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ABSTRACT

In this study, four commercially available kits specific for Escherichia coli O157 and one PCR method were evaluated for their per-
formance while applied to detect E. coli O157:H7 in foods. Using 69 pure strains, the specificity and sensitivity rates were both 100% as
determined on the base of O157-antigen. While targeted on both O157 and H7 antigens, all tested kits showed 100% sensitivity rates, but
specificity rates decreased to 89.6%. The detection limits of the four kits ranged from 103 to 104 CFU/mL. Both the specificity rate and
sensitivity rate of the PCR method were 100%, with a detection limit of 103 CFU/test. This study indicated that these four commercial kits
were designed only for O157 antigen of E. coli, suggesting that these kits are only useful for prescreening of O157 antigen of E. coli.
Positive samples tested by the kits should be confirmed by other appropriate methods following isolation of suspect colonies. Inoculation
tests revealed that one E. coli O157 cell in one gram sample could be detected following enrichment procedures. When the four kits were
applied to examine market food samples, all gave different degrees of false-positive results. Hence, these kits can only be used for screen-
ing. No false-positive results were obtained by the PCR method.     
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INTRODUCTION

The first case report of an E. coli O157: H7 outbreak
occurred in 1982. Since then, food poisoning outbreaks
caused by E. coli O157: H7 have become a common occur-
rence worldwide. The E. coli O157: H7 outbreak, which
occurred in Japan in 1996 was the largest in scope (1). E. coli
O157: H7 was classified as an enterohemorrhagic E. coli
(EHEC). It is also named as shiga toxin-producing E. coli
(STEC), which was usually called verotoxin-producing E.
coli (VTEC), since it is capable of producing shiga-like toxin
(SLT). It has been confirmed that the STEC strains include
more than 100 serotypes(2). 

In addition to producing shiga-like toxin, the pathogen-
ic mechanisms of EHEC might be related to an adherence
factor and production of enterohemolysin(2). Unlike other E.
coli strains, E. coli O157: H7 lacks β-D-glucuronidase activ-
ity and is unable to ferment sorbitol except for some variants,
which possess β-D-glucuronidase and are capable of fer-
menting sorbitol(3). STEC is a pathogen that is transmissible
between humans and animals. The major route of infection is
via consuming undercooked ground beef. Cow and sheep
faeces are considered as the sources of contaminants(2, 4). The
infection dosage of E. coli O157: H7 is less than 100 CFU.
Children and old people are susceptible to be infected with E.
coli O157: H7. A few serious symptoms of infection may
accompany the following symptoms: hemorrhagic colitis
(HC), hemolytic uremic syndrome (HUS), and thrombotic
thrombocytopenic purpura (TTP)(2).  

Traditional methods for STEC inspection include five
steps: enrichment culture, selective culture, biochemical
identification, serotype confirmation test, and toxin test (5). It
takes at least 2 days to get a negative test result and 1~3 more
days to get a positive result. Because traditional test methods
are time consuming, several rapid test methods have been
thus developed. These include selective culture biochemical
identification method(2), enzyme-linked immunosorbent
assay(6, 7), DNA probe(7, 8), latex agglutination(9), immuno-
precipitation(8, 10), immunomagnetic separation(7, 10), and
PCR method(11, 12). The above test methods can be classified
into two groups. The first group is specific to the E. coli
O157: H7 test and most of the test methods are designed for
this purpose. For example, by using Petrifilm E. coli O157:
H7, food samples with proper dilution are ready for testing.
Culture media enrichment is the only step to carry out for
obtaining a positive or negative result when EHEC-TEK,
VIDAS, PATH-STIK E. coli O157: H7, VIP and Reveal
methods are used. Several selective culture media were mod-
ified, such as Ranbow Agar O157, sorbitol MacConkey Agar
(SMAC), cefixime potassium tellurite-sorbitol MacConkey
Agar (CT-SMAC), Fluorocult HC, and Fluorocult E. coli
O157: H7 Agar.  RIM, Singlepath, and MicroScreen are the
test kits designed for testing colonies isolated from the selec-
tive enrichment culture. The other group is used for STEC
testing. These test kits, including Verotox-F, Premier EHEC,
and Tox-Tech O157: H7, are used to test the toxin produced
from STEC. 

