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Okamoto A.S. & Andreatti Filho R.L. 2018. Comparison of three diagnostic methods for
Salmonella enterica serovars detection in chicken rinse. Pesquisa Veterindria Brasileira
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Salmonella detection is a key point in food safety testing, because of the frequent association
of this pathogen with food poisoning in humans. The standard bacteriological tests currently
used for Salmonella-detection are time-consuming; therefore, there is a need to develop
alternative methods to accelerate the detection. In order to accelerate Salmonella diagnosis,
we used the immunomagnetic separation assay associated with bacteriophage P22 for the
rapid detection of the following Salmonella serovars in chicken rinses of drumsticks, artificially
contaminated with 5, 10, and 100 CFU/25mL of bacteria: Salmonella enterica subsp. enterica
serovar Heidelberg (S. Heidelberg), Salmonella enterica subsp. enterica serovar Enteritidis
(S. Enteritidis) and Salmonella enterica subsp. enterica serovar Typhimurium (S. Typhimurium).
The efficiency of the technique, represented by the time required for detection of positive
and negative samples, was compared with that of the standard diagnostic tests used for
this pathogen, the bacteriological assay and the polymerase chain reaction (PCR)-based
test. This study confirmed the ability of the bacteriophage-associated immunomagnetic
separation assay to identify 99.6% of Salmonella-positive samples of the three serovars
tested. In contrast, the bacteriological assay and PCR-based test detected 95.1% and 98.5%
of the Salmonella-positive samples respectively.

INDEX TERMS: Diagnostic, Salmonella enterica, serovars, chicken rinse, phage P22, Salmonella Heidelberg,
Salmonella Typhimurium, Salmonella Enteritidis, immunomagnetic.

RESUMO.- [Comparacdo de trés métodos diagnosticos  isto utilizamos a separagdo imunomagnética associada
para deteccdo de Salmonella enterica em lavados  ao bacteriéfago P22 como técnica de detecg¢do rapida
de carcaca de frango.] A deteccao de Salmonella é  para os seguintes sorovares de Salmonella: Salmonella
um ponto crucial para a seguranca alimentar, devido  enterica subsp. enterica sorovar Heidelberg (S. Heidelberg),
a frequente associacdo deste patégeno com infec¢des  Salmonella enterica subsp. enterica sorovar Enteritidis
alimentares em humanos. O método padrdo para detec¢do  (S. Enteritidis) e Salmonella enterica subsp. enterica
de Salmonella é o bacteriol6gico, mas o tempo requerido  sorovar Typhimurium (S. Typhimurium), os quais foram
para o processamento das amostras e o diagnéstico final ¢ inoculados artificialmente em lavados de sobre-coxas de
longo, por isso existe a necessidade de desenvolvimento de frango nas seguintes concentracdes: 5, 10 e 100 UFC/25mL.
métodos alternativos que visem acelerar esta etapa. Para A eficiéncia da técnica, representada pelo tempo requerido
- para deteccao de amostras positivas ou negativas, foi
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positivas para Salmonella, dos trés sorovares testados.
Ja o bacteriolégico e PCR identificaram respectivamente
95,1% e 98,5% das amostras positivas.

TERMOS DE INDEXAGAO: Diagnésticos, Salmonella enterica, carcaca
de frango, fago P22, Salmonella Heidelberg, Salmonella Typhimurium,
Salmonella Enteritidis, bacteriolégico, imunomagnética, frangos.

