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Abstract
Background: Butyrate	 has	 shown	 anti-inflammatory	 and	 regenerative	 properties,	
providing symptomatic relief when orally supplemented in patients suffering from 
various colonic diseases. We investigated the effect of a colonic-delivery formulation 
of butyrate on the fecal microbiota of patients with inflammatory bowel diseases 
(IBDs).
Methods: In	this	double-blind,	placebo-controlled,	pilot	study,	49	IBD	patients	(n	=	19	
Crohn's	disease,	CD	and	n	=	30	ulcerative	colitis,	UC)	were	randomized	to	oral	ad-
ministration	of	microencapsulated-sodium-butyrate	(BLM)	or	placebo	for	2	months,	
in addition to conventional therapy. Eighteen healthy volunteers (HVs) were recruited 
to provide a healthy microbiota model of the local people. Fecal microbiota from 
stool	samples	was	assessed	by	16S	sequencing.	Clinical	disease	activity	and	quality	
of	life	(QoL)	were	evaluated	before	and	after	treatment.
Key Results: At	baseline,	HVs	showed	a	different	microbiota	composition	compared	
with IBD patients. Sodium-butyrate altered the gut microbiota of IBD patients by 
increasing	bacteria	able	to	produce	SCFA	in	UC	patients	(Lachnospiraceae spp.) and 
the butyrogenic colonic bacteria in CD patients (Butyricicoccus).	In	UC	patients,	QoL	
was positively affected by treatment.
Conclusions and Inferences: Sodium-butyrate supplementation increases the growth 
of	bacteria	able	to	produce	SCFA	with	potentially	anti-inflammatory	action.	The	clini-
cal impact of this finding requires further investigation.

K E Y W O R D S
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1  | INTRODUC TION

Inflammatory	bowel	diseases	(IBDs),	including	Crohn's	disease	(CD)	
and	ulcerative	 colitis	 (UC),	 are	 a	group	of	heterogeneous,	 chronic,	
and inflammatory disorders characterized by a deregulated mucosal 
immune response to commensal gut flora in genetically susceptible 
individuals	exposed	to	environmental	risk	factors.	Recently,	thanks	
to	 the	 advancements	 of	 microbiota	 characterization,	 the	 role	 of	
dysbiosis	in	IBD	pathogenesis	has	been	emphasized,	with	different	
studies showing a reduction in α- and β-diversity.1,2

Short-chain	fatty	acids	(SCFA)	represent	the	final	product	of	sac-
charolytic fermentation of complex and non-digestible polysaccha-
rides by anaerobic bacteria.3	The	main	SCFA	are	acetate,	propionate,	
and	butyrate,	which	are	present	in	the	human	intestine	and	depend	
on	diet,	site	of	fermentation,	and	composition	of	the	intestinal	mi-
crobiota.	 Moreover,	 through	 a	 mechanism	 called	 cross-feeding,4 
some	bacteria	can	convert	the	various	SCFA	between	them.	In	fecal	
and	mucosal	samples	from	IBD	patients,	a	decrease	in	butyrogenic	
colonic	bacteria	has	been	found,	in	particular	for	some	bacteria	in-
cluded	in	the	XIVa	and	IV	clusters,	such	as	Faecalibacterium prausnit-
zii in CD and Roseburia hominis	in	UC.5,6

Butyrate is important for intestinal health. In addition to regu-
lating	motility,	 pH	 and	blood	 flow	 in	 the	 colon	 and	 improving	 the	
function	 of	 mucosal	 and	 epithelial	 intestinal	 barrier.	 Moreover,	 it	
has	 antioxidant,	 antineoplastic,	 anti-inflammatory,7 and antimi-
crobial8 properties and represents an important energy source for 
colonocytes.	Butyrate	can	be	synthesized	from	butyryl-CoA	by	two	
different	 enzymes:	 butyrate	 kinase	 and	butyryl-CoA:acetate	CoA-
transferase	 [BCoAT],	 the	 latter	 being	 predominant	 in	 the	 human	
colonic ecosystem.9	 BCoAT	 gene	 content	 has	 been	 shown	 to	 be	
significantly lower in CD subjects compared with healthy controls 
and	UC,	 suggesting	a	genetic	microbial	 inability	 to	produce	butyr-
ate in CD subjects.2	For	this	reason,	butyrate	has	been	employed	in	
some randomized clinical trials and interventional studies to prove 
its	effectiveness	 in	relieving	symptoms,	especially	 in	diseases	with	
underlying inflammation.10	However,	data	from	these	studies	did	not	
provide	conclusive	results	due	to	several	drawbacks	(ie,	small	sample	
size,	lack	of	randomization,	unclear	enrolment	criteria,	different	end-
points,	choice	of	administration	route,	and	difficulties	of	providing	
adequate concentrations of butyrate in the colon).11-21	Indeed,	in	the	
past,	butyrate	has	been	administered	in	the	form	of	enemas	in	UC,19 
and	in	the	form	of	oral	tablets	in	CD,13 with low diffusion capacity 
into	 the	 intestinal	 surface.	Moreover,	data	on	the	effectiveness	of	
Butyrate on gut microbiota are lacking.

Recently,	 a	 new	 butyrate	 oral	 formulation	 (ButyroseR	 Lsc	
Microcaps-BLM)	has	been	developed.	Here,	butyrate	is	contained	in	
a lipophilic microcapsule that provides extensive capacity for intes-
tinal diffusion and facilitates slow release of the active ingredient. 
This allows subsequent absorption even in the distal portion of the 
colon.22	We	decided	to	perform	a	pilot,	monocentric,	prospective,	
and randomized placebo-controlled study to evaluate the modula-
tion of the gut microbial composition after butyrate treatment in 
a	group	of	IBD	patients.	As	secondary	aim,	the	potential	effect	on	

clinical	activity,	fecal	calprotectin	(FC)	levels,	and	quality	of	life	was	
also investigated.

2  | MATERIAL S AND METHODS

2.1 | Intervention compound

A	 new	 oral	 formulation	 of	 sodium-butyrate	 (Butyrose®	 Lsc	
Microcaps-EP2352386B1,	BLM,	Sila	Srl),	at	the	dose	of	3	capsules/d	
(1800	mg/d),	was	administered,	during	the	main	meals,	in	consecu-
tive	 IBD	 patients,	 for	 60	 days.	 At	 the	 same	 time,	 a	 control	 group	
received	three	starch	capsules	with	similar	color,	flavor,	and	size.

2.2 | Ethical statement

A	 pilot,	 monocentric,	 placebo-controlled	 randomized	 study	 was	
conducted in accordance with the declaration of Helsinki at the 
University	of	Padua	 from	May	2017	 to	May	2018.	The	 study	was	
approved by the Regional Ethical Committee for Clinical Trials (n. 
4049/AO/17).	Written	informed	consent	was	obtained	from	all	eligi-
ble participants before participation.

