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Abstract
Background Though pathogenesis of non-alcoholic
steatohepatitis (NASH) is unclear, association with small in-
testinal bacterial overgrowth [SIBO] and fecal dysbiosis is
suggested. We evaluated SIBO in NASH using quantitative
jejunal aspirate culture (conventional criteria: ≥ 105 colony
forming unit (CFU)/mL and newer cutoff ≥ 103 CFU/mL)
and glucose hydrogen breath test.
Methods Thirty-eight patients with NASH (age 37.5 years,
range 20–54, 9, 24% female), diagnosed by ultrasonography,
alanine aminotransferase >1.5 times normal and liver biopsy
(in 27/38, 71%) and exclusion of other causes and 12
constipation-predominant irritable bowel syndrome as histor-
ical controls (age 39.5-y, 26–44; 3, 25% female) without fatty
liver were studied.
Results Jejunal aspirates, obtained in 35/38 patients, were
sterile in 14/35 (40%) and bacteria isolated in 21 (60%) (all
aerobic, in one anaerobe also; Gram positive 5, negative 13,
both 3). In contrast, bacteria (two Gram negative) were isolat-
ed in 3/12 (25%) controls (odds ratio 4.5, 95% CI 1.0–19.5;
p = 0.04); colony counts were higher in NASH than controls
(median 380 CFU/mL, 0–200,000 vs. 0 CFU/mL, 0–1000;
p = 0.02). Gram negative bacteria tended to be commoner in
NASH than controls (16/35 vs. 2/12; p = 0.07). Seven out of

35 (20%) patients with NASH (≥ 105 CFU/mL in 5 and 2 other
on glucose hydrogen breath test) and no control had SIBO
(p = ns); low-grade SIBO (≥103 CFU/mL) was commoner in
NASH than controls (14/35, 40%, vs. 1/12, 8.3%; p = 0.04).
There was no correlation between bacterial colony count and
bacterial type and anthropometric and biochemical parameters.
Conclusion Low-grade bacterial overgrowth, particularly with
Gram negative bacteria, was commoner inNASH than controls.

Keywords Fatty liver . Gut microbiota . Hydrogen breath
tests . Metabolic disorder . Pathogenesis

Introduction

Non-alcoholic steatohepatitis (NASH) is common all over the
world [1, 2]. It has potential clinical significance in causing cir-
rhosis of liver both among children and adults in the long-run [1,
3–5].PathogenesisofNASHis largelyunresolvedyet.Though it
is associatedwith obesity, hyperlipidemia, and diabetes mellitus
[2, 3, 6–8], these factors are not found universally [9].

Gut dysbiosis (small intestinal bacterial overgrowth
[SIBO] and qualitative change in fecal microbiota) have been
found to be associated with NASH in a few animal and human
studies [8, 10–14]. However, diagnosis of SIBO in most of
these studies was not based on the gold standard method
(quantitative jejunal aspirate culture), but on D-xylose, glu-
cose, and lactulose hydrogen breath tests, sensitivity and spec-
ificity of which are somewhat low [15]. There are scanty data
on SIBO in patients with NASH using quantitative bacterial
culture of jejunal aspirate, which, though not perfect, is ac-
cepted as the gold standard for the diagnosis [15].

Non-alcoholic steatohepatitis-like changes are known in pa-
tients with morbid obesity and jejunoileal bypass [6, 16, 17],
which are often associated with SIBO; such changes are known
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to improve aftergutmicrobiotamodulating treatment such as that
withmetronidazole, rifaximin,andprobiotics[18–20].Therefore,
if SIBO is found to be a factor contributing to NASH, antibiotic
therapy may have potential role in its treatment in addition to
weight reduction and control of diabetesmellitus. It has also been
demonstrated thatNASHpatients, even in the absence of alcohol
consumption,haveincreasedalcohol level intheportalveindueto
bacterial fermentation of ingested carbohydrates in the gut [21].
Accordingly, we undertook a prospective study to evaluate the
association between SIBO and NASH using quantitative jejunal
aspirate culture and glucose hydrogen breath test (GHBT).