INTRODUCTION

Non-typhoid Salmonella, listed as one of the main pathogens
involved in foodborne diseases, is the leading cause of
hospitalization (35%) and death (28%) of patients affected by
consumption of contaminated products in the United States
(Scallan etal. 2011). Of the 2,541 Salmonella enterica serovars
identified until now, Salmonella enterica subsp. enterica serovar
Enteritidis (S. Enteritidis), S. enterica subsp. enterica serovar
Typhimurium (S. Typhimurium), and S. enterica subsp. enterica
serovar Heidelberg (S. Heidelberg) are among the ten serovars
most frequently isolated from human sources in the United
States. S. Enteritidis and S. Typhimurium account for 27.6%
of all laboratory-confirmed cases (CDC 2014). In the state
of Washington (USA), the percentage of Salmonella-positive
meat samples was 3%, and poultry meat had the highest
contamination rate (4.2%) (Zhao et al. 2001). In Colombia
the prevalence of Salmonella-contaminated broiler chicken
was 27% in a multi-factorial study involving the analysis of
several factors, including the type of poultry production and
storage conditions (Donado-Godoy etal. 2012). In Brazil, the
Salmonella prevalence in poultry carcasses was 2.7% and
the major serotypes identified were S. Enteritidis, S. Infantis,
S. Typhimurium, and S. Heidelberg (Medeiros et al. 2011).
In northeastern Brazil 9.6% of chicken carcasses evaluated
microbiologically were positive for this pathogen (Duarte etal.
2009). In the state of Sdo Paulo, a study reported 2.5% of
samples positive for Salmonella in chicken carcasses industrially
processed in 2008 (Tessari et al. 2008), whereas another
survey conducted in 2000, in the same state, found 32%
samples positive for Salmonella in frozen chicken carcasses
(Santos et al. 2000).

Historically, Salmonella is widespread in the poultry farms
of Brazil, particularly in the eggs, chicken, and the environment
(Andreatti Filho et al. 2001). The bacteriological method
recommended for the diagnosis of Salmonella spp. is labor
intensive and requires 4 to 5 days to obtain presumptive
positive or negative results. Therefore, the development of
rapid tests is essential for the diagnosis and the control of
Salmonella spp. (Alcocer & Oliveira 2003). Microbiological
diagnosis of pathogens to determine food safety has remained
in use for many years, because it is an established and effective
technique, although time-consuming. Molecular techniques,
such as PCR, are being used routinely in laboratories with
bacteriological techniques to provide a more accurate diagnosis
in a shorter period of time (Andrade et al. 2010). However, it
is essential to invest in research efforts to improve or develop
rapid tests for the detection of Salmonella spp. in poultry meat
to minimize the risks of consumers contracting salmonellosis
(Eijkelkamp et al. 2009).

Alternatively, bacteriophages have been identified as
a promising agent for detection of bacterial pathogens.
Beneficial attributes of bacteriophages as diagnostic reagents
for pathogens include high-capacity multiplication, specificity

for bacterial agents, lack of toxicity, and ease of being found
in nature (Garcia & Lépez 2002).

We evaluated the efficiency of the immunomagnetic separation
assay associated with a bacteriophage, using the knowledge
of phage P22, for detection of S. Enteritidis, S. Typhimurium,
and S. Heidelberg in chicken rinse. This assay was compared
with two other diagnostic tests, the bacteriological assay and
the PCR-based test, to determine the ability of each method
in detecting positive and negative samples, as well as the
time required to obtain the results. Therefore, we artificially
contaminated chicken drumsticks with three different dosages
of bacterial inoculum, prior to testing the efficiency of the
three diagnostic methods.

MATERIALS AND METHODS

Bacterial samples. A total of 30 samples of each bacterial serovar,
namely Salmonella enterica subsp. enterica serovar Heidelberg
(S.Heidelberg), Salmonella enterica subsp. enterica serovar Enteritidis
(S. Enteritidis) and Salmonella enterica subsp. enterica serovar
Typhimurium (S. Typhimurium) were used to artificially contaminate
chicken rinses of drumsticks. The drumsticks were subjected
to conventional bacteriological analyses, including biochemical
and serological screening tests, the bacteriophage-associated
immunomagnetic separation assay, and PCR-based test. The bacterial
strains were previously isolated from poultry source and stocked
in the bacterial collection of the Avian Pathology Laboratory of
FMVZ/UNESP, Sao Paulo State University, Sao Paulo, Brazil. The strains
were stored in nutrient agar (NA; HiMedia, Mumbai, India) at 4°C
and were previously serotyped by the Adolfo Lutz Institute, SP, Sao
Paulo State, Brazil.

Bacterial inoculum preparation. To determine the inoculum
size in colony forming unit (CFU/mL), we used the spread-plate
technique, which comprises serial dilutions and plating on solid agar.
Pure colonies in the stationary growth phase were added to 10 mL
of tryptone soya broth (TSB; HiMedia, Mumbai, India). Then serial
dilutions were performed in phosphate buffered saline (PBS) to 10
and plated onto brilliant green agar (BGA; Sigma-Aldrich, St. Louis,
MO, USA). After bacteriological incubation for 24 hours at 37°C,
colony counting was performed. During this period, the inoculum
was maintained at 4°C to prevent bacteria from multiplying.
Then the bacterial inoculum was diluted to achieve the following
concentrations: 5, 10, and 100 CFU/25mL, and a new colony count
was carried out as described above.

