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A commercially available real-time, rapid PCR test was evaluated for its ability to detect Escherichia coli
0157. Both the sensitivity and specificity of the assay were 99% for isolates in pure culture. The assay detected
1 CFU of E. coli 0157:H7 g~ ! in artificially inoculated bovine feces following enrichment.

Shiga-toxigenic Escherichia coli (STEC) includes E. coli se-
rotypes whose genomes contain one or more Shiga toxin genes.
STEC infections in humans can range from mild self-limiting
diarrhea to more severe disease, including hemorrhagic colitis
and hemolytic uremic syndrome (HUS) (18, 21). HUS is
mainly seen in younger children and is the leading cause of
renal failure for children under the age of 5 years (6). The
major STEC serotype associated with infections in humans in the
United States is O157:H7, which caused 69 outbreaks of E. coli
O157:H7 infection in the United States during 2000, resulting in
thousands of illnesses, 50 cases of HUS, and four deaths (http:
/www.cdc.gov/foodborneoutbreaks/ecoli/2000_summaryLetter
.pdf). Many outbreaks of E. coli O157:H7 infection are the
result of contaminated hamburger, produce, or water (1, 4, 5,
12, 13, 24). Person-to-person (2, 22) and direct animal-to-
human transmission of E. coli O157:H7 have also been re-
ported previously (3, 7, 11, 27).

A number of E. coli O157:H7 genes have been targeted for
diagnostic amplification by PCR, including those encoding the
Shiga toxins (stx; and stx,), eaeA, hlyA, fliC, and several genes
from the E. coli 0157 O-antigen synthesis operon (9, 14, 16, 17,
19, 20, 23, 26). Real-time PCR allows for quantification of the
target, and when combined with a rapid cycling platform, re-
sults can be generated in 30 min from the start of thermal
cycling. Because of the advantages of real-time and rapid-cycle
real-time PCR, many assays that perform better than the stan-
dard culture-based assays have been developed to detect
pathogenic organisms (25). In this study, the ruggedized ad-
vanced pathogen identification device (RAPID) system E. coli
0157 kit (Idaho Technology, Inc., Salt Lake City, Utah) was
evaluated for detecting E. coli O157 in pure culture and in
artificially and naturally contaminated bovine feces.

DNA was extracted from pure cultures by using the Gener-
ation Capture plate kit (Gentra Systems, Minneapolis, Minn.)
according to the manufacturer’s directions. Extractions were
taken from 98 STEC O157:H7, 9 non-STEC 0157, 16 STEC
non-0157, and 86 non-O157 E. coli isolates (detailed list of the
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strains used is available at http://www.marc.usda.gov/AHRU
/E.coli/AEM_Bono_Table_1.pdf). The DNA was diluted to
500 ng/pl, and 1 pl was added to the LightCycler capillary
(Idaho Technology, Inc.). The RAPID system E. coli O157
detection kit (Idaho Technology, Inc.) containing the freeze-
dried reagent was reconstituted by adding 38 ul of water, and
19 pl was added to the LightCycler capillary. The reactions
were performed on the RAPID system with the cycling condi-
tions of 94°C for 60 s for one cycle and then 45 cycles of a
two-step cycle of 95°C for 0 s and 60°C for 20 s. PCR threshold
cycle (C;) values were determined by using the LightCycler
data analysis module (Idaho Technology, Inc.).

The C, values for the 107 E. coli O157 and 102 non-E. coli
0157 isolates are shown in Fig. 1. The average C; of the E. coli
0157 isolates was 27 cycles (95% confidence interval [CI], 26.6
to 27.4). Eighty-seven of the 102 non-E. coli O157 isolates did
not amplify after 45 cycles and thus had no C; values. The
mean C; for the remaining 15 isolates was 38.1 (95% CI, 36.7
to 39.5). The optimum C; cutoff value between O157 and
non-O157 E. coli was determined by using two-graph receiver
operating characteristic analysis (CMDT version 2.0; http://city
vetmed.fu-berlin.de/~mgreiner/CMDT/cmdt.htm) (10), re-
sulting in a C;- cutoff value of 35. With this cutoff value, 106 of
the 107 E. coli O157 isolates were positive using the RAPID
test, while 101 of the 102 non-E. coli O157 isolates were clas-
sified as negative (sensitivity, 99.1% [95% CI, 94.9 to 99.9];
specificity, 99% [95% CI, 94.7 to 99.9]) (Fig. 1).

