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Abstract
AIM: To ascertain whether caecal pH is different in pa-
tients with irritable bowel syndrome (IBS), whose pri-
mary symptoms are bloating and distension, to healthy 
controls.

METHODS: Motility and pH data were reviewed from 
16 patients with Rome Ⅲ defined IBS and 16 healthy 
controls, who had undergone a wireless motility cap-
sule (WMC) study using a standardized protocol. Motil-
ity measures were anchored around known anatomical 
landmarks as identified by compartmental pH changes. 
Sixty-minute epochs were used to quantify antral, duo-
denal, ileal, caecal and distal colonic contractility. The 
maximum and minimum pH was measured either side 
of the ileo-caecal junction.

RESULTS: No differences were seen in motility param-

eters, compartmental transit times or maximal ileal pH 
between the two groups. Caecal pH was significantly 
lower in patients compared to controls (5.12 ± 0.05 
vs  6.16 ± 0.15, P  < 0.0001). The ileal:caecal Δchange 
was greater in patients than controls (-2.63 ± 0.08 vs  
-1.42 ± 0.11, P  < 0.0001). There was a significant cor-
relation between caecal pH and right colonic contractil-
ity (r  = 0.54, P  = 0.002).

CONCLUSION: Patients with bloating and distension 
have a lower caecal pH compared to controls. The 
measurement of caecal pH using the WMC provides 
a quantifiable biomarker of fermentation potentially 
identifying those patients that may preferentially ben-
efit from antibiotic or dietary interventions.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Colonic bacterial fermentation has been impli-
cated in the pathogenesis of irritable bowel syndrome. 
Hitherto, the measurement of fermentation in  vivo  in 
humans has been invasive and technically challenging. 
A major by product of colonic bacterial fermentation 
are short chain fatty acids. These short chain fatty ac-
ids act to reduce colonic pH. Herein, we demonstrate 
that the measurement of caecal ph using the wireless 
motility capsule provides a quantifiable biomarker of 
fermentation potentially identifying those patients with 
irritable bowel syndrome that may preferentially ben-
efit from antibiotic or dietary interventions.
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INTRODUCTION
Bloating and distension are both common and vexatious 
symptoms with community-based estimates of  preva-
lence of  19% and 8.9% respectively[1]. Bloating is largely 
regarded as a subjective sensation of  abdominal swelling, 
whereas distension refers to an observable increase in 
abdominal girth[2]. Bloating is associated with a reduction 
in quality of  life, is a cause for healthcare seeking and 
represents a considerable challenge to manage effective-
ly[3,4]. Bloating and distension are common complaints in 
patients with functional gastrointestinal disorders (FGID) 
such as irritable bowel syndrome (IBS) and functional 
dyspepsia[5-7].

The pathophysiological mechanisms that account 
for bloating and distension are poorly understood. They 
have been proposed to include disturbances in the han-
dling of  gas and its elimination from the gastrointestinal 
(GI) tract[8], psychological factors[9], carbohydrate malab-
sorption[10], musculoskeletal abnormalities[11], sensorimo-
tor aberrancies[5], small intestinal bacterial overgrowth 
(SIBO)[12] and alterations within the GI microbiota[13].

The human microbiota is a complex symbiotic eco-
system residing largely in the GI tract. The composition 
and concentration of  the microbiota varies along the 
length of  the GI tract[14]. In humans, the colon receives 
digested material from the small bowel where it is mixed, 
stored and eventually excreted as faeces. The anaerobic 
breakdown of  carbohydrates and protein by bacteria, 
largely occurring within the proximal colon, is through 
a process known as fermentation, the principal products 
of  which are short chain fatty acids (SCFA)[15,16]. The 
direct in vivo measurement of  SCFA concentrations in 
the human proximal colon is technically difficult and 
invasive[17,18]. Given that the degree of  bacterial fermen-
tation is directly proportional to the concentration of  
SCFA, the measurement of  segmental intra-colonic pH 
is an inverse surrogate proxy of  the degree of  fermenta-
tion occurring within that territory[19]. It has been over 
40 years since the stereotypical pH profile of  the GI 
tract was first investigated using radio-telemetric tech-
niques[20]. Upon entering the acidic environment of  the 
stomach there is an immediate fall in pH, followed by a 
sharp rise on exiting the stomach, and a further fall in 
pH some hours later, a fall hypothesized to occur across 
the ileo-caecal junction (ICJ)[21]. Until recently, contro-
versy remained as to the exact location of  this fall in pH, 
as previous methods directed at validating position of  
the capsule within the GI tract were subject to limita-
tions, particularly regarding accurate anatomical localiza-
tion. These concerns were resolved in a study by Zarate 
et al[22], using a dual-scintigraphic technique of  direct GI 
manometric measurements and pH evaluation using a 
wireless motility capsule (WMC), demonstrating that the 
drop in pH did indeed occur across the ICJ. The WMC 
is an ambulatory and relatively non-invasive diagnostic 
technique that continuously samples intraluminal pH, 
temperature and pressure as it traverses the GI tract. As 
changes in GI microbiota and fermentation have been 

