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Aim. To optimize the choice of treatment strategies by physicians and gastroenterologists to improve treatment and
prevention of small intestinal bacterial overgrowth (SIBO) in adults.

Key points. SIBO is a condition characterized by an increased amount and/or abnormal composition of the micro-
biota in the small intestine. Clinically, the syndrome is manifested by nonspecific gastroenterological complaints and
the development of malabsorption syndrome. Most often, SIBO is associated with various chronic non- infectious
diseases (both diseases of the gastrointestinal tract, and the cardiovascular system and the neuromuscular appa-
ratus) and can affect the severity of their symptoms. Specific methods for diagnosing SIBO are the culture method
and breath tests. The main approaches to the treatment of SIBO include the elimination of the underlying cause of its
occurrence, the use of antibacterial drugs and adherence to dietary recommendations (elemental diet).
Conclusion. Small intestinal bacterial overgrowth is common in patients with various diseases, but has non-specific
manifestations, so proper diagnosis of this condition is required. SIBO therapy involves prescription of antibacterial
agents, the most studied of which is the non-absorbable antibiotic rifaximin-o.
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MpakTnyeckue pekomeHpauum HayyHoro coo6LiecTea no cogecTemio
KJIMHN4Y4€CKOMY U3y4yeHuio Mukpoouoma yenoseka (HCOUM) n Poccuiickoim
racTtpoaHTeponornyeckom accoumauum (PlrA) no guarHocTvke v nevyeHuio
CUHAPOMA U30bITOYHOro 6aKkTepnasibHOro pocTa y B3pOocCJibiX

B.T. MBawkun', N.B. Maes?, .1. A6pynrannesa?, O.l. Anekceea*, C.A. AnekceeHko®, O.10. 3onbHuKoBa',

H.B. KopouaHckas®, O.C. Megsenes”?, E.A. MonyaktoBa', B.1. CumaHerkos®, A.C. TpyxmaHos', 1.B. XnbiHoB'",
B.B. LlykaHos', O.C. lndpuH', K.B. Meawkun', T.J1. lanuna', P.B. MacnexnHukos', M.B. ®aneeBa’, A.U. YnbsaHuH""
" PrAOY BO «[lepsbiti MockoBCkuii rocyaapCTBeHHbIV yHuBepceuteT uMm. U.M. CeuyeHoBa» (Ce4eHOBCKUI YHUBEPCUTET)
MuHucTepcTBa 3apaBooxpaHeHsi Poccurickoi ®enepaumm, Mocksa, Poccurickas ®enepaums

2 ®dre0y BO «MockoBckuii rocyqapcTBEHHbIV MeaMKO-CTOMAaTOo/I0rn4eckuii yHusepceuteTt um. A.M. EsaokvumoBa» MuHucTepcTsa
3apaBooxpaHeHusi Pocecurickon @eaepaumnmn, Mocksa, Poccuiickas @enepaums

3 @PIrb0Y BO «KasaHckuii rocyaapcTBEeHHbIN MeANLMHCKUE yH1BepcuTeT» MuHucTepcTBa 3apaBooxpaHeHns: Poccuiickoii
®enepaumnmn, KazaHb, Poccuiickast degepaums

4 Orb0Y BO «[MprBOMKCKUI MCCNEA0BATEIbCKUI MEANLMHCKNIA yHUBEpCUTeT» MUHUCTEPCTBa 3a4paBooxpaHeHns Poccuiickori
benepaumm, HuxHuii HoBropoa, Poccurickas denepaums

SPre0y BO «/[lanibHEBOCTOYHBI rOCYAaPCTBEHHbIV MEANLIMHCKNI YHUBEPCUTET» MUHUCTEepCTBa 3ApaBOOXpaHeHus Poccuiickom
benepaumn, Xabaposck, Poccuiickas denepaums

8 Prb0Y BO «KybaHckuii rocynapCcTBEeHHbIV MeAVNLIMHCKUIA YHUBepCUTET» MuHUCTepCTBa 34paBooXpaHeHs1 Poccuiickori
benepaunn, KpacHogap, Poccuiickas denepaums

7PrbOY BO «MockoBckuti rocynapCcTBeHHbI yHuBepcuteT umenHy M.B. JlomoHocoBa», Mocksa, Poccuiickass denepauums
8DIBY «HaunoHanbHbI MeguUMHCKUYA CCea0BaTesIbCKuii LIeHTP Kapanoiorim umenHn E.V. Yazosa» MuHucTepcTaa
3apaBooxpaHeHusi Pocecurickon @enepaumnmn, Mocksa, Poccuiickas denepavms

9 ®rb0Y BO «CeBepo-3anaaHbivi rocyaapCTBEHHbIA MEeANLMHCKUI yHuBepcnuTeT umeHn V.. MedHmnkosa» MuHucTepcTBa
3apaBooxpaHeHnsi Pocecurickon @enepaumnn, CaHkT-leTepbypr, Poccurickas Penepauyms

10 Irb0OY BO «Ypasibckuii rocyaapCTBEHHbI MEANLIMHCKUE YHUBEpCUTET» MuHUCcTepcTBa 3apaBooxpaHeHst Poccuiickor
benepaumn, EkatepuHbypr, Poccurickas Penepadms

" OBIHY «®denepasnbHbiii MccaenoBaTebCkuii LEHTP “KpacHospCKui HayqHbIi LeHTp Cubupckoro otaeneHus Poccuiickor
akaaemuyn Hayk”», 06ocobsieHHoe rogpasneneHve HUW meanumHckux npobnem Cesepa, KpacHosipck, Poccuiickas denepavms

Llens nyonukauun. OnTMn3npoBaTb BbIOOP Ne4ebHON TakTUKK Bpayeli NEPBUYHOIO 3BEHA 3pAaBOOXPAHEHMS,
TEPANEeBTOB Y FACTPOIHTEPOOrOB 151 YYYLLEHWS PE3YILTATOB JIEYEHUS 1 NPODUNAKTUKM CUHOPOMA M3ObITOYHOIO
bakTepuanbHoro pocta (CUBP) y B3pocnbix.

