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Several methods for the rapid and specific detection of Salmonella in food samples have been described. Here,
we compare 4 of those methods in terms of assay time, procedure complexity, detection limit, sensitivity,
specificity and accuracy. Milk, eggs and mayonnaise samples were artificially contaminated with Salmonella
enterica serovar Enteritidis cell concentrations ranging from 1x 1072 to 1x10? CFU per 25 g or ml of food.
Samples were then pre-enriched and analyzed by either: i) real-time PCR, using the iQ-Check Salmonella
kit; ii) immunocapture, using the RapidChek SELECT Salmonella; iii) a peptide nucleic acid fluorescence in

Is(smonrgfl;l situ hybridization (PNA FISH) method and iv) the traditional bacteriological method ISO 6579:2002. All
Detection methods were able to detect Salmonella in the different types of food matrixes and presented a similar detec-
PNA FISH tion level of 1 CFU per 25 g or ml of food sample. The immunocapture and the PNA FISH methods proved to
Real time PCR be very reliable, as their results were 100% in agreement with the ISO method. However, real-time PCR
Immunoassay presented a significant number of false positives, which resulted in a specificity of 55.6% (CI 95%, 31.3-77.6)

and an accuracy of 82.2% (CI 95%, 63.2-91.4) for this method. Sensitivity was 100% since no false negative results
were observed. In conclusion, the implementation of these molecular techniques, mainly the immunocapture
and PNA-FISH methods, provides a reliable and less time-consuming alternative for the detection of Salmonella

spp. in food samples.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Despite the close monitoring and control measures available to
limit Salmonella spp. contamination, these microorganisms are still
a leading cause of foodborne illness worldwide (Pui et al., 2011a,b;
Scallan et al.,, 2011). According to the Center for Disease Control and
Prevention (CDC), approximately 40,000 cases of salmonellosis are
reported in the United States every year (Scallan et al., 2011). Since
milder cases are usually not diagnosed or reported, CDC estimated
that the real number of infections may be thirty or more times greater.
Worldwide, there are annually 3 million deaths due to Salmonella
infections (Bhunia, 2008; Pui et al., 2011a,b). Salmonella serotype
Typhimurium and Salmonella serotype Enteritidis are the most prev-
alent throughout the world (Herikstad et al., 2002), but more than
2500 Salmonella serovars have been identified to date, with most of
them being capable of infecting a wide variety of animal species and
humans (Popoff et al., 2003; Pui et al., 2011a,b). Foodborne sources of
Salmonella are very diverse and include a wide variety of fresh fruits
and vegetables and food from animal sources such as beef, poultry
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meat, eggs and milk (Berger et al., 2010; Gillespie et al., 2003; Jamshidi
et al, 2010; Pui et al,, 2011a,b).

The standard culture method currently used for Salmonella detec-
tion in food samples is described in ISO 6579:2002 (Microbiology of
food and animal feeding stuffs - Horizontal method for the detection
of Salmonella spp). As most culture methods it is time-consuming
(it usually takes 4 to 7 days to complete) and laborious (Uyttendaele
et al,, 2003). It includes non-selective pre-enrichment, followed by a
selective enrichment and plating on selective and differential agars.
Suspect colonies are then confirmed by biochemical and serological
tests. The implementation of faster and equally reliable identification
tools would assist in infection control and would also represent impor-
tant cost savings for the food industry, since for some cases stocks may
not be released until the final results of microbiological tests are known.

Recently, a number of rapid methods have been developed for the
detection of Salmonella in foods (Fratamico, 2003; Li et al., 2000;
Lofstrom et al., 2010; Nde et al., 2008; Uyttendaele et al., 2003). For
instance, real-time PCR is currently being applied using different
fluorescent-based detection systems (Lofstrom et al., 2009; Malorny
et al., 2004; Malorny et al., 2007; Nde et al., 2008; Oliver et al., 2005;
Olsen et al., 2009). Recently, the iQ-Check Salmonella real time PCR
(Bio-Rad), based on the amplification of the iagA gene (involved in
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the bacteria invasion process), was introduced (Miras et al., 1995).
Some authors have investigated its performance in artificially contam-
inated samples and have found similar sensitivity to culture-based
methods (Fakhr et al., 2006; Liming and Bhagwat, 2004; Nde et al.,
2008; Patel et al., 2006; Uyttendaele et al., 2003). However, some
authors also reported the occurrence of false negative and false posi-
tive results (Fakhr et al., 2006; Uyttendaele et al., 2003).

Several immunoassay systems are also commercially available
for food products (De Paula et al, 2002; Gonzalez et al., 2009;
Uyttendaele et al., 2003). The RapidChek Salmonella immunoassay
(Strategic Diagnostics Inc., SDIX) uses a lateral flow format for the de-
tection of Salmonella through an antibody which is specific for a target
pathogen protein. Fakhr et al. have shown that a considerable number
of positive samples were not detected by the RapidCheck (Fakhr et
al., 2006). Similar results have been reported for other commercially
available immunoassay (BioMérieux) (Uyttendaele et al, 2003).
However, recently SEDIX presented the SELECT system, which includes
phage supplemented primary media that presents strong selectivity
against other microbial competitors, hence promoting Salmonella
growth (Gonzalez et al., 2009). Recently this SELECT system was vali-
dated in different food samples and was found to perform as well
as the culture-based method (Gonzalez et al., 2009; Muldoon et al.,
2007; Muldoon et al., 2011).

