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Dear Colleagues,

We are delighted to introduce the 3rd issue of Biotascope, which covers the complex relationship between the gut microbiome and 
the host. The fact that the number of microbes inside the human body is 10 times higher than the number of our own cells is simply 
fascinating. It is therefore reasonable to assume that all of these microbes must have a significant impact on numerous functions 
and diseases of the human being. With the participation of experts in this area of research, our aim is to discuss various aspects of 
this interaction in each Biotascope publication.

In this issue, Dr Eamonn Quigley from Houston, Texas, USA, will address the role of the gut microbiome in relation to non-alcoholic 
fatty liver disease, with a particular emphasis on pathogenetic mechanisms. This is an exciting topic as non-alcoholic fatty liver 
disease is a common disorder and is closely related to the increasing incidence of obesity.

Many review articles and meta-analyses have been published regarding the involvement of the microbiota in gastrointestinal 
disorders, including irritable bowel syndrome. In an article entitled “Probiotic Therapy in Irritable Bowel Syndrome”, Mazurak and 
Enck make a particularly relevant contribution to this issue of Biotascope. This manuscript can be defined as the meta-analysis 
of meta-analyses as it describes the evaluation of nine meta-analyses of randomized controlled trials on the efficacy of probiotic 
therapy in patients with irritable bowel syndrome during the past 15 years. We also intend to focus on both adult and pediatric 
topics in each Biotascope and in this issue Ener Cagri Dinleyici from Turkey explores the role of probiotics and synbiotics in treating 
children with acute infectious diarrhea and what clinical guidelines recommend. 

As you are already aware, Biotascope includes summaries of original research articles from renowned scientific journals. 
Dr Tarkan Karakan reports on relevant topics from the latest literature including how Faecalibacterium prausnitzii induces 
interleukin-10 in dendritic cells and modulates T-cell responses, the respective effects of oral and intravenous iron replacement 
therapies have on the gut microbiota in patients with inflammatory bowel disease, the correlation between necrotizing enterocolitis 
and gut microbiota, and, lastly, the role of the host in shaping the gut microbiota via fecal microRNA.

Another important section of the journal reports on scientific concepts discussed during key international meetings. This year, 
Peru hosted the 20th Congress LASPGHAN in Lima and our friend from Peru, Dr Aldo Maruy – a member of the International 
Study Group of Probiotics (ISGoP), wrote a summary of the meeting for our pediatric colleagues. Furthermore, in line with the first 
Biotascope issue, Dr Claudia Herrera de Guise and Dr Francisco Guarner wrote a comprehensive review on the United 
Gastroenterology Week 2015. This year, a total of 55 abstracts focused on gut microbiota and 14 research papers dealt with the 
gastrointestinal effects of probiotic supplementation. Subjects covered in this article include fecal microbiota transplantation, 
inflammatory bowel disease, celiac disease, and chronic pancreatitis.

We welcome any feedback and are keen to hear about your views on the themes discussed as well as topics you would like to 
see included in future issues of Biotascope; you can contact us at journal@biotascope.com.

Best wishes, from the International Study Group of Probiotics (ISGoP).

Sincerely,

Serhat Bor MD
Section of Gastroenterology 
Ege University School of Medicine 
Izmir, Turkey

Email: journal@biotascope.com
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INTRODUCTION
 

The liver is strategically placed to encounter those microbes or 
microbial components that may have traversed (translocated 
across) the gut barrier and entered the portal circulation. 
Consequently, changes in the gut microbiome and/or intestinal 
barrier integrity coupled with portal-systemic shunting and 
impaired liver function, as seen in liver disease, will lead to 
major complications such as portal-systemic encephalopathy, 
spontaneous bacterial peritonitis, and systemic sepsis. Indeed, 
changes in the small intestinal microbiome in the form of small 
intestinal bacterial overgrowth (SIBO) have been recognized 
in chronic liver disease for decades. In addition, the role of 
bacterial metabolism of dietary protein in the pathogenesis of 
portal-systemic encephalopathy was conclusively demonstrated 
over 50 years ago [1]. When reviewing the literature from a search 
for various liver diseases in which the microbiome is implicated, 
an interplay between three factors emerges as a recurrent theme: 
an altered microbiome (dysbiosis), impaired intestinal barrier 
function, and an altered or amplified host immune response. 
This is not to say that other factors (e.g. environmental, genetic) 
are not relevant, but that the aforementioned factors seem 
pivotal to the proposed role of the microbiome in diseases as 
diverse as alcoholic liver disease, intestinal failure-associated 
liver disease, and primary sclerosing cholangitis [1-3].
The exploration of the microbiome and its various biological 
activities has of course been facilitated by rapidly evolving 
technologies, which permit, firstly, the rapid identification of the 
composition of the microbiome and, secondly, the definition of 
its functional capacity and metabolic profile [4].

THE GUT MICROBIOME AND 
NON-ALCOHOLIC FATTY LIVER DISEASE

An exploration of the changes in the composition and function 
of the microbiome in non-alcoholic fatty liver disease (NAFLD; 
Figure 1) became inevitable once a role for gastrointestinal 
bacteria in obesity and metabolic syndrome, disorders that 
so frequently coexist with NAFLD, was established. Whilst 
examining the role of the microbiome in these disorders, 
the critical role of diet in modifying the composition and 
metabolism of the microbiome must be considered, both in 
the short-term and in the long-term [5-9]. The microbiota can 
also modulate bile acid metabolism and, consequently, the 
de novo synthesis of bile acids in the liver through feed-back 
control. Given the recognition of the importance of bile acids 
as signaling molecules [10], microbiome-mediated effects on bile 
acids could also impact on factors such as insulin sensitivity 
and hepatic fat metabolism [11], each highly relevant to the 
pathogenesis of NAFLD.

NON-ALCOHOLIC FATTY LIVER DISEASE; 
THE ROLE OF THE GUT MICROBIOME
Eamonn M M Quigley MD FRCP FACP MACG FRCPI
Division of Gastroenterology and Hepatology, The Lynda K and David M Underwood Center for Digestive Disorders, 
Houston Methodist Hospital and Weill Cornell Medical College, Houston, Texas, USA.
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Figure 1: Histological features of steatosis in non-alcoholic fatty liver disease.
Hematoxylin and eosin staining. Note the diffuse steatosis throughout the liver.
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Support for the relevance of the microbiome in the 
pathogenesis of NAFLD also comes from the documentation 
of its role in two disorders which share considerable 
pathologic similarity to NAFLD: alcoholic liver disease [12] and 
total parenteral nutrition (TPN)/intestinal failure-associated 
liver disease [13].

Alterations of The Gut Microbiome in 
Non-Alcoholic Fatty Liver Disease/Non-Alcoholic 
Steatohepatitis

SIBO has been recognized in liver disease for decades and 
implicated in the development of various complications of 
cirrhosis through bacterial translocation across an impaired 
gut barrier [14,15]. In experimental models of NAFLD, SIBO has 
been shown to promote both steatosis and inflammation [16, 17] 
and, in clinical studies, SIBO has been linked to non-alcoholic 
steatohepatitis (NASH) [18, 19]. 
The findings that toll-like receptor 4 (TLR-4) is upregulated 
in NASH [19] and that circulating levels of tumor necrosis 
factor-alpha (TNF-α) are increased provide credence to the 
hypothesis that Gram-negative bacteria in the gut lumen are 
promoting an inflammatory response in NAFLD [18].

But what of the colonic microbiome in NAFLD/NASH? This 
information has been largely derived from fecal sampling, 
an approach that, while convenient, may not represent 
interactions at the microbiome-epithelium interface [20].
Furthermore, one must also be cautious in the interpretation 
of microbiome changes among subjects with advanced 
NASH; such alterations may simply reflect the consequences 
of advanced liver disease, per se [21, 22].

In NAFLD, Raman and colleagues described an over-
representation of Lactobacillus species and selected members 
of the phylum Firmicutes (Lachnospiraceae; genera, Dorea, 
Robinsoniella, and Roseburia) and an under-representation 
of one member of the phylum Firmicutes (Ruminococcaceae; 
genus, Oscillibacter) [23]. In another study, Mouzaki and colleagues 
noted an inverse relationship (which was independent of 
diet and body mass index) between NASH and percentage 
of Bacteroidetes in the stool; an observation consistent 
with the hypothesis that Firmicutes, the other dominant 
phylum, are more efficient in calorie extraction [24]. However, 
these observed changes may be non-specific, and merely 
reflect the impact of obesity or the metabolic syndrome on 
the composition of the microbiome. It appears that some 
microbial signatures are specific for NAFLD/NASH; Zhu and 
colleagues found that the populations of Proteobacteria, 
Enterobacteriaceae, and Escherichia differed significantly 
between obese and NASH subjects [25]. Interestingly, these 

authors also noted significantly elevated blood ethanol levels 
among NASH patients alone, suggesting that the microbiome 
was a source of endogenous alcohol production [25].

Mechanisms of Microbiome-Mediated Effects 
in NAFLD/NASH

It seems clear, that SIBO and a disturbed fecal microbiome 
are common in NAFLD/NASH [23-27]. The question is: How does 
the microbiome influence the development of steatosis, 
in the first instance, and thereafter the progression to NASH? 
Table 1 lists a number of factors that might contribute to the 
role of the microbiome in NAFLD/NASH.

Table 1

Factors contributing to the role of 
the microbiome in NAFLD/NASH

• Altered gut epithelial permeability

• Choline metabolism

• Endogenous alcohol production

• Release of pro-inflammatory cytokines

• Up-regulation of hepatic Toll-like receptors

• Alterations in bile acid metabolism

Though modifications in gut permeability have been 
reported in a number of studies and linked to the release 
of pro-inflammatory cytokines [27], the influence that these 
changes in barrier function may have on the pathogenesis 
of NAFLD or progression to NASH remains to be defined. 
Alterations in bacterial metabolism of choline have been 
linked to the development of steatosis [28] and the bacterial 
production of ethanol has also been implicated in NAFLD [25, 29]. 
Bacterial activation of pro-inflammatory cytokines, such as 
TNF-α, via TLR, may play a critical role in the progression of 
steatosis to NASH [30]. Further studies in experimental animal 
models and humans have confirmed the critical role of hepatic 
TLR up-regulation in the pathogenesis of NAFLD/NASH [31-

34]. The effects of the microbiome on bile acid turnover and 
metabolism could also be relevant to the development 
and/or progression of NAFLD/NASH. In an animal model, 
manipulation of the microbiome was shown to result in an 
increase in conjugated bile acid metabolites that inhibited 
intestinal farnesoid X receptor (FXR) signaling and led to a 
reduction in the accumulation of hepatic triglyceride [35].

