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INTRODUCTION

Small intestinal bacterial overgrowth (SIBO) is an abnor-
mal colonization within the small bowel by bacteria
normally found in the colon, mouth, or pharynx.! Also
called BOSI (bacterial overgrowth of the small intestine),
“blind-loop,” or “stagnant loop,”? SIBO is a potentially
serious disorder that leads to problems such as malabsorp-
tion, anemia and weight loss, malnutrition,® increased
intestinal permeability (“leaky gut”),* and bone loss.’
Breath testing for hydrogen and methane provides a
simple noninvasive means of detecting SIBO. Once SIBO
has been identified, antimicrobials are typically adminis-
tered to eradicate the bacteria. Further treatment then
can be commenced to address the underlying causes of
SIBO to prevent a recurrence.

Frequency of Small Intestinal
Bacterial Overgrowth

Bacterial overgrowth of the small intestine is a frequently
overlooked contributing factor in several common
disorders.® For example, irritable bowel syndrome (IBS),
responsible for up to 40% of referrals to gastroenterolo-
gists,” is frequently associated with SIBO. One study of
more than 200 patients with IBS found that 78% tested
positive for SIBO. Of those successfully treated for SIBO,
48% no longer met the Rome criteria for IBS.?

Patients with fibromyalgia® and chronic fatigue
syndrome® also have been observed to have a high
rate of SIBO (78% and 77% of subjects, respectively).

About half of such patients who tested positive for SIBO
in one study experienced marked subjective improve-
ment after antibiotic administration. Interestingly both
of these disorders have been observed to overlap
with IBS.10

Other groups of patients particularly prone to bacterial
overgrowth of the small intestine include those with
intestinal dysmotility syndromes associated with sys-
temic disease (e.g., diabetes, scleroderma, and intestinal
pseudoobstruction), prior intestinal surgery, and stric-
tures of the small bowel. Both jejunal diverticulosis® and
Crohn’s disease” have been associated with SIBO,
particularly in patients with Crohn’s disease who have
undergone previous intestinal surgery. Interestingly
most patients with celiac disease whose gastrointestinal
symptoms persist with a gluten-free diet have been
shown to have SIBO, with amelioration of symptoms after
bacterial eradication.!?

The incidence of bacterial overgrowth increases with
age, particularly in people 80 years and older.!® It has
been found that 64% of individuals older than 75 years
with chronic diarrhea have colonic-type flora in their
small bowels® and that SIBO is the most common cause of
clinically significant malabsorption in elderly persons.?

Pathophysiology

Although the concentration of bacteria increases expo-
nentially toward the distal end of the small intestine,
particularly the ileum,? far fewer bacteria normally
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inhabit the small intestine than the colon.* Two major
factors control the numbers and kinds of bacteria found
within the small bowel: intestinal peristalsis and gastric
acid secretion.>" Consequently SIBO has been associated
with both intestinal stasis and hypochlorhydria.’ Other
factors that discourage small intestinal flora overgrowth
are pancreatic enzyme secretion,' disaccharidase produc-
tion by intestinal microvilli,”” the ileocecal valve,!® bile
salts, luminal pH, and oxidation-reduction potential.!4
Intestinal immunoglobulin secretion and a mucus barrier
that prevents bacterial adherence are unproven mecha-
nisms for limiting bacterial growth in humans.?

Alterations in any of these normal functions (whether
endogenous or drug-induced) favor uncontrolled bacte-
rial proliferation in the small intestine.* A variety of
anatomic and motor disorders of the small bowel may
also lead to SIBO, such as surgical loops, diverticula,
strictures, adhesions, tumors, fistulas,? scleroderma,!®
intestinal pseudoobstruction,? and diabetic enteropathy.?!
All have as a common feature the stasis of small bowel
contents, which allows bacterial concentrations increas-
ingly to resemble those of the large intestine (Box 12-1).1415

The composition of small bowel flora varies among
individuals with SIBO; however, the concentration of
organisms is always higher than normal. The predominant
flora is composed of coliform organisms and strict anaer-
obes (both rare in the small bowel), such as Bacteroides,
Clostridium, and Bifidobacterium.}*

