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Introduction

The intestinal microbiota is made up of a complex group
of microorganisms. Presently, it is considered to be a true organ
with multiple metabolic, immunological, and barrier functions
for the host, to the extent that there exists a symbiotic relation-
ship between the microorganisms and the human beingt'l.

Composition of the intestinal microbiota

The number of bacteria that make up the microbiota is
greater than the number of cells in a human being. In its compo-
sition four families of bacteria stand out: Firmicutes, Bacteroide-
tes, Actinobacteria, and Proteobacteria. Up to several years ago,
it was estimated that a newborn had a sterile digestive system.
However, the presence of microorganisms has been demonstrat-
ed in the meconium, the placenta, and the umbilical cord, which
suggests the intrauterine beginning of the colonization!". Never-
theless, this colonization happens mainly at the postnatal stage
and completes its maturation between 2 and 4 years of age. After
birth, there exists a predominance of aerobic or facultative an-
aerobic microorganisms such as Staphylococcus, Enterococcus,
and Lactobacillus, among others, which consume the intralumi-
nal oxygen. This favors the habitat for strictly anaerobic bacteria
such as Bifidobacterium, Bacteroides, and Eubacterium!'-.

The bacterial density varies according to the locality
and exponentially increases as the digestive tube advances!'*. In
the duodenum and in the proximal jejune, gram-positive aero-
bics or facultative anaerobics (Enterococcus and Lactobacillus)
predominate. The distal ileum is a transition zone where aerobic
bacteria, typical of the small intestine, and anaerobic ones, typi-
cal of the colon, are found*.

The composition and the profile of the microbiota are
influenced by different factors, such as the manner of birth, ma-
ternal breastfeeding and its duration, the use of infantile formu-

Received Date: October 30, 2017
Accepted Date: December 12, 2017
Published Date: December 19, 2017

DOI: 10.15436/2471-0601.17.1721

la, the age of introduction of complementary feeding, and antibi-
otic therapy, among others!"*. Some of these aspects determine
whether the microbiota will be more or less healthy. Also, the
intestinal microbiota can be modified including during the day
by the effect of other determinants such as eating characteristics,
stress, and geographical location. Some studies have demon-
strated that a high-fiber diet increases the family Prevotelia,
while an intake high in carbohydrates increases the number of
Firmicutes. For its part, a diet rich in animal proteins favors Bac-
teroides, with a decrease in Firmicutes™.

Functions of the intestinal microbiota

The microbiota carries out multiple nutritional, meta-
bolic, and immune functions, among others!'*¢. As for its im-
munological functions, the strengthening of the barrier effect of
the intestinal mucus stands out, which promotes the production
of mucus that lines the intestine? Some pathogenic microorgan-
isms adhere to this mucus and become trapped, which facilitates
their elimination by means of bowel movements. Furthermore,
the microbiota produces bactericidal enzymes that inhibit the
proliferation of microorganisms. It also actively participates in
the modulation of the immune responset®.

As part of the metabolic functions, the formation of
nutrients on the basis of non-digestible compounds in the diet
such as fiber, for example, and Short-Chain Fatty Acids (SC-
FAs) such as propionic, butyric, and acetic acid, energy for the
excellence of the colonocytes (surface cells of the colon) should
be mentioned. The principal activity of the colonocytes is to ab-
sorb water, although they also carry out protective functions and
collaborate with the absorption of minerals such as calcium and
iron, among others. In the same way, the microbiota assists in
the digestion of certain carbohydrates such as lactose and partic-
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ipates in the synthesis of vitamins such as pyridoxine(B,) cobal-
amin(B,,), thiamin(B, ), folic acid, and nicotinic acid. This type
of activity mainly depends on bacteria of the genus Bifidobacte-
rium!s),

At the same time, there has been evidence that the in-
testinal microbiota has an impact on other organs at a distance,
such as the brain, where it promotes the production of neuroen-
docrine substances that influence the hypothalamus-hypophysis
axis, which in turn has multiple systemic effects”. That is the
case with regulation of the appetite, a consequence of some sub-
stances derived from the metabolism of carbohydrates by the
microbiota, which stimulates the secretion of the peptide Y'Y,
an intestinal hormone that suppresses the appetite and intake of
food!".

Small intestine Bacterial Overgrowth

Some pediatric illnesses have been associated with the
modification of the intestinal microbiota, such as, for example,
infantile colic, persistent diarrhea, irritable bowel syndrome,
necrotizing enterocolitis, celiac disease, food allergy, and in-
flammatory bowel disease, and furthermore with some entities
that extend to adult life, such as diabetes and obesity, among
others!"..

