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We have developed a novel method for the preparation of fecal specimens for PCR assays. Approximately 100
mg of solid stool or 200 ml of liquid fecal sample was thoroughly suspended in 1 ml of water. Fecal debris was
removed by low-speed centrifugation (2,800 3 g for 2 min). The supernatant was then boiled for 10 min in a
water bath and further clarified by high-speed centrifugation (12,000 3 g for 5 min). Fifty microliters of the
clarified supernatant was then purified by Sepharose CL-6B spin column chromatography, and a portion of the
purified supernatant was used for PCR. By this method, stools containing enterotoxigenic Escherichia coli
H10407 were amplified by colonization factor antigen I fimbrial gene PCR, with a sensitivity of 100 organisms
per reaction. The method was also effective for processing stool specimens for Clostridium difficile toxin A and
B gene PCRs. This method is rapid, effective, and simple to perform and will improve the applications of PCR
to stool specimens for diagnostic purposes.

PCR is a powerful molecular biology technique for the detec-
tion of target DNA in various clinical specimens, but its appli-
cation to fecal specimens has been very limited because of the
presence of unknown PCR inhibitors in such specimens. Many
methods have been described for removal or inactivation of
PCR inhibitors in fecal specimens. The conventional phenol-
chloroform extraction method appears to be the most common-
ly used (2, 6, 13, 14, 19–21). Treatment with a high concentra-
tion of NaOH followed by extraction with phenol-chloroform
has also been reported (2). Small-scale column chromatog-
raphy with Sephadex G-50, cellulose fiber powder, or a glass
matrix (19, 20) and a simple heating, washing, and dilution of
specimens have also been described (2, 9). These methods are
either laborious or inefficient. Various commercially available
kits have also been used to prepare fecal specimens for PCR
(4, 6, 7, 10, 13, 14, 17, 19–21). In this paper, we describe the use
of Sepharose CL-6B spin column chromatography to process
stool specimens for PCR.
Initially, three stool specimens from healthy volunteers, each

spiked with 10,000 CFU of enterotoxigenic Escherichia coli
(ETEC) H10407, were used to develop the purification tech-
niques. Approximately 100 mg of solid stool or 200 ml of liquid
fecal sample was suspended in 1 ml of sterile water. The sus-
pension was centrifuged at 2,800 3 g for 2 min to pellet larger
fecal debris. Five hundred microliters of the supernatant was
transferred to a new tube, boiled in a water bath for 5 min to
lyse bacteria, and clarified by centrifugation at 12,000 3 g for
5 min. The clarified supernatant was extracted with phenol-
chloroform, and the DNA in the aqueous phase of the extrac-
tion was precipitated with ethanol as described previously (15).
The DNA precipitates were pelleted by centrifugation and
then washed with 70% ethanol. After removal of the ethanol
by vacuum drying, the DNA was dissolved in 50 ml of TE buffer
(10 mM Tris-HCl, 1 mM EDTA [pH 8.0]). Ten microliters of
the DNA solution was used as a template for PCR. The prim-

ers cfaB-1 (GCGGCTCTAATTAGATCT) and cfcB-p4 (GTG
GTCAGACCATTGCACC) were used to amplify a 370-bp
fragment of the cfaB gene of the colonization factor antigen I
operon, which encodes the colonization factor antigen I fim-
briae of ETEC (11). The 370-bp PCR product was generated
from stools that were spiked with ETEC H10407 but not from
stools containing no ETEC H10407. This result indicates that
the cfaB PCR is specific for ETEC H10407.
Since it is quite laborious to process stool specimens for

PCR by the conventional organic extraction method, the fea-
sibility of using spin column chromatography to process stool
specimens for PCR was explored. Three different chromatog-
raphy matrices (Sepharose CL-6B, Sephadex G-50, and Seph-
adex G-25) were used. Stool specimens were processed by spin
column chromatography for PCR as follows. After the 5-min
centrifugation at 12,000 3 g described above, 10 ml of the
clarified supernatant was mixed with 30 ml of sterile water and
10 ml of a 53 stop solution (25% glycerol, 2% sodium dodecyl
sulfate, 0.05% bromophenol blue, 0.05% xylene cyanol). The
sodium dodecyl sulfate in the stop solution will dissociate pro-
teins from DNA, and the bromophenol blue and xylene cyanol
dyes serve as indicators for the effectiveness of the spin column
chromatography. The mixture was heated in a 708C water bath
for 5 min and then purified by spin column chromatography
with Sepharose CL-6B, Sephadex G-50, or Sephadex G-25.
Preparations of these gel chromatography matrices and spun
columns were as described previously (15). The same three
stool specimens with or without spiked ETEC H10407 were
examined. Only the stool sample containing ETEC H10407
processed by Sepharose CL-6B spin column chromatography
produced positive PCR results.
Experiments were then performed to determine the effi-

