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ABSTRACT

Background & Objectives: Salmonella enterica
serovar Typhi is a diverse gram-negative bacillus
that causes life-threatening invasive bloodstream
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infection and remains a public health burden in
developing countries. The antimicrobial resistance
in Salmonella typhi has led to widespread
multidrug resistance strains making complication
in the treatment and demanding alternative
therapies. Various diagnostics test such as blood
culture, serological assay, and molecular assay are
available. PCR is a newer gold standard method,
but blood culture is still considered a definitive
diagnosis of typhoid fever.

Materials and Methods: A cross-sectional study
was conducted. Venous blood was collected, and a
widal test was performed to detect antibodies
against O and H antigens in serum. Blood culture,
isolation, and identification were performed using
the standard techniques. The antibiogram of
isolates was performed by the Kirby Bauer
method. Amplification of the hilA gene through
PCR was used for the molecular diagnosis.

Results: Out of 141 suspected typhoid patients,
78 were males, and 63 were females. PCR detected
maximum positivity rate (70%) followed by Widal
test (43.26%) and blood culture (16.25%). PCR
positive cases were highly prevalent in the male in
less than 15 years of age group (14.8%), followed
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by 15-30 (12.7%) and 30-45 (9.1%). The isolated
organism was found to be 100% sensitive to most
antibiotics studied, except ofloxacin, which
showed 71.4% sensitivity. In contrast, all the
isolates were 100% resistant to nalidixic acid.
None of the isolates showed multi-drug resistance.

Conclusion: PCR is a sensitive, rapid, and better
alternative than conventional methods that can be
used in clinical diagnosis for early detection of the
Salmonella typhi.
Keywords: Antimicrobial test
(AST); hilA; MDR; PCR; Widal

susceptibility

INTRODUCTION

Enteric fever is a systemic infection caused by
the human-adapted pathogens Salmonella
enterica serotype Typhi and Salmonella
enterica serotype Paratyphi A, B, and C [1,2].
However, the prevalence
enterica B and C infection in Nepal are not
reported so far. According to WHO, globally,
about 16 to 33 million typhoid incidences
occur in a year, resulting in 5,00,000 deaths.
The incidence of typhoid fever in Nepal is
estimated more than 100 per 100,000 cases
per year [3].

of Salmonella

The study aimed to compare the effectiveness
of PCR in detecting Salmonella Typhi to
standard diagnostic methods and to assess
the isolates' antibiotic susceptibility, with
limitations including a small sample size and
likely lack of generalizability to larger
populations [4,5]. The advent of PCR
technology has provided sensitivity and
specificity for the diagnosis of typhoid fever
[6-10]. The antibiotic sensitivity patterns of
S. Typhi are changing during recent years, and
these need to be continually monitored.
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MATERIALS AND METHODS

Data collection was obtained over a course of
one year in between 15% July 2014 to 15t
July 2015. All the blood samples collected for
eligible patients were processed for the Widal
test, blood culture, and PCR. Blood samples
were obtained aseptically by venipuncture
and inoculated into brain heart infusion broth
(1:10) with further incubation at 37°C for
seven days. Culture bottles were checked for
turbidity, gas formation, and other evidence
of growth and subculture were performed
every subsequent day into MacConkey agar.
The isolates were identified by conventional
technique, and antibiogram performed using
ampicillin ~ (10pg), cefotaxime  (30pg),
chloramphenicol  (30pg), Cotrimoxazole
(1.25/23.75 pg), ofloxacin (5pg), nalidixic
acid (30pg), azithromycin and tetracycline
(30pg) antibiotic discs on Mueller Hinton
agar.

DNA was extracted from the blood sample
according to standard protocol following the
manufacturer’s (Nucleo-pore,
Genetix). A 20-bp forward primer (5’
TAATCGTCCGGTCGTAGTGG-3") and a 20-bp
reverse primer (5-
TCTGCAGAAATGGGCGAAAG-3’) targeting the
hilA gene were used in PCR to obtain the 804-
bp product. We designed the primer based on
the nucleotide accession number
NG_034289.1 typhimurium
activator of invasion gene expression hilA
gene. Amplification was carried out in a total
volume of 25uL containing 25 pmol each
primer, 2.5uM each dNTP, 3 mM MgCl;, 1.5 U
Taqg DNA polymerase, and PCR buffer. A
negative control containing the same reaction
mixture except the DNA template was

instructions

Salmonella

included in every experiment. An initial
denaturation at 949C for 3 min was followed
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by 30 cycles of denaturation at 94°C for 1
min, annealing at 55°C for 1 min, and
extension at 720C for 1 min. Finally, an
additional extension was achieved for 10 min
at 72°C. A 10ul aliquot of each PCR product
was separated on a 2% gel
electrophoresis. PCR was carried out for

agarose

amplification of hyper invasive locus A (hilA)
gene.