Likewise, in patients with entities that are accompanied
by inflammation, such as celiac disease and irritable bowel syn-
drome, the alteration of the intestinal motility raises the possi-
bility of bacterial overgrowth, a consequence of the stasis in the
intestinal content, which favors a greater number of bacteria in
the intestine!'-’#l. At the same time, some medical practices, such
as treatment with proton pump inhibitors, which can cause hypo-
chlorhydria or resection of the ileocecal valve, which allows the
passage of bacteria of the colon to the small intestine, predispose
an increase in the number of bacteria in the small intestine, with
symptoms that are not always associated with bacterial over-
growth""),

Small Intestine Bacterial Overgrowth (SIBO) syn-
drome is defined as an increase in the number of non-pathogenic
bacteria, characterized by >10° Colony-Forming Units (CFU) /
mL of bacteria in the proximal small intestine®®. The worldwide
prevalence of SIBO is unknown, because frequently it is under
diagnosed. Studies have been carried out to evaluate the fre-
quency of SIBO in specific illnesses, principally in adultst®”#,

Figure 1: Consequences of SIBOPY,
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The predisposing etiology for SIBO is varied. It has
been associated with multiple entities and causes where the ho-
meostatic mechanisms are altered (Table 1), among them, ac-
quired or congenital anatomic alterations (intestinal resection,
loss of the ileocecal valve, and/or enteroenteric or enterocolic
fistulas), diminished gastric acid secretion (for example, second-
ary to the chronic use of acid suppressants or due to chronic
atrophic gastritis), alterations in motility, and acquired small
intestine illnesses and immune-deficiencies, primary or ac-
quired!'?. In exocrine pancreatic insufficiency, SIBO associated
with a deficit of antibacterial proteolytic enzymes with changes
in motility has been observed. On the other hand, antibiotic ther-
apy has been correlated with the appearance of SIBO, due to
the modification of the composition of the intestinal microbiota,
with an increase in pathogenic bacteria, which impacts digestion
and the absorption of some nutrients!®.

Table 1: Causes that predispose Small Intestine Bacterial Overgrowth
(SIBO) syndrome.

Causes

Etiology

Enteroenteric fistulas
Diverticulitis of the small intestine
Intestinal stenosis

Resection of the ileocecal valve
Short bowel syndrome

Anatomical

Intestinal motility syndromes

Hypochlorhydria or achlorhydria

Inflammatory diseases: Crohn’s disease
Autonomous Neuropathies

Alteration of the lymphoid tissue associated with
the intestine

Irritable bowel syndrome

Functional

Use de acid suppressors and anti motility
Previous antibiotic therapy

Primary and/or secondary immunodeficiency
Cirrhosis

Enteritis due to radiation

Diabetes mellitus

Pancreatic insufficiency: chronic pancreatitis,
cystic fibrosis

Terminal renal disease

Celiac disease

Miscellaneous
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Consequences of bacterial overgrowth

The impact of SIBO on the intestine can be divided into (Figure
1):

* Impact at the level of the mucus

* Alteration of the absorption of the nutrients.

Damage to the intestinal mucus — Inflammation

The increase in facultative anaerobic bacteria causes
epithelial lesion due to direct adherence, which favors the pro-
duction of ammonium, D-lactate, peptidoglycans, and endotox-
ins, and stimulates the synthesis and secretion of pro inflamma-
tory cytokines!®?. Furthermore, the aerobic bacteria synthesize
enzymes, and the products of their metabolism damage the mu-
cus, such as, for example, secondary biliary acids, which result
in disjoining and dehydroxylation of the primary biliary acids.
They are directly erosive of the mucus of the jejunum['*!?, These
changes induce inflammation, with activation of the interleukins
and the inflammatory mediators, which determine an increase in
the production of the mucus that interrupts or inhibits absorp-
tion!!>131,

Malabsorption of nutrients

The alteration in the critical micellar concentration, a
consequence of the disjoining and dehydroxylation of the biliary
acids, and concomitantly of the alteration of the enterohepatic
circle, negatively impacts the digestion and absorption of fatty
acids'®. Therefore, steatorrhea and secondary deficiency of li-
posoluble vitamins are favored. On the other hand, malabsorp-
tion of carbohydrates also occurs, due to the intraluminal bacte-
rial degradation of carbohydrates, as well as to the damage of the
brush border, a specific place for terminal digestion'>!3l. Due to
this, the digestion and absorption of monosaccharides is altered,
because lactose intolerance is common in these patients!®!%!3],
Also, secondary loss of protein enteropathies and decrease in the
levels of enterokinase, which determine the effect on the diges-
tion and the absorption of proteins, have been described!®”.

