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Abstract Using the polymerase chain reaction (PCR) as-
say, we developed a rapid diagnosis method for Salmonella
typhi infection in blood specimens from patients with ty-
phoid fever. Primers were designed from the flagellin gene
sequence, which would give an amplification product of 367
base pairs. In this study, the specificity of the assay, with no
amplification, was seen for the other Salmonella strains with
the flagellin gene, and not for non-Salmonella bacteria. For
the sensitivity test, the protocol described allowed the de-
tection of two to three copies of the Salmonella typhi ge-
nome, as determined by serial dilution of genomic DNA
from Salmonella typhi. With the PCR technique, genomic
DNA of Salmonella typhi was detected in 46 of 73 blood
samples collected from patients with clinically suspected
typhoid fever who had fever within 3 days of admission to
the General Hospital, Makassar, South Sulawesi, Indonesia,
and who had had no prior antibiotic treatment. The PCR
results (63% positive cases) were compared with those of
blood culture (13.7% positive cases) and the Widal test
(35.6% positive cases), using the same samples from each of
the 73 patients admitted to the General Hospital in
Makassar. The time taken for PCR analysis of each sample
was less than 12h, compared with 3 to 5 days for blood or
clot culture. The PCR with one pair of primers can be
used as a novel, rapid diagnotic method for typhoid fever,
particularly when results of standard culture assays are
negative.
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Introduction

Typhoid fever remains an important cause of morbidity and
mortality in many developing countries. Salmonella typhi is
responsible for the pathogenicity of this infectious disease.
A rapid and sensitive method for the detection of Salmo-
nella typhi would help both in preventing the spread of
outbreaks and in clinical diagnosis.'

Several different techniques are used for the diagnosis of
typhoid fever. The Widal test and blood culture remain the
only universally practiced diagnostic procedures, because
other methods are invasive, tedious, and time-consuming,
or are expensive.” The Widal test has been found to be
nonspecific and difficult to interpret in areas where typhoid
fever is endemic.*® Blood culture requires about 5 days
before a negative result can be obtained. It takes at least 2
days for clinical laboratories to give a positive report. Al-
though rapid detection methods have been developed, such
as the use of DNA or RNA probes and immune-detection
methods, these methods are deficient with regard to sensi-
tivity and specificity."”

The development of polymerase chain reaction (PCR)
technology has the potential to solve these problems. The
PCR technique seems ideally suited for this rapid and sen-
sitive detection goal. This method potentially allows ampli-
fication of the target DNA from one copy.'

In this study, we report the development and evaluation
of a PCR assay, used in samples from patients with typhoid
fever, by amplification of the flagellin gene of Salmonella
typhi; we also compared the results of this PCR assay
with those of blood culture and the Widal test. This assay
could be used as a novel tool to reinforce the clinical diag-
nosis of typhoid fever, especially in blood culture-negative
patients.
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Patients, materials and methods
Clinical samples

All of the blood specimens were from patients with sus-
pected typhoid fever who were admitted to the General
Hospital, Makassar, South Sulawesi Indonesia. The blood
specimens included in this study were obtained from 73
patients had had fever for 3 days or less; no anti-typhoid
treatment had been given from admission until the blood
samples were collected. The mean age of the patients was
20.9 years (range, 5-47 years). They had a mean tempera-
ture on admission of 38.0°C (range 37.0°C-40°C). The main
clinical symptoms were fever, headache or confusion,
relative bradycardia, hepatomegaly, splenomegaly, and
abdominal discomfort. Approximately 10ml of blood
specimen was collected from the patients, using a 10-ml
syringe; Sml of the specimen was directly (at the bedside)
put into a bottle containing 15ml bile broth for blood cul-
ture; 1 ml was placed in a tube for extracting DNA, and the
rest of the fresh blood in the 10-ml syringe was separated by
centrifuge in our laboratory on the same day, and the col-
lected serum samples were stored at 4°C until used for the
Widal test.

Healthy controls

Blood samples were collected from 20 healthy people
with no recent history of fever within the previous 6
months.

Ethical considerations

Before the study was undertaken, patients were informed
about the purpose of the study, and consents were obtained
from all of the patients or their parents/guardians.

