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Specificity of a Bacteroides thetaiotaomicron Marker for Human Feces
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A bacterial primer set, known to produce a 542-bp amplicon specific for Bacteroides thetaiotaomicron,
generated this product in PCR with 1 ng of extracted DNA from 92% of 25 human fecal samples, 100% of 20
sewage samples, and 16% of 31 dog fecal samples. The marker was not detected in 1 ng of fecal DNA from 61
cows, 35 horses, 44 pigs, 24 chickens, 29 turkeys, and 17 geese.
in Bacteroides-Prevotella intestinal populations in humans, have
reportedly also shown promise for application, since they were
previously found in DNA of 11 of 13 (84.6%) human fecal
samples and each of three sewage samples tested (2). A PCR
assay for this human marker, using deliberately prepared test
samples of feces-polluted water, also accurately detected the
presence of human waste (6).
Bacteroides thetaiotaomicron is a particular candidate for
association with humans, since it is a predominant species in
human feces and is present in a much higher percentage of
fecal samples from humans than from nonhumans (16, 18). A
universal bacterial primer set (RW01 and DG74A) was recently reported to generate an amplicon (in addition to the
expected 362-bp product) unique to B. thetaiotaomicron type
strain VPI 5482 (27). To determine the relative specificity of
this recently reported marker, we assayed for the 542-bp amplicon in human feces, sewage, and feces from nonhuman
hosts. We also compared its specificity to a benchmark human
Bacteroides primer set (2). Our intent was to gather information to predict the utility of the new marker, for a genomic site
other than the 16S rRNA gene, as an indicator of human fecal
pollution in water.
Preliminary validation of B. thetaiotaomicron marker. The
following isolates were obtained from the American Type Culture Collection: B. fragilis (ATCC 25285), B. vulgatus (ATCC
8482), B. ovatus (ATCC 8483), B. uniformis (ATCC 8492), and
B. thetaiotaomicron (ATCC 29741). Whole-cell suspensions of
Bacteroides cultures were lysed with Lyse-N-Go PCR reagent
(Pierce Chemical Co., Rockford, IL). B. thetaiotaomicron
primers (B.thetaF and B.thetaR) were constructed as previously described (27). PCR was performed with 1 ng of DNA
from each strain under previously described conditions (27).
The B. thetaiotaomicron marker was detected only in that particular species.
Collection of human and nonhuman fecal samples. Numbers and sources of samples of human feces, sewage, and feces
from dogs (house pets), beef cattle, dairy cattle, horses, pigs,
chickens, turkeys, and geese are listed in Table 1. Human
specimens were submitted directly by donors. Sewage was collected from inflow to waste treatment plants and sewage lines

Fecal pollution of water is a problem of global concern, and
procedures to determine host sources of pollution are critically
needed (8, 11). Since the public health risk from contact with
human feces may be greater than from contact with nonhuman
feces (19, 22, 26), the presence/absence of human pollution is
often a primary concern (10). This issue is especially important
for urgent decisions such as those regarding beach closure and
for instances of storm water overflow, with possible mixing of
storm water and sewage. Many currently available methods for
tracking pollution sources involve days to culture fecal indicator bacteria (such as Escherichia coli) and require reference
libraries of known-host bacterial isolates (4, 13, 24). Intrinsic
concerns about the representativeness of libraries, including
questions of content (17, 27, 28) and geographic variation (12,
26) of enteric indicator bacteria, imply that a new database
should be generated for each watershed studied. Libraries are
intended to be collections of known-host enteric bacteria
which are presumably host specific. We are aware of no means
to distinguish enteric bacteria, which have a special niche in the
intestinal tracts of particular hosts (21), from those which are
transient or cosmopolitan (existing in multiple hosts) in nature
(20, 23, 25); thus, many fecal isolates may be misclassified in
host source libraries.
Culture- and library-independent source tracking methods
are, therefore, a current focus of attention, since they have the
potential to be rapid and less costly than numerous methods
presently used to distinguish between human and nonhuman
pollution sources (4, 13, 22). Bacteroides spp. are prospective
alternative indicators of the host source of fecal pollution (7),
since they are the most abundant bacteria in the human intestine (16) and have a much smaller presence in nonhuman hosts
(9, 18). Total counts of fecal indicator bacteria have been
reported as more useful when considered in tandem with human-specific Bacteroides-Prevotella markers or assay for enterovirus to predict the presence of human waste in water (3).
Bacteroides markers, based on species composition differences
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TABLE 1. Sources of fecal samples
Host species
or source

