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The etiologic agent of tetanus, Clostridium tetani, is an obligate anaerobic and spore-forming bacillus;
and remains an important public health problem in developing countries. Although, the diagnosis is
based mainly on history and presentation of tetanus symptoms. Some recent reports indicate that a
patient may not manifest any symptoms of localized or generalized tetanus. However, one of the new
approaches for accurate and rapid detection of microbial pathogens is a polymerase chain reaction
(PCR) followed by fluorescence detection. In this report, we have described a fluorescent amplification
based specific hybridization (FLASH) based PCR assay for detection of C. tetani. The results of the
present study indicated that the FLASH based PCR assay appear to be a suitable and rapid method for

identification of cultured isolates of C. tetani.
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INTRODUCTION

The etiologic agent of tetanus, Clostridium tetani, is an
obligate anaerobic, Gram-positive, rod-shaped and
spore-forming bacillus; remains an important public
health problem in developing countries (Poudel et al.,
2009; Brook, 2008). Tetanus is now an important cause
of death worldwide and is associated with a high case
fatality, particularly in the developing world Poudel et al.
(2009). The World Health Organization estimates that
59,000 newborns worldwide died in 2008 as a result of
neonatal tetanus (http://www.who.int/en/). In recent years,
approximately 11% of reported tetanus cases have been
fatal (Sheffield and Ramin, 2004).

The disease is caused by the action of a neurotoxin,
produced by the bacteria when they grow in the absence
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of oxygen, for example, in dirty wounds (WHO,
http://www.who.int/topics/tetanus/en). The diagnosis is
based mainly on history and presentation of tetanus
symptoms (Sheffield and Ramin, 2004). However, one of
the new approaches for accurate and rapid detection of
microbial pathogens is a polymerase chain reaction
(PCR) followed by fluorescence detection during the
amplification (real time PCR) or after its termination
[PCR- fluorescent amplification based specific
hybridization (FLASH)] (Skottman et al., 2006; Wang et
al., 2004; Bell et al., 2002).

The result analysis in these methods is carried out
without the wuse of electrophoresis, which almost
completely eliminates the cross over contamination with
amplicons and therefore, eliminate the false-positive
results. Nevertheless, it should be noted that the FLASH-
PCR method requires no expensive equipments, as in
the case of the real-time PCR. In the present study, we
described a FLASH based PCR assay for detection of C.
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Table 1. Sequences of primers and probe used in this study.

Agent Target gene PCR product length  Primer and probe Seq.
F: 5- CCGAAAGATGGAAATGCCT -3
C.tetani TeT X 203 bp R:5- GGATCGTTGCCTATTTGACC -3’

Probe: 5'-FAM- cccgtgggatcgttgcctatttgaccacacggg-BHQ1-3

tetani, to be used in a diagnostic laboratory.

MATERIALS AND METHODS
Deoxyribonucleic acid (DNA) extraction

C. tetani (American Type Culture Collection (ATCC): 19406) was
originally obtained from the ATCC, USA. In this study, C. tetani was
grown in 5 ml LB-broth with shaking at 37°C for 16 h. Bacterial
genomic DNA was isolated from pure cultures following procedures
described earlier by Naqgvi et al. (2003). The bacterial suspension
was boiled for 20 min, and then centrifuged at 4000 rpm for 30 min.
The supernatant was collected as PCR template and stored in 2 ml
sterile tubes at -20°C until use.

Primer and probe design

Specific primers (Tetx F and Tetx R) and probe (Tetx TM) were
designed based on the Tetx nucleotide sequence of the plasmid
pE88 (NCBI accession No. AF528097). Primers and probe were
designed using the Molecular beacon version 7.1 software (Biosoft
Corporation, USA). All oligonucleotides were synthesized by
Bioneer Company (Korea).

The fluorescent reporter dye at the 5' end of the probe was 6-
carboxyfluorescein (FAM), and a non-fluorescent quencher (BHQ1)
was at the 3' end. The sequences of primers and probes are shown
in Table 1.

