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ABSTRACT

The aim of this study was to monitor the impact of a preoperative low-calorie diet and bariatric
surgery on the bacterial gut microbiota composition and functionality in severe obesity and to
compare sleeve gastrectomy (SG) versus Roux-en-Y gastric bypass (RYGB). The study also aimed to
incorporate big data analysis for the omics results and machine learning by a Lasso-based analysis
to detect the potential markers for excess weight loss. Forty patients who underwent bariatric
surgery were recruited (14 underwent SG, and 26 underwent RYGB). Each participant contributed 4
fecal samples (baseline, post-diet, T month after surgery and 3 months after surgery). The bacterial
composition was determined by 16S rDNA massive sequencing using MiSeq (lllumina). Metabolic
signatures associated to fecal concentrations of short-chain fatty acids, amino acids, biogenic
amines, gamma-aminobutyric acid and ammonium were determined by gas and liquid chromato-
graphy. Orange 3 software was employed to correlate the variables, and a Lasso analysis was
employed to predict the weight loss at the baseline samples. A correlation between Bacillota
(formerly Firmicutes) abundance and excess weight was observed only for the highest body mass
indexes. The low-calorie diet had little impact on composition and targeted metabolic activity.
RYGB had a deeper impact on bacterial composition and putrefactive metabolism than SG,
although the excess weight loss was comparable in the two groups. Significantly higher ammonium
concentrations were detected in the feces of the RYGB group. We detected individual signatures of
composition and functionality, rather than a gut microbiota characteristic of severe obesity, with
opposing tendencies for almost all measured variables in the two surgical approaches. The gut
microbiota of the baseline samples was not useful for predicting excess weight loss after the
bariatric process.
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Background physiological and metabolic impact."”* The most

Bariatric surgery is the most cost-effective treat-
ment for reducing body mass index (BMI) in severe
obesity (BMI >40 or >35 combined with comorbid-
ities) and resolving endocrine-related dysfunctions
such as type 2 diabetes mellitus (DM2) by both

common surgical approaches are Roux-en-Y gas-
tric bypass (RYGB) and sleeve gastrectomy (SG),
both by laparoscopy. Selecting the appropriate sur-
gical approach requires a consensus between the
patient and surgeon based on BMI, dietary habits,
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and comorbidities, and is not recommended in
compulsive eating disorders.” The physical reduc-
tion of the stomach forces drastic changes in the
diet, and additional recommendations are made to
maximize satiety also preserving the muscle mass,
minimizing gastrointestinal symptoms, and enhan-
cing weight loss. However, not all patients achieve
complete loss of the baseline excess weight.

The gut microbiota’s contribution to obesity has
been repeatedly discussed in recent years, but no
solid conclusions have been reached, particularly
for severe obesity. Bariatric surgery not only affects
bacterial gut composition,*> with RYGB causing
deeper changes, but also its overall
functionality."® Beyond the bacterial composition,
scientific research is currently focused on microbial
metabolism, particularly the mechanisms involved
in DM2 remission,” as well as on the microbiome
functionality evolution,® including short-chain
fatty acids (SCFAs)® and other microbial products
related to the excess weight loss. The aim of the
present study was to monitor the impact of
a preoperative low-calorie diet and bariatric surgery
on bacterial gut microbiota composition and func-
tionality in severe obesity, to compare the RYGB
and SG approaches, and to apply a Lasso predictive
analysis based on multiple linear regressions to
detect potential markers of excess weight loss.

Patients and methods
Study design and participants

A prospective study was conducted with 40 parti-
cipants (22 women and 18 men, all older than
18 years) who were recruited during 2015-2017 at
the Bariatric Surgery Unit of Ramoén y Cajal
University Hospital in Madrid, Spain. None of the
participants reported infectious gastrointestinal
disorders or antibiotic consumption in the last
3 months. Our center’s ethics committee approved
the study (accession number 379/14), and all parti-
cipants voluntarily signed an informed consent for
participation in the study, which did not interfere
with the bariatric surgical procedure. For RYGB,
a small gastric bougie (15-30 ml) was created ana-
stomosing to the jejunum by means of a Roux-en-Y
assembly, with a biliopancreatic limb of 70-100 cm
and an alimentary limb of 150 cm. For the highest

BMIs, the limbs were lengthened up to 200 cm by
decreasing the common channel. On SG, approxi-
mately 80% of the gastric volume was removed,
leaving a bogie capacity of approximately 150-200
cc. The gastrectomy starts about 3-4 cm from the
pylorus with linear mechanical staplers, and our
clinical group usually reinforces the suture stapling
line with a material from bovine pericardium
(Peristrip-dry), obtaining very good results in
terms of a low rate of leakage and bleeding from
the stapling line.

Each participant provided 4 fecal samples at the
following points: 1) baseline, the initial visit at the
Bariatric Surgery Unit; 2) post-diet, after 1 month
of the low-calorie diet; 3) 1 month after surgery;
and 4) 3 months after surgery. Immediately after
collection, the feces were aliquoted and frozen at
—80°C until processing.

The baseline visit took place 1 month prior to the
surgery to provide nutritional instructions with
a high-protein low-calorie diet to reduce liver size
in order to facilitate laparoscopic access (1400 cal-
ories for women and 1700 for men, distributed as
38% protein, 36% carbohydrates and 26% fat).
Regardless of the surgical approach, the postopera-
tive diet included only liquids for the first 2 days,
followed by purées/soft food for the first month;
thereafter, the patients received only general nutri-
tional advice with no specific restrictions, with
recommendations for a high protein intake (to
prevent the loss of muscle mass) and multivitamin
and mineral complexes. All participants were admi-
nistered antibiotic prophylaxis during surgery with
2 g of intravenous amoxicillin/clavulanic acid.

Fecal metabolome

The SCFA concentration was determined in cell-
free fecal supernatants prepared as previously
described'’ using gas chromatography in a system
composed of a 6890 N injection module (Agilent
Technologies Inc., Palo Alto, CA, USA) connected
to a flame injection detector and a mass spectro-
metry 5973 N detector (Agilent). Samples were
analyzed in triplicate and the results were expressed
as medians.

