moment of birth, and thereby identifying what strains might foster a niche dominated 
by bacteria that benefit the host. 

The assembly of the human infant gut microbiome is characterised by an increase in 
phylogenetic diversity over time. However the abundance of major taxonomic groups shows 
abrupt shifts corresponding to life events in the infant such as dietary changes from milk to 
solid food, with the functional genes present reflecting the foods to which the gut is exposed1.

So how might probiotics be used to affect the microbiota of the gut and vagina? McNulty et 
al.2 found ingestion of probiotic yogurt did not result in the organisms taking up residence in 
the human or mouse gut, nor marked alteration in the composition of the host gut microbiota, 
but it did alter metabolic pathways in the resident microbiota, particularly those related to 
carbohydrate processing. In other words, it had an effect on the host. 

The study involved faecal sampling from adult female monozygotic twin pairs after consumption 
of a commercially available fermented milk product (FMP) containing a consortium of 
Bifidobacterium animalis subsp. lactis, two strains of Lactobacillus delbrueckii subsp. 
bulgaricus, Lactococcus lactis subsp. cremoris, and Streptococcus thermophilus. There were 
no significant changes in bacterial species composition or in the proportional representation 
of genes encoding known enzymes observed in the faeces of the humans consuming the FMP. 
However the metatranscriptome exhibited significant changes, including most prominently 
those related to plant polysaccharide metabolism. 

In other studies, Jacques Ravel’s group characterized the vaginal microbiome of 396 
asymptomatic North American reproductive-age women who represented four ethnic groups 
(white, black, Hispanic, and Asian)3. Species composition was determined by pyrosequencing 
of barcoded 16S rRNA genes. The resident bacterial communities clustered into five groups: 
four were dominated by Lactobacillus iners, L. crispatus, L. gasseri, or L. jensenii, whereas the 
fifth had lower proportions of lactic acid bacteria and higher proportions of strictly anaerobic 
organisms, indicating that a key ecological function, the production of lactic acid, seems to be 
conserved in all communities. The proportions of each community group varied among the 
four ethnic groups, and these differences were statistically significant. This study indicates that 
the inherent differences within and between women in different ethnic groups may govern 
their risk of diseases including bacterial vaginosis (BV). But, it remains to be determined why 
ethnicity per se would cause this, or whether particular dietary intakes or sexual practices 
have over-riding influence. 

Longitudinal studies of women show changes in the vaginal microbiota over time in individuals, 
largely coincident with menstruation, but there are differences between individuals, albeit 
generally lactobacilli are dominant in healthy women. In a study by Hummelen et al.4, four 
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different forms of BV were identified based upon abundance of different pathogens. These 
differences may affect the success of the treatment options that were developed mostly to 
eradicate Gardnerella, not the other infecting strains. Lactobacilli can be present in low numbers 
during BV, and depending on the species, this can influence recovery of the microbiota.  

A study of Lactobacillus crispatus CTV-05 administered vaginally after topical antibiotic 
treatment of BV showed that vaginal concentration of certain BV-associated bacteria 
(Gardnerella vaginalis and Atopobium spp.) and the absence  of endogenous L. crispatus at 
enrollment predicted colonization with the probiotic lactobacilli5.

Placebo controlled clinical trials have confirmed that probiotic Lactobacillus rhamnosus GR-1 
and Lactobacillus reuteri RC-14 improve outcomes when used during and after single dose 
antimicrobial treatments for both BV and vulvovaginal candidiasis6-9. Why these combinations 
work is the subject of considerable research. Recent work by Kohler et al.10 indicates that 
lactobacilli repress Candida genes involved in biofilm formation and fluconazole resistance and 
this may help explain the success of conjoint treatment with the probiotic and the antibiotic in 
eradicating the fungi.

Lactobacilli have a number of properties, including production of surfactants, hydrogen 
peroxide and bacteriocins, that are relevant to resisting pathogens (figure 1). 

The vagina may be subject to bacterial overgrowth of two distinct types. Aerobic vaginitis (AV) 
is characterized by inflammation, yellow discharge, and vaginal dyspareunia11. In this condition, 
group B streptococci, Escherichia coli, Staphylococcus aureus and Trichomonas vaginalis are 
frequently cultured. While BV is associated with an overgrowth of vaginal anaerobes and in 
some cases an offensive, fishy-smelling discharge, AV is an inflammatory condition that leads 
to high production of cytokines in the vaginal fluid. 

Figure 1.

biosurfactant production
biosurfactants are produced by 
lactobacilli and their presence 
on the mucosal surface helps 
prevent adhesion and infection 
by the pathogenic organisms.

bacteriocin and hydrogen 
peroxide production
lactobacilli produce 
substances that can inhibit 
the growth or kill pathogens. 
illustrated here are hydrogen 
peroxide and bacteriocins. 

bacteriocins

H2o2

H2o2

lactobacilli

non-pathogenic 
cocci

bifidobacteria

gram negative 
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gram positive 
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reproduced by permission from macmillan Publishers ltd: nature reviews microbiology.  
reid et al. 2011 Jan; 9(1):27-38. epub 2010 nov 29
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In combatting bacterial overgrowth caused by aerobic or anaerobic bacteria, vaginal lactobacilli 
may be important in disrupting bacterial biofilms. The best known biofilm former, Pseudomonas 
aeruginosa, employs an intercellular communication system, known as quorum sensing (QS) to 
coordinate the expression of tissue-damaging factors. The QS system controls the production 
of different virulence factors. The results of real time quantitative polymerase chain reaction 
(PCR) have shown that in all P. aeruginosa strains grown in the presence of probiotic culture 
sterile filtrates, the level of QS genes expression was reduced comparatively with those from 
control cultures12. In the case of Lactobacillus iners, quorum sensing may help it adapt to an 
infected state, and form a nidus to recovery in some women.  

Bacteriocins are molecules that inhibit the growth of like-species, but they can also act as 
quorum sensing agents. Scientists from the Alimentary Pharmabiotic Centre in Cork have 
demonstrated that Lactobacillus salivarius UCC118, a probiotic strain of human origin, 
produces a bacteriocin in vivo that can significantly protect mice against infection with the 
invasive foodborne pathogen Listeria monocytogenes13. This illustrates another mechanism 
whereby infection can be averted or overcome. 

Indigenous or probiotic lactobacilli (Figure 2) may also help maintain the barrier functions of 
epithelial tight junctions. These linkages can be compromised by inflammation and pathogens14, 
inducing recruitment of macrophages and other host defenses to the site, leading to vaginal 
discharge. 

Figure 2

modulation of tight Junctions
Damage to epithelial tight junctions by 
inflammatory processes (a) or pathogens 
(b) can lead to infection and sepsis, as well 
as imparied nutrient uptake. The ability of 
lactobacilli to up-regulate tight junction 
proteins helps prevent these adverse 
events (c).macrophage

a b c

reproduced by permission from macmillan Publishers ltd: nature reviews microbiology.  
reid et al. 2011 Jan; 9(1):27-38. epub 2010 nov 29

Figure 3

signaling effects
bacteria communicate through a number of 
signaling mechanisms including quorum sensing. 
in this illustration, the lactobacillus signaling 
molecules down-regulate toxin production in 
the Gram negative pathogen (for example E. coli 
0157:H7 in the gut) and Gram positive pathogen 
(for example S. aureus on the vaginal surface)

reproduced by permission from macmillan Publishers ltd: nature reviews microbiology.  
reid et al. 2011 Jan; 9(1):27-38. epub 2010 nov 29
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lactobacilli signalling systems (Figure 3) 

Some strains of Lactobacillus have signalling systems involved in downregulating toxin 
production in pathogenetic bacteria. A recent study shows that human vaginal isolate 
Lactobacillus reuteri RC-14 produces small signaling molecules that are able to interfere with 
the staphylococcal quorum-sensing system agr, a key regulator of virulence genes, and repress 
the expression of TSST-1 in S. aureus MN815. This provides an example of one mechanism by 
which interspecies cell-to-cell communication between endogenous or probiotic strains and 
pathogens might attenuate virulence factor production by the latter.

Lactobacillus reuteri RC-14 can also disable a potent S. aureus exotoxin, toxic shock syndrome 
toxin (TSST-1)16. Intriguingly, vaginal swabs from women with BV and from normal women 
appear to suppress toxin production from S. aureus MN8 (manuscript in preparation).  

Using atomic force microscopy, Younes et al16 have shown that the adhesion force of L. crispatus 
33820 with S. aureus MN8 is greater than for the pathogen and the surface, indicating that 
the staphylococci are more likely to adhere to the lactobacilli than to remain on the surface. 
Notably, attachment occurs on contact and bond maturation occurs within a mere 120 seconds 
of physical contact between the lactobacilli and staphylococci. Co-aggregation is now one 
of the recognized mechanisms through which lactobacilli can exert their probiotic eff ects to 
create a hostile micro-environment around a pathogen.

Modulation of host immunity by non-pathogens might maintain immune homeostasis 
and preserve the microbiota composition and structure. This provides another potential 
mechanism by which probiotic strains might infl uence host defences. There is some evidence 
that lactobacilli also  enhance local immunity. Human, animal and in vitro studies have shown 
that L. rhamnosus GR-1 down-regulates TNFα, PGE and Cox-2 infl ammatory mediators and 
up-regulates IL-10, G-CSF, Treg cells, and antimicrobial IL-8, vaginal defensins α1, β2, SLPI, 
NOD2, TLR2, TLR9, CD4 and elafi n in HIV patients17-20.

Figure 4: the interactome: the toolbox is Filling up (adapted from bisanz and reid21)
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New techniques (e.g. meta-transcriptional and metabolomic profiling) will increasingly enable 
us to answer questions about what happens in the ‘Interactome’ between the human host, the 
microbiota and probiotic strains21 (figure 4).

summary 

There are many cases in which infections resolve without intervention, likely due to host 
defenses and the microbiome’s ability to restore homeostasis. Probiotics are an artificial way 
to simulate or enhance these natural processes. We now have the tools and probiotic strains to 
demonstrate that microbiota restoration is possible on the skin, gut and vagina.
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skin microbiota: a source oF disease or deFense?  dr Jürgen schauber
department of dermatology and allergy, ludwig-maximilian university munich, germany.

Our skin is a natural defence barrier and elements important in this function include:

▫ physical barrier 

▫ chemical barrier

▫ peptide barrier

▫ recognition system

▫ communication system

▫ resident/non-resident cells

The epidermis is in effect an immune organ of considerable complexity. At the same time the skin 
has a resident microbial flora which is always present and only occasionally causes problems. 
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antimicrobial peptides

The skin is exposed to many pathogens including bacteria, viruses and fungi that cause familiar 
diseases. One element of protection against these is the production of antimicrobial peptides, 
constituting an innate antimicrobial defense mechanism.

