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Introduction

Increasing evidence suggests a role for the intestinal microbiota in 
colorectal cancer (CRC),1 colorectal adenomas2 and several other 
conditions such as inflammatory bowel diseases (ulcerative colitis 
and Crohn disease),3 irritable bowel syndrome (IBS),4 obesity5 
and type-1 diabetes.6 The launch of the Human Microbiome 
Project7 and the advent of molecular techniques have greatly 
increased our ability to identify and characterize microbial com-
munities, thus improving our understanding of the role of the 
microbiota in common chronic diseases.

Currently, gut bacterial diversity in the human colon is deter-
mined through analysis of the luminal content (stool) and muco-
sal biopsies. Colorectal biopsies capture the diversity of flora in 
the mucosal layer of the large intestine where adherent bacteria 
reside.8,9 The bacteria in this compartment are of interest because 
of their direct interaction with the host immune system, and by 
consequence, their possible direct link to disease development.10 
Unfortunately, methods for obtaining colorectal biopsies such 
as sigmoidoscopy, anoscopy or colonoscopy are expensive and 
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time consuming and may subject the patient to discomfort and 
inconveniences associated with the procedures.11 Stool sampling, 
which does not pose a major risk to patients, is least liked because 
of the patient distaste for handling feces. A simpler, standard-
ized, risk-free and inexpensive method to sample the gut bacteria 
would represent an important contribution.

In this study, we compared rectal swabs as a noninvasive low-
risk sampling method and rectal mucosal biopsies obtained via 
unprepped, rigid sigmoidoscopy to assess the bacterial commu-
nity composition and diversity of the human gut using terminal 
restriction fragment length polymorphism (T-RFLP) and quanti-
tative PCR (qPCR) of the bacterial 16S rRNA gene. We hypoth-
esized that rectal swabs have comparable bacterial diversity to 
rectal mucosal biopsies from the same participant.

Results

Study population. The mean age of participants was 56.3 y ± 5.6. 
Forty-five percent of the participants were male, and the average 
body mass index (BMI) was 30.5 ± 6.4 (Table 1). Rectal mucosal 
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significant differences were only observed for Lactobacillus spp 
and Eubacteria (Fig. 4).

Discussion and Conclusions

The association between colorectal adenomas and dysbiosis of 
gut microbes has been previously reported2,13 and could serve as 
the basis to identify microbial signatures that could lead to the 
development of tests to identify individuals at risk of develop-
ing colorectal cancer. Biopsies collected during colonoscopy, as 
well as stool samples, are the current methods to characterize the 
microbiota of the large intestine. A simple, standardized, risk-free 
and inexpensive method to assess bacterial community composi-
tion of the gut could lower the risks and inconvenience associated 
with collection of these samples. In the present study, we system-
atically compared the bacterial composition of rectal swabs and 
rectal mucosal biopsies collected during an un-prepped sigmoid-
oscopy from 11 participants. We assessed whether bacterial com-
munity composition from these two sampling sites is comparable 
and whether rectal swabs could be a viable alternative to currently 
used methods.

We used 16S rRNA gene T-RFLP fingerprinting analysis to 
reveal significant differences in the bacteria community pro-
files of samples collected via rectal swabs vs. mucosal biopsies. 
Similarly, bacterial diversity indexes showed significant differ-
ences between the two sampling sites. Swab samples had higher 
bacterial abundance and diversity compared with rectal mucosal 
biopsies. Durbán et al.14 compared bacterial community compo-
sition of stool samples and rectal mucosal biopsies obtained from 
an un-prepped population of healthy participants. They reported 
that fecal and mucosal bacterial diversity from the same subject 
are different. In a study that compared healthy subjects to IBS 
subjects, Carroll et al.4 observed reduced bacterial abundance and 
diversity in mucosal samples compared with stool samples from 
the same subjects. Our findings are compatible with the reports 
of Carroll et al. and Durbán et al. although we extended those 
findings to rectal swabs compared with biopsies. Similar to these 
and previous studies,15 our results suggest that different niches 
within the large intestine possess distinct bacterial populations.