3
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It is critical to understand that the concept of a microbiome-gut-liver axis (Figure 2) is bidirectional; just as intestinal factors 
can influence liver structure and function, a variety of hepatic factors; including the inflammasome, cytokines generated in the 
liver and changes in bile salt synthesis, can also influence the gut and intestinal microbiome function [2, 3].

SUMMARY

Three factors seem critical to the role of the microbiome in NAFLD/NASH:

1•  The microbiome and its metabolic products (e.g. ethanol, 
deconjugated bile acids, products of choline metabolism). 
Both SIBO and an altered colonic microbiome may be relevant 
but their relative contributions remain to be defined.

2•  The intestinal barrier.

3•  The immune response in the gut and in the liver where TLRs 
and more specifically TLR-4, appear to play a key role by 
influencing pathways that control the generation of pro-
inflammatory cytokines.

Delineating the role of the microbiome and the host response 
is critical to the development of interventions that might 
enhance remission or even reverse the development of 
NAFLD and its progression.

Already, there is a considerable volume of animal data to 
indicate that modifying the microbiome through the use 
of probiotics and prebiotics may alter the natural history 
of NAFLD [17]; however, the evidence base that supports 
the development of microbiome-modulating therapeutic 
strategies in humans remains slim and unconvincing [36, 37].

While considerable progress has been made in identifying a 
role for the microbiome in NAFLD/NASH, there are still many 
issues to address, such as the nature and location of the 
altered microbiome (i.e. small intestine, or colon, or both), the 
specificity of deficits in intestinal integrity to NAFLD/NASH 
versus liver disease, in general, the metabolic pathways that 
are key to the influence of the microbiome and, finally, the 
therapeutic interventions that are likely to be of benefit to 
patients.
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Figure 2: 
The microbiome-gut-
liver axis.

This axis should be 
viewed as bidirectional 
with intestinal factors 
influencing liver structure 
and function and hepatic 
factors impacting on gut 
function and microbiome 
composition and 
metabolism.
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INTRODUCTION
 
Acute diarrhea is defined by the World Health Organization as 
the passage of three or more loose or liquid stools per day, for 
three or more days and for less than 14 days; it continues to 
be a leading cause of morbidity, hospitalization and mortality 
worldwide, resulting in a huge financial burden [1, 2]. There are 
an estimated 1.7 billion episodes of diarrhea annually and it is 
one of the leading causes of death from infectious diseases in 
children worldwide, accounting for approximately 9% off all 
mortality in children under 5 years old [2, 3]. A marked decrease 
in mortality due to diarrhea (~54% reduction) has been 
observed between 2000 and 2013 [2]. Despite this significant 
achievement, diarrhea is still a major cause of mortality in 
developing countries and it is a leading cause of emergency 
department visits and hospitalizations in developed countries [1]. 
Major etiological causes of acute infectious diarrhea in children 
in developed countries are viruses, in particular rotavirus. 
Prior to the introduction of rotavirus vaccines in 2006, rotavirus 
was the leading cause of severe gastroenteritis among European 
children under the age of five. After the introduction of rotavirus 
vaccines in routine immunization program, the incidence of 
severe rotavirus gastroenteritis, hospitalization and deaths due 
to sever gastroenteritis significantly decreased. Across Europe, 
the effectiveness of the rotavirus vaccine in reducing rotavirus-
related use of healthcare services ranged from 68% to 98% and 
reductions in the number of hospitalizations due to rotavirus 
infections have been observed in Europe, the United States 
and Latin America [4]. Norovirus is another worldwide pathogen 
responsible for causing acute diarrhea in all age groups. 
In Europe, norovirus infection may cause up to 5.7 million illnesses 
in the community, 800,000 medical visits, 53,000 hospitalizations 
and 102 deaths every year in children under the age of five [5]. 
In developing parts of the world, including Africa and Asia, most 
cases of diarrhea are due to rotavirus, Cryptosporidium, Shigella, 
and heat-stable toxin-producing enterotoxigenic Escherichia 
coli, according to results from the Global Enteric Multicenter 
Study [6].

The main treatment for all children with dehydration as a 
consequence of diarrhea is the administration of oral rehydration 
solution (ORS). The widespread routine use of ORS in children 
has led to a significant decrease in mortality [7, 8]. However, water 
and electrolyte replacement does not substantially shorten the 
frequency or duration of diarrhea and has not been found to 
reduce stool volume, prompting a growing interest in adjunctive 
treatments [8].

Probiotics are live microorganisms that confer a health benefit 
to the host, when administered in appropriate amounts [9]. 
All published studies, meta-analysis and guidelines have shown 
that the effects of probiotic on acute infectious diarrhea are 
strain specific, and it is not possible to extrapolate the positive 
or negative results of one probiotic/symbiotic preparation to 
others [8-11]. Probiotics have been proposed as a complementary 
therapy in the treatment of acute diarrhea [7], with improvements 
in the duration and severity of diarrhea and the duration of 
hospitalization reported with probiotics. There have been 
many randomized-controlled studies and observational studies 
with different probiotics and synbiotic preparations, and well-
conducted meta-analyses are also available. The majority of the 
published studies revealed that probiotics can reduce the duration 
of diarrhea by approximately one day, shorten the initial phase 
of watery stools, and decrease the length of hospital stay [7, 8-12]. 
In this report, the current situation and a clinical update of the 
benefits of probiotics and synbiotics in patients with acute 
diarrhea are presented.

Lactobacillus rhamnosus GG

Lactobacillus rhamnosus GG is one of the well-studied probiotics 
in patients with acute infectious diarrhea. In 2013, Szajewska 
and colleagues published a systematic review examining the 
use L. rhamnosus GG as a single strain in combination with 
oral and/or intravenous rehydration therapy in 15 studies, 
with a total of 2,963 in- or outpatients [13]. The daily doses of 
L. rhamnosus GG ranged from 1.2×108 colony-forming units 
(CFU) to 2×1012 CFU and 11 randomized clinical trials including 
2,444 children showed that L. rhamnosus GG reduced the 
duration of diarrhea by approximately one day and was more 
effective at doses ≥1010 CFU/day than at lower doses. A meta-
analysis of four randomized controlled trials also showed a 
reduction of approximately 0.8 day in duration of hospitalization 
for those treated with L. rhamnosus GG [13].

LATEST ADVANCES IN THE USE OF PROBIOTICS/SYNBIOTICS 
FOR ACUTE INFECTIOUS DIARRHEA IN CHILDREN
Ener Cagri Dinleyici
Department of Pediatrics, Eskisehir Osmangazi University Faculty of Medicine, Eskisehir, TR-26480 Turkey.
email: timboothtr@yahoo.com
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Saccharomyces boulardii CNCM I-745

The clinical effects of Saccharomyces boulardii CNCM I-745 
on acute infectious diarrhea have been extensively studied 
within different settings, in both developing and developed 
countries [12, 14]. There is strong evidence that this probiotic offers 
clinically significant benefits no matter what the cause of the 
gastroenteritis is (viral, bacterial, protozoan), in both developed 
and developing countries. According to 11 randomized 
controlled trials (total number of children, N=1306, S. boulardii 
CNCM I-745 group, n=651; control group, n=655), S. boulardii 
CNCM I-745 significantly reduced the duration of diarrhea by 
approximately 24 hours. S. boulardii CNCM I-745 also reduced 
the duration of hospitalization by approximately 20 hours. 
Based on the results of nine randomized controlled trials 
involving 1,128 children, S. boulardii CNCM I-745 significantly 
reduced the risk of diarrhea by 48% on the third day after the 
start of treatment [12]. S. boulardii is safe in children with acute 
diarrhea, and no adverse event associated with S. boulardii 
were reported in these studies [12]. In addition to the reduction 
of duration of diarrhea and hospitalization, there are some 
promising end points regarding the use of S. boulardii in acute 
infectious diarrhea, such as the reduction of persistent diarrhea 
lasting >7 days, the reduction in the recurrence of new episodes 
of diarrhea, and the reduction of mean total ORS volume 
used [15-17]. In adult patients with giardiasis and pediatric patients 

with amebiasis S. boulardii CNCM I-745 with metronidazole 
has positive effects on the resolution of diarrhea as well as on 
the clearance of Giardia or Entamoeba cysts [18-19]. Our recent 
multicenter, randomized, prospective, controlled, single blind, 
clinical trial included 363 children with acute watery diarrhea 
and aimed to assess the effect of S. boulardii CNCM I-745 in 
hospitalized children, children requiring emergency care unit 
(ECU) stay, and outpatient settings [20].

The duration of diarrhea was approximately 24 hours shorter in 
the S. boulardii-treated group compared with the placebo group 
(75.4±33.1 vs. 99.8±32.5 hours, p<0.001; Figure 1). The effect 
of S. boulardii (diarrhea-free children) was observed starting at 
48 hours. After 72 hours, only 27.3% of the children receiving 
probiotics still had watery diarrhea, in contrast to 48.5% in the 
control group (p<0.001; Figure 2). The duration of diarrhea was 
significantly reduced in the probiotic group in hospital, ECU and 
outpatient settings (p<0.001, p<0.01 and p<0.001, respectively; 
Figure 1). The mean length of hospital stay was shorter by more 
than 36 hours and the mean length of ECU stay was shorter by 
more than 19 hours in the S. boulardii group compared with 
the control group (p<0.001). This is the first study showing the 
effects of S. boulardii on acute infectious diarrhea in emergency 
care unit [20].

Figure 1.
Duration of diarrhea in hours in Saccharomyces boulardii 
CNCM I-745-treated groups versus control groups in hospital, 
emergency care unit and outpatient settings [20]. Sb, S. boulardii 
CNCM I-745-treated groups.
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Figure 2.
Percentage of children with diarrhea in Saccharomyces 
boulardii CNCM I-745 versus control groups during 5 days in 
hospital (A), emergency care unit (B) and outpatient setting (C). 
Sb,  S. boulardii CNCM I-745-treated groups.

 

 

Lactobacillus reuteri DSM 17938

Three randomized controlled clinical trials evaluated the effects 
of Lactobacillus reuteri DSM 17938 [21-23]; two of these studies 
were performed in hospitalized children and one in ambulatory 
patients. Meta-analysis of the two studies with hospitalized 
children revealed that children treated with L. reuteri DSM 
17938 had a significant reduction in the duration of diarrhea of 
32 hours. In hospitalized children with acute gastroenteritis, 
addition of L. reuteri DSM 17938 to standard rehydration 
therapy increased the chance of cure on day 3 and reduced 
the risk of watery diarrhea on day 2 to day 4 of intervention [24]. 
Our hospital-based clinical study showed that L. reuteri DSM 
17938, reduced the duration of hospitalization by approximately 

1.15 days (Figure 3) [21]. Our recent trial is the first multicenter, 
randomized, single-blinded, case control clinical trial to examine 
the efficacy of L. reuteri DSM 17938 (1×108 CFU daily for 
5 days) in outpatient children with acute infectious diarrhea [22]. 
In outpatient setting, the mean duration of diarrhea was 
significantly reduced by approximately 15 hours in the L. reuteri 
DSM 17938 group. The percentage of children with diarrhea 
was lower in the L. reuteri DSM 17938 group (44.8%) after 
48 hours than in the controls group (87%; p<0.01) [22]. 
No adverse effects related to L. reuteri DSM 17938 were noted 
amongst both inpatients and outpatient settings [21, 22, 24].

