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S

higa toxin-producing Escherichia coli (STEC) strains are
pathogens involved in food-borne outbreaks that may cause
serious intestinal and systemic disease (1). The main virulence
factor of STEC is the production of Shiga toxin. The genes coding
for Shiga toxin (stx) and its variants are harbored in the genomes
of temperate bacteriophages (Stx phages) (2, 3). Stx phages can be
associated with the pathogenic subset of locus of enterocyte effacement (LEE)-positive STEC strains but also with LEE-negative
STEC isolates from diverse serogroups (4).
Stx phages are highly mobile genetic elements. They are involved in the pathogenic profile of their bacterial hosts, in the
development of the genome plasticity of host bacteria, in the regulation of pathogenicity factors, and in the survival and dissemination of stx in the environment (2, 5, 6). One or more Stx phages
may be present in the genome of an STEC strain, and their incorporation can lead to the emergence of new pathogenic strains, as
observed in recent outbreaks (7, 8). Stx phages are a heterogeneous group both genetically and morphologically, as almost any
phage with an stx operon is referred to as an Stx phage. Despite
their heterogeneity, most Stx phages conserve lambdoid-like regulation of lysis-lysogeny cycles. Activation of the lytic cycle culminates in bacterial cell lysis and release of Shiga toxin. However, free
infectious Stx phages are also released after cell lysis, contributing
to the spread of stx. Released Stx phages may infect new bacterial
cells and convert them into pathogens, thereby playing an important role in the evolution of STEC strains (9).
Free Stx phages have been found in several environments with
fecal pollution (10–14). A fraction of the Stx phages found free in
the environment are infectious and potentially able to transfer the
stx gene to nonpathogenic strains (12), thus converting them into
Stx producers. This could occur in environments that are polluted
with feces carrying Stx phages either as a consequence of induction
of the lytic cycle of the Stx phages from an STEC reservoir or as a
consequence of direct excretion of these phages in feces.
This is the first paper to isolate and quantify free Stx phages
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from feces of healthy humans in order to establish whether free Stx
phages are directly present in feces and contribute to the environmental pool of stx genes. We evaluated the capacity of infectious
Stx phages detected in feces to propagate in bacterial hosts.
MATERIALS AND METHODS
Fecal samples. This study was performed on fecal samples from 100 individuals aged 6 months to 102 years who attended the Hospital de la
Santa Creu i Sant Pau (Barcelona, Spain) over a 10-month period. Stool
samples were processed according to conventional protocols to isolate
enteropathogenic bacteria (Salmonella, Shigella, Yersinia, Campylobacter,
Vibrio, toxigenic Clostridium difficile, and enteropathogenic E. coli), and
they were microscopically examined fresh and after staining for protozoa.
Immunochromatography was used, when required, to detect rotavirus
or adenovirus. Only samples that were negative for these pathogens
were included in the study. None of the patients selected had been
involved in a food-borne outbreak or had reported any severe gastrointestinal pathology.
Strains, bacteriophages, and media. Laboratory E. coli strain C600, E.
coli O157:H7 ATCC 43888, and Shigella sonnei strain 866 (15) were used
as stx-negative bacterial hosts to detect and propagate Stx2 phages. E. coli
strain WG5 (ATCC 700078) (16) was used as a host to enumerate somatic
coliphages according to standard ISO procedures (16). The E. coli C600
(pGEM::stx2) (17) construct was used for the standards in the stx quantitative PCR (qPCR) assay. Luria-Bertani (LB) broth or LB agar was used for
culturing of bacteria and phage assays.
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Shiga toxin-converting bacteriophages (Stx phages) carry the stx gene and convert nonpathogenic bacterial strains into Shiga
toxin-producing bacteria. Previous studies have shown that high densities of free and infectious Stx phages are found in environments polluted with feces and also in food samples. Taken together, these two findings suggest that Stx phages could be excreted
through feces, but this has not been tested to date. In this study, we purified Stx phages from 100 fecal samples from 100 healthy
individuals showing no enteric symptoms. The phages retrieved from each sample were then quantified by quantitative PCR
(qPCR). In total, 62% of the samples carried Stx phages, with an average value of 2.6 ⴛ 104 Stx phages/g. This result confirms the
excretion of free Stx phages by healthy humans. Moreover, the Stx phages from feces were able to propagate in enrichment cultures of stx-negative Escherichia coli (strains C600 and O157:H7) and in Shigella sonnei, indicating that at least a fraction of the
Stx phages present were infective. Plaque blot hybridization revealed lysis by Stx phages from feces. Our results confirm the presence of infectious free Stx phages in feces from healthy persons, possibly explaining the environmental prevalence observed in
previous studies. It cannot be ruled out, therefore, that some positive stx results obtained during the molecular diagnosis of
Shiga toxin-producing Escherichia coli (STEC)-related diseases using stool samples are due to the presence of Stx phages.

