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a b s t r a c t

A conventional PCR targeted directly to the detection of Shiga toxin-producing Escherichia coli (STEC) in
diarrheal stools of symptomatic patients may require the introduction of internal controls to detect false
negative results. In the present study, we designed a competitive internal amplification control (IAC) to
be included in a well-known PCR protocol used to amplify the stx1and stx2 genes from STEC isolates. The
IAC was introduced in the PCR reaction and amplified when E. coli O157:H7 cultures and contaminated
pediatric feces were assayed. When STEC concentration was 103 CFU ml�1 in pure culture and
104 CFU g�1 in contaminated stools, the IAC at concentration of 0.143 pg ml�1 in the PCR reaction mixture
was co-amplified with the stx2 sequence, producing bands of 279 and 349 bp, respectively. These STEC
values were considered the detection limits of the duplex PCR. The specific detection of STEC by duplex
PCR including IAC might be achieved directly on pediatric feces when the pathogen load reaches con-
centrations of at least 104 CFU g�1.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Shiga toxin-producing Escherichia coli (STEC) is a foodborne
enteropathogen that causes bloody and non-bloody diarrhea,
hemorrhagic colitis (HC), and life-threatening hemolytic uremic
syndrome (HUS). The severity of STEC clinical manifestations is
related to the production of one or more Shiga toxins (Stx1, Stx2
and Stx2 variants), but other virulence-associated factors such as
intimin, enterohaemolysin, and an autoagglutinating adhesion
factor may contribute to this pathogenesis [23]. Although the O157
serotype of E. coli has been frequently isolated from patients with
HUS, several studies suggest that up to 50% of STEC illness is caused
by non-O157 serotypes, of which there exist over a hundred [4]. In
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Argentina, STEC-HUS is endemic, with 300e500 new cases recor-
ded per year, being responsible for 10e17 cases per 100,000 chil-
dren under five-year-old [2,24].

Early detection of STEC in clinical samples is crucial for deter-
mining the most appropriate treatment as well as effective epide-
miological control measures. Culture methods are widely used for
detection and identification of STEC in human stools, but they may
fail to discriminate Shiga-toxin producing strains from non-
producing ones [8]. In contrast, laboratory molecular techniques
can provide rapid and reliable results regarding the pathogenic
potential of isolates, and therefore, contribute to the early imple-
mentation of adequate therapies [9]. Several polymerase chain re-
action (PCR) strategies mainly targeted at virulence genes such as
stx1, stx2, eae, ehxA [5] and the O-antigen encoding rfbEO157:H7 gene
[19] have been used to characterize STEC isolates [17,19,26] or to
detect STEC directly on clinical stool samples [3,7,10,16]. In
Argentina, reference microbiological laboratories use a conven-
tional PCR method targeting stx1/stx2/rfbEO157:H7 genes in order to
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characterize E. coli strains after isolation on Sorbitol Mac Conkey
agar or CHROMagar O157 [17]. However, PCR may yield false
negative results when applied to complex matrices due to the
presence of substances such as heme, bilirubins, bile salts, and
complex carbohydrates [13] that inhibit the amplification reaction
[12]. False negative results in PCR can be attributed to expired re-
agents, poor techniques, or equipment failure [18,25]; therefore,
the introduction of an internal amplification control (IAC) in the
PCR reaction mix is mandatory [14,15,21].

An IAC is a non-target DNA sequence included in the same
sample tube, which is co-amplified simultaneously with the target
DNA sequence. Thus, in a reaction with an IAC, a control signal will
always be produced, even though there may not be target se-
quences [14]. IACs can be used in competitive and noncompetitive
reactions and the efficiency of each PCR reaction can be monitored
in both cases. In competitive reactions, the target DNA and the IAC
are co-amplified with one common set of primers under the same
conditions and in the same tube. When the target DNA is in a
proportionally greater amount than the IAC, the DNA bands can be
observed but the IAC bands cannot. When neither of them are
amplified, it means that inhibition of the PCR has occurred, making
the result of this sample false [14]. In conventional PCR, IAC and
target DNA products can be identified by their different molecular
masses, which are detectable by agarose gel electrophoresis.

In order to the rapid detection of STEC in stool samples of pe-
diatric patients in our region, this study aimed to (i) develop an
overlapping PCR strategy in order to design a competitive IAC, (ii)
include the designed IAC in a conventional stx1 and stx2 PCR pro-
tocol widely used in the identification and characterization of STEC
isolates in Argentina, and (iii) determine the IAC performance in a
duplex PCR applied to pediatric stools artificially contaminated
with STEC.