Methods

Participants

Consecutively, patients diagnosed having NASH based on
high aminotransaminase values (> 1.5 times above the upper
limit of normal) for at least 3 months, fatty liver on abdominal
ultrasonography (USG), and histological features on liver bi-
opsy (in 27/38, 71% patients) were evaluated clinically, and
for SIBO using quantitative culture of jejunal aspirate and
GHBT using standard techniques [15, 22]. Patients having
one or more of the following were excluded from the study:
(1) alcohol intake greater than 20 g/day, (2) positive tests for
HBsAg or anti-HCV antibody in serum, (3) positive autoim-
mune markers (ANA, ASMA, AMA, and ALKM) by stan-
dard techniques, (4) abnormally high serum transferrin satu-
ration and ferritin more than 50% and 200 ng/mL, respective-
ly, (5) history of ingestion of hepato-toxic drugs like cortico-
steroids, nifedipine, amiodarone, and isoniazid during the pre-
vious 6 months, (6) advanced liver disease, and (7) receiving
any antibiotic in the past 4 weeks.

Data of 12 patients with constipation-predominant irritable
bowel syndrome (IBS) studied as historical controls were used
for comparison [23]. None of these controls had clinical, bio-
chemical, and ultrasonographic (USG) evidence of liver disease.

Anthropometry

Anthropometric measurements included weight, height,
body mass index (BMI), waist and hip circumferences,
and waist-hip ratio. Weight was measured to the nearest
half-kilogram and height to the nearest 2 mm. BMI was
calculated using the formula Kg/m2. Waist circumference
was measured at the level of the umbilicus. Hip circumfer-
ence in centimeters was noted at the widest portion of but-
tocks. Waist-hip ratio was calculated by dividing waist cir-
cumference by hip circumference. The Indian cutoff to de-
fine obesity was used [24].

Investigations

Biochemical investigations like serum albumin, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST),
fasting blood glucose, complete lipid profile, serum transferrin
saturation, and ferritin were obtained in all patients.
Abdominal USG was performed in all patients for evidence
of fatty liver and to look for any evidence of portal hyperten-
sion. Fatty liver on USG was graded as described previously
[25] as follows: grade 0, normal echogenicity; grade I, slight,
diffuse increase in fine echoes in liver parenchyma with nor-
mal visualization of diaphragm and intrahepatic vessel bor-
ders; grade II, moderate, diffuse increase in fine echoes with
slightly impaired visualization of intrahepatic vessels and di-
aphragm; grade III, marked increase in fine echoes with poor
or non-visualization of the intrahepatic vessel borders, dia-
phragm and posterior right lobe of the liver. Investigations to
exclude other causes of chronic hepatitis were undertaken.

Liver biopsy

Percutaneous liver biopsy was done in consenting patients.
Biopsy tissues were evaluated by a single pathologists and
were scored using Brunt’s criteria [26]. Grading was done as
follows: (a) steatosis was graded as 0 (no steatosis), 1 (< 33%
of biopsy), 2 (33% to 66%), and 3 (> 66% of biopsy); (b)
necro-inflammation was graded as 1–3; and (c) fibrosis was
graded as 1 (zone 3 fibrosis, focally or extensively present), 2
(zone 3 fibrosis with periportal fibrosis), 3 (zone 3 fibrosis
with bridging fibrosis), and 4 (cirrhosis).

Jejunal aspiration

Jejunal aspirate was collected during upper gastrointestinal
endoscopy done under light sedation using a pediatric co-
lonoscope and a double lumen catheter described by us
previously with some modifications [23, 27]. Briefly, the
catheter assembly had an inner tube that was 3 cm longer
than the outer tube. An obturator blocked the mouth of the
outer tube. The assembly was sterilized by autoclaving.
On reaching the jejunum, the catheter assembly was intro-
duced through the biopsy channel of a sterilized pediatric
colonoscope. The inner tube was then pushed beyond the
tip of the outer tube once the outer tube was 4–5 cm ahead
of the tip of the endoscope. This led to dislodgement of the
obturator from the tip of the outer tube. Jejunal aspirate,
collected through the inner tube with a sterile syringe, was
used for aerobic and anaerobic bacterial culture
(transported in Robertson’s cooked meat medium for the
latter) and colonies counted by serial dilution technique
[23, 27].
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Bacteriological studies