linked to the development of  bloating and distension, 
it is not known whether the measurement of  caecal pH 
and the pH gradient across the ICJ, using WMC, offers a 
relatively non-invasive objective surrogate biomarker of  
this process. The WMC also allows examination of  the 
hypothesis that these pH changes influence motility and 
transit parameters. In this retrospective study we aimed 
to address these knowledge gaps.

MATERIALS AND METHODS
Subjects
Sixteen consecutive outpatients, whose chief  complaint 
and indication for the WMC investigation was bloating 
and distension were enrolled in the study between June 
2011 and August 2012. Sixteen healthy age and sex-
matched participants were recruited as controls. All par-
ticipants provided written informed consent to under-
take the investigations and the retrospective analysis of  
data was approved by the local institutional committee 
and East London and The City Research Ethics Com-
mittee (reference no. 07/H0703/77, permission granted 
March 2008).

Patients
All patients underwent a detailed clinical history and 
physical examination. Standard haematological, biochem-
ical, immunological, upper and lower GI endoscopy with 
histology were performed in all patients prior to the 
WMC study by their referring gastroenterologist to rule 
out structural or biochemical causes for their symptoms. 
Patients did not undergo direct small bowel visualisation 
with enteroscopy or wireless capsule endoscopy. Bloating 
and/or distension were the chief  presenting complaint 
in all patients. All patients fulfilled the Rome Ⅲ criteria 
for IBS and had alternating bowel habit, characterized by 
variable stool consistency and frequency[23,24].

Healthy controls
All healthy subjects had a normal bowel habit, defined 
as between three bowel movements a per day and one 
bowel movement every three days, with no symptoms of  
suggestive of  SIBO or a rectal evacuatory disorder. No 
subject had any GI symptoms or history of  metabolic, 
neurogenic, or endocrine disorder known to influence 
GI motor activity. In addition, no subject had undergone 
GI surgery other than appendicectomy and none were 
taking either laxatives or medications known to influence 
GI motility or pH.

Exclusion criteria
The presence of  a positive pregnancy test, “red flag”/alarm 
symptoms (such as weight loss, anaemia or rectal bleed-
ing), a positive microbiological, immunological or histo-
logical investigation suggesting another cause for symp-
toms, recent antibiotic use in the preceding 4 wk, recent 
probiotic use in the last 2 wk, concurrent use of  promo-
tile or acid-suppressing medications, history of  a systemic 

5001 May 7, 2014|Volume 20|Issue 17|WJG|www.wjgnet.com



disorder with known GI manifestations (such as diabetes 
mellitus, connective tissue disorders etc.) and previous GI 
tract surgery were treated as criteria for exclusion. Spe-
cific contraindications to WMC were dysphagia, recent 
abdominal surgery, Crohn’s disease and diverticulitis.