2.3 | Subjects and samples

Consecutive	patients,	aged	>18	years,	with	histologically	confirmed	
diagnosis	of	CD	or	UC	in	the	last	6	months	and	undergoing	follow-
up colonoscopy were eligible for the study. The exclusion criteria 
were (a) prior proctocolectomy; (b) presence of IBD extraintestinal 
manifestation;	(c)	treatment	with	antibiotics	in	the	last	60	days;	(d)	
extensive surgical resection; and (e) presence of stoma. The study 
coordinator generated the allocation sequence and enrolled the par-
ticipants.	A	nurse	not	involved	in	the	study	assigned	participants	to	

Key Points

• Butyrate is important for intestinal health showing anti-
inflammatory and regenerative properties. We evalu-
ated the effect of a sodium-butyrate-microencapsulated 
oral formulation on the gut microbiota of IBD patients.

• Our study showed for the first time that butyrate admin-
istration seems to promote the growth of bacteria able 
to increase the production of butyrate.

•	 Exogenous	 butyrate	 can	 modulate	 the	 gut	 bacteria,	
stimulating	the	growth	of	butyrogenic	and	SCFA	genera,	
which in turn may produce more endogenous butyrate 
for the restoration of intestinal homeostasis.
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interventions. Enrolled patients who accepted to participate were 
randomized	 in	a	1:1	 ratio	 to	 receive	either	butyrose	 (BLM)	or	pla-
cebo	 (PBO),	 3	 capsules/d,	 for	 60	 days.	 Allocation	 was	 concealed,	
and all the analysis as well as the clinical and microbiota assessment 
has been blindly performed to the condition of the patients and to 
the therapy/placebo assumed. Disease activity was determined by 
endoscopy,	 clinical	 scores,	 and	 fecal	 calprotectin	 (FC)	 levels.	 The	
FC	analysis	 is	 routinely	performed	 in	 IBD	patients,	 and	 the	 cutoff	
referred to the literature.23,24 Clinical and endoscopic activity was 
scored	according	to	the	full	Mayo	score	for	UC25 and the Harvey-
Bradshaw index for CD26 with the Simple Endoscopic Score for 
Crohn's Disease (SES-CD) for CD.27 The localization of the disease 
was	 scored	 according	 to	 Montreal	 classification.28 During endos-
copy	biopsies	were	obtained	according	to	current	guidelines.	All	pa-
tients provided clinical and demographic information and completed 
the IBDQ questionnaire29 at study entry and at the end of follow-up 
visit	(after	60	days).	We	collected	stool	samples	from	all	study	par-
ticipants	to	analyze	the	microbiota	profile	and	FC	levels,	at	baseline	
and	after	study	treatment	(after	60	days).	During	the	study,	patients	
were	asked	to	continue	their	current	therapy	and	diet,	and	any	varia-
tion made according to physician judgment on the day of endoscopy 
was	recorded.	All	the	data	were	collected	and	located	in	a	password-
protected file. Eighteen healthy volunteers (HVs) were recruited to 
provide a healthy microbiota model of the local people.30 They were 
asked to provide a single stool sample for fecal microbiota and FC 
analysis.

2.4 | Illumina 16S library construction

The stool samples were solubilized and stabilized by degrada-
tion	 in	 Xpedition	 Buffer	 (Zymo	 Research)	 and	 stored	 at	 −20°C	
until	 the	 analysis.	 Sequencing	 protocol	 was	 performed	 at	 BMR	
Genomics	 srl.	Briefly:	V3–V4	 regions	of	16S	 rRNA	gene	were	am-
plified	 using	 the	primers	Pro341F:	 5′-CCTACGGGNBGCASCAG-3′	
and	 Pro805R:	 Rev	 5′-GACTACNVGGGTATCTAATCC-3′.31 Primers 
were	 modified	 with	 forward	 overhang:	 5′-TCGTCGGCAGC 
GTCAGATGTGTATAAGAGACAG	 [locus-specific	 sequence]-3′	 and	
with	 reverse	 overhang:	 5′-GTCTCGTGGGCTCGGAGATGTGTA 
TAAGAGACAG	 [locus-specific	 sequence]-3′	 necessary	 for	 dual-in-
dex	library	preparation,	following	Illumina	protocol	https://web.uri.
edu/gsc/files	/16s-metag	enomi	c-libra	ry-prep-guide	-15044	223-b.
pdf.	 Samples	were	normalized,	 pooled,	 and	 run	on	 Illumina	MiSeq	
with 2 × 300 bp approach.

2.5 | Bioinformatics analyses

The	fastq	sequences	were	analyzed	using	DADA2,32 a new tool that 
implements an error correction model and allows to identify exact 
sample sequences that differ as little as a single nucleotide. The 
final	output	of	DADA2	is	an	amplicon	sequence	variant	(ASV)	table	
which records the number of times each exact amplicon sequence 

variant	was	observed	in	each	sample.	DADA2	was	run	as	described	
in	 DADA2	 Pipeline	 https://benjj	neb.github.io/dada2	/tutor	ial.html	
using the default parameters. In order to improve the overall quality 
of	the	sequences,	the	reads	were	filtered	and	trimmed	using	the	fil-
terAndTrim	function	implemented	in	DADA2.	To	remove	low-quality	
bases	at	the	end	of	the	reads,	the	truncLen	option	was	set	to	280	and	
220	for	the	forward	and	reverse	fastq	files,	respectively.	Moreover,	
to	remove	the	adapter	sequences	at	the	5′	end	the	trimLeft	option	
was	set	to	17	and	21	(forward	and	reverse	reads,	respectively).	The	
taxonomic assignment was performed using the naïve Bayesian clas-
sifier	method	implemented	in	DADA2	using	as	reference	the	SILVA33 
database.	A	phylogenetic	tree	of	the	ASVs	was	obtained	using	the	
function	AlignSeq	implemented	in	DEPHER34 package to create the 
multiple sequence alignment and the R library phargon to create the 
final tree.

In	order	 to	 remove	artifact	and	very	 lowly	abundant	ASVs,	we	
filtered	 all	 the	ASVs	 that	were	not	 assigned	 to	 a	phylum	and	 that	
have an abundance lower than 0.005 and present in less than two 
samples.

2.6 | Microbial community complexity and 
diversity analysis

The α-diversity measures the complexity of a community within a 
sample. Several α-diversity	 indexes	 have	 been	 calculated	 (Chao1,	
Shannon,	 Simpson,	 and	 Fisher),	 and	Wilcoxon-Mann-Whitney	 test	
was used to compare the species richness between groups stratified 
by	disease	(healthy,	CD,	and	UC)	and	treatment	(controls,	butyrate	
treated,	and	placebo	treated).

A	 Permutational	 analysis	 of	 variance	 (PERMANOVA)	 was	 per-
formed in order to explore the contribution of several variables to 
microbial composition (β-diversity) such as the condition of disease 
or	healthy	population	(IBD	or	healthy),	the	disease	(CD	or	UC),	the	
gender,	or	the	treatment	(butyrose	or	placebo).	In	a	PERMANOVA,	
the different covariates of interest are tested sequentially into a re-
gression model and through a permutational approach the analyses 
measure the contribution of each variable to explain the samples 
distribution.	A	 low	P-value (P < .05) indicates that the considered 
variable significantly impacts on the microbial community.

2.7 | Statistical data analysis

Clinical variables between treatment and control groups were tested 
using	Mann-Whitney	 test	 for	 numerical	 data	 and	 chi-squared	 test	
for	categorical	data.	When	comparing	clinical	variables	across	times,	
Wilcoxon	 test	was	used.	 In	Table	S3,	ASV	abundances	were	 com-
pared	 using	Wilcoxon-Mann-Whitney	 test.	 The	P-values were ad-
justed	using	FDR	(FDR	≤	0.1	was	used	as	a	significance	cutoff).