Preparation of samples. Poultry drumsticks, obtained from
a chain supermarket in Botucatu/Sao Paulo, were weighed using
an analytical balance and segregated into portions of 25g. The 25g
slices were transferred into a sterile stomacher bag, with full filter,
and 225mL of TSB was added to mix the samples for 2 minutes in a
homogenizer type stomacher. Then, 25mL-aliquots of the homogenate
were putin a 45mL-sterile-falcon tube and inoculated with Salmonella.
For each bacterial sample prepared, three concentrations - namely
5,10 and 100 CFU - were inoculated in 25mL of chicken rinse. For the
three diagnostics tests, the bacteriophage-associated immunomagnetic
separation assay, the bacteriological assay, and the PCR-based test,
90 bacterial analyses were performed per serovar (including the
three inoculum concentrations), resulting in 270 tests for Salmonella
in total. Each chicken rinse used for the assays was screened for
Salmonella spp. by using bacteriological assays, to ensure absence
of any prior contamination with this pathogen until the inoculum
preparation.
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Enrichment step. This step was common to the three diagnostic
tests performed and consisted of addition of 25mL of previously
inoculated chicken rinse to 250mL of TSB broth, supplemented with
20ug/mL novobiocin (Inlab, Diadema/SP, Brazil) and incubated for
16 hours at 37°C.

Control samples. In all analyses, positive control samples of
S. Typhimurium pure culture in TSB broth were included. The negative
controls used were Escherichia coli pure culture in TSB medium
and an aliquot of the chicken rinse not inoculated with Salmonella.

Bacteriophage. The virulent bacteriophage P22 (ATCC 19585B1)
was used for the immunomagnetic separation assay (described
below). Prior to each test, the phage was amplified. A pure culture
of S. Typhimurium was grown in TSB 2 x. Of this broth, 2mL was
mixed with 1mL of the bacteriophage in stationary phase and 5mL
of TSB, followed by 12 hours of incubation at 37°C. Afterwards,
centrifugation was performed for 10 minutes at 7,000xg, the
supernatant was filtered with a minisart 0.22 um syringe (Intec
Sartorius, Goettingen, Germany), and the resulting solution was
stored at 4°C. The amplified phage was quantified by the plate
assay and serially diluted to 101°. Then 100uL of the diluted phage
was added to 300uL of its susceptible bacterial host, in this case a
sample of S. Typhimurium in an exponential phase of growth. After
15 minutes of this pre-adsorption step the bacteriophage/bacteria
suspension was added to tubes containing 5mL of soybean casein
digest soft agar (TSA; HiMedia, Mumbai, India) and was put on heated
TSA plates. After 18-24 hours of incubation at 37°C, the viral plaques
were counted and the phage concentration was determined in the
sample (Panec & Katz 2006, Andreatti Filho et al. 2007).

Immunomagnetic separation associated with bacteriophage.
This test consists of four distinct phases: capture, binding and
amplification, incubation, and detection (described below)
(Favrin etal. 2001).

Capture. Aliquots of 1mL of the enrichment broth were added to
wells with 20puL of antibody magnetic beads (Dynabeads®anti-Salmonella;
AppliedBiosystemsTM, Foster City, CA, USA). Then the wells were
subjected to the rotating mixer for 30 minutes (Dynal® MX4
mixer, Invitrogen, Oslo, Norway). Subsequently, the samples were
transferred to a magnetic particle separator (Dynal Magnetic Particle
Concentrator®MPC-S, Invitrogen, Oslo, Norway) for 3 minutes to
separate the beads from the enrichment broth. The supernatant
was aspirated and discarded, and the magnetic beads were washed
twice in PBS buffer Tween-80 (PBST; (100mL 10xPBS, 1.37mM NaCl,
27mM KCl, 100mM Na,HPO,, 20mM KH,PO,, 900mL of sterile distilled
water and 5SmL of Tween80) at 0.1% and re-suspended in 250uL TSB.

