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We evaluated the performances of a newly designed real-time polymerase
chain reaction (PCR) assay using TagMan® probes to detect Salmonella Typhi.
TaqMan® real-time PCR assays were performed by designed primers and probe based
on the staG gene for detecting S. Typhi. The specificity of the assay was evaluated on
15 Salmonella serovars. The analytical specificity was evaluated on 20 non-Sa/mo-
nella microorganisms. The analytical sensitivity was assessed using decreasing DNA
quantities of S. Typhi ATCC 19430. Finally the detection capability of the TaqMan™
real-time PCR assay on isolates recovered from patients with Sa/monella infections
was compared to the conventional PCR assay. Only S. Typhi strain had positive results
when subjected to the assay using Typhi-specific real-time PCR. No amplification
products were observed in real-time PCR with any of the non-Sa/monella microorgan-
isms tested. The TaqMan®™ real-time PCR was more sensitive than the conventional
PCR. In conclusion, we found that the easy-to-use real-time PCR assays were faster
than conventional PCR systems. The staG-based TagMan® real-time PCR assay
showed to be specific and sensitive method for the safe and rapid detection of the S.
Typhi.
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Introduction

Salmonella species, the causative agents of typhoid fever and diarrhoeal
diseases in humans, are estimated to account for between 17 and 33 million cases
of typhoid fever worldwide each year with 600,000 associated deaths and also, ap-
proximately ~1.4 million non-typhoidal Sa/monella cases occur in the United
States each year [1-3]. These diseases still pose a serious public health threat in
various parts of the world, particularly in the developing countries [4].

The detection of Salmonella spp. is still primarily based on traditional mi-
crobiological culture and serological methods that may take several days to com-
plete [5]. These practices, albeit effective, are costly and time-consuming [6]. Sal/-
monella strains can be not easily detectable in clinical samples containing a small
concentration of microorganisms [7]. Rapid and accurate detection of Salmonella,
therefore, continues to be of considerable interest for clinical diagnosis [8, 9].

Recently, a number of rapid methods for detection of Sa/monella including
immunoassays, nucleic acid hybridization, and polymerase chain reaction (PCR)
techniques have been developed [10]. Methods based on PCR have gained mo-
mentum in terms of use for rapid, specific, and sensitive detection of food-borne
pathogens [7, 11]. A new fluorogenic PCR-based format has been recently devel-
oped, which utilizes an internal fluorogenic probe (probe with an attached fluoro-
phore) that is specific to the target gene [12, 13]. During the PCR assay, the target
gene is amplified and simultaneously recognized and monitored by the fluorescent
probe moiety. The resulting increase in fluorescence can be computed to monitor
the amplification of the target DNA [5, 14]. There are two types of fluorogenic
PCR-based detection methods. One is based on utilizing a fluorogenic probe
which has flanking GC-rich arm sequences complementary to one another (also
known as molecular beacon), while the other based on a linear fluorogenic probe
and requires the 5’ to 3’ exonuclease activity of the DNA polymerase (also known
as TagMan® assay or hydrolysis probe) [14-16]. In both types of real-time PCR
probes, a fluorescent moiety is conjugated to one end of the sequence, and a
quencher moiety is attached to the other end of the sequence [5]. TaqMan®
real-time PCR assays are faster and more sensitive than conventional PCR, mak-
ing them ideal for diagnostic purposes [17].

Unlike traditional PCR methods, which use agarose gels for detection of
PCR amplification at the final phase or end-point of the PCR reaction, real-time
chemistries allow for a more timely detection of PCR amplification by measuring
the kinetics of the reaction in the early phases of PCR [18]. Moreover, end-point
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detection is very time-consuming and results are generally based on size discrimi-
nation, which may not be very accurate [18, 19].

The objective of this study was to construct and validate a real-time
PCR-based detection assay, based on the TagMan® technology to detect S. Typhi,
and to compare the specificity and sensitivity of TaqMan® assay with the conven-
tional PCR assay.

Materials and Methods

The Salmonella strains used in this study are listed in Table I. Twenty
non-Salmonella bacterial strains were also used for specificity checking (Table I).
All the Salmonella and non-Salmonella strains were grown either on Brain Heart
Infusion (BHI) (Difco Laboratories, Detroit, Michigan, USA) or Luria-Bertani
(LB) broth (Merck, Darmstadt, Germany) at 37°C for 18-24 h.

