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Small bowel bacterial overgrowth (SBBO) syndrome is
associated with excessive numbers of bacteria in the
proximal small intestine. The pathology of this condition
involves competition between the bacteria and the human
host for ingested nutrients. This competition leads to
intraluminal bacterial catabolism of nutrients, often with
production of toxic metabolites and injury to the enterocyte. A complex array of clinical symptoms ensues, resulting in chronic diarrhea, steatorrhea, macrocytic anemia,
weight loss, and less commonly, protein-losing enteropathy. Therapy is targeted at correction of underlying small
bowel abnormalities that predispose to SBBO and appropriate antibiotic therapy. The symptoms and signs of
SBBO can be reversed with this approach.

Introduction
When overgrowth of bacteria occurs in the small bowel
proximal to the distal ileum, symptoms of vitamin malabsorption, malnutrition, and weight loss may occur. This
clinical entity is known as blind loop, stagnant loop syndrome, or small bowel bacterial overgrowth (SBBO) syndrome. In this syndrome the enteric flora of the proximal
small intestine resemble those of the healthy colon [1].
The high concentration of bacteria interferes with normal
small bowel nutrient absorption, and patients develop
malnutrition and such gastroenterologic symptoms as
diarrhea, steatorrhea, and macrocytic anemia, which can
significantly impair quality of life. Patients at risk are those
with dysmotility syndromes, anatomic alterations of the
gastrointestinal tract secondary to surgery, certain medical
conditions, or advanced age. SBBO may also be an underappreciated cause of malnutrition in the elderly [2–4].
Treatment options are aimed at returning the small intestine to its normal bacterial environment, which includes
treatment of predisposing conditions associated with bacterial overgrowth and antibiotic therapy [5••].

A comprehensive understanding of SBBO requires a
sound knowledge of several key aspects of the gastrointestinal tract, including motility, physiology of nutrient absorption, and indigenous flora. In this review, emphasis is
placed on pitfalls in the diagnosis of SBBO and recent
trends in the management of this clinical condition.

Pathophysiology
Understanding the pathophysiology of SBBO involves
an intimate knowledge of small bowel homeostasis,
mechanisms of malabsorption, and predisposing factors
for the disorder.

Homeostasis
In the healthy human host, control of the growth of enteric
bacterial populations is multifactorial. The most important
control mechanisms are the ability of gastric acid to inhibit
or kill swallowed microorganisms and the cleansing effects
of normal intestinal motility [1]. Other important mechanisms include immunoglobulins in the intestinal secretions and an intact ileocecal valve. Achlorhydria resulting
from gastric mucosal atrophy, gastric resection, vagotomy,
or highly effective antacid or antisecretory therapies permit
viable swallowed bacteria to pass into the small intestine
[6–9].
In the small bowel, the cleansing action of antegrade
peristalsis, especially the migratory motor complex
(MMC), is responsible for sweeping bacteria into the colon
[10]. Thus, conditions that result in dysmotility of the
small bowel are frequently complicated by bacterial overgrowth, which may not necessarily be symptomatic [1,6,7].
Stagnation of intraluminal flow and incomplete
competence of the ileocecal sphincter account for the
ordinarily higher bacterial counts in the distal ileum. In
the colon, bacterial interaction, competition for nutrients, and the anaerobic environment attributable to bacterial metabolism are significant factors that control
microbial populations.
Antibiotic therapy is known to alter microflora of the
intestinal tract by the eradication or suppression of
selected populations of bacteria while permitting resistant
microbes to flourish. These effects depend on the composition of the native enteric flora and the spectrum of activity,
dose, route of administration, duration of treatment, and
pharmacokinetics of the antibiotic [11].
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Table 1. Clinical conditions associated with
bacterial overgrowth
Gastric
Hypochlorhydria or achlorhydria: atrophic gastropathy,
gastrectomy, vagotomy
Sustained hypochlorhydria induced by
proton-pump inhibitors
Surgery
Resection of diseased ileocecal valve
Afferent loop of Billroth II partial gastrectomy
Surgical blind loop (end-to-side anastomosis)
Anatomic
Intestinal obstruction (stricture, inflammation, neoplasm,
radiation enteropathy)
Duodenal-jejunal diverticulosis
Gastrocolic or jejunocolic fistula
Dysmotility
Scleroderma
Idiopathic intestinal pseudoobstruction
Absent or disordered migrating motor complex
Diabetic autonomic neuropathy
Miscellaneous medical conditions
Crohn’s disease
Chronic pancreatitis
Cirrhosis
Immunodeficiency syndromes
End-stage renal disease