Our group has recently developed a new fluorescence in situ
hybridization (FISH) method using peptide nucleic acid probes (PNA)
for the specific detection of Salmonella in a broad range of samples
(Almeida et al., 2010). The method is based on the specific binding of
a PNA probe, a synthetic DNA analogue capable of hybridizing to com-
plementary nucleic acid targets, to a conserved RNA sequence. The
method proved to be very specific and sensitive, being able to detect
as few as 1 CFU/10 ml of sample in less than 24 h.

The main goal of this work was to compare three emerging tech-
nologies (real time PCR, immunoassay and PNA FISH) with the tradi-
tional bacteriological method (ISO 6579:2002) for the detection of a
prevalent Salmonella serotype, S. Enteritidis, in three different food
matrixes: milk, eggs and mayonnaise. To the best of our knowledge,
this is the first report comparing the four technologies.

2. Materials and methods
2.1. Bacterial strain and media

Salmonella enterica serovar Enteritidis, strain ATCC 13076, was used
in the study. The strain was maintained in tryptic soy agar (Liofilchem,
Italy) for 24 h at 37 °C, and streaked on to fresh plates every 24 h.
Following overnight incubation at 37 °C, a loopful of biomass was
transferred to 20 ml of LB Miller broth (Liofilchem) and incubated
overnight (~18 h) at 37 °C and 120 rpm. Cells were then suspended
in phosphate buffered saline (PBS) and adjusted to a cell density corre-
sponding to approximately 1x10® cells/ml. The relationship between
0D and total cell counts was previously established by performing
CFU counts and OD readings at several cell dilutions. Cells were further
diluted in PBS to obtain desired cell concentration for inoculation into
food samples. Cell concentrations were confirmed by plating on LB
agar (Liofilchem).

2.2. Samples inoculation

Methods were tested in three different types of food samples
(eggs, milk and mayonnaise), all obtained from Pingo Doce, Braga.
Initially, 25 g or ml of each type of food were mixed with 225 ml of
pre-warmed buffered peptone water, BPW (for culture, PCR and
PNA FISH techniques), or primary medium supplemented with 5 ml
of phage solution (for the immunocapture method, RapidChek). The
samples were then artificially contaminated with Salmonella concen-
trations ranging from 0.01 CFU/25 g or ml to 100 CFU/25 g or ml of

food. A non-inoculated food sample was included with each experi-
ment to ensure that samples were Salmonella-free. Three different en-
richment protocols were followed according to each detection method
(see below). Three independent experiments were performed for each
method.

2.3. Conventional bacteriological method

For the detection of Salmonella using conventional culture-based
methods, the ISO 6579:2002 was followed. Briefly, artificially contami-
nated samples prepared as described above, were incubated overnight
at 37 °C at 120 rpm. After pre-enrichment, 100 ul and 1 ml samples
were taken and mixed with 10 ml of Rappaport Vassialidis soya (RVS)
broth (Liofilchem) and Muller Kauffmann tetrathionate-novobiocin
(MKTTn) broth (Liofilchem), respectively. Cultures were also incubated
overnight at 37 °C for MKTTn broth and at 42 °C for RSV broth. After the
selective enrichment step, a loopful of each enriched sample was
streaked on differential medium, such as MacConkey, xylose lysine
desoxyscholate (XLD), or brilliant green phenol red agar (BGA). Finally,
5 presumptive Salmonella colonies from each selective agar medium
were also confirmed biochemically.