Wireless motility capsule study
All subjects were kept nil-by mouth except for small 
amounts of  water from 9 pm on the before the study. 
Prior to ingestion of  the WMC, all subjects were given 
a test meal (SmartBar, SmartPill Corporation, Buffalo, 
United States), a cereal bar of  known calorific and 
nutritional content (260 kcal, 2% fat, 1 g fibre). The 
WMC was then swallowed with 60 mL of  water. Once 
the communication was established between the WMC 
and data receiver, and the capsule was confirmed to be 
in the stomach (pH < 4), the patient was instructed in 
receiver care and allowed to leave the unit. No further 
meals or drinks were allowed for 6-h post capsule inges-
tion. After this, patients were allowed to eat and drink 
normally. After each bowel movement, the patient was 
instructed to wait for 1-min prior to flushing the toi-
let. Once they had flushed the toilet, they checked the 
data receiver to see if  the signal connection had been 
lost and this confirmed exit of  the capsule. The patient 
would then call the department, be instructed in how 
to turn the receiver off  on return the box for download 
of  the data. Continuous pH and pressure data were 
obtained by using the WMC system (SmartPill, Given 
Imaging Ltd, Yoqneam, Israel). The WMC contains 
sensors for pH, temperature and pressure and which 
are transmitting to a data receiver worn by the subject 
during ambulatory monitoring with data sensed at a 
frequency of  434 MHz. The pH is accurate to within 
± 0.5 units and pressure measurements are accurate to 
± 5 mmHg below 100 mmHg. After completion of  the 
study, data was downloaded from the receiver to a com-
patible computer (Dell, Bracknell, United Kingdom) 
via a USB docking station and was analysed using semi-
automated pressure analysis software (MotiliGI; Given 
Imaging Ltd, Yoqneam, Israel).

Compartmental transit times
The position of  the various physiological landmarks 
within the GI tract, were determined from the physi-
ological traces by two independent experienced investi-
gators (Scott SM, Hobson AR) thus identifying gastric 
emptying, exit from the ileum into the right colon and 
excretion of  the capsule. Disagreement regarding land-
mark locations was resolved by further review. The re-
gional transit times were defined according to method 
proposed by Sarosiek et al[25] and anchored around ste-
reotypical pH changes. Briefly, gastric emptying time 
(GET) was defined as the time between the ingestion of  
capsule and a sharp abrupt, pH rise (> 3 pH units) from 
gastric baseline to a pH > 4.0, marking the passage of  
the capsule from the acidic antrum to the relative alka-
line environment of  the duodenum. Small bowel transit 
time (SBTT) was defined as the time from which the 

WMC left the stomach until it arrived at the cecum as 
denoted by a pH drop of  at least 1 pH unit, observed at 
least 30 min after GET and persisting for a minimum of  
10 min. Colonic transit time (CTT) was defined as the 
elapsed time from the WMC accession at the ICJ until 
the capsule’s exit from the body. The exit of  the capsule 
from the body was determined either by an abrupt ces-
sation data being recorded in conjunction with a subject’
s report of  passing the capsule coinciding with a bowel 
movement entry in the subject’s activity diary or an 
abrupt drop in temperature as the WMC exits the body. 
Thus, whole gut transit time (WGTT) was defined as the 
time from ingestion to excretion of  the WMC.

Motility measures
In addition to measuring transit times, the WMC also 
measures intraluminal pressure across the GI tract there-
by measuring frequency of  contractions and amplitude 
of  contractions. Motility measures are presented as area 
under the curve (AUC), anchored around the pH land-
marks. Sixty-minute epochs were used to quantify antral, 
duodenal, ileal, caecal and distal colonic motility.

Caecal pH, magnitude of pH drop across the ileocaecal 
valve and caecal contractility
Caecal pH was defined as the fall in pH from the stable 
ileal peak to its nadir value as the WMC passed from 
the ileum into the cecum, as per the method defined by 
Zarate et al[22]. The Δchange was derived from the cae-
cal nadir to the stable ileal peak. Caecal contractility was 
derived from the AUC for 1-h post passage through the 
ICJ, see Figure 1.

Statistical analysis
Data distribution was analysed using the D’Agostino-
Pearson omnibus K2 normality test[26]. Results of  quanti-
tative data are presented either as median with interquar-
tile ranges, for non-normally distributed data, or mean ± 
standard deviation (SD) and range for parametric data. 
Categorical data were summarised as the percentage of  
the group total. For quantitative data, differences be-
tween the groups were assessed using the Student’s t-test. 
Correlational analyses were performed using Pearson’s 
correlation. Two-tailed tests were used throughout. P < 
0.05 was adopted as the statistical criterion. All analyses 
were performed using proprietary software (GraphPad 
Prism 5, CA, United States).

RESULTS
Participant characteristics
Sixteen female patients (median age 31 years, range 
24-52 years) and 16 age, sex matched healthy controls 
(median age 38.5 years, range 21-74) completed the 
study.

Compartmental transit times
There were no appreciable differences in GET, SBTT, 
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Table 2  A comparison of the regional motility pattern, giv-
en by areas under the curve, between patients and healthy 
controls

Table 1  A comparison of the regional transit times between 
patients and healthy controls

CTT or WGTT between patients and controls, see 
Table 1.