Stx Phages in Human Feces

TABLE 1 Oligonucleotides used in this study
Sequence (5=–3=)

Characteristic

Size (bp)

Reference

S2Aup
S2Alp

ATGAAGTGTATATTATTTA
TTCTTCATGCTTAACTCCT

stx2 A fragment

979

42

UP378
LP378

GCGTTTTGACCATCTTCGT
ACAGGAGCAGTTTCAGACAG

378-bp stx2 A fragment

378

12

27f
1492r

AAGAGTTTGATCCTGGCTCAG
TACGGCTACCTTGTTACGACTT

Eubacterial 16S rRNA gene

1,503

43

STX-Any f
STX-Any r
STX-Any probe

ACGGACAGCAGTTATACCACTCT
ACGTTCCGGAATGCAAATCAG
FAM-CCAGCGCTGCGACACG-NFQ

Real-time PCR for stx2

65

17

Purification of bacteriophages. Fecal samples were homogenized at a
1:5 (wt/vol) dilution in phosphate-buffered saline (PBS) by magnetic stirring for 15 min. The samples were then centrifuged at 3,000 ⫻ g, and the
supernatant was filtered through low-protein-binding 0.22-m-pore-size
membrane filters (Millex-GP; Millipore, Bedford, MA). When necessary,
several filter units were used to filter the whole volume. When necessary
for DNA extraction, phages were 100-fold concentrated by means of protein concentrators (100-kDa Amicon ultracentrifugal filter units; Millipore, Bedford, MA) according to the manufacturer’s instructions. The
samples were treated with DNase (100 units/ml of the phage lysate) to
eliminate DNA outside the phage particles. After treatment, DNase was
inactivated by heating.
Bacteriophage propagation in enrichment cultures. Bacteriophages
purified from 20 of the stool samples were used to evaluate the infectivity
of the Stx phages present in the samples. Homogenate containing the
phages was prepared as described above. Five milliliters of the phage suspension was used to enumerate the Stx phages present in the samples. Five
milliliters of the phage suspension was mixed with 0.5 ml of a log-phase
culture of each host strain (E. coli C600, E. coli O157:H7 [stx negative], or
S. sonnei 866), and LB broth was added to a final volume of 20 ml. The
cultures were incubated by shaking for 18 h at 37°C. Phages were purified
from the supernatants of the enrichment cultures, and phage DNA was
extracted and used as the template for quantification of stx gene copies
(GC) by qPCR. Stx phages were considered propagated when a significant
(P ⬍ 0.05) increase in GC was observed in the supernatant from the
enrichment cultures compared to the original homogenate.
Plaque assay. One milliliter of the supernatant from the enrichment
cultures that had previously been filtered and DNase treated was used to
screen infectious Stx phages by the spot test method. Briefly, 0.5 ml of an
exponentially growing host bacterium culture, containing approximately
2 ⫻ 108 cells per ml, was added to 100 l of 0.1 M CaCl2 and incubated for
30 min at 37°C. The suspension was then mixed with 3 ml of LB top agar
containing 5% sterile glycerol (18), poured onto LB agar plates, gently
mixed, spread onto the LB agar plates, and allowed to dry. A 10-l drop of
each phage suspension was then carefully spotted onto the bacterial lawn.
When the suspension had dried, the plates were incubated (right side up)
for 18 h at 37°C. A 10-fold serial dilution of the phage suspension was
performed for phage enumeration. One hundred microliters of each dilution was mixed with 100 l of 0.1 M CaCl2 and 500 l of a log-phase
culture of the host strains and incubated for 30 min at 37°C.
Screening for plaques of lysis generated by Stx phages. To determine
the presence of stx2, the plaques were transferred onto a nylon membrane
(Hybond-N⫹; Amersham Pharmacia Biotech, Spain) according to standard procedures (19). The membranes were hybridized at 65°C with a
digoxigenin (DIG)-labeled stx2 A probe prepared as described previously
(15). Stringent hybridization was achieved with the DIG DNA labeling