OcHoBHble nonoxeHusa. CUBP npencraBnsetr coboil COCTOSHUE, XapakTEPU3YIOLLEECS MOBLILEHHBIM KONNYe-
CTBOM W/UNN HapyLlEHNEM COCTaBa MUKPOOUOTHI B TOHKOM KULIKE. KNMHMYECKM CUHAPOM MPOSIBASETCS HECMeL-
NPUYECKUMIN raCTPOIHTEPOJSIOMMYECKNMM XXanobamum 1 pasBuTUeM cuHapoma Manbabcopbumn. Yawe scero CUBP
aCCOLMMPOBAH C Pa3INYHBIMN XPOHNYECKUMU HEVHPEKLIMOHHBIMU 3200N1€BaHNSAMN (Kak 3ab601eBaHNSIMIN XENYyO04-
HO-KMLLUEYHOro TPakTa, Tak U CepaAeyYHO-COCYANCTON CUCTEMbI 1 HEPBHO-MbILLIEYHOrO annapara) U MOXeT OKas3bl-
BaTb BANSIHNE HA BbIPAXXEHHOCTb X CMMNTOMOB. Cneundunyecknummn metogamm gnarHoctnkm CUBP asngoTca kynb-
TypasbHbI METOA U AblXaTefNbHble TECTbl. OCHOBHbIE NOAX0AbI K nedyeHnto CUBP Bkno4yaloT ycTpaHeHME OCHOBHOM
NPUYMHbI EF0 BO3HUKHOBEHUS, MPUEM aHTUOaKTepUasbHbIX NPenapaToB 1 COBMIOAEHNE OMETUYECKNX PEKOMEHOA-
LN (3N1IEMEHTAPHON ANETDI).

BeiBoa,. CHAPOM M3OLITOYHOrO GakTEPMANbHOrO POCTa YaCTO BCTPEYaEeTCS Y NALMEHTOB C Pa3nnyHbiMKU 3abose-
BaHSIMU, OOHAKO XapakTepmuadyeTcs Hecrneumduniyeckmmm nposiBNeHNIMU, YTO AenaeT akTyanbHbIM CTaHOapTn3a-
L0 AMarHOCTUKKM AaHHoro coctosiHuA. Tepanusa CUBP nogpasymeBaeT HadHavyeHe aHTUubakTepuanbHbIX CPeacTB,
Hanbosiee N3y4eHHbIM N3 KOTOPbIX SBISIETCS HEBCACHIBAIOLLMACS aHTUONOTUK PUPAKCUMUH-L.

KnioueBslie cnoea: CUHOPOM N36bITOYHOro 6aKkTeEpPUaNbHOIO POCTa, MUKPOOMOTA, AbIXaTEebHbIN TECT, PUDaKCUMUH-o
KoHGNUKT MHTepecos: aBTOPbI 3aAB/ISIOT 06 OTCYTCTBMU KOHMINKTA MHTEPECOB.

Ansa umtnpoBaHusa: VeawkuH B.T., Maes W.B., Abaynranmesa [.1., Anekceesa O.I1., AnekceeHko C.A., 3onbHukoa O.10., Kopo-
yaHckas H.B., Mengsenes O.C., NMonyaktosa E.A., CumaHeHkos B.W., TpyxmaHos A.C., XneiHoB U.B., LlykaHos B.B., LLndpwuH O.C.,
MBawwkuH K.B., JlanuHa T.J1., MacnexnHukoB P.B., ®apneesa M.B., YnbsaHuH A.W. MNpaktuyeckne pekomeHgaumm Hay4Horo coobue-
CTBa N0 COAENCTBUIO KIIMHNYECKOMY n3y4yeHunio Mrukpobroma yenoseka (HCOMM) n Poccuinckoi ractpoaHTepoiorMyeckoi acco-
umaumm (PrA) no amarHocTuKe 1 Ie4eHMI0 CUHAPOMA U3ObITOYHOIO BakTepmanbHOro pocTa y B3pocsbix. POCcUnckmin XypHan ra-
CTPO3HTEPONIOrMN, renaTtonornu, kononpokrtonoruu. 2022;32(3):68-85. https://doi.org/10.22416/1382-4376-2022-32-3-68-85
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1. Definition

Small intestinal bacterial overgrowth (SIBO)
refers to a condition in which there is an excess
and/or imbalance of the small intestinal microbi-
ota manifested by digestive disorders and malab-
sorption [1].

2. ICD-10 code

The ICD-10 does not classify SIBO as an indi-
vidual disease. According to Order of the Ministry
of Health of Russia No. 231, dated 9 June 2003, on
approval of the industry standard “Patient man-
agement protocol. Intestinal dysbacteriosis”, the
code R19.8 “Other specified symptoms and signs
involving the digestive system and abdomen” was
proposed to indicate changes in qualitative and
quantitative composition of the gut microbiota
[2]. The order outlines the concepts of clinical and
laboratory syndrome associated with changes in
qualitative and/or quantitative composition of the
gut microbiota followed by metabolic and immu-
nological disorders with the possible development
of gastrointestinal disorders, defined by outdated
term “dysbacteriosis”. However, this definition is
also true for SIBO, which holds the relevance of
the proposed ICD-10 code.