Quantification of amino acids, amines,
ammonium and gamma-aminobutyric acid
(GABA) was performed by ultra-high-



performance liquid chromatography on cell-free
fecal supernatants following diethyl ethoxy-
methylenemalonate (DEEMM, Sigma-Aldrich,
USA) derivatization. Briefly, fecal supernatants
were filtered through 3kDa centrifugal filters
(Amicon Ultra-0.5, Merk KGaA, Germany),
and DEEMM derivatization reactions were per-
formed in 100 pl as previously described by
Redruello et al.;'' however, this was the first
time that the procedure was performed on
feces. The accuracy of the chromatographic
method employed to quantify all of the studied
amino compounds was tested using a standard
addition procedure.'> Thus, two known concen-
trations of analytes were independently added
(in triplicate) to cell-free fecal supernatants.
Non-spiked sample replicates (blanks) were
used to determine the sample’s initial analyte
content. The percentage recovery at each con-
centration was calculated as [(amount found in
the spiked sample) - (amount found in the
blank)/amount added] x 100. The recovery per-
centages for all analytes ranged from 80.1 to
104.4 when 0.2 mM was added (the accepted
range for this concentration is 80-110) and
from 90.1 to 104.3 when 1 mM was added
(the accepted range is 90-107), reflecting the
method’s good accuracy.'” Samples were also
filtered through 0.22-um-pore diameter polyte-

trafluoroethylene membranes (VWR
International, USA) into conical vials (VWR)
prior to injection into the wultra-high-

performance liquid chromatography system."'

Bacterial gut microbiota characterization

Samples were slowly thawed, first at —20°C for
24 h, followed by another 24 h at 4°C. After that,
0.5 g of the samples was solubilized in 5 ml of
sterile water, centrifuged and extracted with the
Speedtools tissue DNA extraction kit (Biotools,
Madrid, Spain). The resulting total DNA was
used for sequencing (2 x 300 bp) the V3 and V4
regions of the 16S rDNA gene on a MiSeq plat-
form (Illumina, USA). To prepare the library, the
16S Metagenomic Sequencing Library Preparation
protocol (Illumina; Cod. 15044223 Rev. A) was
used with the following primers: Forward
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(5'TCGTCGGCAGCAGCGTCGTCAGATGTG-
TAAGACAGCCTACGGNGGCWGCAG), and
Reverse (5GTCTCGTGGCTCGAGGAGGTAAG
AGAGACGACTACHVGGTATCTAATCC).

The quality of the raw sequences was mea-
sured according to the minimum length (250
bp), type of trimming quality measure (med-
ium), quality value for trimming from the 3’
end (30) and trimming quality window (10 bp).
Taxonomic affiliations were assigned using the
SILVA 119 database and reads with
a Ribosomal Database Project score <0.8 were
assigned to the higher taxonomic rank, leaving
the last rank as unidentified. The relative abun-
dance and contingency tables of operational
taxonomic units (OTUs) included taxa with
very low representation. Sequences not assigned
to any taxon or classified as non-bacterial were
eliminated. Alpha and beta diversity studies
were performed using the q2-diversity add-on
of QIIME2," after normalizing the samples by
rarefaction (subsampling without replacement).
In addition, a linear effect size discriminant
analysis (LEfSe)'* was performed to assess
which taxa explained the differences between
groups. Sequence data were deposited in
Genbank (BioProject PRINA639545).

Statistical analysis

For the statistical analysis of the bacterial diversity
results, we employed the q2-diversity plugin for
QIIME2. In those groups/variables with statisti-
cally significant differences, we further explored
which taxa explained these differences, using
LEfSe, which employs the Kruskal-Wallis test
and the pairwise Wilcoxon test. The alpha value
for the Kruskal-Wallis factorial test was set at
0.05, and the linear discriminant analysis score
threshold was set at 2.0.

The correlation between bacterial abundance
and the various study metabolites was explored
using a Big Data strategy, calculating the
Spearman coefficient in Orange 3 software
(https://orangedatamining.com) and the Wilcoxon
test in GraphPad Prism 9 (GraphPad Software,
USA, http://www.graphpad.com).
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Lasso regression model

To predict the excess weight loss at 3 months after
surgery using only numerical variables from the
baseline sample, we employed a Lasso regression
model, a machine learning-based analysis with
multiple linear regressions. The independent vari-
able was the percentage of excess weight loss (%
EWL), defined as the remaining excess weight
3 months after surgery divided by the excess weight
in the baseline sample. The excess weight at time 2
(post-diet) and time 3 (1 month after surgery) were
used as the dependent variables. Given that many
dependent variables were analyzed and to avoid
overfitting, the most important variables were
delimited using the correlation between the main
variable and the dataset of bacterial composition,
SCFAs, amino acids and biogenic amines. The
resulting dataset was divided into a test dataset
(25%) and a training dataset (75%) to generate the
Lasso model. The advantage of using this model is
that it allows for a new selection of functions to
obtain a better relationship between the test score
and the training score. To measure the goodness of
the method, the root mean square error was calcu-
lated. All calculations were performed using Python
scripts developed by the authors (https://github.
com/galeanojav/Severe_Obesity).

Results
%EWL

Table 1 summarizes the participants’ relevant clinical
and demographic data, and Figure 1 provides an
illustration of the %YEWL progression. The RYGB
group (n = 26) had significantly higher excess weight
than the SG group (n = 14), both at baseline (57.2 vs.
47.3, p = .006) and after the diet (55.6 vs. 47.8, p
=.02). In fact, the diet resulted in immediate weight
loss only in the RYGB group; 3 months after surgery,
however, the two groups had a similar %EWL
(50.1% for RYGB and 49.0% for SG).

Bacterial composition and distribution

The 160 fecal samples yielded a total of 11,889,557
reads corresponding to 250 OTUs. The data were
normalized by establishing a sampling depth of
24,758 reads per sample.

Table 1. Main characteristic of recruited severe obese (M = male,
F = female).

