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Shiga toxin-producing Escherichia coli bacteria (STEC) are emerging pathogens capable of producing
sporadic and epidemic diarrhea, hemorrhagic colitis, and potentially life-threatening hemolytic-uremic syn-
drome. Although the presence of E. coli 0157 can be readily detected in stool by sorbitol-MacConkey agar
culture (SMAC), STEC non-O157 serotypes cannot. In contrast to culture, testing for the presence of Shiga
toxins 1 and 2 in stool detects both 0157 and non-O157 STEC serotypes capable of causing disease. Over two
consecutive summers, we evaluated the performance of the ProSpecT Shiga toxin E. coli Microplate assay
(Alexon-Trend, Ramsey, Minn.), an enzyme immunoassay for the detection of Shiga toxins 1 and 2, on all stools
submitted for culture of enteric pathogens, and the potential clinical impact of Shiga toxin detection. Twenty-
nine stool specimens were STEC positive by ProSpecT assay. Twenty-seven of 29 STEC-positive isolates were
confirmed by SMAC and serotyping or by a second enzyme immunoassay and PCR (positive predictive value,
93%). Thirteen of 27 confirmed Shiga toxin-producing strains were serotype O157. The remaining 14 strains
represented 8 other serotypes. The ProSpecT assay was 100% sensitive and specific for detection of E. coli 0157
in stool (7 of 7) compared to SMAC. In addition, the ProSpecT assay detected twice as many STEC as SMAC.
Fifty-two percent of confirmed STEC-positive stools were nonbloody. Thus, in our population, screening
strategies that test only visibly bloody stools for STEC would miss a majority of cases. Eleven (41%) STEC-positive
patients were hospitalized, and eight (30%) developed severe disease (two developed hemolytic-uremic syndrome,
and six developed hemorrhagic colitis). Prior to detection of STEC infection, seven (26%) and eight patients (30%)
underwent unnecessary diagnostic procedures or received potentially deleterious empirical treatment, respectively.
We propose that establishing a specific diagnosis of STEC may have prevented these potentially harmful interven-
tions. We conclude that the ProSpecT assay is sensitive and specific for the detection of Shiga toxins 1 and 2 in stool
and has potentially significant clinical impact for the individual patient and public health. Shiga toxin assays should

be considered for routine use in settings where prevalence of STEC disease warrants testing.

Shiga toxin-producing Escherichia coli organisms (STEC)
are emerging pathogens capable of producing sporadic and
epidemic diarrhea, hemorrhagic colitis, and potentially life-
threatening hemolytic-uremic syndrome (HUS) (4, 7, 15, 18,
25). Shiga toxin production is the defining characteristic of
STEC, and Shiga toxins 1 and 2 are the virulence factors
responsible for these serious complications (18, 28, 29, 32).
Escherichia coli O157:H7, the most frequently identified STEC
serotype, alone causes an estimated 60 deaths and 73,000 ill-
nesses annually in the United States (27). E. coli O157 lacks
the ability to rapidly ferment sorbitol and can be detected in
stool with sorbitol-MacConkey agar culture (SMAC) and se-
rotyping (24). In addition, approximately 100 E. coli non-O157
serotypes ferment sorbitol, produce one or both Shiga toxins,
and are an increasing cause of potentially serious disease (1, 9,
10, 17, 24, 27, 28; A. B. Rouse and J. M. Campos, Abstr. 100th
Gen. Meet. Am. Soc. Microbiol., abstr. C-216, 2000; L. J. Nims,
D. S. Horensky, L. L. Bucks, S. A. Young, J. L. Golobics, K. D.
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Greene, and E. G. Sowers, Abstr. 101st Gen. Meet. Am. Soc.
Microbiol., abstr. C-165, 2001).

In 1999, the Centers for Disease Control and Prevention
(CDC) estimated that one-third of STEC-associated diarrhea was
caused by non-O157 serotypes (27). Non-O157 STEC strains are
not detected by SMAC; few microbiology laboratories test for
their presence, and the true prevalence is unknown (8). However,
both STEC O157 and non-O157 serotypes capable of producing
disease are detected by virulence factor-based tests for the pres-
ence of Shiga toxins 1 and 2 in stool. We evaluated the perfor-
mance of the ProSpecT Shiga toxin Escherichia coli Microplate
assay (Alexon-Trend, Ramsay, Minn.), an enzyme immunoassay
for detection of Shiga toxins 1 and 2, in stools submitted for
culture of enteric pathogens, and evaluated the potential clinical
impact of this diagnosis.