and detection kit (Roche Diagnostics, Barcelona, Spain), according to the
manufacturer’s instructions.
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Phage DNA extraction. DNA from purified Stx phages was isolated by
proteinase K digestion and phenol-chloroform (1:1, vol/vol) treatment
(19). The phenol-chloroform–phage lysate mixture was added to Phase
Lock Gel tubes (5-Prime; VWR International, Spain) and centrifuged according to the manufacturer’s instructions. DNA from the supernatant
was precipitated by using 100% ethanol and 3 M sodium acetate, and the
volume was adjusted to 50 l. The purified DNA was evaluated by agarose
(0.8%) gel electrophoresis, and bands were visualized by ethidium bromide staining. The concentration and purity of extracted phage DNA
were determined by using a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies, Thermoscientifics, Wilmington, DE).
PCR procedures. The oligonucleotides used are summarized in Table
1. Conventional PCRs were performed by using a GeneAmp 2700 PCR
system (Applied Biosystems, Barcelona, Spain). When necessary, PCR
products were purified by using a QIAquick gel extraction kit (Qiagen
Inc., Valencia, CA), according to the manufacturer’s instructions.
Real-time qPCR assays for stx2 were used to quantify stx GC in the
phage DNA. All primers and TaqMan hydrolysis probes used in the qPCR
assays were commercially synthesized by Applied Biosystems. Minorgroove binding probes with a FAM (6-carboxyfluorescein) reporter and a
nonfluorescent quencher (NFQ) (Table 1) were used. The primers and
probes (900 nM for primers and 200 nM for the TaqMan probe) were used
under standard conditions with a Step-One real-time PCR system (Applied Biosystems, Spain), as previously described (17). To prepare the
standard curves, a 378-bp fragment of stx2 subunit A was cloned into a
pGEM vector. The stx qPCR assay has an efficiency of 94% to 100% and a
detection limit of 5.29 stx copies (17). To screen for PCR inhibition, the
DNA isolated from the samples was spiked with dilutions of the standard,
and the results were compared to the true number of GC of stx in the
standards. No inhibition of the PCR by the samples was detected.
To exclude the possibility that DNA from a nonviral origin was amplified in the qPCR, control experiments were performed during phage
DNA extraction. Aliquots of the samples were taken after DNase treatment but before the phage DNA was extracted from the capsid. These
aliquots were used as the template for conventional PCR amplification of
eubacterial 16S rRNA genes and also for qPCR amplification of stx. These
controls had to be negative to confirm that the samples were free of bacterial DNA or nonencapsidated DNA. These control experiments were
performed for all the samples tested.
Sequencing. Sequencing of the PCR amplicons obtained with phage
DNA using combinations of primers S2Aup/S2Alp and UP378/LP378
(Table 1) was performed with an ABI Prism BigDye 3.1 Terminator Cycle
Sequencing Ready Reaction kit (Applied Biosystems, Barcelona, Spain) in
an ABI Prism 3730 DNA analyzer (Applied Biosystems, Barcelona, Spain),
according to the manufacturer’s instructions. All sequencing was performed in duplicate.
Statistics. Statistical tests were performed by using Statistical Package
for Social Science (SPSS) software. A paired Student t test was used to
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evaluate the differences between Stx phage GC before and after enrichment. Stx phages were considered to have propagated by enrichment
when their levels were significantly higher (P ⬍ 0.05) than those quantified before the enrichment. The chi-square test was used to compare the
frequency of Stx phages in both adults (aged ⬎19 years) and nonadults
(aged ⱕ19 years).