Since July 1996, we have been collecting raw meat, raw
milk, and animal faeces, to inspect the status of STEC conta-
mination. In the meantime, inspection and serotyping meth-
ods were also developed(13, 14). In order to operate in coordi-
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nation with joining APEC and the WTO that will increase
international food circulation, a rapid STEC inspection
method has to be developed to ensure food hygiene safety.
Several commercial test kits were evaluated, and compared
to the PCR method currently used in our laboratory for devel-
oping a test procedure, which can practically be applied for
food inspection. Initially, the STEC strain and other reference
strains were used as the test strains. After setting up a
method, the food samples spiked with pure culture were then
tested. Finally, a reliable method was set up and used to test
the marketed food samples. 

MATERIALS AND METHODS

I. Materials

(I) Chemicals

Novobiocin was purchased from Sigma (St. Louis,
Missouri, USA). Cefixime, potassium tellurite, and glycerol
were obtained from Merck (Darmstadt, Germany).

(II) Instruments

A microorganism auto-analyzer (model: Vitek Auto
Microbic System) and VIDAS auto-analyzer (model: mini
VIDAS) were purchased from bioMerieux Vitek, Inc.
(Hazelwood, Missouri, USA). A PCR reactor with
Programmable Thermal Controller, PTC-100 was made by
MJ Research (Water Town, Massachusetts, USA). 

(III) PCR Primer and Reagents

Three primers specific to shiga toxin gene and eaeA
gene of EHEC (Table 1) were synthesized by TIB Molbiol
(Berlin, Germany). DynaZyme DNA Polymerase kit was
purchased from Finnzyme (Espoo, Finland). 

(IV) Test Kits

The following test kits were used in this study: Reveal
E. coli O157: H7 Test System (Neogen, Lansing, Mississippi,
USA); VIDAS E. coli O157 (bioMerieux, Vitek, Inc.,
Hazelwood, Missouri, USA); PATH-STIK One Step Rapid E.
coli O157 Test (Celsis Lumac, B. V. Landgraaf, The
Netherlands); Visual Immunoprecipitate Assay (VIP) for
EHEC (BioControl System, Inc. Bellevue, Washington,
USA). 

(V) Pathogenic E. coli Serum and Gram Negative
Identification Card

Forty-three pathogenic E. coli O-antiserums and 22 H-
antiserums were obtained from Denka Seiken (Tokyo,
Japan). Gram negative identification card was supplied by
Vitek Systems (Hazelwood, Missouri, USA).

(VI) Culture Media and Agar

The following culture media and agar were used in this
study: Eosin methylene-blue lactose sucrose Agar (EMB),
Tryptic Soy Agar (TSA) (Difco, Detroit, Michigan, USA),
sorbitol MacConkey Agar (Oxoid, Hampshire, England),
mTSB-Broth with novobiocin (20 mg/L), cefixime (50 µg/L)
and potassium tellurite (2.5 mg/L)-MacConkey Broth (CT-
MB), Fluorocult E. coli O157:H7 Agar (Merck, Darmstadt,
Germany), and Agarose (Amresco, Solon, Ohio, USA).

(VII) Test Strains

In total, 69 test strains were used in this study. These
include 20 strains of E. coli O157: H7 (CCRC13086, CCRC
13087, CCRC13088, CCRC13089, CCRC13090,
CCRC13091, CCRC13092, CCRC13094, CCRC13095,
CCRC13096, CCRC13097, CCRC13098, CCRC13099,
CCRC15373, CCRC15374, CCRC15376, CCRC15377,
CCRC15970, CCRC14824, CCRC14825) and E. coli O157:
H7 CLC136B-2 isolated from sheep faeces in our laboratory;
14 strains of STEC and non- E. coli O157: H7 (CLCM213-2,
CLC164A-6, CLC184A-6, CLC10B-1, CLC21C-11,
CLC38A-19, CLC55B-17, CLC81C-10, CLC94C-4,
CLC116A-4, CLC179B-16, CLC231C-3, CLC203C-6,
CLC273C-4), which were isolated from faeces and raw milk
of cow and sheep; 12 strains of non-STEC E. coli and 22
strains of others as listed in Table 2. E. coli CCRC 14824,
which possesses eaeA and hlyA genes and is capable of pro-
ducing SLT1 and SLT2, was used as reference strain of
EHEC. They were obtained from the Culture Collection and
Research Center at Food Industry Research & Development
Institute or isolated in our laboratory. 

