
JOURNAL OF CLINICAL MICROBIOLOGY,
0095-1137/02/$04.00�0 DOI: 10.1128/JCM.40.1.271–274.2002

Jan. 2002, p. 271–274 Vol. 40, No. 1

Copyright © 2002, American Society for Microbiology. All Rights Reserved.

Direct Detection and Characterization of Shiga Toxigenic
Escherichia coli by Multiplex PCR for stx1, stx2, eae, ehxA,

and saa
Adrienne W. Paton and James C. Paton*

Department of Molecular Biosciences, Adelaide University, Adelaide, South Australia 5005, Australia

Received 13 August 2001/Returned for modification 29 September 2001/Accepted 19 October 2001

We recently described a novel megaplasmid-encoded adhesin produced by certain Shiga toxigenic Esche-
richia coli (STEC) strains that lack the locus for enterocyte effacement (LEE) pathogenicity island. This
adhesin, designated Saa (STEC autoagglutinating adhesin), may be a marker for a subset of LEE-negative
STEC strains capable of causing severe gastrointestinal and systemic diseases in humans. In this study, we
developed a pentavalent PCR assay for the detection of saa as well as other proven and putative STEC virulence
genes (stx1, stx2, eae, and ehxA). The five primer pairs used in the assay do not interfere with each other and
generate amplification products of 119, 180, 255, 384, and 534 bp.

Shiga toxigenic Escherichia coli (STEC) strains are an im-
portant cause of gastrointestinal diseases in humans, particu-
larly since these infections may result in life-threatening se-
quelae, such as hemolytic uremic-syndrome (HUS) (8, 12, 19).
The STEC family is very diverse, and strains belonging to a
broad range of O:H serotypes have been associated with hu-
man diseases (8). However, epidemiological evidence indicates
that certain STEC subsets (for example, strains belonging to
serotype O157:H7) account for a disproportionately large
number of serious infections. STEC strains produce one or
both of two major types of Shiga toxin, designated Stx1 and
Stx2, and the production of the latter is associated with an
increased risk of developing HUS (2, 9, 13). In addition, a
subset of STEC strains considered to be highly virulent for
humans has the capacity to produce attaching and effacing
lesions on intestinal mucosa, a property encoded on a patho-
genicity island termed the locus for enterocyte effacement
(LEE). LEE encodes a type III secretion system and E. coli
secreted proteins, which deliver effector molecules to the host
cell and disrupt the host cytoskeleton (4, 5, 20). LEE also
carries eae, which encodes an outer membrane protein (in-
timin) required for intimate attachment to epithelial cells (22);
eae has been used as a convenient diagnostic marker for LEE-
positive STEC strains (7, 11, 14). However, the presence of eae
is not absolutely linked to human virulence, as some sporadic
cases of severe STEC disease, including HUS, as well as occa-
sional outbreaks have been caused by LEE-negative strains
(18, 19). Most STEC strains isolated from humans (both LEE
positive and LEE negative) also carry large (�90-kb) plasmids
encoding proteins such as the enterohemorrhagic E. coli en-
terohemolysin (EhxA) (21) and an extracellular serine pro-
tease (EspP) (3), both of which may be accessory virulence
factors.

Direct PCR analysis is increasingly being used for the de-

tection of STEC in primary cultures of feces or foods. A pos-
itive reaction with primers specific for stx1 or stx2 is sufficient to
confirm the presence of STEC in a sample, but the use of
primers capable of detecting accessory virulence genes pro-
vides additional clinically relevant information that may also
have great epidemiological value. Indeed, we previously de-
scribed a multiplex PCR assay specific for stx1, stx2, eae, and
ehxA genes. This assay permits the direct detection and char-
acterization of STEC in crude fecal culture extracts without the
need for the isolation of STEC itself (14). Recently, Paton et
al. (17) described a gene, designated saa, which is carried on
the large plasmid of certain LEE-negative but not LEE-posi-
tive STEC strains. This gene encodes a novel outer membrane
protein which appears to function as an autoagglutinating ad-
hesin, and the introduction of cloned saa confers a semilocal-
ized adherence phenotype on E. coli K-12 strains (17). The saa
gene was originally isolated from 98NK2, a LEE-negative
O113:H21 STEC strain responsible for an outbreak of HUS in
Adelaide, South Australia, in 1998 (18). It is also present in
other LEE-negative STEC strains from HUS cases in our col-
lection, including B2F1, an O91:H21 strain with very high
virulence in a mouse model of STEC disease (10). Thus, it is
possible that saa is a marker for the hitherto ill-defined subset
of LEE-negative STEC strains capable of causing life-threat-
ening disease in humans. Accordingly, in the present study, we
modified our multiplex PCR assay for stx1, stx2, eae, and ehxA
to include additional primers for the detection of saa.