Sex/Age T2DM/ Basal  Weight Excess in Sample  Final %
(years) Resolution BMI (kg) 1234 EWL
SG (n = 14)

F/58 50.4 55.7 532 472 387 69.4
M/58 40.4 457 484 346 274 59.9
F/34 42.8 412 387 274 172 41.7
F/66 47.8 48.7 97.7 257 165 338
M/64 + 36.4 329 287 204 141 38.7
F/37 39.1 389 39.1 268 187 48.0
M/65 +/+ 40.8 414 473 314 249 60.1
F/48 46.3 573 577 466 358 62.4
F/45 45.0 533 515 400 293 549
M/39 443 69.1 665 525 39.0 56.4
M/59 415 524 527 49.7 285 543
F/68 421 455 465 338 259 56.9
F/49 47.2 583 583 479 30.8 52.8
F/40 43.7 449 38.1 289 18.1 40.3
Mean 43.1 473 47.8 33.8 235 50.1
RYGB (n = 26)

M/57 44.5 619 528 39.1 278 449
F/56 +/+ 47.5 582 552 46.7 40.5 69.5
M/50 45.5 68.0 548 388 325 47.7
M/59 +/+ 40.7 509 440 318 23.0 45.1
M/48 634 1096 1006 79.8 66.6 60.7
F/49 59.3 99.3 948 793 66.1 66.5
F/62 43.5 444 60.1 389 259 583
F/43 +/+ 50.1 69.9 763 523 423 60.5
F/53 50.7 69.9 699 489 489 69.9
F/63 +/+ 443 512 524 424 26.1 50.9
M/56 + 56.8 940 79.0 60.0 50.0 53.1
F/62 +/+ 38.0 341 302 218 148 434
F/62 +/+ 36.5 286 376 256 121 423
M/62 47.6 683 61.7 513 329 48.1
F/58 46.1 526 516 41.1 226 429
M/53 47.7 67.0 498 352 175 26.1
M/51 48.4 702 70.7 543 43.0 61.2
M/47 47.9 759 766 579 437 57.5
M/37 48.7 66.8 57.0 475 383 573
M/50 + 382 443 443 203 176 397
F/42 50.7 69.9 743 581 425 60.8
M/36 +/+ 60.5 1150 107.0 895 784 68.1
F/50 45.2 549 472 375 257 46.8
F/63 39.9 381 40.0 284 200 524
M/60 +/+ 44.0 542 576 296 148 27.3
F/36 41.7 439 414 334 232 528
Mean 46.3 57.2 55.6 39.9 273 49.0

Beta diversity based on the Bray-Curtis using all
amplicon sequencing variants dissimilarity index
was comparable for all patients at baseline and post-
diet. From this point on, however, the progression of
this index in the microbiota diverged for the two
groups (Figure 2a), with significant changes in the
SG group starting only after surgery (p = .03); these
changes in SG patients were considerably less pro-
nounced than for the RYGB group (p = .0015). No
statistically significant differences in the alpha diver-
sity values were detected by sampling point or type
of surgery (Figure 2b). The Shannon index remained
stable, but the Chaol index experienced opposing
trends for the SG (slight decrease) and RYGB (slight
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Figure 1. % Weight excess in the 40 patients along the 4 samples of each one. Statistically significant differences between SG and RYGB
groups at basal and diet samples are marked as *p < .05, and **p > .01.

increase) groups, without reaching statistical signifi-
cance in any case. There were no statistically signifi-
cant correlations between alpha diversity and BMI
(data not shown).

The taxonomic analysis demonstrated the dom-
inance of Bacillota (formerly Firmicutes) in the
samples from both surgical groups (Figure 3a),
with a total of 167 bacterial genera identified, 14
of which accounted for more than 80% of the over-
all abundance (Figure 3b). The differential traits in
the microbiota of the SG group included the
increase in Bacillota abundance across the bariatric
process and the unique representation of certain
minority genera such as  Butyricicoccus,
Eggerthella, Gordonibacter and Intestinibacter
(data not shown).

In the SG group, there was a significant
increase in certain genera of the phylum
Bacillota (Hungatella, Dorea and Eisenbergiella)
as the result of a decrease in the abundance of
Bacteroidota after the diet. In contrast, the
RYGB group showed a slight increase in the
genera Ruminococcus and Anaerococcus and
a decrease in the families Lactobacillaceae and
Bifidobacteriaceae.

In terms of the surgical process, the intergroup
differences were greater. Overall, bariatric surgery led
to a decrease in the genera Roseburia,
Faecalibacterium, Ruminococcus and Bifidobacterium
and a significant increase in Escherichia/Shigella and
Akkermansia.

When stratifying according to type of surgery, the
differences between the samples at baseline and at the
end of the follow-up were much more profound in the
RYGB group (Figure 4b), in accordance with the Bray-
Curtis  dissimilarities  indexes. =~ Thus, the
Proteobacteria, Bacteroidota, Verrucomicrobiota and
Fusobacteriota phyla experienced a significant
increase in number at 3 months after RYGB surgery,
inversely to Bacillota and Actinomycetota. However,
the changes were considerably less marked in the SG
group (Figure 4a), with a slight enrichment of certain
Bacillota, such as Streptococcus, Parvimonas,
Hungatella, Lactobacillus and Desulfovibrio, together
with a decrease in Bacteroidota and Negativicutes.

The dynamics of the Bacillota phylum during the
entire bariatric surgical process was particularly note-
worthy for its opposing trends: the SG group main-
tained or even increased the high initial relative
proportions, whereas the RYGB group experienced
a marked decrease (Figure 3a). In the SG group, the
sole correlation between weight and Bacillota abun-
dance was the excess weight in the baseline sample
(Figure 5, r = 0.29), whereas in the RYGB group, the %
EWL was directly correlated to the decrease in
Bacillota during the follow-up (r = —0.31).

Short-chain and branched-chain fatty acids

Table 2 and Figure 6 show the absolute concen-
trations and relative abundances of these micro-
bial metabolites. The relative abundance of the
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main SCFAs (acetate >50%, propionate ~20%
and butyrate 15%-20%) was comparable for the
two groups. In general, there were higher con-
centrations of all measured SCFAs in the feces of
the SG group, reaching statistical significance
only for valeric acid (p = .04). There were no
significant differences in SCFA and branched-

chain fatty acid (BCFA) abundance according
to sex, age or excess weight in the baseline
sample (data not shown). The concentrations of
each SCFA experienced moderate variations in
the subsequent samples. The diet promoted
a significant increase in the concentration of
isobutyric acid, a branched SCFA, whereas no



GUT MICROBES €2106102-7

100% SN e pE—
B phvlum
a Others
= Verrucomicrobia
75% . .
Actinobacteriota
Pseudomonadota
Bacteroidetes
50% .
Bacillota
25%
0%
Basal Diet 1 month 3 month Basal Diet 1 month 3 month
SG (n=14) RYGB (n=26)
b 30 Bifidobacterium 20 Clostridium XVIII 2 Coprococcus
H 2 10 - 2 104 JT X .
5 s . < _ I T
s 2 | Ly . ® L .
S defp S0l sonl
N 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
SG RYGB SG RYGB
207 - Prevotella 20 Ruminococcus-2 50 Roseburia
g @ o 40
£ . £ ]
z 1 T i 0 R T
£ 0 £, H
3 T g ( ’ : i :
B T R . = -
. ] 10 ; [ MR
th.+1 [l mes A D[ = =le=
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 2 3 4
SG RYGB SG RYGB RYGB
60 Akkermansia * Bacteroides 201 Blautia
2 * . o ok 2w -~
M" £ LLd JLEFEE L
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
SG RYGI SG RYGB
S0 - Escherichia/Shigella . 50 Faecalibacterium 507 Lachnospiracea_incertae_sedis

40

% of abundance
% of abundance
% of abundance

12 3 12 3 4
SG RYGB
50 Ruminococcus 50 Streptococcus

g 40 § 40

2 30 EED

3 H *
2w F S .
k-] s

* = + *

Figure 3. Bacterial distribution in feces. A: At phylum level. B: at genus level, showing only the most abundant (80% of the total
abundance). Samples are represented as 1 = basal, 2 = diet, 3 = 1 month of surgery and 4 = 3 months of surgery. Statistically significant
differences between samples are marked as *p < .05, and **p > .01.