Bacterial species were cultured and identified using standard
techniques [28]. Briefly, for aerobic culture, samples were ho-
mogenized and then diluted serially. Aliquots of non-diluted
sample and each dilution (100 μL each) were plated on blood
agar and MacConkey agar. After incubation, colonies were
counted and bacterial species identified using standard tech-
niques [28, 29]. For anaerobic culture, Robertson’s cookedmeat
broth was used. Undiluted sample and serial dilutions (100 μL
each) were sub-cultured onWilkins-Chalgren agar. For anaero-
bic culture, anaerobic jars (McIntosh) were used. The standard
anaerobic recipe has 3 evacuation replacement cycles. Strains of
Clostridium difficile, Clostridium perfringens, Bacteroides
fragilis, and Gram-negative cocci were used as positive control
with each batch.Pseudomonas aeruginosawas used as negative
control. Cultures were examined for bacterial growth after incu-
bation for 48 h and, if negative, after 5 days at 37 °C in an anaer-
obic chamber. In case of bacterial growth, colonieswere counted
and bacterial species identified using standard techniques [15,
27]. Rogosa agar was used for lactobacilli and was incubated in
anaerobic conditions [28]. Bacterial counts were expressed as
logarithm of colony forming units per milliliter of jejunal fluid.
Total bacterial colonies and count of each specieswere obtained.

Glucose hydrogen breath test

Glucose hydrogen breath test was performed after adequate
preparation using standard technique [22] within 1 week of
conducting bacteriological studies. Standard criteria described
previously (> 12 parts per million above basal in breath hy-
drogen on at least two consecutive reading) were used for
diagnosis of SIBO on GHBT [22].

Ethics clearance

The study protocol was approved by the Ethics Committee of
the Institute. Informed consent was obtained from each subject.

Statistical analysis

Sample size was calculated based on Indian studies showing
frequencyofSIBOamongNASHtobe37%[12]and thatamong
controls to be 1% [30–32], two-sided confidence interval (CI) of
90% and power of 80%, and ratio of controls to cases of 0.3; 31
cases and 10 controls were estimated. For calculation of sample
size, EpiInfo software version 7 (Center for Disease Control and
Prevention, Atlanta, Georgia, USA) was used.

Data were expressed as median and range. Comparison
between continuous and categorical data in various groups
was done using Mann-Whitney U and Chi-square tests with
Yates’ correction, if applicable, respectively. Two continuous
variables were correlated using Spearman’s correlation.
Differences were considered statistically significant at
p<0.05. Data were analyzed by SPSS version 15 (SPSS,
Inc., Chicago, IL, USA), R, Epicalc and R-studio software
(R development core team, Vienna, Austria) and MedCalc
version 14 (Warandeberg 3, 1000 Brussels, Belgium).

Results

Demographic, clinical, and biochemical parameters Since
adequate jejunal aspirate could not be obtained in 3 patients
with NASH, they were excluded from the analysis. Thirty-five
patients with NASH whose data were finally analyzed (medi-
an age 37.0 years, range 20–54, 7, 20% female) were

Table 1 Demographic, clinical,
and laboratory parameters of
patients with non-alcoholic
steatohepatitis and controls