Blood culture

Blood culture was performed by the inoculation of 15ml of
bile broth (Merck, Rahway, NJ, USA) with Sml of freshly
collected blood. Cultures were incubated for 24h at 37°C. A
1-ml culture sample was then plated on Salmonella-Shigella
agar. After incubation for 24 h at 37°C, colonies were exam-
ined by Gram staining and biochemical test to identify Sal-
monella typhi-positive cultures.

Widal test

The Widal test procedure, using O antigen, was performed
according to the manufacturer’s protocol (Murex Biotech,
Dartford, UK). Briefly, twofold serial dilutions (1:20-
1:1280) of the serum sample were prepared. One drop
(about 25ul) of O antigen suspension was added to each
tube containing the diluted sample. Antigen and serum
were mixed and incubated at 50°C. Tubes were checked for

agglutination after 4h. According to routine diagnostic cri-
teria, a titer of 1:320 or more was considered positive.

Bacterial strains

Strains of 14 species of Salmonella and non-Salmonella or-
ganisms, including Salmonella paratyphi A, B, C; Salmo-
nella typhimurium; Salmonella cholerasius; Salmonella
enteritidis; Escherichia coli; Citrobacter freundii; Klebsiella
pneumoniae; Enterobacter hapniae; Alkaligenes faecalis;
Proteus mirabilis; Pseudomonas aeroginosa; and Pro-
videntia alkalifacieus, were obtained from the Department
of Microbiology, University of Hasanuddin, Indonesia, and
from the Japan Collection of Microorganisms (JCM). These
strains were used for testing the specificity and sensitivity of
the PCR assay, and two pure strains of Salmonella typhi
were studied for the standardization of PCR conditions
and as reference strains. All of the bacterial strains that
we used in this study were grown overnight in Brain
Heart Infusion agar (Oxoid, Basingstoke, UK) and then
subjected to DNA extraction.

Extraction of DNA

Genomic DNAs from the cultured bacteria and the blood
specimens for PCR were extracted according to the
protocol’s instructions, using a QIAamp blood mini kit
(Qiagen, Hilden, Germany). Just 200 ul of sample, or bacte-
rial strains in 200ul of Tris-EDTA (TE) buffer or whole
blood are recommended for this kit for DNA extraction.
The purity of the extracted DNA was checked by measure-
ment of A,y and A, unit of double-stranded DNA and
agarose gel electrophoresis.

PCR primers

One pair of oligonucleotide primers was designed from the
complete sequence of the flagellin gene of Salmonella typhi,
which was first reported by Song et al.” The sequence of the
forward primer (ST1) was 5'-ACT GCT AAA ACC ACT
ACT’3 (nucleotides 1060 to 1077 in the sequence with
GenBank accession number 1.21912), and that of the re-
verse primer (ST4) was 5'-TGG AGA CTT CGG TCG
CGT AG-'3 (nucleotides 1407 to 1426 in the sequence with
GenBank accession number 1L.21912). These primers could
amplify a 367-bp fragment of the flagellin gene.

PCR conditions

PCR amplification of the flagellin gene was done according
to a published protocol with a little modification.’ The DNA
extracts were amplified with 0.5uM primers. The PCR mix-
ture (50ul) contained bacterial DNA, PCR buffer (10mM
Tris/HCI (pH 8.3), 50mM KCI, 3mM MgCl, and 0.01%
gelatin), 200uM of each dNTP, and 1.0U AmpliTaq Gold
enzyme (Roche Molecular Systems, Branchburg, NI,
USA). The mixtures were amplified for 40 cycles at 94°C for
1min, 55°C for 1 min, and 72°C for 2 min, with a final exten-



sion at 72°C for 10min, in an automated thermal cycler
(Control system PC-710; Astec; Tokyo, Japan). An aliquot
of 10ul of each amplified product was submitted to elec-
trophoresis in 2% (wt/vol) agarose gel, with a DNA Mole-
cular Weight Marker VI (Roche Diagnostics, Mannheim,
Germany) in parallel. Electrophoresis in Tris-Acid-
ethylenediaminetetraacetic acid (EDTA) buffer was
performed at 100V for 45min. The gel was stained
with ethidium bromide (0.5ug/ml) for 15min, rinsed, and
photographed under ultraviolet light illumination for the
presence of a 367-bp band.