Figure 3.
Duration of diarrhea in hours (A) and length of hospital stay in days (B) in children receiving L. reuterii DSM 17938 (L reuterii) versus 
patients receiving placebo (Control) [21].
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SYNBIOTICS

Synbiotics, mixtures of probiotics and prebiotics beneficially 
affect the host and improve his/her welfare by improving the 
survival and implantation of live microbial dietary supplements 
in the gastrointestinal tract and selectively stimulating 
the growth, and/or activating the metabolism of one or a 
limited number of health-promoting bacteria [9]. Clinical studies 
focusing on the effects of synbiotics on acute infectious diarrhea 
are limited and mainly performed on different preparations 
[7]. Current ESPID/ESPGHAN guidelines mention that none of 
the synbiotics studied thus far can be recommended until 
confirmatory data are available, and so far, the effects have 
only been seen in one clinical study for each combination [7]. 
Two studies, one conducted in Belgium (combination of 
Streptococcus thermophilus, L. rhamnosus, L. acidophilus, 
Bifidobacterium lactis, B. infantis and fructooligosaccharides) 
and one conducted in Italy (L. paracasei B21060 in combination 
with arabinogalactan and xylooligosaccharides), also showed 
promising results regarding the effects of synbiotics on acute 
infectious diarrhea [25, 26]. Our previous study, which used a 
different synbiotic preparation with a daily dose of 2.5×109 
CFU live bacteria including L. acidophilus, L. rhamnosus, 
B. bifidum, B. longum, Enterococcus faecium, and 625 mg 
fructooligosaccharide for 5 days, showed a significant reduction 
in the duration of diarrhea of approximately 36 hours in 
children with acute infectious diarrhea. The effect started 
24 hours after the first dose was administered, and a greater 
effect was been seen at the 48th and 72nd hour following 
the start of the intervention [27]. Two recent studies from Turkey 
have examined the efficacy of a combination of B. lactis B94 
and inulin in the treatment of acute infectious diarrhea in 
children [28, 29]. In the first study, Islek and colleagues enrolled 156 
children aged between two and 60 months with acute diarrhea; 
some patients received B. lactis B94 (5×1010 CFU) plus 900 mg 
inulin while others received placebo [28]. The duration of diarrhea 
was significantly reduced (by an average of 31 hours) and the 
number of diarrheal stools on the third day was significantly 
lower in the synbiotic group, especially in children with acute 
diarrhea due to rotavirus [28]. The second study was a prospective, 
multicenter, randomized, double blind, clinical trial, which 
had 80 children enrolled, aged three to 60 months, with acute 
watery diarrhea [29]. Children received oral rehydration with 
B. lactis (5x109 CFU) plus inulin (900 mg), B. lactis alone (5x109 CFU), 
inulin (900 mg) or placebo for 5 days. The duration of diarrhea 
was significantly reduced in the B. lactis plus inulin and B. lactis 
alone groups compared with the inulin alone and placebo groups 
(p<0.001), while there were no statistical difference between 
the B. lactis plus inulin and B. lactis alone groups. After 72 hours, 
the percentage of diarrhea-free children was significantly larger 

in the B. lactis plus inulin and B. lactis alone groups than in the 
other groups. Mean length of hospital stay was approximately 
24–30 hours lower in the B. lactis plus inulin and B. lactis 
alone groups compared with the placebo group. In summary, 
these results show that B. lactis plus inulin and B. lactis alone 
reduce the duration of diarrhea in the same way and that inulin 
alone has no effect on the duration of diarrhea [29]. The efficacy 
of synbiotic preparations that contain prebiotics should be 
assessed by comparing the effects of the same preparations 
with or without prebiotics in children with acute infectious 
diarrhea. Further studies investigating the same synbiotic 
preparation in different clinical settings will allow clinicians to 
make better informed recommendations.

COST-EFFECTIVENESS OF USING 
PROBIOTICS IN CHILDREN WITH 
ACUTE INFECTIOUS DIARRHEA

The benefit of using probiotics/synbiotics in the management 
of acute infectious diarrhea to reduce the duration of diarrhea 
by approximately 1 day, often raises the question of the cost-
effectiveness of these interventions. Acute infectious diarrhea 
is a substantial financial burden for the families of affected 
children and the healthcare system. We used our previous 
clinical data with S. boulardii CNCM I-745 to calculate the direct 
cost associated with treating children with acute infectious 
diarrhea in ambulatory care, emergency care unit and in 
hospitalized children and extrapolated these data to the number 
of all cases of rotavirus-induced in a year. In hospitalized 
children, S. boulardii CNCM I-745 significantly reduced the 
cost of hospitalization (p<0.001) and as emergency unit stay 
was reduced by 19 hours, the direct cost significantly lowered 
(p<0.001). When we extrapolated these findings to the yearly 
number of rotavirus gastroenteritis in Turkey, the total cost 
associated with hospitalization and emergency care unit stay was 
reduced by 25% or US$51 per patient. Over a year, if S. boulardii 
was administered to all rotavirus cases of children under 5 years 
old, the total cost would decrease by 23% or US$11.3 per patient. 
This study is the first to address the economic implications 
of using probiotics, more specifically S. boulardii CNCM I-745, 
to treat children hospitalized with acute diarrhea [30].

9
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CURRENT RECOMMENDATIONS 
AND GUIDELINES

Since 2014, three important guidelines, including those from the 
European Society for Paediatric Gastroenterology, Hepatology 
and Nutrition and the European Society of Paediatric Infectious 
Diseases (ESPGHAN/ESPID), guidelines from Latin American 

(LATAM) experts and Guidelines from the Yale and Harvard 
Probiotic Workshop Group have been published or revised to 
encompass the use of probiotics (Figure 4) [7, 31, 32].

10

Figure 4. Current recommendations and guidelines

Yale/Harvard Probiotic Workshop Group 2015

Saccharomyces boulardii 1a
Lactobacillus rhamnosus GG 1a

Lactobacillus reuteri DSM 17938 1b

ESPGHAN/ESPID 2015

Saccharomyces boulardii 1a
Lactobacillus rhamnosus GG 1a

Lactobacillus reuteri DSM 17938 1b

LATIN AMERICAN GUIDELINES 2015

Saccharomyces boulardii 1a
Lactobacillus rhamnosus GG 1a

Lactobacillus reuteri DSM 17938 1b
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In 2014, ESPGHAN/ESPID published their current recommenda-
tions in children with acute gastroenteritis, a revised version of 
their first recommendations published in 2008 [7].
They highlighted that probiotics used as adjunct to ORS 
reduced the duration of diarrhea by approximately one day; 
however, the effects of probiotic are strain-specific, and efficacy 
and safety profiles should be established for each strain. 
Moreover, the safety and clinical efficacy of one probiotic 
microorganism should not be extrapolated to other probiotic 
microorganisms. Selected probiotics can be used in children 
with acute gastroenteritis (recommendation at A1 level). 
According to this guideline, S. boulardii and L. rhamnosus GG 
may be considered in the management of children with acute 
gastroenteritis as an adjunct to rehydration therapy as A-1 level 
of evidence (low-quality evidence, strong recommendation). 
L. reuteri DSM 17938 was also a recommended strain (weak 
recommendation, very low-quality evidence). Another heat-
killed Lactobacillus strain (L. acidophilus LB) also have some 
efficacy in reducing diarrhea related symptoms in children 
(weak recommendation, very low-quality evidence) [7].
According to the 2014 guidelines, none of the synbiotics can be 
recommended (II, B [weak recommendation, low-quality evidence]). 
ESPGHAN/ESPID guidelines also strongly recommended against 
the administration of E. faecium strain SF68 because of the risk of 
spreading plasmids carrying vancomycin resistance [7-10].

The consensus opinion of the participants in the 4th Triennial 
Yale/Harvard Workshop on Probiotic Recommendations was 
published in November 2015. It highlighted the benefits of using 
L. rhamnosus GG, S. boulardii and L. reuteri for the treatment of 
children with acute infectious diarrhea [31].

The LATAM Guidelines, published in 2015, consider that a 
decrease in the duration of diarrhea, as well as hospitalization 
length of children with acute infectious diarrhea, is an important 
benefit from a social and economic development point of view. 
They recommended a priority of 1a for L. rhamnosus GG and 
S. boulardii, and a priority of 1b for L. reuteri for the treatment of 
acute infectious diarrhea [32].

PROBIOTICS/SYNBIOTICS USE 
IN PATIENTS WITH ACUTE INFECTIOUS 
DIARRHEA: FUTURE PROSPECTS

•  Probiotics are widely studied therapeutic options for acute 
infectious diarrhea but their effects are strain-specific. All new 
strains or combinations of strains should be assessed for the 
treatment of acute infectious diarrhea before widespread use.

•  After the routine use of rotavirus vaccine, the seroepidemiology 
of acute infectious diarrhea changed and the effect of probiotics 
should be specifically evaluated in these geographical regions.

•  Norovirus is one of the leading causes of acute infectious 
diarrhea in children and adults, and the effects of probiotics 
on acute infectious diarrhea due to norovirus, should be 
investigated.

•  Several mechanisms of action have been reported or proposed 
regarding the effects of probiotics on acute diarrhea. However, 
there are limited data available on the effects probiotics have 
on the composition of the gut microbiota. An ongoing clinical 
study aims to examine the potential effects probiotics have 
on the composition of the gut microbiota in children with 
rotavirus-induced acute infectious diarrhea.

•  While there are numerous clinical studies and evidence-based 
guidelines available, most healthcare professionals only have a 
limited understanding of the use of probiotics for the treatment 
of acute infectious diarrhea in children. Scientific organizations 
with a focus on probiotics and/or microbiota should contribute 
to promoting and delivering professional development 
for healthcare professionals on the clinical applications of 
probiotics, prebiotics and synbiotics.
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BACKGROUND
 
A recent systematic review analyzed the results of 56 randomized 
controlled trials (RCTs ) that investigated the efficacy of probiotic 
preparations, compared with placebo, for the treatment of 
patients with irritable bowel syndrome (IBS) [1-56], between 1989 
and 2015 and that have been either included or excluded from 9 
meta-analyses [57-65] published between 2008 and 2015 (Figure 1). 