RESULTS

Somatic coliphages are virulent phages that infect E. coli, and they
were included as a reference for the densities of free E. coli phages
present in the samples. Somatic coliphages were detected in 46%
of the samples, with values ranging from 5 to 1.7 ⫻ 107 PFU/g of
feces, consistent with previous reports (20) (Fig. 1).
Quantification of Stx phages. Phage DNA was extracted from
stool samples. As explained in Materials and Methods, an aliquot
of the sample taken after DNase treatment and before desencapsidation was used as a template for the PCR of eubacterial 16S
rRNA genes (Table 1) and qPCR of stx2. Both controls were negative, confirming the total removal of nonencapsidated DNA.
The results showed that 62% of the samples contained stx2 in
the isolated phage DNA, with an average value of 2.6 ⫻ 104 Stx
phages/g (from 17.1 to 6.0 ⫻ 105). Results for Stx phages/g of feces
are presented in relation to the age of the person from whom the
stool sample was obtained (Fig. 1). As indicated above, samples
were taken from healthy humans who did not present any of the
symptoms associated with infection by STEC or any other symptoms that could be associated with an enteric disease (such as renal
failure or colitis). All the samples were negative in microbiological
studies. Adults (aged ⬎19 years) showed a significantly higher
frequency of carriage of Stx phages than nonadults (ⱕ19 years)
(2 ⫽ 7.66; degree of freedom ⫽ 1; P ⫽ 0.05).
Subunit A of Stx in phage DNA isolated from some of the
positive stool samples was amplified by conventional PCR. Amplicons were visualized by agarose gel electrophoresis. Eleven amplicons showed a clear band and were sequenced. Most sequences
belonged to stx2, although some showed homology with other stx2
variants (Table 2). Since the fragment of the A subunit sequenced
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was short (400 to 700 bp) (see the supplemental material), the
presence of phages carrying stx2 variants cannot be excluded.
Infectivity of Stx phages. To assess the infectivity of Stx
phages, we evaluated their abilities to propagate in three stxnegative bacterial host strains. We compared the log10 densities
of Stx phages (stx GC in phage DNA) quantified from the homogenate of the original sample with the densities of Stx
phages obtained after the propagation of phages in bacterial
enrichment cultures (Table 3).
We observed a significant (P ⬍ 0.05) increase in the densities of
Stx phages after their propagation in at least one of the host strains
for 95% of the samples. Only 1 of the 20 samples evaluated (sample 98) showed no propagation of Stx phages. Sample 98 showed
the highest levels of somatic coliphages (1.7 ⫻ 107 PFU/g) (Fig. 1).
The increase in densities indicates that the Stx phages were infective, although the results varied depending on the sample and the
host strain. Comparing results between the three hosts used, E. coli
C600 showed Stx phage propagation with only 35% of the samples, while E. coli O157:H7 and S. sonnei 866 showed propagation
with 80% and 75% of the samples, respectively. Some samples
showed a high level of propagation, while others showed only a
slight increase. Some samples contained phages able to propagate
in all three strains (e.g., sample 81, which showed the highest
densities of Stx phages after enrichment in the three strains), while
others showed propagation in only one of the strains (e.g., samples
85, 86, and 97 showed propagation of Stx phages only in S. sonnei,
or samples 90, 94, and 100 showed propagation only in E. coli
O157:H7).
Evaluation of plaques of lysis generated by Stx phages. The
presence of infectious Stx phages in the samples and in the supernatants of the enrichment cultures from the same set of 20 samples
described in Table 3 was evaluated by a plaque assay using the
three host strains and hybridization with the stx2 probe. Plaques
were observed in most plates but were probably formed by nonStx phages. After hybridization with the stx2 probe, we observed
positive signals by using phages from sample 97 propagated in S.
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FIG 1 Quantification of Stx2 bacteriophages (GC/g of feces) (black bars) and infectious somatic coliphages (PFU/g) (gray diamonds) in 100 human fecal

Stx Phages in Human Feces

TABLE 2 Sequence variants corresponding to the amplicon of the stx2 A subunit obtained from the phage DNA of 11 positive samples
GC/g

stx2 variant

Homology (%)

Sequence homologue

GenBank
accession no.