2. Materials and methods

2.1. Bacterial strains

Two STEC strains were assayed in this study: E. coli O157:H7
stx1-/stx2þ, a local strain isolated from stools of a 16-month-old girl,
who had been admitted to a hospital in San Luis city, Argentina, and
diagnosedwith HUS, and the reference E. coliO157:H7 EDL933 Sor-/
bglu-/E-Hlyþ, biotype C, stx1þ/stx2þ, eaeþ strain. Both strains were
used to assess the detection limit of stx1 and stx2 genes by a duplex
PCR from pure STEC cultures. Only the local STEC strainwas used to
contaminate the pediatric stools. Both strains produced non-
sorbitol fermenting colonies on Sorbitol Mac Conkey agar (SMAC,
Britania Lab, Buenos Aires, Argentina) and positive agglutination
against O157 antiserum (National Institute of Infectious Diseases,
Buenos Aires). The production of Shiga toxins was confirmed by
cytotoxicity assays on Vero cells. E. coli ATCC 25922 was used as a
negative control. Organisms were maintained at 4 �C on trypticase
soy agar (TSA, Britania Lab) slants. Prior to each experiment, inocula
were transferred to trypticase soy broth (TSB, Britania Lab) and
incubated for 24 h at 37 �C.

2.2. Detection limit of target DNA by a duplex PCR from STEC
cultures

One colony of each strain was picked from SMAC, inoculated in
50 ml of EC broth (Merck, Buenos Aires, Argentina) and incubated
for 18 h at 37 �C. The inoculum concentration was standardized at
OD600 0.2 (Metrolab VD 40 Spectrophotometer, Lab. Rodriguez
Corswant, Bernal, Argentina) and estimated by plating onto Plate
Count Agar (PCA, Britania Lab) in 1.6 � 108 ± 3.3 � 107 CFU ml�1

(local strain), and 2.0 � 108 ± 1.5 � 107 CFUml�1 (reference strain).
Serial decimal dilutions of each strain (107 to 100) were prepared in
sterile ultrapure water. These dilutions were used for DNA extrac-
tion and subsequently duplex PCR was performed. The detection
limit was reported as colony forming units per milliliter of inoc-
ulum (CFU ml�1) or bacterial number per 25 ml in the PCR
microtube.

2.3. Detection limit of target DNA by a duplex PCR from STEC-
contaminated stools

For each experiment, a pool of five STEC culture-negative stool
samples collected from 3-month to 3-year-old children with diar-
rhea admitted at the local public hospital was used for preparing
STEC contaminated samples. Briefly, stools were collected in sterile
plastic containers and stored at 4 �C for up to 2 h before processing.
Equal portions of each sample were placed into a sterile glass
container and mixed with a sterile rod. One-gram amounts were
subsequently distributed in sterile flasks before STEC inoculation.

One colony of the local E. coli O157:H7 strain was transferred
from SMAC to EC broth and incubated for 18 h at 37 �C. The OD600
was 0.85e0.9 and the bacterial counts on PCA averaged
1 � 109 ± 3 � 108 CFU ml�1. One ml-aliquots of undiluted and
serially diluted bacterial suspensions (109, 107, 105, 104 and
103 CFU ml�1) were added to the one-gram portions of stool sam-
ples, and each inoculated sample was submerged into nine milli-
liters of EC broth and incubated at 37 �C with orbital shaking at
50 rpm (Orbit shaker, Lab Line Instruments, Melrose Park, Ill., USA).
One-ml aliquots of contaminated stool samples were removed for
DNA extraction at 0, 3, 6, 18, and 24 h of incubation. DNA decimal
dilutions were prepared in ultrapure distilled water. Then, undi-
luted and 10-fold diluted DNA suspensions were assayed by duplex
PCR. The detection limit was reported as CFUs per gram of stools
(CFU g�1) or bacterial number per 25 ml in the PCR microtube.

2.4. Counts of STEC in artificially contaminated stools after 0, 3, 6,
18 and 24 h enrichments

For enumeration of STEC, one-ml aliquots of stools artificially
contaminated with 109, 107, 105, 104 and 103 CFUml�1 of STEC in EC
broth were removed at 0, 3, 6, 18 and 24 h and serially 10-fold
diluted. Volumes of 0.1 ml of each dilution were spread onto
Rainbow Agar O157 plates (Biolog Inc., Hayward, CA, USA) and
incubated at 37 �C for 24 h. Suspect black or grey colonies were
selected for counting and subjected to Gram staining and classical
biochemical tests for E. coli. Counts were reported as log10 CFU g�1

of stools.