Statistical	analysis	was	performed	on	R	(Version	3.4.4),	and	the	
following R packages were used to analyze microbiome data: phy-
loseq	(version	1.24.0)	to	facilitate	the	import,	storage,	analysis,	and	

https://web.uri.edu/gsc/files/16s-metagenomic-library-prep-guide-15044223-b.pdf
https://web.uri.edu/gsc/files/16s-metagenomic-library-prep-guide-15044223-b.pdf
https://web.uri.edu/gsc/files/16s-metagenomic-library-prep-guide-15044223-b.pdf
https://benjjneb.github.io/dada2/tutorial.html
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graphical display of microbiome census data35; Vegan (version 2.4.2) 
for	PERMANOVA.	Data	were	preprocessed	removing	possible	con-
taminants (mythocondrial and chloroplast sequences) and filtering 
too	rare	features.	PERMANOVA	was	computed	with	andonis2	func-
tion of Vegan package and betadisper function of the same pack-
age	for	graphical	output.	For	PERMANOVA,	data	were	normalized	

through rarefaction in order to take into account the different sam-
ple sequencing depth. In order to have a qualitative information 
about	most	discriminant	features	in	the	dataset,	we	compute	sparse	
partial least squares discriminant analysis with plsda,	tune.splsda,	and	
splsda	functions	of	mixOmics	(6.3.1)	R	package.36	For	the	latter,	we	
follow default pipeline: data normalization with total sum scaling and 

IBD all population
Treatment 
group

Placebo 
group Adj.P

Male,	n,	% 36,	73.46 15,	71.4 21,	75 1

Median	Age,	years 51 (19-73) 51(19-69) 50(25-73) 1

Median	BMI 24.12(16.04-
30.02)

23.84 24.21 1

Type	of	disease,	n,	% CD,	19,	38.77 7 12 1

Montreal	classification	UC,	n,	%

E1 2,	6.6 1 1 1

E2 13,	43.3 6 7

E3 15,	50 7 8

CD	behavior,	n,	%

B1 16,	84.2 4 12 .08

B2 3,	15.7 3 —

B3 0 — —

Location,	n,	%

L1 5,	26.3 3 2 .48

L2 5,	26.3 — 5

L3 9,	47.3 4 5

Endoscopic score

Mayo	score,	n,	%

0 14,	46.6 7 7 1

1 8,	26.6 4 4

2 5,	16.6 3 2

3 3,	10 — 3

SES-CD,	n,	%

0-2 9,	47.36 3 6 1

3-6 7,	36.8 3 4

7-15 3,	15.7 1 2

>15 0 — —

Previous surgery n (CD-
UC),	%

7,	31.5 6	(5-1) 1 (1-0) .12

Smokers	CD,	UC 3,	2 2 3 1

Therapy

Biologics	n,	% 20,	40.8 8 12 1

5-ASA	n,	% 45,	91.8 20 25 1

Probiotics(ECN)	n,	% 4,	8.1 2 2 1

Steroids	n,	% 7,	14 1 6 .84

Immunosuppressant	n,	% 6,	12.2 3 3 1

PPI 7,	14 1 6 .84

Note: Baseline	characteristics	of	CD	(n	=	19)	an	UC	(n	=	30)	patients	allocated	on	the	
butyrose(treatment) or placebo groups. The adj.P-value was calculated as described on the 
statistical data analysis.

TA B L E  1   Patient baseline 
characteristics
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adding a pseudo-count value of 1 (to raw data) to avoid issues when 
computing centered log-ratios. On top discriminant features for 
each	comparison,	a	Wilcoxon-Mann-Whitney	test	 is	performed	on	
relative abundances and the Benjamini-Hochberg multiple testing 
correction procedure is applied. The P-values reported in the text 
will refer to the adjusted P-values.

3  | RESULTS

Among	65	consecutive	patients	assessed	for	eligibility,	three	did	not	
meet	 inclusion	criteria,	 four	declined	to	participate,	and	one	did	not	
provide fecal material. Fifty-seven patients were randomized to re-
ceive	either	microencapsulated	butyrate	(BLM)	or	placebo	(PBO;	flow	
diagram	has	been	illustrated	in	Figure	S1).	At	the	end	of	the	study,	data	
from	forty-nine	patients	(19	CD/30	UC,	36M/13F,	mean	age	51)	were	
available	 and	 further	 analyzed.	Eighteen	healthy	 subjects	 (7M/11F),	
mean	age	29,	were	also	recruited.	The	demographic	and	clinical	char-
acteristics of enrolled IBD patients stratified according to treatment 
are depicted in Table 1. Demographic and clinical features did not 
differ	between	the	two	groups.	As	to	the	control	group,	healthy	vol-
unteers	 (HVs)	were	generally	younger	 (mean	age	HVs	29	vs	IBD	51,	
P	=	.0004).

3.1 | 16S metagenomics analysis

A	 total	 of	 9.652.259	paired-end	 sequences	 (an	 average	 of	 83.209	
reads	per	sample)	with	a	read	length	of	300	bp	were	obtained.	After	
reads,	quality	 check,	denoizing,	 and	chimera	 filtering	 (see	material	
and	 methods	 for	 details),	 2852	 ASVs	 were	 found.	 Several	 filters	
based	on	taxonomic	classification	and	ASV	abundance	were	applied	
in	order	to	remove	ASV	artifacts	(see	experimental	procedures	for	
more	details).	After	this	filtering	step,	a	total	of	927	different	ASVs	
were obtained. The taxonomy classification allowed to identify 9 
phyla,	18	classes	(927	ASVs),	23	orders	(927	ASVs),	33	families	(915	
ASVs),	125	genera	(808	ASVs),	and	98	species	(158	ASVs).	The	com-
parison of rarefaction curves (Figure S2) as a function of sampling 

depth was performed. Results showed that all curves were close to 
saturation,	 indicating	 the	 richness	of	 samples	was	 fully	 observed/
sequenced37 (Figure 1 or Graphic summary).

3.2 | Treatment effects on α-diversity: the intra-
individual diversity

At	baseline	(T0),	we	observed	a	significant	lower	microbiota	richness	
(P	<	 .001)	 in	the	 IBD	patients	compared	with	HVs	 (Figure	2,	panel	
A).	After	treatment	with	PBO	or	BLM	(T1),	we	did	not	observe	any	
significant	difference	in	terms	of	richness	(Figure	2,	panels	B	and	C).	
While	this	was	expected	for	the	placebo,	these	results	suggest	that	
the short-term butyrate treatment did not have an effect on increas-
ing the complexity of the microbial community.

3.3 | Treatment effects on β-diversity: the inter-
individual diversity

Firstly,	we	performed	a	PERMANOVA	using	 the	phylogenetic	un-
weighted	UniFrac	distance	on	HV	and	IBD	groups	before	the	treat-
ment.	As	 shown	 in	 the	 principal	 coordinates	 analysis	 (PCoA)	 plot	
in	 Figure	 3,	 panel	 A,	 HVs	 were	 clearly	 segregated	 from	 the	 IBD	
patients (P	 <	 .001),	 because	 of	 a	 different	 bacterial	 composition	
between	 the	 two	 groups.	 Then,	 we	 focused	 the	 analysis	 on	 the	
IBD	 groups:	 PERMANOVA	 showed	 that	 after	 treatment	 a	 signifi-
cant difference (P	=	.045)	occurred	between	BLM	and	PBO	groups	
(Figure	3,	panel	B),	whereas	 this	difference	was	not	 significant	at	
baseline (P	=	.13).

