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AbS’[ra t The most common problems that paediatricians and paediatric gastroenterologists encounter in their practice include functional
gastrointestinal disorders. These are a group of chronic and/or recurrent conditions caused by any combination of gastrointestinal
motility disturbances and visceral hypersensitivity with abnormal processing of stimuli in the central nervous system which
manifest with abdominal pain, nausea and vomiting or disorders of defecation, among other problems. The symptoms cannot
be assigned to any other clinical condition despite proper diagnostic investigation. The aetiology of functional gastrointestinal
disorders is multifactorial. Recently, the role of the intestinal microbiota as an important environmental factor in the pathogenesis
of such disorders has been investigated. In this article, the latest data regarding the composition of the microbiome (a collection
of microbiota genes) of the human gastrointestinal tract are discussed and the methods used to determine it in detail are
described. Currently, molecular biology techniques have the highest diagnostic value, which are based on genetic material
sequencing. Due to their extraordinary efficacy, they are superseding classic microbiological tests. In addition, the publication
presents factors which affect the composition of the gastrointestinal microbiome. These include, for example, mode of birth,
method of infant feeding, diet at later stages of life, place of residence, physical activity and antibiotics intake. The research to
date demonstrated that dysbiosis is one of the factors contributing to the pathogenesis of many diseases, including irritable bowel
syndrome. Attempts at modifying the composition of the microbiome by, for example, the administration of probiotics, should
therefore have a distinctly positive effect on patients with functional gastrointestinal disorders.
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Streszczenie Do podstawowych probleméw, z jakimi najczesciej stykaja si¢ w swojej praktyce pediatrzy i gastroenterolodzy dziecigcy, naleza
zaburzenia czynnosciowe przewodu pokarmowego. Jest to grupa przewleklych i/lub nawracajacych schorzen wywolanych
dowolng kombinacja zaburzen motoryki i nadwrazliwosci trzewnej z nieprawidlowym przetwarzaniem bodzcéw w osrodkowym
uktadzie nerwowym, objawiajaca si¢ migdzy innymi bélami brzucha, nudno$ciami i wymiotami badz zaburzeniami defekacji.
Wymienionych symptoméw nie mozna przypisa¢ innemu stanowi klinicznemu, pomimo przeprowadzenia odpowiedniej
diagnostyki. Etiologia czynno$ciowych zaburzen przewodu pokarmowego jest wieloczynnikowa. W ostatnim czasie bada sig role
patogenetyczng mikrobioty jelitowej jako waznego czynnika srodowiskowego. W artykule oméwiono najnowsze dane dotyczace
sktadu mikrobiomu (zespolu genéw mikrobioty) przewodu pokarmowego cztowieka oraz scharakteryzowano metody
wykorzystywane w celu jego szczegdlowego okreslenia. Obecnie najwieksza wartos¢ diagnostyczng maja techniki biologii
molekularnej, oparte na sekwencjonowaniu materiatu genetycznego, ktére ze wzgledu na wyjatkowsa skutecznos¢ wypieraja
klasyczne badania mikrobiologiczne. Ponadto w publikacji przedstawiono czynniki odgrywajace role w ksztaltowaniu skladu
mikrobiomu przewodu pokarmowego, do ktdrych zaliczajg sie miedzy innymi droga porodu, sposob karmienia w okresie
niemowlecym, dieta w dalszych latach zycia, miejsce zamieszkania, aktywno$¢ fizyczna czy przyjmowanie antybiotykow.
Dotychczasowe badania wykazaly, ze dysbioza stanowi jeden z czynnikéw patogenetycznych wielu choréb, w tym zespotu jelita
drazliwego. Proby modyfikacji sktadu mikrobiomu, m.in. przez przyjmowanie probiotykéw, powinny sie wiec wigzaé z konkretng
pomoca dla pacjentéw z czynnoéciowymi zaburzeniami przewodu pokarmowego.