3. Epidemiology

The prevalence of SIBO among the general pop-
ulation is poorly studied. SIBO predominantly oc-
curs in women (66 %), and its incidence increases
with age (presumably due to the accumulation of
risk factors) [3, 4]. SIBO has been reported to be
present in 0—20 % of healthy individuals, howev-
er, this condition is more common among patients
with chronic non-infectious diseases (Table 1) [5].

4. Pathogenesis

Normal autochthonous microbiota of the gas-
trointestinal tract is an important component of
well-being of a healthy person. Bacteria in small
and large intestinal microbiota contribute to host
defense against pathogens, support immune response
regulation, affect nutrient metabolism, and synthe-
size a number of essential metabolites and vitamins
(e.g., short-chain fatty acids, secondary bile acids,
B vitamins and vitamin K) [12].

The small intestinal microbiota comprises main-
ly bacteria of Bacteroidetes and Firmicutes phyla,
and, to a lesser extent, bacteria of Actinobacteria,
Fusobacteria, Verrucomicrobia, Proteobacteria
and Cyanobacteria phyla [1, 13]. The microflora of
the small intestine parts (duodenum, jejunum, and
ileum) differs in the ratio of microbial species, main-
ly belonging to Firmicutes phylum. This is due to

changes in the microbial cell surviving conditions
which occur with progression from the proximal in-
testine to the distal intestine. Thus, the microbio-
ta of duodenum and proximal jejunum is composed
mainly of gram-positive aerobic bacteria. Their ex-
cessive proliferation is suppressed by aggressive up-
per GIT environment, including:

- high partial pressure of oxygen;

- bactericidal activity of primary bile acids;

- activity of digestive enzymes and hydrochloric
acid;

- propulsive peristalsis;

- low acid-base balance (pH).

The activity of restraining factors weakens in
the distal jejunum and in the ileum, thus creat-
ing more favorable conditions for bacterial prolif-
eration: their number is 10—10° CFU/mL in the
duodenum, 10°—107 CFU/mL in the jejunum, and
10°—10” CFU/mL in the ileum. A gradual decrease
in the partial pressure of oxygen shifts the bacterial
load in favor of gram-negative obligate and faculta-
tive anaerobes [13]. However, the number of Paneth
cells providing antibacterial protection increases in
the small intestine mucosa as it progresses to the
colon. Microbial antigens (lipopolysaccharides, lip-
id A, peptidoglycans, flagella, bacterial DNA or
RNA) sensitize Paneth cells, which in response re-
lease broad-spectrum antimicrobial peptides, such
as cathelicidin, defensins, phospholipase A2, C-type
lectin and others [14]. Sensitization of Paneth cells
belonging to innate (congenital) immunity indirect-
ly activates the local adaptive (acquired) immune
response. Manifestations of the adaptive immune re-
sponse include synthesis of immunoglobulins A (IgA)
by plasma cells and differentiation of CD4* lym-
phocytes into type 17 T-helper lymphocytes (Th17),
which synthesize interleukins (IL) 17A, 17F, 21,
and 22. Interleukins I1L-17A and IL-17F stimulate
innate immune cells and epithelial cells to produce
IL-1, IL-6, and IL-8, which contribute to proinflam-
matory immune response by increasing neutrophil
proliferation and activity. Interleukin 21 supports
the activity of natural killers (NK cells) and cyto-
toxic T cells, whereas 1L-22 provides pre-epithelial
protection of the mucosal barrier by increasing the
production of antimicrobial peptides in the mucosa:
lipocalin-2, C-type lectin and calprotectin precur-
sors (Fig. 1) [15—19].

Thus, under normal conditions, the local in-
nate and adaptive immune responses carry out im-
mune-mediated clearance of bacterial overgrowth in
the distal small intestine, but no systemic inflamma-
tory response is induced [13, 14].

An excessive bacterial load of the small intes-
tine is formed mainly by gram-negative aerobes and
anaerobes, among which members of Escherichia,
Enterococcus spp., Klebsiella and Proteus phyla
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Table 1. Prevalence of SIBO among patients with various diseases and conditions

Disease Prevalence
Gastroenterology profile diseases
Chronic pancreatitis 34-92 %
Crohn’s disease 25—88 %
Ulcerative colitis 81 %
GIT functional diseases (irritable bowel syndrome, functional dyspepsia, etc.) 4—78 %
Celiac disease 9-67 %

Liver cirrhosis

34.8—47.1 % [6]

Cardiovascular diseases

Chronic heart failure 45 % [7]

Paroxysmal ventricular tachycardia in CHF 80 % [8]
Respiratory diseases

Bronchial asthma (allergic) 67 % [9]

Bronchial asthma (non-allergic) 43 % [9]

Endocrine and metabolic diseases

Hyperlipidemia 78.9 % [10]
Hypothyroidism (decompensated) 54 %
Type 1 and type 2 diabetes mellitus (complicated with autonomic neuropathy) 8—44 %
Obesity 17—41 %
Nervous and muscular diseases
Fibromyalgia 93 %
Muscular dystrophy 65 %
Parkinson’s disease 34 %
Gastric surgery
Bilateral truncal vagotomy 93 %
Roux-en-Y reconstruction 86 %
Gastrectomy 63—78 %
Intestinal and pelvic surgery
Resection of ileocecal valve, small and large bowel limited resections 32-82 %
Other iatrogenic conditions
Long-term use of proton pump inhibitors (PPIs)* 26—75 %
Parenteral nutrition (over the year) 70 %
Radiation enteropathy 6 %
Other diseases and conditions
Chronic fatigue syndrome 81 %
Systemic sclerosis and other connective tissue diseases 43—355 %
Alcohol abuse 47.4 % [11]
Immunodeficiency (congenital and acquired) 30—50 %
Rosacea 46 %
End-stage renal failure 36 %