This is the first study we are aware of to compare gut micro-
bial composition of samples collected via rectal swabs vs. rec-
tal biopsies in subjects who had adenomas and those without 
adenomas. Additionally, investigating noninvasive alternatives 
for stratification of risk for colorectal cancer has the potential 
to increase screening rate and screening compliance among the 
population at risk since some participants may prefer to utilize 
easier and more convenient screening methods.16,17 Our findings 
from T-RFLP analysis showed statistically significant differences 
in the bacterial profiles from rectal swabs and mucosal biopsies. 
These results suggest that a quick fingerprinting technique could 
be efficiently used to compare bacterial community profiles 
before investing additional costs and time with more advanced 
sequencing technologies.

Our samples were obtained from un-prepped participants, 
which is a problem because it could increase the chances of con-
tamination of rectal swabs with luminal content.18 Since previous 

biopsies were obtained via rigid sigmodoscopy at approximately 
10 cm from the anal verge while swabs were obtained 1–2 cm 
from the anal verge. Participants did not undergo colonic cleans-
ing preparation prior to sample collection.

Analysis of T-RFLP profiles showed overall differences 
in community composition between swabs and biopsy sam-
ples. Hierarchical clustering of the 16S rRNA gene Terminal 
Restriction Fragments (T-RFs) based on Bray-Curtis similari-
ties showed two main clusters suggesting differences in bacte-
rial communities between samples collected from rectal swabs 
and biopsies (ANOSIM R = 0.387, p = 0.001) (Fig. 1). Cluster-1 
was comprised entirely of rectal swab samples (100%) while 
cluster-2 was composed mainly of biopsy samples (73% biop-
sies and 27% swabs). Adenoma case/control analysis showed 
the results were independent of adenoma status. The cluster 
analysis for cases and controls are shown in Figure S1.

Using similarity percentage analysis (SIMPER), we assessed 
which specific T-RFs contributed to the differences between 
swabs and biopsies. A total of 26 T-RFs accounted for the overall 
diversity for the two groups, with a higher number of unique 
T-RFs in rectal swab samples than rectal biopsies (Fig. 2). Sixteen 
T-RFs were unique to swab samples (107, 108, 110, 112, 113, 146, 
35, 387, 39, 399, 51, 53, 58, 59, 61 and 62), while 2 TRFs (369 
and 72) were unique to biopsy samples. Distribution of T-RFs for 
each individual sample as well as Bray-Curtis similarities matrix 
showed marked differences between swabs and biopsies from 
the same participant (Fig. S2A and B). We also assessed mea-
sures of microbial diversity namely richness (N), evenness (J’) 
and Shannon’s H (diversity) and observed that overall diversity 
measures were higher in rectal swabs compared with rectal biop-
sies (Fig. 3). Altogether, the T-RFLP results demonstrate that the 
bacterial community composition from rectal swabs and rectal 
biopsies are different.

Quantitative PCR showed differences in abundance of 
specific bacterial groups between swabs and biopsy sam-
ples. Clostridium spp, Bifidobacterium spp, Bacteroides spp, 
Lactobacillus spp and E. coli, bacteria groups that have been 
shown to be predominant members of the human gut microbi-
ota1,4,12 were quantified by qPCR of the 16S rRNA gene and the 
results were normalized to human 18S RNA gene. All quantified 
bacterial groups and Eubacteria bacterial groups (as assessed by 
Universal 16S rRNA primers) showed higher abundance in swab 
specimens compared with biopsy samples. However, statistically 

Table 1. Characteristic of study population (n = 11)

Characteristic Mean (SE)* or percent

Age (yrs) 56.3 (5.1)

Adenomas (%) 54.5

Sex, Male (%) 45.5

Body mass index (BMI) 30.5 (6.4)

Waist-hip-ratio (WHR) 0.97 (0.04)

Race, White (%) 81.8

Rectal mucosal biopsies and rectal swabs were collected for all partici-
pants. Swab samples for two participants were excluded from qPCR 
analysis because of insufficient DNA. *SE, standard error.
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Materials and Methods

Study population and sampling. Study population included 11 
participants enrolled as part of an ongoing curcumin trial at UNC 
Hospitals. Eligibility criteria included: good general health, age 
40–80 y, willingness to follow the study protocol and provision 
of informed consent. As part of the study protocol, two swab 

studies have observed that the luminal cavity and the colonic 
mucosa contain distinct bacterial communities,14,19-21 use of un-
prepped participants for sampling may have mixed those two bac-
terial communities. Another source of swab contamination may 
have been from local skin flora due to inadvertent swab contact 
with adjacent skin prior to insertion through the anus. We selected 
Staphylococcus aureus (S. aureaus), a predominant skin microbe,22 
to assess the level of contamination of skin bacteria in swabs and 
biopsies. S. aureus was considerably more abundant in swabs  
(3.2 ± 0.192) than biopsies (1.6 ± 0.075) suggesting a potential 
contamination of swab samples with skin flora. In future studies, 
collecting samples through a sheath might reduce contamination 
by skin microbes. Finally, future studies should include a larger 
study population that samples several sites such as luminal, rectal 
swabs and biopsies in order to get a better picture of the microbial 
populations in the large intestine.