saa-specific PCR. The saa-specific PCR primers used were
5�-CGTGATGAACAGGCTATTGC-3� and 5�-ATGGACAT
GCCTGTGGCAAC-3� (designated SAADF and SAADR, re-
spectively). These primers direct the amplification of a 119-bp
portion of the saa gene (nucleotides 2652 to 2770 in the se-
quence deposited in GenBank [accession number AF325220])
which is absolutely conserved among diverse STEC strains and
avoid a region containing two to four copies of a direct 111-bp
repeat sequence (17). The saa-specific PCR was initially char-
acterized by using crude DNA extracts from 32 STEC strains in
our collection, prepared as described previously (16). These
strains had previously been tested for the presence of saa-
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related genes by Southern hybridization analysis, and 19 were
known to be saa positive (17). The STEC strains tested in-
cluded representatives of serogroups O113 (5 strains), O111 (3
strains), O157 (2 strains), and O91 (2 strains); 1 strain each
from serogroups O6, O23, O26, O48, O82, O98, O128, O141,
O159, and OX3; and 10 STEC strains which were O nontype-
able or of unknown type. Samples (3 �l) of each extract were
amplified by PCR under previously described conditions (14).
PCR products were then electrophoresed on 2% agarose gels
and stained with ethidium bromide. All known saa-positive
STEC extracts yielded strong 119-bp PCR products (results for
six of these are shown in Fig. 1, lanes 4 to 9), whereas this result
was not seen for extracts from any of the saa-negative STEC
strains (results for two such strains are shown in Fig. 1, lanes 2
and 3).

Sensitivity of the saa-specific PCR. To assess the sensitivity
of the saa-specific PCR, a fresh overnight broth culture of E.
coli K-12 was spiked with serial 10-fold dilutions of a broth
culture of the O113:H21 STEC strain 98NK2. Extracts of these
samples were then subjected to the saa-specific PCR assay
(Fig. 2). A 119-bp PCR product could still be seen in the
sample that contained a 106-fold-diluted STEC culture (equiv-
alent to �102 STEC CFU per assay) but not in the sample
containing the 107- or 108-fold dilution.

Multiplex PCR analysis of STEC strains and primary fecal
cultures. Having confirmed the specificity of the saa-specific
primers, we combined SAADF and SAADR with four primer
pairs described previously for the detection of stx1, stx2, eae,
and ehxA; the latter primer pairs generate amplification prod-

ucts of 180, 255, 384, and 534 bp, respectively (14). The pen-
tavalent PCR assay was initially tested by using chromosomal
DNA extracted from previously characterized STEC strains as
a template. Reaction mixtures contained a 250 nM concentra-
tion of each of the 10 primers, and amplification conditions
were as described previously (14). The PCR product profiles
for five of the previously characterized STEC strains are shown
in Fig. 3, lanes 1 to 5; in each case, the pattern obtained was
consistent with previous analyses. The O111 STEC strain
shown in Fig. 3, lane 1, was known to be positive for stx1, stx2,
eae, and ehxA and yielded four PCR products of the expected
sizes (180, 255, 384, and 534 bp, respectively). The strains
shown in Fig. 3, lanes 2 to 5, were known to be saa positive, and
each contained a PCR product of the expected size for this
gene (119 bp) as well as products of the expected sizes for ehxA
(534 bp) and either stx2 (255 bp) or stx1 (180 bp). Figure 3, lane
6, shows the pattern obtained when pooled DNA from the
STEC strains tested in lanes 1 and 2 was analyzed; clear PCR
products were obtained for all five genes, indicating a lack of
interference between any of the primer pairs or amplicons. The
remaining STEC strains also yielded multiplex PCR profiles
which were consistent with previous characterizations (results
not shown).

To demonstrate the diagnostic utility of the assay, crude
DNA extracts of primary fecal cultures from seven patients
(one with uncomplicated diarrhea, five with bloody diarrhea,
and one with HUS) were examined (Fig. 4). Each of these

FIG. 1. saa-specific PCR analysis of reference STEC strains. Lanes:
M, DNA size markers (pUC19 DNA digested with HpaII; fragment
sizes visible are 501 or 489, 404, 331, 242, 190, 147, and 111 bp); 1,
negative control; 2 and 3, saa-negative STEC strains PH (O111:H�)
and 95SF2 (O157:H�), respectively; 4 to 9, saa-positive STEC strains
B2F1 (O91:H21), 94CR (O48:H21), 98NK2 (O113:H21), 97MW1
(O113:H21), 95HE4 (O91), and 99AM1 (O23), respectively. The ex-
pected mobility for the saa-specific PCR product is also indicated.

FIG. 2. Sensitivity of saa-specific PCR. A culture of E. coli K-12
was spiked with serial 10-fold dilutions of a culture of O113:H21 STEC
strain 98NK2, and extracts of these samples were subjected to the
saa-specific PCR assay. Lanes: M, DNA size markers (as for Fig. 1); 1,
negative control (unspiked E. coli K-12 extract); 2 to 9, extracts of an
E. coli K-12 culture spiked with 101-, 102-, 103-, 104-, 105-, 106-, 107-,
and 108-fold dilutions of a 98NK2 culture, respectively. The expected
mobility for the saa-specific PCR product is also indicated.