(This work was presented, in part, at the 103rd Annual
Meeting of the American Society for Microbiology, May 2003,
Washington, D.C.)

MATERIALS AND METHODS

Specimens. During the summer months of 2001 and 2002, consecutive stool
specimens from outpatients and inpatients submitted to Evanston Northwestern
Healthcare (ENH) for routine culture of enteric pathogens were tested prospec-
tively for the presence of Shiga toxins 1 and 2 by the ProSpecT assay. Specifically,
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TABLE 1. O157 Serotype Shiga toxin-producing E. coli isolates detected in this study
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State laboratory identification

Patient no. Gender” Age Blood in stool ENH serotype Shiga toxin Clinical diagnosis
. Serotype
production
1 M 9yr + 0157 + 0157 Hemorrhagic colitis
2 M 11 yr + 0157 + 0157 NR?
3 M 19 yr + 0157 + 0157 Hemorrhagic colitis
4 M 55 yr - 0157 + 0157 Diarrhea
5 M 17 mo + 0157 + 0157 HUS
6 F 4 yr - 0157 + 0157 NR
7 M 31yr - 0157 + 0157 Diarrhea
8 M 16 mo - 0157 + O rough:H7 NR
9 F 59 yr + 0157 + 0157 Hemorrhagic colitis
10 M 9yr + 0157 + 0157 NR
11 F 6 yr + 0157 + 0157 Bloody diarrhea
12 M 10 yr + 0157 + 0157 Gastroenteritis
13 F Syr - NT¢ + 0157 Gastroenteritis

“ Abbreviations: M, male; F, female.
? NR, not recorded.
¢NT, not typed.

from June to August 2001, consecutive stool specimens were tested for Shiga
toxins directly by ProSpecT assay and were tested blindly and in parallel by
SMAC. Subsequently, from June to September 2002, when we were satisfied that
the ProSpecT assay was sensitive and specific for detection of E. coli O157, the
initial SMAC screening plate was dropped, and stool specimens were tested by
ProSpecT assay alone.

Fresh stool specimens were submitted in standard clean or sterile, leak-proof
containers without preservative or in modified Cary-Blair transport medium
(Remel, Lenexa, Kans.). Stools were classified as bloody when blood was visible
to the technologist or reported as present by the submitting physician. Fifty
microliters or a small pea-sized sample of fresh stool or stool in Cary-Blair
transport medium was inoculated into 5 ml of sterile MacConkey broth (Remel)
within 2 h of arrival in the laboratory. Specimens were incubated in MacConkey
broth at 37°C for 18 to 24 h. Specimens that were dried, received in fixative, or
held unrefrigerated without transport medium for more than 4 h were rejected.

All Shiga toxin-positive specimens were screened for presence of E. coli 0157
using SMAC, and non-sorbitol-fermenting E. coli were serotyped with anti-O157
antibody (Pro-Laboratory Diagnostics, Inc., Ontario, Canada). All STEC-posi-
tive stool specimens were submitted to the Illinois Department of Public Health
laboratory (the state laboratory), where SMAC was repeated. Non-sorbitol-
fermenting colonies were serotyped with anti-O157 antibody (Remel) and tested
by a second Shiga toxin immunoassay (Premier EHEC assay; Meridian Diag-
nostics Inc., Cincinnati, Ohio). In addition, to identify sorbitol-fermenting STEC
on SMAC, a colony sweep and up to five isolated sorbitol-positive colonies were
tested by Premier EHEC assay at the state laboratory. All non-O157 STEC-
positive strains were forwarded to the Enteric Pathogens Laboratory at the CDC,
where PCR for genotype and non-O157 serotyping were performed.

