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OBJECTIVES: The gut microbiota is associated with obesity and weight loss after bariatric surgery and has been
related to its changing pattern. Exactly how the bacterial population affects weight loss and the results of
surgery remain controversial. This study aimed to evaluate the intestinal microbiota of superobese patients
before and after gastric bypass surgery (RYGB).
METHOD: DNA fragments for the microbiota obtained from stool samples collected from nine superobese
patients before and after bariatric surgery were sequenced using Ion Torrent.
RESULTS: We observed that with a mean follow-up of 15 months, patients achieved 55.9% excess weight
loss (EWL). A significant population reduction in the Proteobacteria phylum (11 to 2%, p=0.0025) was observed
after surgery, while no difference was seen in Firmicutes and Bacteroidetes. Further analyses performed
with two specific individuals with divergent clinical outcomes showed a change in the pattern between them,
with a significant increase in Firmicutes and a decrease in Bacteroidetes in the patient with less weight loss
(%EWL 50.79 vs. 61.85).
CONCLUSIONS: RYGB affects the microbiota of superobese patients, with a significant reduction in
Proteobacteria in patients with different weight loss, showing that different bacteria may contribute to
the process.
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’ INTRODUCTION

amount of Actinobacteria (4). A higher proportion of Firmicutes is associated with greater energy absorption, while more
Bacteroidetes is associated with a decrease (5). Nevertheless,
the participation of genera and species also seems important
since the distribution of phyla between lean and obese
individuals shows no difference in some studies (6).
Bariatric surgery is considered the gold standard treatment
for morbid obesity. Despite the rise of sleeve gastrectomy,
Roux-en-Y Gastric Bypass (RYGB) is still the most accomplished weight loss procedure in Brazil (7). Patients submitted to this technique 3 to 12 months postoperatively
present a reduction in Firmicutes and Bacteroidetes and an
increase in Gammaproteobacteria (8). Considering genera and
species, an increase in E. coli and reduction in Bifidobacteria and
Lactobacillus has been observed (9). However, there is an
uncertain significance of these findings, and recent conflicting data show an increase in Firmicutes and reduction in Bacteroidetes in some individuals, which is associated
with variations in diabetes control in the postoperative period
(10).
The influence of factors such as diet, environment and
medication use is certain in long-term follow-up after
bariatric surgery (11), but it is not known how the intestinal

Obesity is a chronic disease that affects more than
600 million people worldwide (1). The pathophysiology is
considered multifactorial, with the gut microbiota influencing
the energy balance, the inflammatory state, the intestinal
barrier and the regulation of food intake, leading to an increase
in body weight (2).
An experimental study showed a higher proportion of
the Firmicutes phylum in genetically obese mice than in
eutrophic controls, with a change in the ratio of Firmicutes/
Bacteroidetes after weight loss (3). In humans, a lower
proportion of Bacteroidetes has also been observed in obese
patients than eutrophic controls, in addition to changes in the
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microbiota influences this process. Satisfactory sustained
weight loss is commonly achieved after bariatric surgery,
with 65% excess weight loss (%EWL) after RYGB (12).
Nevertheless, weight regain and recurrence of obesity is a
major concern in long-term follow-up, with multifactorial
causes (13,14). It is estimated that up to 20% of patients will
present with treatment failure, particularly among superobese patients (BMI above 50 kg/m2) (15).
Consequently, in this study, we evaluated the intestinal
microbiota of superobese patients before and after the RYGB
technique.

conditions used were 94oC for 3 minutes, followed by
40 cycles of denaturation at 94oC for 30 seconds, annealing
at 58oC for 30 seconds and extension at 68oC for 1 minute.
PCR products were analyzed by 1.5% agarose gel electrophoresis. PCR emulsion was carried out using an Ion
PGMt Template OT2 400 Kit in accordance with the manufacturer’s instructions. Sequencing was carried using an
Ion 318TM chip kit v2, with 16 libraries per chip, using an Ion
PGMt Sequencing 400 Kit, on an Ion TorrentTM Personal
Genome Machine (ThermoFisher, USA). All the samples were
sequenced once.

’ MATERIALS AND METHODS

Data analysis

Ethics approval and consent to participate: All procedures
involving human subjects were approved by the Internal
Review Board of the University of São Paulo (‘‘Comissão de
Ética para Análise de Projetos de Pesquisa’’ - CAPPesq
number 399.864, 09/19/2013). Participants provided written
consent, which was securely stored in our laboratory,
according to Brazilian research policy.