Note.* certain drugs, doses and duration of PPIs administration are not established.
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Fig. 1. Mechanisms of bacterial overgrowth clearance in the small intestine by adaptive immune response

are detected more often [20]. Culturing of jejunal
aspirate (MacConkey agar) from SIBO patients has
identified 141 strains of facultative (Streptococcus
60 %, Escherichia coli 36 %, Staphylococcus 13 %,
Klebsiella 11 %, etc.) and 117 strains of obligate
anaerobes (Bacteroides 39 %, Lactobacillus 25 %,
Clostridium 20 %, etc.), but the key bacteria causing
SIBO clinical manifestations have not been identi-
fied [21]. More specific changes were found in SIBO
patients by sequencing of bacterial 16S RNA from
jejunal aspirate, in which bacterial overgrowth was
detected by culturing on blood agar and MacConkey
agar. Compared to healthy volunteers, an increase
in the number of Proteobacteria species (4.31-fold)
and a decrease in the proportion of Firmicutes bac-
teria (1.64-fold) were found in the small intestinal
aspirate of SIBO patients, which was also associat-
ed with a decrease in microbial a-diversity. In ad-
dition, a direct correlation was found between the
abundance of the family Enterobacteriaceae (class
Gammaproteobacteria) and the severity of abdomi-
nal bloating, as well as between the increased num-
ber of the family Aeromonadaceae members and
the incidence of fecal urgency [22]. Methanogenic
archaea, such as Methanosphaera stadtmaniae and
Methanobrevibacter smithii, may be the only micro-
organisms creating an excessive microbial abundance
[23]. Presumably, 15 % to 30 % of SIBO patients
are colonized specifically by Methanobrevibacter
[24, 25].

The pathogenetic mechanisms of SIBO effects on
the host are not completely studied. However, it has
been found to alter significantly the metabolic and
immunological processes in the small intestine:

- active carbohydrate breakdown results in an ex-
cess of bacterial metabolic products (e.g., H,, CH,,
H,S, CO,) that cause visceral hypersensitivity, ab-
dominal bloating, and diarrhea [25] (the resulting
hydrogen sulfide has an additional direct damaging
effect on enterocytes and also stimulates a proin-
flammatory response by activating the nuclear tran-
scription factor NFkb [26]);

- the amount of produced methane increases (no-
tably with methanogenic archaea overgrowth, which
are considered by most authors to be the main pro-
ducers of methane), which results in slower motility
of the large intestine and subsequent increase in the
severity of abdominal bloating [27];

- the permeability of the mucosal epithelial bar-
rier of the small intestine increases due to the acti-
vation of low-grade inflammation by secondary bile
acids (mainly lithocholic acid) and by-products of
fatty acid metabolism [28];

- secondary disaccharidase deficiency occurs due
to disruption of the brush border of enterocytes, re-
sulting in maldigestion and malabsorption of mono-
saccharides [28];

- microbial breakdown of amino acids and low-mo-
lecular-weight proteins intensifies leading to malab-
sorption [28];
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- fat and fat-soluble vitamins absorption reduces
as a result of excessive deconjugation of bile acid
salts, which also contributes to malabsorption [29];

- there is an increasing competition between the
host and small intestinal microbiota for vitamins B1,
B2, B3, BS, and B12 (due to increased number of
bacteria utilizing these vitamins) [11, 30, 31];

- there is an increased proportion of toxic metab-
olites synthesized by bacteria (ammonia, D-lactate,
and bacterial peptidoglycans [28]), which results in
impaired permeability of the epithelial barrier and
increased bacterial translocation [32];

- there is an enhanced intensity of the local and
systemic immune response due to the increased
amount of proinflammatory cytokines (IL-1a, IL-
1b, IL-6 and tumor necrosis factor alpha TNF-a)
[33].

The above mechanisms lead to the development
of symptoms such as bloating or abdominal pain,
diarrhea or constipation, and the manifestation of
malabsorption. The bacterial content in the small
intestine does not always correlate with disease
activity. Tt is supposed that prominent clinical
manifestations occur only when invasive bacterial
strains are overgrown [34].

5. Risk factors

Risk factors for bacterial overgrowth include con-
ditions or diseases that impair bacterial elimination
in the small intestine or create favorable conditions
for bacterial proliferation. These include:

- small and large intestine dysmotility (in IBS
[35], altered intestinal anatomy after surgery [36],
systemic sclerosis [37], hypothyroidism [38], auto-
nomic diabetic neuropathy [39], opiate use [40], ile-
ocecal valve dysfunction [41], etc.);

- small intestinal hypochlorhydria (with long-
term use of PPIs, atrophic gastritis, gastric resection
[42], gastroparesis [43], etc.);

- inflammation in the small and large intestine
(in ulcerative colitis, Crohn’s disease, radiation en-
teritis [35]);

- immunodeficiency (congenital, acquired, selec-
tive IgA immunodeficiency [28, 44]);

- decreased amounts of primary bile acids (e.g.,
in cholestasis [45]);

- maldigestion or malabsorption (in pancreat-
ic exocrine insufficiency [40, 46], celiac disease [47],
etc.).

6. Clinical presentation

Most SIBO patients complain of abdominal pain
without clear localization, diarrhea and bloating,
but the prevalence of these symptoms cannot be as-
sessed [27]. SIBO can also be diagnosed in patients

with constipation complaints due to the abundance
of methanogenic microorganisms in these patients
(e.g., bacterial overgrowth is detected in 22.5—
25.2 % of those with IBS with constipation) [23].
The above complaints occur in more than 2/3
of SIBO patients, and the rest of the patients expe-
rience symptoms characteristic of the disease compli-
cations, or have no complaints [36].