There is some evidence to support a contributing role
of the immune system in the regulation of the intestinal
flora. Patients with SBBO may have altered levels of
intraluminal secretory IgA or increased mucosal IgA immunocytes [12,13]. However, bacterial overgrowth in the elderly seems not to be related to immunosenescence [14].
Other modulating factors that are less well described
include the bacterial production of bacteriocins, toxic
metabolites, transfer of antibiotic resistance, and the role
of the mucosa in elaborating growth factors. Little evidence
is available to indicate a significant role for dietary composition or manipulation on regulation of the microbial population of the normal bowel [1].

Mechanisms of malabsorption
In general, malabsorption in SBBO can be attributed to the
intraluminal effects of proliferating bacteria combined
with the damage to small bowel enterocytes. A characteristic microscopic small bowel mucosal lesion is usually seen,
consisting of villous blunting, loss of structural integrity of
epithelial cells, and inflammatory infiltrate of the lamina
propria. Various functional consequences of this damage
have been detected, including diminished disaccharidase
activity; decreased transport of monosaccharides, amino
acids, and fatty acids; and protein-losing enteropathy [1].
Fat malabsorption (steatorrhea) in SBBO is a consequence of small intestine bacterial deconjugation of bile
salts and impaired transport of lipid through the damaged
small bowel enterocyte. Water-soluble conjugated bile salts

are normally secreted to form mixed micelles with partially
digested dietary lipids. These conjugated bile salts are not
readily reabsorbed until they reach the ileum. When bacteria overgrow in the proximal small bowel, they deconjugate bile salts to form free bile acids, which are readily
absorbed by the jejunum. This process may impair formation of the bile–salt–lipid micelle complex, so that dietary
fat is malabsorbed. In addition, the free bile acids formed
in SBBO may be toxic to the mucosa and contribute
directly to the patchy mucosal lesion of SBBO [15]. Malabsorption of fat-soluble vitamins (vitamins A, D, E, and K)
may occur as a consequence of general fat malabsorption,
but this is seldom of any clinical significance.
Carbohydrate malabsorption may also be a consequence of SBBO. This may result from a combination of
intraluminal carbohydrate degradation by bacteria and
damage to the brush border disaccharidase functions of
the small bowel mucosa. Furthermore, malabsorbed carbohydrates can be catabolized by small bowel and colonic
bacteria to form short-chain organic acids that increase
osmolarity of the intestinal fluid and contribute to diarrhea. Protein malabsorption results from a combination of
impaired absorption of amino acids, intraluminal utilization of protein by bacteria, and protein-losing enteropathy
caused by mucosal damage and leakage of protein into the
lumen [1,16–18].
Cobalamin (vitamin B 12 ) deficiency that cannot be
corrected by intrinsic factor but improves after antibiotic
administration is a classic manifestation of SBBO. At the
resident pH of the proximal small bowel, gastric intrinsic
factor normally binds tightly to cobalamin, facilitating its
absorption in the distal ileum. However, in SBBO, various
anaerobic and facultative gram-negative aerobes competitively utilize dietary cobalamin. Intrinsic factor inhibits
cobalamin utilization by aerobic bacteria but has no effect
on the ability of gram-negative anaerobic flora to take up
dietary cobalamin [19]. Although enteric bacteria also synthesize some cobalamin, they retain this vitamin, and thus
it remains unavailable to the host for absorption. Paradoxically, cobalamin deficiency then ensues in patients with
SBBO although they harbor large quantities of the vitamin
within bacteria in their small bowel.
Two additional factors may contribute to the pathogenesis of diarrhea and other features of SBBO. First, such bacterial metabolites as free bile acids, hydroxylated fatty
acids, and other organic acids stimulate secretion of water
and electrolytes into the bowel lumen. This effect may contribute to the secretory diarrhea in SBBO. Second, experimental bacterial overgrowth in rats may induce further
dysmotility of the bowel, which may encourage further
bacterial overgrowth [20].