Peptides with antimicrobial activity (AMPs) are found throughout nature in plants, insects, 
amphibians and mammals. Many proteins and peptides with antimicrobial properties (in vitro) 
have been found in skin. Table 1 gives a partial listing of these.

table 1: many peptides and proteins in the skin haVe antimicrobial actiVity (partial listing)

amp in keratinocytes

cathelicidins
β-defensins
bPi
lactoferrin
lysozyme
Dermcidin
rnase 7

amps in infiltrating cells

cathelicidin
α-Defensins
Granulysin
Perforin
eosinophil cationic 
protein (ecP)/rnase 3
ranTeS
Pf4
cTaP-3
Platelet basic Protein
fibrinopeptide a, b
Thymosin b-4

amp first id as protease inhibitors

cathelin
SlPi
SKalP
P-cystatin α
cystatin c

amp first id as chemokines

Psoriasin
cXcl9
iP 10 (cXcl10)
i-Tac (cXcl11)

amp first id as neuropeptides

α-mSH
bradykinin
neurotensin
chromogranin a,b
Proenkephalin a
neuropeptide Y
Polypeptide YY
adrenomedullin

There is evidence that these peptides, although they may have other functions, do indeed have 
a role in antimicrobial defence. For example, studies in transgenic mice that cannot produce 
cathelicidins suggest that these peptides are an important native component of innate host 
defence in mice and provide protection against invasive skin infection caused by Group A 
Streptococcus (GAS)1.  Human keratinocytes secrete the S100 protein psoriasin which appears 
to have an important role in inhibiting E. coli survival on human skin2.

AMPs are induced in skin in response to injury or infection3. Cells at wound edges  express cell 
surface AMPS which kill bacteria as part of a nonimmune defense mechanism. These AMPs 
have been demonstrated to have broad antimicrobial activity against a range of potential 
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pathogens. After secretion a single AMP gene product or ‘pro-peptide’ may be processed into 
multiple peptides with various antimicrobial properties, which may make it more difficult for 
pathogens to generate resistance4.

Cutaneous AMPs such as the cathelicidins act as signaling molecules (figure 1) to promote a 
wide variety of immune functions. Thus as well as being inducible elements of innate immunity 
in skin they not only function as endogenous antibiotics but also as ‘alarmins’ to prime other 
repair and defence processes.

Figure 1: cutaneous amps such as the cathelicidins act as signaling molecules
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hcaP18/ll-37

antimicrobial
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cytokine/chemokine release 

from keratinocytes/leukocytes

Greater understanding of the role of AMPs in cutaneous innate immune function has led to 
exploration of their role in patients where these functions appear disordered. For example 
atopic individuals suffer cutaneous inflammation and are susceptible to inflammation leading 
some workers to question whether expression of AMPs is normal in atopic conditions. Early 
work in this field supported the hypothesis that there may be decreased expression of AMPs 
in atopics5.  However later work in atopic eczema showed enhanced expression of the human 
cathelicidin LL-37 in lesional skin compared with nonlesional skin6, leading the authors to 
suggest that LL-37 might be associated with the process of re-epithelialization. Recent work 
suggests that injury downregulates the expression of cathelicidin protein hCAP18/LL-37 in 
atopic dermatitis (AD)7. Since itching is a primary symptom of AD and scratching inevitably 
injures the skin, failure to upregulate AMPs in eczema following injury is likely to affect 
antimicrobial protection and tissue repair in AD.

regulation oF amp production in skin

Toll-like receptors (TLRs), thanks in part to the pioneering work of Jules Hoffmann and Bruce 
Beutler, are now known to play an important role in alerting the immune system to the presence 
of a variety of molecules associated with microbial pathogens (figure 2). 
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Figure 2: toll-like receptors
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Activation of TLRs induce AMP in skin and mediators of inflammation induce AMP expression 
(figure 3). 

Figure 3:

tlr activation induces amps in skin

mediators of inflammation induce amp expression

Tlr2 >> β-defensin 2,3; rnase7; cathelicidin

Tlr4 >> β-defensins

Tlr5 >> S100 peptides eg. psoriasin; S100a8/a9

il-1, il-17, il-22, Tnfα .. >> β-defensin 2,3, S100 peptides

The search for cathelicidin AMP inducing factors has revealed an important role for dietary 
sources of cholecalciferol (Vitamin D3)8 including fatty fish species (e.g. catfish, salmon, 
mackerel, sardines, tuna, eel), whole egg, beef liver and fish liver oils, such as cod liver oil. 
Some foods, notably milk, dairy products and fruit juice are now also fortified with the vitamin.

The metabolism of Vitamin D3 takes place partly in the skin (figure 4) and this substance is 
now known to have an important role in some key functions of skin:

▫ VD3 regulates proliferation, differentiation of keratinoytes 

▫ VD3 analogs have been used for treatment of inflammatory skin diseases
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▫ VD3 effects adaptive immunity

▫ Keratinocytes produce VD3 

▫ VD3 influences innate immunity in skin

Figure 4:

Vitamin d3 metabolism
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Vitamin D metabolism may be activated in skin wounds. CYP27B1 – which activates 1,25D3 – is 
induced in wounds 24 hours after injury and is induced by factors of the wound micromilieu in 
vitro. Vitamin D3 induces TLR2, CD14 in keratinocytes and enables increased innate immune 
responses and increased antimicrobial activity. Topical vitamin D induces cathelicidin AMP in 
human skin and oral vitamin D induces cathelicidin AMP in human skin in atopic patients9. The 
current model of cathelicidin AMP activation in keratinocytes is illustrated in figure 5.

Figure 5: current model oF cathelicidin amp actiVation in keratinocytes
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In summary AMPs are regulated by TLR activation, skin inflammation and vitamin D. This 
opens up some intriguing possibilities for future treatments with possible roles for vitamin D 
supplementation and TLR activation in the treatment of atopic inflammation and infectious 
skin disease10.

role oF commensal Flora

Recent work shows that skin commensals affect AMP expression by keratinocytes11. Activation 
of TLR2 by a small molecule produced by S. epidermidis increases antimicrobial defence 
against bacterial skin infection. Commensals have also been shown to produce AMPs: phenol-
soluble modulins (PSM) are secreted by S. epidermidis and selectively kill pathogens such as 
Streptococci (GAS)12. Skin commensal staphylococci amplify the innate immune response to 
pathogens by activation of distinct signaling pathways13. Also S. epidermidis-derived delta-
toxin cooperates with the host-derived antimicrobial peptides in the innate immune system to 
reduce survival of pathogenic group A Streptococcus14. AMPs produced by epithelial cells are 
differentially processed and inactivated by commensals15 (in this study Finegoldia magna) and 
pathogens (Streptococcus pyogenes).

In summary, commensals such as S. epidermidis:

▫ produce AMPs to kill pathogens

▫ produce toxins to enhance AMP activity

▫ process AMPs to fight pathogens

▫ activate TLRs to induce cutaneous AMP production

▫ activate signaling pathways to induce AMPs

So the commensal bacteria resident on the skin can certainly be added to the important 
elements that constitute the innate immunity of skin. 

The work done so far leads to some stimulating open questions including:

Which commensals are the most beneficial ?
What factors of commensals regulate AMPs ?
How can beneficial commensals be supported ?

When we can answer these questions we will be closer to knowing how we can exploit these 
mechanisms for the prevention and/or therapy of infectious skin disease or skin diseases 
associated with barrier dysfunction.
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the skin microbiota

The human skin is a normal habitat for many microbes including bacteria – Staph epidermidis, 
Propionibacterium acnes, micrococci, coryneforms, brevibacteria, and fungi – e.g. Malassezia 
species, but no viruses. Among ectoparasites, only Demodex folliculorum is a frequent resident.

As well as the ‘resident’ microbiota, normal skin may be a temporary site of carriage for other 
bacteria and fungi e.g. Staph aureus, Candida albicans, and intermittently occurring residence, 
as with the Herpes simplex virus. The presence of diseased or damaged skin (e.g. in eczema) 
may also change the nature of the resident microbiota. 

The commensal microbiota of the skin can, on occasions, cause problems. For example 
contamination of transdermal medical procedures e.g. with Staph epidermidis can be a source 
of septicaemia in neutropenic patients. In other cases, with e.g. Propionibacterium acnes, and 
Malassezia, alteration in local conditions in the skin changes the way the microbe behaves in 
ways that can cause problems for the host.

The skin has a natural defence system and factors including epidermal growth, antimicrobial 
peptides (e.g. cecropins and magainins), fatty acids, pH, and  immunity (both epidermal/
systemic) contribute to the barrier against pathogens.

Skin infections are common and can cause considerable morbidity. Table 1 shows the global 
burden of illness and cost per disability-adjusted life year (DALY) of treating the three 
commonest skin diseases caused by infection.

table 1: cost oF cure and impact on daly’s- 3 commonest diseases  

disease

Tinea capitis

Scabies

Pyoderma

estimated 
prevalence

78 x 106

(SubSah af )

600 x106

400x106

cost of cure 
$ per 1x106

5,250,000

58,000

55,000

cost ($) per 
daly gained

175

1.00-1.50

1.00-1.50

 
skin inFections

There are 4 stages common to all microbial skin infections illustrated in figure 1, but examining 
specific infections is instructive.
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Figure 1:  pathogenesis oF microbial inFection oF skin 

malassezia

Malassezia is a commensal yeast on skin – particularly on hair-bearing skin of the scalp and 
upper trunk. It is a mainly lipophilic microbe with a characteristic cell wall structure and polar 
bud formation and has been known to causes disease in animals and humans. It is associated 
with specific enzymes e.g. phospholipases and melanin formation.

The complete Malassezia globosa and M restricta genomes have now been sequenced. That of 
M. globosa represents the smallest genomic of a free-living eukaryotic cell – 300 times smaller 
than the human genome. The closest relative to this organism is Ustilago maydis – common 
crop pathogen (corn smut).