No. of
specimens

No. of
individuals

Sampling site(s) or
method

Humans
Sewage
Dogs
Beef cattle
Dairy cattle
Horses
Swine
Chickens
Turkeys
Geese

25
20
31
35
26
35
44
24
29
17

25
Unknown
31
35a
26
35
44
24a
29a
17a

Direct collection
6 locations
4 locations
3 farms
2 farms
3 farms
3 farms
1 farm
2 farms
3 locations

in six Missouri cities and towns. Dog samples were collected
from private house pets and pets being boarded at a kennel.
Farm animal, poultry, and goose samples were collected as
certainly as possible from separate animals. Fresh fecal material was placed into plastic bags, kept cold during transport to
the laboratory, and stored at ⫺20°C until the time of DNA
extraction.
Specificity of the B. thetaiotaomicron marker. DNA was extracted from fecal samples with the BIO 101 FastDNA spin kit
for soil (Q-Biogene, Inc., Carlsbad, CA) by using a modification of the manufacturer’s instructions. Sterile swabs of fecal
material were added directly to the lysing tube to begin processing. Forty-milliliter aliquots of sewage were first concentrated by centrifugation at 2,052 ⫻ g for 15 min at 4°C. The
supernatant was discarded, except for 2 ml, which was used to
resuspend the pellet. Four hundred microliters of resuspended
sewage concentrate was then added to the lysing tube. Lysis
was accomplished by placement of the tube into a Disruptor
Genie (Scientific Industries, Inc., Bohemia, NY) for 1 min.
Extracted DNA was quantitated in a BioSpec-mini DNA/
RNA/protein analyzer (Shimadzu Scientific Instruments, Inc.,
Columbia, MD). B. thetaiotaomicron primers were constructed
as previously described (27). Universal bacterial primers (5)
and universal Bacteroides primers (1) were constructed according to published sequences and used in PCR to ensure the
presence of adequate fecal DNA templates. All primer sequences used in this study are shown in Table 2. PCR mixtures,
fecal DNA targets, and conditions for each primer set used
separately were optimized to ensure target detection and determine the detection limits. Feces were assayed for markers
associated with bacteria, Bacteroides spp., and B. thetaiotaomicron. The PCR to confirm the presence of Bacteroides was

TABLE 2. Primers used in this studya
Primer

Sequence (5⬘–3⬘)

Target

Reference

B.thetaF
B.thetaR
Bac32F
Bac708R
HF183F
1070F
Univ1392R

AACAGGTGGAAGCTGCGGA
AGCCTCCAACCGCATCAA
AACGCTAGCTACAGGCTT
CAATCGGAGTTCTTCGTG
ATCATGAGTTCACATGTCCG
ATGGCTGTCGTCAGCT
ACGGGCGGTGTGTAC

B. thetaiotaomicron
B. thetaiotaomicron
Bacteroides-Prevotella
Bacteroides-Prevotella
Human HF8 cluster, HF74
Bacterial 16S RNA
Universal

25
25
2
2
2
5
5

a

HF183F and Bac32F were paired with Bac708R, 1070F was paired with Univ1392R, and B.thetaF was paired with B.thetaR.