Results
Specificity of the PCR assay

To test the specificity of the primers for Salmonella typhi,
PCR was carried out with extracted DNA from six Salmo-
nella strains and eight non-Salmonella bacteria, using the
same PCR conditions. With this one pair of primers, an
expected 367-bp PCR amplified product was obtained only
with Salmonella typhi strains. None of the non- Salmonella
typhi strains, which are closely related to Salmonella typhi,
showed this 367-bp PCR product. Bacterial strains from
eight other genera tested in this study showed no amplifi-
cation products at all using this specific pair of primers

(Fig. 1).

Sensitivity of the PCR assay

Assuming that one Salmonella typhi bacterium contains
approximately 3.48 fg genomic DNA,' the system is able to
detect two to three genome copies of Salmonella typhi. The
amount of DNA that could be detected after serial dilution
was 8.91fg of genomic DNA (Fig. 2). These results were
obtained with purified genomic DNA isolated from cul-
tured Salmonella typhi as the template in the PCR, using a
QIAquick PCR purification kit (Qiagen).

367 bp

Fig. 1. Specificity of the polymerase chain reaction (PCR) for detec-
tion of the flagellin gene of Salmonella typhi. Lane 1, negative control
(DNA mononuclear cell); lane 2, S. typhi; lane 3, S. typhimurium; lane
4, S. cholerasius; lane 5, S. enteritidis, lanes 6 to 8; S. paratyphi A, B, and
C; lane 9, molecular weight marker; lane 10, Escherichia coli; lane 11,
Citrobacter freundii; lane 12, Klebsiella pneumoniae; lane 13,
Enterobacter hapniae; lane 14, Alkaligenes faecalis; lane 15, Proteus
mirabilis; lane 16, Pseudomonas aeroginosa; and lane 17, Providentia
alkalifacieus
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PCR, blood culture, and Widal test in patients with
suspected typhoid fever and in healthy persons

We collected samples from people who had no history of
fever within the previous 6 months. We used these samples
as a negative control. PCR and blood culture were negative
in all 20 of the healthy people; however, we found 5 (25%)
positive cases on the Widal test, with a titer of 1:320 or
more for Salmonella typhi O antigen (Fig. 3). Of the 73
patients with suspected typhoid fever, 46 (63%) patients
were positive for the PCR assay, 10 (13.7%) patients were
positive for blood culture, and 26 (35.6%) patients were
positive for the Widal test (Fig. 3).

PCR and Widal test in blood-culture-positive and
-negative patients with suspected typhoid fever

Of the 73 patients with suspected typhoid fever, only 10
(13.70%) patients were positive for blood culture, and the

Fig. 2. Sensitivity with serial diluted DNAs from S. typhi. Lane 1,
molecular weight marker; lanes 2 and 3, positive controls (S. typhi
DNA); lanes 4 and 5, negative controls (TE buffer and mononuclear
cell DNA only); lane 6, S. typhi DNA, 8.91ng; lane 7, S. typhi DNA,
891 pg; lane 8, S. typhi DNA, 89.1 pg; lane 9, S. typhi DNA, 8.91 pg; lane
10, S. typhi DNA, 891 fg; lane 11, S. typhi DNA, 89.1fg; lane 12, S. typhi
DNA, 8.911g; lane 13, S. typhi DNA, 0.891fg. S. typhi DNA in lanes 6
to 13 was mixed with 2 ug of mononuclear cell DNA
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Fig. 3. Comparison of PCR, blood culture, and Widal test findings in
patients with suspected typhoid fever and in healthy persons. In the
healthy persons, PCR and blood culture were negative in all 20 sub-
jects. The Widal test (with a titer of 1:320 or more for Salmonella typhi
O antigen) was positive in 5 (25%) of these subjects. Of the 73 patients
with suspected typhoid fever, 46 (63.01%) were positive for the PCR
assay, 10 (13.7%) were positive for blood culture, and 26 (35.6%) were
positive for the Widal test
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Fig. 4. Comparison of PCR and Widal test findings in blood culture-
positive and -negative patients. Of 73 patients with suspected typhoid
fever, 10 (13.7%) were positive for blood culture, and all 10 blood-
culture-positive patients were positive for PCR and the Widal test. Of
the 63 (86.3%) patients who were negative for blood culture, the PCR
assay was positive in 36 patients (57%) and the Widal test was positive
in 16 patients (25.4%)

other 63 (86.3%) patients were negative for blood culture.
All of the patients positive for blood culture were also
positive for PCR and the Widal test (Fig. 4). Of the 63
patients negative for blood culture, 36 (57%) patients were
positive for PCR, and 16 (25.4%) patients were positive for
the Widal test (Fig. 4).