Predisposing factors
Various clinical disorders predispose patients to SBBO
(Table 1). The common underlying factors of most of these
conditions are 1) small intestinal stagnation or dysmotil-
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Table 2. Symptoms associated with
bacterial overgrowth
Bloating
Abdominal discomfort
Diarrhea
Weight loss
Weakness
Neuropathy

ity; or 2) decreased gastric acid secretion. Before the recognition of Helicobacter pylori infection as a common cause of
duodenal ulcer disease, aggressive surgical management of
this condition was common. The most frequent procedure
was Billroth II gastrojejunostomy, which created a stagnant
afferent loop that often resulted in bacterial overgrowth.
Similarly, stagnant loops of intestine and bacterial overgrowth result from enteroenteric fistulae that complicate
Crohn’s disease or the surgical enterostomies often used to
manage this disease. In patients with gastrocolic or gastrojejunocolic fistulae, massive overgrowth and severe malabsorption may develop [1].
Obstruction or dysmotility of the small bowel caused by
such diverse problems as Crohn’s disease, radiation enteropathy, adhesions, or tuberculosis may cause SBBO [1,21].
Other intestinal motility disorders, often coupled with
hypochlorhydria, also predispose to SBBO. These disorders
include scleroderma, chronic intestinal pseudoobstruction,
diabetes mellitus, and cystic fibrosis [9,22,23]. Duodenal
and jejunal diverticula may also be overgrown with bacteria,
especially in patients with hypo- or achlorhydria [1].
Other clinical entities with a possible association with
SBBO include chronic pancreatitis [24], end-stage renal disease, myotonic muscular dystrophy, fibromyalgia, chronic
fatigue syndrome, and cirrhosis [25–29]. The underlying
pathophysiologic mechanism of bacterial overgrowth
described in these conditions has not been fully elucidated.
The importance of normal gastric acidity and normal
intestinal motility is highlighted by experience in some
patients with scleroderma and reflux esophagitis in whom
symptomatic malabsorption developed when proton
pump inhibitor therapy was substituted for less effective
H2 receptor antagonist therapy [30]. Indeed, the impact of
highly effective antacid therapy, especially proton pump
inhibitors, on the subsequent occurrence of SBBO is beginning to be appreciated [31]. Bacterial overgrowth has also
been described in patients with various immunodeficiency
syndromes, including chronic lymphocytic leukemia [32]
and immunoglobulin deficiencies.
Healthy elderly subjects have been found to have SBBO
without recognized problems with nutrient absorption, a
condition known as simple colonization [3,6]. However,
symptomatic SBBO may develop in the elderly as a consequence of dysmotility and hypo- or achlorhydria. In the
elderly, the symptoms of malabsorption may be covert,
leading to a delay in diagnosis. Because the elderly have
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Table 3. Clinical findings in small bowel
bacterial overgrowth
Findings

Consequences

Cobalamin (vitamin B12) deficiency Peripheral neuropathy,
megaloblastic anemia
Fat-soluble vitamin deficiency
Vitamin A
Night blindness,
xeropthalmia
Vitamin D
Osteomalacia,
hypocalcemic tetany
Vitamin E
Neuropathy, hemolysis
Vitamin K
Coagulopathy
Hypoproteinemia and
Edema
hypoalbuminemia
Fat malabsorption
Weight loss,
steatorrhea, diarrhea
Carbohydrate malabsorption
Weight loss, diarrhea
Iron deficiency
Microcytic anemia

less nutritional reserve than the young, these nutrient deficiencies are clinically much more devastating. Some
authorities believe that SBBO may be the most common
cause of clinically relevant malabsorption in the geriatric
population [10,33].