The obtained sequences were processed using the Ion
Torrent server v5.0.4. Low quality and polyclonal sequences
were excluded by filtering. Reads maintained were grouped
into operational taxonomic units (OTUs) based on 97%
identity using UCLUST UPARSE v7 (18). The representative
sequences were then classified by taxonomy using the
Greengenes database v13.8 (19) as a reference on the QIIME
(Quantitative Insights Into Microbial Ecology) software
package v1.8 (20).

Study population
The study enrolled nine superobese patients submitted to
bariatric surgery from 2014 to 2015 at Hospital das Clínicas,
University of São Paulo, Medical School, at São Paulo, Brazil.
Inclusion criteria were BMIX50 kg/m2, and exclusion
criteria were the use of antibiotics or acute diarrhea three
months prior to surgery, chronic diarrhea, inflammatory
bowel disease and previous gastrointestinal surgery (including revisional bariatric surgery).
Fecal samples for microbiota study were collected before
and 12 to 24 months after surgery. The surgical technique
was RYGB with both alimentary and biliopancreatic limbs of
100 cm each. Postoperative follow-up examinations were
performed routinely at 1, 3, 6, 12, 18 and 24 months. This
study was approved by the ethics committee (CAPPesq
number 399.864).

Statistical analysis

Collection and storage of stool samples

’ RESULTS

The species richness/diversity were assessed by pairwise
comparisons for alpha diversity by OTUs, Shannon diversity
index, Chao1 richness estimate, and Simpson diversity index.
To determine the effect of surgery on the shared diversity
between samples, beta diversity ratings were calculated based
on weighted and unweighted UniFrac distance matrices,
comparing samples pre- and post-bariatric surgery.
To determine differences in the microbiota before and after
bariatric surgery, the nonparametric Kruskal-Wallis test was
applied. To compare the percentage of bacteria present
before and after the surgery in two patients, the Chi-squared
test was used. All analyses were performed using GraphPad
Prism 6TM statistical software. A p-value of o0.05 after
Bonferroni correction was considered statistically significant.

A Fisher Fecal Commode Collection Kit was used to collect
the stool samples, and they were placed at -80oC up to 1 hour
after collection and maintained there until DNA extraction.

The clinical and epidemiological data from the patients
included in the study are presented in Table 1. Most patients
were female and Caucasian, with a mean age of 41.9 years
and a preoperative BMI of 56.47 kg/m2. In a mean follow-up
of 15 months, they achieved an EWL of 55.9%.
The analyses were performed by grouping all patient data
before and after surgery. The samples were grouped with
greater proximity related to the surgical status and compared
by the diversity analysis of the samples via the UniFrac
method (Figure 1).
A significant reduction in the Proteobacteria phylum
(11% to 2%, p=0.0025) was observed after surgery, but no

DNA extraction
Fecal DNA extraction was performed using a Power
Soil DNA Isolation Kits (Mobio Laboratories, Carlsbad, CA),
with modifications (16). Briefly, the sample tubes were
heated for 10 minutes at 65oC and a further 10 minutes at
95oC and then centrifuged for 2 minutes after the addition of
C3 solution. All other steps were performed according to the
manufacturer’s instructions.

Library preparation and 16S sequencing
The V4 variable region of the 16S rRNA gene was amplified using the primers 515F (50 -GTGCCAGCMGCCGCGG
TAA-30 ) and 806R (50 -GGACTACHVGGGTWTCTAAT-30 )
(17). These primers were designed to include the adaptor
sequences used in the Ion Torrent sequencing library preparation protocol, containing the barcode sequence on the
forward primer. Samples were normalized to 12.5 ng/ml DNA
material per library, and the amplification was performed
using a Veriti 96 well PCR (Applied Biosystems) followed
by AMPure XP bead cleanup (Beckman Coulter). The PCR

Table 1 - Demographic and weight data from the patients
submitted to bariatric surgery.
N=9
Female gender, n (%)
Age, years (min-max)
Caucasian ethnicity, n (%)
Preoperative BMI, kg/m2
Postoperative BMI, kg/m2
%EWL

2

6 (66.7%)
41.9 (16 – 59)
8 (88.8%)
56.47 (50.69 – 62.87)
38.74 (36.73 – 39.75)
55.89 (50.79 – 61.85)
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Figure 1 - PCoA analysis based on UniFrac distance matrices comparing the abundance of intestinal bacteria before and after surgery.
A: unweighted; B: weighted.

