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ABSTRACT 

Small intestinal bacterial overgrowth (SIBO) is a prevalent issue, frequently overlooked in clinical practice. Its 

prevalence is unknown because SIBO requires diagnostic testing, however, in most studies, SIBO has been 

detected anywhere from <2% to 22% of healthy controls. Breath tests, which detect the presence of hydrogen 

in exhaled air, are the most used diagnostic method. However, their low sensitivity and specificity indicate 

the need for research into new more accurate methods. The standard treatment is antibiotic therapy with 

rifaximin. After antibiotic therapy, there is a risk of recurrence and the emergence of multidrug-resistant 

bacterial strains. Recurrence ratio after antibiotic therapy have been documented in 12.6% of patients after 3 

months, 27.5% after 6 months and 43.7% after 9 months. There are promising results from studies on the use 

of probiotics and herbal preparations in treatment, but these studies have been conducted on relatively small 

groups of patients. This indicates the need for multicentre randomised trials with large numbers of patients 

to develop effective methods for the diagnosis and treatment of SIBO. 
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1. Introduction  

Small intestinal bacterial overgrowth (SIBO) is a common 

but insufficiently recognised disease. Its prevalence is 

unknown because SIBO requires diagnostic testing, 

however, in most studies, SIBO has been detected 

anywhere from <2% to 22% of healthy controls, depending 

on country, or region and criteria used [1–3]. Despite its 

prevalence, it remains underdiagnosed due to the invasive 

nature of diagnostic testing. Much of the controversy 

surrounding the diagnosis of SIBO is due to the wide range 

of clinical manifestations and overlap with other 

gastrointestinal diseases, especially irritable bowel 

syndrome (IBS) as the most cited example. Predisposing 

factors include the use of proton pump inhibitors, opioids, 

gastric bypass, colectomy and gastrointestinal peristalsis 

[4,5]. Peristalsis disorders can be caused by systemic 

diseases such as diabetes mellitus, Parkinson's disease, 

cystic fibrosis, systemic sclerosis, spondyloarthropathy, 

chronic pancreatitis, ulcerative colitis, Crohn’s disease, 

metabolic-associated fatty liver disease (MAFLD), primary 

biliary cholangitis [6,7]. Another important risk factor is 

the status after gastrointestinal surgery, colectomy being 

a proven risk factor for SIBO. Patients with colectomy 

show a significantly higher incidence of SIBO and greater 

severity of gastrointestinal symptoms [8]. Clinical signs of 

SIBO include stomach pain, abdominal bloating, gases, 

diarrhoea and malabsorption. Flatulence and diarrhoea 

are common symptoms, but do not determine a positive 

diagnosis.  

Small intestinal aspirate/culture with a growth rate of 

≥103 CFU/mL is generally accepted as the “best diagnostic 

method”, unfortunately the disadvantage of this method is 

its invasiveness [9]. The glucose or lactulose breath test 

is a non-invasive but indirect method that needs further 

standardisation for the diagnosis of SIBO. Treatment, 

standardly consisting of antibiotic therapy, aims to 

alleviate symptoms by eradicating bacteria in the small 

intestine. A limited number of clinical studies have shown 

the efficacy of systemic antibiotics (norfloxacin and 
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metronidazole). Many authors have demonstrated in their 

studies that rifaximin, a non-systemic antibiotic not 

absorbed from the gastrointestinal tract, is effective 

against SIBO and well tolerated by patients [10–12].  

 

2. Materials and Methods 

A review of the literature from 2013-2023 on small 

intestine bacterial overgrowth was performed using 

databases search conducted on PubMed and Google Scholar 

platforms. The paper reviews 51 scientific journal articles. 

The following keywords were used in search: SIBO, Irritable 

bowel syndrome, intestinal microbiota, probiotics, 

rifaximine. Exclusion criteria: studies conducted on 

animals, studies including children, studies incompatible 

with the purpose of the review. 

 

Fig 1. Search and selection of articles methodology. 

 

3. Purpose of the work 

The aim of this paper is to provide an overview of the 

latest diagnostic methods, pharmacological and non-

pharmacological treatments for SIBO and research into 

therapies that may be applicable in the future. 