Patients with NASH (n = 35) Controls (n = 12) p-values

Age (year, median, range) 37.0 (20–54) 39.5 (26–44) Ns

Gender (male) 28 (80%) 9 (75%) Ns

BMI (kg/m2) 25.4 (20.4–37.5) 21.0 (19–22.9) < 0.0001

Waist-hip ratio 0.97 (0.84–1.09) 0.81 (0.78–0.93) < 0.0001

Fasting blood sugar (mg/dL) 75 (70–182) 91 (79–99) 0.01

Alanine aminotransferase (U/L) 90 (29–349) 31.5 (22–40) < 0.0001

Aspartate aminotransferase (U/L) 67 (19–292) 28 (22–34) 0.0001

Fatty liver grade on USG

None 0 12 (100) 0.0

Grade I 14 (40.0%) 0

Grade II 16 (45.7%) 0

Grade III 5 (14.2%) 0

Jejunal aspirate colony counts (CFU/mL) 330 (0–200,000) 0 (0–1000) 0.02

SIBO on GHBT 2 (5.7%) 0 (0%) Ns

NASH non-alcoholic steatohepatitis, BMI body mass index, UCG ultrasonography, CFU colony forming unit,
SIBO small intestinal bacterial overgrowth, GHBT glucose hydrogen breath test, Ns not significant.
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comparable to 12 controls (age 39.5 years, 26–44; 3, 25%
female) in age and gender. Table 1 presents the demographic,
clinical, and laboratory data of patients and the controls.
Anthropometric parameters in patients with NASH were me-
dian (range), weight 70 kg (55–115), height 1.7 m (1.5–1.8),
BMI 25.4 kg/m2 (20.4–37.5), and waist-hip ratio 0.97 (0.84–
1.09). Twenty of 35 (57.1%) patients with NASH had
BMI >25 kg/m2 that has been defined as obesity in India.
Three patients with NASH were diabetic. None of the control
was obese (median BMI 21 kg/m2, range 19–22.9) or diabetic.

Ultrasonography revealed grade 1, 2, and 3 fatty liver in 14
(40.0%), 16 (45.7%), and 5 (14.2%) patients, respectively.
Median alanine and aspartate aminotransferases (ALT and
AST) values were 90 IU/L (29–349) and 62.5 IU/L (17–
292), respectively. Of 27/35 (77%) patients undergoing liver
biopsy, histology revealed steatosis (none in 1, grade 1 in 17,
grade 2 in 8, and grade 3 in 1), necro-inflammation (stage 1 in
19, stage 2 in 6, and stage 3 in 2), and fibrosis (stage 1 in 13,
stage 2 in 8, stage 3 in 2, and stage 4 in 4).

Patients with NASH who underwent or did not undergo
liver biopsy were comparable in demographic, clinical, and
laboratory parameters (Table 2).

Glucose hydrogen breath test result GHBTwas done in 25
patients, 2 of whom were positive for SIBO. None of the
controls had SIBO on GHBT.

Result of jejunal aspirate culture Jejunal aspiration proce-
dure was safe and well tolerated by all the patients. Of 35

patients with NASH in whom adequate jejunal aspirate could
be obtained, culture was sterile in 14 (40%) and aerobic bac-
teria were isolated in 21 (60%), one of whom also grew anaer-
obes. In contrast, bacteria were isolated in 3/12 (25%) controls
(odds ratio 4.5, 95% CI 1.0–19.5; p=0.04; Acinetobacter
baumannii, which is Gram negative, in two). Gram negative
bacteria tended to be commoner in NASH than controls (16/35
vs. 2/12; odds ratio 4.2, 95%CI 0.8–22; p=0.07). Patients with
NASH had higher colony counts of bacteria in jejunal aspirate
than controls (median 330 CFU/mL, range 0–200,000 vs. me-
dian 0 CFU/mL, 0–1000; p=0.02; Fig. 1). The colony counts in
whom the organisms were grown on cultures was less than
103 CFU/mL in 7, between 103 and 105 CFU/mL in 9, and ≥
105 CFU/mL in five. Both the patients with positive result on
GHBT did not grow any bacteria on jejunal aspirate culture.

Table 3 shows the nature of bacteria isolated. Gram positive,
negative, and both Gram positive and negative bacteria were
grown in jejunal aspirate of 5 (38%), 13 (62%), and 3 (14%) of
21 patients with NASH, respectively. Though the colony counts
among patients having growth ofGramnegative and bothGram
negative and positive bacteria were higher than those having
Gram positive bacteria, there was no relationship between the
colony counts and the type of bacteria and BMI, and degree of
transaminase elevation (Figs. 2 and 3a–d).