E. coli O157:H7 isolates EDL 933 and O157 Sakai were
grown overnight in brain heart infusion broth and diluted 10-
fold; 9 ml of each dilution was added to duplicate 50-ml dis-
posable tubes, after which 1 g of E. coli O157-negative bovine
feces was added. One milliliter of the bovine fecal slurry was
removed before and after the 6-h enrichment incubation at
37°C. After centrifugation at 2,000 X g for 2 min, the super-
natants were transferred into a new tube and centrifuged
(10,000 X g, 3 min); the pellets were then washed two times
with 1 ml of phosphate-buffered saline plus 5% Tween 20. The
pellets were resuspended in 200 wl of Prepman reagent, and
DNA was extracted according to the manufacturer’s directions.
Preenrichment (R* = 0.958) and postenrichment (R* = 0.989)
C, values showed a linear relationship with the number of E.
coli O157:H7 organisms added, indicating a direct correlation
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FIG. 1. Dot box plot of RAPID system E. coli O157 detection kit
C, values with bacterial isolates tested. Two hundred nine well-char-
acterized bacterial isolates were assayed by using the RAPID system E.
coli O157 detection kit. Dots represent the C;- value of each isolate.
The bottom and top edges of the superimposed box plots are the 25th
and 75th distribution percentiles, respectively; the central horizontal
line represents the median (50th percentile), and the central vertical
lines extend from the box as far as the data extend (range).

Other

between the C- and the number of E. coli O157:H7 CFU g of
feces ! (Fig. 2). The detection limit of the assay was generated
by averaging the geometric mean of the last C;- from the linear
curve. The detection limit of the assay was 512 CFU g ' (95%
CI, 34 to 7,798) preenrichment and 1 CFU g~ ' (95% CI, 0.5 to
2) postenrichment.

Twelve STEC isolates and one non-STEC O157 isolate were
cultured from 75 bovine fecal grabs by using an immunomag-
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FIG. 2. Determination of the detection limit in bovine feces of the
RAPID system E. coli O157 detection kit with C;- values. The C;
values are plotted against duplicate sets of E. coli 0157 isolates EDL
933 and Sakai. DNA was extracted from a 10-fold dilution of inocu-
lated slurry from preenrichment and postenrichment samples. The
boxes and triangles represent the preenrichment and postenrichment
samples, respectively.
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FIG. 3. Dot box plot of RAPID pre- and postenrichment C;-values
from 75 bovine fecal samples. The pre- and postenrichment samples
were divided into two groups: the 62 that were IMS culture negative
and 13 that were IMS positive. Circles represent the C; value of each
sample. The filled circle represents a sample from which a non-STEC
0157 strain was isolated. The bottom and top edges of the superim-
posed box plots are the 25th and 75th distribution percentiles, respec-
tively; the central horizontal line represents the median (50th percen-
tile), and the central vertical lines extend from the box as far as the
data extend (range).

netic separation (IMS) and isolation procedure (Fig. 3). DNA
was purified from the 75 bovine fecal samples as described
above and assayed by using the detection kit. Fifty-two preen-
richment and 68 postenrichment samples had C; values of 44
or lower. The difference between the IMS isolation procedure
and the PCR detection kit is significant and probably is a result
of the increased sensitivity of PCR. However, false positivity or
amplification of DNA from dead bacteria cells may also have
had a role in the increased number of positive PCR samples
compared to that found with the IMS procedure. Both IMS-
positive and -negative samples had a decrease in their C,
values after enrichment. The median C; of the IMS culture-
negative samples was 42 (95% CI, 40 to 43) preenrichment and
39 (95% CI, 37 to 39) postenrichment. The median C;- of the
IMS culture-positive preenrichment samples was 43 (95% CI,
40 to 46), whereas the IMS culture-positive postenrichment
samples had a median of 36 (95% ClI, 34 to 38) (Fig. 3). Only
after enrichment did the assay identify all 13 IMS culture-
positive samples (Fig. 3).

The RAPID system E. coli O157 detection kit is a specific
and sensitive assay for detecting E. coli O157 and has the
added potential of detecting E. coli O157 in bovine feces. The
detection range of 10° to 10* and minimum detection limit of
=10 bacteria gram ! of inoculated feces reported here for
postenrichment samples are similar to other previously re-
ported results (15, 23). The assay detects all E. coli O157
isolates whether they have Shiga toxin or not. Even though
Shiga toxin-positive and -negative bacteria may share the 0157
serotype, their virulence and genomes differed (8, 18, 21).
STEC O157:H7 organisms have the H7 flagellar serotype, can
be pathogenic in humans, and contain many virulence genes,
including those encoding the Shiga toxins, the LEE locus, and
HylA. Non-STEC O157 strains are usually not pathogenic in
humans, generally have an H serotype other than H7, and lack
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the virulence factors described above. A positive result with
this assay would require further characterization to differenti-
ate between E. coli O157:H7 and other E. coli O157 H sero-

types.