Motility comparisons
There were no appreciable differences in antral, duode-
nal, ileal, caecal and colonic motility between patients 
and controls, see Table 2.

Regional pH comparisons
There were no appreciable differences in ileal pH be-
tween patients and controls, 7.7 ± 0.1 vs 7.6 ± 0.1, P 
= 0.17. However, caecal pH was significantly lower in 
patients in comparison to controls, 5.12 ± 0.05 vs 6.16 ± 
0.15, P < 0.0001.

Δchange ileo-caecal:caecal pH and relationship of 
caecal pH to caecal contractility
Δ%change ileo-caecal:caecal pH was significantly higher 
in patients compared to controls (-33.8% ± 0.84 vs -18.7 
± 1.5, P < 0.0001), see Figure 2. For the whole cohort, 
there was a moderate correlation between caecal pH 
and right colonic contractility (r = 0.54, P = 0.002), see 
Figure 3.

DISCUSSION
In this study, we have demonstrated that patients with 
lower abdominal symptoms typically associated with, 
but not limited to, conditions such as IBS, have a sig-
nificantly lower caecal pH compared to controls. This 
relatively acidic environment is maintained by fermenta-
tion and subsequent SCFA production. In addition, we 
have observed that excessive fermentation in the cecum 
is correlated with a reduction in caecal contractility.

The measurement of  bacterial fermentation products 
demonstrate marked regional differences in their produc-
tion across the colon such that SCFA concentrations are 
greatest in the caecum (127 mmol/L) falling progressively 
in the transverse (117 mmol/L) and distal colon (90 mmol/
L)[17]. These differences in SCFA concentration indicate 
that fermentation occurs maximally within the right colon, 
presumably where concentrations of  the substrate, arriv-
ing from the small bowel, are at their highest[27]. Studies in 
IBS patients, in which bloating and distension are preva-
lent symptoms, have demonstrated alterations in colonic 
fermentation[28,29]. Mortensen et al[28] observed that SCFA 
concentrations are increased in diarrhoea predominant-
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Figure 1  A typical wireless motility capsule trace demonstrating temperature (blue line), pH (green line) and contractility (red line) across the ileo-caecal 
junction. The pH drop was defined as the difference between the stable ileal pH and the caecal pH nadir. ICJ: Ileo-caecal junction.

Transit time Patients Controls P  value

(min) (mean ± SD) (mean ± SD)
GET 290 ± 76 306 ± 55.9 0.86
SBTT    305 ± 14.5 270 ± 25.9 0.24
CTT    1443 ± 192.8 1861 ± 263.7 0.21
WGTT 2039 ± 202 2437 ± 279.4 0.26

GET: Gastric emptying time; SBTT: Small bowel transit time; CTT: Colonic 
transit time; WGTT: Whole gut transit time.

Motility Patients Controls P  value

(AUC) (mean ± SD) (mean ± SD)
Antral    3590 ± 708.3      4710 ± 850.1 0.32
Duodenal 3909 ± 919     6000 ± 1310 0.20
Ileal 13414 ± 2203   12679 ± 2131 0.81
Cecal    4071 ± 531.2   5176 ± 878 0.29
Recto-sigmoid 20504 ± 4583 11894 ± 215 0.09

AUC: Areas under the curve.
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IBS (IBS-D) and decreased in constipation predominant 
IBS (IBS-C) although Treem and colleagues reported 
conflicting results in IBS-C[29]. These observations have 
engendered the application of  a diverse array of  sophis-
ticated molecular and culture independent approaches 
to the evaluation of  the GI microbiota in FGID. For 
instance, Tana et al[30] determined SCFA concentrations 
using high-performance gas chromatography, and found 
that IBS patients had significantly higher concentrations, 
which were associated with increased GI symptoms and 
quality of  life burden. A recent important study by Jef-
fery et al[31] performed a detailed pyrosequencing analysis 
of  faecal microbiota composition and demonstrated two 
species specific subtypes of  IBS, independent of  symp-
tom based classification derived from the Rome Ⅲ cri-
teria. The first of  these showed a microbial composition 
similar to normal whereas the second was characterized 
by an increase in Firmicutes-associated taxa in association 
with a relative depletion of  Bacteroides-related taxa. The 
implication of  this data is that in future GI microbial 
enterotyping may facilitate stratifications of  IBS sub-
populations. However, at the present time such methods 
have limited practicality as a routine clinical biomarker as 
they are resource and labour intensive[32]. However, given 
that a raised Firmicutes:Bacteroides has been positively cor-
related with increased concentrations of  SCFA in a pre-
clinical human model[33], an alluring speculation is that 
the measurement of  caecal pH, using the WMC, may 
provide an attractive, readily available, surrogate marker 

obviating many of  the limitations of  the current micro-
bial enterotyping techniques whilst also assessing for 
motility disorders.