To have clinical consequences, SIBO appears to
require an adequate concentration of organisms with
particular metabolic properties within specific locations
of the small intestine. For example a heavy concentration
of strict anaerobes and coliforms in the proximal small
intestine is more likely to be associated with malabsorp-
tion than a flora consisting of fewer strict anaerobes or
coliforms or when strict anaerobes or coliforms are located
in the distal small intestine.!* For this reason SIBO may
be asymptomatic in some individuals, whereas in others

When to Consider Breath Testing for Small

Intestinal Bacterial Overgrowth

* Gas, bloating, or diarrhea, usually after eating

¢ Unexplained weight loss

* Evidence of malabsorption

¢ Chronic hypochlorhydria or achlorhydria

» Use of acid-blocking medications

* Prior intestinal surgery, chronic constipation, or other causes of
intestinal stasis

e Intolerance of disaccharides (lactose)

* Unexplained vitamin B, deficiency, weight loss, or bone loss

* Unexplained nutrient insufficiencies (e.g., calcium, magnesium,
fat-soluble vitamins)

e Elevations of fecal short chain fatty acids

e Unexplained “leaky gut”

I @bl Causes of Small Intestinal Bacterial
Overgrowth

e Achlorhydria, hypochlorhydria, drug-induced hypoacidity

¢ Chronic constipation

o Stasis resulting from structural changes (e.g., diverticulosis, blind
loops, radiation damage, stricture, fistulas, intestinal
pseudoobstruction, adhesions resulting from prior surgery)

* Chronic pancreatic insufficiency

¢ Disaccharidase deficiencies (lactase)

* Damaged ileocecal valve

* Immunodeficiency (especially of secretory immunoglobulin A)

* Diabetes mellitus

* Scleroderma

¢ Crohn’s disease

m Signs and Symptoms of Bacterial Overgrowth

* Gas, bloating, and flatulence
¢ Diarrhea

¢ Abdominal cramping

¢ Steatorrhea

¢ Lactose intolerance

* Megaloblastic anemia

it may produce a variety of signs and symptoms. Box 12-2
outlines clinical signs and symptoms that alert the prac-
titioner to consider testing for SIBO.

Diagnosis
Signs and Symptoms

Although many of the bacteria found in SIBO play ben-
eficial roles within the colon, these same microorganisms
may have deleterious effects within the delicate environ-
ment of the small intestine.

The classic SIBO syndrome is characterized by
megaloblastic anemia resulting from vitamin B,, defi-
ciency, and weight loss and diarrhea secondary to fat
malabsorption.!* However, many patients present with
nonspecific symptoms such as bloating, flatulence, and
abdominal pain resulting from bacterial fermentation of
intraluminal sugars and associated gas production
(Box 12-3).312

Via secretory and osmotic processes, diarthea may occur
even in the absence of significant steatorrhea. Unabsorbed
fats and bile salts are modified by bacteria in the colon
to hydroxylated fats and free bile acids, respectively, which
stimulate colonic secretion of water and electrolytes.'

Bile salts, which are essential to emulsification and
assimilation, must be conjugated with either taurine or
glycine to function properly. In SIBO, bacteria in the
proximal small intestine (predominantly anaerobes such
as Bacteroides, Bifidobacterium, Veillonella, enterococci,
and Clostridium)'> are capable of deconjugating bile salts
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to form free bile acids.!* This deconjugation can have
two major clinical repercussions: (a) the free bile acids
may become concentrated enough to cause mucosal
damage (Figure 12-1), resulting in reduced brush-border
enzyme activities (especially lactase),” defects in
mucosal uptake of sugars and amino acids, enteric blood
loss, and protein-losing enteropathy, or (b) the conju-
gated bile salt concentration may fall below the concen-
tration necessary for effective micelle formation, leading
to fat malabsorption and steatorrhea (fecal fat).!#1> This
fat malabsorption may lead to insufficiencies of fat-
soluble vitamins (e.g., E, A, K, and D).?