We thank Terry Arthur, Richard Oberst, and Michael Clawson for

helpful comments on the manuscript; Tom Whittam, Evangaline Sow-
ers, and Takeshi Honda for providing isolates; Liz Ossian, Tammy
Sorensen, Sandy Fryda-Bradley, and Ron Mlejnek for excellent tech-
nical assistance; and Joan Rosch for secretarial assistance.

Names are necessary to report factually on available data; however,

the USDA neither guarantees nor warrants the standard of the prod-
uct, and the use of the name by USDA implies no approval of the
product to the exclusion of others that may also be suitable.

12.

REFERENCES

. Ackers, M. L., B. E. Mahon, E. Leahy, B. Goode, T. Damrow, P. S. Hayes,

W. F. Bibb, D. H. Rice, T. J. Barrett, L. Hutwagner, P. M. Griffin, and L.
Slutsker. 1998. An outbreak of Escherichia coli O157:H7 infections associ-
ated with leaf lettuce consumption. J. Infect. Dis. 177:1588-1593.

. Belongia, E. A., M. T. Osterholm, J. T. Soler, D. A. Ammend, J. E. Braun,

and K. L. MacDonald. 1993. Transmission of Escherichia coli O157:H7
infection in Minnesota child day-care facilities. JAMA 269:883-888.

. Centers for Disease Control and Prevention. 2002. Multistate outbreak of

Escherichia coli O157:H7 infections associated with eating ground beef—
United States, June-July 2002. Morb. Mortal. Wkly. Rep. 51:637-639.

. Centers for Disease Control and Prevention. 1999. Outbreak of Escherichia

coli O157:H7 and Campylobacter among attendees of the Washington
County Fair—New York, 1999. Morb. Mortal. Wkly. Rep. 48:803-805.

. Centers for Disease Control and Prevention. 2001. Outbreaks of Escherichia

coli O157:H7 infections among children associated with farm visits—Penn-
sylvania and Washington, 2000. Morb. Mortal. Wkly. Rep. 50:293-297.

. Corrigan, J. J., Jr., and F. G. Boineau. 2001. Hemolytic-uremic syndrome.

Pediatr. Rev. 22:365-369.

. Crump, J. A,, A. C. Sulka, A. J. Langer, C. Schaben, A. S. Crielly, R. Gage,

M. Baysinger, M. Moll, G. Withers, D. M. Toney, S. B. Hunter, R. M.
Hoekstra, S. K. Wong, P. M. Griffin, and T. J. Van Gilder. 2002. An outbreak
of Escherichia coli O157:H7 infections among visitors to a dairy farm.
N. Engl. J. Med. 347:555-560.

. Feng, P, K. A. Lampel, H. Karch, and T. S. Whittam. 1998. Genotypic and

phenotypic changes in the emergence of Escherichia coli O157:H7. J. Infect.
Dis. 177:1750-1753.

. Gannon, V. P., S. D’Souza, T. Graham, R. K. King, K. Rahn, and S. Read.

1997. Use of the flagellar H7 gene as a target in multiplex PCR assays and
improved specificity in identification of enterohemorrhagic Escherichia coli
strains. J. Clin. Microbiol. 35:656—662.

. Greiner, M., D. Pfeiffer, and R. D. Smith. 2000. Principles and practical

application of the receiver-operating characteristic analysis for diagnostic
tests. Prev. Vet. Med. 45:23-41.

. Heuvelink, A. E., C. van Heerwaarden, J. T. Zwartkruis-Nahuis, R. van

Oosterom, K. Edink, Y. T. van Duynhoven, and E. de Boer. 2002. Escherichia
coli 0157 infection associated with a petting zoo. Epidemiol. Infect. 129:
295-302.

Hilborn, E. D., J. H. Mermin, P. A. Mshar, J. L. Hadler, A. Voetsch, C.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

DETECTION OF E. COLI O157 BY PCR 1857

Wojtkunski, M. Swartz, R. Mshar, M. A. Lambert-Fair, J. A. Farrar, M. K.
Glynn, and L. Slutsker. 1999. A multistate outbreak of Escherichia coli
0O157:H7 infections associated with consumption of mesclun lettuce. Arch.
Intern. Med. 159:1758-1764.