(VIII) Test Samples

Twenty test samples of chicken and pork were collected
from local markets in northern Taiwan during March to April
1999. Samples were kept in a refrigerator while shipping to
the laboratory. 
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Table 1. Primers used in this study

Primer Sequence 5’-3' Gene Amplicon (bp) Reference

LP30 CAG TTA ATG TGG TGG CGA AGG slt1 348 (12)
LP31 CAC CAG ACA ATG TAA CCG CTG
LP43 ATC CTA TTC CCG GGA GTT TAC G slt2 584 (12)
LP44 GCG TCA TCG TAT ACA CAG GAG C
AE19 CAG GTC GTC GTG TCT GCT AAA eaeA 1087 (15)
AE20 TCA GCG TGG TTG GAT CAA CCT



II. Methods

(I) Test for the Specificity and Sensitivity of Kits and PCR
Method

Sixty-nine test strains were streak cultured in EMB or
TSA media and incubated at 37˚C overnight. One colony was
then transferred to TSA medium, incubated at 37˚C
overnight, transferred to a 0.45% saline solution, and adjust-
ed to a concentration of McFarland:2 suspension. Above sus-
pension (0.5 mL) was inoculated to a mTSB+novobiocin
enrichment culture media (9 mL, once enrichment broth) and
incubated at 42˚C for 6 hrs. One mL of above broth was then
inoculated to a CT-MB enrichment media (9 mL, twice
enrichment broth). Both mTSB+novobiocin and CT-MB
media were incubated at 37˚C for 14 and 18 hrs, respectively.
The test kits were kept at room temperature for 30 min prior
to test. After finishing enrichment procedure, the enrichment
broth (100 µL) was then reacted with kits. All the test proce-
dures were followed according to the operation manual. The
reaction times were as follows: Reveal, 15~20 min; PATH-
STIK, 5 min; VIP, 10 min. By using VIDAS kit, the twice
enrichment broth (1 mL) was kept at 100˚C for 15 min and
500 µL of the resulting broth was then placed in a mini
VIDAS auto-analyzer for reaction. PCR reaction was con-
ducted as follows. The once enrichment broth (0.5 mL) was
centrifuged. The precipitate was then washed with sterile
water twice and re-suspended in 300 µL sterile water. Twenty
µL of suspension was then sampled for PCR reaction where
AE19 and AE20 were used as primers. 

(II) Test for Detection Limit of Kits and PCR Method

One colony of E. coli O157: H7 (E. coli CLC136-B2)
was transferred to a mTSB enrichment broth, inoculated at
37˚C  overnight, and then made a series dilution with 0.85%
saline solution. The dilution solutions ranged from 103 to 106

CFU/mL were tested for detection limit of kits and PCR
method. 

(III) Application of Kits and PCR Method on Spiked Samples

Five test samples (egg, ground chicken meat, beef slice,
ground pork, and mutton slice) were stirred, well mixed, par-
titioned into a sterile bag with 25 g of each, and immediately
quick-frozen. After irradiated with γ-ray (10 kGy), the test
samples were spiked with 1 mL of strain mixture and 225 mL
of mTSB+novobiocin enrichment broth. Four strain mixtures
were conducted in this study. Two of them contained equal
concentration of five E. coli O157: H7 strains (CCRC
14824 CCRC 14825 CCRC 13087 CCRC 13088
CCRC 13094), which were mixed with test samples and
enrichment broth to make a final concentration of 100 and
102 CFU/g samples. The other two strain mixtures containing
equal concentration of five non-O157 E. coli
(CCRC14917 CLC94C-4 CLC116A-4 Citrobacter
freundii M264-2 Enterobacter cloacae 137D-16) was

diluted to 102 and 104 CFU/g samples. Five detection meth-
ods were conducted after culture enrichment as described. 

