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3.3. Using Multiplex SG-PCR for Identification of the Causative Pathogens in 35 Foodborne
Outbreaks. In foodborne outbreaks, stool specimens from patients infected with enteric bacteria
with acute severe disease may contain large numbers of causative bacterial species (2 12). In
most cases of foodborne outbreak, we found that causative bacteria can be rapidly detected and
that a presumptive diagnosis of the causative agent of foodborne outbreak could be made within 3
h. We used a combination of the multiplex real-time SG-PCR assay with DNA extraction with
the QlAamp DNA Stool Mini kit used for detection. Almost all bacterial pathogens are
detectable in stool specimens at a concentration of 10° to 10* bacteria per g.  This is because the
concentration of DNA extracted from stool specimens using this DNA extraction kit was finally
diluted to 6x10*fold in the reaction mixture. The PCR sensitivity for bacteria inoculated in
stool samples may be as low as the presence of 10 cells in the reaction mixture, as described in
our previous report (2). The real-time SG-PCR assay is a rapid, specific, and sensitive detection
technique. The DNA extraction of 7 stool specimens with this DNA extraction kit was carried
out within 1 h. Then, the multiplex real-time SG-PCR assay was also carried out within 2 h.
The product curves could be monitored in real time without product separation by gel
electrophoresis. And we could then specifically identify the products based on a Tm curve
analysis. For example, Figure 2 shows those of Case 21, in which C. jejuni and astA-positive E.
coli strains were isolated from 4 and one of 7 stool specimens of symptomaiic patients,
respectively. Two panels show detection of target genes of foodborne pathogens by primer sets B

and G, but it was not detected by the other 6 primer sets. In multiplex PCR analysis, the C.
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Jejuni-specific gene and the ast4 gene were simultaneously detected by primer sets B and G from
the same culture -positive stool specimens.

Table 3 shows epidemiological and clinical investigations in 35 foodborne outbreaks

- (occurred between 2002 and 2009) examined by multiplex SG-PCR analysis in 5 different

laboratories on 2009. DNA samples extracted from 2 to 7 feces (2 feces in 3 cases, 3 feces in 1
case, 4 feces in 5 cases, 5 feces in 4 case, 6 feces in 4 cases and 7 feces in 18 cases) of
symptomatic patients were stored at -20°C until using. In 33 (94.3%) of 35 foodborne outbreak
cases, the causative bacteria and/or some sporadic bacteria were comprehensive and
simultaneously detected using multiplex SG-PCR from stool specimens. Moreover the same
reactions, which IAC-specific low peak was present in reaction tubes added with IAC and IAC
primer yersH2 or yers, were observed. This demonstrated the absence of reaction inhibition in
DNA specimens extracted from patient stool specimens using this DNA extraction kit. In this
study, it was confirmed that using the universal IAC and 2 IAC primers with different 7m values
was advantageous to allow elimination of false negative results in real-time SG-PCR for the
detection of 24 target genes of foodborne pathogens. The results of multiplex real-time SG-PCR
assay of 7 foodborne outbreaks were confirmed by the use of universal IAC and 2 IAC primers.
The certain amplification of target genes and IAC in each multiplex PCR analysis demonstrated’
the usefulness of this multiplex real-time SG-PCR as reliable diagnostic PCR.

The target genes of 12 species of foodborne bacteria (C. jejuni, E. coli, C. perfringens, S. aureus,
Salmonella spp., V. parahaemolyticus, V. cholerae non Ol,’B. cereus, P. alcalifaciens, P.
shigelloides and A. hydrophila), which included 5 groups of E. coli (EHEC, EPEC, EAEC, ETEC

and astA-positive E. coli), were detected from 129 (64.8%) of 199 feces in 33 (94.3%) of 35 cases
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329