ProSpecT Shiga toxin Escherichia coli microplate assay. The ProSpecT assay
uses rabbit polyclonal anti-Shiga toxin 1 and 2 capture antibodies, and a horse-
radish peroxidase-labeled monoclonal mouse anti-Shiga toxin 1 and 2 conjugate.
The ProSpecT assay was performed according to the manufacturer’s instructions.
Briefly, 200 pl of specimen from MacConkey broth was added to each microplate
well and the reaction mixture was incubated at room temperature for 60 min.
After a series of manual washes, the enzyme conjugate was added and the
mixture was incubated at room temperature for 30 min. After a further series of
washes, color substrate was added, and the reaction mixtures were read spectro-
photometrically at 450 nm with a dual-wavelength spectrophotometer (BIO-
TEK Instruments Inc., Winooski, Vt.). Specimens were considered Shiga toxin
positive when the optical density was =0.200. The materials and labor cost of
testing stool specimens by ProSpecT assay was calculated to be $16 per test,
based on list price for the assay and an average labor cost of $20/h.

Culture. All stool specimens were inoculated into sheep blood, MacConkey,
Hecktoen enteric, and Campylobacter agars; incubated in the appropriate atmo-
sphere; and examined for growth of Aeromonas spp., Campylobacter spp., Plesi-
omonas spp., Salmonella sp., Shigella spp., and Yersinia spp. by standard methods.
Shiga toxin-positive specimens were cultured on SMAC, and non-sorbitol-fer-
menting colonies were tested with anti-O157 antibody.

Patients. Clinical and demographic data of patients with STEC-positive stools
were obtained from the electronic patient record or from the physician.

RESULTS

During the study periods, stool specimens from 2,060 pa-
tients were tested for presence of Shiga toxins 1 and 2 by
ProSpecT assay and for enteric pathogens by culture. Stool
cultures from 285 patients (14%) were positive for an enteric
pathogen: Campylobacter spp., 146; Salmonella sp., 66; Shigella
spp., 36; and Aeromonas spp., 10. A total of 29 of 2,060 stool
specimens (1.4%) were STEC positive. No stool specimen was
positive for more than one pathogen. Twenty-seven of 29
stools that were STEC positive by ProSpecT assay were con-
firmed positive at the state laboratory (positive predictive
value, 93%) (Tables 1 and 2). During the first summer of the
study, from June to August 2001, 7 of 543 consecutive stool
specimens were E. coli O157 positive by ProSpecT assay and
SMAC at ENH and at the state laboratory. No STEC-positive
specimen that failed to grow sorbitol-negative colonies was
subsequently serotyped as E. coli O157 (sensitivity and speci-
ficity for the detection of E. coli 0157, 100%).

Overall, 14 of 27 (52%) confirmed STEC-positive stools
were non-O157 serotypes. Twelve of the 14 were submitted to
the Enteric Pathogen Laboratory at the CDC: 3 were serotype
O126:H11 and 7 were other individual non-O157 serotypes.
One sorbitol-fermenting isolate was Shiga toxin positive by
both ProSpecT and Premier EHEC assays, but the presence of
Shiga toxin was not confirmed by the CDC (isolate from pa-
tient 26). Two non-O157 serotype isolates were not tested by
the CDC (those from patients 15 and 25). Stool specimens
from patients 24 and 25, who were siblings, were temporally
clustered with patient 26, who attended the same day care
center.

Two of 29 stool specimens (7%) were Shiga toxin positive by
the ProSpecT assay but negative by Premier EHEC assay at
the state laboratory (specimens from patients 28 and 29). Both
specimens were nonbloody and sorbitol fermenting. Although
it is conceivable that the sweep of sorbitol-positive colonies at
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TABLE 2. Non-O157 serotype Shiga toxin-producing E. coli isolates detected in this study”
. . State laborato CDC identification

Patient Gender Age Blood in ENH Shiga toxin Y Clinical diagnosis
no-. stool serotype result Serotype Shiga toxin PCR
14 M 64 yr + Non-O157 + 0O165:nonmotile 1,2 Hemorrhagic colitis
15 F 1yr - Non-O157 + Unable to isolate NT NR
16 M 20 yr - Non-O157 + 0103:H2 1,2 Gastroenteritis
17 F 55 yr - Non-O157 + 0O128:nonmotile 1,2 Diarrhea
18 M 2yr - Non-O157 + 026:H11 2 Diarrhea
19 F 67 yr - Non-O157 + 026:H11 1 Diarrhea
20 M 19 mo + Non-O157 + O111:nonmotile 1 NR
21 M 12 yr - Non-O157 + 0O132:H2 1 NR
22 F 53 yr + Non-O157 + O rough:nonmotile 2 HUS
23 M 17 yr + Non-O157 + 026:H11 1 Hemorrhagic colitis
24 F 4 mo - Non-O157 + O rough:H11 1 Gastroenteritis
25 F 30 mo - Non-O157 + NT NT Gastroenteritis
26 M 3yr - Non-O157 + - - Diarrhea
27 M 42 yr + Non-O157 + 045:H2 1 Hemorrhagic colitis
28 F 24 yr - Non-O157 - NT NT Diarrhea
29 F 48 yr - NT - NT NT Diarrhea