Attachment and amplification. Hundred microliters of
bacteriophage P22 was added to the wells, with approximately
108 PFU/mL (plaque-forming unit), followed by an incubation for
10 minutes at 37°C. If the sample was positive, the bacteriophage
will attach to the bacteria captured on the beads. After incubation
the samples were placed on MPC-S® and washed with PBST solution.
This step is necessary to remove the unbound phage. The beads
were suspended in 100pL of TSB and incubated for 30 minutes at
37°C to release the phage progeny.

Incubation and detection. The supernatant was added into a
new microtube, containing 1mL of the signal amplifying cells (SAC),
which is a pure culture of S. Typhimurium cultured in TSB broth with
20 hours of incubation. The optical density of the broth was adjusted
to 0.075 at 600nm with a spectrophotometer (GeneQuantTMpro,
Amersham Biosciences, Buckinghamshire, England, UK). SAC are
essential for recovery of the phage progeny, because the addition
of healthy cells of Salmonella will improve the bacteriophage cell
lysis and increase their lytic power.
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In this last stage, the samples were incubated for 2 h at 37°C.
In the positive samples we were able to detect the expression of lysis,
since the phage was bound on beads impregnated with Salmonella
and expressed the lytic cycle upon being exposed to a new bacterial
culture (SAC).

For the final step, 1mL of the broth was transferred to a
disposable plastic cuvette and the optical density was measured
in a spectrophotometer. The samples with an optical density 70%
lower than the mean values of the negative control samples were
considered to be positive. These values have been established in
studies by other researchers (Favrin et al. 2001). In summary,
positive samples will show a decrease in optical density. Moreover,
negative samples will show a high optical density, since there are no
Salmonella cells linked to the beads. Therefore, the phage will not
bind to the magnetic particles and will be removed during washing.
Thus, when SAC was added, there were no bacteriophages able to
combat the new Salmonella cells present in the SAC.

Bacteriological analysis. Of the pre-enrichment broth, 1mL
was added to tetrathionate broth (Acumedia, Lansing, Michigan,
USA), supplemented with 200uL of iodine solution and 100uL of
bright green. Furthermore, 100uL of the pre-enrichment broth was
added to Rappaport-Vassiliadis broth (Acumedia, Lansing, Michigan,
USA) and incubated for 24 hours at 41°C. The selective enrichment
broths were plated on BGA and xylose-lysine-deoxycholate agar
(XLD; Sigma-Aldrich, St. Louis, MO, USA) and incubated at 37°C for
24 hours. The colonies showing a morphology similar to Salmonella
spp. were selected to perform a biochemical screening, consisting of
the following assays: triple sugar iron agar (TSI; HiMedia, Mumbai,
India), lysine iron agar (LIA; Difco, Maryland, United States), urea
broth (Difco, Maryland, United States), sulfide indole motility
(SIM; HiMedia, Mumbai, India), and Simmon’s citrate agar (Difco,
Maryland, United States). Subsequently, the agglutination test was
performed with polyvalent antiserum “0” for Salmonella (Probac do
Brasil, Sao Paulo, SP, Brazil). Colonies with morphology similar to
that of Salmonella, a compatible biochemical screening, as well as a
positive reaction in the agglutination test with polyvalent antiserum
“0”, were deemed to be positive.

DNA extraction. The samples used for PCR were obtained from
the selective enrichment step for Salmonella during processing
for bacteriological analysis. Of the Rappaport-Vassiliadis broth,
1mL was placed into 1.5mL-microtubes free of DNase, RNase and
pyrogens, and frozen at -20°C for further analysis. DNA samples
were extracted by heat treatment. The protocol consisted of three
washes with 1mL of PBS, followed by centrifugation at 8,000xg for
5 minutes at 10°C. After the last wash the pellet was resuspended in
600pL of TE (10 mM Tris-HCl and 1 mM EDTA, pH 8.0) and heated
in a water bath at 95°C for 10 minutes. Finally, the sample was
centrifuged at 5,900xg for 5 minutes at 10°C. Of the supernatant
200pL was collected and stored at-20°C (Fadl et al. 1995, Andreatti
Filho et al. 2011).