€2106102-8 N. SALAZAR ET AL.

a SG - BASAL vs. 3 MONTHS
I 3 months M Basal

! } I I 1 1 I
! Bacteroidia
(h) Bacteroidales

Bacill  (2)Bacteroidaceae

(s)  Butyricicoccus
_ Corynebacterlaceae (b)
Corynebacterium (a)
_ Lactococcus (i) :
: : _ Coprobacillus (V) :
: : _ ud_Lactobacillales (I) :
° : - I . Lactobacillales (m) |
: ] _ Eisenbergiella (q) :
: _ Desulfovibrio (¥)
. R Atopobium (¢) :
] Alloscardovia (d) :
_ Clostr|d|ales IncertaeSedls)(l (p)
: _ Actinornycetalées (¢)
. I P rvimonas (o)
I ungatella (1)
: = ud_CIostrldlaIes (u)
: ud_Clostridiales (t)
. [ . ctobacillales | (n)
. [ 5 acilli :
Streptacoccus (j)

. I strptacoccaceae (K)

I I
-4.8 -3.6 24—12 00 1.2 2.4 3.6 4.8
LDA SCORE (log 10)

b RYGB - BASAL vs. 3 MONTHS

B 3 months B Basal

Bacilli

clostricio
' ®) Clostrciales |
Firniicutes - |
(0) Ruminococcaceae [N
f&" (m) Lachnospiraceae [N
88 O Roscourie. N
<o % ’r::,_ (n) Faecalibacterium _ :
5% %%.' Erysipelétrichia _
?‘%’ r%g‘ (r) Eryslpelotrlchales _ :
% s (@) Erysipelotrichaceae [ NNRIDDREEE
5 (k) Fusicatenibacter [N
S § Actinobacteria _
& g 5 Actinobacteria _ :
55,. g (a) Bifidobacterium _ :
3 § (0) Bmdobacterlales _
© (b) Bifidobactefiaceae [N :

Ezakiella (j)
Lactobacillales: (i)
Bacilli: .
Velllonella (s)

Gé,z“ Streptbcoccaceae (h)

e\@” Streptococcus : (g)
Veillonellaceae (t)
uape“"mm Selendmonadales (u) :

Negativicutes
Bacteroidaceae (e)
Bacteroides (d)
Verrucomicrobiales
Verrucomicrobiae (z)
Verrucomicrobiaceae
Akkerlfnansia (y)
Verrucomicrobia
Escherichia_Shigella (v)
Bacteroidia
Bacteroidales (f)
Bacteroidetes '
Enterobacteriaceae (W)
Enterobacteriales (x) :
Gammaproteobacterla
Proteobacterla

I I
-4.8 36—24—12 00 1.2 2.4 3.6 4.8

LDA SCORE (log 10)



statistically significant changes were observed for
the samples from the RYGB group. The post-
operative fecal samples from the SG group had
significantly decreased acetic and propionic acid
concentrations compared with the concentra-
tions after the diet. There was also
a statistically significant decrease in acetic acid
levels in the RYGB samples and a statistically
significant increase in isobutyric acid levels.
Statistically significant correlations for SCFA
and BCFA and specific bacterial taxa were not
detected.

Amino acids, biogenic amines and GABA

Fecal concentrations of amino acids and biogenic
amines are shown in Tables 3 and 4, respectively.
A comprehensive analysis was performed to detect
correlations between each bacterial taxa abundance
and the proportion of amino acids, biogenic amines
and GABA, without success. Significant differences
were observed between bariatric surgery groups, as
well as different trends throughout the study period
within each group. Globally, higher concentrations
of amino acids were found in the SG samples both
after the diet and after surgery, while the biogenic
amines cadaverine, histamine and tyramine had
significantly higher concentrations in fecal samples
of the group of RYGB patients.

There was a statistically significant increase in ala-
nine, arginine, glutamine and glutamic acid levels
after the low-calorie diet in the SG group, as well in
the levels of the biogenic amine tryptamine and the
neurotransmitter GABA. Regarding the impact of the
surgical process, there was a statistically significant
increase in alanine and branched amino acid levels
and a decrease in phenylalanine, proline and gluta-
mine levels in the SG group when comparing the
baseline samples and the samples taken 3 months
after surgery.

By contrast, the diet produced an increase in
the RYGB group in the concentrations of tyr-
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osine and serine and a decrease in arginine,
glutamine and glutamic acid levels. In addition,
surgery was associated with a statistically sig-
nificant decrease in glutamic acid levels and
a statistically significant increase in levels of
the biogenic amine tryptamine and GABA.

Ammonium

The progression of the fecal ammonium con-
centrations showed opposing trends over the
sampling time for the two surgical groups,
with a significant decrease for the SG group
and a significant increase for the RYGB group
(Figure 7a). Given that the normal range for
fecal ammonium has not yet been defined, we
arbitrarily established three categories based on
the following tertiles: low (0-19 mM), medium
(20-39 mM) and high concentration (>40 mM)
(Figure 7b). We compared the bacterial abun-
dance in the baseline samples to the fecal
ammonium profile, demonstrating the predomi-
nance of Paraprevotella to the detriment of
other members of the Bacteroidales order
(Parabacteroides, Barnesiella and Odoribacter)
and Lentisphaerae in those patients with higher
ammonium levels (Supplementary Figure 2).

DM2 resolution after bariatric surgery

During enrollment, 12 participants (7 men; 10 of
them undergoing RYGB) had insulin-dependent
DM2. After the surgery, 9 (75%, 8 of them under-
going RYGB) of the 12 experienced complete
remission without drug treatment, while the
remaining 3 patients continued to require oral met-
formin and insulin.