Clinical Features
The clinical consequences of SBBO are similar regardless of
the underlying predisposing factors for overgrowth. However, individual symptoms vary depending on the nature of
the primary small bowel abnormality (Tables 2 and 3).
Patients with small bowel strictures, obstruction, dysmotility, or surgically formed blind loops of bowel typically complain of variable abdominal discomfort,
bloating, or periumbilical cramps, which may be followed over a period of several months or years by the
development of diarrhea and malabsorption. In patients
with scleroderma, Crohn’s disease, chronic intestinal
pseudoobstruction, radiation enteritis, or short bowel
syndrome, it may be difficult to determine the extent to
which symptoms and malabsorption are attributable to
the primary disease or to SBBO. Small bowel diverticula,
which may be multiple in the elderly, are generally
asymptomatic for many years before bacterial overgrowth
is sufficient to cause malabsorption, often a consequence
of associated hypo- or achlorhydria [1].
Cobalamin malabsorption caused by SBBO results in
macrocytic and megaloblastic anemia. In severe and prolonged cases, characteristic neurologic damage, including
posterolateral spinal cord demyelinization, peripheral neuropathy, and cerebral cognitive defects, can develop. In one
third of patients with SBBO severe enough to cause cobalamin deficiency, weight loss occurs that is associated with
clinically demonstrable steatorrhea [1].
Malabsorption of fat-soluble vitamins can cause night
blindness (vitamin A), osteomalacia and hypocalcemic tet-
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any (vitamin D), coagulopathy (vitamin K), or vitamin E
deficiency syndromes (neuropathy, T-cell abnormalities)
[18]. Additionally, iron deficiency anemia may occur from
internal blood loss, perhaps secondary to ulcerations
within the stagnant bowel loops. Consequently, patients
with SBBO may also have detectable fecal occult blood and
hypochromic macrocytic anemia coincident with megaloblastic anemia [34].
Hypoproteinemia and hypoalbuminemia are common
but reversible consequences of SBBO and can be severe
enough to cause edema. Similarly, SBBO results in intraluminal catabolism of carbohydrates, dysfunction of
mucosal disaccharides, and malabsorption of sugars [16].
The products of this disordered carbohydrate digestion,
short-chain organic acids, may contribute to osmolar and
pH changes in the colon and may aggravate watery diarrhea in SBBO.
Is SBBO the cause of the bloating, diarrhea, abdominal
distention, and abdominal pain observed in patients with
irritable bowel syndrome (IBS)? A recent study suggests
that as many as 78% of 202 IBS patients may have SBBO
[35]. However, this study suffered from such methodologic
deficiencies as diagnosing SBBO by a lactulose-hydrogen
breath test, and it lacked appropriate control subjects
[36,37]. Indeed, a very recent preliminary study using
quantitative cultures from the small bowel found that only
10% of patients with IBS had documented SBBO [38].
Although some patients with IBS probably have SBBO, this
association is not likely to be common.

Diagnosis
Symptoms of diarrhea, weight loss, bloating, and flatulence in patients with a coexisting predisposition to SBBO,
regardless of whether malabsorption has been demonstrated, should prompt the clinician to consider testing for
bacterial overgrowth, especially if patients have failed to
respond to empiric measures [10]. Any patients with a
known predisposition to bacterial overgrowth who has
diarrhea, steatorrhea, weight loss, and cobalamin deficiency should be evaluated for SBBO.
With the recent decline in surgery for the management of
peptic ulcer disease, the diagnosis of SBBO is now considered
most commonly in patients with problems other than those
associated with gastrointestinal surgery. The lack of response
of dysmotility syndromes (especially gastroparesis and IBS)
and pancreatic insufficiency to pancreatic enzyme therapy is
a frequent reason for referral to centers that specialize in testing for SBBO [39]. Differentiation of the symptoms of these
disorders from similar symptoms that might be caused by
superimposed SBBO is critical to the treatment of these
patients and requires sophisticated testing. The history of
gastrointestinal surgery in patients with symptoms of SBBO
should prompt a review of whether that surgery resulted in
construction of an afferent loop (Billroth II procedure, endto-side or side-to-side small bowel anastomosis).

Recurrent symptoms of small bowel obstruction may
result from strictures, adhesions, dysmotility, or intestinal
pseudoobstruction, which can cause stasis and bacterial
overgrowth. Dysphagia and other symptoms of systemic
sclerosis should suggest scleroderma as an explanation of
symptoms of malabsorption resulting from bacterial overgrowth. The barium small bowel series radiograph is an
appropriate noninvasive study for these conditions and for
small bowel diverticula or fistulae. Basic laboratory evaluations should include an analysis of fat in the stool to document steatorrhea and an intestinal culture.