PCR technique. Primers specific for the invA gene were
used for the reaction (Fw: 5’-TTGTTACGGCTATTTTGACCA-3’;
Rv: 5’-CTGACTGCTACCTTGCTGATG-3") (Swamy et al. 1996) at a
concentration of 20pmol/uL. A final volume of 25uL was used
for the amplification, containing 5uL of each sample, 1pL of each
primer, 12.5pL of Go Taq®Green Master Mix (Promega, Madison,
USA), and 5.5uL of ultrapure water. The mixture was processed in
a thermocycler (Eppendorf AG Mastercycler Gradient): 5 minutes
94°C, 35 cycles of amplification (30 seconds at 94°C, 30 seconds
at 60°C, and 30 seconds at 72°C), followed by a final extension for
4 minutes at 72°C (Marietto-Gongalves etal. 2011). The PCR products
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were analyzed on a 1.5% agarose gel stained with GelRed (Biotium)
and visualized in a transilluminator. The amplification products
were considered positive when the resulting band presented the
expected size of 521bp.

Statistical analysis. The association test of Goodman was
used, complemented by multiple comparisons between binomial
populations (Goodman 1964), at the 5% level of significance.

RESULTS

Salmonella Heidelberg

All samples of this serovar were deemed positive by the
bacteriophage-associated immunomagnetic separation assay
and by PCR. In the bacteriological test 81 samples (90%)
tested positive. The results for each inoculation concentration
are shown in Table 1.

Salmonella Enteritidis

The chicken rinses drumsticks, artificially contaminated
with S. Enteritidis, showed the same pattern in the analysis
by PCR and the bacteriophage-associated immunomagnetic
separation assay. In total, 89 samples tested positive (98.8%)
in both tests, while the only negative sample in both tests
corresponded to the sample with inoculum concentration of
5 CFU/25mL. However, in the bacteriological test 88 samples
were deemed positive (97.7%), with the negative samples
corresponding to samples with inoculum concentrations of
5and 100 CFU/25mL (Table 2).

Salmonella Typhimurium

In the experiment with S. Typhimurium, we found a higher
detection level for positive samples when performing the
bacteriophage-associated immunomagnetic separation assay,

Table 1. Samples positive for Salmonella Heidelberg in
the bacteriophage-associated immunomagnetic separation
assay, the bacteriological test, and PCR-based test, using
three inoculum concentrations to contaminate poultry
chicken rinse artificially

Immunomagnetic

S. Heidelberg separation assay Bacteriological PCR
5 CFU/25mL 30 27 30
10 CFU/25mL 30 25 30
100 CFU/25mL 30 29 30
Positive percentage 100% 90% 100%

Table 2. Samples positive for Salmonella Enteritidis in
the bacteriophage-associated immunomagnetic separation
assay, the bacteriological test and PCR-based test, using three
inoculum concentrations to contaminate poultry chicken
rinse artificially

detecting the presence of all 90 positive samples (100%).
However, 87 samples tested positive (96.6%) in the PCR assay,
one sample testing negative at an inoculum concentration of
10 CFU/25mL and other two samples testing negative at an
inoculum concentration of 5 CFU/mL. Analyzing the results
obtained by the bacteriological test, 88 samples tested positive
(97.7%), with one sample testing negative at an inoculum
concentration of 100 CFU/25mL and the other at an inoculum
concentration of 5 CFU/25mL (Table 3).

Diagnostic time

The methodology that combines the immunomagnetic
separation assay with bacteriophage P22 was able to detect
the presence of viable cells of Salmonella in chicken rinses
within about 19 hours, including the enrichment step (Fig.1).
In the bacteriological test, the total time required for the
final diagnosis was approximately 88 hours, including
the steps of enrichment (16 hours), selective enrichment
(24 hours) and plating on solid agars (24 hours), as well as
biochemical screening and serology (24 hours). The diagnosis
of Salmonella serovars by PCR took approximately 43 hours,
including enrichment (16 hours) and selective enrichment

Enrichment
16 hours

Capture
35 minutes

~ ~

Attachment and amplification
40 minutes

Incubation and Detection
2 hours

Total Time
19 hours and 15 minutes

Fig.1. Steps in the bacteriophage-associated immunomagnetic
separation assay with their respective time durations and the
total time taken for the final diagnosis of Salmonella spp. in
chicken rinse.

