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Small intestine bacterial overgrowth is frequent in cystic fibrosis: 
combined hydrogen and methane measurements are required for its 

detection
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Introduction: Hydrogen breath test (BT) is commonly used as a diagnostic tool for the detec-
tion of small intestine bacterial overgrowth (SIBO). It was reported that colonic methane pro-
duction is far more frequent in cystic fibrosis (CF) patients than in other subjects. Therefore, 
measuring exclusively hydrogen in the diagnostic breath test for diagnosing SIBO might be of 
limited value. We aimed to assess the usefulness of combined measurement of hydrogen and 
methane expiration for the diagnosis of SIBO in CF. Material and Methods: The study com-
prised 62 CF patients aged 5 to 18 years. Three-hundred-ninety subjects assessed due to gas-
trointestinal symptoms for the presence of SIBO served as a comparative group. In all subjects 
hydrogen/methane BT using glucose was performed. A positive BT was defined as fasting hy-
drogen ≥ 20 ppm or fasting methane ≥ 10 ppm or a rise of ≥ 12 ppm hydrogen or ≥ 6 ppm meth-
ane over baseline during the test. Results: In 23 (37.1%) CF patients and in 52 (13.3%) subjects 
from the comparative group abnormal BT results were found. In seven (11.3%) CF patients and 
29 (7.4%) of the other subjects studied methane measurement allowed diagnosis of SIBO. Con-
clusions: Small intestine bacterial overgrowth is frequent in cystic fibrosis. For its detection in 
cystic fibrosis and other gastrointestinal patients, combined hydrogen and methane measure-
ment instead of hydrogen breath test should be applied. Without the additional measurement 

of methane a significant percentage of SIBO will be missed. 
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InTROduCTIOn

It has been reported that small intestine 
bacterial overgrowth (SIBO) occurs in 30–50% of 
cystic fibrosis (CF) patients (Lewindon et al., 1998; 
Fridge et al., 2007). Bacterial colonization of the 
upper part of the intestine, may significantly influ-
ence the function and structure of digestive system 
in CF (Borowitz et al., 2005). Therefore, all patients 
should be routinely tested for its presence.

Hydrogen breath test (BT) with glucose load-
ing is commonly used as a diagnostic tool for the 
detection of SIBO (Singh & Toskes, 2003; Husebye, 
2005). It was demonstrated in non-CF subjects, 
however, that small intestine flora is also capable 

of producing methane (Perman & Modler, 1982). So 
far, there are no data related to the limitations of 
exclusive measurement of hydrogen as a diagnos-
tic procedure for SIBO detection in CF. The colonic 
flora in CF patients is far more frequently not capa-
ble of producing hydrogen from non-digestable lac-
tulose compared to controls (Lewindon et al., 1998) 
and also methane production is far more frequent 
in CF patients than in other subjects (Bujanover et 
al., 1989). Therefore, we hypothesized that in a sig-
nificant percentage of CF patients with SIBO, small 
intestine methane production may appear. The aim 
of the present study was to assess the usefulness of 
combined measurement of hydrogen and methane 
expiration for the diagnosis of SIBO in CF.
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MATeRIAl And MeTHOdS

Subjects. The study comprised 62 CF patients 
aged 5 to 17 years. The diagnosis of CF was made 
upon history, clinical manifestation, increased sweat 
chloride concentrations (two independent measure-
ments) and confirmed by the CFTR gene analysis. 

Inclusion criteria for CF patients comprised 
the ability and willingness to participate in the study 
and pancreatic insufficiency. Exclusion criteria in the 
CF group comprised: antibiotic therapy (i.v. or per 
os) six weeks prior to the test, PPI and steroid use, 
liver cirrhosis, diabetes mellitus, oxygen dependency 
and pulmonary exacerbation within three preceding 
months. None of the patients reported major ab-
dominal complaints (unusual for her and/or his typ-
ical manifestation). Three-hundred-ninety subjects 
referred, due to gastrointestinal symptoms, for the 
BT to exclude SIBO served as a comparative group. 
Inclusion criteria for this group comprised the abili-
ty and willingness to participate in the study. Exclu-
sion criteria comprised antibiotic therapy (i.v. or PO) 
six weeks prior to the test. In all subjects hydrogen/
methane BT with glucose loading was performed. 

Methods. All patients underwent glucose BT 
after overnight fasting. Each of them received glu-
cose dissolved in water orally in a dose 1.5 g/kg up 
to maximum 75 g. Breath samples were collected at 
baseline (fasting) and at 15, 30, 45, 60, 90, 120 min 
after glucose ingestion. Samples were analyzed with 
QuinTron MicroLyser DP Plus (Quintron, USA).