Detection by polymerase chain reaction (PCR)

All PCR assays were carried out in a DNA technology thermocycler
(DNA Technology, Russia) in a total volume of 25 pl containing 12.5
pl 2XTagMan Universal PCR master mix (Genet Bio, Korea) with
the reaction buffer, dNTPs, MgClz, the 900 nM primers, 300 nM
probe and 2.5 ul of the DNA template. Standard PCR thermocycling
conditions were used: 10 min at 95°C, 40 cycles of 15 s. at 95°C
and 1 min at 60°C.

Agarose gel electrophoresis and fluorescent amplification-
based specific hybridization

PCR products were analyzed by electrophoresis in a 1.5% agarose
gel in TAE (40 mMTris-HCI, 20 mM acetic acid, 1 mM EDTA)
containing 0.5 pg/ml Ethidium bromide and the subsequent
visualization using an ECX-15-M transilluminator (Vilber-Lourmat,
France). Images were saved with the help of a chamber for
documenting gels (Gellmager 2, Russia), and also with the help of
the fluorescence detector gene (ZAO NPF DNA technology) and
the corresponding program that allows the visualization and storing
the results of analysis. The obtained fluorescence data were
analyzed using Gene software, version 4.4.1 (DNA Technology). A
100 bp DNA marker (DIALAT Ltd., Russia) was used.

RESULTS

C. tetani and other members of the clostridium group
exhibit an extremely high degree of genomic homology
(Peter et al., 2008). Thus, they make differentiation of
these species challenging. In this study, we designed an
assay for the detection of Tetx gene using the Flash
fluorescent instrument after PCR reaction.

A gel electrophoresis analysis of the PCR for C. tetani
(Figure 1) showed that, with the use of primers strictly
specified for this pathogen, only the C. tetani is clearly
identified (lane 4), whereas the amplification with the
DNA of other Clostridium gives no amplicon.

The identification of C. tetani using the FLASH format
(Figure 2) gave a clear unambiguous results similar to
those obtained by the electrophoresis analysis in the
determination of C. tetani.

DISCUSSION

Tetanus is a disease characterized by an acute onset of
painful muscular contractions, generalized muscle
spasms without other apparent medical causes and
hypertonia (Edlich et al., 2003). Although, tetanus
remains relatively rare in developed countries, it is
important to be aware of its fatal condition, particularly in
the older population. The fact that the patient did not
manifest any symptoms of localized or generalized
tetanus could be attributed to prompt management when
a person presented to its primary care (Laverse et al.,
2009). Recently, conventional PCR assays have been
considered for many microorganisms. However, this
assay has not been widely implemented in clinical
laboratories, in part due to its requirement for time-
consuming and labor-intensive steps, which include
specimen preparation, amplification and product
confirmation. Moreover, there have been concerns about
amplification product (amplicon) carryover contamination
(Herzog et al., 2009; Franke-Whittle et al., 2005; Peruski
et al., 2002).

The principle of the PCR-FLASH method has been
described in detail previously, in papers devoted to
diagnostic test systems for Septoriatritici and
Stangosporanodorum (Abramova et al., 2008), and some
most widely occurring potato viruses (Ryazantsev et al.,
2009; Ryazantsev et al., 2008). The FLASH-PCR assay
described herein appears to be a useful test for detection
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Figure 1. Electrophoresis in 1.5% agarose gel of
product of the amplification of C. tetani. Lane 1,
Negative control; Lane 2, 100 bp DNA marker;Lane
3, C. acetobutili; Lane 4, C. tetani 203 bp; Lane 5,
Butolinum.
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Figure 2. Diagnosis of C. tetani by FLASH-PCR method.

of C. tetani. The specificity of the assay was also
demonstrated. None of the Clostridiums had positive

results. These studies may be difficult in view of the very
low incidence of human Tetanus infections.



Several previous studies have evaluated individual real-
time PCR and microarray methodologies for the detection
of C. tetani species (Peruski, 2002; Akbulut et al., 2005).
However, the aim of our study was to develop a method
which could be used for rapid detection and identification
of C. tetani, in a mobile diagnostic laboratory setting.
However, further clinical studies are required to
determine the utility of this test for the rapid identification
of C. tetani directly from human specimens.

In conclusion, the results of the present study indicated
that the FLASH based PCR assay appear to be a suitable
and rapid method for identification of cultured isolates of
C. tetani. The method takes about 1 h to operate and it
should be noted that the PCR—-FLASH method requires
no expensive equipment, as in the case of the real time
PCR.
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