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Typhoid fever is a major dilemma in developing nations, despite the antibiotic use and new antibiotics discovery.
Blood culture and serological tests (especially Widal test) that are regularly performed in Pakistan for diagnosis
provide objectionable levels of false negative and false positive results, respectively. The present study was carried
out at Kohat University of science and technology, Kohat, Pakistan from January 2013 to December 2013. A
polymerase chain reaction (PCR) assay was compared with Widal test and blood culture for blood samples of 96
patients. In this study, blood from 25 healthy individuals was collected as a negative control. The detection rate of PCR

was maximum (64.5%) followed by Widal test (26%) and blood culture (14.5%). Among the 82 (85.4%) samples that

Widal test, PCR, Blood culture,
Typhoid fever, Salmonella typhi

were found negative with blood culture, 48 (58.5%) were successfully detected by PCR and 11 (13.4%) were positive
for the Widal test. Findings of this study showed that PCR is a fast and reliable technique for diagnosis of typhoid fever
in suspected cases, as compared to frequently used conventional techniques like blood culture and Widal test.

1. INTRODUCTION

Typhoid fever is one of the major leading causes of mortality across the
world. Typhoid fever is caused by a bectrium Salmonella typhi. Salmonella
typhi is aerobic, non-spore-forming, flagellated bacilli, that belonges to
genus Salmonella which is a member of Enterobacteriaceae family of Gram
negative bacteria. The cells of Salmonella typhi are rod shaped 2-3 pm long
and 0.4-0.6 pm diameter [1]. Salmonella typhi is a highly adapted human-
specific pathogen [2], and the illness caused by this bacterium is a serious
public health concern, particularly in developing countries [3]. In
economically weak countries, the typhoid fever continues to be endemic,
although it has been eradicated from economically stable and developed
nations by well-organized sanitation and hygienic water supply. It is a lethal
disease in human populations, transmitted due to the contaminated water
and food supplies [4].

Some of the common signs and symptoms of typhoid include high fever
(39-40°C), profuse sweating, headache, muscular pain, abdominal bloating,
discomfort, nausea, vomiting, loss of appetite, diarrhea or constipation,
fatigue, exhaustion, gastroenteritis, abdominal pain and enteric [5-12].

The key way through which typhoid kills, is by perforation of the small
intestine, into the abdominal cavity. This condition is called peritonitis and
is often fatal. Other complications of typhoid occur when a large number of
bacteria get into the bloodstream, causing bacteremia. They can travel to
the lungs, causing pneumonia or to the lining of the brain (meningitis), the
bones (osteomyelitis), the heart valves (endocarditis), the kidneys
(glomerulonephritis), the genital or urinary tract, the muscles and to the
liver (hepatitis) [13-17].

Various techniques are being used for the diagnosis of typhoid fever such as
cultural technique, serological test, biochemical test and molecular
technique. The widely used diagnostic practices include Widal test and
blood culture because these methods are inexpensive while the other
methods are invasive, tedious, and time consuming and so expensive [18].
The Widal test has been found nonspecific and difficult to interpret the
results in those areas where typhoid fever is endemic [19, 20]. Rapid
detection methods such as the use of DNA or RNA probes and immune-
detection methods have also been developed but these methods are rare
with regard to sensitivity and specificity [21, 22]. The Polymerase chain
reaction (PCR) technology has the potential to solve all these problems. For
rapid diagnosis and sensitive detection, the PCR technique is ideal because
this method has the potential to amplify target gene or DNA from a single
copy [23, 24].

Typhoid fever is a fatal disease in Pakistan. The objective of this study was
to investigate the incidence of typhoid fever and development of PCR assay
by amplification of the flagellin gene of Salmonella typhi in patients from

three Southern Districts (Bannu, Lakki Marwat and D.l.Khan) of Khyber
Pakhtunkhwa (KPK). Our selected districts were based on high prevalence
of typhoid fever. Clinical diagnosis of patients was done using Widal test,
blood culture and Polymerase Chain Reaction and their results were
compared.

