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ABSTRACT
Small intestinal bacterial overgrowth is a small 
bowel disorder characterised by excessive amounts 
of bacteria populating the small intestine leading 
to symptoms of abdominal pain, bloating and 
change in bowel habit. This creates some degree of 
diagnostic uncertainty due to the overlap of these 
symptoms with numerous other gastrointestinal 
conditions. Quantitative culture of jejunal aspirates 
is the gold standard diagnostic test but has largely 
been replaced by glucose and lactulose breath 
tests due to their relative ease and accessibility. The 
approach to treatment centres around reducing 
bacterial numbers through antibiotic therapy 
and managing any predisposing factors. Further 
research is required in order to define the optimum 
antibiotic choice and duration of therapy as well 
as the potential diagnostic utility of home breath 
testing and capsule- based technology.

INTRODUCTION
The human gut microbiota is an intricate 
ecosystem of microbes that numerically 
out populate cells of the host. Bacterial 
numbers are maintained by several mech-
anisms including small intestinal motility 
and integrity, gastric acid and pancreati-
cobiliary secretions and local immunity. 
Small intestinal bacterial overgrowth 
(SIBO) is a state of dysbiosis caused by 
perturbation of this complex environment 
and is defined as an increase in bacterial 
burden in the small bowel. In healthy indi-
viduals, small intestinal levels are thought 
to be approximately <104 colony forming 
units per millilitre (CFU/mL) with a bacte-
rial colony count exceeding 105 CFU/mL3 
compatible with a diagnosis of SIBO.1 2

As the clinical presentation of SIBO is 
often non- specific with abdominal pain, 
bloating and diarrhoea, it can go largely 
underdiagnosed making the estimation of 
its current prevalence all the more diffi-
cult. This review aims to summarise current 
knowledge on the aetiology, clinical mani-
festations and risk factors for SIBO as well 

as strategies for its effective diagnosis and 
treatment.

AETIOLOGY AND RISK FACTORS
When compared with the colon, the small 
intestine is home to relatively few bacteria 
due to its hostile environment. Though 
little in number, these enteric bacteria 
carry out several important functions in 
the host including modulation and educa-
tion of the human immune system and 
protection from pathogens.3

Host homoeostatic processes aim to 
prevent overgrowth and maintain stable 
levels of intestinal bacteria. The action of 
gastric acid and pancreaticobiliary secre-
tions alongside local immune cells help 
destroy bacteria. The normal structure 
and antegrade peristaltic activity of the 
small bowel itself works by trapping and 
sweeping bacteria towards the colon.1 4 It 
is the disruption of these processes which 
can predispose patients to the develop-
ment of SIBO and these are subdivided 
into four main mechanisms (table 1):

 ► Gut dysmotility.
 ► Anatomical changes.
 ► Altered gastrointestinal (GI) secretions.
 ► Impaired gut immunity.

Gut dysmotility
Under normal physiological action the GI 
system co- ordinates a series of complex 
smooth muscle contractions known as 
the migrating motor complex (MMC) 
that is responsible for propagating food 
and debris through the GI tract during 
periods of fasting. This electromechan-
ical process additionally serves an impor-
tant function by pushing bacteria further 
down the gut to prevent stagnation and 
thereby any opportunity of colonisation.5 
Decreased MMC activity is associated 
with an increased prevalence of SIBO.6 
Chander Roland et al found mean small 
bowel transit times in SIBO were almost 
double that of controls, 7.89 hours and 
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3.93 hours, respectively (p=0.02)7 suggesting that 
small bowel stasis may play a significant role.8

Small bowel motility may be reduced by intrinsic 
damage of enteric nerves and muscles or by the 
continued use of medications such as opioids and anti-
cholinergics, which may diminish MMC activity.9

Visceral neuropathies are a long- term complication 
of poorly controlled diabetes and damaged enteric 
nerves can result in gastroparesis and impaired gastric 
motility predisposing to SIBO development. Delayed 
gastric emptying and prolonged transit time are also 
common findings in patients with Parkinson’s disease 
(PD) thereby favouring colonisation and proliferation 
of intestinal bacteria. In one study of 103 patients with 
PD, 25% were found to have SIBO.10 SIBO rates are 
as high as 40% in patients with systemic sclerosis, a 
multisystem connective tissue disorder which can 
present with GI dysmotility and dysphagia.11 12