SIBO complications include various manifesta-
tions of malabsorption, including steatorrhea, weight
loss and weakness, as well as neurological disorders
(when absorption of B vitamins is impaired) and
various symptoms associated with hypovitaminosis
of fat-soluble vitamins A, D3, E (vitamin K defi-
ciency is usually not observed in SIBO) [48].

SIBO may affect the severity of symptoms of oth-
er diseases, presumably by enhancing the non-specif-
ic proinflammatory immune response. Thus, SIBO
treatment in patients with rosacea [49], liver cirrho-
sis [50], and chronic heart failure [6] significantly
improves their well-being and short-term progno-
sis. Tt is difficult to suspect SIBO in these patients,
particularly when they do not have the mentioned
complaints.

When questioning a patient, it is essential
to consider the patient’s medical history, as a histo-
ry of GIT surgeries and chronic non-infectious dis-
eases associated with SIBO allow to suspect this
condition.

Physical examination of SIBO patients most
commonly reveals moderate pain in different parts
of the abdomen upon palpation, pronounced tym-
panic sound upon abdominal percussion, and irreg-
ular weakening of intestinal peristalsis upon aus-
cultation. If avitaminosis develops, corresponding
changes in the skin, nails, hair and tongue may be
found (due to fat-soluble vitamins and B vitamins
deficiency).

7. Laboratory and instrumental
diagnostics

7.1. Laboratory diagnostic tests

No specific deviations in routine laboratory blood
and fecal tests are typical of SIBO. Non-specific
parameter changes are identical to those in malab-
sorption, but they are expressed insignificantly in
most cases.

7.2. Instrumental tests

The specific diagnosis of SIBO presents two main
methods: culture method (LE 1, GR B) and breath
tests (LE 1, GR B) [51]. The assessment criteria for
grades of recommendations and levels of evidence
for diagnostic methods are shown in Table 2 and
Table 3 [61]. Both methods have their advantages
and disadvantages.
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Table 2. Grades of Recommendation (GR) Assessment Score for methods of prevention, diagnosis,
treatment, medical rehabilitation, including those based on the use of natural healing factors
(preventive, diagnostic, therapeutic, rehabilitation interventions)

Level

Interpretation

interest are consistent)

A Strong recommendation (all considered efficacy criteria (outcomes) are important, all studies
are of high or satisfactory methodological quality, and their conclusions on the outcomes of

outcomes of interest are not consistent)

B Conditional recommendation (not all considered efficacy criteria (outcomes) are important, not
all studies are of high or satisfactory methodological quality, and/or their conclusions on the

inconsistent).

C Weak recommendation (all considered efficacy criteria (outcomes) are unimportant, all studies
are of poor methodological quality, and their conclusions on the outcomes of interest are

Table 3. Levels of Evidence (LE) Assessment Score for diagnostic methods (diagnostic interventions)

LE Interpretation

1 Systematic reviews of reference-controlled studies or a systematic review of randomized clinical
studies using meta-analysis

2 Individual reference-controlled studies or individual randomized clinical studies and systematic
reviews of studies of any design, except for randomized clinical studies, using meta-analysis

3 Studies without consecutive reference control or studies with a reference method that is not
independent of the study method or non-randomized comparative studies, including cohort studies

4 Non-comparative studies, clinical case report

5 There is only a rationale for the mode of action or expert opinion

7.2.1. Culture method

This method implies culturing small intestine as-
pirate on media with subsequent CFU counting.

It has been conventionally suggested that the mi-
crobial composition of the small intestine is considered
excessive when > 1x10° CFU per milliliter of aspi-
rate is detected. However, this insight was based on
early studies involving patients with the blind loop
syndrome and did not consider the microflora of pa-
tients with preserved intestinal anatomical continuity.
Subsequent systematic reviews have demonstrated the
low validity of this criterion, so the current threshold
value for overgrowth in SIBO is > 1x10®* CFU per mL
of mucosal surface aspirate [51].

Aspiration of small intestinal contents is carried
out with an endoscope, which is used to take 3—5
mL of duodenal or at least 2 mL of jejunal fluid.
The aspirate is cultured on agar media (blood or
chocolate agar, MacConkey agar) or on whole blood
in anaerobic conditions at 37 °C for 5 days, after
which CFU is calculated. If necessary, the microbial
composition can be identified and antibiotic suscep-
tibility can be determined by routine microbiologi-
cal methods [24, 36]. The culture testing procedure
does not require special approaches or preparation,
but there are some difficulties:

- sterile aspiration of the small intestinal con-
tents must meet strict standards in order to avoid

microbiota contamination in the upper GIT (an en-
doscope equipped with a catheter can greatly simpli-
fy this task) [52];

- it is difficult to determine the optimal site wit
in the small intestine for content sampling [53];

- the sampled surface contents are to be imme-
diately transferred to a microbiological laboratory
in order to ensure the survival of bacterial cells for
subsequent culturing [54];

- SIBO diagnosis with culture of the small intes-
tinal contents is a time-consuming, expensive and
invasive procedure that is associated with common
endoscopic risks, so the method is difficult to per-
form in routine clinical practice.

Despite its limitations, the culture method is
conventionally considered to be the gold standard
for SIBO verification [24, 54].