Malassezia spp (including M.globosa, sympodialis, furfur, restricta, slooffiae, obtusa, 
dermatitidis, nana) have been associated with a number of skin diseases:

▫ Pityriasis versicolor 

▫ Malassezia folliculitis 

▫ Seborrhoeic dermatitis

▫ Atopic dermatitis affecting the head and neck  

▫ Deep infection (only in neonatal period)

pityriasis Versicolor 

This common and harmless skin condition, characterised by a fine scaly rash that gives the skin 
a variable colour (pink or fawn on pale skin but with pale patches on tanned skin) is usually 
caused by M. globosa. Spontaneous remission is rare. There is no evidence of activation of 
T lymphocyte responses in Pityriasis versicolor, suggesting ineffective immunity. Suggested 
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reasons for this include diversion of immune cells, and importantly, inhibition of immune 
systems by yeast lipid.

seborrhoeic dermatitis and dandruFF

The role of Malassezia spp in seborrhoeic dermatitis and dandruff has an interesting history. 
In 1874 Malassez described a fungus associated with dandruff or pilade. In 1976 Leyden 
and Kligman conducted some experiments and concluded: ‘The studies demonstrate that the 
increased number of scalp microorganisms found in dandruff occurs as a secondary event 
to increased nutrients and that scalp organisms play no primary role in the pathogenesis of 
dandruff’1. In 1984, Shuster essentially ‘re-asserted’ the central role of this fungus in dandruff, 
upon which current antifungal treatments for this condition is based2.

Seborrhoeic dermatitis and dandruff have typical clinical features of erythema, greasy scales 
and a typical distribution – involving scalp, eyebrows, behind the ears, and front of the chest. 
Seborrhoeic dermatitis is a severe form of dandruff but involving other skin sites.

Seborrhoeic dermatitis (SD) is a common condition but also has a number of clinical associations 
with more serious disease – including tertiary syphilis, chronic neurological disease and AIDS. 
There appears to be no correlation between species and disease i.e. all Malassezia spp have 
been grown from SD, but three dominate: M. globosa (only certain genetic strains), M. furfur 
and M. restricta.  

In immunological studies no correlation is seen between T or B lymphocyte activity or cell 
infiltrates and disease.  In SD patients, unaffected and affected skin show similar cytokine and 
immune cells profiles (IL-2 and IL-6 to IFN γ and TNF α). Increased numbers of organisms 
are observed in AIDS and this is associated with the CD4 count but not the presence of SD. 

Sebum has been thought to play a role in dandruff and SD, but sebum composition in patients 
is highly variable and unrelated to Malassezia colonisation or disease severity. However M. 
globosa can produce oleic acid on dandruff-susceptible individuals.

The results of genomics and proteomics show that the M. globosa genome encodes for 14 
lipases, and 9 phospholipases. Most lipases are expressed on the scalp, but not in culture 
medium and 8 lipases and 3 phospholipases have been identified. We can conclude that 
secreted enzymes probably enable survival on the scalp but may damage scalp cells.

Malassezia behaves differently in normal and SD skin with higher production of metabolites 
with immunological activity such as malassezin, and indolcarbazol from M. furfur isolates in 
SD compared to normal skin3.

Figure 2 provides a summary of the known immunological interactions in  pityriasis versicolor 
and seborrhoeic dermatitis.
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Figure 2:  summary oF immunological eVents in  pityriasis Versicolor  and seborrhoeic  dermatitis  

in SD direct effect on inflammatory pathway
plus amplification of TH1 path

in Pv normal immune 
response blocked

bacterial inFections oF the skin

Bacteria can cause skin infections of varying severity and the following is a non-exhaustive list:

▫ Impetigo – Staph aureus, streptococci

▫ Folliculitis/furunculosis ( boils )

▫ Cellulitis and erysipelas

▫ Necrotizing fasciitis

▫ Erythrasma 

▫ Gram negative infections

▫ Cutaneous Tuberculosis

▫ Rarities eg bacillary angiomatosis 

▫ Secondary bacterial infection eg eczema

staphylococcal skin inFection

Impetigo, boils, and folliculitis are caused by Staphylococcus aureus (infections can sometimes 
cause staphylococcal scalded skin syndrome (SSSS) and toxic shock associated with the 
production of exotoxins). In 1985 in the UK, 90% of S. aureus were resistant to penicillin (β- 
lactam) 32% to erythromycin, and 76% to tetracycline. 

Multiple drug resistance in staphylococci is a major and growing problem (figure 3)4 and is 
now subdivided into: 



Human microbioTa in HealTH anD DiSeaSe

© Selfcare november 2012
s33accepted for publication august 2012

▫ Hospital acquired methicillin resistant Staphylococcus aureus – HA-MRSA

▫ Community acquired methicillin resistant Staphylococcus aureus – CA-MRSA

 Figure 3:    spread oF mrsa associated With skin and soFt tissue inFection (ssti) 2001-05 baltimore
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Table 2 summarises the difference between HA and CA MHRSA. The latter has a particular 
propensity to cause skin and soft tissue infections and, in contrast to HA-MRSA, occurs often 
in immunocompetent individuals. 

table 2:   diFFerences betWeen hospital-acQuired ( ha ) Versus community-acQuired (ca ) methicillin 
resistant staph aureus ( mrsa )

ha-mrsa

mainly in hospital

often immunosuppressed or 
chronically ill

multiple drug resistance 
including βlactams

causes all infections 

no association with Pvl

associated with normal 
spectrum of disease severity

ca-mrsa

mainly in community - causes 
SST infections in hospital

often immunocompetent

resistant to β lactams

75% in SST infections

associated with Pvl

associated with severe 
infections



Human microbioTa in HealTH anD DiSeaSe

© Selfcare november 2012
s34accepted for publication august 2012

Panton Valentine Leukocidin (PVL) in sensitive strains has been identified as a risk factor 
for severe infection. This cytotoxin causes experimental skin necrosis in animals. It works 
through synergy between 2 proteins LukS-PV and LukF-PV and may be present even if the 
bacterial strains are sensitive to antibiotics. Treatment is often ineffective, and the presence of 
PVL strains may only be recognised by a clinical pattern of poor response, frequent relapse, 
and severe lesions, often in otherwise healthy patients. There seems to be an association with 
recent travel. 

Del Giudice et al 5 reported a series of Staph aureus cases from a dermatology department in 
France during 2003-2010. They found that 74% of follicular infections compared to 12% of 
non-follicular infections were caused by PVL positive strains. In a survey of skin and soft tissue 
infections (SSTI) from two General Practice regions in the Netherlands Mithoe et al 6 found that 
11% of patients with Staph aureus were PVL positive. PVL strains were commoner in the North 
than the South region, perhaps reflecting regional differences e.g. in antibiotic usage. 

Practical steps to take in dealing with this problem include:

▫ Suspect early if relapse is frequent and there are extensive and/or severe lesions.

▫  Have second line antibiotics available – e.g. rifampicin, clindamycin plus antisepsis 
e.g. povidone or hibisol. 

▫ Warn the local microbiology laboratory if there is a suspicion of PVL.

atopic dermatitis

Atopic dermatitis (AD) is common in most countries with a prevalence in 11-13 year olds 
approaching 12-18%. There are theories that early exposure to antigens may play a protective 
role in development of the condition. Over 80% of AD shows colonisation with Staph aureus. 
Observation of improvement on antibiotics correlating with reduction of flares raises the 
question ‘is this infection’? Mechanisms for a role of infection in AD include raised anti-Staph 
IgE, reduced antimicrobial peptide production and the presence of ‘superantigens’ e.g. α toxin, 
peptidoglycan7 and lipoteichoic acid.

ectoparasites and the skin 

Demodex is a genus of microscopic parasitic mites that live in or near the hair follicles of 
mammals. The role of these ectoparasites in human diseases is disputed but there are reports 
of clinical cases involving Demodex in HIV and immunosuppressed patients. Other occasional 
human ectoparasites resident in or on the body include scabies and head lice. Cheyletiella, 
from cats/dogs can survive for hours on human skin, and others e.g. bed bugs and mosquitos, 
do not live on skin, but visit only to feed. The importance of some of these parasites lies in their 
role as potential vectors for transmission of disease.
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pyoderma, scabies and renal damage

There is an association between scabies and Group A streptococcal infection in the tropics.
In outbreaks of scabies associated with pyoderma, symptomatic nephritis or haematuria/
proteinuria can occur in 5-10% of cases. 10 years later 8-21% of affected children still have 
haematuria and previous scabies is associated with raised urinary albumin : creatinine ratio. 
This concurrence of infestation and infection has also been associated with rheumatic fever 
and infant septicaemia.

summary oF research targets For the Future

The challenges of skin infection and infestation remain considerable. As we understand better 
the mechanisms involved in maintaining the normal microbiota and repelling pathogens, 
interesting possibilities will undoubtedly emerge. 

Potential research targets, including targets for manipulation of microbial flora of the skin 
and/or probiotics in the future might include: 

▫  Recolonising to prevent infection eg Staph aureus, Malassezia – complete replacement 
or reduction.

▫  Exploring the relationship between microbiota elsewhere and skin disease e.g. chronic 
urticaria/Helicobacter

▫ Other areas unrelated to infection e.g. generation of  key nutrients e.g. Vitamin D

▫  Can one replace and /or use bacteria in other ways e.g. prevention of insect vector 
biting, changing endozootic bacteria to affect the viability of the ectoparasite.

reFerences

1.  Leyden JJ, McGinley KJ, Kligman AM. Role of microorganisms in dandruff. Arch Dermatol. 1976 Mar;112(3):333-8. 

2.  Shuster S. The aetiology of dandruff and the mode of action of therapeutic agents. Br J Dermatol. 1984 Aug;111(2):235-
42. Review. 

3.  Gaitanis G, Magiatis P, Stathopoulou K, Bassukas ID, Alexopoulos EC, Velegraki A, Skaltsounis AL. AhR ligands, 
malassezin, and indolo[3,2-b]carbazole are selectively produced by Malassezia furfur strains isolated from seborrheic 
dermatitis. J Invest Dermatol. 2008 Jul;128(7):1620-5. Epub 2008 Jan 24. 

4.  Johnson JK, Khoie T, Shurland S, Kreisel K, Stine OC, Roghmann MC. Skin and soft tissue infections caused by 
methicillin-resistant Staphylococcus aureus USA300 clone. Emerg Infect Dis. 2007 Aug;13(8):1195-200. 

5.  Del Giudice P, Bes M, Hubiche T, Blanc V, Roudière L, Lina G, Vandenesch F, Etienne J. Panton-Valentine leukocidin-
positive Staphylococcus aureus strains are associated with follicular skin infections. Dermatology. 2011;222(2):167-
70. Epub 2011 Feb 22. 

6.  Mithoe D, Rijnders MI, Roede BM, Stobberingh E, Möller AV. Prevalence of community-associated meticillin-resistant 
Staphylococcus aureus and Panton-Valentine leucocidin-positive S. aureus in general practice patients with  skin and 
soft tissue infections in the northern and southern regions of The Netherlands. Eur J Clin Microbiol Infect Dis. 2012 
Mar;31(3):349-56. Epub 2011 Jun 18.