5

9.0 ⫻ 103

stx2c

95

E. coli O157:H7

AB761230

29

3.0 ⫻ 102

stx2
stx2d

95

E. coli ONT:NM
E. coli O8:H19

JX206445
DQ235775

36

1.7 ⫻ 102

stx2
stx2v
stx2d

95

E. coli ONT:NM
E. coli O130:H11
E. coli O8:H19

JX206445
FM998861
DQ235775

37

1.9 ⫻ 103

stx2
stx2v

99

E. coli ONT:NM
E. coli O8:H19

JX206445
DQ235775

39

2.0 ⫻ 102

stx2c

94

E. coli O157:H7

AB761230

48

1.6 ⫻ 103

stx2v
stx2d

96

E. coli O130:H11
E. coli O8:H19

FM998861
DQ235775

58

1.9 ⫻ 102

stx2

97

E. coli O104:H4

CP003301

59

5.6 ⫻ 102

stx2

95

E. coli O103:H25
E. coli O104:H4

JQ011318
CP003301

61

6.8 ⫻ 102

stx2

96

E. coli O104:H4
E. coli O157:H7

CP003301
CP001925

67

1.4 ⫻ 104

stx2v
stx2d

97

E. coli O130:H11
E. coli O8:H19

FM998861
DQ235775

73

2.1 ⫻ 104

stx2
stx2v

99

E. coli ONT:NM
E. coli O8:H19

JX206445
DQ235775

sonnei enrichment cultures and using S. sonnei as the host for the
plaque assay (Fig. 2). The titer was slightly lower than that reported in Table 3, probably because phages were stored at 4°C for
2 days between the experiments of propagation and the evaluation
of plaques of lysis. Ten Stx-positive plaques were excised from the
top layer of agar, suspended in 50 l of double-distilled water, and
processed for phage DNA extraction. The presence of stx2 in the
phage DNA isolated from the plaques was further confirmed by
conventional PCR.
We did not detect any stx-positive lysogens with the host
strains used, either in the Stx phage plaques or in the supernatant
of the enrichment cultures.
DISCUSSION

The occurrence of infections by STEC bacteria is not of major
concern in the Barcelona area, where this study was performed,
and only a few cases are reported per year (21). The incidence of
such infections is generally low throughout Spain compared to
other European countries (22). Despite this low incidence, STEC
strains can be isolated from urban sewage in the Barcelona area
although at very low densities (23). In addition, and as shown in
previous reports, the prevalence of free Stx phages in sewage in
Spain is high (11, 12), as in other countries (10, 13, 14, 24, 25).
Some Stx phages detected in sewage are infectious and able to
propagate and transduce stx in laboratory host strains (12). Analysis of salad and minced beef samples from the Barcelona area that
were suitable for consumption according to European Union
norms showed a high prevalence of free Stx phages (26). In several
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TABLE 3 Increase in densities of Stx phages from stool samples after
their propagation in cultures of the three host strains
Stx phage density (log10 stx GC in phage DNA) in culture
ofa:
Sample

E. coli C600

E. coli O157:H7

S. sonnei 866

81
82
83
84
85
86
87
88
89
90

3.05
0.13
0.10
NP
NP
NP
1.00
NP
NP
NP

3.46
0.52
0.41
0.93
NP
NP
1.36
0.77
0.16
0.52

3.25
1.21
NP
0.51
0.95
0.26
0.94
1.21
0.15
NP

91
92
93
94
95
96
97
98
99
100

NP
NP
1.90
NP
0.94
0.42
NP
NP
NP
NP

0.50
0.55
2.42
0.59
1.38
0.62
NP
NP
0.16
1.01

0.96
0.38
0.84
NP
0.28
0.15
3.06
NP
0.10
NP

a
NP, not propagated. No significant increase (P ⬎ 0.05) was observed in the densities
of Stx phages after enrichment culture.
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FIG 2 Plaques of Stx phages obtained from the S. sonnei enrichment culture of

samples, Stx phages proved to be infectious due to their ability to
propagate in laboratory E. coli and Shigella strains (26). This and
previous studies by our group have focused on Stx2 bacteriophages, but studies are needed to evaluate the occurrence of infectious phages encoding Stx1.
Previous findings suggested that Stx phages circulating in the
healthy population could be ingested with certain foods and excreted in feces. They could then be detected in environments contaminated with human or animal feces. We speculated that the
origin of Stx phages found in sewage could be a reservoir of lysogenic STEC, or they could be free phages that have been directly
excreted in feces. In the present study, we demonstrate that Stx
phages are directly excreted in feces, and to the best of our knowledge, this is the first study to provide such evidence. The presence
of Stx phages in these samples, however, would not necessarily
correspond to an outbreak of a pathogenic STEC strain.
Adults showed a higher frequency of Stx phages than younger
individuals. This difference could be attributed to a more complex
diet of adults and to the increasing chances of ingestion of Stx
phages over a lifetime.
Other points that should also be considered are that susceptibility to hemolytic-uremic syndrome (HUS) is higher for children
than for adults (27) and that induction of Stx phages from their
bacterial hosts could increase the expression of Stx. Accordingly,
large amounts of Stx phages would likely correlate with higher
risks of HUS in young individuals. As our stool samples were
obtained from healthy individuals without HUS, the incidence of
Stx phages in young individuals was not expected to be high.
Our findings are in line with previous studies reporting the
spread of STEC in healthy individuals (28–30) and the occurrence
of stx genes in stool samples in the general population (31). In two
of those studies (29, 31), stx-positive results were obtained in a
first screening by PCR. Considering the methods described in
those reports, it cannot be excluded that those authors detected
Stx phages in addition to the STEC strains isolated.
The Stx phages in some of the samples in our study were infectious and therefore able to transduce the gene. Only one sample
showed no propagation, but it had the largest number of lytic
phages. Lytic phages other than Stx phages in the homogenate
could have caused the lysis of the host strain before the Stx phages
had the chance to replicate. As estimated in previous studies (17),
the ratio of infectious Stx phages (by plaque blot assay) to total Stx
phages (by qPCR) is between 1/10 and 1/1,000, depending on the
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phages from stool samples and using S. sonnei as host strain. (A) First screening
using a drop of phages purified from the supernatants of enrichment cultures
of samples 94 to 99. (B) Plaque assay performed with a 1/10 dilution of the
phages purified from the supernatant of enrichment of sample 97. Plaques
were detected after hybridization with a DIG-stx2 A probe. ⫹C, phage 933W
DNA; ⫺C, S. sonnei DNA.