Table 3. Samples positive for Salmonella Typhimurium in
the bacteriophage-associated immunomagnetic separation
assay, the bacteriological test, and PCR-based test, using
three inoculum concentrations to contaminate poultry
chicken rinse artificially

Immunomagnetic

Immunomagnetic

S. Enteritidis separation assay Bacteriological PCR S. Typhimurium separation assay Bacteriological PCR
5 CFU/25mL 29 29 29 5 CFU/25mL 30 29 28
10 CFU/25mL 30 30 30 10 CFU/25mL 30 30 29
100 CFU/25mL 30 29 30 100 CFU/25mL 30 29 30
Positive percentage 98.8% 97.7% 98.8% Positive percentage 100% 97.7% 96.6%
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in Rappaport-Vassiliadis broth (24 hours) done to improve
the detection of positive samples, DNA extraction (1 hour),
PCR (2 hours), and electrophoresis (40 minutes).

There were no statistically significant differences
between the Salmonella serotype detection efficiencies of the
bacteriophage-associated immunomagnetic separation assay,
the bacteriological test, and the PCR-based test.

DISCUSSION

The development of rapid tests for improvement of
pathogen-detection in food is essential to ensure food safety
and to meet the growing demand for animal products, especially
poultry meat and eggs. A literature review has shown that
none of the commercial tests used for Salmonella diagnosis
in poultry meet all the requirements, such as the detection
limit (1 CFU/25g), time of analysis, sensibility and specificity,
especially the analysis time (Eijkelkamp etal. 2009). Regarding
the bacteriophage-associated immunomagnetic separation
assay, we found a substantial reduction in the time required
for obtaining the diagnostic results, even compared to the
time needed for diagnosis by PCR.

This immunomagnetic separation assay was proposed by
Favrin et al. (2001) wherein the lytic phage S]2 is used for
detection of Salmonella in broth. The test efficiently detected
strains of S. Enteritidis. The main advantages of this method
revealed by this trial were the speed, sensitivity, specificity,
and ease of execution. In another experiment the authors
employed the bacteriophage-associated immunomagnetic
separation assay to detect S. Enteritidis and E. coli 0157:H7
in food samples. All foods contaminated with S. Enteritidis
- which included skimmed milk powder, ground beef, and
chicken - were detectable by the assay (Favrin et al. 2003).

In our study the bacteriophage P22 was chosen to perform
the bacteriophage-associated immunomagnetic separation
assay, because P22 presents lytic activity against different
serovars of Salmonella, including S. Enteritidis, S. Typhimurium,
and S. Heidelberg. This activity of the phage has been
demonstrated in other tests used to detect the pathogen in
food (Siqueira etal. 2003). The bacteriophage P22 recognizes
the O-antigen lipopolysaccharide in the outer membrane of
Salmonella serovars belonging to serogroups A, B, and D,
(Baxaetal. 1996). In the present study, we were able to verify
the activity of P22 in three Salmonella serovars by employing
the bacteriophage-associated immunomagnetic separation
assay. Samples of S. Heidelberg and S. Typhimurium analyzed
by bacteriophage-associated immunomagnetic separation
assay tested positive at all the inoculum concentrations.
However, one sample, with the lowest inoculum concentration
(5 CFU/25mL) of S. Enteritidis, tested negative. These results
demonstrate the test’s ability to detect very low concentrations
of Salmonella spp. in chicken rinses contaminated experimentally,
as well as in the presence of bacterial competitive flora.

The research to discovery new lytic bacteriophages able
to improve the immunomagnetic separation assay needs
be continuous because our test is capable to detect only
the three serovars most prevalent, but there are more than
2,600 Salmonella serovars. A viable option is prepared a
bacteriophages cocktail (Marietto Gongalves et al. 2014).