Another potential application of  measuring fermen-
tation by caecal pH may enable the early identification 
of  patients in whom a particular treatment may be more 
efficacious, particularly given recent laudable progress in 
therapeutic interventions. Nevertheless, given the het-
erogeneous nature of  FGID populations, it is not sur-
prising that the degree of  therapeutic gain conferred by 
these advances is somewhat variable. In this respect, two 
areas where considerable furtherance has been made are 
those of  non-absorbable antibiotics and dietary modi-
fications. Firstly, Pimentel et al[34] reported the pooled 
results of  two phase 3, double-blind, placebo-controlled 
trials comparing adequate global relief  of  symptoms and 
bloating in IBS patients without constipation who were 
randomly assigned to received either rifaximin, a mini-
mally absorbed oral broad spectrum antimicrobial agent, 
or placebo. Patients treated with rifaximin had a signifi-
cant reduction in global symptoms of  IBS and it can be 
derived that at 3 mo the numbers needed to treat (NNT) 
weekly bloating symptoms is approximately 10. Sec-
ondly, the quantity of  poorly absorbed short chain car-
bohydrates, which exert an intraluminal osmotic effect 
and are rapidly fermented by bacteria, entering the colon 
can be modified by dietary restriction[35]. Collectively 
these short chain carbohydrates are known as ferment-
able oligosaccharides, disaccharides, monosaccharides 
and polyols (FODMAPs) and reducing their intake has 
proven successful in reducing bloating and abdominal 
pain in IBS patients, with an approximate NNT with 
respect to the former of  3[36]. However, these novel and 
emerging interventions are notwithstanding concerns 
regarding implications for healthcare expenditure, short 
and long-term safety and patient compliance[35,37,38]. The 
absolute practical utility of  caecal pH measurement as a 
marker of  fermentation remains to be fully determined 
but it may facilitate the identification of  FGID patients 
who may preferentially benefit from antibiotic or dietary 
interventions.

In humans, 90%-95% of  SCFA are composed of  
acetate, propionate and butyrate and are plurifunctional 
through their contribution to the maintenance of  mucosal 
integrity[39], stimulation of  salt and water absorption[40], 
regulation of  colonic mucosal blood flow[18] as well as 
having anti-carcinogenic[41] and immuno-modulatory 
properties[42]. Moreover, SCFAs may also act as intra-
luminal chemical stimuli modifying GI motility but 
whether these effects are stimulatory or inhibitory is 
unclear and varies according to different experimental 
paradigms, species and the region of  the GI tract being 
considered[43]. In humans, intra-colonic SCFA infusion 
has not been shown to influence motility although it 
is plausible to suggest that the infusion concentrations 
used were insufficient to activate any putative senso-
rimotor mechanisms[44]. Our results demonstrate, in an 
ambulatory relatively physiological setting, a correlation 
between pH and caecal contractility. Therefore in this 
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situation it is possible that heightened fermentation in 
the cecum with associated with elevated concentrations 
of  SCFA, inhibit proximal colonic motor activity poten-
tially leading to a degree of  stasis, or “caecoparesis.” In 
an animal model, Dass et al[43] investigated the hypothesis 
that SCFA may modulate colonic motility through the 
G protein-coupled receptors. Interestingly they demon-
strated that SCFA enhanced neuronally mediated con-
tractions of  rat distal colon yet increased the frequency 
of  peristaltic contractions in guinea-pig terminal ileum. 
These data therefore suggest differential regional actions 
of  SCFA such that there is inhibition of  motility in the 
right colon followed by a pro-motility effect in the more 
distal colon. Combined with increased fermentation in 
the cecum leading to distension, caecoparesis may be the 
long sort after alteration in motor function which differ-
entiates IBS patients from healthy subjects and explains 
why IBS preferentially experience pain in the right colon 
and upper abdomen in response to balloon distension[45]. 
Whilst we were unable to accurately assess segmental co-
lonic transit times using the WMC (due to technical limi-
tations discussed earlier), further studies with techniques 
such as MRI may help to prove this concept further.

