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Application of real-time (RT-PCR) for detection of
Salmonella Typhi among febrile patients in Khartoum

state

Abstract

Background: Typhoid fever, caused by Salmonella enteric sero-var Typhi remains a
public health threat in many countries particularly those with poor sanitary conditions.
Ambulatory health care facilities in endemic settings frequently lack laboratory-based
diagnostics, resulting in the majority of diagnosis being made clinically and antimicrobials
given empirically so we need more developed and specific methods. To detect the causative
agents. The objective of this study was to apply Real-time (RT-PCR) for detection of
salmonella Typhi among febrile patients at Khartoum state-Sudan.

Methods: Blood samples were taken from 100 suspected typhoid cases, they were subjected
to conventional blood culture; widal agglutination test and real-time PCR. Blood culture
was performed using standard protocol and real time PCR targeting prg K gene.

Result: Out of 100 suspected typhoid cases blood culture were positive in 24 cases. The
Real-time assay identified 20cases (83%) as positives among the 24 culture Positive cases.
However, the assay additionally detected 20 (26%) of cases as Salmonella infection among
culture negative patients. Widal test was positive in 16(66.6%). Cases among culture
positive cases. However, the test additionally was positive in 44(57.8%) cases among
culture negative cases.

Conclusions: Our study conclude that PCR Real-time is a rapid, sensitive, and specific test
for the diagnosis of typhoid fever especially during antibiotic treatment and/or cultured one
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in late stages of disease.
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Background

Typhoid fever, which is caused by the Salmonella enterica sero-var
Typhi, remains a public health threat in many countries particularly
those with poor hygiene and sanitary conditions. Approximately 21
million new cases appear and 216,000 deaths are caused by typhoid
fever each year worldwide.! Patients with typhoid fever have a
non-specific presentation that is similar with other febrile illnesses
such as S. para typhi, Liptospirosis, and Streptococcus pneumoniae
infections.>® Highlighting the importance of accurate etiological
diagnosis of this disease. Bacterial culture is an ordinarily used
for diagnosis of typhoid fever. However it is considered as the gold
standard of diagnosis, but it is time-consuming (at least 3—5 days) and
has low sensitivity (30-60%).** A rapid, simple and cheap technique
for specific diagnosis of S. Typhi infections thus needed especially in
the regions with high incidence of salmonellosis.

Several immunological methods including Widal test, Typhi-Dot,
Tubex,’ lateral flow” and SPR?® based on the types of O and H surface
antigens have already been developed for detection of S. Typhi.
Despite their simplicity and rapidity, the accuracy of these assays is
relatively low and is susceptible to be influenced by the process of the
disease. The judgment of the immunological reaction depends on the
antibody production and its titer, which usually starts at least one week
after S. Typhi infection, preventing early diagnosis by this approach.
In addition to conflicting results in terms of specificity and sensitivity
of these serological tests were presented indifferent typhoid endemic
areas.*>!’ Such as the SPR technique for diagnosis of S. Typhi was
judged as to need further validation under filed conditions. The

nucleic acid amplification tests with the advantages of being rapid,
specific and sensitive, have been applied to diagnosing S. Typhi by
targeting certain genes.'"'> However, these techniques are yet to be
fully exploited due to the major limitations of the requirements for a
thermal cycler; relatively expensive reagents and skilled personnel.

Materials and methods
Study design: Descriptive cross sectional study.

Study area: This study was carried out at the laboratories of faculty
of Medical laboratory sciences-Omdurman Ahlia University (OAU).

Study period: From May 2018 to October 2019.
Sample size: One hundred patients were enrolled in this study.

Study population: Patients with suspected enteric fever was included
in the study.

Selection criteria: The criteria of selection of patients included
clinical presentation compatible with enteric fever such as fever
associated symptoms, signs including abdominal pain, nausea,
vomiting, constipation, or diarrhea and complications, Only those
cases suspected of having enteric fever were included in the study.

Data collection: Data were collected through well designed
questionnaire, contained all the required details.