This assay could be used as a tool to reinforce the clinical diagnosis of
typhoid fever. It could also play a significant role in treatment, prevention,
and future planning regarding typhoid fever in Pakistan.

2. MATERIAL AND METHOD
2.1 Clinical samples and negative controls

All the districts selected for this study were based on the high prevalence of
typhoid and due to other reasons, such as poor health and low
socioeconomic status of the people in the region. Total 96 blood samples
were collected from typhoid patients from January 2013 to December
2013. Approximately 10 ml of blood specimen was collected from patients
in sterile syringe. 4 ml of the blood specimen was directly used for blood
culture, 2 ml was placed in a tube for extracting DNA, rest of the fresh blood
was centrifuged on the same day and the collected serum was stored at 4°C
until used for the Widal test. Samples were also collected from 25 healthy
people with no recent history of fever within the previous 6 months.

2.2 Gram staining and biochemical test

For gram staining and biochemical characterization of S. Typhi, 4 ml of
fresh blood was added to 12 ml of bile broth and incubated for 24 h at 37°C.
From the overnight culture, 1 ml sample was then spread on Salmonella
Shigella agar plate. After incubation for 24 h at 37°C, colonies were
examined by Gram staining and the biochemical tests were performed to
identify S. Typhi positive cultures.

2.3 Widal test

Widal test was performed according to the manufacturer’s protocol (Murex
Biotech, Dartford, UK). For that purpose, two fold serial dilutions (1:20-
1:1280) of the serum sample were prepared and one drop (about 20ul) of O
antigen suspension was added to each tube containing the diluted sample.
Then each tube was gently mixed and incubated for 4 hours at 50°C in
order to check the agglutination. According to routine diagnostic criteria, a
titer of 1:320 or more was considered positive.

2.4 Bacterial strains and DNA extraction

Strains of 10 species of Salmonella and other organisms, including
Salmonella paratyphoid A, B, C, Salmonella typhimurium, Salmonella
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cholerasius, Salmonella enteritidis, Escherichia coli, Klebsiella pneumoniae,
Enterobacter happier and Proteus mirabilis were obtained from different
diagnostic centres. These strains were used for testing the specificity and
sensitivity of the PCR assay, and one pure strain of Salmonlla typhi was
used as a reference strain for the standardization of PCR conditions. All of
the bacterial strains were grown overnight in Brain Heart Infusion agar
(Oxoid, Basingstoke, UK) and then subjected to DNA extraction.

Genomic DNAs from the cultured bacteria and the blood specimens for PCR
were extracted according to the protocol using a QlAamp blood mini kit
(Qiagen, Hilden, Germany). The purity of the extracted DNA was checked by
spectrophotometer (ratio of A260/A280), Nanodrop and agarose gel
electrophoresis.

2.5 PCR primers and Amplification strategy

Already reported oligonucleotide primers were used in this study, which
was first reported by Song et al. [3]. The sequence of the forward primer
(ST1) was 5 -ACT GCT AAA ACC ACT ACT 3 (nucleotides 1060 to 1077 in
the sequence of GenBank accession number L21912) and that of the
reverse primer (ST4) was 5 -TGG AGA CTT CGG TCG CGT AG- 3 (nucleotides
1407 to 1426 in the sequence of GenBank accession number L21912).
These primers could amplify a 367 bp fragment of the flagellin gene.

PCR amplification of the flagellin gene was done by making PCR mixture
(50 pl) contained 1 pl bacterial DNA, 5 pl 10 X Taq DNA polymerase Buffer,
5 ul MgCI2 (25mM), 1 pl ANTPs (10mM each), 0.2 pl Taq DNA Polymerase
(5 U/ ul), 1 pl Forward primer (10 pmol) and 1 pl reverse primer (10
pmol). The mixture was amplified with initial denaturation at 94°C for 5
minutes, followed by 30 cycles condition at 94°C for 45 seconds, 55°C for
45 seconds, 72°C for 45 seconds and the final extension at 72°C for 10 min.
PCR amplification was performed using Touchgene® gradient PCR system
TC-512 (Techne, Cambridge, UK). An aliquot of 8ul of each amplified
product was run on gel electrophoresis in 1.5% (wt/vol) agarose gel, with a
DNA molecular weight marker (VC 100bp Plus Vivantis®) in parallel.
Electrophoresis was performed in tris-Boric acid
ethylenediaminetetraacetic acid (EDTA) buffer (TBE buffer) at 100 V for 45
min. The gel was stained with ethidium bromide (0.5pg/ml) for 25 min,
rinsed with distill water and observe the results under UV illuminator to
obtain 367 bp PCR product.