Also, the study included 60 Salmonella isolates recovered from patients
with Sa/monella infections hospitalized in several hospitals in Tehran, Iran during
2011-2012. These isolates had been identified at the microbiology laboratory of
the hospitals as Salmonella, based upon their morphology on selective media, bio-
chemical and serological characteristics. All strains were stored at —20°C in
trypticase soy broth (Merck, Darmstadt, Germany) with 10% of glycerol.

Bacterial strains were harvested, washed and resuspended in phos-
phate-buffered saline (PBS). The DNA of all micro-organisms was extracted us-
ing AccuPrep Genomic DNA Extraction kit (Bioneer, South Korea) according to
the manufacturer’s instructions. DNA concentration and purity were spectropho-
tometrically assessed by reading Ayey and A,z and confirmed by visualization on
1% agarose gel. Then, DNA was diluted to 1 mg/mL in nuclease-free water and
stored at —20°C until required for analysis.

The AllelelD software version 7.01 (Premier Biosoft Int., Palo Alto, CA,
USA) was used for all the oligonucleotide primers and the fluorescent dye-la-
belled probe designed in this study. All primers were purchased from Bioneer
(Bioneer, South Korea). The in silico specificity was analysed using the Basic Lo-
cal Alignment Search Tool from the GenBank database. The characteristics of
primers and probe used for TagMan® real-time PCR assay are given in Table II.

Conventional PCR amplifications were carried out in final volume of
50 pL. The mixture contained 39.4 pL of RNAse free water, 4 uL of 10 x PCR
buffer, 2 mM of MgCl,, 200 uM of ANTP mix, 1 uM of each primer, 1 U of Taq
polymerase, and 1 ng of DNA. PCR conditions were an initial denaturation at
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Table I

Salmonella species and serovars and non-Sa/monella microorganisms included in this study;
and performance of the real-time PCR and conventional PCR assays for detecting S. Typhi

Strains Reference Typhi-specific Typhi-specific
PCR results real-time PCR results

Salmonella species

Salmonella serovar Albany ATCC' 51960 - -
Salmonella serovar Enteritidis ATCC 4931 - -
Salmonella serovar Hadar ATCC 51956 - -
Salmonella serovar Haifa Field strain - -
Salmonella serovar Havana Field strain - -
Salmonella serovar Infantis Field strain - -
Salmonella serovar Kentucky ATCC 9263 - -
Salmonella serovar Muenchen ATCC 8388 - -
Salmonella serovar Newport ATCC 6962 - -
Salmonella serovar Orion Field strain - -
Salmonella serovar Paratyphi B ATCC 8759 - -
Salmonella serovar Reading ATCC 6967 - -
Salmonella serovar Richmond Field strain - -
Salmonella serovar Typhi ATCC 19430 + +
Salmonella serovar Typhimurium ATCC 14028 - -
Non-Salmonella organisms

Acinetobacter baumannii ATCC 17978 - -
Bacillus cereus PTCC? 1154 - -
Bacillus subtilis PTCC 1254 - -
Brucella abortus ATCC 2344 - -
Campylobacter jejuni ATCC 33560 - -
Enterobacter aerogenes PTCC 1221 - -
Enterococcus faecalis PTCC 1393 - -
Escherichia coli ATCC 25922 - -
Klebsiella oxytoca ATCC 68831 - -
Listeria monocytogenes PTCC 1297 - -
Micrococcus luteus PTCC 1408 - -
Proteus mirabilis PTCC 1076 - -
Pseudomonas aeruginosa ATCC 27853 - -
Serratia marcescens ATCC 14223 — -
Shigella flexneri PTCC 1234 - -
Shigella soneii ATCC 9290 - -
Staphylococcus aureus PTCC 1189 - -
Staphylococcus epidermidis PTCC 1435 - -
Staphylococcus haemolyticus PTCC 1437 - -
Vibrio cholerae PTCC 1611 - -

" ATCC, American Type Culture Collection (USA).
2 PTCC, Persian Type Culture Collection (Iran).
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Table 11