2.5. Duplex PCR

The boiling method for DNA extraction and the PCR protocol
proposed by Leotta et al. [17] with minor modifications were used
in this study. Modifications consisted of the removal of the primer
pair targeted to the O-antigen encoding rfbEO157:H7 gene, thus
turning a multiplex PCR into a duplex PCR. Primer pairs used were:
Stx1a.

50- GAAGAGTCCGTGGGATTACG -30 and Stx1b 50-AGCGATG-
CAGCTATTAATAA-30 for stx1 (130 bp amplicon) [20], and Stx2a 50-
TTAACCACACCCCACCGGGCAGT-30 and Stx2b 50-GCTCTGGATG-
CATCTCTGGT-30 for stx2 (349 bp amplicon) [28]. The duplex PCR
was performed in a 25-ml final volume containing 2 ml of DNA
template, 1x PCR buffer, 0.1 mM (each) deoxynucleoside tri-
phosphates, 2 pmol ml�1 stx1 primers, 0.4 pmol ml�1 stx2 primers,
1.5 mM MgCl2, 0.02 U ml�1 Taq polymerase (PBL, Quilmes,
Argentina), and ultrapure water. DNA templates were heated at
94 �C for 5 min and subsequently amplified for 30 cycles, each



�A.G. Salinas-Ib�a~nez et al. / Molecular and Cellular Probes 29 (2015) 351e357 353
consisting of 94 �C for 30 s, 58 �C for 30 s and 72 �C for 30 s, with a
final extension at 72 �C for 3 min (Techne TC-512 thermal cycler,
Bibby Scientific US, Burlington, NJ, USA). PCR products were
detected by electrophoresis in 2% agarose gel stained with Gel Red
Acid Gel Stain® (Biotium, Hayward, CA, USA). A 100 bp DNA ladder
(PBL) was included as a molecular mass reference.

2.6. Construction of an internal amplification control (IAC) for
duplex PCR

An overlapping PCR strategy based on the deletion of an internal
70 bp region from a 349 bp amplicon corresponding to the subunit
A of the stx2 gene in E. coli O157:H7 EDL933 (GenBank Access:
FN182287.1, nucleotides 188e536) was used for the IAC construc-
tion (Fig. 1). The 349 bp amplicon was cloned into the pCR2.1
Fig. 1. Scheme of the overlapping PCR strategy employed for construction of IAC. A)
PCR amplification of nucleotides 1e144 from the original 349 bp amplicon. B) PCR
amplification of nucleotides 215e349 from the original 349 bp amplicon. C) Reverse
primer from PCR 1 (A) and forward primer from PCR 2 (B) harbor complementary
regions. When both amplicons are combined in the presence of outer primers, an IAC is
obtained by deletion of a 70 bp fragment (nucleotides 145 to 214).
TOPO® vector (Invitrogen, Buenos Aires, Argentina) and used as
template for the two following amplifications: PCR1, which
amplified the 1e144 nt region using the primers Stx2a and
StxD70Rev.

50-tggtataactgAAGTATTTGTTGCCGTATTAACGAA-30 (this work),
and PCR2, which amplified the 215e349 nt region using primers
Stx2b and StxD70For.

50-caacaaatacttCAGTTATACCACTCTGCAACGT-3’ (this work). Lo-
wercase letters on the primer StxD70Rev (11 bases) indicate the
complementary region to the 50-end of the second half of stx2 re-
gion starting at nucleotide 215 (red box in Fig. 1A), and the
underlined capital letters in this primer correspond to the hybrid-
ization region to the 30-end of the first half of stx2 (blue box in
Fig. 1A). Lowercase letters on the primer StxD70For (12 bases)
indicate the complementary region to the 30-end of the first half of
stx2 ending in nucleotide 144 (blue box in Fig. 1B), while the
underlined capital letters in this primer correspond to the hybrid-
ization region to the 30-end of the second half of stx2 (red box in
Fig. 1B). The 3’-ends of PCR1 and PCR2 products yielded a 23 nt
overlapping region. The amplicons obtained in PCR1 and PCR2were
used as template in a third PCR round including the outer Stx2a and
Stx2b primers to generate the 279 bp IAC (Fig. 1C). Cycling condi-
tions in PCR1, PCR2 and PCR3 were those used in the duplex PCR
except for the annealing temperature in PCR3, which was
decreased to 53 �C. The IAC was cloned into the pCR2.1 TOPO®

vector, quantified (Qubit® fluorometer, Invitrogen, USA) and used
in the duplex PCR.