3. RESULTS

3.1 Biochemical tests for Salmonella typhi

For biochemical characterization, a series of biochemical tests for
Salmonella typhi was performed, such as Citrate, Catalase, Motality, Indole,
Vogas-Proskauer (VP), Kilgler iron agar (KIA), Triple sugar iron (TSI),

Litmus Milk, Oxidase and Nitrate as shown in the table 1.

Table 1: Biochemical characteristics of salmonella typhi

Test Results Change in growth media
Citrate + Green to blue
Catalase + More bubble formation
Motality + Turbidity in test tube Zig/Zag growth
Indole - Only band on top not red in colour
Vagas- L
P]'u:]g(:;er - Brown to yellow, oily ring appeared
Oxidase - Filter paper remain white
Nitrate + Blue red colour appear
KI Slope, 2::’ H2s, Brown to pink, brown, £, &
Litmus Milk + Coagulation. peptonisation
TSI Slant, 2‘;:’ H2S. | [iht pink (alkaline), light pink-yellow (alkaline-acidic) +

Salmonella typhi were found positive for Nitrate, Citrate utilization,
Motality, Litmus milk and Catalase. On KIA, Salmonella typhi produced
brown pink slope and yellow butt indicating fermentation of glucose but
not lactose and indicated the test as positive. In TSI, the organism
produced light pink (alkaline) slant and yellow butt with the production of
H2S gas, indicated positive test. Salmonella typhi were found negative for
Oxidase, Indole and Vogas-Proskauer test.

3.2 Specificity of the PCR assay

To test the specificity of the primers for Salmonella typhi, PCR was carried
out with extracted DNA from six Salmonella strains and four other
bacteria, using the same PCR conditions. With this primer, an expected 367
bp PCR amplified product was obtained only with Salmonella typhi strains.
None of the other strains, which are closely related to Salmonella typhi,
showed this 367 bp PCR product. Bacterial strains from four other genera

tested in this study showed no amplification at all using this specific pair of
primers (Figure. 1).

1000 bp

500 b
200 bp

300 by
200 gﬁ
100 bp

Figure 1: Agarose gel electrophoresis showing the specificity of
polymerase chain reaction (PCR) for detection of flagellin gene of S. Typhi.
Lane M shows molecular weight marker (VC 100bp Plus Vivantis®), Lane 1
shows 367 bp amplified product of flagellin gene of S. Typhi, Lane 2 to 10
showing no amplification for DNA products of Salmonella paratyphoid A, B,
C, Salmonella typhimurium, Salmonella enteritidis, Salmonella cholerasius,
Enterobacter hapniae Escherichia coli, Klebsiella pneumonia and Proteus
mirabilis respectively.

3.3 Sensitivity of the PCR

The sensitivity of PCR was determined by making serial dilutions (1 to 1 x
107) of template DNA of the positive isolate. The quantification of these
dilutions was calculated by using Nanodrop. All these dilutions were
amplified with PCR by using Thermo Fisher Scientific Kit. These dilutions
were then analyzed by 1.5% gel electrophoresis and interpreted the results
under UV illuminator after staining with ethidium bromide. The amount of
DNA that was detected on the gel after serial dilution and PCR was 10 fg
(Figure 2).

Figure 2: Sensitivity with serial diluted DNAs from Salmonella typhi. Lane
M shows molecular weight marker (VC 100bp Plus Vivantis®), lane 1
shows 367 bp S. typhi DNA 95.2 ng, lane 2 shows S. typhi DNA 9.7 ng ,lane 3
shows S. typhi DNA 1.7 ng, lane 4 shows S. typhi DNA 0.8 ng, lane 5 shows S.
typhi DNA 0.2 ng, lane 6 shows S. typhi DNA 30 pg, lane 7 shows S. typhi
DNA 1 pg, lane 8 shows S. typhi DNA 10 fg, lane 9 shows positive control of
367 bp, and lane 10 is negative control.

