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Abstract
We compared the collection techniques of fecal specimens for DNA extraction and fecal microbiome analysis by utilizing the glove from a standard-of-care digital rectal exam (DRE) and the rectal swab from a
pre-prostate biopsy bacterial rectal culture collected in clinical care settings.
DNA yield from the swab technique compared to the glove technique yielded
similar amounts of DNA (18.1 vs. 13.1 ng/μL, p = 0.06), slightly favoring the
swab technique. However, utilizing DNA yield cutoffs of 15 ng/μL (37% vs.
29%, p = 0.18) and 30 ng/μL (15% and 9%, p = 0.16), we identified no differences in yield between the swab versus glove technique, respectively. Absorbance values for overall DNA quality were significantly different in favor of
the glove technique (mean 1.6 vs. 2.0, p < 0.001). Using an absorbance value
of 1.5 as an indication of DNA quality, only 26% (19/91) met the cutoff value
using the swab group compared to 47.3% (53/112) if the glove technique was
used (p < 0.001). Similar results occurred for the RNA quality with an absorbance value cutoff of 2.0 (2.2% vs. 30.4%, p < 0.001). To increase sampling
feasibility and improve population sampling, gloves used from a DRE may be
utilized as a consistent and efficient fecal DNA collection technique for fecal
microbiome analysis. DNA yield and quality from the glove technique are
comparable to—if not better than—rectal swab collection.
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1. Introduction
Advances in microbiome analysis have led to new approaches and investigation
into microbiological influence on cancer pathogenesis. In order to expand microbiome research, collection of samples should be incorporated into clinical
care with easy attainment. The intestinal microbiome may play a potential role
in the pathogenesis of many types of cancer, therefore leading to potential modifiable biomarkers to be utilized along with cancer-screening programs [1] [2]
[3] [4]. Additional studies have shown that intestinal microbiota is essential for
cancer immunotherapy [3]. With advances in next-generation sequencing
(NGS), the microbiome is a relatively new field with enormous implications to our
health [5]. While the microbiome has largely been investigated in gastrointestinal
cancers, microbiome research is rapidly expanding to non-gastrointestinal disease
due to its implications on circulating metabolites [2] [5] [6] [7].
Unfortunately, there have been limited reports investigating the effectiveness
of fecal collection techniques that would have implications for future clinical trials. Currently, collection of stool is the gold standard for fecal microbiome studies [8] [9] [10]. However, in clinical trials of colorectal cancer, only 60% of patients, and less so among men, participated or returned their at-home collected
stool specimens, leading to a collection bias [11]. Capturing samples during an
in-clinic visit would save time and improve the number of subjects participating
in the study while reducing collection biases. Studies have found that rectal swab
versus stool collection samples yield similar results [12] [13] [14].
Herein, we test the collection of fecal specimen using a double-gloved technique during a standard-of-care digital rectal exam (DRE) for prostate examination. We hypothesize that DRE glove collection will yield similar DNA isolation
for microbiome analysis when compared to a retrospective study that used a
rectal swab collection technique for fecal microbiome analysis.

2. Materials and Methods
2.1. Study Population
After approval by the Institutional Review Board at UT Health San Antonio, we
performed a pilot study evaluating the fecal microbiome collection techniques of
fecal DRE glove collection and fecal rectal swab collection. Subjects for this study
were selected via a convenience sampling method and approached at their already scheduled standard-of-care appointment or procedure. From an on-going
NIH clinical cohort study as part of the San Antonio Biomarkers of Risk for
Prostate Cancer (SABOR), DRE gloves were collected from 112 men at their
annual screening appointment. Rectal swabs were collected from 91 men at the
South Texas Veterans Health Care System for their pre-prostate biopsy bacterial
rectal culture as a retrospective comparator group. Subject demographics can be
found in Table 1.
The criteria for inclusion of DRE glove collection were as follows: Men scheduled for an annual standard-of-care prostate DRE as a part of the San Antonio
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Biomarkers of Risk for Prostate Cancer (SABOR) study.
The criteria for inclusion of rectal swab collection were as follows: Men scheduled for a standard-of-care prostate biopsy with a bacterial rectal culture swab
prior to biopsy at the South Texas Veterans Health Care System.