Concerns were raised [66] regarding the substantiality of the 
evidence to support the efficacy of the probiotic preparations, 
and the quality of both the RCTs and the meta-analyses. 
This paper summarizes the review and addresses critical 
questions relevant to doctors who are faced with the difficulty of 
treating patients with IBS.
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Living microorganisms from dairy products have been used 
for centuries to modify bowel functions, treat bowel disorders, 
or to improve general health; however, they only received the 
designation “probiotics”, meaning “supporting life”, in the 50s’. 
The modern definition adopted by the International Scientific 
Association for Probiotics and Prebiotics (ISAPP) describes 
probiotics as living organisms that, when ingested in sufficient 
amounts, may be beneficial for the host [67]. It evades any 
speculations regarding the possible mechanisms of action, as 
concepts have changed substantially during the last few decades 
with the development of modern laboratory techniques and the 
replacement, to some extent, of culture technology by molecular 
analyses, and with growing understanding of the interactions 
between the human body and these microorganisms [68].

There has been a growing interest in probiotic research and the 
use of probiotics as treatments over the last 20 years; indeed, 
only nine scientific articles were published in 1995 whilst over 
1,500 articles were published in 2014, as found by searching 
the PubMed library using the term “probiotics” alone. One of 
the reasons behind the sudden interest in probiotics may be 
associated with the concomitant growing awareness of so-called 
functional gastrointestinal (GI) disorders, such as IBS, functional 
dyspepsia, functional constipation, etc [69]. These disorders have 
a high impact on the quality of life of affected patients and have 
become a major economic burden for society; furthermore, 
patients do not usually respond favorably to conventional 
treatment strategies, including novel and traditional medications 
such as laxatives, bulking agents, and dietary interventions [70]. 
Probiotics appear to offer a low-cost alternative with a high 
safety margin. Among the disorders that have been shown 
to benefit from probiotic treatment in placebo-controlled, 
double-blinded, randomized studies, are antibiotic-associated 
diarrhea [71], traveler’s diarrhea [72], rota-virus-induced diarrhea [73], 
and Clostridium difficile-associated diarrhea [74]. Beneficial effects 
have also been shown in diarrhea in children [75]. Some bacterial 
strains such as Escherichia coli Nissle showed efficacy in relieving 
chronic constipation [76] and in the maintenance of remission in 
ulcerative colitis [77].

IBS clinically manifests with abdominal pain associated with 
other GI symptoms like constipation, diarrhea, bloating, and 
flatulence in the absence of any organic cause for the symptoms; 
it is one of the most frequent disorders in the general population 
and in private practice, as reported by primary care physicians 
and gastroenterologists [78]. Across 42 countries worldwide, the 
prevalence is 11.2% [79]. The pathophysiology of IBS is believed 
to be a consequence of the interplay between gut-brain axis 
disturbances, local immune changes and inflammation in the gut 
wall, modifications in gut permeability, and in the composition 
of gut microorganisms. Consequently, probiotics are regarded as 
putative agents that could possibly affect several of these targets 
and therefore enhance remission in chronic and recurrent 
conditions. Some hypotheses have been put forward regarding 
how probiotics may influence brain functions [80] and it has been 
suggested that they may improve central functions via stress-
moderating effects [81].

In this paper we will analyze the current evidence to support the 
use of probiotics in the treatment of IBS and attempt to answer 
some questions relevant to the day to day clinical management 
of these patients.

SCIENTIFIC PERSPECTIVE

The highest level of evidence (evidence level 1a) of the efficacy 
of a specific clinical intervention can be drawn from meta-
analyses of RCTs. An RCT is a study designed to allow testing of a 
therapeutic agent against a placebo in which neither participants 
nor researchers know what substance (drug or placebo) is being 
given to a participant. Although the number of participants in 
each RCT is usually limited by time and financial constraints, 
meta-analyses allow to conduct statistical analyses of data from 
smaller studies and to build an overview of treatment efficacy.

During the past 15 years, nine meta-analyses of RCTs  on the 
efficacy of probiotic therapy in the treatment of IBS were 
published [57-65]. Prior to statistical analysis, a literature search was 
performed with entry criteria specific to the meta-analysis and 
those studies meeting the allocated criteria were selected from 
the body of literature, as required by meta-analysis methodology [82].

As the body of studies published during this period increased, 
it is not surprising that, with each subsequent meta-analysis, 
so did the total number of studies available. However, 
the selection of studies included was not consistent from one 
meta-analysis to another and many studies that were included 
in a meta-analysis were excluded from another. Amongst the 
56 studies that we identified for a recent systematic review [66], 
only a minority were found to be acceptable (Figure 2).

Figure 2. Schematic 
overlap of 56 randomized 
and controlled trials (RCT) 
on probiotics in IBS, 
as they were included or 
excluded into 9 systematic 
reviews and meta-analyses 
published between 2008 
and 2015. Numbers refer 
to the numbers in the 
reference list.
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Despite this heterogeneity across meta-analyses, they all 
converge in their conclusions:

•  «Probiotics may improve symptoms of IBS and can be used as 
supplement to standard therapy» [57].

•  «While our analyses suggest that probiotic use may be associated 
with improvement in IBS symptoms compared to placebo, 
these results should be interpreted with caution given the 
methodological limitations of contributing studies. Probiotics 
warrant further study as a potential therapy for IBS» [58].

•   «Probiotics may have a role in alleviating some of the symptoms 
of IBS; however further research should focus on the type, 
optimal dose of probiotics and the subgroups of patients who 
are likely to benefit the most» [60].

•  «Six of the eight diseases (…irritable bowel syndrome…) 
showed positive significant effects.... Across all diseases and 
probiotic species, positive significant effects of probiotics were 
observed for all age groups, single vs multiple species, and 
treatment lengths» [63].

•  «Probiotics are effective treatments for IBS, although which 
individual species and strains are the most beneficial remains 
unclear» [64].

The reason why these conclusions have been written with 
caution is inherent to the nature of meta-analyses; to provide 
a reliable result, the studies selected for the statistical analyses 
should provide homogeneous data, such as patient inclusion 
and exclusion criteria, measures of primary outcome, treatment 
agent, dosage, population studied, duration of treatment, 
and so on. This implies very strict inclusion and exclusion criteria 
for all studies, and even then, as demonstrated by Figure 2, 
there is no guaranty that all meta-analyses will integrate the 
same combination of studies.

The other reason for why these meta-analyses have not provided 
reliable information is the nature of the probiotics themselves. 
Generally, microorganisms may be beneficial for the host but 
there may be substantial differences between different species, 
and the number of known microorganisms that may have 
beneficial effects has dramatically grown in the past few years, 
due to more cost-effective genetic methods available for species 
identification.

Many of the 56 RCT assessments of probiotics in IBS have used a 
whole range of different probiotics, and sometimes two or more 
strains/species were compared in a single meta-analysis; such 
a comparison would not be easily acceptable in drug studies, 
e.g. it is analogous to comparing antidepressants of different kind 
in a single meta-analysis, without considering their mechanism 
of action. Finally, producers of probiotics have accounted for 
potential differences in single strains by sometimes mixing over 
10 different strains, with different dosages in order to increase 
the likelihood of effectiveness in RCTs.

With all these considerations, we decided to perform a 
systematic review as opposed to a meta-analysis. We chose 
pre-defined criteria for paper selection and reviewed the 
efficacy of probiotics in the management of IBS, without using 
a statistical method. This approach allowed us to integrate not 
only all RCTs that have been included in previous meta-analyses, 
but also those that were not suitable for statistical analyses but 
could provide valuable information on the efficacy of probiotics 
in patients with IBS.

MULTI-STRAIN PREPARATIONS

Half of the selected studies consisted of trials with probiotic 
preparations that contained multiple strains, often from 
different species. The idea behind multi-strain or “multi-species” 
preparations is that probiotic mixtures may provide a better 
chance of survival of exogenous bacteria in the GI tract, but also 
that different microorganisms may develop a synergistic action 
that will enhance the beneficial effect of the preparation for the 
host. Some studies are pursuing this concept and providing 
evidence in favor of multi-species probiotics [83], but to our 
knowledge, there are no placebo-controlled head-to-head trials 
on the efficacy of single- versus multi-strain preparations in IBS.

There is large diversity between trials (Figure 3); most of the 
multi-strain preparations were nutritional supplements from 
various suppliers worldwide and the same product may be 
available in several countries under different brand names, with 
different labels and approved for different indications. While 
some strains, such as Lactobacillus acidophilus, are included 
in almost all preparations, many, if not most of the strains, are 
used exclusively in a few combinations, and are likely to be 
protected by patents. The use of Streptococcus thermophilus 
and L. bulgaricus as starting cultures for yoghurt production is 
noted in some papers, but in the other cases it remains unclear 
whether these strains were included as they were not regarded 
as probiotics until 2014, when the ISAPP consented to label 
them as probiotics by definition [67].

Other aspects of these studies also differ substantially; the 
number of participants ranged between 24 and 186, and 
treatment duration between 7 days to 6 months. Because of 
the lack of a common reporting period, (for example after 4 or 8 
weeks), it is difficult to compare the outcomes of different studies. 
Not all studies reported the dosage of the microorganisms in the 
preparations, and based on the available data, doses differed by 
a factor of almost 1,000.
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In summary we found that 14 of the 27 studies that used multi-
strain preparations reported a negative outcome on overall 
symptoms; however, the treatment occasionally brought relief 
to some of the symptoms such as bloating and satiety. Quality of 
life improved in one study but symptomatic improvement was 
not different from placebo. Thirteen studies reported a positive 
effect on overall symptoms. Although the size of the populations 

used in the various studies has increased over the years, it had 
no apparent effect on outcomes, in fact, more patients were 
included in the studies reporting negative outcomes than in the 
studies with positive outcomes.  The ratio of studies reporting 
positive and negative outcomes indicates that results are rather 
arbitrary and random and it remains inconclusive whether or not 
treatments of IBS using multi-strain probiotics are effective.
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SINGLE-STRAIN PREPARATIONS

Studies using single-strain probiotics are less challenging 
than those using the multi-strain ones when attempting to 
demonstrate efficacy of probiotics in the treatment of IBS 
because they are comparable with traditional drug studies. 
We found 29 papers published between 1989 and 2014 that 
employed single-strain probiotics to modify IBS symptoms 
(Figure 3).

There is a large variability across studies with respect to design 
features; although most studies used a parallel group design, 
four of them were conducted using a cross-over design in which 
patients were included both in treatment and control arms 
consecutively. This is frequently used for motivational purposes, 
since patients are easier to recruit when they are offered 
effective treatment, at least for one period of the trial. However, 
we cannot assume that the data in both periods are equivalent 
and can be compared, as they may be biased by un-blinding and 
conditioning effects [84].