Altered GI secretions
Normal physiological pH of the stomach ranges from 
1 to 3 and is maintained by the release of acid from the 
gastric parietal cells. This acidic environment forms 
the fundamental backbone of the gastric barrier which 
kills approximately 99% of all bacteria preventing 
colonisation in the stomach and proximal duodenum 
so its failure may result in SIBO development.9 13

Hypochlorhydria or achlorhydria, typically from 
prolonged use of acid suppressants such as histamine- 2 
receptor antagonists and proton pump inhibitors (PPIs) 
may be a contributing factor.14 15 A meta- analysis of 19 
observational studies conducted by Su et al in 2018 
showed a statistically significant increased risk of SIBO 
and PPI use OR 1.71 (95% CI 1.2 to 2.4).16

The pancreas serves an integral role in digestion with 
the secretion of a key enzymes including proteases and 
lipases. These enzymes also help in maintaining low 
bacterial numbers in the upper GI tract through its anti-
bacterial properties and indirect action of stimulating 
anterograde gut motility. The prevalence of SIBO is there-
fore increased in states of impaired pancreatic exocrine 
function such as chronic pancreatitis (CP).17 18 Patients 
with CP have numerous additional risk factors for SIBO 
including diabetes, medications such as opioids and PPIs, 
alcohol consumption as well as GI surgery, with the latter 

associated with the greatest increased risk. A meta- analysis 
showed a pooled prevalence of SIBO in non- surgical CP 
patients was 25.7% (95% CI 8.1% to 57.6%) compared 
with 54.1% (95% CI 23.2% to 82.1%) in CP patients 
with a GI surgical history.17

Bile also has antimicrobial properties, and a reduc-
tion in its production as seen in conditions such 
as chronic liver disease and cirrhosis may lead to 
increased susceptibility to SIBO.19 Gut motility may 
also be impaired in cirrhosis leading to greater intes-
tinal transit time.20

Anatomical abnormalities
Both congenital and acquired distortions in the normal 
anatomical structure of the small intestine can predis-
pose to SIBO. This can happen as a result of obstructed 
passage or damage of enteric neuronal pathways 
causing ineffective clearance of the small bowel with 
the net effect of promoting colonisation of bacteria. 
Diverticula in the small bowel though mostly asympto-
matic and incidental can conceal and grow bacteria in 
their respective outpouchings.

SIBO is a recognised sequelae of Roux- en- Y gastric 
bypass (RYGB) surgery which creates a blind intestinal 
loop that precipitates stasis of bacteria and shielding 
from gastric acid.13 In one study, RYGB patients were 
more than twice as likely to have a positive glucose 
breath test (GBT) when compared with those with 
normal GI anatomy (73.4% vs 36%, respectively).21

Inflammatory bowel disease has a strong association 
with SIBO. Results from a recent meta- analysis showed 
the odds of SIBO prevalence determined by a positive 
hydrogen BT in those with Crohn’s and ulcerative 
colitis was 10.86 (95% CI 2.76 to 42.69) and 7.99 
(95% CI 1.66 to 38.35), respectively.22 Numerous 
factors predispose this patient group to developing 
bacterial overgrowth including the formation of 
fistulae, adhesions and strictures as seen in Crohn’s 
disease.9 Furthermore, impaired ileocecal valve func-
tion is a well- documented risk factor for SIBO.8 23 
Damage to the valve either by surgery or IBD itself 
directly allows retrograde translocation of colonic 
bacteria. A meta- analysis found that in 194 patients 
with Crohn’s disease that had undergone resection of 

Table 1 Aetiology and associated risk factors for development of SIBO
Gut dysmotility Altered GI secretions Anatomical alterations Impaired immunity

Diabetes mellitus Medications—proton pump inhibitors Roux- en- Y gastric bypass Hypogammaglobulinaemia

Connective tissue disorders for example, 
systemic sclerosis, Ehlers Danlos

Chronic pancreatitis Strictures, adhesions, fistulae (Crohn’s) Combined variable 
immunodeficiency