SIBO was present in 7/35 (20%) patients with NASH (≥
105 CFU/mL on jejunal aspirate culture in 5 and on GHBT in
2 other) and no control (p=ns); however, low grade bacterial
overgrowth (≥103 CFU/mL) was detected more often among
patients with NASH than controls (14/35, 40%, vs. 1/12,

Table 2 Demographic, clinical, and laboratory characteristics of patients with non-alcoholic steatohepatitis who underwent or did not undergo liver
biopsy and controls

Parameters Underwent liver biopsy
(n = 27)

Did not undergo liver
biopsy (n = 8)

p-values first vs.
second columns

Controls
(n = 12)

p-values first vs.
fourth columns

Age (year) 38 (21–54) 37 (20–44) 0.6 39.5 (26–44) 0.5

Gender (male) 20 (74.1%) 8 (100%) 0.1 9 (75%) 1.0

BMI (Kg/m2) 25.3 (20.4–32.6) 26.1 (22.3–37.5) 0.8 21.0 (19–22.9) < 0.0001

Waist-hip ratio 0.97 (0.8–1.0) 0.97 (0.9–1.0) 0.7 0.81 (0.78–0.93) < 0.0001

Fasting blood sugar (mg/dL) 75 (70–182) 81 (72–103) 0.5 91 (79–99) < 0.01

ALT (U/L) 105 (35–349) 90 (29–146) 0.4 31.5 (22–40) < 0.0001

AST (U/L) 70 (23–292) 46 (19–87) 0.055 28 (22–34) < 0.0001

Grade of fatty liver on USG

Grade I 11 (40.7%) 3 (37.5%) 0

Grade II 12 (44.4%) 4 (50%) 0.9 0 0

Grade III 4 (14.8%) 1 (12.5%) 0

High-grade SIBO (≥ 105 CFU/mL) 4 (14.8%) 1 (12.5%) 1 (8.3%)

Low-grade SIBO (≥ 103 but ≤ 105 CFU/mL) 8 (26.6%) 1 (12.5%) 0.4 0.03

Jejunal aspirate colony counts (CFU/mL) 70,000 (0–200,000) 50,000 (0–100,100) 0.3 0 (0–1000) 0.01

Gram negative bacteria 12 (44.4%) 4 (50%) 1.0 2 (16.6%) 0.1

BMI body mass index, UCG ultrasonography, CFU colony forming unit, ALT alanine aminotransferase, AST aspartate aminotransferase, SIBO small
intestinal bacterial overgrowth
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8.3%; odds ratio 7.3, 95% CI 0.8–63; p=0.04). Even after
excluding patients with NASH not undergoing liver biopsy,
conclusion did not change (Table 2).

Comparison of patients with and without SIBO
Demographic, anthropometric, and laboratory parameters of
patients with or without SIBO (based on the conventional
definition of ≥ 105 CFU/mL on jejunal aspirate culture) were
comparable (Table 4).

Discussion

In the present study, we found that (i) though according to
conventional definition (jejunal aspirate colony count
≥105 CFU/mL) frequency of SIBO was comparable among
patients with NASH and controls, low-grade SIBO

(≥103 CFU/mL) was commoner among patients with
NASH; (ii) Gram negative bacteria was commonly isolated
in NASH and their frequency tended to be higher than among
controls; and (iii) there was no relationship between the colo-
ny counts and the type of bacteria and demographic and bio-
chemical parameters.