Electron microscopy research also has revealed the
presence of a pseudomembrane that mechanically
interferes with the absorption of fats in many cases of
SIBO. This pseudomembrane is thought to represent a
maladaptive defense mechanism against the bacterial
overgrowth.?? Thus, two possible mechanisms appear to
be involved in fat malabsorption in patients with SIBO,
deconjugation of bile acids and maladaptive pseudomem-
branes that block the absorption of fats.

Intraluminal fatty acids from fat malabsorption may
form insoluble soaps with calcium and magnesium,
thus rendering them unavailable for assimilation.?
Osteomalacia, night blindness, hypocalcemic tetany,?
and metabolic bone disease® have been known to
develop as a consequence of lipid malabsorption in
patients with SIBO. Although rare, iron deficiency
anemia may result from blood loss.?

SIBO may lead to vitamin B, deficiency, with associ-
ated megaloblastic anemia and low serum cobalamin

Figure 12-1 |n smal! intestinal bacterial overgrowth, free bile acids can damage
the brush border, resuiting in reduced enzyme activity and maldigestion.
(Courtesy Great Smokies Diagnostic Lab, Asheville, NC.)

levels.>* Although intrinsic factor is not altered by
anaerobic bacteria, these microbes are capable of detach-
ing vitamin B;, from intrinsic factor as well as directly
using B,.!8 Either mechanism has the effect of rendering
the vitamin unavailable to the host. Vitamin B;, bound to
bacteria also may be partially metabolized to inactive
analogues that compete with normal vitamin B;, binding
and absorption.?* Paradoxically, serum folate values
usually are normal or even elevated in SIBO, a result of
the ability of bacteria to synthesize the vitamin.?

Hypoproteinemia also may occur in SIBO, secondary to
protein-losing enteropathy and protein malabsorption.>!®
In addition bacteria may metabolize proteins to ammonia
and fatty acids, thereby rendering them unavailable to
the host.2

LABORATORY ASSESSMENT

The composition of the bacterial populations contami-
nating the small bowel is complex and variable.? In
one study, the main bacteria recovered from patients
with SIBO consisted of the microaerophilic bacteria
Streptococcus, Escherichia coli, Staphylococcus, Micrococcus,
Klebsiella, and Proteus and the anaerobic bacteria
Lactobacillus, Bacteroides, Clostridium, Veillonella,
Fusobacterium, and Peptostreptococcus.! However, the
diagnosis of SIBO tends to be oriented less to the identi-
fication of specific microorganisms and more to overall
bacterial concentrations.?

Endoscopy

Culture of a small bowel aspirate via endoscopy is
considered the most direct method for diagnosing SIBO.
High bacterial counts (exceeding 10* organisms/ml from
the jejunum or 107 organisms/ml from the ileum) con-
firm the diagnosis.!® This method offers good sensitivity,
although fairly low specificity. Because the aspirate is
typically taken from only one location, overgrowth
located in the more distal end of the small bowel or
concentrated in a large diverticulum or blind loop may be
missed.? Intubation methods are also time consuming,
uncomfortable, and expensive.

Breath Testing

Breath tests were devised as less invasive alternatives
to endoscopy and intubation. Breath tests have good
sensitivity,” are simple to administer, and offer greater
patient comfort and convenience compared with intuba-
tion and culture.

Most breath tests are based on the ability of intestinal
microbes to ferment carbohydrates, producing hydrogen
or methane in the process. A fraction of these gases
naturally diffuses from the bowel to the circulation and
is excreted with expired air. Because there is no other
metabolic production of hydrogen and methane, the
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pulmonary excretion may be used as a measure of bacte-
rial fermentation during the passage through the gas-
trointestinal tract.?8