2.7. Detection limit of IAC

Serial dilutions (1e10�8) of the pCR2.1-IAC vector were pre-
pared in TE 1X buffer (10 mM Tris (Sigma Aldrich, St. Louis, MO,
USA), 1 mM EDTA (Sigma), pH 8.0) and used as templates to assess
the detection limit by duplex PCR using the primer pair Stx2a-
Stx2b. The amplicons were electrophoresed and visualized as
described above. The detection limit was reported as DNA pg ml�1

or DNA copy number/25 ml PCR microtube.

2.8. Inclusion of IAC in the reaction mix of duplex PCR

A reaction mixture was prepared containing all compounds for
duplex PCR plus 2 ml of the IAC at the concentration corresponding
to its detection limit. Two microliters of undiluted DNA extracted
from the local and reference STEC strains cultured in EC broth or
two microliters of undiluted or ten-fold diluted DNA from STEC-
contaminated stools were added. The duplex PCR was performed
according to the cycling program described above. All experiments
were performed in triplicate on different days.

2.9. Statistical analysis

Mean values in counts from three replicates were subjected to
analysis of variance by GraphPad Prism 5.0 software (GraphPad, San
Diego, CA) to determine if significant differences (P � 0.05) in STEC
populations existed between enrichment times.

3. Results

3.1. Counts of STEC in artificially contaminated stools after 0, 3, 6,
18 and 24 h enrichments

Pediatric stools were artificially contaminated with STEC,
enriched in EC broth and analyzed by counting onto Rainbow Agar
O157 at 0, 3, 6, 18 and 24 h enrichment. As Table 1 shows, STEC
counts at 0 h reached 8.29 ± 0.12, 6.42 ± 0.23, and 4.95 ± 0.20



Table 1
STEC counts in artificially contaminated stools after EC-enrichment at different
times.

STEC counts in contaminated stools (log10 CFU g�1 mean ± SD)a

STEC concentrations used in stool contamination (CFU ml�1)

Enrichment time (h) 109 107 105 104

0 8.29A ± 0.12 6.42A ± 0.23 4.95A ± 0.20 ND
3 8.43AB ± 0.25 6.84AB ± 0.31 5.26AB ± 0.18 ND
6 8.66B ± 0.30 7.15B ± 0.26 5.47B ± 0.25 ND
18 9.79C ± 0.18 8.77C ± 0.50 ND ND
24 9.35D ± 0.26 8.54C ± 0.42 ND ND

ND: no detected.
a Values followed by different capital letters indicate statistically significant dif-

ferences (p < 0.05).
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log10 CFU g�1 when samples were inoculated with 109, 107 and
105 CFU ml�1 of STEC suspensions, respectively. Significant in-
creases from 1.55 to 2.35 log10 in 18-h STEC counts compared to 0-h
STEC counts yielded 9.79 ± 0.18 and 8.77 ± 0.50 CFU g�1 in stools
contaminated at levels of 109 and 107 CFU ml�1 (p � 0.05). At 24 h,
the STEC counts in these samples decreased by 0.44 and 0.23 log10,
respectively. When the pathogen inoculum in stools was
105 CFU ml�1, counts of 4.95 ± 0.20, 5.26 ± 0.18 and
5.47 ± 0.25 CFU g�1 were obtained at 0, 3 and 6 h enrichment;
however, no STEC characteristic colonies were observed subse-
quently. STEC was not detected in stools inoculated with
104 CFU ml�1 at any enrichment time.

3.2. Detection limit of stx1 and stx2 from STEC cultures and STEC
contaminated stools by using duplex PCR without IAC

The detection limits of target DNA extracted from E. coliO157:H7
cultures and contaminated stools were determined before
including the IAC in the PCR reaction mixture. The detection limits
of the stx2 (349 bp) and stx1 (130 bp) genes were 103 CFU ml�1 or
13 CFU/25 ml PCR microtube when DNA of both local (Fig. 2A) and
reference STEC (Fig. 2B) strains in EC broth was assayed by duplex
PCR.