Primers and probe sequences used for amplification by conventional PCR* and TagMan® real-time PCR

Specific target Primer/  Sequence (5° = 3”) Product Target (location)  Refer
probe (bp) ence
name

staG-F CAAGGTTGCTATAAACATTTG
Salmonella serovar staG-R ~ CGGTTTTTATTTCACCATTG 155 staG This
Typhi staG-Pr  FAM-CCTTCCTTCAGCC (210264-211439)  study
AGCAGAG-TAMRA

For conventional PCR just forward and reverse primers were used.
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Figure 1. Salmonella Typhi sensitivity assay by TagMan® real-time PCR. A 10-fold dilutions series
(from 2 ng to 0.002 fg) was used as a template

95°C for 2 min; 40 cycles at 95°C for 15 s, 55°C for 30 s, and 72°C for 40 s; and a
final extension at 72°C for 5 min for detection of S. Typhi (Typhi-specific
PCR).The reaction products were visualized on 1.5% agarose gels. To avoid any
contamination, reaction mixture preparation, DNA amplification and gel migra-
tion were done in separate rooms.

TagMan® real-time PCR assays were performed in a final volume of 25 pL,
with 9.65 pL of RNAse free water, 12.5 pL of qPCR ProbesMaster (Jena Biosci-
ence, Germany), each primer and TaqMan® probe at concentrations of 0.3 pM and
0.2 uM, respectively, and 2 ng of DNA template for all of samples. The reaction
mixture was initially incubated for 2 min at 95°C. Amplification was performed
for 40 cycles of denaturation at 95°C for 15 s, annealing and extension at 55°C for
1 min for detection of S. Typhi (Typhi-specific real-time PCR). TaqMan®
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real-time PCR reactions were performed on a Rotor-Gene™™ 6000 (Corbett Re-
search Biosciences, Sydney, Australia).

Sensitivity was determined by testing decreasing DNA quantities of
S. Typhi ATCC 19430 (10-fold dilutions from 107® to 10™"* g/mL).

The specificity of the different primers and probe was first assayed in silico
by using BLAST software in order to avoid non-specific amplification. Analytical
specificity was then evaluated on the 20 non-Sal/monella microorganisms listed in
Table I to rule out cross-reactivity. In conventional PCR assays, 1 ng of S. Typhi
DNA was used as a positive control. For all PCR assays, the negative control con-
sisted in sterile water instead of DNA template.

Thirty samples were amplified in the same run for the intra-assay repeat-
ability and 10 samples were amplified in a single run on 4 consecutive days for the
inter-assay reproducibility. The respective coefficients of variation (CVs) were
then calculated.

Sixty Salmonella isolates recovered from patients with Salmonella infec-
tions hospitalized in several hospitals in Tehran, Iran during 2011-2012, were also
analyzed by conventional PCR and TagMan® real-time PCR methods for detec-
tion of S. Typhi.

Results

The results indicated that only S. Typhi showed positive results when sub-
jected to the assay using Typhi-specific real-time PCR. No amplification products
were observed in real-time PCR with any of the other Salmonella serovars or
non-Salmonella microorganisms when using the specific primers and probe for
detecting S. Typhi.

The respective lower limit of detections of conventional and real-time PCR
assay observed with 10-fold serial dilutions of Sal/monella serovar Typhi DNA
were 100 fg and 2 fg, respectively. The real-time PCR was more sensitive than the
conventional PCR. A 50-fold higher sensitivity for S. Typhi was observed in
real-time PCR.

The C, values intra-assay and inter-assay CVs were 1.11% and less than
4.0%, respectively, for detecting S. Typhi confirming the reproducibility and re-
peatability of the assay. Non specific reaction was PCR amplification at the final
phase or end-point of the PCR reaction observed in conventional PCR (Table I).