2.2. Sample Collection
2.2.1. DRE Glove Collection
The double-glove technique involved the urology provider wearing two
non-sterile latex gloves on the hand used for the DRE as seen in Figure 1A. DRE
was performed per standard-of-care protocol with an individual packet of sterile
lubricating jelly. Once the examination was finished, the provider removed outer
glove by pulling at the base opening with opposite hand. The outer glove was
removed with the inner surface turned outward, in an effort to completely turn
the index finger inside out to avoid contamination and loss of fecal matter as
seen in Figure 1B. This was completed by rolling the index finger on the thumb
of the same hand as seen in Figure 1C. The outer glove, with the index finger
completely inside out, was placed on an unused pad as seen in Figure 1D. Sterilized surgical scissors and forceps were used to cut off the index finger of the
glove at the knuckle (metacarpophalangeal joint) as seen in Figure 1E. With the
forceps, the finger from the DRE glove was placed in a 5 mL conical tube containing 1 mL of phosphate-buffered saline (PBS). Sterilization solution for the
instruments contained 90 mL 95% ethanol and 10 mL 10% bleach. The glove
specimen was then stored at 4˚C during transport to the laboratory. After delivery to the lab, the glove tip was removed from collection tube and reinverted
using a P1000 pipette tip or stick portion of a swab. The glove tip was placed in a
2.0 mL microfuge tube. PBS solution from collection tube was pipetted and used
to rinse the glove tip to remove all collected fecal material into the 2.0 mL microfuge tube. The glove tip was then discarded. PBS material was stored at
−20˚C until DNA isolation was performed.
Table 1. Subject demographics.
Demographic

Glove (n = 112)

Swab (n = 91)

P value

Age

67 (61 - 73)

66 (60 - 69)

0.05

PSA

1.3 (0.6 - 2.6)

6.5 (4.6 - 9.6)

0.13

BMI

26.9 (24.4 - 31.3)

29.2 (26.6 - 34.1)

0.01
<0.01

Race/Ethnicity
White

67 (60.4%)

47 (57.3%)

Black

12 (10.8%)

27 (32.9%)

Hispanic

32 (28.8%)

8 (9.8%)

17 (15.2%)

32 (35.2%)

<0.01

0 (0%)

4 (4.4%)

<0.01

LogDNA (DNA Yield)

0.92 (0.63 - 1.21)

1.05 (0.85 - 1.33)

<0.01

260/280 (RNA Quality)

1.76 (1.59 - 2.07)

1.63 (1.53 - 1.76)

<0.01

Diabetes
Antibiotic in the last 90 days
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Figure 1. Photographs demonstrating digital rectal exam (DRE) glove removal
technique for collection of fecal specimens. A: Provider wearing two non-sterile
latex gloves on the hand used for the DRE, demonstrating the double-glove
technique; B: Outer glove removed with the inner surface turned outward to avoid
contamination or loss of fecal matter; C: Provider rolling the index finger of the
outside glove on the thumb of the same hand, in an effort to completely turn the
index finger inside out; D: Outside glove and index finger completely inside out
placed on an unused pad; E: Index finger from inside out, outside glove cut at the
knuckle (metacarpophalangeal joint), with sterilized surgical scissors.

2.2.2. Rectal Swab Collection
The rectal swab technique involved the urology provider placing the swab on the
gloved finger used for a standard-of-care DRE with an individual packet of sterile
lubricating jelly. Once examination was finished, the rectal swab was placed in a 15
mL sterile centrifuge tube containing 1 mL of phosphate-buffered saline (PBS).
The swab specimen was then stored at 4˚C during transport to the laboratory. After delivery to the lab, fecal swab was removed from collection tube, and the PBS
solution was pipetted into a 2.0 mL microfuge tube. The cotton portion of the
swab was scraped into the microfuge tube using a sterilized scalpel blade. Swab
and PBS material were then stored at −20˚C until DNA isolation was performed.