In addition to deficiencies of liposoluble vitamins, defi-
ciencies of hydrosoluble vitamins have been described, such as
B, (thiamin), nicotinamide, and B,,. The alteration in the levels
of hydrosoluble vitamins could be related to consumption by an-
aerobic bacteria before they are absorbed!.

Clinical manifestations of Small Intestine Bacterial Over-
growth

The clinical signs of SIBO are ample, and include
mild symptoms that can pass unnoticed. In general, the signs
and symptoms are secondary to malabsorption of nutrients. Di-
gestive and extra digestive manifestations have been described,
which can be secondary to the etiology of SIBO and /or the defi-
ciencies of certain nutrients (Table 2)['>13],

SIBO is one of the causes of chronic abdominal pain.
This can be illustrated with the findings of a study of children
with abdominal pain, where it was found that 63% had positive
levels for the hydrogen breath test!®l.

Digestive manifestations such as abdominal pain,
abdominal distension, and alternating depositions (diarrhea
interspersed with periods of constipation), nonspecific and
non-pathognomonic, can guide the diagnosis of Irritable Bow-
el Syndrome (IBS). Nevertheless, they can also mask a SIBO
in the strict sense. Likewise, IBS can occur concomitantly with
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SIBO!.,

In patients with celiac disease, a prevalence of SIBO
of 9& to 55% has been reported, being greater in patients with
persistent symptomology and those who do not respond to a glu-
ten-free diet!®!3131,

Table 2: Digestive and extradigestive manifestations of Small Intestinal
Bacterial Overgrowth (SIBO) syndrome!®!32],

Digestive Manifestations Extradigestive manifestations

Vomiting Dermatological (dermatitis)
Lack of appetite Neurological (peripheral neurop-
Dyspeptic Symptoms athies)

Abdominal pain Osteomuscular (arthralgias)
Abdominal Distension

Meteorism

Persistent and/or chronic diarrhea
Perineal erythema

Steatorrhea

Manifestations associated with
deficiencies of micronutrients
(vitamins A, D, E, B12, thiamin,
nicotinamide, iron)

Malnutrition

Diagnosis of Small Intestine Bacterial Overgrowth

An urgent and detailed clinical history is the fundamen-
tal tool for the diagnostic route and for defining the adequate ap-
proach, according to the etiology responsible for SIBO. Through
it, the origin should be elucidated, and the ordering of unneces-
sary lab tests will be avoided, which increase costs and/or lead
to inadequate treatments.

As part of the history, it is worthwhile to ask about the
clinical manifestations, keep in mind the time of evolution and
the associated symptoms, and detect signs and/or symptoms that
can suggest organic pathogens. Within this framework, the pedi-
atrician should be attentive to some signs for alarm that can alert
him with respect to SIBO (Table 3).

Table 3: Signs of alarm in the investigation of SIBO[®!.

Newborns and infants Preschoolers, school-age, and

adolescents
Growth deficiency Growth deficiency
Hematochezia Nocturnal and incapacitating ab-

Chronic nocturnal diarrhea
Nocturnal and/or projectile vom-

dominal pain
Hematochezia

iting Loss of weight

Steatorrhea Persistent Fever

Dysphagia Arthralgias

Hepatomegaly

Alterations in the state de con- | Oral ulcers

sciousness Nocturnal and/or projectile vom-
iting

Neurological manifestations: al- | Chronic nocturnal diarrhea

terations in neurodevelopment, | Hepatomegaly

hypotonicity, puffy fontanelle, | Dysphagia

microcephaly or macrocephaly

The clinical manifestations vary according to the age
group, and also in accordance with how the motive for the con-
sultation varies. In newborns and infants, the parents usually
consult due to lack of appetite, alterations in depositions (per-
sistent and/or chronic diarrhea, constipation), abdominal disten-
sion, meteorism, and abdominal pain. In preschoolers, school-
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age children and adolescents, the most common symptom is
abdominal pain, as the only manifestation or associated with
other digestive symptoms®..