The lactulose breath test is commonly used for the
diagnosis of SIBO. Typically the patient ingests a chal-
lenge dose of lactulose (a synthetic, nonabsorbed disac-
charide) after 2 days of a fiber-restricted diet and a
12-hour fast.” Glucose has also been used as a challenge
agent, although the sensitivity is reduced for distal ileum
bacterial overgrowth because of rapid absorption of the
glucose,” and the agent clearly is not suitable for patients
with diabetes, hypoglycemia, or other blood sugar disor-
ders. Other compounds that have been used in breath
testing are '“C-glycocholic acid and D-xylose (fermented
to CO,),2 both of which have some limitations.?” No
matter which agent is used, intestinal bacteria modify the
challenge substance in such a way that an early peak in
breath gas value is produced in patients with SIBO. In the
case of lactulose, which offers the advantage of traveling
the full length of the small intestine, the early hydro-
gen/methane peak is typically followed by a prolonged
peak representing colonic bacterial activity.”

In the lactulose breath test, breath specimens are col-
lected by having the subject exhale into a special mouth-
piece that is connected to a vacuum-sealed collection tube.
A fasting (prechallenge) breath sample is collected, 10 g of
lactulose is ingested (lesser amounts for small children),
and then five more breath specimens are collected at timed
intervals over a 2-hour period. Breath levels of hydrogen
and methane are plotted over time; early rises in breath
gas values are thought to correlate with more proximal
portions of the small intestine. Hydrogen appears in the
breath about 8 minutes after lactulose comes into contact
with gut bacteria®! This speed of response allows one to
distinguish between small bowel bacterial overgrowth
and the normally dense colonic flora, the latter of which
typically gives a later, more prolonged yield of breath gas
levels (roughly 90 minutes into the collection process).

Hydrogen versus Methane

Many studies using carbohydrate challenges have mea-
sured only breath hydrogen (H,). However, 30% to 50%
of H, producers also produce methane (CH,),* most
likely because “methanogenic” bacteria consume H, and
produce CH, in the process.?® Individuals who harbor
methanogenic bacteria (primarily Methanobrevibacter
smithii)*® in their intestines typically produce greater
amounts of breath CH, during the breath test; thus those
with SIBO may be missed by a test that examines only
H,.* Consequently the addition of methane to the analy-
sis provides a more thorough assessment of bacterial
overgrowth.?3?

Various researchers have noted clinical correlations
between various disorders and the production of

hydrogen or methane. One study found that individuals
who produce higher amounts of H, relative to CH,
reported significantly increased bloating and cramping
after carbohydrate ingestion, whereas individuals who
produce high CH, reported no significant increase in
these symptoms.* Patients with IBS have been found to
excrete significantly more H, than healthy controls,
although the total volumes of hydrogen and methane
produced by the two groups did not differ.3¢ Still other
researchers observed associations between breath gas
values and specific IBS symptoms; methane production
was associated 100% with constipation-predominant
IBS, whereas hydrogen production was associated with
diarrhea.®”

Correlations between breath CH, values and colon
cancer have been reported in the literature 3 but subse-
quent studies failed to substantiate the correlation.*

Interestingly, in vitro research suggests a possible role
for bile acids in the accumulation of hydrogen gas in the
intestine; bile acids were found to inhibit methanogenesis
in a dose-response fashion.*

Interpretation

Lactulose is not fermented in a healthy subject until it
reaches the colon. As a result the typical fasting breath
sample contains less than 20 ppm of hydrogen or
methane. An increase in breath gas levels in the fifth or
sixth breath specimen (90 and 120 minutes, respectively)
usually reflects colonic bacterial fermentation and is
considered normal. Lack of the expected colonic peak
may result from antibiotics or an acidic colonic pH.334!
However, this should not affect results for the small
intestine.?”

In patients with SIBO, the lactulose is fermented in
the small intestine. This process leads to an earlier peak
in breath gas values followed by a larger, more prolonged
peak reflecting colonic fermentation.?”

A positive test result (indicating SIBO) is defined by
either (a) the presence of a total hydrogen/methane gas
peak more than 15 ppm above baseline levels, occurring
within 90 minutes of lactulose ingestion or (b) an elevated
baseline (fasting) breath gas concentration, even if there is
not a large rise from baseline over the next few samples.?
Elevated fasting values occur in up to one third of cases®
and are thought to relate to the fermentation of endoge-
nous brush-border glycoproteins in patients with SIBO.%

In some cases of slow transit, high levels of gases in
the fifth or sixth breath specimens may indicate SIBO in
the distal ileum rather than the usual colonic peak, thus
complicating the interpretation.