3.4 PCR, blood culture, and Widal test in patients with suspected
typhoid fever and in healthy persons

Samples (n=25) was used as a negative control from healthy people who
had no history of fever within the previous 6 months. PCR and blood
culture were negative in all samples, however, we found 5 (20%) positive
cases on the Widal test with a titer of 1: 320 or more for Salmonella typhi O
antigen (Figure 3). Out of the total 96 patients with suspected typhoid
fever, 62 (64.5%) patients were positive for the PCR assay, 14 (14.5%)
patients were positive for blood culture, and 25 (26%) patients were
positive for the Widal test (Figure 3).

Total Positive for  Positive for  Positive For  Negative
Samples PCR Blood Widal Control
Culture
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Figure 3: Comparison of PCR, blood culture, and Widal test findings in
patients with suspected typhoid fever and in healthy persons.

3.5 Comparison between blood culture, widal test and polymerase
chain reaction (PCR)

Out of the 96 patients, only 14 (14.5%) patients were positive for blood
culture and 82 (85.4%) patients were negative. All of the patients positive
for blood culture were also positive for PCR and the Widal test (Figure 4).
Out of the 82 patients negative for blood culture, 48 (58.5%) patients
were positive for PCR, and 11 (13.4%) patients were positive for the

Widal test (Figure 4).
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Figure 4: Comparison of PCR and Widal test findings in blood culture
positive and negative patients.

4. DISCUSSION

A rapid and sensitive method for the detection of Salmonella 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 the epidemiological
investigation of food borne outbreaks [2]. The most preferential methods
for the diagnosis of typhoid fever currently used are blood culture and the
Widal test. Due to low cost, the Widal test is mostly used but it has some
disadvantages like it cannot detect the disease at the early stage because
specific antibodies take at least 1 week to reach detectable level. Along
with that, it is nonspecific and particularly unreliable with single titers [2,
3]. In the present study, Widal test was positive in 20% of healthy persons
without clinical signs because these healthy persons were living in
endemic areas. This finding suggested that the Widal test could give an
unacceptable level of false positive results.

We found only 14.5% positivity for blood culture in this study, may be
because of low bacteremia in most of our blood samples or because of
other factors such as the bacterio static effect of antibiotics already
administered to some patients before blood culture was done, the time of
blood collection, the type of culture medium used, the host's immune
response system and the intracellular characteristics of S. Typhi
[2,3,7,8,9]. In this study, PCR assay detected positive results in 58.5% of
the patients that were negative in blood culture although clinically
suspected for typhoid fever. This finding indicated that the PCR assay
could detect the S. Typhi infection from patients showing negative results
for blood culture.

DNA probe hybridization methods can detect S. Typhi, but their sensitivity
is poor because they cannot detect fewer than 500 bacteria/m [10-13].
This problem of sensitivity could be circumvented by using the PCR, which
can detect very small amounts of DNA by enzymatic amplification with
absolute specificity within several hours. For PCR, we preferred to target
the flagellin gene, because the flagellin gene of S. Typhi has unique
nucleotide sequences in the hyper variable region of the gene [3, 16, 17,
18, 19] which are different from those sequences in other strains of
Salmonella. Our PCR assay using these primers of flagellin gene was
specific for the S. Typhi strain. This PCR assay shows a positive result only
with Salmonella typhi strain but not with other strains, because the other
strains have no significant sequence homology with the primers that we
used in this study. The sensitivity of this PCR assay was also high; this PCR
could detect a positive result from 10 fg of genomic DNA of Salmonella
typhi, which corresponds to three to four bacteria of S. Typhi. This PCR
assay was also very rapid and taking less than 10 hours, because there is
no need to run the procedure again for nested PCR.

5. CONCLUSION

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