A positive BT was defined as fasting hydro-
gen ≥ 20 ppm or fasting methane ≥ 10 ppm or a rise 
of ≥ 12 ppm hydrogen or ≥ 6 ppm methane over 
baseline during the test. 

ethical considerations. The protocol of the in-
vestigation has been approved by the Ethical Com-
mittee of the Poznań University of Medical Sciences 
(Poland). 

ReSulTS

The genotypes of CF patients studied were 
as follows: F508del/F508del (n = 32), F508del/
CFTRdel2,3(21kB) (n = 4), F508del/R553X (n = 1), 
F508del/2143delT (n = 1), CFTRdel2,3(21kB)/
CFTRdel2,3(21kB) (n = 3), CFTRdel2,3(21kB)/2143delT 
(n = 1), F508del/unknown mutation (n = 12), 
unknown mutation/unknown mutation 
(n = 6). The basic clinical characteristics of 
the CF patients are presented in Table 1.

In 23 (37.1%) CF patients and in 
52 (13.3%) subjects from the comparative 
group abnormal BT results were found. 
SIBO was significantly more frequent in 
the CF patients with mild/no manifesta-

tion than in the non-CF subjects (P < 0.00001). The 
distribution of normal and abnormal hydrogen and 
methane expiration in subjects studied is presented 
in Table 2. In eleven (17.7%) CF patients and 29 
(7.4%) of the other subjects studied methane produc-
tion allowed for the diagnosis of SIBO.

In seven (11.3%) patients with documented 
methane production hydrogen expiration was low 
(less than 5 ppm). Therefore, methane measurement 
led to the diagnosis of SIBO in 30.4% (7 out of 23) of 
the detected cases.

dISCuSSIOn

In the present study we have proven that 
small intestine bacterial overgrowth in CF is fre-
quent and that combined hydrogen and methane 
measurement improves the sensitivity of the breath 
test. In the comparative group of subjects presenting 
gastrointestinal symptoms the occurrence of SIBO 
was less common. The percentage of potential false 
negative results due to exclusive hydrogen assess-
ment was, however, not different. 

Bujanover et al. (1987) assessed the frequen-
cy of methane production in 28 CF patients and 
290 age-matched healthy subjects (HS). Seventeen 
(60.7%) CF and 60 (20.6%) HS were found to pro-
duce methane. Mean gas concentrations in the meth-
ane-producers were rather low (6.5 and 6.0 ppm in 
CF and HS, respectively; the range of values in CF 
patients: 1–15.8 ppm). The subjects were, however, 
non-fasted, eating earlier non-standardized meals 
(with unknown intake of different sugars). There-
fore, the site of gas production remains unclear. This 
renders a direct comparison of the values reported 
by Bujanover with those obtained in standard BTs 
impossible. In addition, the majority of the subjects 
in Bujanovers’s study had high fecal fat losses (from 
4.7 to 65 g/day) pointing to malabsorption. There-

Table 1. Basic clinical data of CF patients studied

Parameter (median/mean ± S.E.M.)

Z-score for body weight –0.95 (–0.98 ± 0.12) 

FEV1 (%) 73 (77 ± 4)

Fecal elastase-1 (µg/g of stool) 9 (26 ± 3)

Table 2. distribution of normal and abnormal hydrogen and meth-
ane expiration in cystic fibrosis (CF) patients and subjects present-
ing gastrointestinal symptoms (GS)

Breath test results
PCF GS

Abnormal Normal Abnormal Normal
Hydrogen 12 50 23 367 0.0002
Methane 11 51 29 361 0.008
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fore, the measured methane production might have 
reflected malabsorption rather than small intestine 
bacterial overgrowth. The significance of detectable 
methane production in non-fasted CF subjects for 
the detection of potential abnormalities remains to 
be elucidated.

Lewindon et al. (1998) retrospectively ana-
lyzed the prevalence of carbohydrate malabsorption 
and SIBO in a CF population. Results from 89 hy-
drogen BTs with lactose (n = 43), sucrose (n = 15) and 
lactulose (n = 31) performed in 54 CF subjects were 
compared with the results of available BTs done in 
non-CF patients (n = 5430). The mean age of the CF 
children (30.2 months; range 1–212 months) was not 
different from that of the non-CF population (29.4 
months; range 1–228 months). CF patients were in-
vestigated due to abnormal stool pattern. All CF pa-
tients were taking antibiotics (either for therapeutic 
or prophylactic purposes). The most common in-
dications for BT in the non-CF population were as 
follows: lactose BT-suspected post-eneteritis lactose 
malabsorption, chronic diarrhoea and suspected 
constitutional lactase deficiency, sucrose BT-suspect-
ed severe post-enteritis carbohydrate malabsorption, 
chronic diarrhoea and suspected sucrase-isomaltase 
deficiency, lactulose BT-suspected bacterial over-
growth, suspected post-antibiotic inability of GI flo-
ra to produce hydrogen. Additionally, the results of 
lactulose BT from 22 healthy children were available 
for comparison, their age being, however, differed 
(mean 43.6 months; range 5–108 months). Taking 
into account the differences between the groups one 
should have in mind the limitations of such compar-
ison. Nevertheless, CF patients more frequently were 
unable to produce hydrogen from lactulose as com-
pared to non-CF patients and HS (39%, 20% and 5%, 
respectively). More CF subjects than non-CF patients 
had SIBO (32% vs. 7%). Due to the lack of methane 
detection, however, the role of its measurement for 
the diagnosis of SIBO was not established. 