Human microbioTa in HealTH anD DiSeaSe

© Selfcare november 2012
s36accepted for publication august 2012

7.  Matsui K, Nishikawa A. Percutaneous application of peptidoglycan from Staphylococcus aureus induces infiltration of 
CCR4+ cells into mouse skin. J Investig Allergol Clin Immunol. 2011;21(5):354-62. 

lactobacilli and probiotics in gynecology and obstetrics  professor Werner mendling
Vivantes - klinikum im Friedrichshain and am urban, clinics for obstetrics and gynecology, berlin, germany.

Of the approximately 120 Lactobacillus species known, about 15 are known to occur in the 
vagina. These bacteria act on glycogen in the vaginal epithelium to produce lactic acid which 
helps to keep the pH in the vagina in the range of 3.8-4.4 (although some women with no 
lactobacilli have normal vaginal pH)*. Lactobacilli are now known to produce other substances 
besides lactic acid including:

 ▫ Hydrogen peroxide (H2O2)

 ▫ bacteriocins

 ▫ biosurfactants

 ▫ coaggregation molecules

 ▫ and other as yet unknown substances

As well as Lactobacillus species, the normal vaginal flora can include transient species 
including: Gardnerella vaginalis, Atopobium vaginae, Mycoplasmas Bacteroides-, Prevotella- 
and Porphyromonas species, Peptostreptococci, and Candida albicans among many others.

Bacterial vaginosis is the most common cause of abnormal vaginal discharge in women of 
childbearing age. This syndrome of unknown cause is characterized by depletion of the normal 
Lactobacillus population and an overgrowth of vaginal anaerobes, accompanied by loss of the 
usual vaginal acidity. Women with symptomatic bacterial vaginosis report an offensive, fishy-
smelling discharge that is often most noticeable after unprotected intercourse or at the time 
of menstruation. 

When bacterial vaginosis develops the pH rises above 4.5, to levels up to 6.0. The lactobacilli 
reduce in concentration and may disappear, while there is an increased concentration of 
anaerobic and facultative anaerobic organisms. This pattern is illustrated in table 1.

There are several species of Lactobacillus present in normal women and the most important 
include L. crispatus, L. gasseri, L. jensenii, and L. iners but not L. acidophilus.

Diagnosis of BV is confirmed by identifying at least 3 of 4 ‘Amsel criteria’:

▫ The typical thin homogenous grey vaginal discharge 

▫ Vaginal pH > 4.5

*    recent data show significant differences in the predominance of different lactobacillus species in different ethnic groups with 
significantly different vaginal pH values up to 513.
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▫  Clue cells detected on microscopy of vaginal fluid. Epithelial cells covered with so 
many small bacteria that the border is fuzzy are termed ‘clue cells’, because their 
presence is a clue to the diagnosis.

▫  Release of a strong fishy odour when vaginal fluid is mixed with alkali (usually 10% 
potassium hydroxide) – the whiff test.

table 1:

bacteria in the vagina of women with bV (n = 67) and a healthy control 
group (n = 28) (eschenbach1)

                                                           prevalence (%)                         concentration (ml-1)

G. vaginalis

anaerobes

bacteroides spp.

Peptococci

Peptostreptococci

m. hominis

corynebacteria

Streptococci

lactobacilli

*p<0,001, **p<0,01

bV

100

100

100

50

50

90

60

50

40

bV

1,3 x 108

3,6 x 107

5,6 x 106

4,1 x 106

1,0 x 107

1,0 x 108

1,3 x 104

9,4 x 106

3,1 x 106

controls

9,7 x 105*

5,6 x 104*

2,9 x 103* 

3,7 x 105*

8,8 x 105*

1,0 x 102*

1,2 x 103*

1,8 x 104

8,0 x 106

controls

50*

50*

40*

5*

10*

15*

25**

15*

100*

Generally in research studies the Nugent scoring system is used to interpret Gram-stained 
vaginal smears. A score of between 0 and 10 is generated from counting bacterial morphotypes 
with 0-3 being normal, 4-6 intermediate and 7-10 indicating BV.

The prevalence of BV varies markedly by population and geography:

Germany, pregnant women              20 %   

Black women in USA   > 30 % 

Women in central Africa   > 50 %

Although many women with BV are asymptomatic, presence of BV markedly increases the 
relative risk of gynaecological infection (pelvic inflammatory disease and infection after 
hysterectomy) and obstetric complications (pre-term birth and post-partum endometritis). 
Several studies2,3 have confirmed that treatment of BV significantly reduces the rate of pre-
term birth and late miscarriages.

bioFilms in bV

In a paper published in 20054 we investigated the composition and spatial organization of 
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bacteria associated with the vaginal epithelium in biopsy specimens from 20 patients with 
bacterial vaginosis and 40 normal premenopausal and postmenopausal controls using a broad 
range of fluorescent bacterial group-specific rRNA-targeted oligonucleotide probes. Bacterial 
vaginosis was associated with greater occurrence and higher concentrations of a variety 
of bacterial groups. However, only Gardnerella vaginalis together with Atopobium vaginae 
developed a characteristic adherent biofilm that was specific for bacterial vaginosis (figure 1).

Figure 1: gardnerella Vaginalis bioFilm

healthy vagina: no bacteria adherent                  bacterial vaginosis: adherent biofilm

We concluded that a biofilm comprised of confluent G. vaginalis with other bacterial groups 
incorporated in the adherent layer is a prominent feature of bacterial vaginosis.

Subsequently we showed that an adherent Gardnerella vaginalis biofilm persists on the vaginal 
epithelium following standard therapy of bacterial vaginosis with oral metronidazole5. This 
seems to serve as a reservoir of the core pathogens for BV. Although the biofilm primarily 
consisted of Gardnerella vaginalis and Atopobium vaginae, Lactobacilli and Bacterioides/
Prevotella (7/16) were also present but accounted for only < 10 % of all bacteria.

BV  therapeutic options include:

▫  antibiotics (metronidazole, clindamycin)

▫  lactic acid

▫  lactobacilli 

▫  Dis-infective agents 

▫  Preventative lactobacillus vaccination 

Numerous products aimed at Lactobacillus substitution exist on the market in Germany.  Well 
investigated strains for vaginal or oral treatment include L. rhamnosus GR-1 and L. reuteri RC-
14 (formerly L. fermentum) or L. rhamnosus GG and others. 

Vaginal administration

A study of L. rhamnosus GG, administered vaginally, in 10 subjects, showed that the bacteria 
survived only 5 days in situ, but L. rhamnosus GR-1 and L. reuteri RC-14 were detectable 
for 19 days6. This highlights the importance of selection of strains for urogenital probiotic 
applications. 
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A double-blind, randomized, placebo-controlled study of vaginal probiotics for recurrent BV7 

investigated the administration of L. rhamnosus, L. acidophilus, Strept. thermoph. for 7 days 
on, 7 days off, and then 7 days on. The study showed a significant reduction of recurrences of 
BV in the active vs placebo group (15.8 vs. 45.0 %) and reduction of G. vaginalis incidence (3.5 
vs. 18.3 %) after 2 and 11 months.

A phase 2a study8 assessed colonization efficiency, safety, tolerability, and acceptability of 
Lactobacillus crispatus CTV-05 administered by a vaginal applicator. Twenty-four women with 
BV were randomized in a 3:1 ratio of active product to placebo. Participants used Lactobacillus 
crispatus CTV-05 at 102 colony-forming units (cfu)/dose or placebo for 5 initial consecutive 
days, followed by a weekly application over 2 weeks. Sixty-one percent of the 18 women 
randomized to the active group were colonized with L. crispatus CTV-05 at Day 10 or Day 28. 
The treatment was well tolerated and accepted.

Antonio et al.9 investigated two potencies of gelatin capsules containing Lactobacillus crispatus 
CTV-05 for safety and vaginal colonization in 90 young women. Of 40 participants who lacked 
L. crispatus colonization at enrollment, 36 (90%) were successfully colonized by CTV-05 at 1 
or more follow-up visits, whereas only 24 (51%) of 47 participants colonized by L. crispatus at 
enrollment were positive for CTV-05 at follow-up (P < .001). The authors concluded that that 
the factors that predict failure to become colonized by probiotic lactobacilli include exposure to 
semen, vaginal intercourse, and the presence of lactobacilli of the same species at enrollment.

Supplemental vaginal treatment with two vaginal lactobacilli strains for 3 months did not 
improve clindamycin therapy of BV, but reduced the relapse rate of initially cured women 
significantly after 6 months10.  A double-blind, placebo-controlled study11, showed that use of 
tampons with L. fermentum, L. casei var. rhamnosus and L. gasseri for 4 weeks after vaginal 
clindamycin in BV patients did not improve therapy results of BV after two months, but 
improved significantly results of Nugent-Score 4 – 6 patients.

In a study in Nigeria12, 40 women diagnosed with BV were randomized to receive either two 
dried capsules containing Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14 each 
night for 5 days, or 0.75% metronidazole gel, applied vaginally twice a day (in the morning 
and evening). Follow-up at day 6, 15 and 30 showed cure of BV in significantly more probiotic 
treated subjects (16, 17 and 18/20, respectively) compared to metronidazole treatment (9, 9 
and 11/20: P=0.016 at day 6, P=0.002 at day 15 and P=0.056 at day 30). 

oral treatment

In a study by Reid et al.14, forty-two healthy women were randomized to receive one of three 
encapsulated Lactobacillus rhamnosus GR-1 plus Lactobacillus fermentum RC-14 probiotic 
dosage regimens or L. rhamnosus GG by mouth each day for 28 days. However, the vaginal 
flora, assessed by Nugent scoring, was only normal in 40% of the cases, and 14 patients had 
asymptomatic bacterial vaginosis. Treatment with L. rhamnosus GR-1/L. fermentum RC-14 
once and twice daily correlated with a healthy vaginal flora in up to 90% of patients, and 7/11 
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patients with bacterial vaginosis converted to normal or intermediate scores within 1 month. 
Ingestion of L. rhamnosus GG failed to have an effect. This study confirms the potential efficacy 
of orally administered lactobacilli and showed that over 108 viable organisms per day is the 
required dose.