Breath tests
The use of jejunal aspiration and culture for diagnosis of
SBBO is cumbersome. The ongoing search for noninvasive
diagnostic alternatives has led to the development of a
variety of tests that measure the excretion of volatile
metabolites produced by intraluminal bacteria in the
expired breath. The most successful and popular methods
analyze expired isotope-labeled CO 2 after timed oral
administration of 14carbon (14C), 13C-enriched substrates,
or breath hydrogen after feeding of an unlabeled fermentable carbohydrate substrate [28,40•,41,42]. The first promising breath test for bacterial overgrowth was the bile acid
or 14C-cholylglycine test. This technique was based on the
premise that small bowel bacteria in high concentrations
would deconjugate this bile salt. However, the test was
only moderately sensitive for detecting bacterial overgrowth, with a false-negative rate of 30% to 40% [43,44].
Furthermore, the specificity of this test was poor because of
colonic bacterial deconjugation of unabsorbed bile salt in
case of ileal damage or resection.
The 14C-D-xylose breath test is more sensitive and specific [28]. Xylose is catabolized by aerobic gram-negative
overgrowth flora. Both 14CO2 produced by bacterial fermentation of xylose and unmetabolized xylose are absorbed by
the proximal small bowel, eliminating the confusion of
results caused by metabolization of substrate downstream
by colonic bacteria. Following a 1-g oral dose of 14C-Dxylose, elevated 14CO2 levels were detected in the breath
within 60 minutes in 85% of patients with SBBO. The sensitivity and specificity of the 14C-D-xylose breath test are superior to those of the 14C-bile acid test. Consequently, the 14CD-xylose test became a popular and reliable surrogate test
for bacterial overgrowth. Although a few recent studies have
raised doubts about the accuracy of this test [6,41,45,46], its
rate of accuracy is 90% when compared with a properly performed intestinal culture and with attention focused on the
first 30-minute breath analysis.
Because mammalian tissue does not generate hydrogen, detection of hydrogen in expired breath is considered
a measure of the metabolic activity of enteric bacteria. This
observation suggests that measurement of breath-hydrogen could circumvent the administration of a radioactive
isotope in testing for bacterial overgrowth. Such a strategy
would be useful for the study of children and fertile
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Table 4. Antimicrobial agents for treatment of
small bowel bacterial overgrowth
Antibiotic

Dosage (10-day course)

Amoxicillin–clavulanic acid
Cephalexin+metronidazole

750 mg twice a day
250 mg four times a day +
250 mg three times a day
One double-strength tablet
twice a day
500 mg twice a day
400 mg twice a day
250,000 IU/kg/d + 250 mg
twice a day
100 mg twice a day
250 mg four times a day
100 mg twice a day
250 mg four times a day

Trimethoprimsulfamethoxazole
Ciprofloxacin
Norfloxacin
Colistin + metronidazole
Doxycycline
Tetracycline
Minocycline
Chloramphenicol

women, for whom breath tests using a radioactive isotope
as the substrate are not recommended.
In individuals with bacterial overgrowth, excessive
breath-hydrogen production has been detected in up to
30% of fasting patients and after oral administration of
50 to 80 g of glucose or 10 to12 g of lactulose [47].
Despite the simplicity of breath-hydrogen testing,
numerous factors influence the results of this test. Antibiotics and laxatives must be avoided perhaps for weeks
prior to breath-hydrogen testing. Bread, pasta, and fiber
must not be consumed the night before the test because
these foods cause prolonged hydrogen excretion. Cigarette smoking and exercise must be avoided before and
during the test. Chlorhexadine mouthwash must be used
before the test to eliminate oral bacteria, which may contribute to an early hydrogen peak after the substrate is
given. Also, strict interpretive criteria are recommended,
including two consecutive breath-hydrogen values more
than 10 ppm above the baseline reading and recording of
a clear distinction of the small bowel peak from the subsequent colonic peak (double-peak criterion). The poor
sensitivity of breath-hydrogen testing may also result
from inadequate fermentation by enteric flora (approximately 25%–40% of subjects harbor bacteria that do not
ferment lactulose), rapid absorption of glucose in the
proximal small bowel, a washout effect of concomitant
diarrhea, or an acidic bowel lumen (which inhibits
hydrogen generation) [48].
In a recent study Riordan et al. [42] examined the diagnostic value of the 10-g lactulose breath-hydrogen test and
of a scintigraphic orocecal transit study, compared with
small bowel culture. The sensitivity of the breath test alone
to detect SBBO was only 16.7%, and the specificity was
70%. The combination of breath testing with scintigraphy
increased specificity to 100%, but sensitivity was only
38.9%. Application of the double-peak criterion alone for
interpretation of the lactulose breath-hydrogen test was
thus inadequately sensitive to diagnose bacterial overgrowth, even with scintigraphy.
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Other investigators have encountered similar problems
with the sensitivity and specificity of either the lactulose or
the glucose hydrogen-breath test compared with intestinal
culture [49,50]. One controlled trial compared the glucose
and lactulose hydrogen-breath tests with the 1-g 14C-Dxylose breath test in 10 control subjects and 20 patients
with culture-proven bacterial overgrowth. The 14 C-Dxylose test had a 95% sensitivity rate and a 100% specificity
rate. In contrast, the breath-hydrogen test results were often
uninterpretable or nondiagnostic [47].
Despite their ease of performance and avoidance of
radioactive tracer, breath-hydrogen tests are not sufficiently
sensitive or specific to justify their substitution for the 14CD-xylose breath test in noninvasive detection of intestinal
bacterial overgrowth [48]. Furthermore, many authorities
still regard small bowel aspiration for quantitative and
qualitative culture specimens as the reference standard for
diagnosis of SBBO [1,41,42]. Several nonradioactive breath
tests using 13C substrates such as 13C-sorbitol appear to be
promising [51].