The differential bacterial abundance was ana-
lyzed in the 8 patients who underwent RYGB with
complete resolution of the diabetes (baseline vs.
3-month samples), showing that the phyla
Verrucomicrobiota (Akkermansia) and

Figure 4. Bacterial taxa with differential abundance according to linear effect size discriminant analysis (LEfSe). The left side of each
graph shows a cladogram, in which the yellow circles represent bacterial taxa that show no significant differences between the groups
analyzed, while the green and red circles represent taxa whose abundance is significantly differential between the groups analyzed.
The other side of each graph shows the significant taxa ordered according to the magnitude of the differences (LDA score). A:
Comparison between baseline and 3 months after surgery in SG. B: Comparison between baseline and 3 months after surgery in RYGB

(only taxa with LDA>4 are shown, to simplify the figure).
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Figure 5. Correlation study between Firmicutes abundance and weight excess, distinguishing according to the type of surgery
(SG: green; RYGB: red) and sex. Left: basal state, right: difference between 3 months after surgery and basal state.

Table 2. Median, standard deviation and range of SCFA values (mM) measured at the 4 times for both groups of patients.

Median + SD Range (mM) Acetate Propionate Butyrate Isobutyrate Valerate Isovalerate Caproate
SG* e e a b
Basal 83.1 £ 288 29.9 £ 10.5 29.9 +£10.5. 23+ 1.1 38+23 28 2.1 05+09
43.6-1324 6.9-44.2 6.9-44.2 0.5-4.7 0.7-10.3 0.7-83 0.08-3.4
Diet 92.1 +£37.8 316 £17.9 316 £17.9 31+£1.0 40+ 22 43 +15 05+04
37.9-178.6 8.3-82.8 8.3-82.8 0.7-4.5 0.8-8.6 1.4-6.2 0.04-1.5
1 month 61.8 +42.2 25.0 = 30.1 25.0 = 30.1 25+16 3.0+26 39+25 0.1+03
10.4-168.5 26-111.9 26-111.9 0.4-6.5 0.4-10.4 0.6-9.2 0.0-0.8
3 months 62.6 + 24.9 253 +£9.6 253 +9.6 29+£13 3614 39+23 03 +05
19.8-123.9 3.9-40.7 3.9-40.7 1.0-5.7 0.8-5.6 1.5-8.6 0.06-1.7
RYGB* b,c,e 4 ce
Basal 69.1 £31.7 248 +12.3 17.2 £ 155 21+£1.0 32+20 2915 0.7 0.7
19.7-126.1 9.7-52.3 0.6-58.3 0.2-4.3 0.0-9.3 0.9-6.8 0.0-3.3
Diet 69.9 £+ 33.0 235+17.2 183+ 14.8 21115 34+28 28+23 0.7 £ 0.6
22.8-158.2 3.8-734 0.0-66.7 0.9-6.7 0.4-14.2 1.0-10.6 0.0-2.4
1 month 53.6 £ 25.1 21.7 £13.1 10.5 +10.2 24+1.1 33+24 36+ 1.7 05+04
14.2-114.9 3.1-51.2 0.0-35.2 0.5-5.7 0.0-11.7 1.6-9.0 0.0-1.6
3 months 529+ 229 265+ 158 16.1 £ 14.9 30115 29+ 2.1 47 +28 0406
16.0-91.1 3.6-55.7 0.9-56.4 0.9-8.7 0.6-7.8 1.4-15.7 0.0-3.1

Notes: *a statistically significant difference determined by Wilcoxon test between baseline and diet; b: baseline and 1 month; c: baseline and 3 months; d: diet
and 1 month; and e: diet and 3 months. Only values of p < 0.05 were considered.

Fusobacteriota (Fusobacterium) increased signifi-
cantly after surgery, while the relative abundance
of the phyla Bacillota (Faecalibacterium,
Erysipelotrichia, Gemmiger and Lactobacillus)
and Actinobacteriota (Bifidobacterium) decreased.
When comparing these 8 patients with the
remaining 18 RYGB patients at baseline,
a significantly lower abundance of the Clostridia
class was associated with DM2, although surgery
resulted in a clear decrease of this taxon in both
groups (Supplementary Figure 3).

Lasso model

Analyses with the Lasso model failed to identify any
metabolite able to predict % EWL after 100 repeti-
tions; however, they were able to identify 8 minor-
ity bacterial genera (Table 5). The root mean square
error values were always low (approximately 0.05).
The pointed to Anaerofustis and
Acetanaerobacterium as the most discriminant gen-

model

era; however, both are underrepresented in the
global gut microbiota. The most promising finding



GUT MICROBES (&) 210610211

Table 3. Median, standard deviation and range of amino acid values (mM) measured at the 4 times for both groups of patients.