diminished in patient A (61 to 42%, p=0.0107) and increased in
patient B (13 to 35%, p=0.0004). At the class level, Bacteroidia
and Clostridia showed trends similar to those of their phyla,
Bacteroidetes and Firmicutes, respectively. The Clostridia class
was significantly reduced after surgery in patient A (59% to
34%, p=0.0006) and increased in patient B (11% to 33%,
p=0.0006). At the family level, Bacteroidaceae and Lachnospiraceae maintained trends similar to those of their corresponding
class and phyla, Bacteroidia/Bacteroidetes and Clostridia/Firmicutes, respectively. Furthermore, Bacteroidaceae was significantly
reduced in patient B (85% to 31%, po0.0001), and Lachnospiraceae was reduced in patient A (36% to 15%, p=0.0011) and
increased in patient B (6% to 18%, p=0.0153) (Figure 3).

significant difference was seen in Firmicutes and Bacteroidetes. Differences at the family level for Rikenellaceae,
Enterobacteriaceae, Sucinivibroniaceae and Odoribacteriaceae and at the genus level for Roseburia were not maintained
after Bonferroni correction (Figure 2).
Further analyses were performed with two individuals,
comparing the data before and after surgery. These patients
showed opposite results of weight loss. Patient A had a 61.85%
EWL, and patient B had a 50.79% EWL. Considering the
bacterial abundance at the phylum level, the abundance of
Bacteroidetes and Firmicutes was different pre- and postoperatively. Bacteroidetes was significantly reduced in patient B
after surgery (86 to 42%, po0.0001). Conversely, Firmicutes was
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’ DISCUSSION

related to obesity and bariatric surgery (3). These converse
findings are often related to the diet (23,24) and changes
in acid exposure due to surgical technique and routine use
of proton pump inhibitor (PPI) drugs (8,9). In our study,
no patient used long-term PPI treatment.
Two patients with divergent weight loss outcomes individually analyzed showed inverse alterations of Firmicutes,
Clostridia and Lachnospiraceae. Additionally, the patient
with the worst weight loss (%EWL of 50.79%) had a significant decrease in Bacteroidetes and increase in Firmicutes. Although this similar order is seen in obese patients
in clinical studies, the differences at the phylum level
between lean and obese individuals have shown conflicting
outcomes (5,6).

This longitudinal study utilizing high-throughput Ion
Torrent sequencing in superobese patients before and after
bariatric surgery showed a statistically significant reduction
in the Proteobacteria phylum after surgery and no significant changes in Firmicutes and Bacteroidetes. These findings
are in contrast with recent studies relating Proteobacteria to
inflammation, dysbiosis and extraintestinal diseases (21).
Changes in the microbiota following bariatric surgery are
related to surgical technique, and a meta-analysis of six
studies demonstrated that RYGB caused an increase in
Proteobacteria and a decrease in Firmicutes (22). Conflicting
data regarding the Firmicutes and Bacteroides phyla are

Figure 2 - Continued.
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Figure 2 - Relative abundance at the phyla, class, family and genus levels of fecal samples, comparing patients before and after surgery.
A – Phyla; B – Class; C – Family; D – Genus.
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methodology has limitations, such as pairing errors and
homopolymer limited detection, which must be taken into
account, according to the type of study (25). Different
approaches have been used in the Ion Torrent platform
analyses to minimize these errors (26). Even using the same
data, the methodology chosen for analysis may result in
different findings (27).
To what extent the changes in the microbiota of
this group of patients may influence weight loss or regain
is still uncertain. Further knowledge of these modifications, with the identification of species that may have a
more positive effect in this process, could contribute to the
development of microbiota modulation therapies with
prebiotics, probiotics or even fecal transplantation in
operated patients.

Some limitations in our study were observed, mostly
related to the small sample size. Likewise, our findings could
be affected by uncontrolled factors, such as postoperative
diet. The surgical technique chosen can also affect the study
outcome, but RYGB is the most frequent technique in
microbiota studies (22).
The bacterial region and the methods used to detect them
are very important to assessing the microbiota, and they can
influence the results. The V4 region of the 16S bacterial RNA
gene, which contains both conserved and variable regions,
is commonly sequenced to identify bacterial species
and was used in this study. Prior studies present different
methods ranging from simple amplification of the 16S
RNA gene by PCR to next-generation sequencing. Semiconductor sequencing was used in the present study. This

Figure 3 - Continued.
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Figure 3 - Relative abundance at the phyla, class, family and genus levels of fecal samples, comparing patients 1 and 3 prior to and post
surgery. A – Phyla; B – Class; C – Family; D – Genus.