Another study by the same group15 explored the efficacy of oral lactobacilli. A randomized, 
placebo-controlled trial of 64 healthy women given daily oral capsules of Lactobacillus 
rhamnosus GR-1 and Lactobacillus fermentum RC-14 for 60 days showed restoration from 
asymptomatic bacterial vaginosis microflora to a normal lactobacilli colonized microflora in 
37% women during lactobacilli treatment compared to 13% on placebo (P=0.02). Lactobacilli 
were detected in more women in the lactobacilli-treated group than in the placebo group at 
28 day (P=0.08) and 60 day (P=0.05). Culture findings confirmed a significant increase in 
vaginal lactobacilli at day 28 and 60, a significant depletion in yeast at day 28 and a significant 
reduction in coliforms at day 28, 60 and 90 for lactobacilli-treated subjects versus controls. 

A study from Vienna16 examined the efficacy of orally administered probiotic strains 
Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14 on the quality of the vaginal 
flora in postmenopausal women in a randomized, double-blind, placebo-controlled study. 
Twenty-one of the 35 subjects (60%) in the intervention group and 6 of the 37 subjects (16%) 
in the control group showed a reduction in the Nugent score by at least two grades (p=0.0001). 
The median difference in Nugent scores between baseline and the end of the study was 3 in the 
intervention group and 0 in the control group (p=0.0001).

saFety

In a review of the safety probiotics, Boyle et al.17 concluded that probiotics have an excellent 
overall safety record but that they should be used with caution in special risk groups such as 
patients with immunosuppression or in very small preterm babies with short bowel-syndrome.

Sepsis with oral lactobacilli appears to be extremely rare with n = 7 cases in 1999-2005 with 
L. rhamnosus, mostly – GG.
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lactobacilli in mucosal candida albicans inFections  - professor martin schaller 
department of dermatology, eberhard karls university tübingen, germany.

 

candida albicans

Candida albicans is  facultative pathogenic yeast which is a fequent colonizer of human skin and 
mucous membranes. It is present on mucosal surfaces in 40-80% of normal human beings and 
is part of the microbiota in the mouth, gut, and vagina. This organism is normally a harmless 
colonizer and infections with Candida usually occur only when a patient has some alteration 
in cellular immunity, normal flora or normal physiology. Nevertheless Candida albicans is the 
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most common fungal pathogen worldwide and systemic candidosis is the 4th leading cause of 
nosocomial infections and accounts for 40% of the mortality.

Vulvovaginal candidosis (VVC) is very common and affects 75% of women at some time, 
with 5% experiencing recurrence. Recurrent VVC, defined as at least four episodes per year, 
often requires long-term antifungal therapy. In contrast, oral candidosis is most commonly 
manifested in patients with leukemia or other immunosuppressed conditions and is often a 
clue to acute primary HIV infection.

Candida albicans has become a cause for concern because it is increasingly resistant to drug 
therapies. It is also the source of considerable health economic cost, with diagnosis and 
treatment of VVC and the concomitant loss of productivity estimated to have cost US$1.8 
billion in 1995.

What turns Candida albicans from a commensal to a pathogen is a combination of increasing 
virulence factors in the organism and the interaction of these with predisposing host factors 
that compromise immunity (figure 1). 

Figure 1.
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To become a pathogen, the normal commensal Candida albicans must adhere to mucosal 
surfaces, cause damage to superficial cells and then invade the deeper cell layers (figure 2).  

Keratinocytes on mucosal surfaces are the first cells that are in contact with C. albicans and are 
also the first cells that get damaged by C. albicans. These cells are part of the innate mucosal 
immune system. 

Reconstituted Human Epithelium (RHE) is a valuable research model for the study of Candidal 
infections1. Infection experiments using these models are highly reproducible and can be 
used for the direct analysis of pathogen-epithelial cell interactions. To study the impact of 
innate immunity or the antifungal activity of natural and non-natural compounds, the mucosal 
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infection models can be supplemented with immune cells, antimicrobial agents or probiotic 
bacteria.

Figure 2: stages oF mucosal candidosis 

colonization in 40-60 % of healthy persons 

adhesion
Tissue damage

invasion

Probiotic Lactobacillus spp. bacteria are widely used in the treatment of vaginal candidiasis. 
These organisms are suggested to have a number of effects that maintain or regenerate balance 
between tolerance and defense, including: 

▫ Up-regulation of mucus production

▫ Improvement of epithelial barrier function

▫ Increase in IgA production

▫ Competition for adhesion sites

▫ Production of organic acids, ammonia, H2O2 and bacteriocins 

▫ Up-regulation of antimicrobial peptides

eFFects oF probiotics on C. albiCans

Lactobacillus rhamnosus GG (LGG) is one of the most important and most investigated probiotic 
strains and shows protective effects against C. albicans infections2. 

Vaginal Lactobacillus-strains have been shown to inhibit the viability of Prevotella bivia and 
Gardnerella vaginalis in cell culture and co-culture experiments3. The mechanism of this 
inhibition is not attributable to low pH and lactic acid alone, but to hydrogen peroxide and 
proteolytic enzyme-resistant compound(s) present in the cell-free culture supernatant. 

Oral supplementation with L. casei ssp. rhamnosus has also been shown to prevent enteric 
colonization by Candida species in preterm neonates4. Enhanced clearance of Candida 
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albicans from the oral cavities of mice has been demonstrated following oral administration of 
Lactobacillus acidophilus5.

In our research programme we set out to answer the following questions:

▫ Do Lactobacillus spp. protect against mucosal Candida albicans infection?

▫ What are the mechanisms of protection?

▫ Is the immune response of the keratinocytes influenced by the probiotic bacteria?

▫ Is there interaction of probiotic bacteria with virulence of factors of the pathogen? 

In culture experiments, we showed only slight inhibition of C. albicans growth by L. rhamnosus 
GG (LGG) after 72hrs. We also observed that LGG does not block hyphal induction of C. 
albicans. However in Reconstituted Human Epithelium (RHE) experiments when L. rhamnosus 
GG is added (at 12-24hrs) to an infection of C. albicans established for 24 hours – a therapeutic 
model - L. rhamnosus GG mediates protection against C. albicans.

However LGG reduces the mucosal immune response. There are two possible explanations for 
this, either LGG down-regulates inflammatory response of the keratinocytes or reduced cytokine 
levels occur as result of reduced cell damage. Experiments at earlier time points without cell 
damage (3h/6h) confirmed that cytokine regulation is independent of mucosal damage. 

Monolayer experiments are cheaper than RHE and allow quantitative evaluation of adhesion 
and invasion. We showed that LGG protects against C. albicans also in monolayer experiments 
with increased protection after 12h pre-incubation with LGG before addition of Candida 
albicans and confirmed that LGG reduces the mucosal immune response in this model. We 
were also able to show that the presence of LGG strongly reduced the adhesion and invasion 
ability of C. albicans after 3h. Direct visualisation shows that hyphae of C. albicans are shorter 
in the presence of LGG and the probiotic reduces hyphal growth of C. albicans by about 40% 
(figure 3).

Figure 3: lgg inFluences hyphal groWth

C. albicans + PbS C. albicans + LGG

hyphae of C. albicans are shorter in presence of lGG

Similar protective effects, but immune modulation of different degrees, can be seen with other 
probiotic Lactobacilli e.g. L. casei shirota (LCS) but this strain does not influence adhesion of 
C. albicans.
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summary

Using RHE and monolayer cell culture techniques we have shown that L. rhamnosus GG  

▫  Protects mucosa from C. albicans damage in both  preventive and therapeutic 
approaches

▫ Modulates the immune response

▫ Induces immune conditioning of mucosal surfaces

Furthermore LGG reduces the adhesion and invasion capacity of C. albicans and inhibits the 
linear growth of C. albicans hyphae.  The ability of such probiotic bacteria to inhibit the growth 
of pathogens such as C. albicans and to modulate human immune responses to these organisms, 
offer the promise that these bacteria could provide new options in antifungal therapy.
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probiotics and ibs: rationale, putatiVe mechanism, and eVidence oF clinical 
eFFicacy  professor robin spiller
nihr nottingham digestive diseases biomedical research centre, nottingham digestive diseases 
centre, uk.

What is irritable boWel syndrome (ibs)?

Irritable Bowel Syndrome is characterised by recurrent abdominal pain or discomfort associated 
with disturbed bowel habit. The Rome criteria I, II & III (1992 , 1999 & 2006) were developed 
to allow uniform entry criteria for randomised clinical trials (RCTs) and to facilitate comparison 
between studies. The Rome III criteria are summarised in (table 1)1. 
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table 1: rome iii criteria For diagnosis oF ibs

absence  of structural or biochemical cause of symptoms

longstreth et al  Gastroenterology 2006;130:1480-91 

▫recurrent abdominal pain or discomfort
 ≥3 days per month in the last three months
 associated with two or more of the following

• Improvement with defecation; and/or
• Onset associated with a change in frequency of stool; and/or
• Onset associated with a change in form (appearance) of stool 

▫Supportive symptoms
• Bloating
• Sense of incomplete evacuation
• Passage of mucus pr
• Urgency and/or Straining 

▫ criteria fulfilled for the last 3 months with symptom onset ≥ 6 months 
prior to diagnosis

The time limit for onset of symptoms before diagnosis was designed to avoid giving a chronic 
disease label to transient symptoms due to e.g. infection.  This has been set to 6 months since 
it is unlikely that a new diagnosis will emerge or that symptoms will disappear if they have 
already lasted 6 months. Better and faster investigations mean that other diagnoses are now 
more rapidly eliminated. The threshold of >3 days per month of symptoms is empirical but 
designed to exclude trivial complaints that might occur at lower frequencies.

IBS is common throughout the world, affecting 10-15% of the adult population (Figure 1). 

Figure 1: World Wide incidence oF ibs

common throughout the world  affecting 10-15% of adult population
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Predictors for the development of IBS include age, gender, infection and stress. Figure 22 
shows the effect of age and gender on the onset of IBS, and incidentally shows the well known 
preponderance in females. In both sexes the peak time of onset in the early 20’s corresponds 
to a common time of stress in people’s lives e.g. associated with leaving home for the first 
time or starting a first job. This pattern of onset is almost an inverse of the ‘U shaped curve of 
happiness’ derived from studies of reported wellbeing at different ages3.

Figure 2: eFFect oF age and gender on onset oF ibs
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A prospective study in General Practice of 5,250 people free from IBS found 86 new cases in 
the 2,456 followed up at 15 months4. Gender was the most prominent risk factor with females 
outnumbering males (4.6% versus 2.1 % respectively OR=2.2). Adjusted for age and sex, other 
predictors for development of IBS were:

High levels of illness behaviour        Odds Ratio (OR) = 5.2 (95% CI 2.5-11.0)

Health anxiety     OR = 2.0 (0.98-4.1) 

Sleep problems    OR = 1.6 (0.8-3.2)

Somatic symptoms    OR = 1.6 (0.8-2.9)

Infectious gastroenteritis (IGE) may also be an important predictor of IBS. A meta-analysis5 
of studies found a sevenfold increase (pooled risk estímate) in the odds of developing IBS 
following IGE. This post-infectious IBS (PI-IBS) may be susceptible to primary prevention in 
treating the intial episode of IGE.