Median + SD Range

(mM) Ala Arg Asn Asp GIn Glu Gly His lle Leu Lys
SG* a,c a a,c a [4 4
Basal 42+38 03+03 003+02 13£09 01+02 35+36 12x15 01+01 09+10 15%£15 2013
0.8-15.5 0.06-1.3 nd-1.1 0.4-3.7 nd-0.9 1.0-149 0.2-6.5 0.04-05 0.05-3.6 0.05-5.3 0.05-5.0
Diet 82+52 04+£03 00201 10+x06 02+01 73£30 18+19 02+£02 14+13 3217 2615
1.6-20.5 0.08-1.2 nd-0.7 0.6-29 0.01-04 02-121 04-71 0.03-08 0.2-5.1 0.5-6.7 0.8-5.8
1 month 65+52 02+02 002+004 1110 0102 49%£36 19+23 01x01 18+11 32%19 2213
1.6-244 0.02-0.7 nd-0.1 0.2-38 0.08-1.1 13-16.7 04-105 0.03-06 03-46 0.4-88 0.1-5.5
3 months 83+£53 02+£02 003+004 1.1+£06 01+01 47+x24 2419 02+01 22+12 31+18 26 +1.2
2.7-19.8 0.03-0.8 nd-0.1 0.4-3.1 nd-0.5 22-10.2 0.6-68 0.01-06 05-46 1.1-7.3 0.7-4.7
RYGB* af af aef
Basal 43+29 05+02 002+0.04 1.1+06 0101 52+25 12%+23 0104 0907 15+1.2 1.8 +0.7
1.5-140 0.09-09  nd-0.1 03-26 0.03-05 13-11.9 02-109 0.03-19 03-35 08-6.7 0.4-3.6
Diet 52+41 03+02 nd+0.03 13+07 0101 48+30 17+£13 01+01 13£09 23+14 1.8+1.0
0.8-17.9 0.02-09 nd-0.1 02-29 nd-07 06-122 0.1-57 0.03-04 0.1-40 0.2-6.1 0.4-4.8
1 month 41+38 02+01 001+02 08%+06 01+02 37+25 12%x09 0101 09%+14 18+23 14+£10
0.9-156 0.02-0.6  nd-1.2 0.2-31 001-1.1 nd-92 02-32 0.03-08 0.1-74 0.3-12.2 0.5-4.1
3 months 3041 05+04 nd+0.02 09+07 01+£008 22+21 07+£11 01+£009 06+10 1317 1.2+10
1.0-186 0.04-21 nd-0.07 0.1-35 001-02 05-86 02-55 001-04 0.1-39 04-73 0.5-4.6
Median + SD Range Met Phe Pro Ser Thr Trp Tyr Val Orn BCAAs  TOTAL amino
(mM) acids
SG* [4 ce [4 C
Basal 02+03 0705 00905 1.0+£10 14+19 01+£01 09+£07 12+10 02+03 35+34
0.02-1.0 0.05-2.0 0-1.9 nd-3.7 0.1-8.5 0.05-06 0.1-27 0.1-4.0 0.05-1.5 0.4-13.1
Diet 06+04 1406 01+x02 15+11 16+28 01+£01 18+08 19%12 03+03 65+43
0.01-1.5 0.3-24 0-0.6 nd-39 03-114 0.05-04 04-35 03-48 0.1-1.2 1.2-16.7
1 month 03+04 11+£06 00302 18+08 15+30 02+01 14+£08 20+14 0302 6745
0.03-1.8 0.1-29 0.002-0.9 0.3-35 03-105 0.03-0.7 0.2-36 0.3-63 0.08-09 1.1-19.7
3 months 04+03 13+£05 00401 16+08 1.7+09 02+008 12+06 22%13 04+02 77+43
0.02-1.3 0.5-2.6 0-0.5 0.7-3.5 05-3.7 0.08-04 06-3.0 06-47 02-1.0 25-159
RYGB* a a
Basal 02+02 06+05 005+01 09+04 1106 01+£02 07+£02 09+09 02£06 3529
nd-1.2  0.3-3.1 nd-0.8 03-26 04-30 0.05-1.0 04-1.7 04-45 0.08-33 1.6-147
Diet 03+02 09+04 004-01 13£09 12+08 01+£01 08+05 15+£13 02+£02 55+38
0.03-1.0 0.1-1.9 nd-0.6 0.1-3.1 0.1-26  0.01-05 0.1-19 0.1-6.0 0.04-0.7 0.4-14.7
1 month 02+07 06+08 01x03 10£07 08+20 01+03 06+04 10£21 03£15 3859
0.02-3.7 0.1-43 nd-1.1 nd-3.0 0.2-105 0.02-1.5 0.2-20 0.2-10.8 0.09-7.6 0.7-30.5
3 months 02+03 0714 00704 08+07 07x07 01+£01 06+x05 07x13 02£03 26+40
1.0-186 0.2-6.0 nd-1.8 0.2-3.0 0.2-29 0.02-0.5 0.2-25 0.2-55 0.08-1.3 0.8-16.5

Abbreviations: Ala: alanine, Arg: arginine, Asn: asparagine, Asp: aspartic acid, GIn: glutamine, Glu: glutamate, Gly: glycine, His: histidine, lle: isoleucine, Leu:
leucine. *a: statistically significant difference determined by Wilcoxon test between baseline and diet; b: baseline and 1 month; c: baseline and 3 months; d:
diet and 1 month; e: diet and 3 months; and f: 1 month and 3 months. nd: not detected. Only values of p < 0.05 were considered. Lys: lysine, Met: methionine,
Phe: phenylalanine, Pro: proline, Ser: serine, Thr: threonine, Trp: Tryptophan, Tyr: tyrosine, Val: valine, Orn: ornithine, BCCAs: Branched-Chain Amino Acids
(leucine, isoleucine and valine). *a: statistically significant difference determined by Wilcoxon test between baseline and diet; b: baseline and 1 month; c:
baseline and 3 months; d: diet and 1 month; e: diet and 3 months; and f: 1 month and 3 months. nd: not detected. Only values of p < 0.05 were considered.

was related to Bifidobacterium, a genus consider-
ably more abundant in the microbiota than the
others, despite its lower prediction capability. This
genus decreased in both groups of surgery as
directly correlated with weight loss.

Discussion (BRAY Curtis!)

Obesity is a complex and multifactorial disease
that goes far beyond simple excess weight,
requiring an individualized study to understand
its nature, causes, and treatment, particularly in
severe obesity. The gut microbiota’s contribution
to obesity is gradually being recognized, although

the lack of established normal ranges for the
microbiota’s composition and functionality pre-
cludes reaching solid conclusions in certain
cases. Most of the available studies have been
designed to identify significant differences in
bacterial gut microbiota composition between
lean individuals and those with obesity or to
decipher the impact of each surgical approach
on bacterial composition, employing a wide
range of methodologies and analytical strategies.

The present study aimed to monitor fecal micro-
biota composition and functionality fluctuations
during the bariatric process in severe obesity and
included robust statistical analysis with machine
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Figure 6. Evolution of the proportion (left) and absolute concentration (right, expressed in mM) of the majority (acetate, propionate
and butyrate) and minority (caproate, isobutyrate, isovalerate and valerate) SCFA measured at the 4 times (from left to right: baseline,
diet, 1 month after surgery, 3 months after surgery) for both groups. The horizontal line represents the mean of each distribution.

Table 4. Median, standard deviation and range of the values of biogenic amines, phenylethylamine (PEA) and y-aminobutyric acid
(GABA), and ammonium (mM).