7.2.2. Breath tests

The concept of breath tests (BTs) is to determine
the amount of hydrogen and/or methane in the ex-
haled air after a carbohydrate load. The human body
is not capable of producing these metabolites, so
they occur in exhaled air due to microbial fermen-
tation of carbohydrates in the small and large intes-
tine, followed by absorption into the blood and, af-
ter passing through the liver, their excretion by the
lungs [55].
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Table 4. Comparative analysis of substrates for breath testing

Positive result
oy Substrate amount and interpretation
Substrate Characteristics test duration (growth threshold Notes
from the zero point)
- Negative test excludes
- Monosaccharide - Glucose 50 g or 75 g |+ 220 ppm for H,* | proximal but not distal
Glucose - Absorbed in the and water 250 mL - 210 ppm for CH, |SIBO
small intestine - 90—120 minutes - >15 ppm H, and CH, | - Not gppliqable for
diabetic patients
- Disaccharide - May accelerate
. motility yielding a false
. ggscizzo&): (%arge - Lactulose 10 g (may |* =20 ppm for H, negative result
Lactulose |intestine be taken with a small |- =10 ppm for CH, - May cause abdominal
. Also used to assess |amount of water) - interval of 0—90 |bloating or diarrhea
[ —— T —r - 180—240 minutes minutes** - Interpretation is
. difficult if a single
growth peak is detected
- Low evidence for
- Monosaccharide interpretation of the
- Disaccharide - Fructose 25 g and > results
Fructose - Absorbed in the water 250 mL . ;?8 ppE l{g; Igﬁ - Difficult to
distal small intestine |: 180 minutes =2 PP 4 |differentiate SIBO from
- Applicable for » 215 ppm H, and CH, | fyctose intolerance
diabetic patients - Applicable for diabetic
patients

Note: * — for glucose 50 g, an increase in H, > 15 ppm indicates a positive result; ** — some authors verify a positive result only
when there are two peaks of H, increase, which are in the small intestine (within the interval of 90 minutes) and in the large

intestine (after 90 minutes).

It is reasonable to conduct BTs evaluating both
hydrogen and methane levels (LE 5, GR C) [46].
BTs with methane level evaluation (LE 1, GR B)
should be performed in patients with constipation
symptoms [25, 56, 69].

The hydrogen or methane concentration in the air
is determined in parts per million (ppm) using a gas
chromatograph or a special gas analyzer equipped
with electrochemical and/or infrared sensors. The
air sampling is performed sequentially starting from
a zero point (on an empty stomach, just before in-
gestion of carbohydrate substrate) with an interval
of 15 minutes. The rise of metabolite concentration
in the first 90 minutes reflects the enzymatic activ-
ity of the small intestinal microbiota, and over 90
minutes — of the large intestinal microbiota [23,
56].

Glucose, lactulose and fructose are the most com-
monly used carbohydrate loads for the breath test
(LE 2, GR B) [51, 55]. Comparative analysis of
BTs with these substrates and interpretation meth-
ods are presented in Table 4.

An example of metabolite level
in a breath test is shown in Figure 2.

Compared with the culture method, the sensitiv-
ity of the glucose breath test (GBT) varies from 20
% to 93 %, with specificity ranging from 30 % to 86

increase

%. For the lactulose breath test (LBT), these values
are 31—68 % and 44—100 %, respectively [51, 35].

Preliminary preparation is required before BTs
[56, 57]:

- 2—4 weeks before testing: avoid antibiotics (in-
cluding intravenous) and probiotics (LE 5, GR C);

< 2 weeks before testing: avoid endoscopic or
surgical interventions that require large intestine
preparation with laxatives (LE 5, GR C);

- 1 week before testing: eliminate medications that
affect motility, such as metoclopramide or loperamide
(some researchers recommend avoiding these medica-
tions 48 hours before the test) (LE 5, GR C);

- 24 hours before testing: not to consume alco-
hol and fibers (vegetables, fruits, cereals, grains)
(LE 5, GR C);

- 12 hours before testing: fast (but drinking plain
water is allowed) (LE 5, GR C);

- in the morning before testing: avoid strenuous
activity provoking hyperventilation (taking regular
medications other than those listed above is allowed)
(LE 5, GR C), no smoking (LE 4, GR C) [70].

To reduce the variability of the recorded data
when taking exhaled air, the patient should take a
deep breath, hold it for 15 seconds, then slowly ex-
hale approximately 50 % of the inhaled volume and
only then exhale into the gas analyzer or into the
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Lactulose hydrogen and methane breath test
-+ Hydrogen, ppm -# Methane, ppm
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Fig. 2. Elevated hydrogen and methane levels in exhaled air at lactulose hydrogen and methane testing in a SIBO
patient. Arrows indicate diagnostically significant peaks of metabolite level increase: hydrogen at the 60th minute
(28 ppm, the baseline is 6 ppm) and methane at the 75th minute (70 ppm, the baseline is 49 ppm)

plastic bag for air sample collection. Such procedure
allows reducing the impact of “dead” space (about
150—200 mL) and measuring a portion of alveolar
air representing the concentration of the studied gas
metabolites in the venous blood as much as possible
[54, 57, 58].

The breath test is an inexpensive, non-invasive,
simple, and widely available method for SIBO diag-
nosis. However, there are some disadvantages:

- low sensitivity and specificity compared to the
culture method;

- the content of hydrogen and/or methane in ex-
haled air is directly influenced by the composition
of the small intestinal microbiota, i.e. methanogenic
archaea utilize H, to reduce CO, to CH,, and sul-
fate-reducing bacteria utilize hydrogen to form H,S
[54];

- the composition of the microbiota causing mi-
crobial overgrowth is difficult to assess. There
is evidence of a positive correlation between
the levels of Gammaproteobacteria class and
Enterobacteriaceae family members, the area un-
der the curve for H, within the first 90 minutes

of LBT, and the severity of abdominal bloating
in SIBO [22];

« air analyzers capable of simultaneous assess-
ment of hydrogen and methane concentrations are
often more expensive.