Treatment
The main goals in the treatment of SBBO are 1) treatment
of underlying small intestinal abnormality, when possible;
2) concentration on long-term antibiotic therapy when
surgical management is not feasible; 3) adjunctive treatment of dysmotility, such as a prokinetic agent; and 4)
nutritional support, particularly in patients with weight
loss or vitamin deficiency.

Antibiotic therapy
Although bacterial overgrowth may be asymptomatic in
many patients, the occurrence of compatible symptoms
supported by positive test results for overgrowth should
lead to a decision to treat. Antibiotic therapy is the cornerstone of treatment. Remarkable improvement in symptoms can be achieved in most patients.
Ideally, the choice of antimicrobial agent should be
based on in vitro susceptibility testing of the bacteria in the
small bowel of the individual patient. However, because
this information is impractical to obtain in most cases, the
choice of antibiotic is largely empiric and based on results
of published series involving small intestinal cultures [52].
Whereas most patients with SBBO have aerobic and anaerobic overgrowth, in others malabsorption has been associated with overgrowth of purely aerobic flora. Therefore, the
most effective antibiotic regimens generally include one or
more drugs with activity against aerobic and anaerobic
bacteria. Table 4 lists antimicrobial agents that have been
effective in the treatment of bacterial overgrowth whether
in controlled trials or based on extensive clinical experience [1,5••,10,53,54].
In most patients, a single course of treatment (10 days)
markedly improves symptoms, and patients may remain
free of symptoms for months. In others, symptoms recur
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quickly, and acceptable results can only be obtained with
cyclic treatment (1 of every 4 weeks). In still others, continuous treatment may be needed for 1 to 2 months [1]. If the
antimicrobial agent is effective, a resolution or marked
diminution of symptoms will be notable within several
days of initiating therapy. Diarrhea and steatorrhea will
decrease, and cobalamin malabsorption will be corrected.
No controlled trials offer guidance for the duration of
treatment or management of refractory or recurrent
patients. Decisions regarding management must be individualized, and benefits of therapy must be weighed
against the risks of long-term antibiotic use, such as diarrhea, Clostridium difficile colitis, patient intolerance, bacterial resistance, and expense.
Historically, the treatment of first choice was tetracycline, 250 mg orally four times a day, with which improvement in symptoms and signs of malabsorption was
expected within a week. Although recent experience suggests that up to 60% of patients with SBBO do not respond
to tetracycline, some published studies still demonstrate
the efficacy of doxycycline or minocycline as effective firstline therapy [3].
Amoxicillin–clavulanic acid, by virtue of its broad
spectrum of antimicrobial activity [5••,52] and convenient twice-daily dosing regimen, has become a popular
choice for empiric treatment of SBBO. Small uncontrolled trials have demonstrated the effectiveness of this
antibiotic in improving symptoms and objective abnormalities in SBBO [23].
Alternative combination regimens that have also been
used successfully include 1) cephalexin and metronidazole;
2) colistin and metronidazole; and 3) trimethoprim–sulfamethoxazole [1,5••]. Chloramphenicol has also been successful and may be acceptable for treatment of refractory
patients. Antibiotics with activity that is largely limited to
anaerobes, such as metronidazole or clindamycin, have a limited role as monotherapy. Conversely, antibiotics like penicillin or aminoglycosides that have poor activity against such
enteric anaerobes as Bacteroides species should be avoided.
Recent successful experience with the fluoroquinolone
ciprofloxacin in SBBO has been followed by a placebo-controlled randomized crossover trial that compared treatment of
10 symptomatic patients with the fluoroquinolone norfloxacin (800 mg/d), amoxicillin–clavulanic acid (1500 mg/d), or
Sacchromyces boulardii (1500 mg/d) [54]. Both norfloxacin
and amoxicillin–clavulanic acid brought a modest but significant short-term decrease in stool frequency and substantial
improvement in the results of glucose-hydrogen breath testing. Probiotic treatment with S. boulardii did not result in any
improvement in these outcome measures.