(IV) Isolation and Identification of E. coli O157 from
Commercial Samples

Test samples (25g) mixed with 225 mL of mTSB+novo-
biocin enrichment culture(5) were incubated at 42˚C for 6 hrs
(referred to as once enrichment culture). One mL of resulting
broth was transferred into a 9-mL CT-MB and TSB enrich-
ment culture (referred to as twice enrichment culture) and
incubated at 37˚C for 18 hrs. The once enrichment culture
was also incubated at 37˚C for 14 hrs. Above twice TSB
enrichment cultures (0.5 mL) were then tested by PCR reac-
tion (including slt1, slt2, and eaeA genes). Either the once or
twice enrichment culture was tested by commercial kits. The
once or twice enrichment culture of test samples, which
showed a positive result as tested by kits or the PCR method,
were further streak cultured on sorbitol MacConkey and
EMB media at 37˚C overnight. The strain colonies with typ-
ical characteristics were then transferred to TSA culture
medium and incubated at 37˚C overnight for further slt and
eaeA gene-PCR reaction, biochemical and serotype identifi-
cation. The once enrichment culture of test samples with neg-
ative results was also cultured as described above. The
colonies with typical characteristics were also selected for
further confirmation. 

(V) Confirmation of Pathogenic Gene in STEC

A PCR method(12, 15) was carried out for pathogenic
gene confirmation. The primers listed in Table 1 were used in
this study. PCR reagent was prepared by mixing 63.8 µL of
water with DynaZyme DNA Polymerase kit, which was com-
posed of 10 µL of 10-folds buffer solution containing 1.5
mM Mg2+, 1.5 µL of dNTPs (200 µM), DNA polymerase
(0.5 unit), and 1 µL of each primer (100 µM). PCR reaction
was performed by transferring one loop of colony to a micro-
centrifugation tube which contained 300 µL of sterile water,
placed in boiling water for 10 min. After cooling, 20 µL of
resulting solution was transferred to another centrifugation
tube where the PCR reagent and one drop of mineral oil were
then added. The centrifugation tube was then incubated in a
PCR thermocycler under the following program: 94˚C for 4
min followed by 94˚C for the another 1 min, 60˚C for 2 min,
and finally 72˚C for 2 min (in total, 35 cycles of above pro-
gram was performed). The PCR products were analyzed
using a 2% agarose gel electrophoresis. If the enrichment cul-
ture broth was to be tested, the following procedure was
required. The culture broth (0.5 mL) was centrifuged. The
precipitate was washed with sterile water twice and re-sus-
pended in 300 µL sterile water. Twenty µL of which was then
tested by PCR reaction. 

(VI) Biochemical and Serotype Tests

Biochemical test was performed using a Gram negative
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identification card and analyzed using Vitek microbial auto-
analyzer. The test strains identified to be E. coli, as analyzed
by using Vitek microbial auto-analyzer, were sero-typed by
using 43 commercially available O-antiserums of pathogenic
E. coli. 

(VII) Culture Preservation

The cultures, which were confirmed to be E. coli strains,
were frozen preserved at -70˚C. Prior to preservation, the
colonies in TSA culture medium were transferred into a TSB
culture vial containing 20% glycerol. 

(VIII) Definition of Specificity and Sensitivity

1. Specificity to O157 antigen

Specificity (O157 antigen) = NS(–)/[NS(–)+NS(+)] ×
100%.

Where NS(–) is the number of negative reaction on E. coli
O157 and NS(+) is the number of false positive reaction on E.
coli O157.

2. Specificity to O157 and H7 antigens

Specificity (O157 and H7 antigens) = NS(–)/[NS(–)+
NS(+)] × 100%.

Where NS(–) is the number of negative reaction on E. coli
O157: H7; NS(+) is the number of false positive reaction on
E. coli O157: H7.