False-Positive and False-Negative Results

Various factors may interfere with the lactulose breath
test, resulting in false-negative or false-positive results.
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Detailed instructions for breath collection are aimed at
minimizing this interference and must be followed
carefully.

False-Positive Results

The following factors may account for a false-positive
result on a breath test:

e Failure to fast for at least 12 hours before the test
or to avoid dietary fiber the day before collection may
result in a high “background noise” that contributes
significantly to the overall concentration of breath
gases.?

¢ Sleeping, smoking, or eating shortly before or during
sample collection can increase concentrations of breath
gases.#

¢ Fermentation by mouth and oropharyngeal flora may
lead to early, transient elevations in breath gases after
carbohydrate ingestion.® As a result, thorough teeth
and tongue brushing before specimen collection is
recommended.

False-Negative Results
False-positive results on a breath test can be caused by
the following factors:

» Diarrhea or the recent administration of antimicrobials
can temporarily reduce the concentration of gut bacte-
ria,* leading to a false-negative result. Laxatives and
enemas may have a similar effect.” It is recommended
that the patient wait at least 1 week after antibiotic
therapy before performing the test.

» SIBO that is confined to the distal ileum may go unde-
tected if the breath gas peak produced in the ileum
merges with the breath gases produced by the colonic
flora.”

» Rapid intestinal transit time may cause delayed
increases in breath gases, leading to a rise only after
the lactulose has already reached the cecum.®® This is
particularly relevant for patients with SIBO who have
undergone small bowel resection.

TREATMENT OF BACTERIAL
OVERGROWTH

Bacterial Eradication

More often than not, addressing only the contribut-
ing factors to SIBO fails to adequately resolve the bacte-
rial overgrowth; therefore the primary treatment of
SIBO is directed at altering the intestinal flora with
antibiotics.'

Most patients with clinically significant SIBO host an
intestinal flora consisting largely of anaerobes; however,
some patients harbor a predominance of gram-negative

aerobes, such as Escherichia coli, Klebsiella, and
Pseudomonas.®® Therefore it is generally agreed that the
most effective antimicrobial agent is one that targets
both aerobic and anaerobic microorganisms.?

Antibiotics

The first-line antibiotic for SIBO has traditionally been
tetracycline (250 mg QID).2 However, the high preva-
lence of bacterial resistance to the drug (up to 60% of
patients with SIBO) has led to the use of alternative
antibiotics. The most effective alternative agents, shown
either empirically or by clinical trials, are the quinolones
(e.g., ciprofloxacin or norfloxacin), amoxicillin with
clavulanic acid (Augmentin), clindamycin, and metron-
idazole.%5! Other antibiotics that have been reported to
be effective in SIBO are ampicillin, erythromycin, lin-
comycin, oral aminoglycosides, cephalosporins (Keflex),
and chloramphenicol. Antibiotics that show poor activ-
ity against anaerobes probably should be avoided in the
treatment of SIBO (e.g., penicillin, ampicillin, and the
oral aminoglycosides kanamycin and neomycin).2

The use of more poorly absorbed antibiotics may help
minimize the risk of side effects. Rifaximin, a non-
absorbable rifamycin derivative, compared favorably
with tetracycline in one study; a 7-day course of rifax-
imin at 400 mg TID normalized breath hydrogen excre-
tion in 70% of patients with SIBO, whereas tetracycline
normalized breath hydrogen excretion in only 27% of
patients.>

In most patients, a single course of antibiotic therapy
(7 to 10 days) is adequate; in others, cyclic therapy
(1 week out of every 4) or continuous therapy (1 to
2 months) may be needed. Prolonged antibiotic therapy
significantly raises the risk of diarrhea, Clostridium diffi-
cile infection, and bacterial resistance.? The administra-
tion of probiotics usually helps to minimize such side
effects.l”