Finally,	we	 further	 stratified	 the	 groups	 according	 to	 the	 type	
of	 disease.	After	 the	 treatment	 (T1)	 on	 the	BLM	arm,	we	 found	 a	
clear	 separation	 between	CD	 and	UC	 patients	 (Figure	 3,	 panel	 C,	
P	 =	 .030),	 also	 considering	 disease	 activity	 (P	 =	 .00835,	 Figure	 3,	
panel	D).	Beforehand	we	verified	that	at	baseline,	there	were	no	dif-
ferences	between	the	CD	and	UC	patients	allocated	on	the	BLM	arm	
and PBO arm to confirm the homogeneity of the groups before the 
treatment	(Figure	3,	Panel	C).

F I G U R E  1   Graphic summary. Project 
study design: 18 healthy subjects and 
forty-nine patients (21 on butyrose group 
and 28 on placebo group; 19 CD patients 
and	30	UC	patients)	were	enrolled	for	
this study. Pie charts show the microbial 
composition at phylum level in the 
different groups of samples
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3.4 | Microbiota composition of IBD patients and 
HVs before and after treatment

Phylum	microbiota	profile	is	represented	in	Figure	4	and	Table	S1.	At	
baseline,	HVs	showed	a	different	microbiota	composition	compared	
with	 IBD	patients,	although	 the	differences	between	HVs	and	pa-
tients in PBO arm were less pronounced (Table S1).

In	particular,	HVs	showed	a	higher	abundance	of	Verrucomicrobia 
(P	=	 .0194)	and	possibly	Tenericutes (P	=	 .0733)	compared	with	CD	
patients	in	the	BLM	group.	Fusobacteria (P	=	.0733)	appeared	more	
abundant	 in	 CD	 patients	 in	 the	 BLM	 group	 compared	 with	 HVs.	

Moreover,	HVs	differed	higher	from	UC	patients	in	the	BLM	group	
with respect to Verrucomicrobia (P	 =	 .0004)	 and	Tenericutes abun-
dance (P	=	.0059).	As	to	the	PBO	group,	HVs	showed	a	higher	abun-
dance of Verrucomicrobia (P	 =	 .0011)	 compared	with	 CD	 patients,	
whereas both Verrucomicrobia (P	=	.0096)	and	Tenericutes (P	=	.0583)	
were	more	abundant	in	UC	patients	compared	with	HVs.	In	contrast,	
Actinobacteria were more abundant (P	=	.0814)	in	UC	patients	com-
pared with HVs.

After	treatment,	both	BLM	and	PBO	groups	showed	almost	the	
same differences in terms of phylum composition compared with 
HVs.	 Indeed,	 only	 a	 reduction	 in	Proteobacteria	 in	UC	 (P	 =	 .0428)	

F I G U R E  2  Box-plot	comparison	of	the	alfa	diversity	calculated	using	Fisher	metric	between	IBD	and	healthy	group	(A),	timepoint	T0	and	
T1	within	the	BLM	group	(B),	and	PBO	group	(C).	Analysis	performed	with	other	distances	confirms	the	same	results	(data	not	shown)

F I G U R E  3  PERMANOVA	tests	if	samples	can	be	significantly	separated	accordingly	to	different	variables	(eg,	treatment	or	type	of	
disease).	The	figure	shows	the	principal	coordinate	analysis	considering	the	samples	grouped	according	to	(A)	healthy	and	IBD	status,	(B)	
treatment	(placebo	and	butyrose)	at	T0	=	baseline	and	T1	=	post-treatment,	(C)	disease	(UC	and	CD)	undergoing	BLM	or	PBO	treatment	
at	T0	and	T1	timepoint,	and	(D)	disease	activity	(1	indicates	an	active	disease,	while	0	a	non-active	disease).	The	P-value derived from the 
PERMANOVA	test	is	reported	for	each	comparison,	and	significant	P-value (<0.05) is indicated with a star
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compared	with	HVs	was	observed.	However,	to	realistically	assess	
differences	 in	microbiota	composition	before	and	after	 treatment,	
we performed a deeper taxonomical level analyses (Sparse Partial 
Least	 Squares	 Discriminat	 Analysis	 [SPLS-DA]),	 see	 below	 under	
“Differences	in	Microbiota	Composition	between	IBD	and	Controls”	
(Figure 4).

3.5 | Differences in microbiota composition 
between IBD and controls

With	 the	 Sparse	 Partial	 Least	 Squares	 Discriminat	 Analysis	
(SPLS-DA),	it	is	possible	to	discriminate	ASVs	that	best	character-
ize	each	group	as	shown	 in	Figure	5	and	Table	S2.	The	SPLS-DA	
analysis identified several differences in the microbiota compo-
sition	 between	HVs	 and	 IBD	 patients.	 In	 CD	 patients	 (Figure	 5,	
panel	A	and	Table	S2A),	a	 reduction	 (P < .01) in Feacalibacterium 

genus,	Akkermansia muciniphila,	 and	 some	 Lachnospiraceae family 
was	observed	compared	with	HVs.	Furthermore,	we	found	a	sig-
nificant increase (P < .01) in Flavonifractor plautii and Collinsella 
aerofaciens besides some Lachnospiraceae	ssp	Among	UC	patients	
(Figure	5,	panel	B),	we	observed	a	strong	reduction	 (P < .001) in 
Lachnospiraceae	 family,	 Ruminoclostridium_6 and A muciniphila,	
and an enrichment (P < .01) of several Ruminococcaceae,	 such	as	
Oscillospira, Rumininiclostridium,	 and	 Anaerotruncus genus com-
pared with HVs. We also observed an increase (P < .01) in F plau-
tii,	 and	C aerofaciens	as	already	noted	on	CD	patients,	as	well	as	
Turicibacter sanguinis.

After	BLM	treatment,	 in	CD	patients	we	did	not	 find	any	sig-
nificant	 change	 in	microbiota	 composition	 (Figure	5,	 panel	C	and	
Table	S2C).	However,	we	observed	a	mild	enrichment	of	butyrate	
producer genus Butyricicoccus and a reduction in Lachnoclostridium,	
F plautii,	 Bilophila wadsworthia,	 and	 Erysipelotrichaceae_UCG.003. 
After	BLM	treatment,	in	UC	patients	(Figure	5,	panel	D	and	Table	

F I G U R E  4  Barplot	of	the	microbial	composition	at	phylum	level:	average	ASV	abundance	percentages	of	the	samples	stratified	by	
treatment	(butyrose,	placebo,	or	control),	disease	(CD,	UC,	or	control),	and	timepoint	(T0	=	baseline	or	T1	=	post-treatment)

F I G U R E  5   sPLS-DA	analysis	identified	a	subset	of	discriminant	ASVs:	for	each	ASV,	a	loading	value	that	represents	the	discriminant	
power	of	that	ASV	in	explaining	differences	between	2	examined	conditions.	The	higher	the	absolute	value,	the	bigger	is	the	discriminative	
power.	The	loading	value	plots	display	the	top	15	(panels	A-E)	and	top	6	(panel	F)	discriminant	ASVs	for	each	comparison.	Percentages	
shown	in	the	bars	represent	the	mean	relative	abundances	of	each	ASV	in	the	considered	conditions.	The	dark	color	and	a	light	color	of	each	
bar	represent	the	average	relative	abundance	(in	percentage)	of	an	ASV	in	the	considered	comparison
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S2D),	we	observed	an	increase	in	Lachnospiraceae	family	(SCFA	pro-
ducers; P ≅ 0.1) and a reduction in Bacteroides uniformis, Blautia, 
T sanguinis, Erysipelotrichaceae_UCG.003,	 and	 Ruminococcaceae 
family (P ≅ .1).