Downloaded from http://aem.asm.org/ on January 25, 2021 by guest

a
Each fecal specimen could not be attributed to an individual animal with
certainty.

performed with incremental quantities of fecal DNA from 2 to
100 ng. Fifty nanograms of DNA proved to be the smallest
quantity which would provide a sufficiently visible PCR product as proof of the presence of a universal Bacteroides target in
all host species. Fecal DNA samples that were negative at 50
ng were subsequently examined by PCR with universal bacterial primers. Human waste is considered to contain higher
levels of B. thetaiotaomicron per unit volume than nonhuman
feces (9, 16). To reflect these different values, we used levels of
fecal DNA ranging from 1 to 25 ng to determine the practical
limits of B. thetaiotaomicron detection by PCR in feces from
individuals representing various human and nonhuman hosts.
Based on results of these experiments, we chose to use 1 ng of
fecal DNA as the PCR template with the B. thetaiotaomicron
(B.thetaF and B.thetaR) primers. The PCR for B. thetaiotaomicron was performed as described previously (27) with the
following modifications. Eppendorf Master Mix 2.5⫻ (Brinkman Instruments, Inc., Westbury, NY) was used for this PCR
and all of the following PCR methods according to the manufacturer’s instructions. The universal Bacteroides PCR was
performed as described previously (1) with the following modifications. A single round of 25 cycles was performed at 94°C
for 30 s, 53°C for 45 s, 72°C for 90 s, and 72°C for 6 min. The
universal bacterial PCR was performed as described previously
(5) except that the annealing temperature was 45°C. All PCR
procedures were done with an Eppendorf Mastercycler or
Mastercycler gradient PCR instrument (Brinkman Instruments, Inc., Westbury, NY). PCR products (10 l) were visualized in a 1% agarose gel (Agarose Low EEO; Fisher Scientific, Pittsburgh, PA) stained with ethidium bromide.
Conditions of electrophoresis were 100 V for 45 min, and
examination was done using UV light.
Sensitivity study. This experiment was intended to establish
an estimate of the lowest quantity of actual target DNA sufficient for marker detection. PCR was performed with 0.5 to
0.0002 ng of B. thetaiotaomicron DNA. PCR was also performed using the same range of quantities of fecal DNA from
two human samples and two sewage samples.
Comparison to a benchmark human Bacteroides marker.
The B. thetaiotaomicron marker was compared with the
HF183F and HF654R benchmark human Bacteroides primer
set (2) with respect to specificities for their respective targets.
HF183 human marker PCR was performed using two rounds
as previously reported (1), with 1 ng of fecal DNA as the
template.
Application to environmental water samples. Twenty-three
water samples were collected at two sites downstream from the
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TABLE 3. Number of human fecal, sewage, and nonhuman fecal
samples positive for the three markers used in this study
No. of positive samples/total no. of samples
Source

B. thetaiotaomicronb

Human markerc

25/25
20/20
31/31
35/35
26/26
17/24
18/29
29/35
44/44
9/17

23/25
20/20
5/31
0/35
0/26
0/24
0/29
0/35
0/44
0/17

12/25
20/20
4/31
0/6⫹
0/6⫹
5/6⫹
2/6⫹
0/6⫹
0/6⫹
0/6⫹

a

Primers Bac32F and Bac708R; 50 ng of fecal DNA.
Primers B.thetaF and B.thetaR; 1 ng of fecal DNA.
Primers HF183F and Bac708R; 1 ng of fecal DNA. ⫹, random subset of six
samples.
b
c

effluent discharge from a wastewater treatment plant in a major metropolitan area. Filtration and DNA extraction were
performed by modification of previously reported methods (14,
15). Two hundred milliliters of water from each sample was
filtered through a 0.40-M polycarbonate filter (Millipore
Corp., Billerica, MA), with a 0.45-M mixed cellulose ester
backing filter used to create a tight seal. The polycarbonate
filter was placed into a 15-ml conical tube with beads from the

previously described DNA extraction kit. All extraction reagents were described above under “Specificity of the B. thetaiotaomicron marker.” The tube was vortexed for 2 min, and
the filter was removed. Further processing was as described in
the kit manual.
Results of the marker specificity study, with respect to the
number of human fecal, sewage, and nonhuman fecal samples
positive for each of the three markers used in this study, are
shown in Table 3. The universal Bacteroides primer set generated PCR product visible on agar gels with DNA from all
human fecal samples, all sewage samples, all dog, cattle, and
swine samples, and many poultry, horse, and goose samples.
One nanogram of fecal DNA was sufficient for the subject B.
thetaiotaomicron primers to generate a strong PCR product for
all 20 sewage samples and 23 of 25 human fecal samples (Table
3). The associated PCR products were represented by intense
bands on the ethidium bromide-stained gels after electrophoresis (Fig. 1A and B). A distinct product was also produced
with fecal DNA from 5 of 31 dogs (Table 3), possibly indicative
of sharing of enteric bacteria between humans and dogs living
in close association (16, 23). Five nanograms of fecal DNA
produced no additional positive reactions for the human samples, but samples from 12 additional dogs, 2 of 24 chickens, 10
of 29 turkeys, and 2 of 44 pigs also became faintly positive.
Figure 1C shows sample subsets (examples) of three isolates
for each of the 10 host categories and includes the faint marker