’ ACKNOWLEDGMENTS

Our findings support previous literature outcomes of
changes in the microbiota after surgery, with a significant
reduction in Proteobacteria associated with mostly inflammation and extraintestinal diseases. Additionally, when
comparing data from patients with different clinical outcomes,
we observed that Firmicutes and Bacteroidetes may not be
responsible for the observed phenotype, and other bacteria,
even in lower proportions, may not be disregarded.

We are thankful to Roberto Marques Ribeiro for data collection and
analysis.

’ AUTHOR CONTRIBUTIONS
Pajecki D, Sabino EC and Santo MA conceived the study. Oliveira LC,
Souza-Basqueira M and Dantas ACB were responsible for the formal

7

Microbiome in superobese after surgery
Pajecki D et al.

CLINICS 2019;74:e1198

analysis. Sabino EC was responsible for funding acquisition. Pajecki D,
Oliveira LC, Souza-Basqueira M, Dantas ACB, Nunes GC and De Cleva
R were responsible for the investigation. Oliveira LC, Souza-Basqueira M,
Dantas ACB and Nunes GC were responsible for the methodology.
De Cleva R and Santo MA supervised the study. Pajecki D, Sabino EC,
De Cleva R and Santo MA were responsible for the visualization. Oliveira
LC was responsible for the manuscript original drafting. All of the authors
provided assistance in manuscript writing, review, editing, and read and
approved the ﬁnal version of the manuscript.

13. Magro DO, Geloneze B, Delfini R, Pareja BC, Callejas F, Pareja JC.
Long-term weight regain after gastric bypass: a 5-year prospective
study. Obes Surg. 2008;18(6):648-51. https://doi.org/10.1007/s11695-0079265-1
14. Santo MA, Riccioppo D, Pajecki D, Kawamoto F, de Cleva R, Antonangelo
L, et al. Weight Regain After Gastric Bypass: Influence of Gut Hormones.
Obes Surg. 2016;26(5):919-25. https://doi.org/10.1007/s11695-015-1908-z
15. Sarhan M, Choi JJ, Al Sawwaf M, Murtaza G, Getty JL, Ahmed L. Is
weight loss better sustained with long-limb gastric bypass in the superobese? Obes Surg. 2011;21(9):1337-43. https://doi.org/10.1007/s11695011-0402-5
16. Gerasimidis K, Bertz M, Quince C, Brunner K, Bruce A, Combet E, et al.
The effect of DNA extraction methodology on gut microbiota research
applications. BMC Res Notes. 2016;9:365. https://doi.org/10.1186/
s13104-016-2171-7
17. Chaudhary N, Sharma AK, Agarwal P, Gupta A, Sharma VK. 16S classifier: a tool for fast and accurate taxonomic classification of 16S rRNA
hypervariale regions in metagenomic datasets. PLoS One. 2015;10(2):
e0116106. https://doi.org/10.1371/journal.pone.0116106
18. Oh J, Choi CH, Park MK, Kim BK, Hwang K, Lee SH, et al. CLUSTOMCLOUD: In-Memory Data Grid-Based Software for clustering 16S rRNA
Sequence Data in the Cloud Environment. PLoS One. 2016;11(3):e0151064.
https://doi.org/10.1371/journal.pone.0151064
19. Lund J, Tan Q, Baumbach J. Online Interactive Microbial Classification
and Geospatial Distribution Analysis Using BioAtlas. Methods Mol Biol.
2018;1807:21-35. https://doi.org/10.1007/978-1-4939-8561-6
20. Kuczynski J, Stombaugh J, Walters WA, Gonzáles A, Caporaso JG, Knight
R. Using QIIME to analyze 16S rRNA gene sequences from microbial
communities. Curr Protoc Microbiol. 2012;Chapter 1:Unit 1.E.5. https://
doi.org/10.1002/9780471729259.mc01e05s27
21. Rizzatti G, Lopetuso LR, Gibiino G, Binda C, Gasbarrini A. Proteobacteria: A Common Factor in Human Diseases. Biomed Res Int.
2017;2017:9351507. https://doi.org/10.1155/2017/9351507
22. Ejtahed HS, Angoorani P, Hasani-Ranjbar S, Siadat SD, Ghasemi N,
Larijami B, et al. Adaptation of human gut microbiota to bariatric surgeries in morbidly obese patients: A systematic review. Microb Pathog.
2018;116:13-21. https://doi.org/10.1016/j.micpath.2017.12.074
23. Collado MC, Isolauri E, Laitinen K, Salminen S. Distinct composition of
gut microbiota during pregnancy in overweight and normal-weight
women. Am J Clin Nutr. 2008;88(4):894–9. https://doi.org/10.1093/ajcn/
88.4.894
24. Schwiertz A, Taras D, Schafer K, Beijer S, Bos NA, Donus C, et al.
Microbiota and SCFA in lean and overweight healthy subjects. Obesity.
2010;18(1):190–5. https://doi.org/10.1038/oby.2009.167
25. Salipante SJ, Kawashima T, Rosenthal C, Hoogestraat DR, Cummings LA,
Sengupta DJ, et al. Performance comparison of Illumina and ion torrent
next-generation sequencing platforms for 16S rRNA-based bacterial
community profiling. Appl Environ Microbiol. 2014;80(24):7583-91.
https://doi.org/10.1128/AEM.02206-14
26. Loman NJ, Misra RV, Dallman TJ, Constantinidou C, Gharbia SE, Wain J,
et al. Performance comparison of benchtop high-throughput sequencing platforms. Nat Biotechnol. 2012;30(5):434-9. https://doi.org/10.1038/
nbt.2198
 cic Paljetak H, Barešić A, Perić M, Matijašić M, Lojkić I, et al.
27. Panek M, Cip
Methodology challenges in studying human gut microbiota – effects of
collection, storage, DNA extraction and next generation sequencing
technologies. Sci Rep. 2018;8(1):5143. https://doi.org/10.1038/s41598018-23296-4