Methods

Peripheral blood samples collected from each patient including
Sml in 50ml of BHIB (i.e., 1:10 dilution) for blood culture; 2ml
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blood in EDTA vial for PCR and 3ml blood in plain tubes for Widal
test. Commercially prepared colored antigen, used S. Typhi O and
H antigens, patients’ sera tested for Agglutinins against each of
the different Salmonella suspensions and the Widal agglutination
test against Salmonella Typhi O antigen titer of1:160 in the single
Sera or more considered positive. Under aseptic precautions, Sml
of blood collected and inoculated into Brain Heart Infusion (BHI)
broth. Bottles checked daily for any evidence of growth. If no visible
growth occurred, blind subculture performed. Any colony obtained
on subculture identified by biochemical test and confirmed by
specific antisera. Total DNA extracted by using SDS and proteinase
K.(0.25ml) of each serum thawed and centrifuged for 10 minutes
at 12.000g and then the pellets re-suspended in 0.2ml of digestion
buffer [SOmM Tris-HC1(pH 8.5), ImM EDTA, 0.5%SDS, 200i~g/
ml proteinase K] and incubated for 3hours at 55°C with agitation
(Thermo-mixer, Eppendorf). After heat inactivation of the proteinase
K for 10minutes at 95°C, tubes cooled to 4°C and centrifuged for
10minutes at 12,000g. Ten micro liters of the supernatant used directly
for PCR amplification.

Real-time PCR, master-mix prepared as per manufacturer
instruction. Master- Mix for a single reaction prepared by mixing
0.5ul each of forward primer, reverse primer.10ul of Sybr-Green
probe master and 6l of distilled water added to it, so that for a single
reaction, 17ul of master-mix solution prepared. 96 wells special plate
used in light cycler 480 to run Real-Time PCR reaction. In each well
7ul master-mix was added with 3pul of specimen DNA. Pure culture
DNA extract of Salmonella typhi used as positive and Escherichia
coli, Acinetobacter baumanni, and Streptococcus pneumoniae used as
negative controls.

Results

None of the control group proved positive for S. typhi by any of
the 3 diagnostic methods used. Blood culture grew Salmonella typhi
in 24 patients. Rest of the cultures sterile after 7 days of incubation.
No other bacterial species isolated in these patients. No patient with
history of prior antibiotic intake showed positive blood culture, a
total of 40% of the patients confirmed to have Salmonella infection
using real-time PCR. The Real-time assay identified 20 cases
(83%) as positive among the24 culture positive cases. However,
the assay additionally detected 20 (26.31%) of cases as Salmonella
infections among culture negative patients. Widal test was positive
in 16 (66.6%) cases among culture positive cases. However, the test
additionally. The Kappa value was positive in 44(57.8%) cases among
culture negative cases. Determined to find agreement between Real-
Time PCR, conventional blood culture, the sensitivity and specificity
of Real-Time PCR assay determined to be 83.33% and 73.68%using
blood culture as gold standard. No images accompanied because we
use real time PCR not conventional PCR.

Discussion

Use of blood culture as a screening test in patients with fever yield
lower positivity rate for S. Typhi high variation in isolation rates
have been attributed to the amount of blood subjected to culture, the
level of bacteremia, the type of culture medium used, stage of illness
and prior exposure to antibiotics although only 21% of patients gave
history of prior antibiotic intake at the time of blood collection. The
real time PCR assay identified 40 cases of Salmonella infection in
100 clinically suspected cases. We found potential advantage of real
time PCR in that it may be performed on smaller volumes of blood
than required for culture. Another advantage of the PCR assay is its

Copyright:

©2020 Aldusogi etal. 177

ability in diagnosing patients with history of prior antibiotic intake
this is probably the reason for detection of additional four cases by
PCR assay among patients with history of antibiotic intake in our
study, PCR using prg K gene was found suitable in our setting. PCR
detection of Salmonella typhi took less than 24 hours, compared
with three to five days for blood culture. The second most commonly
used and preferred diagnostic tool for typhoid fever is the widal
agglutination test, which had limitations such as low sensitivity and
limited benefits when one serum sample was obtained.

Conclusions

Therefore, PCR being a rapid, sensitive, and specific test for
the diagnosis of typhoid fever, especially where blood culture was
negative because of prior antibiotic treatment and culture done in late
stages of disease, should be introduced especially in tertiary hospitals
to avoid diagnosis delay and to enable the clinician to use appropriate
treatment.
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