Likewise, it is important to ask if there were previous
treatments and if acid suppressants, antibiotics or antiparasitics
have been administered. Another fundamental point is to analyze
the feeding of the child, checking if he consumes beverages with
a high content of carbohydrates (juices and panela water, among
others), as well as the volume consumed, and if he receives In-
fant Formula (IF), the type and quantity and if the IF has been
changed during the course of the illness, and if he ingests foods
that are a source of fiber, among others. Furthermore, it should
be clarified if modifications in diet have been made during the
course of the illness as a part of the treatment, and if so, what
(such as the exclusion of lactose or saccharine and restriction
of cow’s milk, among others), and whether or not this has had a
satisfactory result for the improvement of the patient.

With respect to the history, it is important to gather data
about the gestational age (prematurity), antibiotic therapy in the
mother, and the method of birth. In the postnatal period, one
should ask about the time of evacuation of the meconium (the
meconial ileum can cause suspicion of cystic fibrosis), if there
was maternal breastfeeding and its duration, whether it was ex-
clusive, the age of introduction of complementary feeding, hos-
pitalizations, and antibiotic therapy. All the above-mentioned
aspects are factors that can alter the intestinal microbiota and
predispose for illnesses such as constipation and food allergy,
among others. Furthermore, if the patient has had a surgical pro-
cedure that has required resection of intestinal segments, it is
indispensable to determine what region was resected and if the
ileocecal valve was conserved, among others!"l.

The physical exam should be complete, and it should
be observed if there is abdominal distension, colic cord, hepa-
tosplenomegaly, perineal erythema, or as cites, as well as extra
digestive findings that suggest specific nutritional deficiencies.
Furthermore, a diagnosis should be made of the nutritional state
by means of anthropometric indicators, and ideally the findings
should be contrasted with previous data, since lack of growth
that coincides with the introduction of gluten and certain symp-
toms could help with the differential diagnosis such as that of
celiac diseasel® "],

As far as paraclinical support, your request should be
individualized according to the manifestations and what has
been found clinically in each patient. In those that have chronic
and/or persistent diarrhea, extra tests could be needed in order
to discount etiologies such as celiac disease, cystic fibrosis, and
food allergy, among others. In children with chronic abdomi-
nal pain and dyspeptic symptoms, an upper gastrointestinal en-
doscopic exam could be required, with a biopsy.

As was previously described, in patients with SIBO
there is malabsorption of nutrients and in some of them mac-
rocytic or microcytic anemia, low levels of vitamin B, ,, serum
prealbumin and transferring, and lymphopenia is seen. Addition-
ally, augmented fecal al-antitrypsin can also be found in patients
with malabsorption of proteins or elevated acid steoatocrit in
children with malabsorption of fats®'*!. Focus on malabsorption
syndrome requires special consideration, although it is not the
objective of the present article.

The hydrogen breath test is the most common one used
for diagnosing SIBO. It is a non-invasive, low-risk, economical
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exam that is easy to implement. A dose of carbohydrates is given
orally, for example lactulose. If there is an excess of bacteria in
the small intestine, the production of hydrogen increases, be-
cause carbohydrates are metabolized by the small intestine. It is
considered to be positive if there is an increase in hydrogen > 20
Parts Per Million (ppm) between 90 and 120 minutes after the
administration of the substrate®>!2!3, However, some factors can
alter the results, among them diet, exercise, the recent use of an-
tibiotics, and rapid orocecal transit!®’. The hydrogen breath test is
more precise than the methane breath test; it has a sensitivity of
62.5% and a specificity of 82%!'3.. A test of hydrogen done with
lactose, if the result is positive, can indicate lactose intolerance
and/or SIBOP..

Other non-invasive tests have been described. For ex-
ample, the advantage of measuring products of bacterial metab-
olism in urine or blood and the breath test with marked glycolate
(C14) has been evaluated. However, many studies are needed
on its sensitivity and specificity®!>'*!*l. The test of reference is
the culture of intestinal aspirate test, which can be obtained by
endoscopy. However, it is invasive, it is not easy to adminis-
ter in all patients, and it can be contaminated at the time of the
sampling. Furthermore, it is difficult to cultivate the microorgan-
ismst 1,

Treatment of Small Intestine Bacterial Overgrowth

The treatment should be individualized. In the first
place, it is worthwhile to identify determining cause in order
to treat it!'l. Nevertheless, the fundamental pillar is nutritional
management with dietary modifications, according to the cause
and the evolution of the patient. The majority of children need
restriction of simple sugars, lactose and/or saccharine, and their
source foods!'®!”. When it is merited, the deficits of specific nu-
trients should be corrected, such as, for example, liposoluble vi-
tamins and iron, among others®'®. On the other hand, the use of
prokinetics has been evaluated when there are motility disorders.
However, there is a lack of studies that justify their routine use®.

