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Abstract:  Gut bacterial characterization could be a good criterion for prevention,
diagnosis confirmation and monitoring of digestive diseases. Aim. To begin the first step
for future establishment of the metagenomic methodology in Balearic healthy system for
the characterization gut microbiota, in colorectal exploration of patients affected by bowel
diseases. Material and methods. e bacteria were characterized in colorectal biopsy and
brushing (healthy and inflamed regions) om the bowel by 16S rRNA gene V3-V4 regions
and Nextera XT metagenomic techniques (Illumina). DNA was isolated by colonoscopy
exploration om 10 subjects (20-75 years, both sex) who felt some symptoms of abdominal
pain, diarrhea, episodic rectal bleeding. Gene libraries were prepared and sequenced for 451
bacterial genera. We evaluated the qualitative of food consumption as a complement. e
results were analyzed by SPSS v.21. Results. Our results showed that the quality control of
libraries and sequencing was adequate. ere was great bacterial variability among subjects
and sampling areas. PCA obtained showed that, the microbiota of patients was clustered
together by disease type and the bacteria diversity of No evidence of active pathology patients
clustered closely to ulcerative colitis distribution. Our preliminaries results suggested that
the colorectal exploration is not enough for a complete diagnosis and follow-up of treatments.
Conclusions. e first step to establish gut microbiota metagenomic technology in our group
allowed us to obtain bacteria genomic libraries by colonoscopy exploration; om patient
with bowel diseases; according to Illumina requirements. Preliminary results will permit
to introduce the methodology; increasing the subject number and samples and nutritional
characterization.
Keywords: Gut microbiota, ulcerative colitis, Crohn´s disease, polyps, diverticula.
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Resumen:   La caracterización de la microbiota intestinal podría ser un buen criterio
para la prevención, confirmación y seguimiento de las enfermedades digestivas. Objetivo.
Comenzar la primera etapa para el establecimiento futuro de la metodología metagenómica
para la caracterización de la microbiota intestinal en el sistema sanitario balear,
por exploración colonoscópica en pacientes con enfermedades intestinales. Material y
métodos. Las bacterias aisladas de biopsia y cepillado (regiones sana e inflamada) fueron
cuantificadas utilizando las técnicas metagenómicas 16S rRNA V3-V4 y Nextera XT
(Illumina), usando ADN bacteriano de diez sujetos (20-75 años, de ambos sexos) con
síntomas de problemas digestivos (diarreas, dolor abdominal y sangrado rectal). Las
librerías genómicas fueron preparadas y secuenciadas para 451 géneros de bacterias.
Se evaluó el consumo cualitativo nutricional como información complementaria. Los
resultados se analizaron utilizando SPSS v21. Resultados. Nuestros resultados mostraron
un adecuado control de calidad de las librerías y su secuenciación. El análisis de componente
principal mostró que la diversidad bacteriana se distribuyó por tipo de enfermedad y la
distribución de los pacientes sin patología activa estuvo estrechamente relacionada con
colitis ulcerosa. Estos resultados preliminares sugieren que la exploración colorrectal no es
suficiente para el diagnóstico y seguimiento de los tratamientos. Conclusiones. La primera
etapa para el establecimiento en nuestro grupo de la tecnología metagenómica de microbiota
intestinal permitió obtener librerías genómicas a partir de exploración colonoscópica de
pacientes con enfermedades intestinales; de acuerdo con los requerimientos de Illumina y
permitirán introducir la metodología, incrementando el número de sujetos y muestras y su
caracterización nutricional.
Palabras clave: Microbiota intestinal, colitis ulcerosa, enfermedad de Crohn, pólipos,
divertículos.

Society advances, the responsibility, stress, changes in nutritional patterns
when the people move for different geographical situations or adapt to
fast food, stop consuming local products or simply, do not pay attention
to their possible predisposition to digestive diseases; these and others
constitute risk factors for inflammatory digestive diseases linked not only
to the genetic-hereditary component, but also to the lifestyle and the
socio-economic situation.