2.4. Real time PCR method using the iQ-Check kit

Real time PCR was performed according to the manufacturer
instructions (http://www.bio-rad.com/webroot/web/pdf/fsd/literature/
357-8123_iQ-Check_Salmonella_II_user_guide.pdf). Artificially contam-
inated samples were incubated for 21 h41 h at 37 °C without shaking.
Following the incubation period, 100 pl samples were taken from the
top without disturbing the food debris. For mayonnaise, samples were
taken under the lipid layer formed on the top of the culture media.
The 100 pL samples of the enriched suspension were mixed with
100 L of the lysis buffer. Then, lysis was performed by incubating the
suspension at 95 °C for 15 min in a dry-block heater (CH-100, BIOSAN).
Subsequently, lysed samples were vortexed and centrifuged at 12,000 g
for 5 min. The PCR mix, containing the usual expected constituents as
well as a molecular beacon probe and an internal control, was prepared
according to the kit instructions and 45 pl was mixed with 5 pl of the
supernatant obtained in the previous step. Beyond the normal com-
pounds of a PCR reaction, the mix contains a Molecular Beacon probe
labeled with carboxyfluorescein (FAM) at the 5’ end and DABCYL at
the 3’ end that acted as a quencher. The probe from iQ-Check Salmonella
kit targets the iagA (invasion associated gene) which is highly specific
to Salmonella species (Miras et al., 1995). To monitor for successful
DNA amplification in each reaction tube, the kit provides synthetic
DNA as part of the reaction mixture, which works as an ‘internal con-
trol.’ This control is detected with a specific probe at the same time as
the Salmonella DNA sequence. For positive and negative controls, 5 pL
of sample or reagent D (negative control) or reagent E (positive control)
were also mixed with 45 pL of theamplification mix. At least one posi-
tive and one negative control were included in each PCR run. Next,
the PCR plate was placed in a thermocycler (model CFX96,C1000,
Bio-Rad Laboratories) and run under the following cycling conditions:
50 °C for 2 min, 95 °C for 5 min, (95 °C for 20 s, 55 °C for 30 s, 72 °C
for 30 s)x50 cycles, and 72 °C for 5 min. Results were interpreted
according to the instructions in the real-time PCR system user guide
for iQ-Check kits. Briefly, in each PCR assay a Ct value> 10 for the iagA
probe was considered positive and Ct values of 0 (non-amplified, NA)
were considered negative if the internal control presented a Ct value >
28. If the Ct value for both probes was zero, the PCR assay was repeated
with a tenfold diluted DNA template suspension to avoid PCR inhibitors.

2.5. PNA FISH method

For the PNA FISH method, samples were incubated for 18 to 21 h
at 37 °C and then 20 pl samples were placed directly on glass slides.
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PNA FISH was performed as previously described (Almeida et al.,, 2010).
Briefly, smears were immersed in 4% (wt/vol) paraformaldehyde
(Sigma) followed by 50% (vol/vol) ethanol for 10 min each and allowed
to air dry. Smears were then covered with 20 pl of hybridization solu-
tion containing 10% (wt/vol) dextran sulfate (Sigma), 10 mM NaCl
(Sigma), 30% (vol/vol) formamide (Sigma), 0.1% (wt/vol) sodium pyro-
phosphate (Sigma), 0.2% (wt/vol) polyvinylpyrrolidone (Sigma), 0.2%
(wt/vol) Ficol (Sigma), 5 mM disodium EDTA (Sigma), 0.1% (vol/vol)
Triton X-100 (Sigma), 50 mM Tris-HCl (pH 7.5; Sigma), and 200 nM
PNA probe. Samples were covered with coverslips, placed in moist
chambers, and incubated for 45 min at 57 °C. Subsequently, the cover-
slips were removed, and the slides were submerged in a pre-warmed
(57 °C) washing solution containing 5 mM Tris base (Sigma), 15 mM
Nacl (Sigma), and 1% (vol/vol) Triton X (pH 10; Sigma). Washing was
performed at 57 °C for 30 min, and the slides were allowed to air dry.
The smears were mounted with one drop of non-fluorescent immersion
oil (Merck) and covered with coverslips. Visualization was performed
using an Olympus BX51 (Olympus Portugal SA, Porto, Portugal)
epifluorescence microscope equipped with one filter sensitive to the
Alexa Fluor 594 molecule attached to the PNA probe (excitation, 530
to 550 nm; barrier, 570 nm; emission long-pass filter, 591 nm). Other
filters present in the microscope were used in order to confirm that
cells did not autofluoresce. All images were acquired using the Olympus
CellB software with a magnification of 900 x.

2.6. Immunocapture method using RapidChek

For the immunocapture assay (ICA) using the RapidChek SELECT
Salmonella kit (SEDIX), artificially contaminated samples were prepared
in primary medium as described above. Then samples were incubated
for 16 to 21 h at 42 °C. Subsequently, 100 pl samples were transferred
to the 1 ml of pre-warmed secondary medium and incubated for another
16 to 21 h at 42 °C. After the secondary enrichment, a strip was placed
on each tube and results were read after 10 min according to the man-
ufacturer instructions. Each experiment was repeated three times and
a non-inoculated sample was simultaneous used to check for any in-
digenous contamination in the food samples selected.

3. Results

Three different food matrixes were selected and artificially con-
taminated with S. enterica serovar Enteritidis. After the corresponding
enrichment procedures (Fig. 1), the presence of the bacterium was
determined using 4 different technologies: traditional culture media,
real time PCR (iQ-Check), ICA (RapidChek) and PNA FISH. All four
methods were able to detect bacterial concentrations as low as 1 CFU
per 25 g or ml of sample (Table 1 and Table 2). It was noted that the

Selective
enrichment

Non-selective
enrichment

Standard culture
method (ISO 6579)

RapidCheck
(immunoassay)

Secondary
medium

Non-selective
enrichment

iQ-Check (real-time
PCR method)

PNA FISH method Non-selective

enrichment

results obtained with RapidChek Salmonella and with PNA FISHwere
easily interpreted since difference between positive and negative
samples were obvious. The RapidChek test is based on the appearance
of either one or two bars in the strip for negative or positive samples,
respectively. In the case of PNA FISH the microscopic visualization
shows a clear distinction between positive and negative samples in
the different matrixes, even at the lower concentrations of Salmonella
(Fig. 2). This is due to the fact that bacteria concentration reached Log
8 to Log 9 after an overnight enrichment, even for 1 CFU per 25 g orml
of sample.

