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Aims: The present study describes the implementation of real-time PCR to tetrathionate broth

enrichment step of Salmonella detection in poultry.

Methods and Results: Real-time PCR with Sa/monella invA-specific primers and a standard

bacteriological method was applied to detect Sa/monella in tetrathionate enrichment cultures of

492 intestinal homogenates and 27 drag swabs from 47 poultry flocks. The number of positive
individual samples by real-time PCR and culture method was 65 (12:5%) and 35 (6:8%),
respectively. The number of Salmonella-positive flocks was 13 (27-7%) by both methods. PCR
detection required 25 min for up to 32 samples. Melting curve analysis revealed the T, for

Salmonella-specific PCR product as 87 £ 1°C.

Conclusions: Implementation of real-time PCR to tetrathionate broth enrichment step
reduces the Salmonella detection time to 18 h and 25 min. Isolation of Sa/monella should be

carried out with PCR to determine the serovar.

Significance and Impact of the Study: Real-time PCR is a powerful tool in rapid and

accurate Salmonella monitoring in poultry companies, together with standard bacteriology.

INTRODUCTION

Detection of Salmonella by bacteriological methods is time-
consuming (Wallace ez a/. 1999; Anonymous 1996). Also,
false-negative results can be obtained by bacteriology, when
the initial number of salmonellae is low in the sample
(Fricker 1987). Therefore, a rapid and sensitive primary
screening method with a proper sampling plan is required to
detect Salmonella in the flock or in the food industry. For
this purpose, polymerase chain reaction (PCR) has been
applied to various types of samples after incubation in an
enrichment broth (Stone e al. 1994; Aabo et al. 1995; Chiu
and Ou 1996; Cohen ez al. 1996; Luk et al. 1997; Bennett
et al. 1998; Lin and Tsen 1999; Soumet et al. 1999). We
have detected salmonellae in chicken faeces by a tetrathio-
nate broth (T'TB) enrichment, capillary PCR and capillary
gel electrophoresis, and obtained positive results with high
sensitivity (Carli et al. 2001a).
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Recent advancements in the PCR technology combined
capillary thermocycling and real-time fluorescence detec-
tion of the PCR product (Wittwer e al. 1997; Ke et al.
2000; Loeffler ez al. 2000; Pietila es al. 2000). The Light-
Cycler (Roche Diagnostics, Mannheim, Germany) real-
time PCR system reduces the detection time, allows the
process of up to 32 samples simultaneously, and determines
the specificity of the PCR product by melting curve
analysis.

We applied this real-time PCR technology to TTB
enrichment culture of a standard Salmonella isolation
method from poultry. Thus, we were able to monitor and
determine Salmonella-infected flocks by a reliable and a
rapid primary screeening procedure.

MATERIALS AND METHODS
Bacterium

Salmonella enterica serovar Enteritidis 64K (obtained from
Institut Pasteur, Paris, France) was propagated and used as a
positive control in PCR.
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Samples and application of standard
bacteriology for Salmonella

Four hundred and ninety-two ileocecal part of the intestines
were collected from 24 chicken flocks, which were brought
to our laboratory. Twenty-seven drag swabs from breeder
chicks of 27 flocks were transferred into 50 ml TTB, and
shipped to the laboratory within 1 h. Both sample types
were supplied from five major breeder companies in Turkey.
Ten grams of the ileocecal parts were homogenized in
250 ml TTB with ultraturrax, and 1 g of the homogenate
was inoculated into 10 ml T'TB. Each drag swab sample in
50 ml was added into 200 ml T'TB.

The National Poultry Improvement Plan (NPIP) and
Auxillary Provisions, United States Department of Agri-
culture (Anonymous 1996) procedure was applied to isolate
and identify salmonellae (Fig. 1), with a determined detec-
tion limit of 10 cfu ml™" (Carli ez al. 2001b).

Template preparation for real-time PCR

Crude DNA was extracted by a method described by Carli
et al. (Fig. 1) (2001a).

Primers

We used a Salmonella invA gene-based primer pair with a
previously determined specificity and sensitivity (Rahn ez al.
1992). These primers, invAl and invA2, have the following
nucleotide sequences, respectively: 5-GTG AAA TTA
TCG CCA CGT TCG GGC AA-3’ and 5-TCA TCG
CAC CGT CAA AGG AAC C-3’. Both primers were
synthesized in Expedite DNA synthesizer (Perseptive
Biosystems, CA, USA) and were purified using reverse
phase-High Pressure Liquid Chromatography (Bio-
CAD700E, Perseptive Biosystems, USA).

Real-time PCR

We used LightCycler PCR methodology for this purpose.
Two microlitres from the sample template, Salmonella
enteritidis 64K culture template, or deionized water was
added into 18 ul of PCR mixture as unknown, positive
control, or negative (no-target) control, respectively. The
reaction mixture optimized for LightCycler PCR con-
tained the following: 2 ul of 10 X concentration Light
Cycler-DNA Master SYBR Green I ready to use reaction
mix for PCR (7aqg DNA polymerase, reaction buffer,
dANTP mix [with dUTP instead of dTTP], SYBR Green I
dye, and 10 mmol 1" MgCl,), 24 ul of 25 mmol 1™
MgCl,, 1l of each 100 ymol I™' primers, 2 ul of
template and 11-6 ul of deionized water. The amplification
protocol included the initial denaturation step at 95°C for

30 s and 40 cycles of denaturation at 95°C for 5 s,
annealing at 55°C; and 10 s of primer extension at 72°C.
Temperature transition rate was 20°C s™'. Fluorescence
was measured automatically at the end of each extension

step.