FIG. 1. Gel electrophoresis of PCR products from reactions with B. thetaiotaomicron-specific primers B.thetaF and B.thetaR and DNA from
human and nonhuman fecal sources. (A) PCR products generated with 1 ng of DNA from each of the human fecal samples, (B) PCR products
generated with 1 ng of DNA from each of the sewage samples, and (C) PCR performed with 5 ng of fecal DNA from example subsets of three
isolates from each of the 10 sources studied. Sources: sewer, lanes 1, 2, and 3; human, lanes 4, 5, and 6; dairy cattle, lanes 7, 8, and 9; beef cattle,
lanes 10, 11, and 12; dog, lanes 13, 14, and 15; chicken, lanes 16, 17, and 18; turkey, lanes 19, 20, and 21; goose, lanes 22, 23, and 24; pig, lanes
25, 26, and 27; horse, lanes 28, 29, and 30. Lanes M have 1,000-bp ladders. Lanes ⫹, positive control with B. thetaiotaomicron DNA. Lanes ⫺,
negative control without DNA.
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Sewage
Dog
Beef cattle
Dairy cattle
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sampling site, and amount of B. thetaiotaomicron DNA degradation that may have occurred prior to testing. Nevertheless,
we suggest that a strongly positive B. thetaiotaomicron test,
done with a small quantity (e.g., 1 to 5 ng) of total DNA
extracted from a water sample, would be primarily indicative of
human-associated pollution. Strongly (or even faintly) positive
tests, requiring larger DNA quantities, would justify additional
consideration of domestic pets as the pollution source, followed by other possible animal hosts. It is expected that multiple and serial water samples, plus a knowledge of mostprobable host sources, will be useful in interpretation of the B.
thetaiotaomicron test results.
Since marker detection extended to the levels of 0.0002 ng of
B. thetaiotaomicron DNA and 0.0005 ng of fecal DNA, the
assay was considered to show promise of good sensitivity even
after substantial target dilution. The B. thetaiotaomicron
marker appeared to be a more accurate indicator for human
feces than the benchmark at the 1-ng level. Furthermore, the
B. thetaiotaomicron marker requires one PCR cycle, while the
benchmark (2) requires two. The B. thetaiotaomicron assay can
be performed in 5 h from the time of sample submission to the
laboratory. This “same-day” analysis could help to support
decisions on swimming-beach closure when used in combination with other source tracking assays. The procedure can be
done inexpensively by laboratory personnel with basic skills
and without highly specialized laboratory equipment. Such a
library-independent approach also avoids the potentially confounding inclusion of cosmopolitan and transient bacteria that
can diminish the validity of host-specific reference libraries.
Future studies will center on application of the subject
method for detection of B. thetaiotaomicron DNA in environmental water samples. The method reported here is essentially
a qualitative (presence/absence) analysis. Therefore, it is logical to consider its extension to a quantitative procedure using
real-time PCR. We will examine freshwater and saltwater samples spiked with feces from human and nonhuman hosts and
submitted to our laboratory “blindly.” We intend to include a
study of environmental water samples from areas known to be
impacted by waste from particular host species. Length of
detection time for the bacterial DNA in the environment,
under various water and climatic conditions, will also be of
concern. Concurrent use of complementary microbial source
tracking methods is always the suggested practice. Results of
the present study indicate that the B. thetaiotaomicron test has
the potential to become a valuable addition to the fecal source
tracking “toolbox.” In this context, the utility and eventual role
of this assay will be determined by further evaluation.
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