It was also observed that PNA FISH and RapidChek results were
always concordant with culture (Table 1 and Table 2), resulting in
sensitivity, specificity and accuracy values of 100%, respectively, for
these two molecular methods (Table 3). However, with the real
time PCR results, 8 samples, which theoretically should be negative,
gave positive results using the parameters defined by the manufac-
turer (Table 2). In fact, iQ-check kit instructions state that any Ct
value (which is defined as the number of PCR cycles required for
the fluorescent signal to cross the threshold, i.e. exceed the back-
ground noise level) higher than 10 should be considered positive.
But for these samples we have noticed that the Ct values were always
very high, ranging between 34 and 40 (Table 1). The appearance of
these high values was not related to any type of sample or with any
particular assay, since we found this variation in all samples, within
the same assay or between assays. In Fig. 3, A and B, we show an ex-
ample of this variation for egg samples in two different assays.

These findings were investigated using DNA from two egg samples,
with an initial concentration of 0.01 CFU/25 g, that gave different
results of Ct, 37.55 and no amplification, respectively, in separate PCR
assays. Five replicates of each DNA extract were run simultaneously
in the real time PCR. Both samples gave similar results, with some
replicates giving high Ct values and others not amplifying at all (Fig. 3C
and D). For the NA sample we obtained two NA results and 3 high Ct
values, while for the 37.55 sample we observed one NA result and 4
high Ct values. This indicates that high Ct values are not usually repro-
ducible and this maybe because they might be situated near the detec-
tion limit of the technique, a behavior already reported by Uyttendaele
etal. (2003) for false positive samples. However, using the manufacturer
instructions, the occurrence of 8 false positive results (Table 2) decreased
specificity and accuracy values for iQ-Check real time PCR (Table 3).

Regarding the time required to obtain the final results, the
iQ-Check real time PCR and PNA FISH methods were very similar re-
quiring less than 24 h to achieve the final results (Table 3). However,
real time PCR was much more technically demanding since it re-
quired sample treatment before the PCR procedure and a trained
technician on quantitative PCR procedures. It is also important to
mention that repetitions are needed for some samples, which could

Selective agar Biochemical
medium tests

Day 1 Day 2

Day 3 Day4dto7

Fig. 1. Timeline for the 4 methodologies tested: immunocapture (RapidCheck), real time PCR (iQ-Check), PNA FISH and culture-based method ISO 6579:2002.
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Table 1

RapidChek (immunocapture assay, ICA), iQ-Check (real-time PCR assay), PNA FISH and culture (ISO 6579:2002) results obtained for the detection of S. Enteritidis with different
food matrixes inoculated with concentrations ranging between 0.01 and 100 CFU per 25 g or ml. Results for each independent assay are presented and Ct values for real time

PCR are also provided.

Milk Eggs Mayonnaise

CFU/25 g or ml (real value)  ICA  PCR (Ct) PNAFISH  Culture ICA  PCR(Ct) PNAFISH  Culture ICA  PCR (Ct) PNAFISH  Culture
1st assay

100 (107.7+8.7) + +(17.92) + + + +(16.28) + + + +(17.55) + +
10 (12.3+2.1) + +(17.21) + + + +(16.42) + + + +(18.01) + +
1(1.6+0.6) + +(17.51) + + + +(16.63) + + + +(18.18) + +
0.1 (0) - -(NA) - - - -(NA) - - - -(NA) - -
0.01 (0) - -(NA) - - - -(NA) - - - +(39.02)" - -
2nd assay

100 (127.0+6.6) + +(18.11) + + + +(16.29) + + + +(18.56) + +
10 (13.0+£2.6) + +(17.88) + + + +(16.24) + + + +(17.58) + +
1(13+0.6) + +(18.03) + + + +(16.48) + + + +(17.99) + +
0.1 (0) - -(NA) - - - +(37.50)" - - - -(NA) - -
0.01 (0) - -(NA) - - - +(37.55)" - - - -(NA) - -
3rd assay

100 (110.345.9) + +(17.54) + + + +(16.07) + + + +(17.63) + +
10 (12.0+1.7) + +(17.55) + + + +(17.18) + + + +(17.82) + +
1(1.3+06) + +(17.42) + + + +(16.74) + + + +(17.79) + +
0.1 (0) - +(35.08)" - - - - (NA) - - - +(39.66)" - -
0.01 (0) - +(3857)" - - - +(3495)" - - - +(39.03)" - -

*

increase the overall assay time. On the other hand, PNA FISH also
requires a technician with at least some experience of fluorescence
microscopy for the assessment of results. RapidChek immunocapture
method was the easiest to perform since it did not require any specific
equipment or trained technician, but it takes almost 48 h to provide
a result. Culture-based method was by far the more time consuming,
taking several days to give a definitive result (Fig. 1).