RESULTS

Out of 141 suspected cases, 21 (15%)
samples were culture positive, and 120
(85%) were culture negative. Likewise, 66
(46.8%) samples were found PCR positive,

and 75 (53.2%) were PCR negative (Table 1).

Table 1: Comparison of culture and PCR
methods for the identification of Salmonella

typhi
PCR No of the cases Total
results showing culture
results
Positive | Negative
Positive 21 45 66 (46.8%)
Negative 0 75 75 (53.2%)
Total 21 120 141 (100.0%)

The 804 base pair hilA gene PCR product was
seen in agarose gel (Fig 2). All culture-
positive samples were PCR positive. PCR
positive cases were 37 (47.4%) in males,
whereas 29 (46.0%) were female (Table 2).

Table 2. Sex wise distribution of the suspected
febrile and typhoid fever cases

Gender | Polymerase chain reaction | Total
Positive Negative

Male 37(47.4%) 41(52.6%) 78

Female | 29(46.0%) 34(54.0%) 63

Total 66 75 141

The typhoid cases were found higher in the
age group less than 15 years, and the rate was

declined in other age groups (Table 3).
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Table 3: Age-wise distribution of Salmonella
typhi

Age PCR
groups
(in Total PCR
years) | cases | Positive | Negative | positive %
21
<15 38 21 17 (14.9%)
18
16-30 40 18 22 (12.7%)
14
31-45 24 14 10 (9.9%)
9
46-60 22 9 13 (6.0%)
3
61-75 10 3 7 (2.1%)
1
76-90 7 1 6 (0.7%)

Antibody titer of 1:80 for O antigen and 1:160
for H antigen were taken as cut-off values to
indicate recent typhoid infection. Among,
widal tests positive samples, 45 (31.9%) had
O antigen, and 52 (36.8%) had H antigen
(Table 4).

Table 4. Distribution of Widal test among
typhoid fever suspected patients

Antibody | Cut off | Frequency Percentage
type titer (%)
Anti O >1:80 45 319
antibody

Anti H >21:160 52 36.8
antibody

Photograph 4: PCR of positive and negative samples of Salmonelia typhi. -,
Negative control; M, Molecular marker; M2, M3, M5, M6, M7, M8, Negative

Samples and M4, Positive sample for Salmonella typhi

Figure 2. Electrophoresis of hilA gene

Kunwar, AJ et al.




Janaki Medical College Journal of Medical Sciences (2024); Vol.12 (2):5-12

PE

\

Figure 3: WIDAL test (0 =1:320, H =1:320, AH
=1:320, BH =1:320)

DISCUSSION

Typhoid is a common febrile illness in
developing countries [11], including Nepal
[12,13]. The disease remains endemic in
Kathmandu city because of unsafe drinking
water, poor sanitation, low socioeconomic
status, unhygienic practices,
contamination of water supply with sewage
[12]. Early diagnosis of disease and
treatment can be achieved by PCR. Although
blood culture was considered a gold standard,
but it is a time-consuming technique for
isolation and
agents [14]. Traditional approach like Widal
and other serological test have low sensitivity
and specificity [15,16].

and cross-

identification of causative

In our study, among 141 typhoid fever
suspected cases, 78 (53.5%) were male and
63 (46.5%) females, but the higher positivity
rate was found in males (47.4%) by PCR.
Consequently, this study reveals that typhoid
fever was more prevalent in the age group of
less than 15. Similar results were reported by
Pokharel et al. [12]. In contrast, Maskey et al.,
documented maximum culture positivity in
patients between the age group 20-30 years,
which covered 51.2% of typhoid fever cases
[17].
positive cases were reported in children [10,
18-20]. The higher typhoid positivity in males
JMCJMS: ISSN 2091-2242; eISSN 2091-2358
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is likely due to greater environmental
exposure and health-seeking behavior
differences, while children's prevalence is
attributed to weaker immune systems and
poorer hygiene practices [21,22].