Visceral neuropathies and myopathies Chronic liver disease Ileocecal valve impairment /resection
Gastrectomy

  

Medications—opioids, anticholinergics     Small bowel diverticular disease   

Parkinson’s disease

Radiation enteropathy

      

GI, gastrointestinal; SIBO, small intestinal bacterial overgrowth.
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the ileocecal valve disease, the prevalence of SIBO was 
33% (95% CI 19.2% to 50.6%).22

Impaired immunity
At the local level, the gut immune system is a diverse 
array of immune cells, physical and chemical barriers 
whose sole function is to protect and prevent pertur-
bation of the gut microbiome. Paneth cells found at the 
base of intestinal crypts secrete defensins, antimicro-
bial peptides which contribute to the innate mucosal 
barrier.24 In addition, secretory IgA antibodies play a 
central role in maintaining low bacterial numbers by 
blocking attachment and preventing proliferation in 
the small bowel.25 Such tight and regulated control of 
microbiota composition is therefore preordained by 
normal functioning of the immune system and disrup-
tion of this such as in common variable immunodefi-
ciency, hypogammaglobulinaemia and IgA deficiency 
increases the risk of SIBO development.26 27

CLINICAL FEATURES
Commonly SIBO presents with a range of non- specific 
symptoms including weight loss, bloating, flatulence, 
diarrhoea, abdominal pain and distention mimicking 
other GI conditions. The frequency of each of these 
symptoms however varies among patients. Diagnosing 
SIBO based on clinical symptomology alone is there-
fore difficult but there should be a higher index of 
suspicion in patients with predisposing risk factors.3 13

Chronic diarrhoea and bloating are the most commonly 
reported symptoms with the diarrhoea seen in SIBO 
thought to be a consequence of increased deconjugation 
of bile acids by intestinal bacteria leading to fat malab-
sorption.28 Bacterial metabolism is another driver of diar-
rhoea with the production of several osmotically active 
substances including short chain fatty acids.29 The BSG 
guidelines on chronic diarrhoea suggest empirical treat-
ment in patients with suggestive symptoms and clear aeti-
ological risk factors for SIBO.30

With increased number of bacteria in the small bowel, 
fermentation also occurs at much greater levels and is 
the process behind post prandial bloating. What follows 
bloating is the false sense of satiety and may be accompa-
nied by nausea and discomfort. Over time patients begin 
to avoid eating in order to prevent these symptoms as a 
form of learnt behaviour which can eventually result in 
poor nutritional intake and weight loss.18

Vitamin B12 deficiency can be a consequence of 
SIBO. This occurs as a result of utilisation of the 
vitamin by bacteria. It is partially metabolised to inac-
tive analogues, which compete with normal vitamin 
B12 binding and absorption.18

INVESTIGATIONS
Small bowel aspirate
Small bowel aspirate via endoscopy from the 
duodenum or jejunum is often considered the ‘gold 
standard’ in establishing a diagnosis of SIBO. A 

bacterial concentration of >103 CFUs/mL in a small 
bowel aspirate culture is diagnostic of SIBO. The most 
common species identified include Bacteroides, Ente-
rococcus and Lactobacillus.31 This method has several 
pitfalls and is not typically used due to the invasive-
ness of the procedure, time consumption and the cost 
implications.

Limitations include difficulty in aspirating a suffi-
cient sample, risks of gastric or oropharyngeal cross- 
contamination of the sample and the low yield of 
bacterial cultures which requires careful microbiolog-
ical technique, despite which only approximately 40% 
of the total gut flora can be identified using conven-
tional culture methods.32 However, as strengthening 
of microbiological analysis of endoscopic sampling 
improves this is a promising area for further research.4 8

Hydrogen breath tests
Breath tests (BT) is considered the first line investiga-
tion as it is non- invasive, safe and easy to perform and 
more so as home testing kits are now available. This 
test works on the principle that the metabolism of a 
substrate (typically a carbohydrate) by the bacterial 
flora will lead to a production of hydrogen or methane 
which is absorbed and excreted in the breath and is 
then subsequently measured.