The bacterial composition changes appeared influenced by dis-
ease	activity	(Figure	5,	panel	E-F	and	Table	S2E-F).	In	case	of	disease	
remission,	we	found	a	significant	 increase	 in	Dorea formicigenerans 
and Butyricicoccus (P	<	 .073),	while	a	decrease	 in	Ruminococcaceae 
family and B uniformis was noted (P < .073). In case of clinical ac-
tivity,	 no	 significant	 changes	 were	 found.	 However,	 we	 observed	
a mild increase in the Blautia	 genus, F prausnitzii,	 and	 Lachnospira 
pectinoschiza and a mild decrease in Erysipelotrichaceae genus and 
Anaerostipes hardus.

3.6 | Treatment effects on clinical activity, fecal 
calprotectin, and IBDQ

We did not observe any effect on clinical activity between the two 
groups	 of	 treated	 patients,	 both	 in	 terms	 of	 pMS	 (P	 =	 .06)	 and	 in	
terms of HBI (P	=	.8),	although	in	UC	patients	the	pMS	value	tended	
to be significant (as shown in Table S3). Similar results were obtained 
when we evaluated the FC levels (Table S4 and Table 2). Subjective 
improvement	in	QoL	based	on	IBDQ	was	observed	in	the	BLM	treat-
ment (P	 =	 .0184)	 and	 less	 in	 the	 PBO	 (P	 =	 .156)	 group,	 although	
the	greatest	effect	was	observed	in	UC	patients	treated	with	BLM	
(P	=	.0284;	Table	3).

4  | DISCUSSION
Short-chain	fatty	acids	(SCFAs,	mainly	acetate,	propionate,	and	bu-
tyrate) are produced by anaerobic bacterial fermentation from di-
etary fibers within the lumen of the mammalian colon.3 They play 
important roles in colonic homeostasis.38 It has been hypothesized 
that	 the	 influence	of	SCFA	on	microbiota	composition	may	have	a	
relevant impact on IBD and its disease activity.39	Herein,	for	the	first	

time	 we	 performed	 a	 double-blind,	 randomized,	 controlled,	 pilot	
study aimed to analyze the effect of an oral butyrate treatment on 
fecal microbiota composition in patients with IBD. Evaluating 49 
subjects,	we	found	that	butyrate	could	alter	 the	gut	microbiota	of	
IBD	patients	by	increasing	the	bacteria	able	to	produce	SCFA	in	both	
UC	and	CD	patients.	Butyrogenic	 colonic	bacteria	particularly	be-
come	predominant	 in	CD	patients.	Moreover,	butyrate	administra-
tion	determined	an	improvement	of	QoL	in	UC.

At	 baseline,	 the	microbiota	 composition	 of	 HVs	 differed	 from	
that	 of	 IBD	patients.	After	 treatment,	 both	BLM	and	PBO	groups	
showed almost the same differences in terms of phylum composition 
compared	with	HVs	and	therefore	no	effect	at	phylum	level.	Thus,	we	
showed the persistence of a low complexity of the microbial commu-
nity (α-diversity)	before	and	after	treatment	(for	both	BLM	and	PBO	
groups),	suggesting	that	the	short-term	treatment	(8	weeks)	did	not	
increase the α-diversity.	Regarding	phylum	alterations,	 this	 can	be	
expected,	as	butyrate	being	a	safe	bacterial	product	does	not	show	
the drastic effects expected to see when modulating gut microbiota 
with fecal microbiota transfer or antibiotics.40

As	 described	 in	 the	 literature,1,11,40-42 we confirmed using 
PERMANOVA	the	evidence	of	a	significant	difference	(P < .001) be-
tween	 the	microbiota	of	HVs	and	 IBD	patients,	documenting	dys-
biosis in IBD subjects.41	 Moreover,	 the	 PERMANOVA	 permitted	
us	 to	observe	at	 the	end	of	 follow-up,	a	 significant	effect	of	BLM	
treatment compared with PBO in modifying the composition of the 
gut microbiota. The same difference was observed by stratifying the 
groups	according	to	the	type	of	disease	(CD	vs	UC),	suggesting	a	sig-
nificantly different treatment effect dependent on the type of dis-
ease (P	=	.03)	and	disease	activity	(P	=	.00835).	The	latter	differences	
were	not	found	in	the	PBO	group,	further	corroborating	the	biologic	
effect	of	BLM	administration.

With	 discriminant	 analysis,	 we	 evaluated	 the	 specific	 bacteria	
characterizing the gut microbiota on treated patients at baseline 
and	 after	 treatment.	 At	 baseline,	 CD	 patients	 presented	 a	 reduc-
tion in F prausnitzii, A muciniphila,	and	the	Lachnospiraceae family as 

CD (≥250 µg/g)

P

UC (≥150 µg/g)

PB (%) PBO (%) B (%) PBO (%)

Reduction	of	30%	of	
FC index

67 37.5 .8 57.1 55.5 .9

Abbreviations:	B,	treatment	with	butyrose;	PBO,	no	treatment.

TA B L E  2   The decrease in fecal 
calprotectin levels for CD ( above 
250	µg/g)	and	UC	(above	150	µg/g)

Treatment Disease No of. patients
IBDQ (T0/T1) 
median Adj.P

B CD T0 vs CD T1 7 173/191 1

B UC	TO	vs	UC	T1 14 170/193.5 .0284*

PBO CD T0 vs CD T1 12 174.5/179.5 .2364

PBO UC	T0	vs	UC	T1 16 188/188 .5432

Abbreviations:	B,	treatment	with	butyrose;	PBO,	no	treatment.
*High significance. 