7.2.3. Other diagnostic methods

Abdominal ultrasound (US) and esophagogas-
troduodenoscopy (EGDS) are not the methods of
choice for SIBO diagnosis. Nevertheless, abdom-
inal USI of SIBO patients in more than 84 % re-
veals increased gas and fluid in the lumen of the
small intestine, subtle thickening of the jejunum
walls and of the small intestine folds, as well
as enhanced small intestinal peristalsis, which
does not contradict the SIBO diagnosis [59].
EGDS in SIBO patients may show non-specific
endoscopic findings such as mucosal edema, vascu-
lar depletion, patchy erythema, and mucosal ero-
sions or ulcerations (in rare cases). Morphological
changes in small intestinal biopsy specimens from
these patients are also non-specific and may be
represented by intraepithelial lymphocytosis, eo-
sinophilia, flattened villi, or cryptitis [60].
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Table 5. Levels of Evidence (LE) Assessment Score for methods of prevention, treatment, medical
rehabilitation, including those based on the use of natural healing factors (preventive, therapeutic,

rehabilitation interventions)

Level Interpretation

1 A systematic review of randomized clinical studies using meta-analysis

2 Individual randomized clinical studies and systematic reviews of studies of any design, except
for randomized clinical studies, using meta-analysis

3 Non-randomized comparative studies, including cohort studies
Non-comparative studies, clinical case or case series report, case-control study

5) There is only a rationale for the mode of action of the intervention (non-clinical studies) or an
expert opinion

Table 6. Doses, duration of administration, and levels of evidence for efficacy of antibiotics

recommended for SIBO eradication

Antibiotic Doses

Level of evidence
for efficacy

Duration of
administration

Non-systemic antibiotics

Rifaximin-a 400 mg thrice daily

7—14 days 1

Systemic antibiotics

Norfloxacin 400 mg twice daily 7—10 days 2
Amoxicillin (in combination 875 mg twice daily 7 days
with clavulanic acid)
Metronidazole 250 mg thrice daily 10 days 3
Tetracycline 250 mg 4 times daily 7 days 3
Ciprofloxacin 500 mg twice daily 5—10 days 3

8. Differential diagnosis

The differential diagnosis should be carried out
between all diseases manifested by defecation disor-
ders, bloating, symptoms of malabsorption and mal-
digestion (LE 5, GR C) [28].

SIBO symptoms often conceal the symptoms
of those diseases that have caused it, which great-
ly complicates the diagnosis. This is partially due
to the same clinical presentation of SIBO and its
causes. For example, in a patient with chronic pan-
creatitis, it is difficult to determine whether diar-
rhea is caused by exocrine pancreatic insufficiency
or SIBO, and which has a greater impact on the
severity of the defecation disorder. Similarly, in pa-
tients with inflammatory bowel diseases following
surgery, the abdominal pain, bloating and diarrhea
may be either manifestations of SIBO or active in-
flammation, malabsorption, or peritoneal adhesions

[54].

9. Treatment

The optimal treatment of SIBO includes elim-
ination of the underlying cause, decontamination

of bacterial overgrowth, and substitution therapy
for malabsorption [55].

The assessment criteria for grades of recom-
mendations and levels of evidence for treatment
modalities are shown in Table 2 and Table 5 [61].

9.1. Antimicrobial therapy

Antimicrobial therapy is the preferred strategy
for bacterial overgrowth eradication in the small in-
testine (LE 1, GR B) [55].

Studies of the efficacy of antibiotics (system-
ic drugs in particular) for SIBO vary in terms of
subject populations, SIBO diagnostic approaches,
dose, and duration of treatment. The lack of data
on successful treatment of the underlying disease
which has caused SIBO makes it difficult to assess
the efficacy of therapy. The low level of meth-
odological quality of the studies determines the
grade B recommendations for antibiotic prescrip-
tion (conditional recommendation) [56]. The main
antibiotics used to treat SIBO are amoxicillin
(along with clavulanic acid), doxycycline, metroni-
dazole, norfloxacin, rifaximin-a, tetracycline, and
ciprofloxacin (Table 6).
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In a cross-over study, the effect of SIBO treat-
ment with amoxicillin with clavulanic acid or nor-
floxacin was evaluated in 20 SIBO patients (the
diagnosis confirmed by GBT). For 7 days, 10 pa-
tients received amoxicillin at a dose of 875 mg
twice daily, and the same number of subjects re-
ceived norfloxacin at a dose of 400 mg twice daily.
A repeated breath test after therapy showed a neg-
ative result in 5 patients in the first group (50 %)
and in 3 patients in the second group (30 %) [58].

There was a randomized, placebo-controlled
study that evaluated the efficacy of treatment with
norfloxacin at a dose of 400 mg twice daily for
10 days in 15 patients with IBS and SIBO de-
tected by small intestine aspirate culturing. The
norfloxacin effect was observed in all subjects who
consented to SIBO reassessment (n = 4), and all
untreated control group participants (n = 7) were
again found to have bacterial overgrowth when re-
assessed [62].

Tetracycline administration in SIBO has been
studied only in a single study involving 24 patients
with SIBO evaluated before and after treatment by
jejunal aspirate culturing. There was no bacterial
overgrowth in 21 subjects (87.5 %) after administra-
tion of tetracycline at a total daily dose of 1000 mg
for 7 days [56].

The effect of ciprofloxacin in SIBO eradication
has been evaluated in 2 clinical studies. In one
of them, administration of 500 mg of ciprofloxacin
twice daily for 5 days was effective in 6 of 12 (50 %)
patients with nonalcoholic steatohepatitis (GBT
before and after therapy) [63]. The second study
compared the outcomes of 10-day administration of
ciprofloxacin (500 mg twice daily) or metronidazole
(250 mg thrice daily) in 29 patients with Crohn’s
disease and SIBO (GBT before and after treatment).
All 14 patients who received ciprofloxacin responded
to therapy (100 %), whereas metronidazole adminis-
tration was effective in 13 of 15 subjects (86 %) [64].