The most common substrate used is a readily metabo-
lised carbohydrate such as lactulose, fructose and glucose 
in preference to complex carbohydrates which have been 
found to be less sensitive and specific.33 Lactulose is a 
non- absorbable substance that is normally metabolised 
by gut bacteria in the colon leading to the production of 
hydrogen and/or methane. In individuals without SIBO, 
the administration of lactulose results in a single peak in 
breath hydrogen/methane within 2–3 hours due to the 
metabolism of lactulose by colonic flora (figure 1). In 
patients with SIBO, administration of lactulose results in 
an early peak in breath hydrogen/methane levels due to 
metabolism by small bowel bacteria (figure 2).34 Under 
normal circumstances glucose is rapidly absorbed from 

Figure 1 Breath test in a healthy patient versus a patient with 
small bowel intestinal overgrowth (SIBO) showing an earlier rise in 
hydrogen.
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the proximal small bowel but when used as a substrate in 
the presence of SIBO, it is metabolised to hydrogen in the 
small bowel lumen prior to absorption.

Currently, there is no universally accepted diagnostic 
criteria for a positive hydrogen BT.

The North American consensus has proposed an inter-
pretation for lactulose BT results suggesting that two peaks 
is not required for the diagnosis of SIBO which concurs 
with the UK Association of Gastrointestinal Physiologists. 
Their other recommendations commonly used for diag-
nosis are summarised in box 1: 9 35

Capsule-based technology
A novel capsule- based technology; that can provide real 
time measurements for SIBO is currently under devel-
opment. Intraluminal gases such as hydrogen, carbon 
dioxide and methane are measured as the capsule travels 
through the gut using sensors and measuring conduc-
tivity.36 Ultrasound imaging can be used as an accurate 
marker for the location of the capsule. A single- blinded 
trial in 12 healthy subjects evaluating capsule endoscopy 
vs BT concluded that the capsule had a high sensitivity 
in measuring luminal hydrogen concentrations, providing 
information on the site of intestinal gas production while 
demonstrating safety and reliability.37

MANAGEMENT
Diet and lifestyle
A key principle in the management of SIBO is to iden-
tify and treat any predisposing factors using a combina-
tion of dietary, lifestyle, medical and surgical therapies. 
Lifestyle measures include avoidance of sugar, reduction 
in NSAID use and smoking cessation.38 Fermentable 
oligosaccharides, disaccharides, and monosaccharides 
and polyols (FODMAPs) are short- chain carbohydrates 
that are poorly absorbed and are osmotically active in 
the intestinal lumen where they are rapidly fermented 
by small intestinal bacteria. A diet low in FODMAPs 
improves bloating and gas in patients with irritable bowel 
syndrome so may also help in symptomatic SIBO patients 
but should be delivered by a trained dietician.39 40

Antibiotics
The mainstay of therapy for SIBO is antibiotics to 
reduce rather than eradicate the burden of small intes-
tinal bacteria and to reverse the mucosal inflammation 
associated with overgrowth and malabsorption.41

Overall antibiotics normalise SIBO in 51.1% of patients 
with abnormal BTs, which is significantly higher than 
placebo (9.8%).42 Antibiotic choice is influenced by local 
antibiotic resistance rates, cost, patient allergies and risk 
factors for drug- resistance (recent or repeated prior expo-
sure). The BSG advocates an empirical trial for those with 
a high- test probability for SIBO.43

Rifaximin 550 mg two times per day for 7–14 days 
has the strongest evidence base for treatment of SIBO 
but other antibiotic treatments shown to have an 
effective response include ciprofloxacin 500 mg two 
times per day, metronidazole 250 mg three times a 
day, trimethoprim 160/800 mg two times per day and 
norfloxacin 400 mg four times a day.44

A meta- analysis of rifaximin efficacy in SIBO treat-
ment which included 32 clinical trials (7 RCT, 24 
cohort and 1 cross- over trial) comprising a total of 
1331 patients45 found the response rate to Rifaximin 
therapy with follow- up BT to vary from 61% to 78%.31 
Early studies with ciprofloxacin, metronidazole, tetra-
cycline, amoxicillin- clavulanic acid, trimethoprim and 
norfloxacin suggested these antibiotics to be equally as 
effective, in particular metronidazole. They all reported 
symptom improvement with treatment compared with 
placebo and on repeat BT.46 Later studies reversed this 
opinion and concluded that clinical response rates may 
be higher or equal with rifaximin.47