Gut microbiota is associated to a large number of inflammatory and
metabolic diseases. It is evidenced by supporting the important functional
role of gut in maintaining individual health, in the body as a whole .1

Most studies have suggested a great variability among individuals
2  and among gastrointestinal tract areas in the same subject. 3

Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria are the
most abundant phyla in the human bowel  4, 5, 6  Although gut
microbiota pattern differs among subjects, there is a functional “core”
of bacteria that it is necessary for a normal human host´s metabolism,
some of them are represented in rural and urban population around
the world; for example: Faecalibacterium, Roseburia, Bacteroides,
Dorea, Clostridium, Eubacterium, Coprococcus, cepa de R., Alistipes,
Collinsella, Parabacteroides and Bifidobacterium. 7

Massive 16S rRNA gene sequencing technology (Illumina platform)
has allowed bacterial identification in complex samples without the
bacteria isolation. 8
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In Majorca, gut bacterial characterisation of colorectal biopsies in a
healthy group (61-76 years) and Crohn´s disease patients (20-64 years)
were performed and the microbiome cores were compared. 9

Some analysis in ulcerative colitis (UC) patients demonstrated the
difference between the luminal and mucus gel microbiota in control
and in UC groups, with no differences among colorectal regions. No
correlation was found between regional inflammation and a breakdown
in this spatial or bacterial diversity. 3

e aim of our work was to begin the first step for the future
establishment of the methodology (with the collaboration of research
Balearic units) for the massive metagenomic characterization of gut
microbiota, in colorectal exploration of patients affected by bowel
diseases.

Material and methods

Subjects and samples

Subjects without intestinal inflammatory background attended for
abdominal pain, diarrhea, mucus secretion and episodic rectal bleeding,
at the moment of exploration. ey had not taken anti-inflammatory,
immunosuppressive and antibiotic drugs in the previous 3 months
and were explored by colonoscopy. Clinical indication, colonoscopy
and histopathological findings were the inclusion criteria (Table 1).
Individuals were included in five small groups: No evidence of active
pathology (NEAP) (n = 2), a subject with diverticula (Diver), ulcerative
colitis (UC, n = 2), Crohn´s disease (CD, n = 2) and polyps (polyps,
n = 3) to demonstrate quality control of procedures: DNA extraction,
libraries preparation and fidelity in sequencing process.
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Table 1.
Antecedents and exploration results (colonoscopy and histopathology analysis).

Samples were collected aer an overnight fast with bowel preparations
using polyethylene glycol, a day before the analysis. All patients received
a dose of anesthesia. Mucosal biopsies and brushing samples were taken
at 10 cm from affected areas and healthy opposite areas in patients; and
from area in subjects without affected mucosa (apparently healthy) by
colonoscopy exploration. One biopsy was placed into a sterile, nuclease-
free tube (2 mL, Brand) with 1.5 mL of buffer InhibitEX (QIAamp
Fast DNA Stool Mini Kit, QIAGEN) and one brush sample was placed
in another sterile tube. Both were stirred and frozen at - 20 °C. A
biopsy sample was fixed for histopathological assessment and analyzed
according to protocols of both hospitals (Hospital of Inca and Hospital
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Son Llàtzer). Table 1 shows the clinical indications, colonoscopy and
histopathology results as inclusion criteria for subject selection. NEAP
subjects had no evidences of active pathology.

Samples: Polyp group: -Pol1 [sample 1, healthy area brush (HABr);
[sample 2, healthy area biopsy (HABio)]; [sample 3, inflamed area brush
(IABr)]; [sample 4, inflamed area brush (IABio)]. -Pol2 [sample 5,
healthy area brush (HABr); [sample 6, healthy area biopsy (HABio)];
[sample 7, inflamed area brush (IABr)]; [sample 8, inflamed area brush
(IABio)]. -Pol3 [sample 15, healthy area brush (HABr); [sample 16,
healthy area biopsy (HABio)]; [sample 17, inflamed area brush (IABr)];
[sample 18, inflamed area brush (IABio)].

UC: -UC1 [sample 11, healthy area brush (HABr); [sample 12, healthy
area biopsy (HABio)]; [sample 13, inflamed area brush (IABr)]; [sample
14, inflamed area brush (IABio)]. -UC2 [sample 21, inflamed area brush
(IABr)]; [sample 22, inflamed area brush (IABio)].