Prokinetic agents
Prokinetic agents, which may help to propel bacteria
through the stagnant small bowel, would be attractive
adjuncts to antibiotic therapy for SBBO. Animal studies
suggest that enteric bacterial overgrowth may be favorably

affected by prokinetic drugs [55,56,57•]. In a small study
of humans with cirrhosis, orocecal transit time was
decreased, and in four of five patients, bacterial overgrowth was abolished by treatment with cisapride [56].
Cisapride, however, has been withdrawn from the US market due to cardiotoxicity.
In one study of five patients with SBBO, low doses of
octreotide (50 µg), given at bedtime so as not to impair the
motor response to daytime feeding, stimulated motor
activity, evoking phase III MMC activity that propagated at
the same velocity as that of spontaneous complexes in
healthy subjects [58]. In addition, this dosage of octreotide
decreased nausea, bloating, vomiting, and abdominal pain
in these patients and led to complete normalization of
abnormal hydrogen-breath tests. Thus, low doses of octreotide may be a useful adjunct for SBBO in patients who
do not respond to or are intolerant of antibiotics [59].
Encouraging results have also been obtained with octreotide and erythromycin in the treatment of sclerodermaassociated dysmotility syndrome and SBBO [60]. However,
relatively few patients have been studied with octreotide,
and questions remain about its long-term side effects, the
length of treatment required, the likelihood of recurrence,
and whether combining octreotide therapy with antibiotics is reproducibly beneficial. The role of 5HT3 and 5HT4
agonist/antagonist therapy remains to be defined.

Probiotics
A recent resurgence of interest has been expressed in the
concept that some enteric diseases may be ameliorated
through manipulation of the intestinal flora with oral
intake of live “probiotic” microbial supplements that
change the enteric microbial balance. Probiotics have been
studied in the management of inflammatory bowel disease, C. difficile colitis, and now SBBO. Unfortunately, studies of probiotic therapy for SBBO have so far shown
disappointing or inconclusive results [61,62••].
Nutritional support
In addition to antibiotic therapy for SBBO, nutritional support is a crucial and integral component of management.
Mucosal enterocyte damage may be incompletely reversible, and bacterial overgrowth may be refractory to antibiotic therapy. Dietary modifications may include a lactosefree diet or substitution of a large proportion of dietary fat
with medium-chain triglycerides. Cobalamin deficiency is
managed with monthly intramuscular injections of vitamin B12. Correction of other deficient nutrients, such as
calcium, magnesium, iron, and fat-soluble vitamins, may
also be necessary.
Although correction of the underlying small bowel
abnormalities is the primary goal of therapy, this is often
not feasible. Most underlying conditions that predispose to
SBBO are difficult, if not impossible, to reverse. Therefore,
as in other chronic conditions, treatment is multifactorial
and often long-term. Treatment should focus on eradica-
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tion of the bacteria and correction of the severe malnutrition that results from bacterial overgrowth [5••,63].

Conclusions
Small bowel bacterial overgrowth is an increasingly recognized cause of malabsorption. Clinicians should maintain
a low threshold for suspecting bacterial overgrowth as the
cause of malabsorption because this entity is rather common and is also readily treatable. Serious malabsorption
can be a consequence of bacterial overgrowth within the
small intestine, resulting in clinically important deficiencies of several nutrients. Alterations in gastric acid secretion
and intestinal motility provide the setting for development
of bacterial overgrowth. The elderly, in particular, appear to
be at increased risk for malabsorption secondary to SBBO.
Bacterial overgrowth can be easily diagnosed with noninvasive breath tests and readily treated if the clinician’s
index of suspicion for this entity is high. Several nonradioactive breath tests using 13C substrates such as 13C-sorbitol
are promising. Eradication of bacterial overgrowth by antibiotic therapy is safe and effective.
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