 

4. Diagnostic methods used to diagnose Small Intestinal 

Bacterial Overgrowth 

The main pathomechanism of SIBO is an increase in the 

number of bacteria that do not constitute the physiological 

microbiome of the small intestine. A better understanding 

of the small intestinal microbiome has proven to be key to 

understanding SIBO, as it helps clinicians determine the 

validity of any diagnostic method used to screen for the 

condition. In recent years, knowledge of the gut microbial 

flora has expanded significantly [13]. The human intestines 

are inhabited by 1014 bacterial cells [14]. The commensal 

microbiota protects the host from colonisation by 

opportunistic pathogens and can participate in food 

metabolism and energy production to provide essential 

nutrients and degrade compounds on which digestive 

enzymes do not act [15]. The small intestine microbiome 

consists mainly of Gram-positive and aerobic bacteria, 

while the large intestine contains mainly Gram-negative 

and anaerobic bacteria. The main types of bacteria found 

in the intestines are Bacteroidetes and Firmicutes, while 

Actinobacteria, Fusobacteria, Verrucomicrobia and 

Cyanobacteria are also present, albeit in smaller 

proportions [16].  

4.1. Breath tests 

Standard diagnostic tests recommended by scientific 

societies are breath tests: glucose hydrogen or lactulose 

hydrogen. Respiratory test criteria recommend a diagnosis 

of SIBO as an increase in exhaled hydrogen gas of at least 

20 parts per million (ppm) above baseline within 

90 minutes of oral ingestion of 75 g of glucose or 10 g of 

lactulose [17,18]. Only bacterial cells are capable of 

producing hydrogen, as opposed to human cells [19]. 

The presence of hydrogen in exhaled air indicates its 

production in the intestines by the bacteria residing 

there, followed by its absorption into the bloodstream 

and excretion through the respiratory system. For the test 

result to be reliable, prior to the breath test it is 

recommended that patients avoid antibiotics for 4 weeks 

and avoid stimulants and laxatives for at least 1 week. 

The day before the breath test, fermentable foods  

(e.g. complex carbohydrates) should be avoided. 

In addition, they should remain fasting for 8-12 hours. 

According to a systematic review by Khoshini et al. [20], 

the sensitivity of the lactulose test ranged from 31% 

to 68% and the specificity from 44% to 100%, while 

the sensitivity of the glucose breath test ranged from 20% 

to 93% and the specificity from 30% to 86% compared with 

small bowel aspirate cultures. This suggests the need 

to develop tests with better sensitivity and specificity 

to improve diagnosis. 

4.2. Small intestine aspirate and culture 

Small bowel aspirate and culture is often considered 

the gold standard for the diagnosis of SIBO. Small bowel 

aspirate collection involves inserting the endoscope into 

the upper gastrointestinal tract with deep intubation 

of the duodenum, while minimising aspiration of contents 

from the oropharynx, oesophagus and stomach to eliminate 

aspirate collection from outside the duodenum. However, 

standardisation of techniques for aseptic collection and 

culture of small bowel specimens are lacking [21].  

Currently under investigation there are tests involving 

oral capsules that can measure in vivo hydrogen and 

carbon dioxide after ingestion of a carbohydrate meal 

[22]. Capsule technologies that can sample bacteria from 

the small intestine (small intestinal capsule detection 

system) are also emerging, and these technologies can 

provide a more direct and accurate assessment of SIBO 

[23]. The use of capsule technologies requires clinical 

studies on the sensitivity and specificity of the results. 

In the future they may provide a better alternative to 

current techniques for measuring hydrogen in the breath. 

 

5. Treatment strategies for Small Intestinal Bacterial 
Overgrowth 

The standard treatment for SIBO is antibiotic therapy. 

As alternative methods, researchers point to dietary 

treatment, the use of probiotics, faecal microbiota 

transplant, prokinetics and the use of herbal medicine 
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[24,25]. Stool transplantation and the use of probiotics 

according to the recommendations of scientific societies 

are not applicable for the treatment of SIBO, their 

potential use is currently in the research phase. 

5.1. Antibiotics 

The current standard of treatment for SIBO is antibiotic 

therapy. The aim of antibiotic therapy is not to completely 

eradicate the intestinal bacterial flora, but to modulate it [2]. 

Most studies on SIBO treatment have evaluated the efficacy 

of amoxicillin with clavulanic acid, ciprofloxacin, 

doxycycline, metronidazole, neomycin, norfloxacin, 

tetracycline, cotrimoxazole, or rifaximin [25]. There are 

limited data comparing the efficacy of different 

antibiotics. In addition, there are frequent recurrences of 

SIBO symptoms after antibiotic therapy, which have been 

documented in 12.6% of patients after 3 months, 27.5% 

after 6 months and 43.7% after 9 months [26,27]. The 

antibiotic of choice for the treatment of SIBO is rifaximin, 

which is a non-absorbable oral antibiotic first introduced 

in Italy in 1987 and in the United States in 2004 [28]. 