A poor response to antibiotics may indicate slowly
reversible or irreversible mucosal disease, antibiotic
resistance, antibiotic-associated diarrhea, or an incorrect
diagnosis.83

Antibiotic Alternatives

Aromatic oils have been shown to be effective antimicro-
bials. Peppermint oil, which has been used successfully
in patients with [BS, has demonstrated antimicrobial
properties in vitro 5] n a case study, enteric-coated pep-
permint oil (dose of 0.2 ml tid) was seen to dramatically
reduce gastrointestinal symptoms in a patient with
SIBO.> Follow-up breath testing indicated some persist-
ent bacterial overgrowth; the addition of an established
antimicrobial agent such as berberine may help to
improve the results.® Research on the effectiveness of
other botanical agents in SIBO is clearly needed.


mic
Highlight

mic
Highlight

mic
Highlight


melementary Diagnostic Procedures

A small double-blind study examined the effect of
oral probiotics (combined Lactobacillus acidophilus and
L. casei strains) on SIBO. A significant decrease in breath
hydrogen concentration was noted as early as 1 week
into treatment, providing evidence that Lactobacillus
strains may be effective in the treatment of bacterial
overgrowth.”

Addressing the Underlying Cause

Bacterial overgrowth of the small intestine may recur
easily if the root causes are not addressed.

Restoration of Gastric Acidity

Because gastric acidity is an important deterrent to
SIBO, the restoration of normal stomach pH in the
patient with hypochlorhydria or achlorhydria is essen-
tial. This may include the use of betaine hydrochloride
with meals or the discontinuation of antacid medica-
tions. SIBO has been found in both patients with ulcer
and healthy subjects after even short-term (5-week)
administration of omeprazole (a proton pump inhibitor).
The bacterial overgrowth was associated with greater
deconjugation of bile acids and fat malabsorption and
was thought to be induced by a shift to neutral pH in the
gastric juice.>®

Normalization of Intestinal Motility

Intestinal stasis, whether functional or anatomic, is
another major contributing factor to SIBO that should be
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Supportive Measures
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of Lactobacillus and Bifidobacterum have been used
successfully to treat SIBO.17

Acknowledgment
Special thanks to Sharon Rock for her research assistance.

1. Bouhnik Y, et al. Bacterial populations contaminating the upper gut
in patients with small intestinal bacterial overgrowth syndrome.
Am ] Gastroenterol 1997;94:1327-1331.

2. Toskes PP. Bacterial overgrowth of the gastrointestinal tract. Adv
Intern Med 1993;38:387-407.

3. Keusch GT, Solomons NW. Microorganisms, malabsorption,
diarrhea and dysnutrition. ] Environ Pathol Toxicol Oncol 1985;5:
165-209.

4. Riordan SM, et al. Luminal bacteria and small-intestinal permeability.
Scand ] Gastroenterol 1997;32:556-563.

5.Di Stefano M, et al. Small intestine bacterial overgrowth and
metabolic bone disease. Dig Dis Sci 2001;46:1077-1082.

6. Thomas PD, et al. Guidelines for the investigation of chronic
diarrhoea. Gut 2003;52(Suppl 5):v1-15.

7. Zaman A. Irritable bowel syndrome. Clin Cornerstone 2002;4:22-33.

8. Pimentel M, Chow EJ, Lin HC. Eradication of small intestinal
bacterial overgrowth reduces symptoms of irritable bowel syndrome.
Am ] Gastroenterol 2000,95:3503-3506.

9. Pimentel M, et al. Small intestinal bacterial overgrowth: a possible
association with fibromyalgia. ] Musculoskelet Pain 2001;9:107-113.

10. Aaron LA, Burke MM, Buchwald D. Overlapping conditions
among patients with chronic fatigue syndrome, fibromyalgia, and
temporomandibular disorder. Arch Intern Med 2000;160:221-227.

11. Castiglione F, et al. Orocecal transit time and bacterial overgrowth
in patients with Crohn’s disease. ] Clin Gastroenterol 2000;31:63-66.

