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Comparing Small
Intestinal Bacterial
Overgrowth and
Intestinal Methanogen
Overgrowth: A Single-
Center Retrospective
Cohort Study
Small intestinal bacterial over-
growth (SIBO) refers to a clin-

ical syndrome of maldigestion
associated with excessive or regionally
inappropriate bacteria in the small in-
testine. Symptoms typically associated
with SIBO include bloating, abdominal
pain, and diarrhea, but prior data have
consistently suggested that presenting
complaints correlate poorly with a
formal SIBO diagnosis by hydrogen
breath testing (BT) with either glucose
or lactulose.1,2 Increasing attention to
exhaled methane (CH4) and its clinical
association with constipation has led
several practitioners to approach in-
testinal methanogen overgrowth
(IMO), or methane-positive SIBO, as a
clinically distinct phenomenon.3,4

Current treatment paradigms are
based on relatively small studies that
suffer from heterogeneous diagnostic
and outcome measures. National
consensus guidelines recommend an-
tibiotics as the preferred treatment for
SIBO, though optimal regimens have
not been established.4 Various agents
and dosing schedules have been used
in the past, with the logic that poly-
microbial colonies will be at least
partially susceptible to multiple anti-
microbial agents.5

Recent research has suggested that
the IMO’s phenotypic distinctions
imply parallel therapeutic distinctions.
A 2010 retrospective study reported
that, among patients with CH4-positive
BT, the combination of rifaximin and
neomycin was superior in efficacy to
either agent alone (85% vs 63% and
56%, respectively).6 A 2014 study by
the same group randomized 31 pa-
tients with irritable bowel syndrome
with constipation and CH4 levels �3
ppm on BT to neomycin/placebo or
neomycin/rifaximin combination and
found that the antibiotic combination
was superior to neomycin alone at
alleviating constipation and bloating
but not abdominal pain.7 Herein, we
report our own institutional experi-
ence with SIBO/IMO diagnosis and
treatment, comparing the aforemen-
tioned antibiotic combination to rifax-
imin monotherapy.

All patients undergoing BT at the
University of Pennsylvania from
February 2019 to March 2020 were
included in this study. All BT were
performed with lactulose and inter-
preted according to the 2017 North
American consensus, which defines
hydrogen (H2) positivity as a rise of
�20 ppm above baseline before 90
minutes and CH4 positivity as a value
of �10 ppm at any testing time point.8

Tests with elevated baseline hydrogen
levels were excluded from the analysis
for H2 correlations but were included
in the analysis for CH4 testing. Initial
symptoms and response to initial
antibiotic treatment were evaluated
via chart review according to a 5-point
subjective clinical scale (worsening, no
improvement, minimal improvement,
moderate improvement, or resolution).
Analysis was limited to primary cour-
ses of antibiotic treatment; repeat
courses were infrequent and excluded.
Successful treatment was defined as
moderate improvement or resolution
of symptoms. Secondarily, we queried
the association of BT-based diagnoses
of SIBO and IMO with presenting clin-
ical symptoms, comorbid diagnoses,
and the use of selected medications.
Statistical analysis was performed with
chi-squared tests, paired two-tailed
Student’s t-tests, two-sample t-tests,
and analysis of variance as appropriate
based on variable type. (Stata version
16, College Station, TX).

336 patients (73.6% female) with a
median age of 54 (interquartile range
38, 67) underwent BT over the desig-
nated study period. 114 (33.8%) pa-
tients were CH4-positive (IMO). Of the
222 CH4-negative patients, 87 (39.2%)
were H2-positive (SIBO). Among all
patients who underwent BT at our fa-
cility during the study, 201 (59.8%)
were positive by one or both gases. 92
were H2-negative, and 43 were equiv-
ocal. Antibiotic treatment data were
available for 176 patients, and symp-
tom response data were available for
153 patients. The median follow-up
interval between BT and documented
symptom response was 126 days
(interquartile range 51–228 days).
Among the 74 patients with IMO who
had treatment and symptom response
data, 48 (64.9%) were treated with
rifaximin monotherapy, 11 (14.9%)
were treated with rifaximin and
neomycin, 15 (20.3%) were treated
with other regimens (Figure). There
was no significant difference in
response to therapy between the
rifaximin monotherapy and the rifax-
imin plus neomycin groups (58.3% vs
45.4%; P ¼ .51). In the SIBO group, 58
had treatment and response data. The
majority of SIBO patients were treated
with rifaximin monotherapy (n ¼ 43,
74.1%), among whom 28 (48.8%)
were deemed successfully treated.
There was no significant difference in
the treatment response to rifaximin
monotherapy between the SIBO and
IMO subgroups (P ¼ .405).