Increased fasting methane levels in patients 
with SIBO have been reported. It has been suggested 
that this finding is related to increased quantity of 
glycoproteins in intestine (Perman & Modler, 1982). 
Abnormal mucins and SIBO are a hallmark of the 
CF mouse model (Clarke et al., 2004; Norkina et al., 
2004). Therefore, one could expect higher production 
of methane in CF subjects than in the general popu-
lation. In vitro, antibiotics are used to cultivate meth-
anogenic flora (Miller et al., 1980). Since CF patients 
routinely undergo antibiotic therapy (either for ther-
apeutic or prophylactic purposes) it could constitute 
an additional underlying “risk factor” for selecting 
methane-producing flora. None of our patients were 
chronically treated with azithromycin, which was 
suggested by Fridge et al. (2007) to be a risk factor 
for SIBO in CF. Therefore, methane production in 

other CF patients with SIBO could be even higher 
than in our studied population. Alveolar hydrogen 
concentrations are potentially suppressed by metha-
nogenic bacteria (Perman & Modler, 1982). Thus, 
with the use of hydrogen breath test one could 
get false negative results, on the one hand because 
methane is not measured, and on the other because 
hydrogen could be falsely low. All these points un-
derline the need of methane measurement. 

Interestingly, in the present study the per-
centage of methane-related positive BT results was 
not higher in CF patients than in non-CF subjects. 
As mentioned earlier the ability to produce methane 
seems to be higher in CF than in HS subjects (Bu-
janover et al., 1987). In a cross-sectional study of 1162 
Polish children and adolescents aged 2 to 19 years 
the ability to produce methane was found in 24.8% 
of them (Kamińska et al., 2002). The general ability 
to produce methane by gastrointestinal bacteria is, 
however, not equivalent to methane production in 
the case of SIBO. Moreover, in the present study we 
compared CF patients not with HS but with subjects 
with gastrointestinal complaints having different 
intestinal “backgrounds” with potentially different 
intestinal flora and frequently being also previously 
treated with antibiotics. 

The clinical significance of SIBO in CF pa-
tients without overt clinical manifestation is not 
clear. As opposed to animal models (Norkina, 
2004), there are no published data documenting the 
influence of SIBO on maldigestion and nutritional 
status of CF patients and they should be elucidat-
ed. Taking into account the positive results of pro-
biotic randomized control trial in CF (Bruzzesse et 
al., 2007) not only on the gastrointestinal tract, their 
routine use should be considered. In an open study 
(Bruzzesse et al., 2004), decreased values of indirect 
indicators of intestinal inflammation have also been 
documented. Nevertheless, the influence of probiot-
ics on the excessive bacterial colonization of small 
intestine in CF patients is not known, neither is 
there evidence in terms of specific bacterial coloni-
zation of small intestine due to SIBO in CF. It has 
been, however, suggested in non-selected patients 
with SIBO that the condition is neither related nor 
limited to any particular bacterial strain. Hydrogen 
BT has been commonly used as a diagnostic tool for 
the detection of SIBO. Although it has limited sen-
sitivity and specificity (Kerckhoffs et al., 2008), it is 
the most reliable one of the available non-invasive 
tests. However, it has not routinely been used in 
CF patients. In the present study we hypothesized 
and have proved that in a significant percentage 
of CF patients with SIBO, small intestine methane 
production appears and allows for the detection 
of excessive bacterial colonization of the small in-
testine. A similar finding has been documented in 



634            2009A. Lisowska and others

non-CF subjects with gastrointestinal complaints. 
Not performing methane measurement would lead 
to a significant percentage of false negative results. 
Therefore, hydrogen-methane BT instead of hydro-
gen BT alone should be used for testing SIBO. 

COnCluSIOnS

Small intestine bacterial overgrowth is fre-
quent in cystic fibrosis. For its detection in cystic 
fibrosis and other gastrointestinal patients, com-
bined hydrogen and methane measurement instead 
of hydrogen breath test should be applied. Without 
the additional measurement of methane a significant 
percentage of SIBO will be missed. 
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