TA B L E  3  The	improvement	in	QoL	
based on IBDQ
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compared	to	healthy	controls,	bacteria	that	are	considered	as	a	dys-
biosis-marker in IBD patients.42,43	Moreover,	CD	patients	showed	an	
increase in the Ruminococcaceae family and F plautii, C aerofaciens,	
associated with increased risk of developing colon cancer because of 
the extensive degradation of flavonoids by gut microflora (F plautii) 
44and a marker of a low dietary fiber intake.45	 In	UC	patients,	we	
highlighted a reduction in Lachnospiraceae family and an enrichment 
of several Ruminococcaceae,	such	as	Oscillospira, Rumininiclostridium,	
and Anaerotruncus genus compared with the HVs. We also observed 
an increase in F plautii and C aerofaciens as already noted in CD pa-
tients,	as	well	as	the	T sanguinis associated with impaired intestinal 
permeability.46

After	treatment,	in	CD	patients,	we	observed	a	mild	enrichment	
of butyrate producer genus Butyricicoccus,	while	in	UC	patients,	we	
found	an	increase	in	generic	SCFA	producers	(Lachnospiraceae spp.). 
These results support the potential effect of butyrate in increasing 
the	 butyrogenic	 producers,	which	 anyway	 requires	 further	 confir-
matory data including more patients. The former finding confirmed 
the	data	of	Louis	et	al,9 who showed an overall reduced genetic ca-
pacity from the gut microbiome to synthesize butyrate in CD pa-
tients.	Furthermore,	our	study	showed	for	the	first	time	that	an	oral	
microencapsulated butyrate administration seems to promote the 
growth of bacteria able to increase the production of butyrate. We 
speculate that this phenomenon was due to the effect of adminis-
tered	butyrate,	 allowing	 the	eubiotic	 restoration	 (eg,	Clostridia)	 at	
the level of the mucosal microbiota involved in the maintenance of 
intestinal	immune	homeostasis,	as	suggested	by	Spees	AM.47 On the 
other	hand,	in	UC	patients,	where	the	condition	of	reduced	genetic	
capacity	 for	 butyrate	 synthesis	 was	 not	 described,2	 the	 BLM	 ad-
ministration	stimulated	the	growth	of	generic	although	useful	SCFA	
producers.

Recently,	 fecal	 microbiota	 profile	 has	 been	 shown	 as	 a	 bio-
marker	for	disease	activity	in	CD,48	and	herein,	we	confirmed	these	
evidence	albeit	with	a	weak	clinical	evidence.	Indeed,	according	to	
baseline	clinical	activity,	we	found	a	mild	decrease	in	butyrate	pro-
ducer genera (Blautia and Faecalibacterium) and a mild increase in 
Erysipelotrichaceae_UCG.003	 (SV93),	which	 resulted	 to	 be	 partially	
reduced	 after	 BLM	 treatment.	 Erysipelotrichaceae genus has been 
found highly immunogenic and positively correlated with tumor ne-
crosis factor alpha.49	Thus,	the	reduction	in	these	bacteria	induced	
by	BLM	may	have	had	clinical	implication	(ie,	improvement	of	quality	
of	 life).	At	 baseline,	 in	 disease	 remission	patients	we	 found	 an	 in-
creased prevalence of bacteria more often associated with healthy 
state,	 like	B uniformis.50	 Moreover,	 we	 observed	 that	 after	 active	
treatment,	 bacteria	 (D formicigenerans, Butyricicoccus) associated 
with a healthy gut microbiome were more prevalent.

As	 to	 the	 clinical	 activity,	 we	 did	 not	 find	 any	 difference	 in	
terms of outcome between the two groups. The medical literature 
is	rich	in	data,	suggesting	that	butyrate	exerts	multiple	favorable	
effects such as the prevention and inhibition of colonic carcino-
genesis,	 the	 improvement	of	 inflammation,	oxidative	 status,	 epi-
thelial	defense	barrier,	and	the	modulation	of	visceral	sensitivity	
and intestinal motility.51	 However,	 subjective	 QoL	 improvement	

based on IBDQ was significantly observed either both in the treat-
ment (P	 =	 .0046)	 and	 in	 the	 PBO	 (P	 =	 .039)	 groups,	 although	 a	
greater	effect	was	found	after	BLM	treatment	(P	=	ns).	Similar	re-
sults	were	reported	by	Banasiewicz	et	al	where	a	BLM	supplemen-
tal therapy significantly decreased bowel symptoms after 4 weeks 
of treatment.52

Some limitations of the current study have to be acknowledged. 
First,	we	 failed	 to	observe	 significant	 changes	 in	 terms	of	disease	
activity after treatment. This could be due to the small sample size 
and the fact that the majority of our patients were in remission. For 
the	same	reasons,	we	had	to	include	in	the	same	study	population	
both	patients	with	UC	and	CD,	with	different	disease	activities	and	
treatments,	 and	 this	 could	 also	 be	 seen	 as	 a	 limitation.	 A	 similar	
consideration can be done for the short-term treatment administra-
tion.	However,	 this	 latter	 data	were	 part	 of	 the	 secondary	 aim	of	
the	 study,	whereas	 our	 primary	 aim	was	 to	 observe	 the	 effect	 of	
butyrate on microbiota composition. For this reason and for their 
potential	clinical	implications,	we	decided	to	include	them	and	spec-
ulate	on	their	involvement	in	IBD	management.	Second,	we	did	not	
perform	a	cross-over	study	to	further	validate	our	findings.	Finally,	
our HVs differed compared with the patients in terms of mean age 
and	gender,	and	 this	may	have	affected	our	 results.	However,	 it	 is	
relevant to note that the microbiota characteristics of our HVs were 
similar to those frequently described in medical literature in older 
subjects,	and	therefore,	these	differences	could	be	less	relevant	for	
our results.41

In	 conclusion,	 in	 this	 pilot	 study,	we	 evaluated	 the	 effect	 of	 a	
sodium butyrate microencapsulated oral formulation (ButyroseR Lsc 
Microcaps)	 on	 the	gut	microbiota	of	 IBD	patients.	Recently,	 it	was	
highlighted	that	the	lack	of	butyrate	may	alter	the	gut	homeostasis,	
increasing oxygen concentration in the lumen and therefore reduc-
ing the concentration of butyrate-producing bacteria.53 Our study 
emphasizes how the oral supplementation of exogenous butyrate 
can	modulate	 the	 gut	 bacteria,	 stimulating	 the	 growth	 of	 butyro-
genic	and	SCFA	genera	which	in	turn	may	produce	more	endogenous	
butyrate for intestinal wellness. Further studies are necessary to 
evaluate the clinical impact of oral administration of exogenous bu-
tyrate effect on clinical activity and mucosal healing in IBD patients.

CONFLIC T OF INTERE S T
The authors report no conflict of interest.

AUTHOR CONTRIBUTIONS
SF,	AB,	and	EVS	involved	in	study	concept	and	design;	SF,	NV,	MC,	
BP,	and	CR	analyzed	and	interpreted	the	data;	SF,	NV,	DP,	MC,	CR,	
and	EV.	S.	drafted	the	manuscript,	critically	revised	the	manuscript	
for	important	intellectual	content.	DP,	GL,	CM,	R.D’I.,	and	GC.S.	per-
formed acquisition of data and critical revision of the manuscript. 
NV,	CR,	and	MC	carried	out	statistical	analysis.	All	authors	read	and	
approved the final manuscript.

ORCID
Sonia Facchin  https://orcid.org/0000-0002-6774-590X 

https://orcid.org/0000-0002-6774-590X
https://orcid.org/0000-0002-6774-590X


12 of 13  |     FACCHIN et Al.

R E FE R E N C E S
	 1.	 Sha	 S,	 Xu	B,	Wang	X,	 et	 al.	 The	 biodiversity	 and	 composition	 of	

the dominant fecal microbiota in patients with inflammatory bowel 
disease. Diagn Microbiol Infect Dis. 2013;75(3):245-251.