In summary, our findings suggest that the bacterial diversity 
in samples collected via rectal swabs and mucosal biopsies are 
different. While differences in bacterial community composi-
tion can be attributed to a whole array of factors, including host 
genetics and the environment, our sampling scheme enabled us 
to observe the diversity associated with two different sampling 
locations. Our results suggest potential differences in the niches 
within the human large intestine in relation to bacterial com-
munities. Moreover, the differences in bacterial community 
composition that we observed suggest that both, swab sampling 
and biopsy collection, may be needed in order to get the full 
spectrum of the microbial community composition of the gut. 
Characterizing these unique bacterial communities of the large 
intestine is a first step toward understanding the complex asso-
ciation between bacterial diversity in the gut and intestine and 
disease development.

Figure 1. Hierarchical clustering of bacterial community profiles in rectal swabs and rectal biopsies. Bray-Curtis similarities were used to construct a 
dendrogram composed of the samples provided by the participants (1–11). Each participant is represented twice: rectal swab (green triangles) and 
rectal biopsy (blue triangles).

Figure 2. A Distribution of terminal-restriction fragments (T-RFs) in rec-
tal swabs and rectal biopsies. Bars represent the average abundance of 
each T-RF grouped by biopsies (red) or swabs (blue). Asterisks represent 
T-RFs that are significantly different (p < 0.05) between rectal biopsies 
and rectal swabs as assessed by t-test.
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samples were collected for each participant 
prior to sigmoidoscopy. Swab specimens 
were collected by inserting a sterile cotton-
tipped swab (14-959-82, Fisher Scientific) 
1–2 cm beyond the anus and rotating for 
several seconds. Swabs were then placed 
into sterile phosphate buffered saline 
(PBS), vortexed for at least 2 min to ensure 
release of bacteria and stored at -80°C 
until further processing. Rectal muco-
sal biopsies were obtained through a rigid 
disposable sigmoidoscope (Welch Allyn 
KleenSpec Disposable Sigmoidoscope with 
Obturator) coated with gel and inserted to 
approximately 10 cm with the participant 
in the left lateral position. Disposable flex-
ible biopsy forceps (Olympus EndoJaw 
Alligator Jaw-Step, Shinjuku) were used to 
obtain single mucosal pinches (3–10 mg) 
from two separate sites. Biopsy samples 
were rinsed in sterile PBS as previously 
described,2,13 snap-frozen, and then stored 
at -80°C until further processing. All sam-
ples for this study were collected prior to 
initiating treatment for all participants. 
Swab samples for two participants were 
excluded from qPCR analysis because of 
insufficient DNA. The study was approved 
by the Institutional Review Board (IRB) at 
the University of North Carolina School of 
Medicine (Protocol #10-1524).

DNA extractions and terminal restric-
tion fragments length polymorphisms 
(T-RFLPs). DNA extraction was per-
formed on 500 μl of pelleted swab suspen-
sion and mucosal biopsy pinches (3–10 
mg) using Qiagen’s DNeasy Blood and 
Tissue kit (69504). Samples were treated 
with lysozyme followed by bead beating 

Figure 3. Measures of T-RF diversity in rectal swabs and rectal biopsies. Bars represent average diversity as estimated by T-RF richness (p = 0.014), 
evenness (p = 0.058) and Shannon’s diversity (p = 0.04). Calculated standard error is represented atop each bar graph. Statistical significance (*) was 
calculated by t-test.