3. Sensitivity to O157 antigen

Sensitivity (O157 antigen) = S(+)/[S(+)+S(–)]×100%.
Where S(+) is the number of positive reaction on E. coli

O157 and S(–) is the number of false negative reaction on E.
coli O157.
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Table 2. Results of 69 strains tested by 4 commercially available kits and PCR method

Strains No. of strains No. of positive

Reveal VIDAS Path-Stik VIP PCR

E. coli O157:H7 21 a 21 21 21 21 21
E. coli O157:H? CLC 41-3 1 b 1 1 1 1 0
E. coli O157:NM CLC C14-3 1 b 1 1 1 1 0
E. coli O157:NM CLC C35-3 1 b 1 1 1 1 0
E. coli O157:H41 CLC P7-1 1 b 1 1 1 1 0
E. coli O157:H45 CLC 159B-1 1 b 1 1 1 1 0
non-E. coli O157:H7 STEC 14 b 0 0 0 0 0
E. coli O25:NM CCRC 15370 1 0 0 0 0 0
E. coli O78:H11 CCRC 15372 1 0 0 0 0 0
E. coli O78:H12 CCRC 15371 1 0 0 0 0 0
E. coli O124:NM CCRC 15375 1 0 0 0 0 0
E. coli O26 CCRC 14917 1 0 0 0 0 0
E. coli O111 CCRC 14918 1 0 0 0 0 0
E. coli O1:H7 CCRC 10675 1 0 0 0 0 0
Enterobacter aerogenes CLC M213-12 1 b 0 0 0 0 0
Enterobacter cloacae CLC 137D-16 1 b 0 0 0 0 0
Pseudomonas aeruginosa ATCC c 27853 1 0 0 0 0 0
Pseudomonas aeruginosa CLC 203C-7 1 b 0 0 0 0 0
Klebsiella pneumoniae CLC 192A-3 1 b 0 0 0 0 0
Citrobacter freundii CLC M246-1 1 b 0 0 0 0 0
Citrobacter freundii CLC M264-2 1 b 0 0 0 0 0
Bacillus cereus CLC01 1 b 0 0 0 0 0
Bacillus thuringiensis ATCC 10792 1 0 0 0 0 0
Listeria monocytogenes ATCC 19115 1 0 0 0 0 0
Staphylococcus aureus ATCC 12606 1 0 0 0 0 0
Vibrio cholerae O145-6Vc 1 0 0 0 0 0
Yersinia enterocolitica 2635 1 0 0 0 0 0
Yersinia enterocolitica 964 1 0 0 0 0 0
Vibrio parahaemolyticus CLC01 1 b 0 0 0 0 0
Salmonella typhimurium CCRC 12947 1 0 0 0 0 0
Salmonella typhimurium CCRC 10747 1 0 0 0 0 0
Shigella spp.-Lin 1 b 0 0 0 0 0
Shigella dysenteriae CCRC 13983 1 0 0 0 0 0
Shigella sonnei CCRC 15966 1 0 0 0 0 0
Aeromonas hydrophila CCRC 13880 1 0 0 0 0 0
Proteus mirabilis-Tsai 1 b 0 0 0 0

a: From Culture Collection & Research Center (CCRC, Hsinchu, Taiwan) or isolated by National Laboratories of Foods and Drugs (NLFD, Taipei,
Taiwan),b: Isolated by NLFD,c: From American Type Culture Collection (ATCC, Manassas, Virginia).



4. Sensitivity to O157 and H7 antigens

Sensitivity (O157 and H7 antigens) = S(+)/[S(+)+S(–)]
×100%.

Where S(+) is the number of positive reaction on E. coli
O157:H7; S(–) is the number of false negative reaction on E.
coli O157:H7.