CD: -CD1 [sample 25, healthy area brush (HABr); [sample 26, healthy
area biopsy (HABio)]; [sample 27, inflamed area brush (IABr)]; [sample
28, inflamed area brush (IABio)]. -CD2 [sample 29, healthy area brush
(HABr); [sample 30, healthy area biopsy (HABio)]; [sample 31, inflamed
area brush (IABr)]; [sample 32, inflamed area biopsy (IABio)].

NEAP: -H1 [sample 9, healthy area brush (HABr); [sample 10, healthy
area biopsy (HABio)].-H2 [sample 23, healthy area brush (HABr);
[sample 24, healthy area biopsy (HABio)].

Diverticula: -Diver1 [sample 19, healthy area brush (HABr); [sample
20, healthy area biopsy (HABio)].

Total Bacterial DNA extraction om samples

Bacterial DNA was extracted using the QIAamp® DNA Stool for
Pathogen Detection Method Mini Kit (QIAGEN, Spain). e procedure
was similar to the one described by manufacturer Manual User, adjusted
to the samples in 1.5 mL buffer InhibitEX. e volume was processed
completely.

DNA samples were concentrated by Concentrator plus equipment
(Eppendorf), at 45 °C, for 95 min, until reaching a final volume of 40 µL.
e amount of DNA, previously diluted with 10 mM Tris-HCl pH 8.5,
was evaluated by protocol of QuantiFluor dsDNA KIT (Promega).

Analysis of bacterial content were performed by Genomic Libraries
techniques (Illumina platform).

Genomic libraries were performed and sequenced (variable V3 and V4
regions of the 16S rRNA gene), using Amplicon 16S and Nextera XT
Metagenomic (tagmentation reaction) methodologies (Illumina). We
included a positive control of bacterial DNA and water free of RNAse/
DNAse as a negative control.

An account of the results was created in BaseSpace platform and
a series of results analysis applications were accessed on the Illumina
website: http://www.illumina.com/index-d.html. 16S Metagenomics
application performed the taxonomic classification of generated 16S
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rRNA amplification readings, using an Illumina cured version of the
Greengenes taxonomic database. e classification was performed using
the Illumina 16S Metagenomic workflow, which was also available in the
MiSeq Reporter soware. We evaluated the quality control of libraries,
according to the references of Illumina; sensibility by massive sequencing
and precision between Amplicon 16S and Nextera XT Metagenomic.

Food consumption pattern

We elaborated a questionnary according to the indications from Spanish
Healthy Eating Guide, 10  Norte and Ortiz; 11  using the criteria about
the frequency of consumption for ten general groups (grain and derivate,
vegetables, fruit, dairy products, meat, cold-processed meat, legumes,
sweets, beverages, and diet variety);11 by four days (including weekend),
in the month before. Healthy Eating Index (HEI or IASE for Spain)
was measured. e IASE categories (maximum score: 100) were: healthy
feeding > 80, need-for-changes: 50-80, little healthy: < 50. 11

Statistics analysis of results

Principal components analysis (PCA) and OTU (operational taxonomy
unit) were applied to the DNA copies for 451 genera of bacteria, for
the samples by platform Illumina (application 16S Metagenomics). Some
graphics were obtained by SPSS v 21 (SPSS Inc., Chicago, IL, USA).

Ethics Statement

Studies with human samples (biopsy and brush colorectal samples) were
approved by the Ethics Committee of the Balearic Islands (IB3132/16
PI). Data about blood and urine biochemistry markers were proved by
the medical researchers, according to the Protection Law of Data Use.

Results

Sensibility and precision of metagenomic method is difficult to
demonstrate with a small number of samples or of subjects. However, if
the size of fragments obtained as libraries are adequate and the percentage
of reads identified is more than 95% (with lower variation coefficient than
3 %); there are some evidences that the results are correct.

Ten subjects with digestive disorders symptoms were analyzed by
colonoscopy test, with 32 samples corresponding to different areas of the
colon: NEAP (samples of healthy area by biopsy and by brush); UC,
CD, Diver and Polyps (samples of healthy area by biopsy and by brush,
inflamed area by biopsy and by brush).