By this technique, the stx2 amplification was observed in undi-
luted DNA extracted from STEC contaminated stools at levels of 109
Fig. 2. Detection limits by duplex PCR of local (A) and reference (B) STEC strains cultured
marker; lanes 3e7 and 9e11: 107e100 CFU ml�1 (stx1, 130 bp; stx2, 349 bp).
and 107 CFUml�1 at 0, 3, 6, 18 and 24 h enrichment (Fig. 3). No stx2
amplification was observed in undiluted DNA obtained from STEC
contaminated stools at level of 105 CFU ml�1 at any time. However,
when 10-fold diluted DNA from contaminated stools at 105, 104 and
103 CFU ml�1 was assayed, the STEC detection limit corresponded
to 104 CFU ml�1 at 18 h (Fig. 3).
3.3. Determination of the IAC detection limit

Serial dilutions of IAC assayed by duplex PCR showed a detection
limit of 0.143 pg ml�1 in the PCR reaction mixture, corresponding to
3.15 � 104 DNA copies/25 ml PCR reaction (Fig. 4).
3.4. Duplex PCR including IAC

The IAC and the target DNA were introduced in the same PCR
reaction. DNA was extracted separately from local and reference
STEC cultures which had previously been adjusted to concentra-
tions of 104 to 101 CFU ml�1. Co-amplification of IAC and stx2 was
observed when both local and reference STEC strains were assayed
at 103 CFU ml�1 (Fig. 5A and B, respectively). At lower STEC con-
centrations, IAC was amplified but stx2 was not. Unhindered
amplification of the stx1 gene (130 bp) for the reference STEC strain
was observed at 104 CFU ml�1 (Fig. 5 B, lane 8). IAC was not
amplified when the reference strain concentration in culture was
109 CFUml�1; yet, bands stx1 and stx2were visible (Fig. 5B, lane 12).

Undiluted DNA extracted from STEC contaminated stools at
levels of 105, 107 and 109 CFU ml�1 was assayed by duplex PCR
including IAC (Fig. 6). The IAC amplification but no stx2 amplifica-
tion was observed at STEC levels of 105 CFU ml�1 in stools. IAC was
co-amplified with stx2 from stools contaminated at 107 CFU ml�1,
and stx2 amplification but no IAC amplification was observed in
109 CFUml�1 contaminated stools. When 10-fold diluted DNA from
STEC contaminated stools at levels of 104, 103, 102, 101 and
100 CFU ml�1 was assayed, the STEC detection limit corresponded
to stools contaminated with 104 CFU ml�1 (Fig. 6). At this concen-
tration, IAC was co-amplified with the stx2 gene; at lower con-
centrations, only the IAC amplification was observed. Nonspecific
amplifications were not observed.
in EC broth. Lane 1: E. coli ATCC 25922 (negative control); lanes 2 and 8: 100 bp DNA



Fig. 3. Detection limits by duplex PCR in undiluted and 10-fold diluted DNA of STEC contaminated stool samples (local strain stx2þ, 349 bp). Lane 1: negative control; lane 2: 100 bp
DNA marker; lanes 3e7: 0, 3, 6, 18 and 24 h enrichment, respectively.

Fig. 4. Gel electrophoresis showing the detection limit of IAC (279 bp) at 0.143 pg ml�1 in the PCR reaction mixture. Lanes 1 and 8: 100 bp DNAmarker; lane 2: local STEC strain (stx2,
349 bp); lanes 3e7 and 9: IAC (3.15 � 108 to 3.15 � 103 copies/25 ml PCR reaction); lane 10: negative control.
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4. Discussion

A conventional multiplex PCR targeted to stx1, stx2 and
rfbEO157:H7 genes [17] is successfully applied in Argentina for char-
acterizing STEC isolates. This protocol can detect those stx variants
that cause severe disease in humans except for stx2e and stx2f types
[6]. In this study, the protocol was slightly modified to detect stx1
and stx2 genes in pediatric diarrheal stools. In addition, an IAC was
designed to detect false negative results. A 349 bp sequence of stx2
gene [28] was selected to construct a competitive IAC because the
stx2 genotype is the most frequently identified (90.3%) in STEC
strains recovered from symptomatic patients in our country [22]. In
addition, Stx 2 is 100e1000-fold more potent than Stx1 [11].
Fig. 5. Introduction of IAC in duplex PCR. A) IAC and DNA of the local STEC strain (stx1-/stx2þ