by multiplex SG-PCR; from 1 to 7 samples: 1 (in 2 cases: 20 and 31), 2 (in 8 cases: 7, 9, 13, 15,
22, 25,27 and 34), 3 (in 4 cases: 8, 19, 14 and 35), 4 (in 9 cases: 2, 3, 5, 6, 10, 18, 21, 29 and 30),
5 (in 2 cases: 4 and 31), 6 (in 4 cases: 1, 12, 16 and 33) and 7 samples (in 4 cases: 11, 14, 17 and
28). Multiplex SG-PCR rapidly and accurately derﬁonstrated that 11 (31.4%) of 35 cases were
caused with a sir;gle foodborne pathogen such as C. jejuni (7 cases), C. perfringens (2 cases), B.
cereus (1 case), and S. Enteritidis (1 case). There were also 19 (54.2%) cases with plural
foodborne bacterial pathogens and 3 (2.9%) cases with foodborne bacterial pathogens
(astA-positive E. coli, EHEC 0:26 or C perfringens) and norovirus. The causative pathogens had
been isolated from 125 (62.8%) of 199 PCR examined samples and from 216 (56.7%) of 381 total
samples in all 35 cases. Although the target genes of EPEC, EAEC, ETEC, ast4-positive E. coli,
P. alcalifaciens and A. hydroj)hila were detected by SG;PCR, the iso\lation of these pafhogens
from the stool samples contaAining much normal E. coli flora was difficult. This analyéis may be
very useful tool for the detection of these unusual pathogens which are genérally difﬁcuit to
isolate. We previously the presence of any foodborne pathogens at moré than 10° C.FU/g feces
was certainly confirmed by melting curve analysis in duplex SG-PCR (2, 4). In tﬁis multiplex
PCR analysis including IAC, the presence of any foodborne pathogens at more than 10° CFU/g
feces was certainly confirmed in 40 (97.6%) of 41 samples by melting curve analysis, 10* CFU/g
feces was confirmed in 7 (63.6%) of 11 samples and 10* CFU/g feces in 3 (50%) of 6 samples
(Table 4). The sensitivity of this multiplex SG-PCR including IAC might became slightly lower
than that of duplex SG-PCR (absent IAC), caused by the interference among 4 primer pairs
including IAC primer in the same reaction well. In 2 cases (5.7%), in which S. Enteritidis was

isolated by direct culture (unknown cfu) from one patient in case 23 and 10* cfu/g of feces from 2
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patients in case 26, the target gene of Salmonella was not detected by multiplex SG-PCR, because
the sensitivity of invA2 primer may be slightly lower than those of other primers. The choice br
design of more sensitive primer for the detection of Salmonella spp. is indispensable in future
studies.

Systematically reviewing clinical implications, public health considerations and cost-effectiveness of
rapid diagnostic tests for.detection and identification of bacterial intestinal pathogens in feces and food (1),
econémi'c modeling suggests that adoption of rapid test methods, especially for PCR, in combination with
a rofuti'ne culture is unlikely to be cost-effective, however, as the cost of rapid technologies decreases, total

rep'lacéfh'ent with rapid technologies may be feasible. Despite the relatively poor quality of reporting of

studies qvaluating rapid detection methods, the reviewed evidence shows that PCR for Campylobacter,
' Salmonella and E. coli 0157 is potentially very successful in identifying pathogens. It is possibly

detecting more than the numbers currently being reported using cultures. Less is known about the

Béhéﬁts of testing for B. cereus, C. perfringens and S. aureus. This review pointed out that further
ithé;t.igétion is needed on how clinical outcomes may be altered if test results are available more quickly
ar’xd“‘gtl ‘greéter prepision than the current practice of using bacterial culture (1). In the present study,
simple and specific methods were established to detect comprehensive and simultaneously 24 specific
genes of foodborne pathogéns including main bacterial pathogens such as Campylobacter, Salmonella, E

coli O157, B. cereus, C. perfringens and S. aureus in 7 stool specimens in a real-time SG-PCR assay using

" a 96-well reaction plate containing a universal noncompetitive IAC. The usefulness of this method for

the rapid diagnostic tests was confirmed by the successful detection of causative bacteria in 33 foodborne

outbreak cases.

In conclusion, the multiplex real-time method described here for simultaneous screening of 24
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target geneé of foodborne pathogens were comprehensive, rapid, inexpensive, highly selective,
accurate, and demonstrated detection probability. Due to the use of IAC and 2 IAC primers,
the assay is suitable for accurate and rapid diagnosis of almost all foodborne pathogens in stool
specimens of foodborne outbreak outbreaks.  In future studies, workers should improve the kit

of multiplex real-time PCR and select more suitable primers for foodborne pathogens.
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Fig. 1 Amplification (A) and melting curve analysis (B) of 3 target genes of foodborne pathogens

and IAC gene by primer sets A to H in multiplex real-time SG-PCR.

Fig. 2 Melting curve analysis of multiplex real-time SG-PCR products from 7 stool samples in

case 21 of a foodborne outbreak. Two panels show detection of target genes of foodborne

pathogens by primer sets B and G, but it was not detected by the other 6 primer sets.
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Fiuorescence (dRn)

Fluorescence (dRa) Fluorescence (dRn) Fluorescence (dRa) Fluorsscence (dRn)

Flucrescence (dRn)

1S 02

Fluorescence (dRo)

Fluoresconce (dRn)
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Fluorescence (F1)
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Metapneumovirus. Rhinovirus, Enterovirus,
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