2.3. DNA Isolation and Quantification
DNA was isolated from fecal samples on a DRE glove or rectal swab using our
standard operating procedure as seen in Appendix. Purification of genomic
DNA from these respective fecal samples was performed using the QIAamp®
Fast DNA Stool Mini Kit produced by the company QIAGEN. DNA quantification from fecal samples was calculated using the Thermo Scientific™ NanoDrop™
to measure the absorbance and calculate the concentration of nucleic acids (260
DOI: 10.4236/oju.2019.93006
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nm) and purified proteins (280 nm).

2.4. Statistical Analysis
After DNA/RNA isolation for future 16S rRNA gene sequencing microbiome
analysis, we analyzed the yield from extraction. The outcome utilized was yield
and quality. DNA yield is simply the amount of DNA isolated while quality of
the DNA and RNA was determined using specific absorbance values. For yield,
we utilized the ng/μL from the NanoDrop output and compared the techniques
utilizing the T-Test. For nucleic acid quality, we utilized the ratio of 260 nm absorbance maximum to the absorbance at 280 nm as a measure of purity in both
DNA and RNA extractions. We utilized a cutoff of ratio 1.8 for DNA and 2.0 for
RNA and applied the chi-square test to determine the proportion of samples that
would meet this threshold by collection technique.

3. Results
We identified 91 subjects who had rectal swabs for fecal microbiome collection
compared to 112 using the glove technique. DNA yield from the swab technique
compared to the glove technique yielded similar amounts of DNA (18.1 vs. 13.1
ng/μL, p = 0.06) as seen in Figure 2, slightly favoring the swab technique. Utilizing DNA yield cutoffs of 15 ng/μL (37% vs. 29%, p = 0.18) and 30 ng/μL (15%
and 9%, p = 0.16), we identified no differences between the swab versus glove
technique, respectively. Overall 260/280 nm absorbance for overall quality was
significantly different in favor of the glove technique (mean 1.6 vs. 2.0, p <
0.001) as seen in Figure 3. Using an absorbance value of 1.5 as an indication of
DNA quality, only 26% (19/91) met the cut off value using the swab group compared to 47.3% (53/112) if the glove technique was used (p < 0.001). Similar results occurred for the RNA quality with a 260/280 absorbance value cutoff of 2.0
(2.2% vs. 30.4%, p < 0.001).

Figure 2. Comparison of rectal swab versus DRE glove collection DNA yield (ng/μL).
DOI: 10.4236/oju.2019.93006
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Figure 3. Comparison of rectal swab versus DRE glove collection RNA
quality absorbance values (260/280 nm).

