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Abstract

Background: Typhoid fever is still one of the serious public health problems in many geographic areas and is endemic
in most countries. Aim of current study was to evaluate a shortened time —Multiplex PCR for rapid detection of different
Salmonella enterica serovars.

Methods: The PCR primers for three target genes tyv, prt and invA were subjected for amplification by PCR. By using
simple DNA extraction method, rapid PCR cycles and rapid electrophoresis procedure with simple and very cheap
buffer were utilized in 200 to 300 volts for 15 minutes to separate the PCR products.

Results: The results showed that all reference and clinical isolates of S. enterica were accurately identified by this as-
say with no cross reaction with other enterobacterial strains tested. Detection limit of the reaction was to be fewer than
10 colony forming unit.

Conclusion: These data indicate that the optimized rapid cycle multiplex PCR is a potentially valuable tool for rapid
diagnosis of S. enterica using a conventional thermal cycler. This method reduced the reaction time of PCR from 3.5 h

to less than 1 h.
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Introduction

Typhoid fever is still a serious public health
problem in many parts of the world particularly
the developing countries (1). The incidence of
typhoid fever has been estimated to be between
17 and 33 million cases annually with 600,000
associated deaths (2).

Salmonella strains are not detectable in certain
clinical samples that contain small numbers of
organisms (3). Methods that allow the detection
of low levels of S. enterica in food samples
start with pre enrichment steps to increase both
the total numbers of bacteria and the ratio of S.
enterica to competing organisms (4). The or-
ganisms are then isolated on selective agar
plates and are subsequently characterized by
serological and biochemical tests. With these
conventional techniques, the identification of S.
enterica takes between 72 and 96 h. Alternate
methods, such as immunoassays, have been de-

veloped to reduce the time needed for detection.
These techniques depend on bacterial numbers
up to 10° to 10’ cells/ml to guarantee reliable
detection of S. enterica (5). Molecular biology-
based techniques including PCR assays have
been reported for the rapid, specific, and sensi-
tive detection of microorganisms in different
clinical samples (6).

In this study, we have evaluated the conven-
tional PCR to detect the causative agents of ty-
phoid and paratyphoid fever based on tyv
(rfbE), prt (rfbS) and invA, target genes.

Materials and Methods

Bacterial strains The bacterial strains in-
cluding different S. enterica serovars (Typhi,
Infantis, Havana, Typhimurium, Paratyphi A,
Paratyphi B and Paratyphi C), non-Salmonella
strains including Klebsiella pneumonia, and Es-
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cherichia coli were obtained from reference
laboratory of Iran. All isolates were identified
and confirmed by biochemical and serological
tests.

DNA extraction  DNA extraction was carried
out by a modified method of Saito & Miura (7).
About 5 ml of an overnight culture in LB broth
was harvested by centrifugation at 6000 rpm for
5min. The pellet was resuspended in lysozyme
solution (Img lysozyme ml™ in 0.15M NaCl,
0.1IM EDTA, pH 8.0). Bacterial cells were
lysed using lysis buffer (1% SDS, 0.1M NaCl,
0.1M Tris/HCI (pH 8.0) at 60 °C. DNA was
purified by extraction with an equal volume of
phenol/chloroform/isoamyl alcohol (25: 24: 1)
in the presence of 5M sodium perchlorate. A
1/10 volume of 3M sodium acetate and 2 vol-
umes of absolute ethanol were added and the
nucleic acid was then polluted by centrifuga-
tion, washed with 70% ethanol and dried under
vacuum. The DNA pellet was resuspended in
TE buffer (10 mM Tris/HCI, pH 7.5, 0.1 mM
EDTA) and then serially diluted with deionizer
water to concentrations ranging from 100 ng to
1 fg and subjected to PCR amplification (8).
Alternatively, the boiling method was used for
direct extraction of bacterial DNA in the strains
tested. Boiling method was performed accord-
ing to the previous study (9). A single bacterial
colony was picked up from the Luria-Bertani
(LB) agar plate, then was boiled in 50pl of dis-
tilled water for 10 min and immediately was
cooled on ice for 5 min. After a short spin, 4pl
of this solution was used for PCR assay.
Primers and conventional PCR conditions
The Tyv primers were used for detection of the
tyvelose epimerize target gene (tyv, previously
called rfbE). Forward primer (gag gaa ggg aaa
tga agc ttt t) and reverse primer (tag caa act gtc
tcc cac cat ac) with PCR product size of 615 bp,
prt (rfbS) primer paratF (ctt gct atg gaa gac ata
acg aac c¢) and paratR (CGT ctc cat caa aag ctc
cat aga) with product size of 259bp for detec-
tion of a paratose synthase gene (prt, previously
called rfbS) (10) and invF (gta ttg ttg att aat gag