Median + SD

Range (mM) Agmantine Histamine Tiramine Putrescine Tryptamine Cadaverin PEA GABA Ammonium

SG* e f ef ef

Basal 0.03 £ 0.09 0.07 £ 0.09 0.01 +0.02 0305 nd+0.03 05+16 nd+0.01 02+19 327 +11.3
nd-0.4 nd-0.3 nd-0.1 0.03-1.7 nd-0.1 0.01-6.2 nd-0.05 0.02-6.6 7.5-40.3

Diet 0.02 £ 0.1 0.05 £ 0.1 0.01 + 0.04 0.1+03 nd+0.01 06+14 nd + nd 03+1.2 340 £16.5
nd-0.6 nd-0.5 nd-0.1 0.02-1.3 nd-0.04 nd-4.0 nd-0.002 0.03-3.5 10.1-63.5

1 month 0.01 + 0.03 0.02 +0.3 nd=+0.1 0.06 + 0.9 nd £ nd 0.5+20 nd £ nd 05+0.7 20.7 £ 154
nd-0.1 nd-1.3 nd-0.5 nd-3.9 nd-0.03 nd-7.1 nd-0.004 0.03-2.3 5.9-71.1

3 months 0.02 + 0.04 0.02 £0.1 0.01 +0.02 0.01 £ 04 nd+0.02 04+18 0+0 04+14 246 £ 139
nd-0.1 nd-0.5 nd-0.1 0.01-1.6 nd-0.1 nd-6.3 0-0.01 0.04-5.0 6.6-53.3

RYGB* a a

Basal 0.02 £ 0.07 0.07 £0.2 0.03 £0.3 0.2 +0.7 nd + nd 3.0+23 nd + nd 02+15 279 £13.6
nd-0.3 nd-1.1 nd-1.5 0.02-2.0 nd-0.004 nd-7.7 nd-0.02 0.02-7.2 6.9-60.4

Diet 0.02 £ 0.02 0.08 £ 0.1 0.02 £ 0.1 0.1+09 nd + nd 14+20 nd + nd 01+17 28.6 £ 13.0
nd-0.07 nd-0.5 nd-0.5 nd-4.7 nd-0.01 0.1-6.7 nd-0.01 nd-6.8 6.5-47.9

1 month 0.02 + 0.04 0.04 £ 0.1 0.05 £+ 0.4 04 +08 nd + nd 29+37 nd+0.04 02+0.2 30.7 £ 125
nd-0.1 nd-0.5 nd-2.1 nd-3.1 nd-0.03 0.01-12.8 nd-0.2 0.03-0.7 9.6-57.1

3 months 0.01 £ 0.05 0.1£0.1 0.1+0.5 0.6 £ 0.7 nd + nd 3.1+30 nd + nd 07+1.8 40.5 £ 125
nd-0.2 nd-0.8 nd-0.2 nd-2.3 nd-0.01 nd-11.4 nd-0.02 0.0-8.0 11.5-58.7

*Notes: a: statistically significant difference determined by Wilcoxon test between baseline and diet; b: baseline and 1 month; c: baseline and 3 months; d: diet
and 1 month; e: diet and 3 months; and f: 1 month and 3 months. Only values of p < 0.05 were considered



learning approaches for prediction. Our main find-
ings are the description of fecal profiles of SCFAs,
amino acids and biogenic amines in severe obesity
during the bariatric process, highlighting the com-
paratively high levels of ammonia detected in the
patients who underwent RYGB compared with
those who underwent SG and, relevantly, the sug-
gestion that a particular baseline gut microbiota
might be necessary to reach the highest BMI values,
as the dynamics of Bacillota suggests.

SG, n=14

80
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Previous studies have emphasized the low
microbial gene richness, low alpha diversity
values and higher abundance of Bacillota in
severe obesity.>'”"'® The utility of the Bacillota/
Bacteroidota ratio (formerly the Firmicutes/
Bacteroidetes ratio) in obesity is controversial,
and recent data point to its lack of validity as
a microbiota marker, given that an expansion of
Bacillota leads to the proportional reduction of
the remaining phyla.'”*° The most noticeable

RYGB, n=26
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Figure 7. Results of fecal ammonium determination. A: ammonium concentration (mM) at the 4 fecal samples, for each group of
patients. B: Percentage distribution of patients according to their fecal ammonium levels at the basal sample and at the end (3 months)

of follow-up, for each type of surgery.
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tfeature we found was that, although the Bray-
Curtis analysis found no significant difference in
phyla abundance in the baseline samples, there
was a direct correlation between Bacillota abun-
dance and baseline BMI occurring in SG,
whereas in RYGB, the extremely high propor-
tions of Bacillota in the baseline samples experi-
enced a proportional decrease in accordance
with the %EWL. Surprisingly, the abundance of
Bacillota increased in the postoperative SG sam-
ples with no correlation to weight loss.

The dissimilar impact of the two bariatric surgi-
cal approaches on gut microbial composition has
been exhaustively reviewed, with consistent
results.”*' " Alpha diversity dynamics appear not
to be reproducible across studies; however, beta
diversity analyses consistently find deeper changes
for RYGB, including an expansion of the
Pseudomonadota  (formerly = Proteobacteria)
phyla.”®** Biliary acid circuit redistribution,
whose antibacterial activity limits the expansion of
gamma-Proteobacteria in the small intestine, is
likely the major cause of the increase in members
from this phylum in samples from patients who
undergo RYGB. Despite the differential trends in
bacterial composition, weight loss was uniformly
reached in both groups.

Acetic, propionic and butyric acids were the
most abundant SCFAs in our fecal samples, as
other authors have reported.”* SCFAs are derived
mainly from carbohydrate bacterial fermentation
and a small amount is also produced by the colonic
fermentation of the branched-chain amino acids
valine, leucine, and isoleucine, leading to the pro-
duction of the BCFAs isobutyric, isovaleric and
2-methyl butyric acid.”** A number of authors
have recently reported an increase in fecal BCFAs
after bariatric surgery.”>*® In our study, only the
increase in isobutyric acid levels was statistically
significant in the RYGB group after surgery with
the concomitant decrease of leucine and valine
levels. In general, we observed modest variations
in SCFAs concentrations, highlighting the decrease
in acetic acid levels in both groups; however, the
bariatric process implies drastic changes in food
intake, particularly after surgery. SCFAs can repre-
sent up to 10% of the total energy intake, and it has
been postulated that there is a significant overpro-
duction of these microbial metabolites in

Table 5. Median values of the 100 Lasso regression values
obtained for the significant bacterial genera and their abundance
at baseline in each group of patients.

Genera Lasso regression % Basal abundance SG RYGB
Anaerofustis 4.910 0.001 0.001
Acetanaerobacterium 3.234 0.002 0.01
Coprobacter 0.182 0.02 0.03
Anaerophylum 0.088 0.002 0.002
Slackia 0.024 0.07 0.05
Gemmiger 0.003 1.7 2.5
Romboutsia 0.002 0.3 0.1
Bifidobacterium 0.001 33 24

obesity,'®?” particularly propionic acid.”® In gen-

eral, the major limitation to reaching solid conclu-
sions is the lack of defined cutoffs for SCFAs, as well
as measurement standardization for food intake
and the subsequent time required for SCFAs
production.