Bloating was significantly more
common in patients with SIBO
compared to those with negative H2-
testing (70.4% vs 52.3%, P < .01).
Constipation was more common in
patients with IMO compared to those
with negative CH4 testing (43.9% vs
30.0%, P ¼ .02). Surprisingly, the
presence of vomiting was significantly
associated with negative BT for both
H2 (7.0% vs 15.4%, P ¼ .03) and CH4

(14.8% vs 6.1%, P ¼ .02). Mood dis-
orders were more common in patients
with H2 positivity compared to H2

negativity (69.0% vs 50.0%, P ¼ .03)
but not between CH4 groups (P ¼ .72).
Any type of IBS prevalence was not
different between H2 or CH4 groups
(23.9% in H2 positivity and 19.5% in
CH4 positivity, P ¼ .39 and P ¼ .78,
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Figure. Diagram of responders stratified by breath test result and antibiotic regimen.

Table. Clinical Variables Associated With Positive Breath Testing in 336 Patients Between 2019 and 2020 at the University of
Pennsylvania

Clinical variable, N (%)
H2 positive
(n ¼ 142)

H2 negative
(n ¼ 149)

P value
(H2)

CH4 positive
(n ¼ 114)

CH4 negative
(n ¼ 222) P value (CH4)

Nausea 28 (19.7) 36 (24.2) .40 21 (18.4) 55 (24.7) .22

Vomiting 10 (7.0) 23 (15.4) .03 7 (6.1) 33 (14.8) .02

Diarrhea 52 (36.6) 54 (36.6) .90 36 (31.6) 86 (38.6) .23

Constipation 44 (31.0) 62 (41.6) .09 50 (43.9) 67 (30.0) .02

Belching 21 (14.8) 19 (12.8) .61 20 (17.5) 24 (10.8) .09

Flatulence 28 (19.7) 26 (17.4) .65 27 (23.7) 33 (14.8) .05

Abdominal pain 91 (64.1) 103 (69.1) .46 77 (67.5) 145 (65.0) .72

Bloating 100 (70.4) 78 (52.3) <.01 73 (64.0) 131 (58.7) .41

IBS 34 (23.9) 29 (19.5) .39 25 (21.9) 45 (20.2) .78

Irritable bowel syndrome with constipation 7 (4.9) 5 (3.3) .57 5 (4.4) 10 (4.6) 1.0

Inflammatory bowel disease 23 (16.2) 20 (13.4) .51 7 (6.1) 39 (17.5) <.01

Gastroparesis 9 (6.3) 12 (8.1) .65 5 (4.4) 20 (9.0) .19

Diabetes 22 (15.5) 28 (18.8) .54 22 (19.3) 38 (17.0) .65

Obesity (body mass index �30) 40 (28.2) 38 (25.5) .60 31 (27.2) 59 (26.5) .90

Migraine 23 (16.2) 21 (14.1) .63 20 (17.5) 32 (14.3) .52

Dysautonomia 3 (2.1) 5 (3.4) .72 1 (0.9) 8 (3.6) .18

Ehlers-Danlos syndrome 2 (1.4) 5 (3.4) .45 1 (0.9) 6 (2.7) .43

Abdominal surgery 58 (40.8) 56 (37.6) .55 45 (39.5) 92 (41.3) .82

Proton pump inhibitor use 63 (44.4) 81 (54.4) .13 54 (47.4) 110 (49.3) .73

H2 antagonist use 17 (12.0) 19 (12.8) 1.0 12 (10.5) 31 (13.9) .40

Opiate use 18 (12.7) 13 (8.7) .46 11 (9.6) 28 (12.6) .48
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respectively), nor was irritable bowel
syndrome with constipation (P ¼ .57
and P ¼ 1.0, respectively), though in-
flammatory bowel disease was associ-
ated with CH4 negativity (17.5% vs
6.1%, P < .01). Frequencies of other
symptoms, diagnoses, and medication
usages were statistically insignificant
between groups (Table).

While our findings support the
possibility of a symptomatic distinction
between SIBO and IMO, we did not
observe a difference in IMO response
rates to rifaximin monotherapy versus
its combination with neomycin. This
study’s limitations include its retro-
spective and nonrandomized design,
similar to many of its predecessors, with
the potential for selection and recall
bias. We could not control for other
clinical interventions initiated alongside
or after antimicrobial therapy leading to
symptomatic improvement, and while
our sample size is comparable to prior
studies of this type, our finding of no
difference between the two IMO treat-
ment types may reflect an underpow-
ered analysis. Our study is also limited
by the relatively poor performance
characteristics of lactulose-based BT
(sensitivity 31%–68%, specificity 44%–
100%), which the North American
consensus statement frames as accept-
able in lieu of a true gold standard but
which a more recent Asian-Pacific
consensus statement suggests as infe-
rior to glucose-based BT.8,9

That said, the discordance between
our results and earlier data regarding
combination therapy for IMO suggest
caution against the rapid entrenchment
of novel treatment paradigms. Other
groups have suggested the utility of
rifaximin monotherapy in treating IMO,
including in a recent randomized
placebo-controlled trial of 13 patients
with constipation.10 Our findings also
highlight lingering questions around CH4

BT, including, for example, the clinical
importance of methane produced by or-
ganisms in the oral cavity or colon and/
or more subtle distinctions among
elevation time points. Larger cohort
studies are needed on the optimal ther-
apeutic response to abnormal BT,
perhaps with the necessary burden of
proof increasing in proportion to a given
treatment’s potential for misapplication.
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