Libraries were performed by 16S Amplicon procedure, which
generated rRNA fragments with mean size of 604 pb (as indicator of
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quality control) and an amount of 31 nM by (40 nM estimated by
the fluorescent method); and by XT Nextera Metagenomic with a real
concentration of 5.31 nM (5 nM estimated) and the size with 1.121
pb, with homogeneous picks detected by the Bioanalyzer technique.
Taxonomy was evaluated using 16S Amplicon sequencing application
by BaseSpace platform (Illumina), yielding 21.138.542 reads for genera
level (a satisfactory percentage of reads identified: 96.65%, variation
coefficient: 2.21%, value of cluster density 888 + 6 K/mm2 and 12.11
Gbp). erefore, the libraries preparation was secure for the next
sequencing step. Sensibility observed in our system of samples (for 451
genera) was 30 genera detectable with more than 1% of abundance.

16S Amplicon analysis allowed identify points of similitude and
difference by the taxonomy tree, (Figure 1) and PCA (Figure 2), based on
abundance of classified operational taxonomic units (OTUs) presented
in all samples as differential constellations; in each group.

Figura 1.
Taxonomy tree 16S Amplicon analysis.
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Figura 2.
PCA of bacterial diversity by 16S Amplicon analysis.

UC samples were outside of CD and Polyps constellations, while
samples of NEAP were included inside and in the limit of UC
constellation.

Although diverticula pathology is not classified as inflammatory
disease, Diver samples were included inside CD constellation.

A possible hypothetic flow of bacterial amount was represented
(mucosa-lumen and healthy area-inflamed area) (Figure 3). at
proposed a comparative model of bacteria distribution in different areas
in the same subject. According to the severity of the disease, bacteria were
concentrated in the luminal inflamed area (both P1 and P3). e clinical
description for patients showed (Table 1): P1 exhibited in addition
polyps, chronic hepatitis; P3 showed a colon sessile polyp (3mm) and a
semi-pedunculate 10 mm polyp with an adenomatous appearance and
some diverticula in sigma. P2 showed a colon sessile 10 mm polyp without
higher dysplasia degree, its bowel bacteria were concentrated in both
healthy and inflamed in luminal areas.

Analysis in ulcerative colitis suggested an equal distribution of bacteria,
in both areas, for two patients. e inflammation was detected by a
colonoscopy test in the reduced inflamed zone of UC1. ere were some
aphtoid ulcers (with white halo erythematous) and lymphoid hyperplasia
associated with ulcerative colitis. at behavior was specific to bacteria
concentrated in luminal space (Figure 3).
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However, UC2 presented an inflammation extended to all studied
areas (active colitis in colonic mucosa) by a colonoscopy test (the patient
has shown some symptoms with mucus secretion and blood in feces),
which exhibited the highest bacterial distribution in all mucosal area and
the lumen was not implicated (Figure 3).

Figura 3.
Distribution of total bacteria in mucosa-lumen and healthy-inflamed area, referred to reads number.

Crohn´disease model was particularly noticeable. Both patients had
a directional flow out to inflamed areas, so the bacteria amount in the
healthy area was double in size (in lumen for CD1 and distributed in
both for CD2). Exploration showed CD1 had some starry ulcers with
a fibrinous background, upholstered with mucopurulent exudates; there
were evidences of preserved mucus secretion and loss of epitheliod surface
in some fragments, diffuse inflammation with abundant eosinophils
and polymorphonuclears neutrophils, without cryptic bifurcations. CD2
showed an extensive affected mucosal area with some fragments of
tubulovillous adenoma; without high grade dysplasia; ileum mucosa and
colon mucosa affected with mucus secretion; serrated adenoma sessile
not dysplasia; some fragments with distorted cryptic architecture, with
crypts of eosinophils, polymorphonuclear, neutrophils; not granulomes
or cryptic abscesses, or malignances.

e patient with diverticula had a bacterial diversity pattern similar to
CD or included in the constellation of CD (Figure 2); but the bacterial
amount was higher distributed in luminal and mucosal areas around the
diverticula structure, seen in the flow model (Figure 3).