atc cg) and invR (ata tta cgc acg gaa aca cgt t)
primers with product size of 373bp.

The tyv gene is present in both serovars Typhi
and Paratyphi A, but cannot produces active
CDP tyvelose epimerase in serovar Paratyphi A
due to the 1-bp deletion, which causes the frame
shift mutation and converts codon 4 of Tyv to a
stop codon (11).

The PCR was carried out with a 50 pl mixture
containing 10 mM Tris-HCI (pH 8.3), 50 mM
KCI, 1.5mM MgCI2, 1U of Taq DNA poly-
merase (Promega, Madison, Wis.), 0.2mM de-
oxynucleoside triphosphate, a 0.1 pM concen-
tration of tyvF and tyvR_primers , a 0.2 uM
concentration of prtF and prtR primers and 5 pl
of the DNA sample.

The conventional PCR was performed under
the following conditions: 30 cycles with heat
denaturation at 95 °C for 30s, primer annealing
at 55 °C for 60s, and DNA extension at 72 °C
for 90s in conventional Ependorf gradient mas-
ter cycler (Roche, Mannheim, Germany). The
amplified DNA was separated by 1% agarose
gel electrophoresis, stained with ethidium bro-
mide, and visualized by UV transilluminator.
To determine the detection limit of the PCR, we
used serial dilution of a genomic DNA ex-
tracted from S. enterica serovar Typhi. Ex-
tracted genomic DNA was measured by spec-
trophotometer in 260/280 nm wavelengths. Ten
folds serial dilution was prepared. PCR was
performed by using 1ul of each diluted sample.
Bacterial cell dilutions  An overnight culture
of S. enterica serovar Typhi was serially diluted
10-fold with LB broth. A 100 pl aliquot of each
dilution was boiled for 10 min, snap-cooled and
then centrifuged for 1 min at 13000 rpm. A 4pl
aliquot of the supernatant was used as template
in the PCR reaction. Viable counts were ob-
tained by plating 100 pl of each dilution of
bacterial culture on the LB plates and incubat-
ing at 37 °C overnight.

Rapid PCR and electrophoresis The rapid
PCR was carried out using a conventional
Ependorf gradient master cycler under the fol-
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lowing conditions: 20 cycles with heat denatu-
ration at 94°C for 30s; primer annealing at 55-
57°C for 5s; DNA extension at 72°C for 10s;
and final extension for 30s.

Ten mM sodium boric acid (Na2B40O7 10H20)
was used as electrophoresis buffer. PCR frag-
ments were separated in Mini sub marine appa-
ratus on 200 to 300 volts for 5- 15 mints. For
rapid staining and analysis, Ethidium Bromide
(0.5 ug/ml) were added to the electrophoresis
buffer (12).