Studies also differ with respect to the treatment duration, which 
ranged from 4 to 12 weeks, and the number of participants, 
which ranged from n=12 to n=362. A small population sample 
leads to a low statistical power, poor reliability of the data, and 
inconclusive evidence. Moreover, the amount of living organisms 
in the preparations varied by a factor of almost 1,000, ranging 
from 1x108 [14] to 8 x 1011 [27].

The most striking differences could be seen when the 
different species used to reduce IBS symptoms were analyzed 
separately. Six studies used L. plantagus of different origin and 
subspecies [3, 5, 6, 26, 40, 49] and since recent studies suggests that 
probiotic effects are strain-specific, it may have significant 
implications, i.e. strains belonging to the same species 
may or may not have different effects on IBS symptoms [85]. 
Other lactobacillus strains were only used in single trials, such as 
L. brevi [39], L. acidophilus [2, 16], L. reuteri [13], L. rhamnosus GG [4], and 
L. casei (CLR35) [38]. A similar picture emerges with bifidobacteria; 
individual trials have used Bifidobacterium bifidum (MIMBb75) 
[28], B. lactis [19], B. animalis [15] and B. infantis [14, 45]. Four studies 
investigated the effect of the yeast Saccharomyces on IBS, 
three used the Saccharomyces boulardi species [27, 29, 55] and the 
other one the S. cerevisiae species [56] but as is the case with lactic 
acid bacteria, it is not possible to recognize if they belong to the 
same strain and thus possess similar qualities. Only one single 
study used the S. faecium strain [1] and two used different E. coli 
strains, E. coli Nissle [37], and E. coli [20].

Collating the conclusions from all studies reveals that 16 of the 
29 studies found negative or at least partly negative outcomes 
for the use of probiotics in the management of IBS. Pooling all 

patients from all studies, regardless of their respective findings, 
the number of patients who reported benefiting from probiotics 
was higher than the number of patients who did not. One study 
which compared a lactobacillus versus a bifidobacterium strain, 
both against placebo,[12] revealed that bifidobacterium was 
effective in relieving IBS symptoms while lactobacillus was not.

Overall, lactobacillus strains do not appear to be effective as 
nine out of 13 studies reported negative outcomes. Conversely, 
bifidobacteria seem to be effective in reducing IBS symptoms, 
with four out of six studies reporting positive results. All four 
studies using Bacillus coagulans had positive outcomes, although 
the size of their study population was small. One or two studies 
reported mixed results that were inconclusive and will require 
independent confirmation whilst all others reported negative 
results altogether (Saccharomyces).

CLINICALLY RELEVANT QUESTIONS 
AND ANSWERS

In the following we will discuss some more general questions 
that may be raised by practicing physicians in primary and 
secondary care.

Q1: Do probiotics help patients with IBS and what effect can 
I expect from a treatment?

As the pathophysiology of IBS remains unknown to a large 
extend, there is no opportunity for a “causal” treatment. Hence, 
the management of symptoms and improvement of patients’ 
quality of life remain the main therapeutic goals. All previous 
meta-analyses, as well as our own data, suggest that some 
probiotics could reduce some symptoms of IBS. Probiotics could 
successfully influence bloating and abdominal pain [10, 19, 41, 56] but 
have a lesser impact on stool frequency and consistency in patients 
with constipation-predominant IBS type, with some studies 
showing positive [15] and others showing negative results [19]. 
The other essential outcome of treatment is improved quality 
of life [15, 27, 55] even when bowel symptoms are not significantly 
influenced.

Q2: Which probiotic should I prescribe, at which dosage, and how 
long should the treatment last?

Although the choice of a particular probiotic and treatment 
protocol is based on clinical efficacy, surveillance and 
colonisation abilities of specific strains should also be taken 
into consideration [86]. While it is not possible to draw a definite 
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conclusion with respect to any of the probiotic multi-strain 
preparations, single-strain agents containing bifidobacteria 
or B. coagulans have shown efficiency in patients with IBS, 
and so did some strains of E. coli. Moreover, bifidobacteria are 
shown to have specific “innate” mechanisms to resist in the 
aggressive environment of the human GI tract [87]. While most 
probiotic strains disappear from the bowel immediately after the 
termination of the treatment, some strains of E. coli were found 
up to 28 weeks after intake and are therefore good candidates 
for long lasting changes [88].

Probiotics that are distributed as drugs, as opposed to nutritional 
supplements, have their recommended dosages and these 
should not be exceeded during treatment. Usually, nutritional 
supplements should not contain less than 1 x 109 microorganisms 
in order to have some beneficial effect. Independently of the 
type of agent, treatment should last for at least 4 weeks to allow 
improvement in quality of life [89], unless clinical complications 
necessitate premature termination of treatment.

Q3: Where and when do probiotics have their role in the 
management of IBS?

Unlike other drug therapies, while there are number of national 
and international guidelines for the management of IBS, none 
provide an algorithm that can be used to determine what is the 
best protocol to follow for the clinical management of IBS [90]. 
Based on their averaged number needed to treat, probiotics 
rank very high when compared with other treatment options [91]. 
From our recent analyses we suggest that probiotics could 
well become the first therapeutic choice for IBS, even before 
conventional drugs such as spasmolytic agents, because of 
their comparatively low side-effect profile.

Two of three studies in our analysis that included constipation-
predominant IBS patients [15, 19, 42] showed improvement in stool 
frequency and consistency, although the evidence for this group 
of patients was weak [89]. Both of them were using bifidobacteria 
as a treatment agent. In the diarrhea-predominant IBS subgroup, 
probiotics did not show promising results regarding stool 
consistency with only three studies (two using B. coagulans) 
reporting some improvement of symptoms.
However, abdominal pain, the predominant IBS complaint from 
patients, was improved in some studies [14, 18, 23, 28]. On the other 
hand, the improvement of patients’ quality of life was evident 
in almost all studies reviewed. Irrespective of the mechanisms 
underlying this change, such as responses to doctors’ attitudes 
and attention, this could be one of the most prominent 
indications for the prescription of probiotics in patients with IBS.

Q4: Are probiotics safe?

Treating chronic disorders, including IBS, can take several 
months or even several years; therefore it is crucial to ensure 
that medication will not induce long-term complications. Most 
probiotic studies reported no adverse events and amongst the 
very few which did, most adverse events were comparable with 
those observed in the control groups and where not believed 
to be drug related. Findings from studies investigating the use 
of probiotics in children with functional bowel pain or IBS also 
provide evidence supporting the long-term safety of probiotic 
treatments. In addition, some trials did not document any 
adverse events even though the dose of probiotic administered 
exceed over 1,000 times the recommended dosage [88].

CONCLUSIONS

In summary, we believe that the therapeutic use of probiotics 
for the treatment of patients with IBS should be individualized 
and tolerable for patients over a long period of time, as a 
minimum course of 4 weeks is required in order to be clinically 
meaningful. Secondly, probiotic species/strains that were shown 
to have an impact on overall IBS symptoms were bifidobacteria, 
B. coagulans, and E. coli, and these should be the preferred 
choice for treatment. Finally, pharmaceutical preparations with 
specific encapsulation of bacteria may offer a better chance of 
survival and enhance probiotic effects as opposed to fermented 
milk-based products. Future studies of probiotics, which follow 
FDA and EMA guidelines and include clinically relevant strains, 
will generate more reliable data. Stronger evidence will then 
be available to inform doctors in their everyday practice and 
patients, as already seen with other GI drugs.

18
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Faecalibacterium prausnitzii strain A2-165 was already known 
for its anti-inflammatory properties and has been shown to 
prevent colitis in a 2,4,6-trinitrobenzenesulfonic acid model. 
Previous studies have found that patients with Crohn’s disease 
and ulcerative colitis have lower fecal counts of F. prausnitzii 
and increased abundance of Proteobacteria. The Proteobacteria 
phylum includes the major pathobiont Escherichia coli, which 
contributes to the disease pathogenesis. The enteric immune 
system has dendritic cells and T cells, which are the major players 
of inflammation in patients with inflammatory bowel disease 
(IBD). Although numerous genetic mutations in patients with 
IBD have been discovered, the exact mechanism of action of 
these genes in IBD is still unknown.

Researchers from the Netherlands, the United Kingdom, 
and France investigated the effect of F. prausnitzii on the 
cells of the immune system and their cytokine secretions. 
The immunomodulatory properties of strain A2-165 were 
compared in vitro with four different F. prausnitzii isolates and 
eight abundant intestinal commensals using human dendritic 
cells and mouse bone marrow-derived dendritic cells (BMDCs). 
Their analysis showed that cytokine responses to F. prausnitzii 
A2-165 were particularly different to others, as it induced a 
high amount of interleukin (IL)-10 in dendritic cells. In order to 
confirm these findings in vivo, a mouse dinitrobenzenesulfonic 

acid (DNBS) model, which simulates a relapsing type of IBD, 
was used. F. prausnitzii A2-165, a high secretor of IL-10, and 
Clostridium hathewayi, a low secretor of IL-10, were given to the 
animals and the Th1-driven inflammatory responses to DNBS 
were investigated. They showed that only the F. prausnitzii strain 
A2-165 triggered an anti-inflammatory response. A mouse 
model of nasal tolerance to ovalbumin showed an increased 
ovalbumin-specific T cell proliferation to F. prausnitzii A2-165. 
Similarly, in vitro BMDCs were stimulated by F. prausnitzii A2-165 
to induce the proliferation of ovalbumin-specific T cells and the 
decrease of interferon (IFN)-γ (+) T cells.

In conclusion, F. prausnitzii A2-165 has the potential to induce 
dendritic cells to secrete IL-10 and promote the differentiation 
of T cells in vitro and in vivo. Reduction of IFN-γ secretions also 
contributes to the anti-inflammatory, colitis-suppressive effect 
of F. prausnitzii in mouse colitis models. This study shows the 
potential for F. prausnitzii A2-165 to act as a probiotic in patients 
with IBD. Finding therapies for IBD and gut microbiota is 
currently a hot topic of research and tremendous progress has 
already been made over the last decade. Therapeutic strategies 
using microbiota modulation is a new frontier and F. prausnitzii 
might be a potential candidate for microbiota modulation in 
patients with IBD.
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Iron deficiency anemia is a debilitating condition in IBD 
and adjustment of iron levels leads to improved quality of 
life. Although, parenteral iron replacement therapy (IRT) is 
considered a safe and practical approach, there are conflicting 
reports about the route of IRT and the effects on patients. IBD is a 
complex disease with many etiological factors. Recent advances 
in genetic microbiology have shown a strong association 
between dysbiosis and the occurrence and progression of 
IBD. Oral iron supplementation has previously been found to 
influence the gut microbiota, affecting the dominant phylum of 
bacteria and sometimes causing dysbiosis. However, there are no 
comparative studies highlighting the differences between oral 
and parenteral IRT on the gut microbiota composition.