12. Tursi A, Brandimarte G, Giorgetti G. High prevalence of small
intestinal bacterial overgrowth in celiac patients with persistence
of gastrointestinal symptoms after gluten withdrawal. Am J
Gastroenterol 2003;98:839-843.

13. Riordan SM, et al. Small intestinal bacterial overgrowth in the
symptomatic elderly. Am J Gastroenterol 1997;,92:47-51.

14. Anonymous. Small intestinal bacterial overgrowth syndrome.
Gastroenterology 1981;80:834-845.

15. Kirsch M. Bacterial overgrowth. Am ] Gastroenterol 1990;85:
231-237.

16. Hill M. Normal and pathological microbial flora of the upper
gastrointestinal tract. Scand J Gastroenterol 1985;111(Suppl):1-6.

17. Rolfe RD. The role of probiotic cultures in the control of gastroin-
testinal health. ] Nutr 2000;130(Suppl):3965-4025.

18. King CE, Toskes PP. Small intestine bacterial overgrowth.
Gastroenterology 1979;76:1035-1055.

19. Rose S, Young MA, Reynolds JC. Gastrointestinal manifestations of
scleroderma. Gastroenterol Clin North Am 1998,;27:563-594.

20. Camilleri M. Small bowel motility disorders. Rev Gastroenterol
Mex 1994;59:120-126.

21. Virally-Monod M, et al. Chronic diarrhoea and diabetes mellitus:
prevalence of small intestinal bacterial overgrowth. Diabetes Metab
1998;24:530-536.

22. Sherman P, Lichtman S. Small bowel bacterial overgrowth syndrome.
Dig Dis Sci 1987;5:157-171.



Bacterial Overgrowth of the Small Intestine Breath Test

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fagundes-Neto U, et al. Studies of the small bowel surface by
scanning electron microscopy in infants with persistent diarrhea.
Braz J Med Biol Res 2000;33:1437-1442.

Murphy ME et al. Megaloblastic anaemia due to vitamin By, defi-
ciency caused by small intestinal bacterial overgrowth: possible
role of vitamin By, analogues. Br ] Haematol 1986;62:7-12.

Camilo E, et al. Folate synthesized by bacteria in the human upper
small intestine is assimilated by the host. Gastroenterology
1996;110:991-998.

O’Leary C, Quigley EM. Small bowel bacterial overgrowth, celiac
disease, and IBS: what are the real associations? Am ] Gastroenterol
2003;98:720-722.

Rhodes JM, Middleton P, Jewell DP. The lactulose hydrogen breath
test as a diagnostic test for small-bowel bacterial overgrowth. Scand
] Gastroenterol 1979;14:333-336.

Brummer R], et al. The hydrogen (H,) breath test: sampling methods
and the influence of dietary fibre on fasting level. Scand J
Gastroenterol 1985;20:1007-1013.

Hamilton LH. Breath tests and gastroenterology, 2nd ed.
Milwaukee: QuinTron Instrument Company, 1998.

Cloarec D, et al. Breath hydrogen response to lactulose in healthy
subjects: relationship to methane producing status. Gut 1990;31:
300-304.

Bond JH Jr, Levitt MD. Use of pulmonary hydrogen (H,) measure-
ments to quantitate carbohydrate absorption: study of partially
gastrectomized patients. J Clin Invest 1992;51:1219-1225.
Rumessen JJ, Nordgaard-Andersen I, Gudmand-Hoyer E.
Carbohydrate malabsorption: quantification by methane and
hydrogen breath tests. Scand ] Gastroenterol 1994;29:826-832.
Romagnuolo ], Schiller D, Bailey R]. Using breath tests wisely in a
gastroenterology practice: an evidence-based review of indications
and pitfalls in interpretation. Am J Gastroenterol 2002;97:1113-1126.
Corazza G, et al. Prevalence and consistency of low breath H, excre-
tion following lactulose ingestion: possible implications for the
clinical use of the H, breath test. Dig Dis Sci 1993;38:2010-2016.
Kajs TM, et al. Influence of a methanogenic flora on the breath H,
and symptom response to ingestion of sorbitol or oat fiber. Am J
Gastroenterol 1997;92:89-94.