In the PCR-based test, all the inoculum concentrations
of S. Heidelberg were detected; however, one sample of the
Enteritis serovar tested negative at an inoculum concentration
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of 5 CFU/25mL. This is the same strain that was not detected in
the bacteriophage-associated immunomagnetic separation assay.
Using the PCR-based method for S. Typhimurium, 87 chicken
rinses were deemed positive and three negative. Of the negative
samples two were inoculated with the lowest concentration
(5 CFU/25mL) and one was inoculated with 10 CFU/25mL.
A study comparing the standard microbiological techniques
and PCR-based method for detection of Salmonella spp.,
also found three samples negative for S. Typhimurium by
PCR but positive by bacteriological testing. However, more
number of positive samples were detected by PCR compared
to bacteriological tests (Castagna etal. 2005). In a multicenter
study, which was performed to validate the accuracy of PCR
for Salmonella, some strains were undetectable (Malorny et al.
2003). This was attributed to a partial degradation of the DNA
sample through DNase activity, since the extraction method
used was heat treatment. We believe that the reasons for
four samples testing negative by PCR in our study, were DNA
degradation and the low concentration of the pathogen in
the sample, given that three samples belonged to the lowest
inoculum concentration (5 CFU/25mL) and the middle
concentration (10 CFU/25mL) category.

In the bacteriological test for S. Heidelberg only 81 samples
(90%) tested positive, while for both the serovars Typhimurium
and Enteritidis the number of samples that tested positive
was 88 (97.7%). All negative samples in the bacteriological
test were detected to be positive by PCR, as well as by the
bacteriophage-associated immunomagnetic separation
assay. A comparative study between PCR and bacteriological
test for the detection of Salmonella in eggs has reported no
statistical difference between the two methods (Flores et al.
2001). Furthermore, compared to the bacteriological test, the
PCR-based test was able to detect two samples more. Another
study did a comparative analysis between PCR, enzyme-linked
immunosorbent assay (ELISA), and standard bacteriological
methods for detection of Salmonella serovars (Dickel et al.
2005). In this study, Salmonella was recovered from poultry
meatin 56.67% samples by bacteriological methods, whereas
ELISA and PCR detected Salmonella in 71% and 75% of the
samples of poultry meat, respectively.

In our study, the bacteriophage-associated immunomagnetic
separation assay showed the best results when analyzing the
time that was required to obtain the final diagnostic result.
This was approximately 19 hours, including the pre-enrichment
stage, corroborating with another study (Favrin et al. 2003).
However, other rapid tests using bacteriophages that did not
include the pre-enrichment step, obtained results in 4 to 5 hours
(Stewart et al. 1998, Favrin et al. 2001, Siqueira et al. 2003).

In our study, we included an enrichment step to avoid
working with pure cultures that are not subjected to interference
from competitive bacterial flora. This simulates the actual
situation found in the routine bacteriological field samples
received for analysis, which are mostly mixed bacterial
flora and injured cells. If the sample presents low levels of
contamination, it is necessary to include a pre-enrichment
step in the tests, to recover the damaged cells and increase
the bacterial concentration to detectable levels.

By PCR, we obtained the final diagnostic result in
44 hours. The inclusion of the selective enrichment step in
Rappaport-Vassiliadis broth was necessary due to the low
concentration of the Salmonella inoculum and the presence
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of competing bacteria in the samples. Some authors have
reported that a limitation of PCR is the inhibition of the
Taq polymerase by components present in food samples, as
well as the presence of low numbers of target bacteria per
gram of food (Saroj etal. 2008). The bacteriological test was
the method with the longest analysis time, being 88 hours.
The bacteriological assay is considered the gold standard
for Salmonella detection in food samples. Each country
follows its own standards and regulations for the isolation
of this pathogen, for example, ISO 6579: 2002 (ISO 2002) or
European gold standard (DIN EN 1998). However, the main
steps for detection of Salmonella in food are chiefly the same:
non-selective pre-enrichment, selective enrichment, isolation
on selective solid agar, and the biochemical and serological
confirmation. However, the experimental time spent varies:
confirmation of a positive result following the ISO 6579
methodology 2002 can take up to six days, while using the
methodology recommended by DIN EN 12824:1998, it is
obtained in eight days (Schénenbriicher etal. 2008). However,
negative results may be issued in four to six days.

CONCLUSION

We can conclude that the three tests show equivalence in relation
to the detection of positive samples of Salmonella Enteritidis,
S. Heidelberg, and S. Typhimurium in chicken rinses. However,
the bacteriophage-associated immunomagnetic separation
assay was the fastest method for detection of Salmonella, in
about 19 hours, making it applicable for routine laboratory
use as a screening test.
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