“ Abbreviations: M, male; F, female; NR, not recorded; NT, not tested.

the state laboratory may have missed Shiga toxin-producing
colonies, both results were considered false positives by the
ProSpecT assay. The state laboratory did have difficulty isolat-
ing STEC-positive, sorbitol-negative colonies from SMAC of a
stool specimen from a patient with hemorrhagic colitis (patient
27). After repeat isolation and testing of colony sweeps by
ProSpecT assay at ENH, the presence of STEC was subse-
quently confirmed by the state laboratory.

Of 27 confirmed STEC-positive patients, 11 (41%) were
hospitalized (median stay, 4 days; range, 1 to 18 days) and 8
(30%) developed severe STEC-associated disease (2 devel-
oped HUS, and 6 developed hemorrhagic colitis). E. coli 0157
and non-O157 serotypes were associated with equal numbers
of cases of hemorrhagic colitis and HUS (3 and 1 each, respec-
tively). Stool specimens from all patients with hemorrhagic
colitis and HUS were visibly bloody. However, in our popula-
tion, as in an earlier report, the majority of STEC-positive
stools (14 of 27; 52%) were nonbloody (33). In addition, sim-
ilar to other reports, bloody stools were more frequently asso-
ciated with O157 (62%; 8 of 13) than non-O157 STEC sero-
types (35%; 5 of 14) (22, 30, 31).

Eight of 27 confirmed STEC-positive patients (30%) re-
ceived empirical antimicrobial (6) and/or antimotility treat-
ment (4) (data not shown). Among the patients treated with
antimicrobials, quinolones were the most frequently prescribed
agent (5 of 6; 83%). The majority of patients with hemorrhagic
colitis or HUS (5 of 8; 62%) received empirical antimicrobial
(4) and/or antimotility agents (3) before diagnosis of STEC
infection. All four patients treated with antimotility agents
prior to the diagnosis of STEC infection were subsequently
hospitalized.

Over two summers, screening 2,060 stool specimens for the
presence of Shiga toxins by ProSpecT assay cost $32,960.

DISCUSSION

From June to August or September of 2001 and 2002, we
prospectively evaluated the ProSpecT assay for detection of
Shiga toxins 1 and 2 in stool specimens. The ProSpecT assay

was a highly sensitive and specific test for E. coli 0157 in stool
(seven of seven without false positives; 100%) compared to
SMAC. The positive predictive value of the ProSpecT assay for
the presence of O157 and non-O157 STEC serotypes com-
bined was 93% (27 of 29 specimens). Performance of Pro-
SpecT assay for the detection of O157 and non-O157 STEC, in
our population, was similar to that observed in an evaluation
by Kehl et al. (sensitivity and specificity, 99%) and comparable
to studies of the Premier EHEC assay for detection of O157
STEC (sensitivity, 89 to 100%; specificity, 99.7%) and O157
and non-O157 STEC (sensitivity, 98 to 100%; specificity, 98%)
(19, 20, 22, 31).

Many laboratories either fail to screen for STEC or screen
only visibly bloody stools either because the local prevalence of
STEC is considered to be too low or in an effort to contain
laboratory costs (8). The prevalence of STEC in our popula-
tion (1.3%) was almost identical to that of an earlier multi-
center U.S. study, in which STEC were as prevalent as Shigella
spp. (D. W. Acheson, K. Frankson, D. Willis, et al., Abstr. 98th
Gen. Meet. Am. Soc. Microbiol., abstr. C-205, 1998). The
prevalence of Shigella spp. was slightly higher in our population
(1.7%), so that STEC were the fourth most common enteric
pathogen during the summer months. In an earlier large Bel-
gian PCR-based study of more than 10,000 stool specimens,
STEC were the third most prevalent enteric pathogens after
Campylobacter and Salmonella (33).