A second course of antibiotics is offered to patients 
if they have a partial improvement in symptoms or 
an early recurrence (<3 months) and in these cases a 
different antibiotic therapy should be prescribed. The 
most commonly used antibiotics which have reported 
the best complete improvement of symptoms alongside 
reduction of recurrence of <3 months has been seen 
with rifaximin and vancomycin.31 48 Recurrence after 
one course of antibiotic therapy has been shown to be 

Figure 2 Breath test in a patient with Small Bowel Intestinal 
Overgrowth with double peak representing the early rise seen in the 
small intestine followed by a short duration fall in hydrogen before the 
expected rise in hydrogen in the large bowel.

Box 1 Interpretation of breath testing results—
recommendations

1. A rise of ≥20 ppm from baseline in hydrogen during the 
test should be considered positive for fructose and lactose 
breath testing.

2. A rise of ≥20 ppm from baseline in hydrogen by 90 min 
min should be considered a positive test for small intestinal 
bacterial overgrowth.

3. A level of ≥10 ppm be considered positive for methane 
on a breath test.

Breath test has a lower sensitivity (glucose 44%, lactulose 31%) but higher 
specificity (glucose 80%, lactulose 86%) when compared with small bowel 
aspirate via endoscopy.52

Several substrates are used with varying sensitivity and specificity 
and the best substrate is yet to be identified.
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more likely among older patients, a surgical history of 
appendectomy and those with a history of long- term 
PPI use, for reasons which are unclear.49

Prophylactic antibiotics should be considered in 
those patients who have had repeated courses of anti-
biotic treatment for four or more distinct episodes 
within a year.45 The typical prophylactic regimen is 
two or three different low- dose long- term antibiotics 
that should be rotated 5–10 days out of every month or 
every other week and given for 10–14 days. There are 
unfortunately no controlled trials to guide the dura-
tion of treatment or management of recurrent SIBO 
and recommendations are commonly based on clinical 
experience.48 A recently published study from 2021 
compared the effectiveness of rotating antibiotics vs 
a single course and found it to be more effective in 
maintaining remission (70.8% vs 50.8%), improving 
quality of life and reducing bloating. This benefit may 
be more beneficial in those with anatomical of physi-
ological risk factors but further research is required to 
elucidate these effects.50 Adverse events from recurrent 
antibiotic use including diarrhoea, abdominal pain and 
C. diff infection are fairly uncommon and occur in less 
than 5% of patients.45 Patients with no improvement 
in symptoms after two courses of antibiotic therapy or 
progressive symptoms should be evaluated for alterna-
tive diagnoses such as coeliac disease and IBS.

The role of probiotics
Several studies have looked at the effect of probiotics 
on SIBO, but these studies lack consistency not only in 
the formulations used but also in the duration of treat-
ment, populations assessed and diagnostic methods 
implemented. A meta- analysis of 18 studies showed no 
significant difference in the improvement of symptoms 
of patients with SIBO on probiotics as compared with 
the control group.51

CONCLUSION
Clinicians should consider a diagnosis of SIBO in 
patients with abdominal bloating, change in bowel 
habit and predisposing risk factors such as gut dysmo-
tility, anatomical changes, altered GI secretions and 
impaired gut immunity.

BT are used as they are a cheaper and non- invasive 
diagnostic test compared with small bowel aspirate, 
but results should be interpreted with caution given 
their limited sensitivity, specificity and no universally 
accepted diagnostic criteria.

Furthermore, with no established regimen for treat-
ment, an empirical approach is often adopted. Rifaximin 
is the most accepted first line antibiotic therapy for SIBO, 
but its use may be limited due to its high cost and avail-
ability. Treatments are commonly heterogeneous which 
also highlight the need for further research to establish 
an optimum antibiotic regimen and provide guidance on 
administering prophylactic treatment.
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