Of the 60 clinical specimens positive by culture and serological methods
for Salmonella, one tested positive for S. Typhi with both techniques (Table III).
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Table III

TagMan" real-time PCR and conventional PCR assays for Salmonella Typhi on Salmonella isolates
from patients

Strains Number Conventional PCR TaqMan® real-time PCR
Positive Negative Positive Negavtive
Total Salmonella isolates 60 1 59 1 59
Salmonella serovar Typhi 1 1 0 1 0
Salmonella serovar Typhimurium 8 0 8 0 8
Salmonella serovar Enteritidis 25 0 25 0 25
Salmonella serovar Infantis 18 0 18 0 18
Salmonella serovar Muenchen 2 0 2 0 2
Salmonella serovar Albany 1 0 1 0 1
Salmonella serovar Newport 1 0 1 0 1
Salmonella serovar Richmond 1 0 1 0 1
Salmonella serovar Paratyphi B 1 0 1 0 1
Salmonella serovar Reading 1 0 1 0 1
Salmonella serovar Orion 1 0 1 0 1
Discussion

Molecular techniques, like real-time PCR, are proving useful in the detec-
tion of pathogens in a wide range of matrices [4, 6]. The use of real-time PCR
greatly reduces the time and manpower required when compared with conven-
tional methodologies [20]. The real-time PCR method could be of benefit when
information on the presence of Salmonella in samples is required rapidly such as
in outbreak and epidemiological studies [4, 21].

We designed and tested and now report a sensitive and specific TagMan®
real-time PCR assay for the detection of S. Typhi. We think this assay could be po-
tentially useful as a molecular tool for screening suspected colonies. We proved
this hypothesis, first by testing strains of Sa/monella, including S. Typhi and com-
monly occurring serovars. Typhi-specific real-time PCR assay correctly identified
S. Typhi.

Subsequently, we assessed the performance of TagMan® real-time PCR
(Typhi-specific real-time PCR) and conventional PCR (Typhi-specific PCR) as-
says on isolates recovered from patients with Salmonella infections hospitalized
in Tehran. The results were similar for both assays (Table III).

In the past few years, several authors have evaluated sensitivity and speci-
ficity of real-time PCR assays for the detection of S. Typhi [6, 9, 20, 22]. Various
loci have been used as target genes including vexC, viaB, and #yv [20, 22-25]. In
this study, we used bioinformatics to identify a region specific to S. Typhi. To our
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knowledge, no previously published real-time PCR presented primers based on
the staG (putative fimbrial protein) gene for detecting Salmonella serovar Typhi.

The detection limits of staG real-time PCR assay in this study were mark-
edly improved in comparison to real-time PCR assays published previously. Chen
et al. (2010) who evaluated the detection limit of the assay using a 5’-nuclease
real-time PCR assay reported the detections limits of 41.2 fg for S. Typhimurium
and 18.6 fg for S. enteritidis with their own specific primers [9]. Moreover, Ander-
son et al. (2011) described a detection limit of 100 fg for Salmonella species [26].
The detection limit of staG real-time PCR assay in this work was 2 fg. A higher
sensitivity was observed for the detection of S. Typhi by real-time PCR: In com-
parison with the conventional PCR method, 50-fold higher sensitivity for S. Typhi
was observed for its target in real-time PCR.

The real-time PCR assays were also evaluated with a variety of other bacte-
rial species and were highlighted as being specific; neither phylogenetically re-
lated (i.e. belonging to the proteobacteria group) microorganisms nor other patho-
gens showed cross-reactivity. Interestingly, no amplification occurred with
Shigella flexneri and Shigella sonnei, thus indicating the specificity of the selected
target sequence (Table I).

In conclusion, we developed and successfully applied a TagMan® real-time
PCR for rapid identification of S. Typhi. Real-time PCR appears to offer several
advantages over conventional PCR. Apart from being faster, this closed system
obviates the need for post-PCR handling and prevents DNA contamination. This
technology often is adopted to detect fastidious microbes or microorganisms that
cannot be cultivated. As we observe, the specificity of TagMan® real-time PCR
and PCR assays were similar but, TagMan® real-time PCR was more sensitive
than conventional PCR. Therefore, the use of TagMan® real-time PCR assay ap-
pears promising due to its high sensitivity for the safe, rapid and specific detection
of the Salmonella serovar Typhi in clinical samples or this technique can be used
in children and newborns, particularly those for whom the serovar Typhi detection
is of great concern and importance from the therapeutic and prognostic point of
view as well as for public health purposes.

Conflict of interest: The authors declare that there are no conflicts of inter-
est.
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