In this study, the effects of oral versus parenteral IRT were 
examined in 31 patients with Crohn’s disease (CD), 22 patients 
with ulcerative colitis (UC) and 19 control subjects (non-inflamed; 
NI). After randomization, participants received oral iron sulfate 
(PO) or intravenous iron sucrose (IV) over 3 months. Clinical 
activity index, gut microbiota profiles and metabolic parameters 
were recorded for all patients. A total of 72 participants 
completed the study (36 in each of the PO and IV group), 
including 19 NI patients, and 53 patients with IBD (31 with CD 
and 22 with UC). After intervention, the mean iron saturation 
level in the control group was no different between the PO and 
IV routes. The route of IRT did not affect disease activity based 
on changes in the clinical disease activity indices (modified 
Harvey-Bradshaw Index and Partial Mayo Scoring Index) and 
serum concentrations of C-reactive protein. There was a trend 
towards higher magnitude of improved Short Inflammatory 
Bowel Disease Questionnaire scores in the IBD IV-IRT groups, 
but results did not reach significance. Quality of life was improved 
in patients with CD in the IV-IRT cohort only.

Gut microbiota in patients with IBD were different to what 
had previously been reported. Interestingly, patients with CD 
in the IV-IRT cohort were reported to have the highest inter-
individual differences as characterized by the composition 
of fecal bacterial communities after 3 months of treatment. 
In accordance with many previous trials, Clostridiales species 
were decreased in patients with CD; Clostridiales species are 
thought to play a protective role in CD by regulating T cell 
responses. The transition from a quiescent state to disease 
exacerbation in patients with IBD was shown to be associated 
with alterations of fecal bacterial communities, which supports 
the hypothesis that inflammatory processes in the intestines 
of both patients with UC and patients with CD affect the gut 
microbiota. However, in this study, researchers were unable to 
show an association between clinical flares and IV-IRT-related 
dysbiosis, possibly due to a relatively short follow-up period. 
In conclusion, although clinical endpoints of IV- and PO-IRT did 
not differ, PO-IRT induced dysbiosis in patients with IBD. Further 
large scale trials with longer follow-up periods are needed to 
confirm these findings.

References

 Heida FH, van Zoonen AG, Hulscher JB, Te Kiefte BJ, Wessels R, Kooi EM, et al. 
A necrotizing enterocolitis-associated gut microbiota is present in the meconium: 
results of a prospective study. Clin Infect Dis. 2016 Jan 19 [E-pub ahead of print]. 
pii: ciw016.

 Liu S, da Cunha AP, Rezende RM, Cialic R, Wei Z, Bry L, et al. The Host shapes the 
gut microbiota via fecal microRNA. Cell Host Microbe. 2016;19(1):32–43.

ORAL VERSUS INTRAVENOUS IRON REPLACEMENT THERAPY DISTINCTLY ALTERS THE GUT MICROBIOTA 
AND METABOLOME IN PATIENTS WITH IBD

Lee T, Clavel T, Smirnov K, Schmidt A, Lagkouvardos I, Walker A, et al. Gut. 2016 Feb 4 [E-pub ahead of print]. doi: 10.1136/gutjnl-2015-309940.

Essence From the Literature 



BIOTASCOPE24

Necrotizing enterocolitis (NEC) is a serious inflammatory bowel 
disease with a high mortality rate (20–30%) in preterm neonates. 
Although researchers have found that profound dysbiosis 
is associated with NEC, the timing and pathogenesis of this 
association is not thoroughly understood. Previous studies 
indicated a decreased diversity and increased pathobiont 
colonization (such as Clostridiales species, Klebsiella pneumoniae, 
and Escherichia coli) in patients with NEC. Although the 
association of these gut microbiota alterations is clear, the gap 
between birth and time to NEC development remains a mystery.

Heida and colleagues, investigated the gut microbiota profile 
of preterm infants from birth to the development of NEC. 
A case-control study with a cohort of neonates at high risk for 
NEC (n=11), coded as NTR4153 in the Dutch trial registry, and 
control subjects (n=22) was performed. Every patient with NEC 
was matched with two control subjects for gestational age 
and body weight, according to the availability of samples from 
patients of the same postnatal age as their matched counterpart. 
Fecal samples were collected twice a week from birth until 
the development of NEC, DNA was extracted, and the bacterial 
16S rRNA genes were analyzed on a MiSeq sequencer.

The first fecal samples were collected at a median of 1 day 
(range 0–4) after birth. All of these samples consisted of 
meconium. The last two samples prior to NEC development were 
collected at a median of 5 days (range 2–7) and 2 days (range 
0–4), respectively. In the meconium samples, both Clostridium 
perfringens and Bacteroides dorei were significantly higher in 
patients who developed NEC compared with those who did 
not (p<0.001), whereas the abundance of C. difficile was lower 
in meconium samples from patients who developed NEC. 
Contrary to previous studies, bacterial diversity did not differ 
between groups, possibly because the amount of pathobiont 
species contributed to increased diversity in NEC patients. 
Breast-feeding was a protective factor just before the onset of 
NEC.

This study demonstrates the presence of a NEC-associated gut 
microbiota present in the meconium, that contains C. perfringens 
and B. dorei. Therefore, this study suggests that factors during 
the first days of life, during delivery or even in utero, might affect 
the formation of a NEC-associated microbiota. It is interesting 
to note that both meconium and fetus were considered sterile 
a decade ago. However, it seems that bacterial colonization 
starts earlier than previously thought and recent reports suggest 
that in utero microbiota is associated with preterm delivery. 
This study further supports the hypothesis that not only 
meconium but also the microbiota profile in utero could play 
an important role in the development of NEC. This is the first 
study to show that the characteristics of the meconium and the 
changes in the composition of the gut microbiota in the weeks 
following birth are critical to the development of NEC.

This study has some limitations, including the lack of microbiota 
profiles for the amniotic fluid, maternal stool, and breast milk. 
Further studies that focus on analyzing the microbiome together 
with other confounding factors will provide valuable data and 
further our understanding with regard to characteristics that can 
be used to predict and prevent NEC and the available therapies 
for patients who develop this potentially deadly condition.

A NECROTIZING ENTEROCOLITIS-ASSOCIATED GUT MICROBIOTA IS PRESENT IN THE MECONIUM: 
RESULTS OF A PROSPECTIVE STUDY
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In humans, the gut microbiota is often considered the second 
genome and a virtual organ of the gastrointestinal (GI) system. 
The development of highly sophisticated molecular genetic 
analysis systems has progressively led to the realization that the 
gut microbiota is not only an organ of the GI system but that 
much more complex interactions exist between the immune 
system, neuropsychiatric conditions, carcinogenesis, and so on. 
According to the Human Microbiome Project, the gut microbiota 
is relatively stable from birth to death, and almost all human 
beings possess a core gut microbiome. Many factors affecting 
the gut microbiota have been determined, including diet, gastric 
acidity, antibiotics, proton pump inhibitors, host genetics, 
and the brain-gut axis. However, the exact pathogenesis 
of this cross-talk is still unknown. From studies involving 
reciprocal transplantations of gut microbiotas into different 
hosts, it is known that the recipient’s microenvironment 
influences the composition of the transplanted microbiota so 
that it resembles that of the host. This suggests that the host 
has the capability to selectively keep some of the species of 
microorganisms in their gut environment.

MicroRNAs (miRNAs) are small non-coding RNAs, which 
selectively modify post-transcriptional regulation of gene 
expression. They have been shown to act as disease-modifiers 
in many conditions such as cancer, obesity, nervous system 
disorders, and inflammation. Although many studies have 
focused on serum levels of miRNAs in many conditions, there are 
very few data available on fecal levels of miRNAs.

Liu and colleagues have published a thorough analysis of how 
gut microbiota is shaped by the host. The study shows that 
fecal miRNA-mediated gene regulation affects recipients gut 
microbiota. miRNAs are abundant in mouse and human fecal 
samples and present within extracellular vesicles. The loss of the 
miRNA-processing enzyme Dicer in intestinal epithelial cells (IEC) 
and Hopx-positive cells is the main reason for the presence of 
fecal miRNA . These miRNAs enter bacterial cells and regulate 
their growth by changing the expression of certain genes 
related to bacterial growth. In IEC-miRNA-deficient (Dicer1DIEC) 
mice, the lack of regulation of gut bacterial growth results in 
inflammation; this dysbiosis can be reversed by transplanting 
fecal miRNA from wild-type mice, which attenuates colitis.

In summary, miRNAs in feces regulate gene expression in gut 
bacteria and influence their growth. It is likely, although not 
yet proven, that the same mechanism applies to fungi and 
viruses present in the gut. Even though these miRNAs are clearly 
sensitive to environmental factors such as diet and antibiotics, 
it is likely that the host genetics also affect them substantially. 
This year, another study showed that fucosylation patterns in 
patients with ulcerative colitis determine the gut microbiome. 
Fucosylation is a process implicated in the secretions of blood 
group antigens in the mucosa of the GI tract. These blood 
group receptors also serve as receptors for organisms of the 
gut microbiota to attach selectively. It is now understood 
that the human gut microbiome is mainly shaped by host 
epigenetic factors. A lot still need to be uncovered in order to 
identify the mechanisms underlying microbiome changes in 
specific diseases; however this study is another step forward 
and contributes to gaining a deeper understanding in this area. 
The modulation of the gut microbiota through epigenetics 
might be the next frontier in the treatment of many GI and 
non-GI diseases.

THE HOST SHAPES THE GUT MICROBIOTA VIA FECAL MICRO RNA

Liu S, Pires da Cunha A, Rezende R, Cialic R, Wei Z, Bry L, et al. Cell Host Microbe 2016;19(1):32–43.



BIOTASCOPE26

INTRODUCTION

This year’s United Gastroenterology Week (UEGW) took 
place on October 24th to 28th in Barcelona. Studies of the gut 
microbiota are becoming a prevalent topic among the original 
submissions to the congress, and a total of 55 abstracts 
focusing on gut microbial communities were presented. 
An additional set of 14 original research articles dealt with 
the gastrointestinal (GI) effects of probiotic supplementation. 
This article will briefly summarize data and knowledge gained 
from some of these studies.