Blood culture is still the mainstay of the
diagnosis of this disease. The overall growth
positive rate was 15%, and the rate was
relatively higher than the study conducted by
others [12,23,24]. In contrast, positive rates
of 23.1% and 18.8% were reported by
Maskey et al,, and Amatya et al.,, respectively
[25,17]. The isolation rate of Salmonella
species from blood cultures depends on many
factors, which includes the volume of blood,
the ratio of the volume of blood to the volume
of culture broth, the inclusion of anti-
complementary substances in the broth, and
irrational use of antibiotics [26,27]. Among
culture-positive isolates, 100% susceptibility
to ampicillin, cefotaxime, chloramphenicol,
Cotrimoxazole, and tetracycline,
ofloxacin were 71.4% and ciprofloxacin
66.2% sensitive, respectively. Some findings
were in agreement with a study conducted at
Kanti Children Hospital, Kathmandu, Nepal
[28]. However, ceftriaxone was found 100%
sensitive in several studies by different
authors [13,29,30]. Our study has shown
optimum sensitivity to first-line antibiotics,
making them a better option for treatment
regime for the typhoid fever.

whereas

Several reports showed the increasing
burden of multi-drug resistant Salmonella
typhi in various parts of the world like China,
India, Indonesia, Pakistan, and Vietnam [31].
In contrast, no multi-drug resistant
Salmonella typhi (MDRST) was isolated in our
study. However, some other studies had

reported MDRST from Nepal [13,24,31].
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In our study, most of Salmonella enterica
serovar Typhi were isolated in the month of
July and August. The typhoid fever outbreak
rocketed during the monsoon in Nepal due to
possible sewage-mediated water samples
contamination during the rainy seasons
[12,28,32]. The burden of typhoid fever from
June to August is correlated with rainfall
which is consistent with our findings [33].
Hiking of typhoid fever during monsoon was
quite common in South-Asian countries [34-
36]. According to  hospital-based
surveillance, the number of typhoid fever
patients was higher in the summer than in
winter [37].

Among 141 blood samples processed for the
Widal test, about 31.9% had agglutination
reaction with O antigen, whereas 43.2% had
agglutination with H antigen. This finding
resembles with a study by Gizachew et
al,[16]. Even, positive samples of blood
culture for Salmonella typhi, 11 (52.3%) had a
titer of less than 1:80 in TO, TH which
coincides with the study by Hosoglu et al., in
which culture-positive (47.6%) samples
showed titer greater than 1:80 in TO and TH
[38]. Widal tests could be negative in up to
30% of culture-proven cases of typhoid fever,
as recommended by WHO (2011). The Widal
test remains controversial in diagnosing
typhoid fever due to different cut-off values
reported in various articles [39,40] and
sharing of antigens with other Salmonella
species and Enterobacteriaceae.

In this study, PCR detected a maximum
positivity rate (70%) followed by a Widal test
(43.26%) and blood culture (16.25%). PCR
indicated positive results of 48.6% typhoid
patients that were negative by blood culture
and Widal test [41]. This can be evidence that
the PCR method is an alternative, rapid,
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sensitive, and reliable diagnostic technique
for the detection of S. Typhi in clinically
suspected typhoid fever cases as compared to
most commonly used conventional methods
like blood culture and Widal test. Likewise,
Hoque et al, reported 58.2 % and 14.5%
positive cases by PCR and blood culture,
respectively [7]. Similarly, PCR was more
sensitive (84.5%) in a large, well-designed
study in Indonesia.[42] Consequently, 82.7%
and 26.9% positive were reported in a study
from Nepal using PCR and
respectively, suggesting that PCR is a much
more sensitive and accurate method than
others [43]. A small sample size, reliance on a
single genetic marker (hilA gene) for PCR
detection, and no examination of long-term
clinical outcomes or the cost-effectiveness of
PCR compared to conventional diagnostic
procedure are some of the limitations of the
study.

culture,

CONCLUSION

Typhoid fever is caused by the Salmonella
enterica serotype Typhi, an endemic disease
in low-resource like Nepal.
Conventional techniques are routinely used
for diagnosis which have a low accuracy with
respect to PCR. Despite limitations like cost
and accessibility, PCR method offers rapid
and precise pathogen detection. Salmonella
typhi isolates were 100% sensitive to certain
antibiotics but 100% resistant to nalidixic
acid.

countries
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