ciency of purification by Sepharose CL-6B spin column chro-
matography. Aliquots of approximately 100 mg each of a stool
specimen were spiked with various numbers (104, 103, 102, 101,
and 100 CFU) of ETEC H10407 organisms and processed for
PCR by Sepharose CL-6B spin column chromatography. The
same numbers of ETEC H10407 organisms were suspended in
40 ml of sterile water and then mixed with 10 ml of stop
mixture, boiled in a water bath for 5 min, and purified by
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Sepharose CL-6B spin column chromatography as controls.
Ten microliters of each purified sample was used for PCR. The
stool samples containing 102 CFU or more ETEC H10407
organisms and control samples containing 101 or more ETEC
H10407 organisms gave positive PCR results (Fig. 1). These
results indicate that Sepharose CL-6B spin column chromatog-
raphy can remove most PCR inhibitors present in stool spec-
imens.
The method was then applied to 20 stool specimens to detect

the C. difficile toxin A and B genes by PCR. These specimens
were obtained from the Clinical Microbiology Laboratory, In-
diana University Medical Center. Thirteen of them were pos-
itive by C. difficile culture. The C. difficile isolates from these 13
specimens were all positive by the cytotoxicity assay, suggesting
the presence of the toxin B gene. A cytotoxin-positive culture
and a cytotoxin-negative C. difficile culture were used as con-
trols. C. difficile cultures were performed by the direct plat-
ing method (16) using cycloserine-cefoxitin-fructose agar with
horse blood (Carr-Scarborough Microbiologicals, Inc., Stone
Mountain, Ga.). Identifications of C. difficile isolates were
made by using conventional media and methods (3, 8). Cyto-
toxin assays were done with the Techlab (Blacksburg, Va.) C.
difficile Tox-B test.
Approximately 10,000 CFU of each C. difficile culture was

suspended in 1 ml of water, and then the suspensions were
processed as if they were stool specimens for PCR. Both toxin
A and B gene PCRs were performed. Two sets of primers were
used to detect C. difficile in clinical specimens. NK2 (CCCAA
TAGAAGATTCAATATTAAGCTT) and NK3 (GGAAGAA
AAGAACTTCTGGCTCACTCAGGT) were used to amplify
a 252-bp fragment of the toxin A gene (12, 13), while YT-17
(GGTGGAGCTTCAATTGGAGAG) and YT-18 (GTGTAA
CCTACTTTCATAACACCAG) were used to amplify a 399-
bp fragment of the toxin B gene (7). PCRs were performed in
a 100-ml reaction mixture containing 10 ml of template DNA
mentioned above, PCR buffer (10 mM Tris-HCl, pH 8.3; 50
mM KCl; 2 mM MgCl2; 0.001% gelatin), 0.2 mM each PCR
primer, 0.2 mM each deoxynucleoside triphosphate, and 2 U of
Taq DNA polymerase. After a 10-min denaturation at 948C,

the PCR mixtures were subjected to 30 cycles of amplification
at 948C for 2 min, 558C for 30 s, and 728C for 1 min. The PCR
products were electrophoresed on a 6% polyacrylamide gel to
determine their sizes.
The cytotoxin-positive C. difficile culture was positive by both

the toxin A and B gene PCRs, whereas the cytotoxin-negative
C. difficile culture was negative by both the toxin A and B gene
PCRs (Fig. 2 and 3). These results indicated that both the toxin
A and B gene PCRs worked properly. The 20 stool specimens
were then assayed by both the toxin A and B gene PCRs. The
13 C. difficile culture-positive stools were found to be positive
by both the toxin A and B gene PCRs (Fig. 2 and 3), and the
7 C. difficile culture-negative stools were negative. These C.