The luminal microbiota (LM) and the mucosal-associated 
microbiota (MAM) are two distinct ecosystems and are 
thought to have different metabolic and immunological 
functions. Characterization of bacterial communities was done 
using high throughput pyrosequencing of the 16S rRNA gene 
in fecal and colonic mucosal biopsy samples from 16 patients 
with irritable bowel syndrome (IBS) [1]; biopsies were obtained 
without previous bowel cleansing. As previously shown in 
healthy subjects, differences in abundance of dominant phyla 
were found between the LM and MAM niches: Firmicutes 
(41% vs 28%), Actinobacteria (20% vs 12%) and Proteobacteria 
(11% vs 20%). Interestingly, the LM showed higher species 
diversity and tighter clustering of species than the MAM 
niche, a finding that might suggest robustness of the luminal 
ecosystem. Genera belonging to the Proteobacteria and 
Bacteroidetes phyla were more abundant in the MAM than in 
the LM. This study highlights the need to consider these two 
microbial niches of the GI tract in order to better understand 
the role of the intestinal microbiota in health and disease.

Another study evaluated the differences in the composition 
of the gut microbiota between 15 patients with inflammatory 
bowel disease (IBD), three patients with IBS, four patients 
with diverticular disease (DD) and eight controls [2]. Compared 
with microbiotas from other subjects, the composition of 
the microbiota of patients with IBD differed significantly. 
Proteobacteria were increased in all diseased groups compared 
with the control group, while Actinobacteria were increased 
in IBD and DD groups. The most represented species in IBD 
and DD was Collinsella aerofaciens, whereas Faecalibacterium 
prausnitzii was under-represented in patients with IBD. 
The chao1 score for assessing species diversity was similar 
across control, IBS and DD groups, but was reduced in patients 
with IBD. The authors suggested that a continuous dysbiotic 
spectrum exists in these GI diseases and IBD displays the most 
extreme changes in the composition of the gut microbiota.

Julien Tap and colleagues [3] studied fecal and mucosal 
microbiota in 130 subjects, including 95 patients with IBS 
(ROME III, all subtypes, n=78 severe IBS) and 35 healthy 
controls. Symptoms in patients with IBS were thoroughly 
characterized for severity (IBS-SSS, GSRS). 16S rRNA microbiota 
operational taxonomic unit (OTU)-based data complexity was 
reduced using a machine learning procedure into a ‘‘species-
specific IBS severe signature’’, consisting of 100 bacterial 
OTUs (extracted from a total of 2900 OTUs) linked to IBS 
severity as assessed by IBS-SSS. This IBS severity microbial 
signature was further confirmed in sigmoid mucosal 
microbiota (n=57, AUC=0.80) and with an external validation 
stool set (n=46, AUC=0.68), discriminating patients with 
severe IBS from patients with mild/moderate IBS and healthy 
controls. Using this OTU-based signature, IBS symptom 
severity score was significantly and negatively associated with 
1) exhaled methane, 2) presence of Archaea methanogens 3) 
microbial species richness and 4) enterotypes enriched either 
with Clostridiales or Prevotella species.
In conclusion, the authors provide some evidence suggesting 
that symptom severity in IBS is associated with distinct 
signatures at the fecal microbiota level.

FECAL MICROBIOTA TRANSPLANTATION

In two research articles, Cammarota and colleagues assessed 
the effectiveness of fecal microbiota transplantation (FMT) in 
the treatment of recurrent Clostridium difficile infection (rCDI). 
The first presentation reported the clinical outcomes of a 
group of patients treated with FMT for rCDI in a tertiary care 
center over a period of 2 years [4]. Thirty-five subjects received 
FMT from healthy donors, eight patients received multiple 
infusions, and all procedures were performed by colonoscopy. 
Resolution of rCDI occurred in 33 of the 35 treated patients 
(94%). Klebsiella pneumoniae-related sepsis occurred in one 
patient, and two patients, with concomitant urinary infections, 
presented a transient, self-limiting bacteremia after FMT. 
Two subjects died because of overwhelming rCDI after 
failure of FMT. Eight patients died 6 to 12 months after FMT 
because of comorbidities, mainly cardiovascular disease, 
not relatable to the procedure. In a second study, the same 
investigators considered the need for surgery in rCDI patients 
after the implementation of the FMT program in the center [5]. 
This retrospective study showed that the FMT program was 
associated with a reduction of surgical procedures for rCDI 
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despite an increasing epidemic of the infection. Together, these 
studies highlight the importance of FMT in the management of 
rCDI.

Hale and colleagues [6] examined the gut microbial composi-
tion of 115 patients with non-C. difficile diarrhea and 
compared it with 92 patients with C. difficile infection (CDI) 
and 110 healthy volunteers. Among the patients with 
C. difficile-negative diarrhea, 16 had Crohn’s disease (CD), 
13 had ulcerative colitis (UC), seven had viral gastroenteritis, 
21 had IBS, and 56 had other causes of diarrhea. Gut microbial 
communities from patients with CDI were significantly 
different from healthy volunteers; a subset of patients with 
C. difficile-negative diarrhea (n=54) had markedly altered 
gut microbial communities characterized by lower relative 
abundances of Bacteroidetes and higher relative abundances 
of Proteobacteria. These alterations were in accordance 
with gut microbial changes observed previously in patients 
with CDI and,  interestingly, were associated with clinical risk 
factors commonly linked to the development of CDI, such as 
recent antibiotic use (odds ratio [OR]: 0.24; 95% confidence 
interval [CI] 0.08-0.67), immunosuppression (OR:0.32; 95% CI 
0.13-0.77), current hospitalization (OR:0.21; 95% CI 0.06-0.68), 
recent hospitalization (OR:0.26; 95% CI 0.07-0.83), and prior 
CDI (OR:0.06; 95% CI 0.001-0.43). The remaining C. difficile-
negative patients (n=61) had gut microbial communities that 
resembled those of healthy volunteers. Thus, patients with 
C. difficile-negative diarrhea but clinical risk factors associated 
with CDI exhibit gut microbial alterations similar to those seen 
in CDI. Would those common risk factors be responsible for 
the microbial changes observed in both subsets of patients?

Preliminary results of an open label feasibility trial on FMT in 
patients with mild-moderate UC were presented in poster 
format [5]. Scaldaferri and colleagues enrolled 15 patients with 
active UC (partial Mayo score ≥4 with an endoscopic Mayo 
≥1 with no upper limit on Mayo score). Eight patients received 
three administrations of FMT using 200 CC of fecal slurry from 
a healthy donor proposed by the patient and 7 patients 
received standard therapy. Primary outcome was feasibility 
and safety of FMT. Secondary end points were: clinical 
remission (partial Mayo score ≤2 with no sub score ≥1), clinical 
response (reduction of Mayo score of at least 2 points at week 
2, 6, 12) and endoscopic remission (Mayo score = 0 at week 6). 
From the FMT group, one serious adverse event (kidney stone) 
was reported, and two patients discontinued due to disease 
worsening, whilst in the standard therapy group, one serious 
adverse event (cerebral arterial thrombosis) and one infusion 
reaction were reported and two patients discontinued due to 
disease worsening. At week 2, clinical remission and clinical 
response rate was somehow better for standard therapy 
(14.3% and 57.1%, respectively) than for FMT (25% and 25%).

However, at week 12, response rates were better for FMT 
(37.5% and 50%) than for standard therapy (28.6% and 28.6%). 
FMT appears to be safe and may induce persistent clinical 
responses, but further studies are mandatory to confirm these 
results.

Another study investigated the impact of antibiotic treatment 
before FMT for refractory chronic active UC [7]. Twenty-seven 
patients with chronic active UC were treated with antibiotic 
therapy for 10 days. Subsequently, 17 patients received FMT 
via colonoscopy into the right colon, which was repeated in 
14 days intervals by sigmoidoscopy for a total of 
5 applications. The other 10 patients received antibiotic triple 
therapy only. Results showed that antibiotic treatment led to 
an overall reduction of the Mayo score from 8.4 to 6.8 in all 
patients within 10 days. Moreover, FMT showed an additional 
benefit in the follow-up period of 30 weeks (total Mayo score 
in the FMT group from 9.0 to 4.7 points vs. 7.5 to 6.3 in the 
antibiotic triple therapy group). Adherence to therapy during 
follow up in the antibiotic triple therapy group was lower 
(5/10), due to C. difficile infection (3/10), acute UC flare (1/10) 
and antibiotic-associated diarrhea (1/10), while adherence in 
the FMT group was 100%. At day 90, four patients achieved 
clinical remission (total Mayo score ≤2), and 6 patients had 
a partial response (reduction of total Mayo score ≥3 points) 
in the FMT group, whereas 2 patients had a partial response in 
the antibiotic triple therapy group. Hence, antibiotic treatment 
before FMT may confer a clinical benefit in chronic active UC.

INFLAMMATORY BOWEL DISEASE

CERTIFI was a Phase 2b multicenter, randomized, double-blind, 
placebo controlled clinical trial that assessed the efficacy and 
safety of ustekinumab therapy in subjects with moderately 
to severely active CD who had previously not responded 
to anti-tumor necrosis factor (TNF) therapy [8]. In this study, 
fecal samples from 100 subjects, collected at screening and 
on week 4, week 6, and week 22, were analyzed. The gut 
microbiota was characterized by pronounced interpersonal 
variation both in presence and relative abundance of specific 
bacterial taxa. Baseline CD activity index (CDAI) score was 
significantly associated with the relative abundance of several 
bacteria, including Parabacteroides taxa. Baseline C-reactive 
protein, fecal calprotectin, and lactoferrin concentrations also 
correlated with baseline bacterial abundances of specific taxa. 
Previous response to anti-TNF therapy did not significantly 
correlate with the abundance of any specific bacteria.
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Scaldaferri and colleagues [9] evaluated the gut microbiota 
composition in patients with CD before and after anti-TNF-α 
induction treatment. Reduction of Enterobacteriacae and 
Ruminococcus together with increase in Bacteroidetes and 
F. prausnitzii was associated with clinical response to anti-TNF-α.

Magnusson and colleagues determined antimicrobial 
peptides (AMP) and microbiota profiles in anti-TNF therapy-
naïve patients with UC before treatment and compared this 
data with anti-TNF therapy outcomes [10]. Gene expression 
of 11 AMPs or genes associated with AMP expression were 
analyzed in biopsies. Multivariate data analysis showed that 
responders and non-responders clustered differently when 
studying mRNA levels of the 11 genes. The most important 
nominators for therapy response were increased expression 
of defensin 5 and eosinophil cationic protein, and decreased 
expression of cathelicidin. Microbiota analysis of fecal samples 
(four responders and three non-responders) revealed that 
non-responders tended to have higher dysbiosis indexes 
compared with responders (p=0.097). Also, non-responders 
had low levels of F. prausnitzii while responders showed normal 
levels. These results suggest that response to anti-TNF therapy 
may benefit from a defined antimicrobial defense pattern.