The role of  SCFA in modulating visceral perception 
and nociception has been afforded considerable interest. 
Whilst several investigators have examined the effect of  
intra-colonic instillation of  butyrate, results are conflict-
ing. Bourdu et al[46] showed that the administration of  
butyrate enemas in a rat model caused a sustained, dose-
dependent increase in sensitivity to colorectal distension, 
in the absence of  demonstrable microscopic or histolog-
ical abnormality in the colonic mucosa, closely mimick-
ing what is seen in a proportion of  IBS patients. In stud-
ies of  healthy human volunteers the converse effect has 
been demonstrated where the administration of  butyrate 
rectal enemas, at physiologically relevant concentrations, 
caused a dose-dependent decrease in rectal sensitiv-
ity[47]. However, a pertinent fundamental limitation of  
this type of  study remains as to whether distal colonic 
administration of  SCFA, even in physiologically relevant 
concentrations, alters the composition in the proximal 
colon where SCFA concentration is at its highest as ret-
rograde colonic spread of  rectal enemas is irregular and 
formulation dependent[48]. Whether these data, derived 
from a small group of  healthy volunteers, are applicable 
to larger cohorts of  community-based patients with a 
FGID currently is uncertain.

This study is not without significant limitations. 
Firstly, we did not actively screen for diabetes mellitus, 
thyroid dysfunction or smoking through HbA1c, thyroid 
stimulating hormone or serum cotinine respectively. Sec-
ondly, the control group was marginally older, although 
this difference did not reach statistical significance. 
Thirdly, this was an unselected sample, SIBO not ac-
tively screened for and being a retrospective analysis. In 
addition, our findings were unexpected. A further valid 
criticism is the lack of  dietary control but as all subjects 
had fasted for at least 12 h prior to the study, and sub-
sequently for a further 6 h after the standardized test 

meal, by the time the WMC capsule reached the cecum, 
it is improbable, although not impossible, that further 
intake could influence GI microbiota, fermentation and 
thus caecal pH[49]. Nevertheless, whilst further validation 
needed, the overall concept presented herein plausible 
concept in IBS/functional bloating.

In conclusion the measurement of  caecal pH using 
the WMC provides a quantifiable biomarker of  fermen-
tation. In future, this may be used to sub-classify patients 
with a broad spectrum of  FGID and identify those that 
may benefit most from antibiotic and dietary interven-
tions providing novel insights into the pathophysiology 
of  lower GI symptoms and mechanism of  actions of  
novel treatments.
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Background
Irritable bowel syndrome is a common disorder of gastrointestinal function 
whose pathophysiology is incompletely understood.
Research frontiers
There is an increasing body of evidence to suggest that the gastrointestinal 
microbiota play a significant role in the genesis of symptoms in irritable bowel 
syndrome. Within the colon, the microbiota ferments a number of substrates 
whose main by products are short chain fatty acids. To date, the measurement 
of short chain fatty acids in humans has been invasive and technically difficult.
Innovations and breakthroughs
In this study, authors have utilised wireless motility capsule technology to mea-
sure the pH as it traverses the gastrointestinal tract. They have demonstrated 
that patients with lower abdominal symptoms typically associated with, but not 
limited to, conditions such as irritable bowel syndrome, have a significantly 
lower caecal pH compared to controls. This relatively acidic environment is 
maintained by fermentation and subsequent short chain fatty acid production. In 
addition, they have observed that excessive fermentation in the cecum is cor-
related with a reduction in caecal contractility.
Applications
By using such methodology, it may be possible to stratify patients with irritable 
bowel syndrome in based on their caecal pH. For instance, patients with a low 
caecal pH, thereby suggesting heightened fermentation and thus bacterial load, 
may preferentially benefit from antibiotic and “substrate lowering” dietary inter-
ventions.
Terminology
The gastrointestinal microbiota is a complex symbiotic ecosystem, whose inter-
actions with the host are complex and largely remain to be fully characterized. 
This microbiota, in the right colon, ferment substrate arriving from the proximal 
gastrointestinal tract whose end products are short chain fatty acids.
Peer review
It is an interesting and innovative paper of great clinical impact.
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