FIG. 1. Determination of efficiency of Sepharose CL-6B spin column chro-
matography for processing stool specimens for PCR. Aliquots of a stool speci-
men were spiked with various numbers of ETEC H10407 organisms and pro-
cessed for PCR by Sepharose CL-6B spin column chromatography (lanes 1 to 4).
The same numbers of ETEC H10407 organisms were suspended in 40 ml of
sterile water and then mixed with 10 ml of stop mixture, boiled in a water bath for
5 min, and processed by Sepharose CL-6B spin column chromatography as
controls (lanes 5 to 9). The numbers of CFU in each reaction mixture of spiked
stool samples are as follows: lane 1, 10,000; lane 2, 1,000; lane 3, 100; and lane
4, 10. The numbers of CFU in each reaction mixture of control samples are as
follows: lane 5, 10,000; lane 6, 1,000; lane 7, 100; lane 8, 10; and lane 9, 1.
HaeIII-digested fX174 DNA is shown as a size marker. FIG. 2. Results of C. difficile toxin A (A) and B (B) gene PCRs. Thirteen C.

difficile culture-positive stools and two C. difficile cultures were examined by the
toxin A and toxin B gene PCRs. PCR products from each sample were electro-
phoresed on a 6% polyacrylamide gel in different lanes. Lanes 1 to 13 contain
PCR products of the 13 stool samples. Lane 14 contains PCR products of the
negative control. Lanes 15 and 16 contain PCR products of the cytotoxin-
negative and cytotoxin-positive C. difficile cultures, respectively. The toxin A gene
PCR product is 252 bp and that of the toxin B gene PCR is 399 bp, as indicated
by arrows. HaeIII-digested fX174 DNA (M) was used as size markers.

FIG. 3. Results of PCR of seven C. difficile culture-negative stool samples
with Hp1 and Hp2. Lanes 1 to 7 contain PCR products (109 bp) from the seven
stool specimens. Lane 8 contains PCR products of the negative control. HaeIII-
digested fX174 DNA (M) was used as size markers.
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difficile PCR-negative stool specimens were further examined
with primers Hp1 and Hp2, which have been shown to amplify
a 109-bp fragment from the human genome (5). Positive PCR
results were generated, indicating that the DNA from these
seven specimens was amplifiable and that the negative C. dif-
ficile PCR results were not due to the presence of inhibitors in
the specimens.
Processing of specimens is the most critical step in PCR

assays. Although it is not essential to isolate DNA in great
purity, it is necessary to remove or inactivate substances that
may inhibit PCR assays. Blood and stool specimens are known
to contain potent PCR inhibitors, most of which have not been
identified. The method described in this paper appears to be
very effective and simple. A small amount of a stool sample is
first suspended in an ample amount of water to decrease the
concentration of PCR inhibitors. The fecal debris, which is
inhibitory to PCR, is then removed by low-speed centrifuga-
tion. The clarified supernatant is boiled to lyse bacteria and
release bacterial DNA. The proteins and other substances in
the solution are separated from DNA by spin column chroma-
tography. Sephadex G-25, Sephadex G-50, and Sepharose CL-
6B, with exclusion limits of 1,000 to 5,000, 1,500 to 30,000, and
10,000 to 4,000,000 Da, respectively, were used. Only Sepha-
rose CL-6B achieved a satisfactory effect, suggesting that the
molecular masses of inhibitors may range from 30,000 to
4,000,000 Da.
Many methods for processing stool specimens for PCR have

been described. The steps common among these methods are
suspending stool samples in solutions and then pelleting larger
fecal debris by low-speed centrifugation. The clarified super-
natant is then subjected to high-speed centrifugation, after
which either the pellet (1, 13, 14, 18, 19) or the supernatant (2,
4, 17, 21) is saved for PCR analysis. In this study, we were
unable to obtain positive PCR results with the pellet. A pos-
sible reason for this failure is that the pellet still contained
significant amounts of fecal debris which could not be effec-
tively removed by subsequent purification processes. We over-
came this problem by lysing bacteria after the low-speed cen-
trifugation step, followed by high-speed centrifugation to pellet
all debris. The highly clarified supernatant was then used for
PCR analyses. We also found that the solutions for suspending
stool samples did not appear to be critical since we have ob-
tained the same results with sterile water or TE buffer.
Phenol-chloroform treatment followed by ethanol precipita-

tion is the classical method for preparation of stool specimens
for PCR assay. Phenol-chloroform extraction eliminates bio-
logical contaminants in stool suspensions that may inhibit
PCR, but this method appears to be unable to remove non-
biological substances (13, 19, 20). Wilde et al. reported that
phenol-chloroform extraction failed to remove the inhibitors
unless the specimens were further purified with chromatogra-
phy medium CF11 (20). The alkali method for inactivation of
PCR inhibitors in stool specimens must be followed by addi-
tion of HCl to neutralize the solution, which increases the
concentrations of salt and ions that are also inhibitory to PCR.
The method developed in our study does not require phenol-
chloroform extraction, proteinase K digestion, or ethanol pre-
cipitation. It removes PCR inhibitors in stool specimens by
using Sepharose CL-6B spin column chromatography. This

method is rapid, effective, and inexpensive and is theoretically
applicable to any type of specimen.
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