	 2.	 Laserna-Mendieta	 EJ,	 Clooney	 AG,	 Carretero-Gomez	 JF,	 et	 al.	
Determinants of reduced genetic capacity for butyrate synthesis 
by	 the	 gut	 microbiome	 in	 Crohn’s	 disease	 and	 ulcerative	 colitis.	
J Crohn’s Colitis.	2018;12(2):204-216.

	 3.	 Stumpff	F.	A	look	at	the	smelly	side	of	physiology:	transport	of	short	
chain fatty acids. Pflugers Arch Eur J Physiol. 2018;470(4):571-598.

	 4.	 den	Besten	G,	Lange	K,	Havinga	R,	et	al.	Gut-derived	short-chain	
fatty acids are vividly assimilated into host carbohydrates and lip-
ids. AJP Gastrointest Liver Physiol. 2013;305(12):G900-G910.

	 5.	 Nagalingam	NA,	Lynch	SV.	Role	of	the	microbiota	in	inflammatory	
bowel diseases. Inflamm Bowel Dis.	2012;18(5):968-980.

	 6.	 Machiels	K,	Joossens	M,	Sabino	J,	et	al.	A	decrease	of	 the	butyr-
ate-producing species Roseburia hominis and Faecalibacterium 
prausnitzii defines dysbiosis in patients with ulcerative colitis. Gut. 
2014;63(8):1275-1283.

	 7.	 Hamer	 HM,	 Jonkers	 D,	 Venema	 K,	 Vanhoutvin	 S,	 Troost	 FJ,	
Brummer RJ. Review article: the role of butyrate on colonic func-
tion. Aliment Pharmacol Ther. 2008;27(2):104-119.

	 8.	 Załȩski	A,	Banaszkiewicz	A,	Walkowiak	J.	Butyric	acid	 in	 irritable	
bowel syndrome. Prz Gastroenterol.	2013;8(6):350-353.

	 9.	 Louis	 P,	 Duncan	 SH,	 McCrae	 SI,	 Millar	 J,	 Jackson	 MS,	 Flint	 HJ.	
Restricted distribution of the butyrate kinase pathway among 
butyrate-producing bacteria from the human colon. J Bacteriol. 
2004;186(7):2099-2106.

 10. Sossai P. Butyric acid: what is the future for this old substance? 
Swiss Med Wkly.	2012;142:w13596.

	11.	 Hamer	HM,	Jonkers	DMAE,	Vanhoutvin	SALW,	et	al.	Effect	of	bu-
tyrate enemas on inflammation and antioxidant status in the colonic 
mucosa of patients with ulcerative colitis in remission. Clin Nutr. 
2010;29(6):738-744.

	12.	 Assisi	 RF,	 GISDI	 Study	 Group.	 Combined	 butyric	 acid/mesala-
zine treatment in ulcerative colitis with mild-moderate activity. 
Results of a multicentre pilot study. Minerva Gastroenterol Dietol. 
2008;54(3):231-238.

	13.	 Sabatino	 AD,	 Morera	 R,	 Ciccocioppo	 R,	 et	 al.	 Oral	 butyrate	 for	
mildly	 to	 moderately	 active	 Crohn’s	 disease.	 Aliment Pharmacol 
Ther. 2005;22(9):789-794.

	14.	 Vernia	P,	Annese	V,	Bresci	G,	et	al.	Topical	butyrate	 improves	ef-
ficacy	of	 5-ASA	 in	 refractory	 distal	 ulcerative	 colitis:	 results	 of	 a	
multicentre trial. Eur J Clin Invest. 2003;33(3):244-248.

	15.	 Vernia	P,	Monteleone	G,	Grandinetti	G,	et	al.	Combined	oral	sodium	
butyrate and mesalazine treatment compared to oral mesalazine 
alone	in	ulcerative	colitis:	Randomized,	double-blind,	placebo-	con-
trolled pilot study. Dig Dis Sci.	2000;45(5):976-981.

	16.	 Steinhart	AH,	Brzezinski	A,	Baker	JP.	Treatment	of	refractory	ulcer-
ative proctosigmoiditis with butyrate enemas. Am J Gastroenterol. 
1994;89(2):179-183.

	17.	 Vernia	P,	Marcheggiano	A,	Caprilli	R,	et	 al.	 Short-chain	 fatty	acid	
topical treatment in distal ulcerative colitis. Aliment Pharmacol Ther. 
1995;9(3):309-313.

	18.	 Kelly	OB,	O’Donnell	S,	Stempak	JM,	Steinhart	AH,	Silverberg	MS.	
Therapeutic drug monitoring to guide infliximab dose adjustment is 
associated with better endoscopic outcomes than clinical decision 
making alone in active inflammatory bowel disease. Inflamm Bowel 
Dis. 2017;23(7):1202-1209.

	19.	 Scheppach	 W,	 Sommer	 H,	 Kirchner	 T,	 et	 al.	 Effect	 of	 butyr-
ate enemas on the colonic mucosa in distal ulcerative colitis. 
Gastroenterology.	1992;103(1):51-56.

	20.	 Vanhoutvin	 SALW,	 Troost	 FJ,	 Kilkens	 TOC,	 et	 al.	 The	 effects	 of	
butyrate enemas on visceral perception in healthy volunteers. 
Neurogastroenterol Motil.	2009;21(9):952-e76.

	21.	 Kannampalli	P,	Shaker	R,	Sengupta	JN.	Colonic	butyrate-algesic	or	
analgesic? Neurogastroenterol Motil. 2011;23(11):975-979.

 22. Patent “Process for the production of an n-butyric acid compound 
in	 micro	 encapsulated	 form,	 for	 animal	 or	 human	 consumption”.	
https://paten	ts.google.com/paten	t/EP235	2386B	1/3Den.	Accessed	
September	26,	2012.

	23.	 Lin	 J-F,	 Chen	 J-M,	 Zuo	 J-H,	 et	 al.	Meta-analysis:	 fecal	 calprotec-
tin for assessment of inflammatory bowel disease activity. Inflamm 
Bowel Dis. 2014;20(8):1407-1415.

	24.	 Costa	F,	Mumolo	MG,	Ceccarelli	L,	et	al.	Calprotectin	is	a	stronger	
predictive	marker	of	relapse	in	ulcerative	colitis	than	in	Crohn’s	dis-
ease. Gut.	2005;54(3):364-368.

	25.	 Lewis	JD,	Chuai	S,	Nessel	L,	Lichtenstein	GR,	Aberra	FN,	Ellenberg	
JH.	 Use	 of	 the	 noninvasive	 components	 of	 the	 Mayo	 score	 to	
assess clinical response in ulcerative colitis. Inflamm Bowel Dis. 
2008;14(12):1660-1666.

	26.	 Vermeire	 S,	 Schreiber	 S,	 Sandborn	 WJ,	 Dubois	 C,	 Rutgeerts	 P.	
Correlation	 between	 the	 Crohn’s	 disease	 activity	 and	 Harvey-
Bradshaw	 indices	 in	 assessing	 Crohn’s	 disease	 severity.	 Clin 
Gastroenterol Hepatol.	2010;8(4):357-363.

	27.	 Vuitton	 L,	 Marteau	 P,	 Sandborn	 WJ,	 et	 al.	 IOIBD	 technical	 re-
view	on	endoscopic	 indices	for	Crohn’s	disease	clinical	trials.	Gut. 
2016;65(9):1447-1455.