Having decided that the local prevalence of STEC warrants
some form of screening, our findings emphasize again the
importance of using a test that detects both O157 and non-
0157 STEC serotypes. In the present study, as in others, non-
0157 STEC were more prevalent than O157 STEC serotypes
(D. W. Acheson et al., 98th Gen. Meet. Am. Soc. Microbiol,;
L.J. Nims et al., 101st Gen. Meet. Am. Soc. Microbiol.). In the
last decade, Australia, Europe, and North and South America
have seen an increase in detection and reporting of non-O157
STEC as a cause of HUS (L. J. Nims et al., 101st Gen. Mtg.
Am. Soc. Microbiol.) (1, 9-12, 14, 20, 33). Similarly, in our
population, the majority of STEC infections and half of the
cases of hemorrhagic colitis and HUS were caused by non-
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0157 STEC serotypes. As in previous studies, in which viru-
lence factor-based tests led to increases of 20 to 30% in de-
tection of STEC-positive isolates, the ProSpecT assay detected
twice as many STEC positives as SMAC culture alone (19, 34).

After deciding to screen for STEC and recognizing the in-
creasing importance of non-O157 serotype STEC, the question
arises as to which stool specimens to screen with a virulence-
factor based test. Most U.S. laboratories that screen for STEC
screen only visibly bloody stools (8). However, presence of
blood in the stool is a poor predictor of the presence of STEC
(19). In the present study, screening visibly bloody stools would
have identified all patients with severe STEC-associated dis-
ease but would have missed the majority of STEC-positive
patients (14 of 27 [52%] with nonbloody stools). In addition,
screening only bloody stools may miss STEC-positive patients
if the presence of blood is obscured in transport medium or if
a history is not conveyed to the laboratory. Specifically, in this
study, screening all stools, including nonbloody specimens, by
ProSpecT assay detected almost twice as a many STEC-posi-
tive specimens. Previously in our laboratory, stools were
screened for STEC by SMAC only if visibly bloody or upon
request. Our present strategy is to screen all stools for STEC
by the ProSpecT assay during the warmer summer months,
when the frequency of STEC infection increases (22, 23, 30,
35). For the remainder of the year, in an effort to improve
efficiency and cost-effectiveness of STEC screening, we test for
STEC only if stools are bloody or upon request. For epidemi-
ologic and public health purposes, all STEC-positive strains
undergo SMAC and serotyping of sorbitol-negative colonies
and are forwarded to the state laboratory.

Detection and identification of even a single O157 or non-
0157 STEC infection have important benefits for the individ-
ual and for public health (5). In searching for a cause of bloody
diarrhea, physicians have performed unnecessary diagnostic
imaging, colonoscopies, and surgeries on patients subsequently
shown to be infected with STEC (15, 25). Similarly, seven of
our STEC-positive patients (26%) had additional diagnostic
procedures performed (computed tomography was performed
on four patients, and colonoscopy was performed on three
patients) prior to detection of STEC (data not shown). We
suggest, and Park et al. (31) have recently demonstrated, that
an earlier diagnosis of STEC infection would have avoided
such potentially harmful and expensive investigations in a sig-
nificant number of our patients. In addition, establishing a
specific diagnosis may prevent potentially deleterious antimi-
crobial or antimotility treatment (2, 26, 36, 37). It is a matter of
concern that 30% of STEC-positive patients in the present
study received empirical antimicrobials (6) and/or antimotility
agents (4). The fact that quinolones were the antimicrobials
prescribed in the majority of these cases is worrisome. Exper-
imental evidence demonstrates that quinolones are potent in-
ducers of Shiga toxin-encoding bacteriophages and toxin pro-
duction in STEC (21, 39). Whereas the role of antimicrobials
in the pathogenesis of HUS may be considered controversial
by some, the potentially deleterious effect of antimotility treat-
ment upon the evolution of STEC disease is well established
(6, 16, 26). Thus, it is particularly worrisome that several pa-
tients received antimotility agents prior to diagnosis of STEC
infection. Our findings reinforce past data that physicians
should not prescribe antimicrobials or antimotility treatment
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for patients known to have STEC infection. Furthermore, at a
minimum, early detection permits identification and optimal
monitoring of patients at risk of progression to HUS (38). And
finally, in the future, timely microbiologic diagnosis of STEC
infection may permit specific anti-Shiga toxin prophylaxis to
prevent severe STEC-associated disease (3, 13).