Genetic factors are also important. The Virginia twin study6 of 6020 twins found approximately 
twice the concordance for IBS in monozygotic compared to dizygotic twins (17% v 8.4%). 
There is some evidence suggesting that Crohn’s associated TNFSF15 polymorphisms are 
increased in IBS7. This genetic effect should be more obvious in gene/environment interaction 
and therefore should be most obvious in PI-IBS. 

In May 2000, over 2300 residents of Walkerton, Ontario, developed gastroenteritis from 
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microbial contamination of the municipal water supply. A longitudinal study found that 36.2% 
of these developed IBS8. This allowed researchers to compare genetic data from residents who 
developed gastroenteritis and reported PI-IBS 2 to 3 years after the outbreak (n = 228, cases), 
with data from residents who developed gastroenteritis but did not develop PI-IBS (n = 581, 
controls).

Multivariate analysis after fine mapping of 4 gene areas found significant differences in 
genes that encode proteins involved in epithelial cell barrier function and the innate immune 
response to enteric bacteria.  These results illustrate the probable importance of host response 
to bacteria, cytokine response and permeability in PI-IBS. 

Figure 3: risk Factors For deVeloping  post inFectiVe ibs  aFter c JeJuni enteritis

pathophysiology
and

symptoms

adverse life events rr 2.0
depression rr3.2
hypochondriasis rr 2.0

lymphocytosis rr 3.2
ec hyperplasia rr 3.5

elongating toxin
rr 12.8

duration of initial
 illness rr 11.5

age >60 rr 0.36
Female rr 3
smoking rr 4.8
antibiotics 4.1

Figure 3 illustrates that most of the known risk factors for PI-IBS reflect local gut damage, but 
that predisposing psychological factors are also important. 

An important role for serotonin or 5-hydroxytryptamine (5HT) in PI-IBS is suggested by 
evidence that 5-HT containing enterochromaffin (EC) cells increased in PI-IBS but not in 
those who were infected but recovered fully9, and by data showing that there is increased 
postprandial plasma 5-HT in PI-IBS10. 

Serotonin transporter (SERT) which regulates levels of 5HT may be important in the gut and 
SERT mRNA appears to be reduced in duodenal biopsies from diarrhoea - predominant IBS 
(IBS-D)11. There is evidence of low grade ‘immune activation’ in the mucosa of patients with 
IBS and this may reduce levels of SERT10.

Studies show increased gut permeability in PI-IBS & other IBS subtypes (e.g. IBS-D). Small 
bowel permeability increased 3 months following Campylobacter enteritis and for up to 4 
years in PI-IBS12. This was also seen in PI-IBS 2 years after the Walkerton outbreak13. There is 
evidence that small bowel permeability is increased in both PI-IBS and IBS-D14.

Increased colonic paracellular permeability has also been seen in IBS patients. Increased 
permeability resulting from application of the supernatant from IBS colonic biopsies onto 
cultured cell layers appears to correlate with the severity of abdominal pain15. 
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Mast cells may provide a link between this increased permeability and pain. Mast cells are 
known to be potential mediators of the response to stress. Animal studies show psychological 
stress increases mast cell numbers, and the number of mast cells is increased in IBS16. Moreover 
IBS colonic biopsies release increased  amounts of mast cell products which activate human 
enteric nerves (histamine, 5-HT & tryptase)17.

role oF altered microbiota in deVeloping pi-ibs

Acute gastroenteritis leads to depletion of anaerobes, reduction in short chain fatty acids and 
an increase in pH18. There appears to be an increased risk of developing PI-IBS in Traveller’s 
Diarrhoea in those treated with antibiotics RR= 4.1(1.1-15.3)19.

summary

Irritable bowel syndrome is common and ubiquitous.

Risk factors for developing IBS include: female gender; age 20-40 years; infection; and 
psychological stress possibly acting via mast cells. Abnormal colonic and small bowel 
permeability is common in IBS. There is evidence of altered microbiota but it is unclear whether 
this is cause or effect.

rationale For using probiotics in ibs

A rationale for the use of probiotics in IBS is given in table 2.

table 2: rationale For using probiotics in ibs

abnormality in ibs probiotic effect

immune activation  immunomodulation

impaired barrier function  enhance tight junctions

unstable microbiota  Stabilises microbiota?

Slow transit in ibS-c laxative effect of Scfas?

abnormalities oF microbiota in ibs

Table 3 shows variable differences in IBS microbiota versus controls from the many studies 
that have been conducted. There is evidence of increased instability of the microbiota in IBS20, 
and reduced diversity in IBS-D with reduced Firmicutes/ Bacteroides21. 
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table 3: Variable diFFerences in ibs microbiota Versus controls 

study subject sample method main finding 

balsari et al 
microbiologica 1982

Si et al WJG 2004

malinen aJG 2005

mättö femS immunol 
med microbiol 2005

maukonen J med 
microbiol 2006

Kassinen 
Gastroenterology 2007

rajilić-Stojanović PhD 
thesis

Kerckhoffs  WJG 2009

lyra WJG 2009

Tana nGm 2010

codling 
Dig Dis Sci 2010

carroll  
Gut Pathogens 2010

noor 
bmc Gastro 2010 

malinen WJG 2010

Ponnusamy et al   
Jmed microb 2011

rinttila et al 2011  
Gut Pathogens

Saulnier et al 
Gastroenterology 2011

rajilic-Stojanovic et al 
Gastroenterology 2011

ibS:  coliform bacteria  Lactobacillus spp.       
 Bifidobacterium spp.

ibS:  Bifidobacterium   Enterobacteriaceae  
 C. perfringens

ibS:  B.catenulatum        Cl. coccoides   
ibS-D:  Lactobacillus spp.
ibS-c:  Veillonella spp.    Lactobacillus spp.

ibS:  coliform bacteria   aerob/anaerob 
ratio        temporal stability   

ibS:  temporal stability 
ibS-c:   Cl. coccoides group

ibS:  Collinsella  aerofaciens    Cl. cocleatum   
 Coprococcus  eutactus

ibS:  Bacteroides spp    Bacillaceae

ibS:  Bifidobacterium spp.      B. catenulatum

ibS-D:  R. torques 94%    
Cl.thermosuccinogenes 85%   ibS-c:  R. bromii-like 

ibS-a:  R. torques 93%    Cl. thermosuccinogenes 85%

ibS:  Veillonella spp.          Lactobacillus spp.

ibS:  temporal stability  no sign diff          
fecal/mucosal

ibS-D:  aerobic bacteria  Lactobacillus spp.

ibS:  bacterial species          biodiversity
 variability  of predominant            bacteria

R. torques 94% - symptom severity
other phylotypes neg assoc.

 diversity in bacteroidetes & lactobacilli   alanine 
& pyroglutamic acid & phenolic compounds

ibS: S. aureus (17%)

ibS:  Gammaproteobacteria classified ibS subtypes 
using sets of discriminant bacterial species

ibS: a 2-fold increased ratio of the firmicutes  
to bacteroidetes

ibS n=20)
ctrls(n=20

ibS (n=25)
ctrls n=25)

ibS (n=27)
ctrls (n=22)

ibS (n=26)
ctrls (n=25)

ibS (n=24)
ctrls n=16)

ibS (n=24)
ctrls (n=23)

ibS (n=20)
ctrls (n=20)

ibS (n=41)  
ctrls (n=26)

ibS (n=20)
ctrls (n=15)

ibS (n=26)  
ctrls (n=26)

ibS (n=41)
ctrls (n=33)

ibS-D (n=10)
ctrls (n=10)

ibS (n=11)  
ctrls (n=22)  
uc (n=13)

ibS (n=44)

ibS (n=11)
ctrls (n=8)

ibS (n=96)
ctrls (n=23)

ibS(n = 22)
ctrls(n = 22)

ibS(n = 62) 
ctrls (n = 
42)

feces

feces

feces

feces

feces

feces

feces

feces 
Duodenal 
mucosa

feces

feces

feces 
colonic 
mucosa

feces 
colonic 
biopsies

feces

feces

feces

feces

feces

feces

italy

china

finland

finland

finland

finland

finland

netherlands

finland

Japan

ireland

uSa

uK

finland

Korea

finland

united  
States

finland

culture

culture

qPcr

culture 
Pcr-DGGe

Pcr-DGGe, 
affinity capture

Gc-profiling + 
qPcr

microarray

fiSH qPcr

qPcr

culture qPcr

Pcr-DGGe

culture 
qPcr

Pcr-DGGe + 
sequencing of 
16S rrna genes

qPcr

DGGe + qPcr of 
16srna genes

qPcr

16s 
metagenomic 
sequencing and 
Dna microarray

Phylogenetic 
16s rrna 
microarray and 
qPcr

country 
of study

can We draW any conclusions?

There are limitations with the available studies including:

▫  Small numbers of subjects

▫  With 500 assays we should expect 25 to be different by chance

▫   Symptoms in IBS are erratic hence analysis at one time point may not be representative 
– there is a need to assess patients when they are symptomatic.

modified from Simren m, barbara G, flint HJ et al. intestinal microbiota in functional 
bowel disorders: a rome foundation report. Gut 2012. online
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▫  Varying methods make comparisons difficult
◦ Selective cultivation
◦ Specific targeted qPCR and FISH
◦ DGGE
◦ G+C - and microarray profiling 

▫   Patients not well characterized
◦ Diet, bowel pattern

▫   >50% of studies come from Finland, and it is uncertain how well these results will 
generalize to other countries

▫   Variability a common finding

▫   Decreased diversity in several diseases with fast transit 

▫   May be more important to link enterotypes or functional characteristics (metabolome) 
to symptoms rather than individual species 

There are clearly many factors that influence the microbiota in IBS (figure 4).

Figure 4: Why might Flora be abnormal/unstable in ibs? 

diet

antibiotics

genetic background

gi physiology
transit

secretion / absorption

immune system

pathogensmicrobiome

Studies examining whether the gut microbiota are disturbed in IBS have shown a variety of 
changes which are difficult to interpret. However reasons why microbiota may be disturbed in 
IBS include:

▫   Iatrogenic achlorhydria during treatment with proton pump inhibitors (PPIs). Some 
44% of IBS sufferers in US tertiary care receive PPIs22.

▫   Disturbed motility (fast / slow transit). Approximately 1/3 of IBS sufferers have 
abnormally  fast or slow gut  transit23 .