In the treatment of SIBO, the goal is not to eliminate
the intestinal microbiota in order to obtain a sterile intestine,
but to decrease the pathogenic bacteria and modify its composi-
tion!"¥). Due to the great quantity of microorganisms present, one
seeks to implement an antimicrobial therapy that covers aerobic
and anaerobic bacterial®!>"3], Treatment with a wide-spectrum
antibiotic generally is effective for alleviating the symptoms,
but various cycles of antibiotics are required". The duration of
the antibiotic depends on the symptoms and the clinical history
of the patient. Cycles of 7 to 14 days have been recommended,
trying to rotate the antibiotics in order to decrease the possibility
of resistancel'¢.

For a long time, tetracycline was the treatment of
choicel”. Rifaximin is a non-systemic semi synthetic antibiotic
that acts on gram-positive and gram-negative bacteria, both aer-
obic and anaerobic!'*!%l. According to various studies, rifamixin
improves the symptoms in 33% to 92% of patients, eradicating
SIBO in up to 80%!"3. Rifaximin is probably the only antibiotic
capable of achieving a favorable long-term clinical effect in pa-
tients with IBS (note to the executive editor: it seems to me that
the complete name should not be erased, since it is the first time
this syndrome is mentioned, and so I think that the name should
be mentioned first and later the abbreviation, that is to say: ir-
ritable bowel syndrome IBS) and SIBO!'*!®l. This antibiotic is
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lightly absorbed in the gastrointestinal tract, it has scarce sec-
ondary effects, and it has a low rate of resistancel®. Di Stafano
and his collaborators found that metronidazole notably reduced
the positive results of the hydrogen breath tests, as well as the
symptoms of the patients, although Rifaximin turned out to be
more effective than metronidazole!'”.

In a systematic review and meta-analysis in which the
clinical effectiveness of antibiotic therapies for the treatment of
patients symptomatic of SIBO was compared, Rifaximin was
the most-used antibiotic!'®. Fumari and his collaborators report-
ed that 87% of the patients treated orally with Rifaximin showed
clinical improvement, and after treatment, when the non-inva-
sive tests were evaluated, the values suggestive of SIBO de-
creased!'®).

The use of prebiotics and probiotics has also been pos-
tulated as adjuvants in the treatment, although the evidence is
limited due to the multiple etiologies that lead to SIBOY!. He-
gar and his collaborators carried out a controlled double-blind
study with a placebo in 70 children treated with omeprazole for
4 weeks, in whom Lactobacillus rhamnosus R0011 and Lacto-
bacillus acidophilus R005 were simultaneously administered.
After one month of treatment, 30% showed a positive breath test
suggestive of SIBO, and 62% of that 30% continued to be symp-
tomatic. There were no differences in the results of the tests in
patients who received probiotics vs the control group[19]. Oth-
er alternative forms of management are cyclical cleaning of the
small intestine, especially in cases of recurrence, or else surgical
treatment in patients with anatomical alterations! >l Likewise,
it is worth it to consider an intestinal transplant in patients with
short bowel syndrome®'3l. The prognosis for SIBO principally
depends on the underlying illness that favors the bacterial pro-
liferation®. After a successful treatment, the rate of recurrence
is high. More studies are needed on the diagnosis, approach, and
follow-up of these patients!'*.

Conclusions and recommendations

Small Intestinal Bacterial Overgrowth (SIBO) syn-
drome is an entity little known and recognized by professionals
in the pediatric area. Some common digestive manifestations,
frequent motives for consultations, such as abdominal pain,
abdominal distension, meteorism, unimproved or persistent di-
arrhea, and vomiting, among others, could be associated with
SIBO.

For that reason, it is important to identify patients that
are admitted to the emergency room, those hospitalized, or those
who arrive for an out-patient consultation who have a greater
risk for SIBO. Among them, it is worthwhile to concentrate on
those who have:

e Enteroenteric fistulas

e Intestinal stenosis

e Resection of the ileocecal valve
e Short bowel syndrome

e Irritable bowel syndrome

e Cystic fibrosis

e Antibiotic therapy

e Treatment with acid suppressers
o X-ray treatment
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The foregoing is offered especially because of the di-
agnostic dilatation of SIBO, the uncertainty, and the inadequate
approach, as well as the negative impact on and the consequenc-
es for the health of the patient and his or her quality of life and
that of his or her family.

Conflict of interest: Authors doesn’t have any conflict of inter-
est.
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