4. Discussion
DNA collection for fecal microbiome testing in the context of standard clinical
care is feasible and convenient for clinicians. Utilization of a two-glove technique at the time of rectal examination had superior DNA quality, despite less
DNA yield on average than the rectal swab technique. The glove technique used
the glove from a standard-of-care digital rectal exam (DRE) when screening for
prostate cancer, which contains fecal residue. This technique also could be used
at the time of fecal occult testing for colon cancer. One study noted the fecal occult cards could also be used for DNA analysis but can be cumbersome to remove DNA from the cards in the research laboratory [15]. The swab technique
collected the swab used from a standard-of-care pre-prostate biopsy bacterial
rectal culture that is typically sent to microbiology labs to examine for fluoroquinolone-resistant E. coli for pre-prostate biopsy targeted prophylaxis. Both
techniques utilize standard-of-care techniques. Specifically, in prostate cancer,
men undergo a DRE in order to palpate the prostate. It is at this time a rectal
swab could be obtained. However, by using a rectal swab at time of DRE, this
may add extra discomfort to the patient if done separately from a DRE or may
detract from the effectiveness of the exam from the provider’s standpoint. To
our best knowledge, no studies regarding the fecal microbiome collection techniques have been performed in the clinical urology setting.
Analyzing the microbiome through next-generation sequencing (NGS) requires adequate and quality DNA to perform the testing. One of the two main
approaches for investigating an individual’s microbiota uses 16S rRNA genes, as
the most common marker [16] [17]. According to our institution’s Nucleic Acids Core Facility, 10 - 20 ng/μL of high-quality DNA is required for PCR amplification of the hypervariable regions of the 16S rRNA genes [18]. According to
DOI: 10.4236/oju.2019.93006
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other university Genomic Cores, a minimum of 1 ng/μL of DNA is required
[19]. Therefore, the amounts of purified DNA obtained utilizing the glove technique fall within the necessary range for 16S rRNA gene sequencing.
Our results show that DNA yield and quality from the glove technique are
well-suited for consistent and efficient routine sampling for analysis of the fecal
microbiome. This could be due to the fact that there is more likely to be actual
stool on the glove instead of attempting to extract it from a rectal swab. Additionally, the stool, and thus the DNA, may come off the glove more purely than
the swab. The swabs used in the rectal swab collection method were standard
cotton swabs; improved collection may be obtained from using more brush-like
swabs so that fecal material does not penetrate the cotton, thus becoming difficult to extract. Previous studies have already noted a similar DNA yield and microbiome analysis between stool and rectal swabs [12] [14]; therefore, we were
focused on determining if obtaining DNA from the gloved finger during a standard-of-care DRE was possible or not largely different in order to identify a new
technique that does not have the same difficulties as stool sample collection.
Obtaining actual stool samples can be challenging due to fecal incontinence, level of embarrassment from patients, inconsistency of sample collection by individuals themselves, and increased collection cost [8] [9] [13] [14] [20] [21].
With this information, we will be able to collect a larger number of fecal samples in the urological setting to study the effect the fecal microbiome has on
prostate cancer [1] [2]. With the ability to study the fecal microbiome by using
the glove technique, we will also be able to curb any patient-level collection factors. Glove collection after a DRE is relatively simple to collect, requires no patient preparation, and can be transported easily from the clinic to the laboratory,
when compared to stool collection, which is more complicated to collect and
subject dependent. In a urology clinic, when patients are seen for their standard-of-care annual prostate exam, we will no longer need to subject the patient
to any additional screening procedures, such as a rectal swab, nor incur additional materials costs, if we were to use the glove technique.
There are some limitations to our study. While we collected fecal samples
from gloves and swabs on different individuals, we did not compare each technique on the same individual. Additionally, as we did not perform 16S rRNA
gene sequencing on the isolated DNA samples, we are unable to evaluate if each
collection technique contained the same microbiota per respective individual.
While DNA yield from glove to swab may be comparable, according to one
study, there may be distinct differences in the microbiome composition between
swab and stool samples, and possibly in our case, DRE glove samples [12]. Furthermore, sensitivity and specificity of the technique will require us to perform
these methods compared to each other as compared to a stool sample which
would be the gold standard. The goal of this manuscript is to establish a new
collection technique at its inception. To address these limitations, our next study
will compare different fecal collection techniques (glove, swab, and stool samples) on the same individual to obtain sensitivity and specificity while evaluating
DOI: 10.4236/oju.2019.93006
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DNA yield and purity and microbiome analysis through NGS. Our current study
is the first to establish that the glove technique is valid and can be utilized for
fecal sample collection to be used for microbiome analysis.

5. Conclusion
In summary, fecal microbiome studies for non-gastrointestinal patients undergoing a rectal/prostate exam may be able to utilize the glove used for a digital
rectal exam (DRE) as a fecal collection method for DNA sequencing, which may
increase sampling feasibility and improve population sampling without altering
results.
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Appendix
UT Health San Antonio Department of Urology Division of Research laboratory
standard operating procedure for DNA extraction and storage from fecal specimens.
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