Stx phage and the bacterial host strain. If we apply this estimate to
the stool samples, those with densities of Stx phages exceeding 102
GC/g (Fig. 1) could be expected to present infectious Stx phages.
Although we found infectious Stx phages and positive plaques
for Stx phages, we did not detect Stx lysogens, supporting previous
findings (26). Generation of Stx lysogens may occur at a low frequency, but not all Stx phages are capable of generating lysogens at
the same frequency (15) or lysogenizing the same bacterial host
strain (32). Although the host strains selected here have shown
good results for Stx phage detection (15, 17, 26, 32), in previous
studies, we found that few or no lysogens are generated, even
under the best conditions, using Stx phages recently induced from
a lysogenic strain (15). Several explanations can be given to explain why we did not detect Stx lysogens: the small number of Stx
phages in the fecal samples, the fact that some Stx phages might
not be infectious, the possibility that the strains used are not the
optimal hosts, and the presence of other lytic, non-Stx phages.
These other lytic phages could infect E. coli and cause the lysis of
possible Stx lysogens before they can grow and be identified on an
agar plate. The low generation of Stx lysogens is the main reason
why antibiotic-resistant recombinant Stx phages have been used
to study lysogeny in Stx phages. In this case, the use of selective
antimicrobial agents would improve the detection of lysogens
(32–35). Nevertheless, the fact that some Stx phages from feces in
our study were infectious shows that they would be capable of
transducing the gene under more favorable conditions. Under
such circumstances, nonpathogenic flora could be converted into
pathogenic strains by free Stx phages present in the gut (36). The
low efficiency of the generation of lysogens with the Stx phages in
this study could correlate with the low incidence of STEC infections and HUS in Spain (21, 22). However, our data are insufficient to confirm this hypothesis, and further studies are necessary.
In the light of these findings, another possibility should be
considered. Most methods currently used to extract bacterial
DNA from feces include the extraction of phage DNA, since most
of them include a treatment with proteinase K, which eliminates
phage capsid (19). Disease related to STEC is diagnosed by isolating cultivable STEC from fecal samples. Nevertheless, in some
cases, cultures from fecal samples could be negative due to previous treatment with antimicrobial agents or to a disease diagnosed
late in the course of the disease (37). In these cases, detection of stx
using PCR, either conventional multiplex or real-time qPCR (38–
40), would be an alternative. The fact that free Stx phages are
excreted in the feces of healthy humans indicates that some individuals, as observed for STEC in animals (41), could be shedding
free Stx phages, even though they are not colonized by STEC.
However, in a clinical setting, a positive stx result from the molecular analysis of DNA in the samples will result in a positive diagnosis of STEC-related illness, even though STEC is not always the
cause of disease. This false-positive result may hinder detection of
the real pathogen.
In conclusion, taking into account the high prevalence of
Stx phages in fecal samples from healthy individuals, diagnostic methods that could detect phage DNA from stool samples
are likely unreliable for diagnosis of disease related to STEC
strains.
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4863: In Table 1, the sequence (5= to 3=) for STX-Any r should be “CTGATTTGCATTCC
GGAACGT.”
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