Melting curve analysis

After PCR amplification, all the DNA in the capillary was
denaturated by rapid heating to 95°C. Then the reaction was
cooled to 65°C for 15 s and slowly heated to 95°C (with a
rate of 0-1°C s™"). Fluorescence was measured continously
during the slow temperature rise to monitor dissociation of
double stranded DNA as it melted at a characteristic
temperature (87 £ 1°C). Fluorescence signals were first
plotted automatically in real-time vs. temperature (7) to
produce melting curves for specific PCR products from
salmonellae, and then were converted to melting peaks by
plotting the negative derivative of fluorescence vs. 7' (—dF1/
dT vs. T).

Sensitivity and detection-limit determination
of real-time PCR

In order to determine the detection sensitivity of real-time
PCR, we used primary TTB enrichment cultures of
artificially spiked samples with Salm. enterica serovar
Enteritidis 64K. Briefly, 1 g of Salmonella-free chicken
iliocecal samples (determined by a bacteriological method
and PCR) were minced and added into 10 ml of TTB. Ten
fold dilutions from 6 x 10° cfumlI™' to 6 cfuml™" of
serovar Enteritidis 64K was inoculated into TTB with
intestinal homogenate and were incubated at 37°C for 18 h.
Real-time PCR was performed by using the crude DNA
extracted (Carli er al. 2001a) from 1 ml of these cultures.
Salmonella growth was confirmed by plating from each
dilution.

RESULTS AND DISCUSSION

In this study, we combined LightCycler real-time PCR and
the bacteriological enrichment step of a standard Salmonella
isolation method, in order to rapidly and reliably determine
Salmonella-infected chicken flocks (Fig. 1).

We were able to detect salmonellae in 25 min from up to
32 18-h primary enrichment sample cultures from sub-
clinically infected chickens. The LightCycler real-time
PCR, with the SYBR Green I Dye format, is about 10
times faster than previously reported conventional PCR
detection methods (Stone et al. 1994; Aabo er al. 1995,
Cohen ez al. 1996) and gives more rapid results than the
capillary PCR method combined with capillary gel electro-
phoresis described by Carli er al. (2001a).
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Fig. 1 Diagram of the procedures for bacteriological isolation and template preparation for real-time PCR. *PE: Primary Enrichment; $TTB:

Tetrathionate Broth
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In this system, PCR amplification and analysis occurred
simultaneously. During each PCR cycle, the amount of
newly synthesized Salmonella-specific PCR product was
monitored by using the double-stranded DNA binding dye
SYBR Green I, as a proportionally increasing fluorescent
signal. Then, Salmonella PCR products with specific melting
temperatures (T,,) were identified by DNA melting curve
analysis and melting peaks were plotted (Fig. 2). This
allowed us to identify the amplified product within 5 min
without time-consuming gel electrophoresis and gel staining
used after conventional PCR. We have further confirmed
that the sizes of the PCR products from selected Salmonella
strains were 281 bp by capillary gel electrophoresis (Carli
et al. 2001a).

The detection sensitivity of this real-time PCR was
determined as 6 cfu ml™" from artificially spiked intestinal
samples. This high detection sensitivity allowed us to
determine the presence of Sal/monella even in heavily
contaminated samples, such as intestinal samples and drag
swabs.

d(F1)/dT

Fluorescence

In this study, we found that real-time PCR detection
sensitivity from natural samples was higher than bacterio-
logy both in intestinal samples and in total, when the
samples taken from each flock were considered individually
(Table 1). Possible reasons for this can be as follows:
salmonellae found in natural samples may show atypical
biochemical profiles and may not be detected in bacteriology
(Bennet ez al. 1998), and Salmonella cells may be present in
a viable but non-culturable status (Knight ez a/. 1990). The
number of Salmonella-positive flocks was 13 (27-7%) both
by PCR and culture method. Since Salmonella screening
programs in poultry production is based on the diagnosis of
Salmonella-infected flocks, not the individuals, when a
sufficient sample size is used, the presence of PCR-positive
and culture-negative individual samples will not affect the
final diagnosis for the flock.

In conclusion, this study indicates that the use of real-time
PCR with samples from tetrathionate primary enrichment
step is a valuable method to dramatically decrease the
diagnosis time of Salmonella-infected chicken flocks, and

Fig. 2 Melting peaks of selected Salmonella
isolates determined by real-time PCR. Strains:
(+) positive control — Salmonella enteritidis

66 72 79 86

Temperature (°C)

64K; (O) negative control — deionized water;
(=) Salm. serovar Enteritidis (A) Salm. ser-
ovar Thompson; ((J) Salm. serovar Agona

92

Table 1 Comparison of the results from intestinal homogenate and drag swab samples by real-time PCR and bacteriological culture method

No. of positive individual samples

No. of positive flocks

No. of No. of
Sample type flocks samples PCR (%) Culture method (%) PCR (%) Culture method (%)
Intestinal homogenate 24 492 62 (12-6) 32* (6°5) 10 (41-6) 10 (41-6)
Drag swab 27 27 3(111) 31 (11°1) 311D 3111
Total 47 519 65 (12-5) 35 (6:8) 13 (27°7) 13 (27-7)

*All of the isolates were Salm. serovar Enteritidis.

TIsolates were identified as Sal/m. serovar Agona, Thompson, and serogroup C2.
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that bacteriology should be continued for confirmatory and
strain identification purposes.
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