The finding of the present study is important as it is being
realized currently that low grade bacterial overgrowth (≥
103CFU/mL)maybesignificantinothergastrointestinaldisorders
such as IBS and tropical sprue and may contribute to the patho-
genesis of these conditions [15, 23, 33, 34]. In a recent study in
patients with IBS, it was shown that treatment with norfloxacin,
directed against SIBO, resulted in symptom improvement more
often inpatientswithhigh- (≥ 105)andlow-grade(≥ 103but≤ 105)
SIBO than those without SIBO (either low- or high-grade) sug-
gesting the importance of low-grade SIBO [34]. In another study,
therewere 9/13patientswith tropical spruewith bacterial contam-
inationofsmallbowel,whichwasmorethancontrols[23].Growth
of≥ 103CFU/mLof colonic type florawas regardedas significant
bacterial contamination of the small bowel [23]. Hence, a colony
count in jejunal aspirateof≥ 103CFU/mLhasbeendefinedas low
grade SIBO recently [15]. Role of the gutmicrobiota inmetabolic
disorders includingobesity, diabetesmellitus, atherosclerosis, and
coronary artery disease, broadly considered as metabolic syn-
drome, is being understood in the recent years [35–37]. NASH is
also included in metabolic syndrome, which is often associated
with the other metabolic disorders [38]. Hence, quantitative
(SIBO) andqualitative alteration ingutmicrobiota is quite expect-
ed to be associated with NASH. However, there is scarcity of the
data on this issue in the literature. In an earlier study by Riordan
etal.using jejunalaspirateculture, the incidenceof liver injurywas
not common inpatientswithSIBO[39].The findings in our study
are somewhat different than those reported earlier by Wigg et al.
who found that SIBO was present more often in patients with
NASH (50%) than controls (22%) [13]. Though we found SIBO

Fig. 1 Bacterial colony count in jejunal aspirate in patients with non-
alcoholic steatohepatitis (NASH) and controls. CFU: colony forming unit

Table 3 Bacteria isolated in
patients with non-
alcoholic steatohepatitis

Group Name of the bacteria Number of patients
in whom isolated

Gram positive (n=5) Streptococcus spp. 3

Enterococcus faecalis 2

Gram negative (n=13) Pseudomonas aeruginosa 5

Klebsiella pneumonia 4

Acinetobacter baumannii 2

Acinetobacter iwofii 1

Acinetobacter baumannii + Proteus mirabilis 1

Both Gram positive
and negative (n=3)

Pseudomonas aeruginosa + Clostridium 1

Enterobacter aerogenes + Acinetobacter
baumannii + Enterococcus faecalis

1

Streptococcus spp. + Pseudomonas aeruginosa 1

Total 21
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as defined by colony count of ≥ 105 CFU/mL was comparable
between patients with NASH and controls, a low-grade SIBO
wascommoner among thepatients.One reason for lower frequen-
cyofhigh-gradeSIBOinourpatientpopulationmaybebecauseof
lower BMI of our patients (26.6 ± 4.0 kg/m2) when compared to
the earlier study (30 ± 6 kg/m2) as obesity itself has shown to be
associatedwith SIBO [14].

Recently, based on animal studies, gut microbiota have been
suggested to play important role in pathogenesis of different
spectrum of non-alcoholic fatty liver diseases (NAFLD) ranging
between steatosis, NASH, fibrosis, and liver cancer [40]. To
make our study population homogeneous, we included patients
with NASH only. Though liver biopsy is considered important to
diagnose NASH [41], it could not be done in 23% of non-
consenting patients and none of the controls due to its invasive
nature with potential risk of complication and ethical issues.
However, the demographic, clinical, and laboratory parameters

of patients undergoing and not undergoing liver biopsy were
comparable (Table 2), suggesting that this limitation might not
be a major limitation. A practice guideline published by
American Association for the Study of Liver suggested that liver
biopsy should be performed in those whowould benefit the most
from diagnostic, therapeutic guidance, and prognostic perspec-
tives [41].