RESULTS AND DISCUSSION

I. Specificity, Sensitivity, and Detection Limit of Kits and
PCR Method

A pure culture was used to evaluate the specificity, sen-
sitivity, and detection limit of kits. Sixty-nine strains of E.
coli were inoculated in the enrichment culture for both speci-
ficity and sensitivity tests. Four test kits showed 100% speci-
ficity to O157 antigen, and 89.6% specificity to both O157
and H7 antigens. The sensitivity of all test kits was 100%.
Because the research and development of commercial kits is
confidential, the constitution of commercial kits for detection
of E. coli O157 is not available. In this study, the following
strains: E. coli O157:H7, E. coli O157:H41, E. coli
O157:H45, E. coli O157:H7 and non-E. coli O157:H7 STEC
(Table 2) were selected to resolve the antibody constitution in
these kits. Results showed that these kits were specific to
O157 antigen, H7 antigen, or Shiga toxin. Of the 4 test kits,
two of them (VIDAS and PATH-STIK) were specific to E.
coli O157 according to the label; while the others (VIP and
Reveal) were not clearly labeled for E. coli O157 or E. coli
O157: H7. The results for specificity test in this study
revealed that an O157 antigen-antibody reaction was
observed but no H7 antigen included as using the above 4
kits. This indicates that a positive result would appear as the
samples contain E. coli O157 whether including H7 antigen
or not. A further test is required to confirm if H7 antigen
exists in samples. Some E. coli O157 (non-H7) strains such
as E. coli O157: H3, O157: H12, O157: H16, O157: H38,
O157: H43, and O157: H45, which are non-pathogenic
strains and not capable of inducing food poisoning, are com-
monly found in food samples according to Feng(16). Above
strains and some non-E. coli strains can cause a false-positive
reaction. The cross-reaction caused by Salmonella giessen
(PATH-STIK)(17), by Salmonella serogroup N and
Citrobacter (VIDAS)(18), and by Salmonella spp. (VIP)(19)

have been reported. However, a negative result was observed
when Citrobacter freundii and Salmonella spp. were tested in
our study. No false negative reaction was found in this study
indicating the sensitivity was 100%. Both specificity and
sensitivity by using PCR method were 100%. The primers,
AE19 and AE20, used in this study were specific to the 3’-
terminor of eaeA gene in E. coli O157: H7(15). Thus, only if
the E. coli strains containing O157: H7 serotype with eaeA
gene could produce PCR fragment. Most of the pathogenic E.
coli O157: H7 strains contain slt, eaeA, and hlyA genes,
which are considered as the pathogenic genes in EHEC(2). A
few PCR primers, which are specific to O157-antigen(20),

H7-antigen(21), slt gene(12), eaeA gene(15), hlyA gene(22), or
uidA (β-glucuronidase) gene(12), are currently developed for
E. coli O157: H7 testing. Therefore, the purpose of detecting
several genes at the same time can be achieved by selecting
different primers for PCR testing. 

The detection limits performed by using several concen-
trations of strains diluted from pure enrichment culture, were
104 CFU/mL for Reveal, VIP, and VIDAS, 103 CFU/mL for
PATH-STIK, and 103 CFU/test (104 CFU/mL) for PCR
method. According to the makers, the detection limits for
VIDAS, Reveal, and PATH-STIK were 104 CFU/mL(18), 104-
105 CFU/mL(23), and 5×105-5×106 CFU/mL(17), respectively.
A similar result for detection limit of VIDAS and Reveal kits
between the studies from the makers and our laboratory was
observed. The data for detection limit of PATH-STIK gener-
ated from makers was higher than that from our laboratory.
This could be due to the difference in test samples. Those test
samples used by makers were the strain culture from food
which might contain interference which reduces the detection
ability. The detection limit for the PCR method was reported-
ly capable of reaching as low as 100 CFU/test(24), which was
more sensitive than the result of our test (103 CFU/test). The
different test strains could result in a difference in detection
limit. According to the literature, a pure culture strain was
used for detection limit test that may give the lower detection
limit. The enrichment culture used in our study may have
interference which could affect the test result. In practical
terms, the enrichment culture is recommended for real sam-
ple testing when the PCR method is used because it usually
can give a better result(20). The culture enrichment step has
been routinely used for E. coli O157:H7 testing.
Theoretically, this step can increase the strain concentration
up to 104 CFU/mL. Therefore, the detection limit of the PCR
method or commercial kits could meet the requirement of
real sample testing. 