Stowa kluczowe: mikrobiom, dysbioza, béle brzucha, zespot jelita drazliwego (IBS)
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INTRODUCTION

unctional gastrointestinal disorders (FGIDs) are

a group of chronic and/or recurrent conditions

caused by any combination of motility disturbanc-
es and visceral hypersensitivity with abnormal process-
ing of stimuli in the central nervous system. It is believed
that at the peripheral (intestinal) level, the primary factor
for visceral hyperactivity and hypersensitivity is abnor-
mal function of the mucosa and gut-associated lymphoid
tissue (GALT). Potential aetiological factors for func-
tional gastrointestinal disorders include gastrointestinal
infections, various endothelial irritants (including di-
etary ones such as allergy or food intolerance; medicines;
environmental pollutants), changes to the intestinal mi-
crobiota and genetic factors. Activation of the intestinal
immune system leads to local mucosal inflammation,
release of various neurotransmitters and clinical man-
ifestation with symptoms such as abdominal pain/dis-
comfort, nausea/vomiting and defecation disturbances.
Differential diagnostic investigation does not reveal any
structural, inflammatory or metabolic abnormalities and
any cancer lesions. Currently, among the potential aeti-
ological factors for functional gastrointestinal tract dis-
orders, gastrointestinal dysbiosis is of particular interest,
which is a qualitative and quantitative imbalance of the
intestinal microbiota®.

MICROBIOTA AND MICROBIOME

Microbiota is described as a group of microorganisms
(bacteria, fungi, viruses and archaea, i.e. unicellular or-
ganisms) that colonise a certain environment. These or-
ganisms are not randomly scattered, but located in spe-
cific body compartments. The highest numbers of them
are found in the gastrointestinal tract, particularly in the
large intestine. It is estimated that the number of cells in
the intestinal microbiota is comparable to that of all hu-
man cells and that it weighs approximately 1.5-2 kg®.
The most common intestinal microorganisms come from
the groups Firmicutes (e.g. Clostridium, Ruminococcus,
Lactobacillus, Enterococcus, Streptococcus genera),
Bacteroidetes (e.g. Bacteroides and Prevotella), Acinobacteria
(e.g. Bifidobacterium) and Proteobacteria (e.g. Escherichia
coli) (Tab. 1).

The term “microbiome,” proposed by Joshua Lederberg
in 2001, is used to refer to the genome of the microbio-
ta encoded in DNA or RNA. As a result of advances in
medical knowledge, the current diagnostic microbiolo-
gy practice is no longer based exclusively on culture test-
ing and serological methods, which allow one to identify
only a minor proportion of bacterial species.

Currently, various molecular biology methods are used
to investigate the microbiome, which are being con-
stantly improved and are becoming increasingly avail-
able in clinical practice. They are primarily based on
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Part

of gastrointestinal Microbial genera
tract

Oral cavity Streptococcus, Peptococcus, Staphylococcus,

Bifidobacterium, Lactobacillus, Fusobacterium

Oesophagus None

Lactobacillus, Streptococcus, Enterobacteriaceae family,

Stomach Helicobacter, Candida yeasts

Lactobacillus, Streptococcus, Bifidobacterium,
Bacteroides, Clostridium, Enterococcus, Veillonella,
Enterobacteriaceae family

Small intestine

Bacteroides, Bifidobacterium, Eubacterium,
Fusobacterium, Ruminococcus, Lactobacillus,

Large intestine Escherichia, Enterococcus, Bacillus, Clostridium,

Streptococcus, Peptostreptococcus, (andida yeasts

Tab. 1. Microbiome of different parts of the gastrointestinal tract™

the comparison of sequenced 16S ribosomal RNA genes
with gene sequences collected in databases. Since 1977,
when Sanger et al. and Maxam and Gilbert introduced
gene sequencing techniques, they have been constant-
ly developed at a rapid pace™. Thanks to one of them,
the shotgun method, in 1996 the genome sequence for
the bacteria H. pylori was first published (1.8 x 10° base
pairs)® and in 2001 the whole human genome was pre-
sented (2.91 x 10° base pairs)©. Currently, the most ad-
vanced techniques include second-/next-generation
sequencing (NGS) and third-generation sequencing
(Tab. 2)?.