The public health benefits of diagnosing STEC infection are
readily apparent in the setting of outbreaks of this potentially
lethal agent (5). Detection of a STEC-positive patient requires
an epidemiologic investigation to assess whether a case is truly
sporadic or part of an outbreak, to determine the source of the
outbreak, and to prevent further spread. Early detection, rapid
notification, and timely epidemiologic investigation of a STEC
outbreak in the western United States led to recall of contam-
inated product and prevention of an estimated 800 additional
cases of infection (5). In the present study, familial and day
care center transmission of non-O157 STEC (patients 24, 25,
and 26) may have gone undetected if screening was limited to
bloody stools or SMAC alone was performed.

Results of the present study should be interpreted in light of
certain limitations of study design. Firstly, because a reference
method that detects non-O157 STEC, such as PCR, was not
used, it is not possible to assess sensitivity, specificity or neg-
ative predictive value for detection of non-O157 STEC sero-
types. However, in the first part of the study, the ProSpecT
assay demonstrated 100% sensitivity and specificity for detec-
tion of O157 serotype STEC, and we expect the performance
characteristics to be similar for antigenically identical toxins of
non-0157 serotypes. In addition, 11 of 12 non-O157 serotypes
detected by ProSpecT assay were confirmed by PCR at the
CDC. The one discordant non-O157 STEC-positive specimen
(positive by ProSpecT assay but negative at the CDC) was from
a young child (patient 26) that was temporally clustered with
non-0157 STEC-positive isolates from two siblings (patients
24 and 295) attending the same day care center. Considering
that the isolate was positive by both ProSpecT and Premier
EHEC assays but negative by repeat Premier EHEC assay at
the CDC, difficulty isolating STEC-positive non-sorbitol-fer-
menting colonies from SMAC at the state laboratory or loss of
the Shiga toxin genes may account for the discordant result
(17). Secondly, many laboratories may consider the cost of
screening by ProSpecT assay prohibitive. Our screening strat-
egy cost almost $33,000 over two consecutive summers: $1,220
per positive test; and $16 per negative test. However, notwith-
standing the potential societal or public health benefits of
STEC outbreak detection and prevention efforts, we believe
that the additional costs of screening are justified and may, in
fact, be associated with significant cost savings. Although de-
tection of STEC infection, by itself, does not prevent disease in
the individual patient, it may prevent potentially deleterious
treatments that cause progression to HUS or hemorrhagic
colitis. We speculate that cost savings from the prevention of
progression of even a single case of STEC infection justify the
additional expense of our screening strategy. Specifically, ad-
mission and treatment of a single HUS case (patient 22) cost
$97,977. And finally, our results may not be representative of
populations with different prevalences of STEC infection. Al-
though the frequency of STEC in our population was similar to
those in previous multicenter studies, further study is required
to determine if our screening strategy is applicable in other
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populations (23, 35; D. W. Acheson et al., 98th Gen. Meet.
Am. Soc. Microbiol.).

In summary, the ProSpecT assay was a highly sensitive and
specific test for E. coli O157 in stool (100%), with a high
positive predictive value for O157 and non-O157 STEC sero-
types (93%). Specifically, during the warmer summer months,
screening all stools by ProSpecT assay detected twice as many
STEC-positive patients as SMAC alone. In addition, testing all
stools rather than only visibly bloody ones detected twice as
many STEC-positive specimens. Thus, screening all stools for
presence of STEC by a virulence factor-based test more accu-
rately reflects the true prevalence of STEC infection, further
emphasizes the contribution and pathogenic potential of non-
0157 STEC, and provides important public health data. In
addition, for the individual patient, tests such as ProSpecT
assay may avoid unnecessary, expensive, and possibly harmful
investigations and prevent potentially deleterious treatments
and progression to severe disease. We conclude that virulence
factor-based tests, such as the ProSpecT assay, which detect
both O157 and non-O157 STEC serotypes in stool, are sensi-
tive and should be more widely adopted by clinical microbiol-
ogy laboratories.
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