The non-absorbable antibiotic rifaximin-a is the
most studied drug used for SIBO treatment. Its
advantages over systemic antibiotics include low
gastrointestinal absorption (less than 0.4 %), low
incidence of systemic side effects, and low risk
of antibiotic-resistant bacterial strains [65].

A systematic review and meta-analysis of 32
studies of rifaximin-a treatment for SIBO has
shown its efficacy in 72.9 % of patients (95 % CI,
65.5—79.8). However, the studies included in the me-
ta-analysis were notable for their wide range of dos-
es (600—1600 mg per day) and duration of treatment
(5—28 days). Nevertheless, the meta-analysis showed
a dose-dependent effect of rifaximin-a on the success
of SIBO eradication, with most studies dosing 400 mg
thrice daily for 7—14 days. The drug is well tolerat-
ed, and the adverse events (AEs) such as weakness,

headache, constipation, increased diarrhea, dizziness,
sleep disorders, nausea, skin rash, dry skin (described
by subjects as mild), anaphylaxis (1 case) and de-
velopment of Clostridium difficile-associated disease
(1 case) occurred in 4.6 % of 815 subjects in 17 stud-
ies reporting such events. Drug cessation due to AEs
(nausea without vomiting, headache, dry skin) was
reported in only one study, in which 5 out of 120
patients (6 % of subjects) discontinued the drug [65].

It should be noted that empiric antibiotic ad-
ministration to patients without a confirmed SIBO
diagnosis is not justified as it exposes them to an
unreasonable risk of antibiotic resistance, antibi-
otic-associated diarrhea, and C. difficile-associated
disease [1].

9.2. Elementary diet

An alternative approach to eliminating SIBO
is an elementary diet based on the consumption of
highly-digestible nutrients in liquid or powder form
(LE 4, GR C) [66].

The elementary diet is liquid mixtures or pow-
ders to be diluted in liquids, consisting of high-
ly-digestible proteins, amino acids, fats and carbo-
hydrates, enriched with vitamins. These nutrients
are mainly absorbed in the proximal small intes-
tine limiting their delivery to bacteria in the dis-
tal part. In a retrospective review, an elementary
diet for 14 days in 74 of 93 patients (80 %) with
SIBO resulted in normalization of their lactulose
breath test score, which was accompanied with
stool frequency normalization in 12 of 14 patients
with diarrhea and in 9 of 12 patients with symp-
toms of constipation. However, this diet is dif-
ficult to follow due to its unpleasant taste and
necessity of substantial patient motivation [66].

A diet containing low fermentable oligosaccha-
rides, disaccharides, monosaccharides, and polyols
(Low-FODMAP) reduces exposure of substrates
undergoing bacterial metabolism in the small in-
testine, which is effective in reducing the severity
of similar symptoms in patients with diarrhea-pre-
dominant IBS [67]. This type of diet is also sup-
posed to suppress microbial overgrowth in the
small intestine, however, no convincing data are
available.

10. Prophylaxis

There is no specific prophylaxis for SIBO. Forty-
four percent of SIBO patients experience symptom re-
currence within 9 months after antibacterial treatment,
which is probably due to ineffective treatment of the
underlying disease [68]. To achieve effective eradica-
tion in SIBO patients with a recurrent course of the
disease, a targeted antimicrobial therapy based on
identification of provocative microorganisms and their
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antibiotic susceptibility determination by culturing

the small intestinal surface content is feasible [56, 68].

11. Conclusions

SIBO results from impaired bacterial clearance
in the small intestine and is closely associated with
different diseases. The clinical presentation of SIBO
is non-specific, so a proper diagnosis based on the

culture method or breath tests is required to confirm
the diagnosis. SIBO therapy involves prescription
of antibacterial agents, the most studied of which
is the non-absorbable antibiotic rifaximin-a. These
Recommendations are prepared to optimize the choice
of diagnostic and treatment strategies for adult SIBO
patients. Key points of the CHMR and RGA best prac-
tices on small intestinal bacterial overgrowth in adults
are shown in Table 7.

Table 7. Key points of the CHMR and RGA best practices on small intestinal bacterial overgrowth in adults

Statement | LE | GR
Diagnosis
Specific methods for SIBO diagnosis are the culture method and breath tests 1 B
It is reasonable to perform a breath test with simultaneous evaluation of hydrogen and 5 C
methane levels for SIBO diagnosis
A breath test with methane level evaluation is diagnostically significant in patients 1 B
with symptoms of constipation
Glucose, lactulose or fructose are used as a carbohydrate load for the breath test B
The differential diagnosis should be carried out between all diseases manifested by 5 C
defecation disorders, bloating, symptoms of malabsorption and maldigestion
Preparation before breath testing
One should avoid use of antibiotics (including intravenous) and probiotics for 4 weeks 5 C
One should refrain from endoscopic or surgical interventions that require large B C
intestine preparation with laxatives for 2 weeks
It is recommended to exclude drugs affecting the intestinal motility for 7 days 5 C
One should refrain from consuming alcohol and fiber-rich foods for 24 hours 5 C
It is necessary to fast for 12 hours before the test (but drinking plain water is allowed) 5 C
One should avoid strenuous activity provoking hyperventilation on the test day 5) C
One should refrain from smoking immediately before the test 4 C
Treatment
Administration of antibacterial drugs is the preferential strategy for bacterial 1 B
overgrowth eradication
The non-absorbable antibiotic rifaximin-a is the most effective antibacterial drug for 1 B
SIBO treatment
An elementary diet for at least 14 days may be recommended to eradicate bacterial 4 C
overgrowth
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