FIG. 3. Multiplex PCR analysis of chromosomal DNA from refer-
ence STEC strains. Lanes: 1, saa-negative STEC strain 96RO1 (O111:
H�; 2 to 5, saa-positive STEC strains 98NK2 (O113:H21), B2F1 (O91:
H21), 99AM1 (O23), and 95HE4 (O91), respectively; 6, pooled DNA
from strains 96RO1 and 98NK2; M, DNA size markers (as for Fig. 1).
The expected mobilities for the various PCR products are also indi-
cated.

FIG. 4. Multiplex PCR analysis of crude DNA extracts from pri-
mary fecal cultures. Lanes: M, DNA size markers (as for Fig. 1); 1,
negative control; 2 to 8, extracts from patients with culture-proven
STEC infection; 9, positive control (chromosomal DNA from saa-
positive O48:H21 STEC strain 94CR). The expected mobilities for the
various PCR products are also indicated.
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samples had previously been found positive by PCR for the
presence of the stx1 and/or stx2 genes (16), confirming the
diagnosis of STEC infection. All of the samples were found
negative for eae, indicating that the various causative STEC
strains were LEE negative. Three of the samples (from two of
the patients with bloody diarrhea and the one with uncompli-
cated diarrhea) were found negative for saa (Fig. 4, lanes 2 to
4). The crude extracts from the patient with HUS (Fig. 4, lane
5) and the three remaining patients with bloody diarrhea (lanes
6 to 8) were found saa positive. In all of the above cases, the
multiplex PCR profile of the crude extract matched that of the
STEC strains isolated from that sample (results not presented,
except for the O48:H21 isolate from the HUS patient, shown in
Fig. 4, lane 9). Analysis of crude fecal culture extracts from 12
healthy controls yielded negative results for all target genes
(results not shown).

Conclusions. PCR is one of the most sensitive yet relatively
rapid means of determining whether a fecal specimen or a food
sample contains STEC (19). Although direct extracts of feces
or foods can be used as templates for PCR, the best results are
usually obtained by testing extracts of primary broth cultures
(1, 6, 16, 19). The broth enrichment step can involve as little as
4 h of incubation and serves two purposes: inhibitors in the
sample are diluted, and bacterial growth increases the number
of copies of the target sequence, enhancing sensitivity. Detec-
tion of either the stx1 or the stx2 gene confirms the presence of
STEC, but testing for the presence of additional gene se-
quences can provide clinically and epidemiologically important
additional information about the infecting strain. For example,
testing for eae and ehxA confirms the presence of the LEE
pathogenicity island and the large virulence plasmid, respec-
tively, both of which are more commonly found in STEC
strains associated with severe human disease (2, 7, 21).

In the present study, we designed PCR primers based on the
saa gene, which is encoded on the large virulence plasmid of a
subset of LEE-negative STEC strains. This subset includes six
of the seven strains in our collection from cases of HUS caused
by LEE-negative STEC strains (17). Thus, saa may be an
important marker for human-virulent LEE-negative STEC
strains. However, the absence of an appropriate animal model
prevents direct assessment of the contribution of saa to viru-
lence. Demonstration of a link between carriage of this gene
and the capacity to cause severe disease will require analysis of
much larger STEC strain collections, a task for which PCR is
well suited. In the present study, the saa-specific primers were
combined with primers specific for other proven or putative
STEC virulence genes (stx1, stx2, eae, and ehxA) in a multiplex
format. The various primers were designed such that the PCR
products differed in size (119, 180, 255, 384, and 534 bp, re-
spectively) and so could be readily distinguished by agarose gel
electrophoresis. The specificity of the saa-specific primers was
confirmed by testing DNA extracted from a wide range of
STEC strains previously characterized for the presence of saa
by Southern hybridization analysis. The saa-specific PCR assay
was also very sensitive, and a saa-negative E. coli culture spiked
with a 106-fold-diluted saa-positive STEC culture (i.e., the
STEC comprised 0.0001% of the total flora) generated a PCR
product which was visible on an ethidium bromide-stained
agarose gel.

The pentavalent multiplex PCR assay described in this arti-

cle is clearly a useful tool for the molecular analysis of fecal
samples from patients with suspected STEC disease. We also
previously described another multiplex PCR assay directed at
serogroup-specific genes within the rfb loci of E. coli O111,
O113, and O157 (15). Collectively, these two assays can pro-
vide comprehensive information on the genotype of an infect-
ing STEC strain within 24 h of receipt of a specimen. Detection
of a similar PCR profile in crude fecal extracts from more than
one patient within a given period of time may provide the
earliest (albeit circumstantial) evidence for a link between
cases consistent with a common-source outbreak. Confirma-
tion of an outbreak would ultimately depend on isolation and
genotyping of the causative STEC strain or strains, but this
process could take weeks. Moreover, given the sensitivity of
PCR screens, there is a likelihood that a proportion of genuine
STEC PCR-positive specimens will not yield a strain even after
heroic efforts. In such circumstances, multiplex PCR analysis is
a valuable diagnostic and epidemiological tool. This multiplex
assay will also facilitate the analysis of large STEC culture
collections to further examine the linkage between the carriage
of saa and the capacity of a given strain to cause severe disease
in humans.
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