Results

The multiplex PCR using 6 sets of primer pairs,
which were targeted for the invA, prt, tyv genes,
correctly identified Salmonella serovars Typhi
and Paratyphi A and differentiated two se-
rovars by the combinations of the different-size
bands products: three positive bands, which
consist of InvA, prt, tyv PCR products, in se-
rovar Typhi and two positive bands for serovar
Paratyphi A (Fig.1). As expected, the prt prim-
ers in this study reacted with both serovars Ty-
phi and Paratyphi A, yielding PCR products of
the same size. The primers for tyv specifically
detected the tyv gene of serovar Typhi.

To examine the possible cross-reactions of the
selected primers among the several genera of
the family Enterobacteriaceae, some strains
were tested by the multiplex PCR assay; none
showed positive results. For further evaluation
of the primer specificities for Salmonella spe-
cies, several Salmonella serovars were tested.
Detection based on the combination of InvA,
tyv, correctly identified serovar Typhi. We also
evaluated the method for direct detection of or-
ganism in the clinical samples. Standards and
clinical isolates of Salmonella were examined
and were accurately identified by this assay.
(Fig.1) Specificity of the assay was evaluated
by different species of gram negative and posi-
tive bacteria.

The PCR produced an intense band of the ex-
pected 373 bp with all the Salmonella strains;
none of the non-Salmonella strains showed the
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positive reaction, indicating 100% specificity
for PCR. Repeated PCR amplifications showed
similar positive results. Detection limit of the
reaction was to be fewer than 10" colony
forming unit when serial dilutions of bacterial
cell culture were used as PCR template.

1 2 3 4 5 M

615 bp =
373bp =
258bp =

Fig. 1: The Multiple PCR results of the clinical tem-
plates. lanel, S. enterica serovar paratyphi A (258, 373
bp). lane2, S. enterica serovar Typhi (258, 373, 615bp).
lane 3, S. enterica serovar Infantis (373bp). Lane 4, S.
enterica serovar Havana (373bp). Lane 5: The standard
S. enterica serovar Typhi (258, 373,615bp). MW: (100,
200, 300, 400, 500, 600, 700, 800, 900, 1030 bp).

Discussion

Salmonellosis is responsible for large numbers
of infections in both humans and animals (13).
Polymerase chain reaction (PCR) provides a
rapid means to monitor specific microorgan-
isms in a variety of samples. Several amplifica-
tion methods such as Uniplex PCR, Nested
PCR, and Real time PCR have been used for
detection of bacterial pathogens such as Salmo-
nella species (14).

Most of the researchers who have already
applied conventional and Real time PCR for
detection of S. enterica have used often only
one gene of this organism in their studies. The
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serovars other than Typhi have been detected in
some cases due to cross reaction of single gene
directed PCR (15). Others have already used
fliC-d 4, the Vi capsular antigen 5, and the 16S
rRNA genes for rapid detection by PCR (16).
PCR based methods dramatically reduce the
time required to detect Salmonella in samples,
in comparison with the standard culture meth-
ods. The developed methods also offer the
potential to provide more information if ex-
tended to include multiplex detection with more
than one primer set, allowing strain-identifica-
tion capacities equal to, or better than phage-
signature data. The rapid availability of such
detailed information is likely to have significant
value in epidemiological and outbreak investi-
gations.

The real-time PCR method could be of benefit
when information on the presence of Salmo-
nella in food samples is required rapidly such
as in an outbreak investigation (17). Other stud-
ies have reported the successful detection of
Salmonella in artificially inoculated and natu-
rally contaminated food products using real-
time PCR procedures.

Our data indicate that the Multiplex PCR test
using three gene primers was as sensitive as a
standard culture method in detecting Salmonella.
In conclusion, we developed and successfully
applied a conventional thermocyclers for rapid
multiplex PCR detection of Salmonella within a
much shorter time than even other PCR methods
comparable to real time (17). The specificity
and sensitivity were comparable to the currently
used standard culture method. We believe that
this is the fastest method based on conventional
PCR for detection of different S. enterica se-
rovars reported so far. This method is simple
and rapid, and results obtained in less than 60
min proved to be highly specific and sensitive.
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