Several human studies also showed that fecal microbial
dysbiosis studied using 16S ribonucleic acid gene sequencing
was commoner among patients with NASH than controls
[42]. A few studies even showed that some specific species
of microbial metagenome were associated with specific liver
lesion such as Bacterioides with NASH and Ruminococcus
with fibrosis [10]. In another study, Escherichia,
Anaerobacter, Lactobacillus, and Streptococcus metagenome
in feces were associated with NAFLD [43]. In yet another
study, the presence of Gram negative bacterial

Fig. 2 Dot plots show relationship between types of bacteria (Gram positive, negative and both), and, a colony counts on jejunal aspirate culture, b body
mass index, c alananine aminotransferase (ALT), and d aspartate aminotransferase (AST)
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metagenome was associated with NAFLD [44]. This ob-
servation is somewhat in line with the result of our study
showing that Gram negative bacteria tended to be commoner
in patients with NASH than controls. However, in the earlier
study [44], altered fecal microbiota correlated with liver bio-
chemistry in patients with NAFLD, which is different than the
results of the present study. A few specific microbes being
associated with NASH can be explained based on the fact that
different gut microbes produce different metabolites and
hence, immune function [40, 42, 43].Moreover, some specific
microbes such as E. coli, Bacteroides, Bifidobacteria,
Clostridia, and Ruminococcus are known to produce alcohol
from dietary carbohydrates, and portal vein alcohol has been
shown to be elevated in these patients even in the absence of
alcohol ingestion [21].

Diabetes and hypothyroidism are known to cause SIBO
[45]. In our study, diabetes mellitus or impaired glucose

tolerance was present in three patients and in only one of them
the jejunal aspirate culture was positive. In this patient, the
cul ture grew Enterococcus with <105 CFU/mL.
Hypothyroidism was present in only one patient in whom
the culture, as well as GHBT, was negative.

We used the quantitative culture of jejunal aspirate, the
gold standard test for the diagnosis of SIBO [15]. In our study,
we performed GHBT in spite of its low sensitivity to diagnose
SIBO due to its non-invasive nature and high specificity [15,
22]. It helped us to pick up two additional patients with SIBO
in whom jejunal aspirate cultures were negative. This might
have resulted from SIBO in location beyond the reach of en-
doscopic aspirating catheter. Moreover, GHBT, being non-in-
vasive, could also be performed among controls. It was shown
in earlier studies that jejunal culture is more sensitive than
hydrogen breath tests [33]. In a study by Corazza et al., the
sensitivity and specificity of glucose breath test were 62% and

Fig. 3 Scatter plots show correlation between bacterial colony counts on jejunal aspirate culture, and a bodymass index (BMI), bwaist hip ratio (WHR),
c alananine aminotransferase (ALT), and b aspartate aminotransferase (AST). None of these correlation analyses were significant
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83%, respectively [46]. Limited data available on the D-xylose
breath test to diagnose SIBO also suggests a low specificity of
this investigation [47]. Therefore, most human studies on
SIBO in patients with NASH had limitations [11–13]. The
present study is the second study in which quantitative culture
of jejunal aspirate, the currently accepted gold standard meth-
od for diagnosis of SIBO, though not perfect, has been used.
The only other study that used aspirate culture found 37%
frequency of SIBO among patients with NAFLD; however,
in that study, no control was included [12].

Our study had a few limitations. The control group includ-
ed previously reported patients with constipation-predominant
IBS rather than healthy subjects. Though ideal controls could
have been socioeconomically comparable healthy subjects,
we could not include them for endoscopic jejunal aspiration
due to ethical issue. Though a fourth of patients with IBS are
known to have SIBO, it usually occurs in patients with
diarrhea- rather than constipation-predominant IBS [33, 48].
Moreover, our results showed that even in comparison with
patients with IBS, NASH patients more often had low-grade
SIBO suggesting that inclusion of healthy subjects as controls
would not refute our conclusion. The ratio of patients to con-
trols were kept as 3:1 as the control group included previous-
ly reported patients and it is difficult to get consent of control
population for endoscopic jejunal aspiration due to the degree
of discomfort associated with it. Though we excluded the
presence of NASH by liver function test and USG, liver biop-
sy or non-invasive magnetic resonance spectroscopy were not
done. However, as shown in Table 2, even after excluding the

patients who did not undergo liver biopsy, the conclusions
remain valid. This is an association study. Cause and effect
relation cannot be concluded from this study.

In conclusion, low-grade SIBO was commoner among pa-
tients with NASH as compared to controls.
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