4. Discussion

In the last decade several real time PCR and immunological methods
have been developed and widely evaluated on different types of sam-
ples for the detection of a great variety of foodborne pathogens. Some
of these approaches are actually available as commercial systems. For
Salmonella detection there is for instance: iQ-Check kit from Bio-Rad
Laboratories, BAX systems from Dupont Qualicon, MicroSEQ from
Applied Biosystems, VIDAS from BioMerieux and RapidChek SELECT
from SDIX. However, as mentioned below in more detail, the literature
shows that studies comparing PCR and immunological technologies
with standard bacteriological methods were not always concordant.
Recently, PNA FISH methods on microbial identification have emerged
and a variety of assays for a wide range of microorganisms are now
available [see (Cerqueira et al., 2008) for a review]. Our group has

Table 2
Comparison between culture (ISO 6579:2002, considered as the gold standard), ICA,
real time PCR and PNA FISH results regarding S. Enteritidis detection in 45 food
samples.

I1SO 6579:2002

result
Present Absent Total
Test outcome ICA Test positive 27 0 27
Test negative 0 18 18
Total 27 18 45
PCR Test positive 27 8 35
Test negative 0 10 10
Total 27 18 45
PNA FISH Test positive 27 0 27
Test negative 0 18 18
Total 27 18 45

iQ-check kit user guide considers a Ct value>10 a positive Salmonella sample. However, these high Ct values are usually indicative of minimal amounts of target nucleic acid.

recently developed a PNA FISH method for the detection of Salmonella
(Almeida et al., 2010). In this study, 4 distinct technologies were
compared with respect to their detection limit, sensitivity, specificity,
accuracy, labor performance time and overall ease of performance.
All methods performed well with the different food matrices giving
a similar detection limit of 1 CFU per 25 g or ml of food sample
(Table 3). This is probably due to the presence of an enrichment step in
all four methods (Fig. 1). We also observed that culture, immunocapture
method and PNA FISH were concordant, providing results with high ac-
curacy, sensitivity and specificity (Table 3). Real time PCR results were
discrepant and this may have been due to the Ct interpretation advice
provided by the manufacturer which resulted in lower values for speci-
ficity and accuracy (Table 3). In real time PCR detection assays negative
samples without target pathogen, should not give a Ct value, since no
amplification should occur. However, in our experiments some samples
that, in theory, should have been negative gave high Ct values (Fig. 2).
These Ct values ranged between 34 and 39, while those for positive
samples ranged between 16 and 19 (Table 1). This can be interpreted
in two ways: either PCR is more sensitive than culture or these are actu-
ally false positive results. Considering: (i) the negative results obtained
using the gold standard (ISO6579:2002) and the other two molecular
methods (Table 2), (ii) the high Ct values observed (Table 1) and (iii)
the lack of reproducibility for these samples (Fig. 3C and D), it is rational
to consider these values as false positive results. However, in literature,
both hypotheses have been considered, but the common absence of the
Ct values makes the results comparison difficult.

Some works have used iQ-Check kit in different artificially contam-
inated food samples (vegetables, fruits, poultry and meat products)
and also found that the kit is as sensitive as the conventional culture
methodology in detecting Salmonella, with reported detection levels
of 2 and 4 CFU/25 g (Liming and Bhagwat, 2004; Patel et al., 2006).
However, other authors obtained different results, especially for natu-
rally contaminated samples. For instance, Fakhr et al. compared the
iQ-check Salmonella kit with bacteriological techniques in turkey meat
samples and found that the PCR method failed to detect 3 of 49 samples
that were positive by the conventional culture method (Fakhr et al.,
2006). However, when carried out after a selective enrichment step,
the real-time PCR detected all 49 samples recovered by the culture
method and additionally detected the presence of Salmonella in some
samples that were not recovered by the culture method. However, Ct
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Milk

Ege

Mayonaise

values for these samples are not presented, which would be important
to evaluate the significance of these results. Nde et al. also compared the
iQ-Check performance with an invA-PCR [gene involved in invasion of
epithelial cells (Darwin and Miller, 1999)] for the detection of Salmonella
in premarket and retail turkey samples. They also found a high number
of false negative and false positive samples in both PCR-based methods
(Nde et al., 2008).

Table 3
Performance parameters observed for each molecular test.
Parameters ICA Real time PCR PNA FISH
Detection limit (CFU/25 g) 1 1 1
Sensitivity' (CI, 95%) 100 100 100
(84.5-100) (84.5-100) (84.5-100)
Specificity? (CI, 95%) 100 55.6 100
(78.1-100) (31.3-77.6) (78.1-100)
Accuracy® (Cl, 95%) 100 82.2 100
(81.9-100) (63.2-914) (81.9-100)
Total time (h) ~48 ~24 ~24
Ease of use Easy Difficult Medium

! Sensitivity as determined as TP/(TP + FN) x 100, where TP stands by the number of
true positive results and FN is the number of false negative results.