▫   Mucosal immune activation in IBS-D24. 

▫   Depleted diet in attempt to reduce symptoms
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▫   Infectious gastroenteritis  leading to post-infectious IBS 

▫  Somatisation leading to frequent doctor visits and increased antibiotic use.

Which probiotics Work in ibs?

Tables 4 & 5, and figure 5 summarise the many studies of probiotics in IBS. Those with the 
most consistent data are circled in red.

table 4: studies oF probiotics in ibs

rcts of single probiotic in ibs

lactobacillus plantarum versus placebo

probiotic

L. plantarum

L rhamnosus

L reuteri

L. acidophilus

B. infantis

dose

2X1010 cfu/ day 

1X1010 cfu b.i.d 

0.6X1010 cfu /day 

a= l. plantarum+ 
bifidobacterium breve 
b= l. plantarum+ l. 
acidophilus all  5X109

n

60 
40 
12 
70

64 
104 
141

54

40

75 
362

patients

60 rome i 
ibS

40 pain +  
2 manning

12 rome  
ibS

70 rome  
ibS

weeks

4 
4 
4 
4

6 
4 
8

24

4

4 
4

duration 
weeks

4 
1 year 
fu

4

4

4

outcome

flatulence 
Global symptoms 
nS 
Pain 

Distension  Pain nsig
Pain 
Pain 

nS

75% “improved ”versus  35% control

 Pain, bloating , 
bm difficulty

outcome

 flatulence at 5, 6  
& 52  week p < 0.05

 
9/20 on active  “complete  
improvement” v 3/20 on  
placebo  p  < 0.001. 

24hour gas / fecal  
weight nSig

 pain & global ibS score 
P < 0.001

reference

nobaek 2000 
niedzielin 2001 
Sen 2002 
Saggioro 2004

bausserman 2005 
Gawronska et al 2007 
francavilla 2008

niv 2005

Sinn 2008

o’mahony 2005 
Whorwell 2006

author

nobaek et al 2000

niedzielin et al 
2001

Sen et al 2002

Saggioro et al 2004
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table 5: studies oF probiotics in ibs

bifidobacterium infantis

rcts of lactobacillus rhamnosus GG versus placebo  in ibs

probiotic   cfu/day

Lactobacillus rhamnosus GG

Lactobacillus rhamnosus GG 
3X109 b.d.

Lactobacillus rhamnosus GG

dose

l. salivarius versus 
bifidobacterium infantis  
1X1010 cfu/day  & placebo

bifidobacterium infantis 
1X106 , 108  & 1010 cfu/day 

n

50

104

141

n

25 per 
group 
rome ii

75 per 
group 
rome ii

weeks

  4

  4

 
  8

duration 
weeks

  4

 
  4

outcome

 abdominal distension

Pain score 
3.9(1.3) 2.5(1.9) active 
4.2(1.3) 2.9(1.3) placebo

Significant reduction in pain 
72% active versus 53% placebo

outcome

Pain, bloating and bowel movement 
difficulty   v placebo with B. infantis 
only p < 0.05 

 Pain / discomfort at week 4

 Symptom score and bloating / 
distension at week 4 & 6 only for 108 
cfu/day dose 

nS effect on Qol scores

reference

bausserman et al 2005

Gawronska et al 2007

 

francavilla 2010

reference

o’mahony 
et al 2005

Whorwell  
et al 2006

Paediatric studies   

Figure 5: lactobacillus gg normalises  gut permeability in children With ibs & Fap

urine excretion 
lactulose 
mannitol

a=p<0.02

uln

59% abnormal permeability at entry 19% on active versus 38% on placebo

reproduced with permission from Pediatrics, vol. 126, pages e1445-52, copyright 2010 by the aaP
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However there are problems in comparing probiotic studies, including:

1.  Variable quality of reporting

2.  Variable unvalidated endpoints

3.  Use of arbitrary scores rather than numbers of  responders

4.  Wide range of different species used both single and multiple

5.   Meta-analyses abound but are probably invalid except for studies involving the same 
species.

summary

IBS patients show evidence of immune activation, impaired gut barrier function and abnormal 
gut microbiota. 

Probiotics can exert anti-inflammatory effects in inflammatory bowel disease  and may strengthen 
the gut barrier in IBS-D25. Randomised Controlled Trials show limited benefit for some, but not all 
probiotics, with Numbers Needed to Treat varying from 4.8 – infinity, compared to results from 
conventional pharmacologic agents in IBS of 8 -14. The best evidence of efficacy seems to be for 
improving pain in children. Defining who will respond remains a challenge.
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trends in probiotics: targets and mechanisms oF action  dr cormac g. gahan
alimentary pharmabiotic centre & department of microbiology, university college cork, ireland.

 
Intestinal bacteria can be thought of as a hidden organ. The intestines contain more bacteria 
(representing approximately 2000 phylotypes) than cells in the human body, with total 
metabolic activity rivalling that of the liver. It is clear that the gut microbiota can be both an 
asset and a liability: 

asset liability

Defence - bacterial antagonism Pro-carcinogens —> carcinogens   

Priming of mucosal immunity     •  Overgrowth syndromes 

Peristalsis     •  Essential factor for IBD

Elimination of dietary carcinogens      •  Metabolic effects 

Synthesis of b & K vitamins 

epithelial nutrients  
(e.g. short chain fatty acids -Scfas) 

conversion of pro-drugs 

metabolic effects  

The Alimentary Pharmabiotic Centre in Cork has a multidisciplinary team working in state of 
the art facilities to ‘mine microbes for mankind’. Figure 1 outlines the research approach.

Figure 1: apc research outline

The microbiota

The disease The host The in vivo effect

The microbe The microbial product
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Recent Highlights of APC Research include:

mapping the gut microbiota in the elderly1

Alterations in the human intestinal microbiota are linked to conditions including inflammatory 
bowel disease, irritable bowel syndrome, and obesity. The microbiota also undergoes substantial 
changes at the extremes of life, in infants and older people, the ramifications of which are still 
being explored. 

Claesson and co-workers applied pyrosequencing to characterize the faecal microbiota 
in 161 subjects aged 65y and older and 9 younger control subjects. The core microbiota 
of elderly subjects was distinct from that previously established for younger adults, with a 
greater proportion of Bacteroides spp. and distinct abundance patterns of Clostridium groups. 
Analyses of 26 faecal microbiota datasets from 3-month follow-up samples indicated that 
in 85% of the subjects, the microbiota composition was more like the corresponding time-0 
sample than any other dataset. The group concluded that the faecal microbiota of the elderly 
shows temporal stability over limited time in the majority of subjects but is characterized by 
unusual phylum proportions and extreme variability (Figure 2).

Figure 2:   

elderly subjects Younger subjects

claesson m J et al. PnaS 2011;108:4586-4591

40%
57% 51%

5%

41%

bacteroidetes        firmicutes        Proteobacteria        actinobacteria    verrucomicrobia      lentisphaerae   fusobacteria

2%
0.4% 0.1% 1.9%

0.8%
0.2% 0.2%

0.03% 0.001%

studies on mechanisms oF colonisation by biFidobacterium breVe2

Development of the human gut microbiota commences at birth, with bifidobacteria being 
among the first colonizers of the sterile newborn gastrointestinal tract. To date, the genetic 
basis of Bifidobacterium colonization and persistence remains poorly understood. 

Mutational analysis demonstrated that the tad(2003) gene cluster is essential for efficient in 
vivo murine gut colonization, and immunogold transmission electron microscopy confirmed 
the presence of Tad pili at the poles of B. breve UCC2003 cells (Figure 3).
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Figure 3: identiFication oF pili in b. breVe ucc2003 by immunogold electron microscopy   

a b

o’connell motherway m et al. PnaS 2011;108:11217-11222

100nm 200nm

Conservation of the Tad pilus-encoding locus among other B. breve strains and among 
sequenced Bifidobacterium genomes supports the notion of a ubiquitous pili-mediated host 
colonization and persistence mechanism for bifidobacteria.

Work shoWing that l. rHamnosus (Jb-1) reduces stress-induced anxiety- and 
depression-related behaVior in mice3

There is increasing, but largely indirect, evidence pointing to an effect of commensal gut 
microbiota on the central nervous system (CNS). However, it is unknown whether lactic acid 
bacteria such as Lactobacillus rhamnosus could have a direct effect on neurotransmitter 
receptors in the CNS in normal, healthy animals.

In this work, Bravo et al.  showed that chronic treatment with L. rhamnosus (JB-1) induced 
region-dependent alterations in GABA mRNA expression in the brain, in comparison with 
control-fed mice. Importantly, L. rhamnosus (JB-1) reduced stress-induced corticosterone and 
anxiety- and depression-related behavior. Moreover, the neurochemical and behavioral effects 
were not found in vagotomized mice, identifying the vagus as a major modulatory constitutive 
communication pathway between the bacteria exposed to the gut and the brain.

probiotics as anti-inFectiVes – mechanisms4

In recent years, there has been a growing interest in the use of probiotic bacteria for the 
maintenance of general gastrointestinal health and the prevention or treatment of intestinal 
infections. Whilst probiotics are documented to reduce or prevent specific infectious diseases 
of the GI tract, the mechanistic basis of this effect remains unclear. 

It is likely that diverse modes-of-action contribute to inhibition of pathogens in the gut 
environment and proposed mechanisms include (i) direct antimicrobial activity through 
production of bacteriocins or inhibitors of virulence gene expression; (ii) competitive exclusion 
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by competition for binding sites or stimulation of epithelial barrier function; (iii) stimulation 
of immune responses via increases of sIgA and anti-inflammatory cytokines and regulation 
of proinflammatory cytokines; and (iv) inhibition of virulence gene or protein expression in 
gastrointestinal pathogens.

There is evidence for a role of probiotics both in prevention of infection (e.g. diarrhoea in 
children5) and in prevention of antibiotic associated diarrhoea6 (Figure 4).

Figure 4:  proposed mechanisms
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In vitro studies, support the hypothesis that the ability of probiotic agents to inhibit adherence 
of organisms to intestinal epithelial cells is mediated through their ability to increase expression 
of MUC2 and MUC3 intestinal mucins7.

The microbiota fosters development, aids digestion and protects host cells from pathogens 
- a function referred to as colonization resistance. Gut inflammation changes microbiota 
composition, disrupts colonization resistance and enhances pathogen growth. Thus, some 
pathogens can benefit from inflammatory defenses8. 