Discussion

A rapid and sensitive method for the detection of Salmo-
nella typhi would help in relieving patients’ suffering, and
would protect from the fatal complication of typhoid-like
perforation of the intestines and typhoid meningitis. The
early and definitive diagnosis of typhoid fever can make
possible specific treatment at an early stage of the disease,
leading to rapid elimination of the pathogen and
helping in epidemiological investigation during foodborne
outbreaks.”

The most favored methods for the diagnosis of typhoid
fever currently rely on blood culture and the Widal test.
Even though the Widal test is easy and is a little bit cheaper
than other methods, it cannot detect the disease in the early
stage, because specific antibodies take at least 1 week to
reach detectable levels. Also, it becomes nonspecific
and is particularly unreliable with single titers.”” In the
present study, we found the Widal test was positive in 25%
of healthy persons without clinical signs, because these
healthy persons live in Makassar city, an area endemic for
typhoid in Indonesia. This finding suggested that the Widal
test could give an unacceptable level of false-positive
results.

Salmonella typhi can be isolated from more than 90% of
patients with typhoid fever if bone marrow, blood, stool and
intestinal secretions are all cultured. We found only 13.7%
positivity for blood culture in this study, maybe because of

low bacteremia in most of our blood samples, or maybe
because of other factors, such as the bacteriostatic effect of
antibiotics already administered to some patients before
blood culture was done, and maybe depending the total
amount of blood used in this culture, the time of blood
collection, the type of culture medium employed, the host’s
immune response system, and the intracellular characteris-
tics of Salmonella typhi*>"*’ In this study, in the blood-
culture-negative patients with clinically suspected typhoid
fever the PCR assay detected positive results in 57% of
these patients. This finding indicated that the PCR assay
could detect the Salmonella typhi infection from patients
showing negative results for blood culture, these negative
results possibly being due to the low level of bacteremia in
the blood of patients with suspected typhoid fever in this
study.

DNA probe hybridization methods can detect Salmo-
nella typhi, but their sensitivity is poor because they cannot
detect fewer than 500 bacteria/ml.'*'"'*** This problem of
sensitivity could be circumvented by using the PCR, which
can detect very small amounts of DNA by enzymatic ampli-
fication with absolute specificity within several hours. For
PCR, we preferred to target the flagellin gene, because the
flagellin gene of Salmonella typhi has unique nucleotide
sequences in the hypervariable region of the gene,>*'>'*"
which are different from those sequences in other strains of
Salmonella. Our PCR assay using one pair of primers from
the flagellin gene was specific for the Salmonella typhi
strain. This PCR assay showed a positive result only in the
Salmonella typhi strain, but not in six other Salmonella
strains or eight non-Salmonella bacteria. Other strains of
Salmonella have no significant sequencing homology with
the primers that we used in this study. The sensitivity of this
PCR assay was also very high; this PCR could detect a
positive result from 8.91fg of genomic DNA of Salmonella
typhi, which corresponds to two to three bacteria of Salmo-
nella typhi. This PCR assay was also very rapid, with a
single-round PCR procedure taking less than 12h because
there was no need to run the procedure again for nested
PCR.

In conclusion, our results suggest that the PCR assay be
used as a rapid diagnostic method for the detection of ty-
phoid fever, especially in endemic areas, where the Widal
test shows nonsignificant differences between patients
with suspected typhoid fever and healthy individuals, and
where blood culture is negative because of prior antibiotic
treatment, a low level of bacteremia, and culture done in
the late stages of the disease. Therefore, the PCR assay
can be of singular importance for the detection of early
cases of typhoid, which is important not only for the treat-
ment of patients but is also necessary for control of the
disease.
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