II. Testing the Commercial Kits and PCR Method by Food
Samples Spiked with Pure Culture

Five test samples (egg, ground chicken meat, beef slice,
ground pork, and mutton slice) individually spiked with 4
strain mixtures. Five E. coli O157: H7 strains were mixed in
proportion to make 2 concentrations of mixtures (100 and 102

CFU/g sample). Five non- E. coli O157: H7 strains were
mixed in proportion to make 2 concentrations of mixtures
(102 and 104 CFU/g sample). Result showed that no false
negative and no false positive for the test groups of E. coli
O157: H7 strains and non-E. coli O157: H7 strains, respec-
tively, revealing the detection limit of sample could reach as
low as 100 CFU/g. According to the VIDAS data supplied by
the maker, there was no false negative reaction occurred
when 65 cheese samples spiked with ≥7 CFU/25g E. coli
O157: H7 were tested(25). The detection limit of sample con-
ducted by Reveal was 100 CFU/25g(23). The poisoning dose
of E. coli O157: H7 is less than 100 CFU(2). Thus, in theoret-
ical, the detection limit lower than 100 CFU/25g could meet
the inspection requirement. 
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III. Application of Commercial Kits and PCR Method on
Isolation of E. coli O157 from Marketed Samples

Twenty samples each of chicken and pork were enriched
and tested by the traditional method, PCR method, and com-
mercial kits. Results showed that 6 (30%), 4 (20%), and 2
(10%) chicken samples as tested by Reveal, VIDAS, and
PATH-STIK, respectively, appeared to be false positive;
while no false positive reaction was found as tested by VIP
kits and the PCR method. Results also showed that 4 (20%),
2 (10%), and 1 (5%) pork samples were found to be false pos-
itive as tested by Reveal and PATH-STIK, VIDAS, and VIP
kits; while no false positive reaction was found as tested by
the PCR method (Table 3). It was reported that the Reveal kit
could result in less than 1% false positive after testing 16,000
ground beef samples(23). The false positive ratios by VIP kit
testing were reported to be 1% on apple juice, 0% on milk, 5-
8% on ice cream, 7-8% on ground beef, and 8-25% on
ground poultry meat(19). The test samples used in this study
were obtained from local traditional markets and may be con-
taminated with various microorganisms resulting in high
ratios of false positive reaction when tested by VIDAS,
Reveal, and PATH-STIK kits. However, the VIP kit showed
fewer false positive reactions as compared to the data sup-
plied by the maker. The primers, AE19 and AE 20, used for
PCR testing were shown highly specific to E. coli O157:
H7(15), and no false positive reaction was found as using
above primers for PCR testing. In this study, the PCR method
was also used to test the Shiga toxin gene. Results indicated
that no PCR toxin gene product was observed. E. coli O157
or STEC strains could not be isolated from 40 test samples.
However, by using traditional methods(5), the following

strains could be isolated from pork samples: E. coli O8, E.
coli O124, E. coli O153, Hafnia alvei, and Citrobacter fre-
undii. The following strains could be isolated from chicken
samples: E. coli O6, E. coli O8, E. coli O20, E. coli O29, E.
coli O153, Hafnia alvei, and Citrobacter freundii. The strains
Enterobacter, Proteus, and Hafnia accompanied with E. coli
O157: H7 can possibly be isolated from milk cultured in a
Sorbital MacConkey medium, because those strains carry
similar characteristics to E. coli O157: H7, which is non-sor-
bitol fermenting and lacking of β-D-glucuronidase activi-
ty(26). 