The former employs high-throughput sequencers, which
are able to sequence as many as a million DNA fragments
at the same time. NGS methods make it possible to se-
quence complete bacterial genomes (whole-genome se-
quencing, WGS) and a large number of randomly frag-
mented DNA segments which are subsequently assembled
by a computer (metasequencing, metabarcoding, shotgun
sequencing). The whole process is performed in three
stages: DNA isolation and library creation, matrix ampli-
fication and massive parallel sequencing.
Third-generation methods make it possible to read the
sequence directly from a single DNA molecule (single-
molecule sequencing, SMS) without the need for ampli-
fication®. The analysis of a sequence of genetic material
collected directly from its environment is called metage-
nomics. Samples for intestinal microbiome studies may
be a patient’s stool or gastrointestinal mucosa fragments.
Other important concepts related to microbiome inves-
tigation include metagenome (the entire DNA and RNA
of cultivated and non-cultivated human microorganisms),
metatranscriptome (the entire mitochondrial RNA), meta-
proteome (the total of synthesised bacterial proteins) and
metabolome (the total of metabolism products)®.

GASTROINTESTINAL MICROBIOTA

The composition of the gastrointestinal microbio-
ta depends on many factors and is subject to constant
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. .| Sanger sequencing (chain termination method)
First generation

DNA labelled with a fluorescent dye and subjected to polyacrylamide gel electrophoresis;
sequence determination based on the dye being excited with laser light

Maxam—Gilbert sequencing

DNA labelled with a radioactive isotope of phosphorus; chemical degradation of DNA chain

Pyrosequencing (454 Life Sciences)

Real-time DNA synthesis recorded by measuring the amount of PPi released upon incorporation
of a complementary base to a newly synthesised DNA strand

Second

Synthesis by reversible termination; double-stranded adapters are attached to fragmented DNA

generation Bridge sequencing, lllumina® technology
(NGS methods) | jon Torrent sequencing

Synthesis with proton detection in an integrated circuit

Sequencing by ligation (SOLiD)

Ligation of fluorescently labelled oligonucleotides on a microarray

Nanopore sequencing

tSMS technology Sequence determination without amplification
Third FRET sequencing Real-time DNA synthesis imitating DNA replication process
generation SMRT sequencing Synthesis and detection of single complementary nucleotides
(NGS methods)

Controlled cutting of nucleotides off a DNA strand that pass through nanopores in which
the intensity of electric current is measured

sequencing.

FRET - Forster resonance energy transfer; NGS — next-generation sequencing; PPi — pyrophosphate; SMRT — single-molecule real-time; tSMS — true single-molecule

Tab. 2. Sequencing techniques™®

modification during individual development. The pri-
mary factor affecting the composition of the intestinal
microbiota is mode of birth. Studies on stool samples of
children born by caesarean section demonstrated a low-
er amount of Bifidobacterium and Bacteroides and a low-
er diversity of species compared to children born by nat-
ural delivery, both directly after birth® and at 2 years of
age!”. Despite a “Nature Medicine” report of 2017 in-
dicating a lack of such differences in infants at week 6
of life™V, natural delivery is widely considered to have
a positive impact on the composition of the gastrointes-
tinal microbiota.

Another important factor modelling intestinal biodi-
versity is the method of infant feeding. Natural feed-
ing increases the numbers of Bifidobacterium and
Lactobacillus (L. gasseri, L. salivarius, L. reuteri,
L. fermentum), while formula feeding promotes the
growth of Bacteroidetes, Clostridium, Streptococcus,
Enterobacteriaceae and Veillonella"?'¥). Subsequent
stages of child development, which involve comple-
mentary feeding, also have an effect on the microbi-
ome composition, which stabilises at a level similar to
that of adults only at 2-3 years of age".