strain (stx1þ/stx2þ) from 104 to 101 CFU ml�1 in EC broth, lanes 8e11, and at 109 CFU ml�1, lan
lanes 1 and 6.
IAC concentration is a critical factor in PCR. Abdulmawjood et al.
[1] constructed a 200 bp IAC to detect E. coli O157 from culture
using a PCR targeted to the rfbE gene and obtained a detection limit
of 1.12� 104 target DNA copies/reactionwhen the IAC was included
at a concentration of 52.3 fg ml�1. Wieczorek and Osek [27] esti-
mated an optimal IAC concentration of 1 pg ml�1 to detect STEC
from cultures by PCR. In our work, the detection limit of the IACwas
determined to be 143 fg ml�1.When the concentration of target DNA
was much higher than the IAC concentration, the former was
preferentially amplified. Conversely, if no target DNA was present,
only the IAC was amplified. When both concentrations were
similar, amplicons corresponding to the IAC and the target DNA
were observed in the same gel lane.
) from 104 to 101 CFUml�1 in EC broth, lanes 2e5; B) IAC and DNA of the reference STEC
e 12. IAC and DNA of E. coli ATCC 25922 (negative control), lane 7; 100 bp DNA marker,



Fig. 6. Duplex PCR for undiluted and 10-fold diluted DNA extracted from STEC contaminated stools at different levels. IAC was included into each PCR reaction mix. Lane 1e3: 105,
107 and 109 CFU ml�1; lane 4: 100 bp DNA marker; lanes 5e9: 104 to 100 CFU ml�1, respectively.
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Since small size products are favored by PCR and are amplified
more efficiently than larger products [12], a local stx1-/stx2þ STEC
strain was used for contamination of pediatric stools in order to
avoid the expense of dNTPs, MgCl2 or Taq polymerase involved in
the amplification of the stx1 gene. Previously, an enrichment step
was performed for assuring DNA detection of viable bacteria. The
above mentioned PCR protocol was able to establish the STEC
detection limit in experimentally contaminated stools at level of
104 CFUml�1 at 18 h enrichment. The stx2 amplification at this STEC
concentration was possible when 10-fold diluted DNA from STEC
contaminated stools was used as template in the PCR reaction mix.
Even though the target DNA was not amplified at lower concen-
trations, PCR worked satisfactorily as demonstrated by the IAC
amplification. We hypothesize that at lower STEC concentrations in
stools, the intestinal microflora might mask the pathogen and
interfere in the STEC detection. Brian et al. [3] used 100-fold diluted
DNA to detect STEC by PCR in experimentally inoculated human
stools. PCR sensitivity observed by these authors corresponded to
at least 2000 bacteria per mg of stools (approximately 6.30
log10 CFU g�1) and was lower than that observed in our study. The
stx2 detection by duplex PCR including IAC in DNA extracted
directly from feces was applied with positive results in the feces of
one child admitted at a medical center in San Luis city, one week
after the onset of nonhemorrhagic diarrhea without HUS. The STEC
count in the child's feces was 107 CFU per gram (data not shown). In
a similar study, Brian et al. [3] applied PCR to DNA isolated directly
from stool samples of children with EHEC infection in the USA, and
observed that the feces of one patient with HUS were positive for
SLT-II sequences four days after the onset of diarrhea. However, the
result was negative three days later, even though low loads of the
pathogen may have been present in feces. Neither EHEC counts in
these stools nor inclusion of IAC in the PCR protocol were reported
by these authors. Chui et al. [4] performed a comparative study of
conventional PCR and four real-time PCR assays targeting the stx1
and stx2 sequences in order to identify STEC in both enriched stool
samples and in a panel of O157 and non-O157 strains; however, no
IAC was included in the conventional PCR. Although variable
specificity and sensitivity values were observed in enriched stool
samples, the effectiveness of molecular methods for the detection
of STEC directly from stool enrichment was demonstrated [4].

5. Conclusions

In this study, an IAC designed in our laboratory was applied for
the first time in the detection of the stx2 gene from STEC contam-
inated stools by a conventional duplex PCR. This protocol could be
applied for direct detection of both O157 and non-O157 STEC
strains in stools of symptomatic children when the pathogen load
reaches concentrations of at least 104 CFU g�1. The inclusion of an
IAC in the PCR protocol may contribute to detect false negative
results when STEC contaminated stools are analyzed. The sensi-
tivity of this duplex PCR was increased when ten-fold diluted DNA
was assayed.
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