2 Specificity was determined as TN/(TN + FP) x 100, where TN stands for the number
of true negative results and FP is the number of false positive results.

3 Accuracy was determined as the number of correct results divided by the number
of all returned results.

1

Fig. 2. PNA FISH outcome for the three food matrixes tested (eggs, mayonnaise and milk) artificially inoculated with 100, 10, 1 and 0,1 CFU of S. Enteritidis per 25 g or ml of food
sample.

Other studies have also been published in which the use of a PCR
assays is described as more sensitive than the culture method for
detecting Salmonella in food, especially in poultry, meat, and poultry-
related products (Bennett et al., 1998; Eyigor et al., 2002; Fratamico,
2003; Oliveira et al,, 2002; Whyte et al., 2002). Some possible explana-
tions presented by those authors were as follows: i) Salmonella found
in natural samples may show atypical biochemical profiles and may
not be detected using bacteriological methods and ii) the presence of
Salmonella cells in a viable but non-culturable state (Bennett et al.,
1998; Eyigor and Carli, 2003; Eyigor et al,, 2002; Knight et al., 1990).
Unfortunately, once again, most part of the studies lack the Ct values
that are fundamental to perform results comparison. In order to under-
stand the results discrepancy observed between studies, a comprehen-
sive work in naturally contaminated samples, comparing the different
technologies, would bring more conclusive evidences about the real
time PCR value for food microbiological analyses.

Regarding the RapidChek SELECT Salmonella assay, we also ob-
served different results from those previously reported. Fakhr et al.
compared the RapidChek kit with the culture method and found
that the use of this immunoassay alone might underestimate the
Salmonella presence in turkey meat products, as it it failed to detect
11 out of 49 samples (Fakhr et al., 2006). Some other studies using re-
lated immunoassays, such as VIDAS and Tansia Card, reached similar
results. Uyttendaele et al. reported that the sensitivity of the Vidas
method was 93% compared with the conventional culture method
(Uyttendaele et al., 2003). Tansia Card Salmonella immunoassay was
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Amplification

Amplification

C 10°

Fig. 3. - Real-time PCR results obtained for pre-enriched eggs samples artificially contaminated with concentrations raging from 1x 102 to 1x10~2 CFU of S. Enteritidis/25 g. Assay 1
(A) and 2 (B) presented different behavior for the lower concentrations (1x10~! and 1x10~2 CFU/25 g). Lack of reproducibility for the 1x10~2 CFU/25 g pre-enriched egg
samples. Panel (C) presents 5 replicates for a sample that did not amplify (from assay 1) and (D) presents replicates for a sample with a Ct of 37,55 (from assay 2).

also described as less specific than culture and PCR-based assays
for the detection of Salmonella in ground chicken, turkey, and beef
(Fratamico, 2003). However, it might be possible that the new version
of RapidChek, the SELECT RapidCheck (which includes an enrichment
medium supplemented with phage), may present superior character-
istics and thus may present a similar performance to bacteriological
methods, as reported by Muldoon et al. (Muldoon et al., 2007; Muldoon
et al,, 2011) and Gonzalez et al. (2009), and as observed in this study.

There is a lack of PNA FISH studies for Salmonella detection in food
stuffs, but we have found a similar detection limit to that previously
reported for powdered infant formula samples (Almeida et al.,, 2010).
Here, the method has shown to be as sensitive, specific and accurate
as bacteriological methods. An additional advantage is that it may be
performed simultaneously with the culture method without requiring
any additional sample preparation, since pre-enrichment is similar,
this is not so with the other two technologies. Nonetheless, all 3 tech-
nologies can drastically decrease the detection time and performed
well in different food matrixes with adequate detection levels. Major
differences lie on the procedure complexity and in the assay time
(Table 3).

5. Concluding remarks

This work shows that new rapid approaches for Salmonella detec-
tion in food samples can be reliable alternatives to culture based tech-
niques. Imunocapture (RapidChek) and PNA FISH methods have
presented the higher specificity and accuracy. RapidChek proved to
be the easier method to use. However, when rapid results are needed,
PNA FISH would be a more suitable option.

Regarding real time PCR, special attention should be taken when
interpreting Ct values as high Ct values may not necessarily imply
low concentrations of Salmonella. Defining a range of Ct values for
interpreting positive results when using PCR detection assays may
assist in their standardization. Nevertheless, all assays presented a
detection limit of 1 CFU/25 g or ml, allowed a rapid identification,
were quite easy to use, performed well in different food matrixes
and are also less time- and technically-demanding than culture. These

important features may assist public health authorities, in the
management of Salmonella outbreaks, and food industry in the stocks
screening for an earlier liberation of the food products.

Acknowledgments

This work was supported by the Portuguese Institute Fundagdo
para a Ciéncia e Tecnologia (Project "DNA mimics" PIC/IC/82815/
2007; Post-Doc Fellowship SFRH/BPD/74480/2010 and PhD Fellow-
ship SFRH/BD/38124/2007).