Rifaximin has a good safety profile and is not absorbed 

from the gastrointestinal tract, so it only acts locally on 

bacteria within the intestine. Furthermore, it dissolves 

well in bile, has a broad spectrum of antimicrobial activity 

against aerobic and anaerobic, Gram-positive and Gram-

negative bacteria, and its side effects are comparable 

to placebo [29]. It seems particularly beneficial that, 

according to studies, rifaximin acts as an eubiotic 

in the lumen of the gastrointestinal tract, meaning that 

it protects the intestinal microbiota and increases the 

number of desired bacterial strains of the Lactobacillus 

and Bifidobacterium genera [30]. Additionally, it improves 

the function of the intestinal barrier, reduces bacterial 

translocation and reduces inflammation [30]. According to 

the meta-analysis by Gatta et al. the overall SIBO eradi-

cation rate after rifaximin therapy was more than 72% [10]. 

5.2. Probiotics 

Probiotics, including bacteria and yeast, are live 

microorganisms that have demonstrated beneficial effects 

on human health [31]. In SIBO, the beneficial effect 

of probiotics is mainly due to their ability to modulate 

the composition of the intestinal microbiota and protect 

the gut from colonisation by pathogens. Probiotics produce 

substances that fight pathogenic bacteria and show 

adhesion to the intestinal walls, which prevents pathogenic 

bacteria from adhering [2,32]. In addition, probiotics 

compete with other bacteria for nutrients. In a clinical 

study conducted by Skrzydło-Radomańska et al. [33] 

in patients with irritable bowel syndrome, supplementation 

with Bifidobacterium lactis BI040 significantly reduced 

the frequency and intensity of abdominal pain compared 

with the placebo group; additionally, probiotic supplemen-

tation had a positive effect on stool consistency. The results 

indicate a high efficacy of probiotic use in IBS which may 

indicate a beneficial effect in SIBO, however, this requires 

multicentre randomised trials. 

A meta-analysis by Zhong et al. [34] examined existing 

studies of probiotics in SIBO and found that probiotics 

appear to reduce hydrogen production with an odds ratio 

of 1.61 (CI = 1.19-2.17), but the studies were conducted on 

a small number of patients and were of poor quality. 

However, SIBO-associated conditions were mixed, and 

although there may have been some improvement in some 

symptoms such as abdominal pain, probiotic therapy had 

no effect on stool frequency. In contrast, another case-

control study found that probiotics could cause SIBO and 

D-lactic acidosis leading to gas and bloating, and that 

probiotic withdrawal combined with antibiotic therapy 

led to resolution of symptoms [35]. 

5.3. Faecal Microbiota Transplant 

Faecal microbiota transplantation (FMT) is a method 

of direct alteration of the intestinal microbiota, involving 

the administration of faecal content into the duodenum 

from donor to recipient in order to normalise the 

composition of the bacterial flora and obtain therapeutic 

benefits [36]. FMT is used as standard for the treatment 

of recurrent Clostridium difficile infections, and there is 

also intensive research into its use in many other diseases 

[36,37]. Data on the use of FMT for the treatment of SIBO 

are limited, however, there are some publications 

suggesting a risk of SIBO in FMT recipients. In case report 

the authors describe severe constipation in a subject who 

underwent FMT for a C. difficile infection. It was later 

determined that the recipient acquired the phenotypes of 

constipation and a methane-positive breath test from 

the FMT donor [38]. In another study, researchers 

screened donor patients for SIBO based on a lactulose 

breath test [39], although a positive breath test did not 

exclude the donation of faecal material. People with 

C. difficile receiving stool from donors with a positive 

lactulose breath test showed more gastrointestinal 

symptoms after FMT, although this did not reach 

statistical significance [39]. In 2019, the FDA issued 

warnings regarding multidrug-resistant organisms 

transmitted to recipients during FMT [40]. This indicates 

the need for diagnosis of abnormal gut flora in transplant 

material including diagnosis of SIBO. 

5.4. Diet treatment 

A diet low in fermentable oligosaccharides, 

disaccharides, monosaccharides, and polyols, the so-

called low FODMAP diet, which is also used in IBS, 

deprives bacteria of their source of energy necessary for 

proliferation and reduces bacterial fermentation, 

as evidenced by low levels of hydrogen in breath tests 

[41]. The use of elemental diets, which contain pre-

digested nutrients, is not recommended in SIBO despite 

some promising study reports [2,13,42]. According to 

some studies, soluble fiber supplementation can lessen 

symptoms of IBS and SIBO [43]. Targeted probiotic therapy 

can also increase the effectiveness of antibiotic treatment 

and improve bowel regularity. Optimal dietary patterns 

therefore play a key role in the treatment of SIBO. 

A number of other studies have evaluated diet in the 

treatment of SIBO, but these studies have been of low 

methodological quality, which means that their results 

cannot be implemented into clinical practice [43]. 