. Hilborn, E. D., P. A. Mshar, T. R. Fiorentino, Z. F. Dembek, T. J. Barrett,

R. T. Howard, and M. L. Cartter. 2000. An outbreak of Escherichia coli
0157:H7 infections and haemolytic uraemic syndrome associated with con-
sumption of unpasteurized apple cider. Epidemiol. Infect. 124:31-36.

Hu, Y., Q. Zhang, and J. C. Meitzler. 1999. Rapid and sensitive detection of
Escherichia coli O157:H7 in bovine faeces by a multiplex PCR. J. Appl.
Microbiol. 87:867-876.

Ibekwe, A. M., P. M. Watt, C. M. Grieve, V. K. Sharma, and S. R. Lyons.
2002. Multiplex fluorogenic real-time PCR for detection and quantification
of Escherichia coli O157:H7 in dairy wastewater wetlands. Appl. Environ.
Microbiol. 68:4853-4862.

Jothikumar, N., and M. W. Griffiths. 2002. Rapid detection of Escherichia
coli O157:H7 with multiplex real-time PCR assays. Appl. Environ. Microbiol.
68:3169-3171.

Meng, J., S. Zhao, M. P. Doyle, S. E. Mitchell, and S. Kresovich. 1997. A
multiplex PCR for identifying Shiga-like toxin-producing Escherichia coli
O157:H7. Lett. Appl. Microbiol. 24:172-176.

Nataro, J. P., and J. B. Kaper. 1998. Diarrheagenic Escherichia coli. Clin.
Microbiol. Rev. 11:142-201.

Osek, J. 2002. Rapid and specific identification of Shiga toxin-producing
Escherichia coli in faeces by multiplex PCR. Lett. Appl. Microbiol. 34:304—
310.

Paton, A. W., and J. C. Paton. 1998. Detection and characterization of Shiga
toxigenic Escherichia coli by using multiplex PCR assays for stx,, stx,, eaeA,
enterohemorrhagic E. coli hlyA, rfboy,1, and rfbgs7. J. Clin. Microbiol.
36:598-602.

Paton, J. C., and A. W. Paton. 1998. Pathogenesis and diagnosis of Shiga
toxin-producing Escherichia coli infections. Clin. Microbiol. Rev. 11:450-479.
Pavia, A. T., C. R. Nichols, D. P. Green, R. V. Tauxe, S. Mottice, K. D.
Greene, J. G. Wells, R. L. Siegler, E. D. Brewer, D. Hannon, and P. A. Blake.
1990. Hemolytic-uremic syndrome during an outbreak of Escherichia coli
0157:H7 infections in institutions for mentally retarded persons: clinical and
epidemiologic observations. J. Pediatr. 116:544-551.

Sharma, V. K. 2002. Detection and quantitation of enterohemorrhagic Esch-
erichia coli 0157, O111, and 026 in beef and bovine feces by real-time
polymerase chain reaction. J. Food. Prot. 65:1371-1380.

Swerdlow, D. L., B. A. Woodruff, R. C. Brady, P. M. Griffin, S. Tippen, H. D.
Donnell, Jr., E. Geldreich, B. J. Payne, A. Meyer, Jr., J. G. Wells, K. D.
Greene, M. Bright, N. H. Bean, and P. A. Blake. 1992. A waterborne out-
break in Missouri of Escherichia coli O157:H7 associated with bloody diar-
rhea and death. Ann. Intern. Med. 117:812-819.

Uhl, J. R,, C. A. Bell, L. M. Sloan, M. J. Espy, T. F. Smith, J. E. Rosenblatt,
and F. R. Cockerill III. 2002. Application of rapid-cycle real-time polymer-
ase chain reaction for the detection of microbial pathogens: the Mayo-Roche
rapid anthrax test. Mayo Clin. Proc. 77:673-680.

Wang, G., C. G. Clark, and F. G. Rodgers. 2002. Detection in Escherichia coli
of the genes encoding the major virulence factors, the genes defining the
O157:H7 serotype, and components of the type 2 shiga toxin family by
multiplex PCR. J. Clin. Microbiol. 40:3613-3619.

Warshawsky, B., B. Gutmanis, B. Henry, J. Dow, J. Reffle, G. Pollett, R.
Ahmed, J. Aldom, D. Alves, A. Changla, B. Ciebin, F. Kolbe, F. Jamieson,
and F. Rodgers. 2002. An outbreak of Escherichia coli O157:H7 related to
animal contact at a petting zoo. Can. J. Infect. Dis. 13:175-181.