References

Almeida, C., Azevedo, N.F., Fernandes, R.M., Keevil, CW., Vieira, M.]., 2010. Fluorescence
in situ hybridization method using a peptide nucleic acid probe for identification
of Salmonella spp. in a broad spectrum of samples. Applied and Environmental
Microbiology 76, 4476-4485.

Bennett, A.R., Greenwood, D., Tennant, C., Banks, J.G., Betts, R.P., 1998. Rapid and defin-
itive detection of Salmonella in foods by PCR. Letters in Applied Microbiology 26,
437-441.

Berger, C.N., Sodha, S.V., Shaw, RK, Griffin, P.M.,, Pink, D., Hand, P., Frankel, G., 2010.
Fresh fruit and vegetables as vehicles for the transmission of human pathogens.
Environmental Microbiology 12, 2385-2397.

Bhunia, A., 2008. Foodborne Microbial Pathogens: Mechanisms and Pathogenesis, 1st
edition. Springer Science + Business Media.

Cerqueira, L., Azevedo, N.F., Almeida, C., Jardim, T., Keevil, CW., Vieira, M.J., 2008. DNA
mimics for the rapid identification of microorganisms by fluorescence in situ
hybridization (FISH). International Journal of Molecular Sciences 9, 1944-1960.

Darwin, K.H., Miller, V.L., 1999. Molecular basis of the interaction of Salmonella with the
intestinal mucosa. Clinical Microbiology Reviews 12, 405-428.

De Paula, AM.R,, Gelli, D.S., Landgraf, M., Destro, M.T., Franco, B.D.G.D., 2002. Detection
of Salmonella in foods using Tecra Salmonella VIA and Tecra Salmonella UNIQUE
rapid immunoassays and a cultural procedure. Journal of Food Protection 65,
552-555.

Eyigor, A., Carli, K.T., 2003. Rapid detection of Salmonella from poultry by real-time
polymerase chain reaction with fluorescent hybridization probes. Avian Diseases
47, 380-386.

Eyigor, A., Carli, K.T., Unal, C.B., 2002. Implementation of real-time PCR to tetrathionate
broth enrichment step of Salmonella detection in poultry. Letters in Applied Micro-
biology 34, 37-41.

Fakhr, M.K., McEvoy, J.M., Sherwood, J.S., Logue, C.M., 2006. Adding a selective enrich-
ment step to the iQ-Check real-time PCR improves the detection of Salmonella in
naturally contaminated retail turkey meat products. Letters in Applied Microbiology
43, 78-83.



22 C. Almeida et al. / International Journal of Food Microbiology 161 (2013) 16-22

Fratamico, P.M., 2003. Comparison of culture, polymerase chain reaction (PCR),
TagMan Salmonella, and Transia Card Salmonella assays for detection of Salmonella
spp. in naturally-contaminated ground chicken, ground turkey, and ground beef.
Molecular and Cellular Probes 17, 215-221.

Gillespie, B.E., Mathew, A.G., Draughon, F.A., Jayarao, B.M., Oliver, S.P., 2003. Detection
of Salmonella enterica somatic groups C1 and E1 by PCR-enzyme-linked immuno-
sorbent assay. Journal of Food Protection 66, 2367-2370.

Gonzalez, V., Muldoon, M.T., Li, J.K,, Sutzko, M., Olsson-Allen, A.C., Teaney, G., 2009.
RapidChek SELECT salmonella. Journal of AOAC International 92, 1890-1894.
Herikstad, H., Motarjemi, Y., Tauxe, R.V., 2002. Salmonella surveillance: a global survey

of public health serotyping. Epidemiology and Infection 129, 1-8.

Jamshidi, A., Kalidari, G.A., Hedayati, M., 2010. Isolation and identification of Salmonella
enteritidis and salmonella typhimurium from the eggs of retail stores in Mashhad,
Iran using conventional culture method and multiplex Pcr assay. Journal of Food
Safety 30, 558-568.

Knight, L.T., Shults, S., Kaspar, CW., Colwell, R.R., 1990. Direct detection of Salmonella
spp. in estuaries by using a DNA probe. Applied and Environmental Microbiology
56, 1059-1066.

Li, X., Boudjellab, N., Zhao, X., 2000. Combined PCR and slot blot assay for detection of
Salmonella and Listeria monocytogenes. International Journal of Food Microbiology
56, 167-177.

Liming, S.H., Bhagwat, A.A.,, 2004. Application of a molecular beacon-real-time PCR
technology to detect Salmonella species contaminating fruits and vegetables. Inter-
national Journal of Food Microbiology 95, 177-187.

Lofstrom, C., Krause, M., Josefsen, M.H., Hansen, F., Hoorfar, J., 2009. Validation of
a same-day real-time PCR method for screening of meat and carcass swabs for
Salmonella. BMC Microbiology 9, 85.

Lofstrom, C., Hansen, F., Hoorfar, J., 2010. Validation of a 20-h real-time PCR method for
screening of Salmonella in poultry faecal samples. Veterinary Microbiology 144,
511-514.