Therefore, there is still insufficient scientific evidence to 

support a specific type of diet for the treatment of SIBO. 

There is need for further research into the effectiveness 

of dietary treatment of SIBO.  

5.5. Prokinetics 

As a potential alternative treatment for SIBO, some authors 

also mention the use of prokinetic drugs, especially in co-

morbidities with gut motility disorders [45]. Conversely, 

drugs that may slow motility, such as opiates, should be 
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avoided. Studies on the use of prokinetics in the treatment 

of SIBO are limited and have been conducted on a small 

group of patients [25]. In a small study by Madrid et al. 

of 12 cirrhotic patients given cisapride, a reduction in 

the incidence of SIBO was observed on the basis of 

hydrogen breath tests [46]. A small, prospective study 

involving five scleroderma patients with documented SIBO 

treated with octreotide 50 mg subcutaneously for 3 weeks 

showed normalisation of SIBO respiratory tests and 

a reduction in symptoms of nausea, vomiting, flatulence 

and abdominal pain [47]. The promising results of the 

described studies indicate the need for trials with 

prokinetics on more patients. 

5.6. Herbal medicine in treatment of SIBO 

An increasing number of patients are interested 

in using complementary and alternative therapies to 

improve gastrointestinal health. Research into the use of 

herbal medicines in the treatment of SIBO may be 

promising. Promising in the treatment of SIBO is the use of 

natural substances of plant origin with bactericidal 

properties. Oil of oregano (Origanum vulgare) is a well-

documented botanical that directly kills or strongly inhibits 

the growth of intestinal microbes [44]. Oil of oregano has 

other beneficial properties, such as inducing apoptosis 

in human colon cancer cells [45]. Berberine and thyme 

extracts are also well known for their broad antimicrobial 

activity. 

Wormwood (Artemisia absinthium) has substantial 

antimicrobial and anti-inflammatory properties that may 

be important to the pathogenesis of SIBO and has been 

used to successfully induce remission of Crohn's Disease 

[46,47]. Equisetum arvense L. has been shown to have 

a broad spectrum of very potent antimicrobial activity 

against various intestinal microorganisms, including 

Staphylococcus aureus, Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas aeruginosa, Salmonella 

enteritidis and the fungi Aspergillus niger and Candida 

albicans [48]. 

A study by Chedid et al. [46] showed that 46% of 

patients normalised their lactulose breath test result after 

herbal therapy. There was no statistical difference 

between antimicrobial herbs (46%) and rifaximin (34%) 

(P=0.24). SIBO tends to recur, and frequent antibiotic use 

can have long-term adverse effects on the gut microbiome 

and be costly; therefore, herbal therapy may be a reasonable 

treatment option for patients with SIBO, especially those 

with a history of recurrent SIBO. In the study described, 

the adverse effect profile of herbs compared to rifaximin 

was not statistically different with P = 0.22. However, 

the incidence of adverse effects in the rifaximin group was 9%. 

Adverse effects of antibiotic therapy included diarrhoea 

associated with Clostridium difficile and other diarrhoea 

unrelated to C. difficile. Only 1 case of diarrhoea 

unrelated to C. difficile (1%) was observed in the herbal 

preparation group (37 patients). In addition to the lower 

risk of side effects, the significantly lower cost of therapy 

with herbal preparations is also important. A limitation of 

this study was its retrospective nature and the heterogeneity 

and multiplicity of herbs used, plus the diet was not 

controlled. However, the promising results need to be 

confirmed in multicentre randomized clinical trials. 

 

6.  Limitations of the study 

A limitation of our study was the review of the literature 

within the PubMed and Google Scholar databases. 

Literature from databases such as Cochrane, Embase and 

Medline were not included in the review. 

 

7. Conclusions 

Due to increasingly better diagnostic methods and 

physicians' wider knowledge of diagnosis and treatment, 

the number of SIBO diagnoses is likely to increase in 

the coming years. The current therapeutic standard based 

on antibiotic therapy is effective and safe in the treatment 

of SIBO, but due to the high frequency of recurrence and 

the increasing number of multidrug-resistant strains, it is 

necessary to search for alternative and effective 

treatment methods. New treatment alternatives to 

antibiotic therapy are essential for the effective 

treatment of patients. Dietary treatment, the use of 

probiotics and the use of herbal medicines appear to be 

particularly beneficial. However, for their common use, 

clinical confirmation of their efficacy through multicentre 

randomised trials is necessary. For diagnostic methods, 

it is advisable to improve low-invasive diagnostic methods 

in order to increase the comfort of patients undergoing 

examination and reduce diagnostic costs. Capsule-based 

techniques seem particularly promising, but multicentre 

studies are needed to determine their efficacy and 

safety. 
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