Two poster presentations explored the fungal composition 
of the fecal and mucosal microbiota in patients with IBD. 
Sokol and colleagues [11] studied the bacterial and fungal 
composition of the fecal microbiota of patients with IBD and 
healthy subjects. Among the 235 patients with IBD (106 in 
flare, 129 in remission), 149 patients had CD and 86 had UC. 
The results of the bacterial microbiota analysis were in 
accordance with published data. Beta diversity analysis 
showed that samples clustered according to disease 
activity both for bacterial and fungal microbiota. Fungal 
microbiota in both patients with IBD and healthy subjects 
was dominated by the Basidiomycota and Ascomycota phyla, 
and by the Saccharomyces, Debaryomyces, Penicillium, 
and Candida genera. The fungal gut microbiota was found 
imbalanced in patients with IBD, with an increase in the 
Basidiomycota:Ascomycota ratio and a decreased proportion 
of Saccharomyces and Kluyveromyces compared with healthy 
subjects. Fungal biodiversity was also decreased in patients 
with IBD, particularly in those with colon involvement. 
Authors concluded that the fungal microbiota is imbalanced 
in patients with IBD with a reduced biodiversity and an 
increased Basidiomycota:Ascomycota ratio compared with 
healthy subjects.

Another study by the same group examined the bacterial 
and fungal composition of MAM in 23 patients with CD (16 in 
flare and seven in remission) and in ten healthy subjects [12]. 

Overall, fungi load was significantly increased in patients 
with CD in flare compared with healthy subjects. Dioszegia 
genera and Candida glabrata species were overrepresented 
in CD whereas Leptosphaeria and Trichosporon genera 
were decreased. Saccharomyces cerevisiae and Filobasidium 
uniguttulatum species were associated with non-inflamed 
mucosa whereas Xylariales order was associated with inflamed 
mucosa. This study demonstrated the existence of an altered 
fungal microbiota in patients with CD.

Nystrom and colleagues [13] explored the mucosa-associated 
intestinal microbiome in children with treatment-naïve CD 
before and after receiving exclusive enteral nutrition (EEN). 
Mucosal biopsies from the ileum and the left colon were 
collected from eight children with CD who received EEN. 
All children were in clinical remission at the end of EEN, 
with endoscopic and histologic improvement but not full 
mucosal remission. In all children the mucosa-associated 
intestinal microbiome in both ileum and left colon changed 
radically with an increased overall bacterial diversity and a 
shift in microbiome composition, with decreased abundance 
in bacteroidales and enterobacteriales. The authors concluded 
that EEN could exert its effects by restoring mucosa-associated 
intestinal microbiome in pediatric CD.

CELIAC DISEASE

Marasco and colleagues [14] evaluated the fecal microbiota 
of 21 patients with celiac disease and compared it with 
11 healthy controls; they also compared clinical parameters 
with bacterial levels in patients with celiac disease. The authors 
found a significantly greater abundance of Lactobacillaceae 
(p<0.01) and Streptococcaceae (p<0.02) cluster and a lower 
abundance of the Bacteroides-Prevotella cluster (p<0.01), 
Akkermansia (p<0.01), and Staphylococcaceae (p<0.01) in 
patients with celiac disease compared with healthy controls. 
Diarrhea was directly associated with Clostridium cluster IX 
(p<0.01), Bacillaceae (p=0.03), and of Fusobacterium (p<0.05). 
The presence of abdominal pain was associated with the 
abundance of Bacillaceae (p<0.01) and of Enterobacteriaceae 
(p=0.01). Furthermore, the abundance of Enterobacteriaceae 
was associated with anti-tissue transglutaminase IgA 
antibody levels (p<0.05). The authors concluded that the 
intestinal microbiota of celiac disease patients is different 
from that of healthy controls, with a particular abundance of 
potentially pathogenic species such as Enterobacteriaceae 
and Streptococcaceae, and also a depletion of Akkermansia, 
and a decrease of Bacteroides-Prevotella. Presence of GI 
symptoms was associated with a decrease of ‘healthy’ species 
and an increase in potentially harmful species.
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CHRONIC PANCREATITIS

A study evaluated the gut microbiota in chronic pancreatitis 
(CP) and its association with Type 3c diabetes mellitus (T3cDM) 
and pancreatic exocrine insufficiency (PEI) [15]. Forty participants 
(16 with CP without T3cDM, 14 with CP and T3cDM and 
10 healthy controls) were included and bacterial 16S rRNA was 
sequenced from the fecal samples. Amongst patients with CP, 
Bacteroidetes was higher in those with T3cDM compared with 
those without T3cDM. Faecalibacterium was found to be lower 
in patients with CP with T3cDM. In patients with CP, T3cDM 

and PEI, Bifidobacterium was significantly lower than those 
with T3cDM without PEI. They also found a positive correlation 
between Faecalibacterium, Ruminococcus, and glycemic 
status. Enterotyping was done for patients with CP with and 
without T3cDM. Enterotype 1 (Bacteroidetes predominant) 
was higher in patients with CP without T3cDM whereas 
Enterotype 2 (Prevotella predominant) was higher in CP with 
T3cDM. The authors conclude that PEI could be a contributing 
factor to dysbiosis in patients with both CP and T3cDM.
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INTRODUCTION

The 20th LASPGHAN Congress took place in Lima, the City of 
Kings, capital of Peru, and land of the Incas, from November 
18th to 21st, 2015. There were 649 attendants, 213 of whom 
were Peruvian whilst the remaining attendants came from 
27 different countries, mostly in Central and South America. 
The first day was structured as a pre-congress course aimed 
at general pediatricians. Topics of particular interest such as 
infantile colic, gastrointestinal urgencies, gastroesophageal 
reflux, and food allergies were presented by national and 
international experts. The main topics for this congress were 
hepatology, endoscopy, gastroenterology, and nutrition 
and consisted of a total of 75 sessions, including 5 plenaries. 
These were delivered simultaneously and most received good 
attendance.

For the first time, the European Society for Paediatric 
Gastroenterology, Hepatology and Nutrition (ESPGHAN) and 
the North American Society for Pediatric Gastroenterology, 
Hepatology and Nutrition (NASPGHAN) were invited to 
participate actively during the congress and each led a 
symposium comprising three sessions followed by three 
simultaneous additional sessions with members of LASPGHAN.

 

ESPGHAN SYMPOSIUM

The first session of the ESPGHAN symposium was presented 
by its president, Dr. Raanan Shamir (Israel), and was entitled 
“Can we prevent celiac disease?”.
It examined factors to consider for the prevention of celiac 
disease and suggested a possible role for the intestinal 
microbiota, despite the current lack of evidence. Dr. Loreto 
Hierro (Spain) gave an interesting lecture on the “Transition 
of the hepatic patient and pediatric transplant to the adult 
system”, describing her patients’ experiences and sharing 
her expertise in this field of research. Finally, Dr. Jorge Amil 
(Portugal) gave a seminar on the current clinical state of celiac 
disease in pediatric patients in Europe.

The simultaneous sessions were:
1)   “Introduction of solids (complementary feeding), 

recent evidence, new guidelines” by Ranaan Shamir (Israel) 
and Jorge Palacios (Guatemala),

2)   “Chronic viral hepatitis: therapeutical strategies with new 
drugs” by Loreto Hierro (Spain) and Marcela Galoppo 
(Argentina) and,

3)  “Eosinophilic esophagitis; current concepts”, with the 
participation of Mario Vieira (Brasil) and Jorge Amil (Portugal).

NASPGHAN SYMPOSIUM

The NASPGHAN symposium was entitled “What is new in 
pediatric gastroenterology; news from north of the border”. 
The current president of NASPGHAN, Dr. Carlo Di Lorenzo 
(USA), opened the symposium with the seminar “What is 
new in functional and motility gastrointestinal disorders”. 
He provided some insight into the pediatric gastroenterology 
part of ROME IV classification, scheduled to be published 
shortly. Dr. James Heubi (USA) followed with “What is new in 
liver diseases in children” and highlighted interesting aspects 
of hepatology, drawing attention to metabolic diseases 
that may arise in the future. Finally, Dr. Francisco Sylvester, 
a Peruvian clinician who currently lives in the USA, presented 
a lecture entitled “What is new in inflammatory bowel 
disease in pediatrics”, in which he highlighted the role of the 
microbiota in inflammatory bowel disease and new therapeutic 
strategies.

The aim of the simultaneous sessions was to expose divergent 
opinions from the North and the South of America with regard 
to the clinical approaches taken in the treatment of frequent 
pathologies in pediatric gastroenterology. “Constipation, what 
do we do in the North and what do we do in the South?” was 
presented by Dr. Di Lorenzo and Dr. Mauro Batista (Brazil), 
“Neonatal cholestasis, what do we do in the North and what do 
we do in the South?” was presented by Dr. Heubi and Dr. Mirta 
Ciocca (Argentina) and finally “Chronic diarrhea, what do we do 
in the North and what do we do in the South?” was presented 
by Drs. Sylvester and Fernando Sarmiento (Colombia), 
who emphasized the importance of considering the 
environment and lifestyle of patients with this pathology .
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LASPGHAN WORKING GROUPS

For the first time, the LASPGHAN working groups communica-
ted their findings. Two sessions, attended by many, gave 
the opportunity to members of the four working groups to 
share their results, which included: “Autoimmune hepatitis, 
fulminant hepatitis” by Mirta Ciocca (Argentina), “Eosinophilic 
esophagitis”, by Reinaldo Pierre (Venezuela), “Inflammatory 
bowel disease”, by Mónica González (Chile); and “Infantile 
metabolic syndrome”, by Fernando Sarmiento (Colombia).

ABSTRACTS

A total of 215 abstracts were submitted and, according to 
tradition, ten of the best were chosen to be presented orally 
in two forums, in honor of Horacio Tocalino and Victor Martin 
Campos who founded the Society in 1975. From these, two 
were selected for awards; in the Tocalino Forum, Lucero 
Alvarez, from Chile, won the award for his contribution to 
“Infection by Helicobacter pylori cagA+ and severity of damage 
in duodenal histology in patients with celiac disease”. In the 
Martin Campos Forum, Rosa Lama, from Spain, won the award 
for her contribution to “Multicenter clinical trial in children with 
non-organic failure to thrive: nutritional and inflammatory 
response with a hypercaloric formula with symbiotic and 
DHA&ARA”.

CONCLUSION

Despite the unusually low temperatures in Lima for the time 
of year, the exciting scientific line-up, the cultural diversity 
of attendants, the engaging social activities and, last but not 
least, the world-famous Peruvian gastronomy all contributed 
to a warm, welcoming, and stimulating LASPGHAN Congress 
2015. We look forward to the next LASPGHAN Congress, which 
will take place in Porto, Portugal, in 2017.
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