We performed an exhaustive analysis to decipher
the relationship between bacterial taxonomic levels
and SCFA concentrations but did not obtain rele-
vant results. In that sense, certain metabolic routes
of SCFA production could be shared by unrelated
bacterial taxa, which, together with the possible
absorption by the intestinal epithelium of formed
compounds, makes it difficult to establish clear
correlations between fecal SCFA levels and bacter-
ial abundance.”**>?*

Most dietary proteins are absorbed during diges-
tion, and only a small proportion of undigested
proteins (approximately 5%), together with the
rest of the luminal apoptotic host cells or cells
from dead microorganisms, reach the colon.
There is currently a lack of data on the normal
concentrations of amino acids in feces, even more
so in the case of bariatric surgery, which again
limits to extract sound conclusions from our ana-
lysis; significant increases in glutamate levels have
been reported only in rats subjected to RYGB.** We
found noticeable variations in the levels of certain
amino acids associated with the preoperative low
calorie diet and the type of bariatric surgery.
Notably, levels of total amino acids were higher in
the samples from the SG group than from the
RYGB group after the low calorie diet and surgery,
whereas conversely, certain biogenic amines had
higher levels in the RYGB samples. Bariatric sur-
gery, particularly RYGB by malabsorption, could



lead to increased protein concentrations in the
lumen of the colon. Amino acids from these pro-
teins could be metabolized by anaerobic bacteria,
increasing the potential production of toxic meta-
bolites. The higher levels of biogenic amines found
in RYGB support this conclusion, and although the
low fecal concentrations of these compounds are
not suggestive a priori of endogenous intoxication,
higher microbial production, particularly in dis-
eases involving intestinal dysmotility, cannot be
ruled out.*!

One of the most striking results of our study was
the opposing tendency in fecal ammonium concen-
trations of the two approaches. RYGB provoked an
abrupt increase (almost doubling the baseline
values), while SG caused a marked decrease. High
variability in intestinal ammonium levels has been
previously reported in healthy volunteers,** with
Martinez-Cuesta et al. demonstrating higher con-
centrations in severe obesity.'® Once again, normal
cutoffs need to be established, as well as determin-
ing the correlation between serum and feces and
their production after food intake. Ammonium is
a normal metabolite of amino acid digestion and is
one of the most significant toxicants for humans.
Hyperammonemia due to defective ammonium
detoxification of urea occurs in liver injury, causing
severe neurological disorders,*” which are success-
fully treated with antibiotics to reduce the bacterial
load in the small intestine. The contribution of gut
microbiota to ammonium production is likely
underestimated in healthy individuals because it is
rapidly converted to urea and excreted. The capa-
city of intestinal bacteria to overproduce ammo-
nium should, however, not be neglected in various
health conditions, as well as in digestive tract sur-
gery. Other metabolites such as cresol, indole, tri-
methylamine N-oxide and even bile salts can
contribute to intestinal and systemic toxicity in
patients who undergo bariatric surgery and should
be determined in further studies. In fact, the bac-
terial overgrowth has been previously described
after RYGB,**** being the SG approach recom-
mended for hepatopathy as cirrhosis, but in
Nonalcoholic SteatoHepatitis (NASH), RYGB and
SG have similar results.**"*®

We aimed to assess the impact of the preo-
perative low calorie diet, given that postoperative
dietary changes cannot be properly evaluated
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without the intrinsic effect of the surgery.
Bacterial rearrangements were detected in both
groups. Al Assal et al. reported a significant
decrease in RuminococcaceaelF.prausnitzii after
a low calorie diet."”” In our series, however,
F. prausnitzii decreased only in the SG group,
in which, contrary to expected, Bacillota consid-
erably increased, and these variations were not
followed by weight loss. Individuals with severe
obesity are often undernourished, particularly
for essential micronutrients, and recent data
have increased the suspicion that the gut micro-
biota can contribute to this state,*” which is
a target of interest for future studies to improve
postoperative diets.

The DM2 resolved with no drug treatment after
the bariatric surgery in 75% of the patients who had
this metabolic disorder, which was accompanied by
defined changes in intestinal microbial patterns, as
previously reported.”'>***! The contribution of
the intestinal microbiota in resolving DM2 is still
controversial, whereas biliary salts appear to play
a relevant role.>> We were unable to identify
a correlation between bacterial genera abundance
and DM2 resolution in 75% of our patients (9/12).
The baseline status was related to a lower abun-
dance of the Clostridia class, although bariatric
surgery promoted a significant decrease in this
taxon in all participants.

A robust bioinformatics analysis was incor-
porated to detect correlations between micro-
biota composition and functional variables.
Despite our efforts, the integrative analysis pro-
vided no statistically significant results, and
although the Lasso model identified 8 bacterial
genera for predicting weight loss, their low
representation in the entire ecosystem hinders
their use, except for Bifidobacterium, which
decreased in both surgical groups in direct cor-
relation with weight loss.

At the design stage, all participants were equally
considered in their baseline sampling when the
surgical technique had not yet been assigned.
However, given that each group displayed signifi-
cant particularities, we decided to analyze the
results by considering RYGB and SG separately.
Our results strongly suggest different types/degrees
of obesity, particularly differentiated by BMI and
bacterial metabolism, as has been previously
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suggested by other authors.”® Certainly, a BMI >50
implies differential bacterial characteristics com-
pared with lower BMIs, although we cannot ignore
the fact that almost all the participants with the
highest BMI values underwent RYGB.

Further studies should address the character-
ization of fecal and serum metabolites from gut
microbiota, focusing on their normal ranges to
decipher their actual role in obesity and deter-
mine the impact of bariatric surgery on the
host’s health. Our sampling ended 3 months
after surgery, so the long-term effects could not
be determined. Although most authors follow
patients for a year, the most drastic changes
related to gut microbiota appear to occur during
the first three months 30].

Conclussions

Rather than a gut microbiota characteristic of
severe obesity, we have detected individual signa-
tures of composition and functionality, with oppos-
ing trends for almost all determined variables in the
two surgical approaches. RYGB provokes a deeper
impact on gut microbiota composition and a more
putrefactive metabolism, probably related to biliary
acid redistribution. SCFA production is similar in
the two groups, with minimal effects from the bar-
iatric process. Lastly, significantly higher ammo-
nium production occurs in RYGB, although its
clinical significance is uncertain. Standardized
determinations of microbiota metabolites in feces
and serum, as well as normality cutoffs, are needed
to reach solid conclusions in future studies.
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