Focus upon bacteriocin production  

Workers from the APC have showed that Lactobacillus salivarius UCC118, a recently sequenced 
and genetically tractable probiotic strain of human origin, produces a bacteriocin in vivo that 
can significantly protect mice against infection with the invasive foodborne pathogen Listeria 
monocytogenes9. This raises the intriguing possibility of probiotics specifically designed to 
protect against infection in particular circumstances such as pregnancy.
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characterisation oF thuricin 

Another bacteriocin of interest in the APC is Thuricin CD a bacteriocin produced by Bacillus 
thuringiensis. Thuricin CD is a two component bacteriocin that is in the drug discovery pipeline 
as a candidate against the target pathogen C. difficile10 (Figure 5).

Figure 5: colony oF b. thuringiensis dpc 6431 on the initial isolation plate shoWing inhibition in seeded 
oVerlay oF c. diFFicile atcc 43593   

reproduced with permission from PnaS. rea m c et al. PnaS 2010;107:9352-9357

This bacteriocin offers the promise of a narrow-spectrum antimicrobial with specific anti-C. 
difficile activity. Thuricin CD was effective at killing C. difficile in the distal colon model but had no 
significant impact on the composition of the microbiota. This offers the possibility of developing 
a targeted approach to eliminating C. difficile in the colon, without collateral damage11.

Figure 6: minimal alterations to background microbiota FolloWing thuricin treatment

reproduced with permission from PnaS. rea m c et al. PnaS 2011;108:4639-4644
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studies oF bile salt hydolase (bsh) as a common Gut-sPeCifiC bacterial Function 

BSH activity is a conserved microbial adaptation to the human gut environment with a high 
level of redundancy in this ecosystem. Through metagenomic analyses we have identified 
functional BSH in all major bacterial divisions and archaeal species in the gut and demonstrated 
that BSH is enriched in the human gut microbiome. 

Phylogenetic analysis illustrates that selective pressure in the form of conjugated bile acid has 
driven the evolution of members of the Ntn_CGH-like family of proteins toward BSH activity in 
gut-associated species. Furthermore, we have demonstrated that BSH mediates bile tolerance 
in vitro and enhances survival in the murine gut in vivo12. 

Reabsorbed bile salts act as signalling molecules regulating systemic endocrine functions13 and 
bile acids act as local signalling molecules regulating innate immunity14. Regulatory networks 
recognising bile acids are affected by the microbiota15. 

We can conclude that functional metagenomic analysis has helped to define the Bile Salt 
Hydrolase complement in humans. Functional BSH is distributed across gut Bacteria and 
Archaea. Bile Salt Hydrolase is a widespread gut specific trait and may have implications for 
overall health in the host. Overall the microbiota alters bile acid recirculation and regulatory 
networks recognising bile acids are therefore affected by the microbiota. Since bile acids have 
important roles as signalling molecules and in regulating inate immunity these findings have 
considerable potential for eventual therapeutic applications.

summary 

I have given a snapshot of some of the important work going on at the APC. The creation of a 
state of the art facility, and a multidisciplinary team with extensive international collaborations 
and the exciting work ongoing, sends a clear message that the alimentary microbiota is a 
source of great potential as we ‘mine microbes for mankind’.
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probiotics, prebiotics and synbiotics: approaches For modulating the microbial 
ecology oF the gut  professor ian rowland
department of Food & nutritional sciences, university of reading, uk.

 

Probiotics, often in foods such as yogurt or yogurt drinks, are now promoted and consumed 
to promote intestinal health. Important to assessing whether this is an effective strategy, is 
knowing whether these organisms:

 ▫ Survive in the gut

 ▫ Stimulate other lactic acid bacteria (LAB)

 ▫ Inhibit pathogens

There are some data to support each of these factors influencing the activity of such agents. 
In most studies probiotic consumption usually results in temporary ‘colonization’ of the gut by 
the administered strain. A study in 20 healthy volunteers showed that daily consumption of a 
fermented milk drink (~1011 cfu L. casei per day for 21 days) enabled the probiotic Lact. casei 
strain to be maintained in the gastrointestinal tract (recovered from faecal samples) at a stable 
relatively high population level during the probiotic feeding period1. 

Studies, including in infants and elderly subjects also confirm stimulation of other LAB species 
in the gut – consumption of lactobacilli stimulates bifids and vice versa2,3. Some studies have 
also shown a decrease in potential pathogens4,5,6. One randomised double blind placebo 
controlled study with L. casei taken during and one week after a course of antibiotics, showed 
that it provided significant protection against antibiotic associated diarrhea and significantly 
reduced the presence of C. difficile toxin7.

More complex and sensitive molecular methodologies reveal extensive changes in LAB and 
also unrelated bacterial phylotypes after probiotic consumption.

prebiotic deFinition

The International Scientific Association for Probiotics and Prebiotics8 (2008, London, Ontario) 
agreed the following definition for a prebiotic:

 ‘A dietary prebiotic is a selectively fermented ingredient that results in specific changes, in 
the composition and/or activity of the gastrointestinal microbiota, thus conferring benefit(s) 
upon host health.’

Dietary components that reach the colon, and are available to influence the microbiota include 
poorly digestible carbohydrates, such as non-starch polysaccharides, resistant starch, non-
digestible oligosaccharides (NDOs) and polyphenols.

Resistant Starch is classified in the following way (with examples of each type):



Human microbioTa in HealTH anD DiSeaSe

© Selfcare november 2012
s64accepted for publication august 2012

rs1: Physically inaccessible starch    
  • partly milled grains and seeds 

rs2: Native starch granule 
  • raw potato and green banana

rs3: Retrograded starch (mainly amylose)
  •cooled-cooked potato, bread, corn flakes

rs4: Chemically modified (cross-linking, esterification)

RS1, in the form of whole grain cereal has been shown to have more impact in increasing 
lactobacilli compared to wheat bran alone9. RS3 has been shown to modify gut microbiota in 
rats, greatly increasing populations of bifidobacteria and lactobacilli and reducing populations 
of potentially pathogenic bacterial groups10.

non-digestible oligosaccharides (ndos)

Non-digestible oligosaccharides occur in plants (chicory, asparagus, artichoke, onions, garlic, 
leeks, soy beans) and human breast milk. NDOs have an osidic bond resistant to hydrolysis 
by intestinal digestive enzymes and this means that they are poorly digested in the upper 
gastrointestinal tract and reach the colon intact. There they are fermented by colonic microflora 
to produce short chain fatty acids (SCFA) and gas. NDO substances are widely used in many 
food and drink products, including yoghurts. Categories of NDO are given in Table 1:

table 1: categories oF non-digestible oligosaccharides

  
inulin and derivatives

fructo-oligosaccharides

Galacto-oligosaccharides

Soybean oligosaccharides (stachyose/raffinose)

Xylo-oligosaccharides

lactulose 

isomalto-oligosaccharides

arabinoxylan 

A number of oligosaccharides have been reported to be prebiotic, but the quality of the data 
is variable. Those with the best evidence include: inulin, fructo-oligosaccharides, galacto-
oligosaccharides and lactulose, which have all been shown to have ‘bifidogenic’ effects. The 
effects of NDO on gut microbiota are summarised in Table 2. 
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table 2: eFFects oF ndos on gut microbiota:

bifidobacteria counts and proportions are usually 
increased by ~10x

bifidobacteria increase is usually greater if original 
count is low

lactobacilli are sometimes increased

clostridia and enterobacteria are sometimes reduced

changes may be specific to particular types: 
sometimes increases in roseburia, ruminococcus, 
eubacterium have been seen.

effects are seen in adults, elderly and infants

The biological significance of the changes is 
uncertain.

Beyond the usual categories of prebiotic substances a range of other plant derived substances 
such as certain flavonoids notably catechins have the potential to influence gut microbiota11. 
There is some evidence that consumption of cocoa flavonoids influences the composition of 
gut bacteria in vivo12.

synbiotics 

Synbiotics have been defined as:

‘A mixture of probiotics and prebiotics that beneficially affects the host by improving the 
survival and implantation of live microbial dietary supplements in the gastrointestinal tract, 
by selectively stimulating the growth and/or activating the metabolism of one or a limited 
number of health-promoting bacteria, and thus improving welfare.’13

Combining probiotics and prebiotics is potentially a very effective way of influencing gut 
microbiota and health14 but as yet there are few in vivo studies in humans; and none that 
compare pro, pre and synbiotics directly.

gut microbiota – What should We measure?

The majority of studies that have examined the effects of probiotics and prebiotics on the 
gut microflora have focused on changes in bifidobacteria, but this raises the question: Can 
increased bifidobacteria alone be considered as a health benefit?

This question gives rise to a number of subsidiary questions including:

▫ Are bifidogenic probiotics associated with health benefits?

▫ Are high bifidobacteria associated with positive health?
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▫ Are low faecal bifidobacteria associated with poorer health?

▫ Do prebiotics always increase bifidobacteria in all subjects?

▫ Are prebiotic health benefits always associated with increased bifidobacteria?

▫ How big an increase in bifidobacteria is needed for a health benefit?

▫ Is bifidogenic effect a biomarker of other changes in the microflora?

Figure 1: claimed health beneFits oF prebiotics
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Figure 1 summarises some of the health benefits claimed for prebiotics. An enormous amount 
of work has been done and continues to be done to link prebiotic health benefits and changes 
in bifidobacteria.

The current evidence that claimed health benefits for prebiotics are associated with increased 
bifidobacteria is summarized in Table 3:

table 3:  status oF eVidence For prebiotic health beneFits being associated With changes in  
biFidobacteria numbers

atopy and infections in infants - Good evidence from 
infant formulas15,16 ,17 

Travellers Diarhhoea – no evidence18,19

antibiotic associated Diarrhoea – conflicting evidence20,21

calcium absorption – no evidence22

inflammatory bowel Disease – some evidence, but small 
studies, conflicting results23

irritable bowel Syndrome – some evidence from 1 study24

conclusions

We can show that probiotics, prebiotics and synbiotics influence gut microbial ecology. 
Their main effect is to increase bifidobacteria and lactobacilli, but metagenomic approaches 
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may reveal wider effects. Changes in the microbiota are often associated with health or 
physiological benefits. It is clear that some plant polyphenols may act as prebiotics, providing 
a partial explanation for some of the health benefits associated with high dietary consumption 
of vegetables. 

Research questions for the future include:

▫ Should we be searching for probiotics other than bifidobacteria and lactobacilli?

▫ Should we develop more species-targeted prebiotics/synbiotics?

▫  Should we be less focused on LAB changes as indicators of prebiotic effects and 
include other possible indicators e.g. Roseburia, F.prausnitzii, C.butyricum?

▫  Is it important to consider more holistic changes in microbiota – e.g. changes in 
diversity?
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