Malorny, B., Paccassoni, E., Fach, P., Bunge, C., Martin, A., Helmuth, R., 2004. Diagnostic
real-time PCR for detection of Salmonella in food. Applied and Environmental
Microbiology 70, 7046-7052.

Malorny, B., Bunge, C., Helmuth, R., 2007. A real-time PCR for the detection of Salmonella
Enteritidis in poultry meat and consumption eggs. Journal of Microbiological Methods
70, 245-251.

Miras, L., Hermant, D., Arricau, N., Popoff, M.Y., 1995. Nucleotide sequence of iagA and
iagB genes involved in invasion of HelLa cells by Salmonella enterica subsp. enterica
ser. Typhi. Research in Microbiology 146, 17-20.

Muldoon, M.T., Teaney, G., Li, J., Onisk, D.V., Stave, J.W., 2007. Bacteriophage-based
enrichment coupled to immunochromatographic strip-based detection for the

determination of Salmonella in meat and poultry. Journal of Food Protection 70,
2235-2242.

Muldoon, M.T., Gonzalez, V., Sutzko, M.I, Allen, A.C.O., Creamer, S., Onisk, D.V.,
Lindpaintner, K., 2011. RapidChek SELECT (TM) Salmonella Enteritidis Test System
for the detection of Salmonella Enteritidis in poultry house drag swabs, shell egg
pools, and chicken carcass rinsates. Journal of AOAC International 94, 1138-1153.

Nde, C.W., Fakhr, M.K,, Doetkott, C., Logue, C.M., 2008. An evaluation of conventional
culture, invA PCR, and the real-time PCR iQ-Check kit as detection tools for Salmonella
in naturally contaminated premarket and retail turkey. Journal of Food Protection 71,
386-391.

Oliveira, S.D., Santos, L.R., Schuch, D.M.,, Silva, A.B., Salle, C.T., Canal, C.W., 2002. Detection
and identification of salmonellas from poultry-related samples by PCR. Veterinary
Microbiology 87, 25-35.

Oliver, S.P., Nam, H.M.,, Srinivasan, V., Gillespie, B.E., Murinda, S.E., 2005. Application of
SYBR green real-time PCR assay for specific detection of Salmonella spp. in dairy
farm environmental samples. International Journal of Food Microbiology 102,
161-171.

Olsen, E.V., Gibbins, C.S., Grayson, J.K., 2009. Real-Time FRET PCR Assay for Salmonella
enterica Serotype Detection in Food. Military Medicine 174, 983-990.

Patel, J.R,, Bhagwat, A.A,, Sanglay, G.C., Solomon, M.B., 2006. Rapid detection of Salmonella
from hydrodynamic pressure-treated poultry using molecular beacon real-time PCR.
Food Microbiology 23, 39-46.

Popoff, M.Y., Bockemuhl, J., Gheesling, L.L., 2003. Supplement 2001 (no. 45) to the
Kauffmann-White scheme. Research in Microbiology 154, 173-174.

Pui, CF,, Wong, W.C,, Chai, L.C,, Nillian, E., Ghazali, F.M., Cheah, Y.K.,, Nakaguchi, Y.,
Nishibuchi, M., Radu, S., 2011a. Simultaneous detection of Salmonella spp, Salmonella
Typhi and Salmonella Typhimurium in sliced fruits using multiplex PCR. Food Control
22,337-342.

Pui, C.F., Wong, W.C,, Chai, L.C., Tunung, R., Jeyaletchumi, P., Noor Hidayah, M.S., Ubong,
A., Farinazleen, M.G., Cheah, Y.K,, Son, R., 2011b. Salmonella: A foodborne pathogen.
International Food Research Journal 18, 465-473.

Scallan, E., Hoekstra, R.M., Angulo, FJ., Tauxe, R.V., Widdowson, M.A., Roy, S.L., Jones,
J.L., Griffin, P.M., 2011. Foodborne illness acquired in the United States-major path-
ogens. Emerging Infectious Diseases 17, 7-15.

Uyttendaele, M., Vanwildemeersch, K., Debevere, J., 2003. Evaluation of real-time PCR
vs automated ELISA and a conventional culture method using a semi-solid medium
for detection of Salmonella. Letters in Applied Microbiology 37, 386-391.

Whyte, P., Mc Gill, K., Collins, ].D., Gormley, E., 2002. The prevalence and PCR detection
of Salmonella contamination in raw poultry. Veterinary Microbiology 89, 53-60.



	Detection of Salmonella enterica serovar Enteritidis using real time PCR, immunocapture assay, PNA FISH and standard cultur...
	1. Introduction
	2. Materials and methods
	2.1. Bacterial strain and media
	2.2. Samples inoculation
	2.3. Conventional bacteriological method
	2.4. Real time PCR method using the iQ-Check kit
	2.5. PNA FISH method
	2.6. Immunocapture method using RapidChek

	3. Results
	4. Discussion
	5. Concluding remarks
	Acknowledgments
	References