’ REFERENCES
1. Nguyen DM, El-Serag HB. The epidemiology of obesity. Gastroenterol
Clin North Am. 2010;39(1):1-7. https://doi.org/10.1016/j.gtc.2009.12.014
2. Cardinelli CS, Sala PC, Alves CC, Torrinhas RS, Waitzberg DL. Influence
of intestinal microbiota on body weight gain: a narrative review of the
literature. Obes Surg. 2015;25(2):346-53. https://doi.org/10.1007/s11695014-1525-2
3. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI.
An obesity-associated gut microbiome with increased capacity for
energy harvest. Nature. 2006;444(7122):1027-31. https://doi.org/10.1038/
nature05414
4. Boulangé CL, Neves AL, Chilloux J, Nicholson JK, Dumas ME. Impact of
the gut microbiota on inflammation, obesity, and metabolic disease.
Genome Med. 2016;8(1):42. https://doi.org/10.1186/s13073-016-0303-2
5. Kobyliak N, Virchenko O, Falalyeyeva T. Pathophysiological role of host
microbiota in the development of obesity. Nutr J. 2016;15:43. https://doi.
org/10.1186/s12937-016-0166-9
6. Angelakis E, Lagier JC. Samples and techniques highlighting the links
between obesity and microbiota. Microb Pathog. 2017;106:119-26. https://
doi.org/10.1016/j.micpath.2016.01.024
7. Kelles SM, Machado CJ, Barreto SM. Ten-years of bariatric surgery in
Brazil: in-hospital mortality rates for patients assisted by universal health
system or a health maintenance organization. Arq Bras Cir Dig. 2014;
27(4):261-7. https://doi.org/10.1590/S0102-67202014000400008
8. Zhang H, DiBaise JK, Zuccolo A, Kudrna D, Braidotti M, Yu Y, et al.
Human gut microbiota in obesity and after gastric bypass. Proc
Natl Acad Sci U S A. 2009;106(7):2365-70. https://doi.org/10.1073/
pnas.0812600106
9. Furet JP, Kong LC, Tap J, Poitou C, Basdevant A, Bouillot JL, et al. Differential adaptation of human gut microbiota to bariatric surgery-induced
weight loss: links with metabolic and low-grade inflammation markers.
Diabetes. 2010;59(12):3049-57. https://doi.org/10.2337/db10-0253
10. Murphy R, Tsai P, Jullig M, Liu A, Plank L, Booth M. Differential Changes
in Gut Microbiota After Gastric Bypass and Sleeve Gastrectomy Bariatric
Surgery Vary According to Diabetes Remission. Obes Surg. 2017;27
(4):917-25. https://doi.org/10.1007/s11695-016-2399-2
11. Musso G, Gambino R, Cassader M. Obesity, diabetes, and gut microbiota:
the hygiene hypothesis expanded? Diabetes Care. 2010;33(10):2277-84.
https://doi.org/10.2337/dc10-0556
12. Pajecki D, Dalcanalle L, Souza de Oliveira CP, Zilberstein B, Halpern A,
Garrido AB Jr, et al. Follow-up of Roux-en-Y gastric bypass patients
at 5 or more years postoperatively. Obes Surg. 2007;17(5):601-7. https://
doi.org/10.1007/s11695-007-9104-4

8