Figure 4. Quantitative PCR of Bacterial 16S RNA Gene of (A) Lactobacillus spp, (B) Eubacteria, (C) 
Bacteroides spp, (D) E. coli, (E) Clostridium spp and (F) Bifidobacterium spp in rectal swabs and 
rectal biopsies. A significant increase in Lactobacillus spp (p < 0.0001) and Eubacterium spp  
(p = 0.0003) was observed in rectal swabs compared with rectal biopsies (*).
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area and fluorescence data were normalized and processed as 
described by Abdo et al.25 The contribution of individual T-RFs 
was calculated as a proportion of the total T-RF peak area for 
each sample. For our analysis, we used these proportions rather 
than absolute numbers. The data matrix was used to generate 
Bray-Curtis similarities, a pairwise index of the degree of similar-
ity, where values range from 0–100%. The generated values were 
then used to construct hierarchical clusters to observe grouping 
of samples base TRF abundance. We compared the similarities 
between groups (rectal swab/biopsy) by analysis of similarities 
(ANOSIM), a non-parametric test, were the significance is com-
puted by permutation of group membership with 999 replicates. 
The test statistic R, which measures the strength of the correla-
tions ranges from -1 to 1. An R value of 1 signifies differences 
between groups while an R value of 0 signifies that the groups 
are identical.

To determine the specific phylotypes that contributed to the 
differences in bacterial composition between swabs and biop-
sies we used similarity percentage (SIMPER) to compute the 
proportions of phylotypes for each group. Differences in bacte-
rial richness (measure of the number of phylotypes) evenness 
(measure of how evenly the individuals are distributed among 
different phylotpes) and Shannon diversity index (measure 
of diversity) as well as mean bacterial 16S gene copy number 
between rectal swabs and biopsies were evaluated by t-test. The 
data analysis protocol has been previously described Shen et al. 
20102 and was performed with the Primer 6 statistical package 
(PRIMER E).
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on a bullet blender homogenizer (Next Advance, Inc.), using 
a modified protocol.8 T-RFLP is a PCR-based fingerprinting 
method to assess bacterial composition in gut samples. T-RFLP 
profiles were collected on both biopsy and swab samples fol-
lowing a previous protocol described by Shen et al. 2010.2 For 
both biopsies and swabs, a standard amount of DNA (50 ng) 
was used as template for PCR. Swab samples for two partici-
pants were excluded from qPCR analysis because of insuffi-
cient DNA.

Quantitative PCR (qPCR) to assess specific bacteria known 
to be present in the human gut. Clostridium spp, Bifidobacteria 
spp, Bacteroides spp, Lactobacillus spp and E. coli,4 bacterial 
groups that have been shown to be predominant members of the 
human gut microbiota as described by previous studies1,4,12 were 
quantified using primers for PCR amplification of the 16S rRNA 
(rRNA) gene specific for each bacteria groups (Refer to Carroll  
et al.4 for primer sequences). Also, universal 16S rRNA prim-
ers were used to capture all bacterial diversity for each sample 
henceforth referred as Eubacteria while Staphyloccocus aureus 
(S. aureus)23 16S rRNA primers were used to assess contamina-
tion with skin bacteria. Modifications to the original protocol 
by Carroll et al.4 included: the use of Fast SYBR Green Master 
Mix (Applied Biosystems, P/N: 4385614) and dilution of tem-
plate DNA to a 1:10 (Clostridium, Bifidobacteria, Lactobacillus 
and Eubacteria) and 1:100 (Bifidobacteria, S. aureus and  
E. coli). Finally, the copy number for group-specific bacterial 
16S rRNA gene was calculated based on a standard curve, which 
was adjusted to a starting DNA concentration of 50 ng/μL using 
the following formula to the unadjusted values: [50 ng/(A/B)] X 
unadjusted copy#

Here A is the concentration of the template DNA and B is 
the dilution factor; either 1:10 or 1:100. All bacterial specific 
quantifications were normalized to human 18S rRNA gene to 
account for the proportion of bacteria to human DNA in the 
samples. The ratio of bacterial-specific 16S abundance to human 
18S rRNA abundance24 was used to determine the copy number 
and the differences between swabs and biopsies were compared 
by t-Test. Swab samples for two participants were excluded from 
qPCR analysis because of insufficient DNA leaving 9 swab sam-
ples for analysis.

Data analysis. We compared T-RFLP profiles from swabs 
and biopsies to determine bacterial community composition 
and diversity. The T-RF (phylotype) peaks size and area were 
determined by GeneMapper (Applied Biosystems Inc.). Peak 
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