King TS, Elia M, Hunter JO. Abnormal colonic fermentation in
irritable bowel syndrome. Lancet 1998;352:1187-1189.

Pimentel M, et al. Methane production during lactulose breath test
is associated with gastrointestinal disease presentation. Dig Dis Sci
2003;48:86-92.

Haines A, et al. Breath-methane in patients with cancer of the large
bowel. Lancet 1977;2(8036):481-483.

Pique JM, et al. Methane production and colon cancer.
Gastroenterology 1984;87:601-605.

Florin TH, Jabbar IA. A possible role for bile acid in the control of
methanogenesis and the accumulation of hydrogen gas in the
human colon. ] Gastroenterol Hepatol 1994;9:112-117.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Vogelsang H, et al. Acidic colonic microclimate—possible reason
for false negative hydrogen breath tests. Gut 1988;29:21-26.

Kerlin P, Wong L. Breath hydrogen testing in bacterial overgrowth
of the small intestine. Gastroenterology 1988;95:982-988.

Perman JA, Modler S. Glycoproteins as substrates for production of
hydrogen and methane by colonic bacterial flora. Gastroenterology
1982;83:388-393.

. Solomons N. Evaluation of carbohydrate absorption: the hydrogen

breath test in clinical practice. Clin Nutr ] 1984;3:71-78.

Thompson DG, O’Brien ]D, Hardie JM. Influence of the oropharyn-
geal microflora on the measurement of exhaled breath hydrogen.
Gastroenterology 1986;91:853-860.

Gilat T, et al. Alterations of the colonic flora and their effect on the
hydrogen breath test. Gut 1978;19:602-605.

Solomons NW, et al. H, breath tests during diarrhea. Acta Paediatr
Scand 1979;68:171-172.

Caride V], et al. Scintigraphic determination of small intestinal
transit time: comparison with the hydrogen breath technique.
Gastroenterology 1984;86:714-720.

Kocoshis SA, et al. Duodenal bile acids among children: keto
derivatives and aerobic small bowel bacterial overgrowth. | Pediatr
Gastroenterol Nutr 1987;6:686-696.

Meyers JS, Ehrenpreis ED, Craig RM. Small intestinal bacterial over-
growth syndrome. Curr Treat Options Gastroenterol 2001;4:7-14.
Attar A, et al. Antibiotic efficacy in small intestinal bacterial
overgrowth-related chronic diarrhea: a crossover, randomized trial.
Gastroenterology 1999;117:794-797.

Di Stefano M, et al. Rifaximin versus chlortetracycline in the short-
term treatment of small intestinal bacterial overgrowth. Aliment
Pharmacol Ther 2000;14:551-556.

Bjorneklett A, Hoverstad T, Hovig T. Bacterial overgrowth. Scand |

Shapiro S, Meier A, Guggenheim B. The antimicrobial activity of
essential oils and essential oil components towards oral bacteria.
Oral Microbiol Immunol 1994,9:202-208.

Logan AC, Beaulne TM. The treatment of small intestinal bacterial
overgrowth with enteric-coated peppermint oil: a case report. Alt
Med Rev 2002;7:410-417.

Birdsall T, Kelly G. Berberine: therapeutic potential of an alkaloid
found in several medicinal plants. Alt Med Rev 1997;2:94-103.

57.

Gaon D, et al. Effect of Lactobacillus strains (L. casei and L. acidophilus
strains cereal) on bacterial overgrowth-related chronic diarrhea.
Medicina (Brazil) 2002;62:159-163.

58.

Shindo K, et al. Omeprazole induces altered bile acid metabolism.
Gut 1998;42:266-271.

59.

60.

Drude RB Jr, et al. Malabsorption in jejunal diverticulosis treated
with resection of the diverticula. Dig Dis Sci 1980;25:802-806.
Gottschall E. Breaking the vicious cycle. Baltimore: Kirkton Press,
1994.



mic
Highlight

mic
Rectangle

mic
Rectangle

mic
Text Box
!!!