	28.	 Satsangi	J,	Silverberg	MS,	Vermeire	S,	Colombel	JF.	The	Montreal	
classification	 of	 inflammatory	 bowel	 disease:	 controversies,	 con-
sensus,	and	implications.	Gut.	2006;55(6):749-753.

	29.	 Love	J,	 Irvine	E,	Fedorak	R.	Quality	of	 life	 in	 inflammatory	bowel	
disease. J Clin Gastroenterol. 1992;14(1):15-19.

	30.	 Brooks	 AW,	 Priya	 S,	 Blekhman	 R,	 Bordenstein	 SR.	 Gut	 microbi-
ota	 diversity	 across	 ethnicities	 in	 the	 United	 States.	 PLoS Biol. 
2018;16(12):e2006842.

	31.	 Takahashi	 S,	 Tomita	 J,	 Nishioka	 K,	 et	 al.	 Development	 of	 a	 pro-
karyotic universal primer for simultaneous analysis of Bacteria 
and	 Archaea	 using	 next-generation	 sequencing.	 PLoS One. 2014. 
https://doi.org/10.1371/journ al.pone.0105592

	32.	 Callahan	BJ,	Mcmurdie	PJ,	Rosen	MJ,	Han	AW,	Johnson	AJ,	Holmes	
SP.	DADA2	paper	supplementary	information:	high	resolution	sam-
ple inference from amplicon data. Nat Methods.	2016;13(7):581-583.

	33.	 Yilmaz	P,	Parfrey	LW,	Yarza	P,	et	al.	The	SILVA	and	“all-species	liv-
ing	 tree	 project	 (LTP)”	 taxonomic	 frameworks.	Nucleic Acids Res. 
2014;42:D643-D648.

	34.	 Wright	ES.	Using	DECIPHER	v2.0	to	analyze	big	biological	sequence	
data in R. R J.	2016;8(1):352.

	35.	 McMurdie	PJ,	Holmes	S.	phyloseq:	an	R	package	for	reproducible	
interactive analysis and graphics of microbiome census data. PLoS 
One.	2013;8(4):e61217.

	36.	 Rohart	 F,	Gautier	B,	 Singh	A,	 Lê	Cao	K-A.	mixOmics:	An	R	pack-
age for ‘omics feature selection and multiple data integration. PLoS 
Comput Biol. 2017;13(11):e1005752.

	37.	 Rodriguez-R	LM,	Konstantinidis	KT.	Estimating	coverage	in	metag-
enomic data sets and why it matters. ISME J. 2014;8(11):2349.

	38.	 Sivaprakasam	 S,	 Bhutia	 YD,	 Yang	 S,	 Ganapathy	 V.	 Short-chain	
fatty acid transporters: role in colonic homeostasis. Compr Physiol. 
2018;8(1):299-314.

	39.	 Zuo	T,	Ng	SC.	The	gut	microbiota	in	the	pathogenesis	and	therapeu-
tics of inflammatory bowel disease. Front Microbiol. 2018;9:2247.

	40.	 Lane	ER,	Zisman	TL,	Suskind	DL.	The	microbiota	 in	 inflammatory	
bowel disease: current and therapeutic insights. J Inflamm Res. 
2017;10:63-73.

	41.	 Lavelle	A,	Lennon	G,	Winter	DC,	O’Connell	PR.	Colonic	biogeogra-
phy in health and ulcerative colitis. Gut Microbes.	2016;7:435-442.

	42.	 Sokol	H,	Pigneur	B,	Watterlot	L,	et	al.	Faecalibacterium prausnitzii 
is an anti-inflammatory commensal bacterium identified by gut 
microbiota analysis of Crohn disease patients. Proc Natl Acad Sci. 
2008;105(43):16731-16736.

http://.
https://patents.google.com/patent/EP2352386B1/3Den
https://doi.org/10.1371/journal.pone.0105592


     |  13 of 13FACCHIN et Al.

	43.	 Png	 CW,	 Lindén	 SK,	 Gilshenan	 KS,	 et	 al.	 Mucolytic	 bacte-
ria with increased prevalence in IBD mucosa augment in vitro 
utilization of mucin by other bacteria. Am J Gastroenterol. 
2010;105(11):2420-2428.

	44.	 Berger	 FK,	 Schwab	 N,	 Glanemann	 M,	 Bohle	 RM,	 Gärtner	 B,	
Groesdonk HV. Flavonifractor (Eubacterium) plautii bloodstream in-
fection following acute cholecystitis. IDCases.	2018;14:e00461.

	45.	 Gomez-Arango	 LF,	 Barrett	 HL,	 Wilkinson	 SA,	 et	 al.	 Low	 dietary	
fiber intake increases Collinsella abundance in the gut micro-
biota of overweight and obese pregnant women. Gut Microbes. 
2018;9(3):189-201.

	46.	 Jones-Hall	YL,	Kozik	A,	Nakatsu	C.	Ablation	of	tumor	necrosis	fac-
tor is associated with decreased inflammation and alterations of the 
microbiota in a mouse model of inflammatory bowel disease. PLoS 
One. 2015;10(3):e0119441.

	47.	 Spees	 AM,	 Lopez	 CA,	 Kingsbury	 DD,	 Winter	 SE,	 Bäumler	 AJ.	
Colonization	resistance:	battle	of	the	bugs	or	ménage	à	trois	with	
the host? PLoS Pathog. 2013;9(11):e1003730.

	48.	 Tedjo	 DI,	 Smolinska	 A,	 Savelkoul	 PH,	 et	 al.	 The	 fecal	 microbi-
ota	as	a	biomarker	for	disease	activity	 in	Crohn’s	disease.	Sci Rep. 
2016;6:35216.

	49.	 Dinh	DM,	Volpe	GE,	Duffalo	C,	et	al.	Intestinal	microbiota,	microbial	
translocation,	and	systemic	inflammation	in	chronic	HIV	infection.	
J Infect Dis. 2015;211(1):19-27.

	50.	 Fernández-Murga	ML,	Sanz	Y.	Safety	assessment	of	Bacteroides uni-
formis CECT 7771 isolated from stools of healthy breast-fed infants. 
PLoS One.	2016;11(1):e0145503.

	51.	 Canani	RB,	Di	CM,	Leone	L,	Pedata	M,	Meli	R,	Calignano	A.	Potential	
beneficial effects of butyrate in intestinal and extraintestinal dis-
eases. World J Gastroenterol. 2011;17(12):1519-1528.

	52.	 Banasiewicz	T,	Krokowicz	Ł,	Stojcev	Z,	et	al.	Microencapsulated	so-
dium butyrate reduces the frequency of abdominal pain in patients 
with irritable bowel syndrome. Colorectal Dis. 2013;15(2):204-209.

	53.	 Million	M,	Raoult	D.	Linking	gut	redox	to	human	microbiome.	Hum 
Microbiome J. 2018;10:27-32.

SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting Information section.

How to cite this article:	Facchin	S,	Vitulo	N,	Calgaro	M,	et	al.	
Microbiota	changes	induced	by	microencapsulated	sodium	
butyrate in patients with inflammatory bowel disease. 
Neurogastroenterology & Motility. 2020;00:e13914. https://
doi.org/10.1111/nmo.13914

https://doi.org/10.1111/nmo.13914
https://doi.org/10.1111/nmo.13914