e NEAP subjects went to digestive medical assistance because
both suffered pain associated to fat consumption, with episodes of
rectal bleeding, constipation and bowel stools. Both subjects did not
show gut inflammatory evidence by colonoscopy. e total bacteria
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amount in NEAP1 was 4-8 times less than Polyp, UC, CD groups; 10
times less than Diver and it was concentrated in mucosa area without
perceptible distribution in luminal portion (Figure 3). Nevertheless;
bacterial diversity in NEAP1 (HABio) conformed to the UC pattern
(sample 10, Figure 2); while NEAP2 was outperforming NEAP1 about
10 times higher levels of bacteria distributed in both areas (mucosa and
luminal). NEAP2 diversity was in the border of UC (Figure 2).

erefore, the Illumina platform showed that there were differences
among subjects (Table 2). Our results indicated that there were bacterial
abundance and diversity differences associated to mucosal areas and
lumen, but the areas were in the same constellation, for the same group
of patients.

Table 2.
Principal bacteria genera found in the samples, by 16S Metagenomics

application and XT Nextera Metagenomic (correlation r = 0.7 - 0.83).

Although there was no correlation between Shannon´s Index and
the number of species identified (Pearson´s correlation: p = 0.062);
Figure 4 confirmed the major values of bacteria diversity (by Shannon´s
Index) had to the major number of species identified for NEAP subjects
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(H2HABr > H2HABio > H1HABio), containing the major number of
genera represented (77 genera) at H2HABr.

Diversity was lowest in sample 14 (UC1 IABio), in CD2 IABr (sample
31) and IABio (sample 32), by Shannon´s Index (1.257; 1.312; 1.239;
respectively).

Figura 4.
Relationship between number of species identified and Shannon´s Index (by Illumina platform).

MetaPhlAn was applied to analyse XT Nextera Metagenomic products
for four samples (Pol2IABr, UC1IABr, H2HABr, CD2HABr), which
were carried out in the same sequencing cartridge with 16S Amplicon
products, as a quality control criteria. Some sequences could not be
read in 16S Amplicon products with appropriate sensitivity in samples
11 and 14 (UC1 HABr and UC1 IABio; pink color in Figure 1);
when metagenomic fragments were applied together. Nevertheless, we
propose it will be effective to use different sequencing cartridges for each
type of sample (amplicon or metagenomic fragment) and the proposed
correlation analysis. Table 2 shows the abundant genera in our samples.
Bacteroides and Ruminococcus were more representative in CD1IBr,
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while Faecalibacterium was abundant in UC1IBr. Ruminococcus and
Escherichia were evident in P1IBr.

Nutritional quality of the subjects

We elaborated some spreadsheets with the principal groups of foods
consumed by the Majorca population (rural and urban population);
according to the criteria of Food Composition Spanish Data Base (called
BEDCA) for future application. In this work, we used nigh general groups
from BEDCA and the criteria recommended by Norte and Ortiz 11  to
express the nutritional quality as Healthy Eating Index (HEI).

Table 3 was organized including the characteristics of patients and the
nutritional pattern. Results confirmed that the participants needed to
modify their habitual diet; as increasing the consumption of vegetables,
cereals and fruits; decreasing the intake of meat or increasing fish
consumption. Figure 5 shows the total content of different genera with
HEI.

Figura 5.

e lower HEI values were characteristic in one of the patients, in
all groups: P1 had higher level of Ruminococcus and Escherichia, UC1
had higher levels of Bacteroides and Faecalibacterium, CD1 had higher
levels of Bacteroides and Ruminococcus, and H2 had higher levels of
Bacteroides and Escherichia.

e abundance of Prevotella in H1 could be of important significance
in the maintenance of higher values of HEI (Table 3, Figure 5).
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Table 3.
Healthy Eating Index analysis and valuation of nutritional quality.

Diver subject microbiota (HEI: 75) combined some abundance patterns: Bacteroides, Ruminococcus,
Faecalibacterium, Escherichia and additionally, Blautia, Parabacteroides and Sutterella.