IV. Evaluation of the Expenses, Labor Cost, Operation
Procedure of Kits and PCR Method

In addition to accuracy, the expense, labor cost, opera-
tion procedure, and time are factors which are necessary to
take into consideration for selection of test methods. A com-
parison among those commercial kits and the PCR method is
listed in Table 4 based on the results of our study. A mini
VIDAS instrument is required to run the VIDAS kit and a
PCR reactor is necessary for PCR reaction. An incubator is
the only equipment needed for operation of the other 3 test
kits. The costs of each test were the purchase price and could
be a general reference. Among them, PCR is the most eco-
nomic method in terms of the cost of each test. The times
necessary for reaction are as follows: PATH-STIK (5 min),
VIP (10 min), Reveal (15-20 min), VIDAS (45 min), PCR (4-
5 hrs). The operation procedures for Reveal, VIP, and PATH-
STIK are quite straightforward. Results can be read upon
adding strain culture with test kits. To perform VIDAS test,
samples have to be incubated at 100˚C for 15 min, placed in
a instrument and reacted for 45 min. The result can be read
automatically by instrument. The capacity of each batch for
reaction is 12 test samples. The operation procedure of PCR
reaction is complicated. In addition to 4-5 hrs PCR reaction,
other procedures such as sample pretreatment and elec-
trophoresis and dying after reaction are required. Four com-
mercial kits tested in this study are only specific to E. coli
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Table 4. Comparison of four commercially available kits and PCR method

Factor Kits

Reveal VIDAS PATH-STIK VIP PCR

Instrument Incubactor Incubactor mini VIDAS Incubactor Incubactor Incubactor
PCR thermocycler

Cost / Test (NT) 680a 400a 280a 300a 20a

Time 15-20 min 45 min 5 min 10 min 4-5 hr
Procedure Easy Moderate Easy Easy Complex
Specificity rate (%) 100 100 100 100 100
(O157 antigen)
Specificity rate (%) 89.6 89.6 89.6 89.6 100
(O157&H7 antigen)
Sensitivity rate (%) 100 100 100 100 100
Detection limit b(CFU/g) 100 CFU/g 100 CFU/g 100 CFU/g 100 CFU/g 100 CFU/g
Detection limit c(CFU/mL) 104 104 103 104 104

a: This price is intended for general reference only.
b: The detection limit of sample, that means one E. coli O157 cell in one gram sample could be detected following enrichment procedures.
c: The detection limits of four kits and the PCR method.

Table 3. Results of false-positives of marketed meat samples tested by
4 commercially available kits and PCR method

Sample False-positive rate of commercially available kits %

Reveal VIDAS PATH-STIK VIP PCR
Chicken 30 (6/20) 20 (4/20) 10 (2/20) 0 (0/20) 0 (0/20)
Pork 20 (4/20) 10 (2/20) 20 (4/20) 5 (1/20) 0 (0/20)



O157 antigen but unable to differentiate H7 flagellum anti-
gen. While the PCR method, which is specific to eaeA gene
of E. coli O157: H7, is capable of distinguishing E. coli
O157: H7 from E. coli O157(15). Therefore, only the strains
carry the eaeA gene can get the positive result. This draw-
back can be overcome by using multiple primers specific to
the genes other than eaeA for PCR testing. No false negative
reaction occurred when the above 5 methods were tested,
showing 100% sensitivity was reached. The detection limits
for commercial kits and test samples were 103-104 CFU/mL
and 100 CFU/g, respectively, which all meet the inspection
requirement.

In summary, the 4 commercial kits tested in this study
are designed for testing a single serotype of E. coli O157
strains and can only be used to initially test if the samples
contaminated with E. coli which contains the serotype O157.
Further isolation and confirmation steps are required to con-
firm if the samples are contaminated with strain E. coli O157:
H7. So far, the commercial kits are labeled to contain 2 mon-
oclonal antibodies, which are specific to E. coli O157: H7
and NM (non-motile) without producing a cross-reaction
with E. coli O157: H12, E. coli O157: H3, Salmonella group
N, Citrobacter, and Yersinia(27). The above product informa-
tion was not yet obtained in test kits evaluation, but it is cer-
tain that the test samples with positive reaction should be per-
forming the following test: strain isolation and confirmation.
The PCR method used in this study showed excellent speci-
ficity, but is complicated in operation and extra equipment is
required to perform this test. It is not suitable to be used in a
quality control department or laboratory of general food
processors. There were no significant differences among 4
commercial kits in specificity, sensitivity, and detection limit.
In consideration of equipment investment and operation
time, VIP, PATH-STIK, and Reveal kits are better choices
since they are easy to operate and fast. When it comes to the
application on real sample testing, 4 commercial kits all
showed different levels of false positive reaction. The further
product research and development by makers are suggested
to improve the capability of testing. 
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