In addition, in the course of ontogeny, various environ-
mental factors affect the composition of the intestinal
microbiome such as a change in place of residence, diet,
lifestyle or level of activity, and antibiotic intake, which
can significantly change the proportions of different bac-
terial species, causing dysbiosis. It is believed that diver-
sity is the most important factor for the proper function
of the microbiome. A favourable composition of micro-
organisms is that in which Bacteroides dominate over
Prevotella. Such a microbiome is found in inhabitants
of developing countries'*'”). The diet is considered to
be the primary reason for this. It was demonstrated that
a diet rich in fruit and vegetables, among factors, results
is an increased diversity of microorganisms in stool®.
Research also shows that in individuals who eat low-
fat or low-carbohydrate meals, apart from weight loss,
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a change in the intestinal bacterial profile is observed.
However, individuals who eat a Western-style diet rich in
saturated fats and simple sugars are found to have a low-
er microbial diversity, particularly within the Firmicutes
group, which leads to expansion of Proteobacteria.

IMPACT OF INTESTINAL MICROBIOME
ON HEALTH

Shaping the intestinal microbiome at an early stage of
life is the subject of intensive research; it involves supply-
ing the child’s gastrointestinal tract with “good” bacteria,
prebiotics (non-digestible food ingredients which selec-
tively stimulate the development and/or activity of one or
a limited number of bacterial strains in the large intestine
that have a positive effect on human health®), which in-
clude breast milk oligosaccharides, and immune compo-
nents such as IgA immunoglobulins or lactoferrins.
There is a significant interest in postbiotics, i.e. all
products of fermentation, including microbial cells,
and their components and metabolites that have a pos-
itive effect on human health®". Few studies have been
conducted on postbiotics to date, but they do seem to
be a good alternative to probiotics due to their health-
promoting properties despite non-viability of the mi-
crobes involved®?.

The microbiota plays a huge role in gastrointestinal process-
es. Through their enzymes and metabolites, which are re-
ferred to as intestinal metabolome, microorganisms affect
the development of the intestinal mucosa, activation of di-
gestive enzymes, peristalsis and nutrient absorption. In ad-
dition, they regulate the metabolism of bile acids, bilirubin,
cholesterol, fatty acids and carcinogenic enzymes, and the
production of vitamins (K, B,,, folic acid). Microorganisms
also contribute to shaping the immune and nervous systems
as part of the gut-brain axis®.

Patients with intestinal microbiota imbalance may com-
plain of intolerance to various dietary ingredients lead-
ing to such symptoms as excessive gas production,
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bloating and abdominal pain/discomfort. The results of
research on the correlation between microbiome com-
position and functional gastrointestinal disorders are
inconsistent. This may be due to differences in micro-
biome assessment methodology (in terms of type of sam-
ple: stool/mucosal bioptates/saliva/gastric contents and
the gastrointestinal segment from which the material
was collected) and selection of study groups (cultural,
socioeconomic, ethnic and environmental differences:
diet, therapy and exposure to other factors)”. However,
the vast majority of current studies indicate that there
are decreased numbers and diversity of bacterial spe-
cies in irritable bowel syndrome (IBS)®?*?). In addition,
in severe IBS, predominance of species from the genera
Prevotella and Clostridium was demonstrated (a differ-
ence in a group of patients whose samples were studied
using 16sRNA sequencing, with no differences revealed
on traditional culture testing)®.

Confirmation of a relationship between functional gas-
trointestinal disorders and dysbiosis allows one to con-
clude that a modification of the microbiota can result
in a reduction of symptoms. In an experimental mod-
el of germ-free mice, a possibility was demonstrated of
inducing visceral hypersensitivity through faecal trans-
plant from animals colonised with pathological flora®”.
In a randomised, placebo-controlled study it was found
that IBS symptoms can be alleviated using rifaximin®®.
In addition, in patients diagnosed with IBS a relation-
ship was observed between microbiome modification
through the use of probiotics®, faecal transplant or diet
change®” and clinical improvement.

The role of intestinal microbiome composition in function-
al gastrointestinal disorders is the subject of intensive re-
search, which makes it possible to apply specific therapeu-
tic interventions and help patients.
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