Discussion

ere is not a single cause that explains the origin of bowel inflammatory
diseases. Acute outbreaks can be triggered by infections, non-steroidal
anti-inflammatory drugs and stress. Internal/external environmental
factors in the host and bacteria produce an anomalous inflammatory
response that is perpetuated over time producing the disease. 12, 13
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We took as a reference the results obtained by Lavelle et al.  3  who
demonstrated the interpersonal variability in luminal and mucosal areas,
in gut for communities of bacteria, associated with ulcerative colitis.
We could extend those analyses to Crohn´s disease, polyps and patients
affected by intestinal diverticula. Our study allowed the establishment
of the methodology for collection of biopsy and brush samples, storage,
isolation of bacterial DNA and library preparation. Our proportion solid
sample: volume of extraction buffer was higher than the proportion used
by Lavelle et al,3 because we considered that it was better for the sterile
manipulation by the sanitary collector. We processed the total sample
which allowed the adequate amount of DNA for the library performances
and the specimen was enough for sequencing the amplified and purified
rRNA fragments.

We consider that two or three subjects in group were not enough
to demonstrate the bacteria “core”. However, there are some studies
which have demonstrated there is not general pattern because of the
individual difference: … “Each person´s microbiome has its own unique
combination”. 2  Interpersonal differences make it necessary to study case
by case.

We did not consider to NEAP subjects as healthy; although the
exploration was normal. In those cases, clinical indications could suggest
an irritable bowel syndrome (IBS) without a clear mucosal damage. Some
characteristics were detected in both subjects: the bacteria levels and
diversity in H1 were lower than H2 (in lumen); and H1 had levels of
Escherichia ten times lower than H2 (Table 2).

At the same times, Prevotella could be an important element in H1
for the control of Bacteroides and Escherichia levels. ese mechanisms
are known as inter-kingdom chemical sensing systems. 14  Prevotella genus
in rumen strains has been reported that the QS system AI-2 is induced
by glucose; 15  and traditional diets rich in plant polysaccharides are
associated with its prevalence. 16

Although diverticula pathology is not considered an inflammatory
disease; sometimes, the researchers forget that the fact of changing in
distribution and bacterial composition in mucosa, in epithelial barrier
and blood flow could induce inflammatory and neuromuscular changes
associated to gut diverticula disease. 17,18

In the methodology proposed in this work, we recommend including
polyps and diverticula pathologies and subjects with antecedents or
predisposition to inflammatory diseases.

In our results, the lowest results of nutritional qualifiers (Table 3) were
not in patients more affected, in each group of diseases. But this was
a fact that the consumption patterns were not satisfactory. Norte and
Ortiz11 obtained a media punctuation of HEI (IASE) as 72.1 (n = 1603),
for Balearic Island; so, that was one of those presented higher index of
population with a food as little-healthy.

Every time, more institutions are added to the development of tests for
gut microbiota characterization as a complementary tool to traditional
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diagnosis. Some platforms address taxonomic criteria to predict future
infections by pathogens, to indicate treatments and recommend diet
modifications. e cost of determinations is variable and it depends on
the arm of the study. In such way, the platform uBiome (of the cheapest)
has set a price for the study of $89 by sample, (GutExplorer) a price of $
199 for a complete evaluation before and aer a treatment (3 samples).

Other platforms have some ranges of price almost $ 99 – 135 and
$ 349 – 399 (as American Gut, BIOHM, Day Two, THRYVE, and
VIOME); depending of if it includes a nutritional valoration (https://
rawlsmd.com).

We estimated a preliminary cost for the evaluation in concept of
research objective by our system of evaluation (58.5 €/sample). It will
depend on the complexity of the samples, ability of the collector, the
direct and indirect costs. In this way, if this methodology could be applied
in our care centres, and establishing the criteria; in term of the trend of
bacterial variability and nutritional styles; it would be possible to reduce
the costs of the application.

Undoubtedly, the prevention is important because changes in healthy
bacteria pattern are associated to epidemics as by Clostridium difficile in
United Stated. e cost of a treatment with vancomicine 125 mg, by 10
days, is USD 1779 if the infection is not recidivist. 19

e availability of the metagenomic technology as reference will be
essential for the design and development of simple, rapid and economic
complementary methods with colonoscopy test.

Conclusions

e first step to establish gut microbiota metagenomic technology in our
group, allowed us to obtain bacteria genomic libraries by colonoscopy
exploration, from patient with bowel diseases; according to Illumina
requirements.

Preliminary results will permit to introduce the metagenomic
methodology; increasing the subjects number and samples and their
nutritional characterization.
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