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Abstract

Introduction: Typhoid fever, caused by Sa/monella Typhi, is a serious health problem, especially in developing countries like Pakistan where
antibiotics are usually prescribed without susceptibility testing or epidemiological surveillance. Consequently, antibiotic-resistant typhoid
bacteria appear, but are not reported to the authorities. There is limited research on the prevalence and antibiotic susceptibility patterns of S.
Typhi among febrile patients in Swabi, Pakistan. This study aimed to address this gap at the Bacha Khan Medical Complex in Swabi.
Methodology: Laboratory records of hospitalized patients who received a blood culture from September 2022 to August 2023 were reviewed
in this retrospective, cross-sectional study. Every isolate of S. Typhi underwent antibiotic susceptibility test using modified Kirby-Bauer disk
diffusion and agar-dilution methods to measure the isolates' minimum inhibitory concentration (MIC) for ciprofloxacin and azithromycin. The
data were analyzed using SPSS version 24.0.

Results: 4.85% of febrile patients were positive for S. Typhi, with a higher prevalence in the 0-14 years age group. Male gender and seasonal
variation were significant factors. The isolates were resistant to ampicillin, amoxicillin, cefotaxime, and ciprofloxacin; and sensitive to
azithromycin, and carbapenems. The MICs for ciprofloxacin were between 0.06 to 16 pg/mL. Among the isolates, 1.094% were sensitive and
98.90% were resistant to ciprofloxacin; and 100% isolates were susceptible to azithromycin.

Conclusions: Azithromycin and carbapenem were a suitable empirical therapy choice. However, the isolates were highly resistant to
conventional first-line antibiotics (ampicillin, amoxicillin), second generation fluoroquinolones (ciprofloxacin), and third-generation

cephalosporins (ceftriaxone, cefotaxime), that are considered vital in typhoid treatment.
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Introduction

Salmonella enterica serovar Typhi (S. Typhi) is the
primary cause of enteric fever worldwide. S. Typhi are
facultative bacilli that are non-capsulated, non-
sporulating, Gram negative, and have distinct flagellar,
somatic, and outer coat antigens [1]. Typhoidal serovars
of Salmonella enterica cause enteric fever, a dangerous
bloodstream illness that disproportionately affects over
17 million people worldwide and has a documented
annual fatality of 178,000,000 [2]. All age groups are
affected, although children in low- and middle-income
nations (LMICs), such as Pakistan, have the maximum
recorded cases [2,3]. Antimicrobial resistance (AMR)
is growing in importance globally and the World Health
Organization (WHO) has classified Salmonella as a
"priority pathogen" with drug resistance [4].
Additionally, LMICs were impacted by the epidemic
caused by the H58 strain of S. Typhi, which is the most
multi-drug  resistant (MDR) pathogen among

Salmonella [5,6]. As a result, the situation is
concerning, and the residents in these areas have to face
the combined difficulties of hard-to-treat MDR strains
and financial limitations [2]. Numerous instances of
MDR H58 have been recorded from the neighboring
nations of Bangladesh, Pakistan, and India; and the
potential transmissibility of MDR must be taken
seriously [2,7].

Inability to obtain clean food and water due to
inadequate sanitation leads to a high risk of illness [8].
Children between the ages of 5 and 19 years have been
reported to have the highest incidence of infection in
LMICs. Yet, research from South Asia indicate that the
highest incidence of enteric fever is among children
below 5 years of age [1]. Many regions of the world
lack appropriate access to clean water and sanitary
facilities. The lack of these basic necessities has a
negative impact on typhoid fever and public health [9].
Typhoid fever is more common in areas with tainted
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water supplies and poor waste management [10]. Some
individuals who excrete S. Typhi do not recall having
typhoid fever, and its associated symptoms such as
diarrhea or fever, recently. One to five percent of
patients with acute typhoid infection go on to become
chronic carriers of the sickness in their gall bladder; and
the likelihood of patients with acute typhoid infection
becoming chronic carriers of the disease in their gall
bladder depends on their age, gender, and treatment
regimen. The current selection and availability of
medications, along with AMR in the most common
strains, may have altered the predisposition of the
bacteria, and as a result the affected individuals become
chronic carriers [11].

According to WHO, typhoid is a serious public
health concern that primarily affects children and young
people [12]. It is the fourth most prevalent cause of
death worldwide and the third most prevalent cause of
death in Pakistan [13]. There were 573.2 cases of
typhoid fever per 100,000 children aged 2 to 5 years
annually, in Pakistan [13]. Treatment for S. Typhi
infection is essential due to the acquisition of resistance
genes by the bacteria, which is mainly facilitated by
transmissible plasmids [14]. Antimicrobial therapy is
the main treatment for the illness; however, treatment is
becoming more challenging because of changes in the
pathogen's susceptibility trend. Ironically, children in
underdeveloped nations are still given empirical
treatment, and some even self-medicate with easily
accessible antibiotics; in spite of the lack of minimal
fatal dose estimations, susceptibility testing, and
periodic epidemiological censuses [15]. These may be
the reasons for the high rates of illness and mortality
recorded in the majority of emerging nations [16-18].
Therefore, assessing the isolate's antimicrobial
susceptibility pattern against routinely prescribed
antibiotics is essential for clinical management in these
countries where economic restrictions prevent the
assessment of distinct diagnostic and therapeutic
methods [2].

This study determines the prevalence of S. Typhi
infection and the antimicrobial susceptibility pattern
among patients with a febrile illness. Typhoid fever
continues to be a significant public health issue in
Pakistan, and S. Typhi is becoming less susceptible to
antibiotics. Extensively drug-resistant strains of S.
Typhi that are resistant to ceftriaxone, ciprofloxacin,
and first-line medications; have been reported in
Pakistan [19]. Owing to this shifting pattern of
antibiotic resistance in S. Typhi, and the cost of treating
extensively resistant typhoid fever, it is imperative to
regularly examine, and report, the resistance pattern of
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S. Typhi in various regions of Pakistan. Consequently,
the purpose of this investigation was to determine the
prevalence of S. Typhi infection and the pattern of its
antibiotic susceptibility in patients who had a febrile
illness, based on blood cultures from patients who
presented to Bacha Khan Medical Complex (BKMC) in
Swabi.

Methodology
Study design and sample population

BKMC is the largest healthcare facility in Swabi,
Khyber Pakhtunkhwa. It is a 400-bed tertiary care
teaching hospital, and was the site of this I-year
retrospective cross-sectional study conducted between
September 2022 and August 2023. BKMC has cutting
edge diagnostic and therapeutic treatments, and offers
all major and minor specialties. This hospital receives
patients from all around the Swabi district [20].

Febrile patients who were clinically suspected of
having enteric fever were enrolled in our study. All
participants remained anonymized during the course of
the study. The BKMC, Swabi Institutional Review
Board provided ethical clearance for the study.
Informed consent was not required because the data for
this retrospective analysis was sourced from routine
medical checkups and patient privacy remained
unaffected. Every procedure was carried out in
compliance with the applicable rules and regulations.

Inclusion criteria

The following patients were enrolled in the trial
because they met all of the eligibility requirements:

1) Individuals with fever (defined as a temperature
higher than 37.5 °C) on presentation.

2) Individuals who, according to the treating
physician, might have typhoid fever (as evidenced by
the administration of the "Widal test,” which has
established restrictions) [1].

Exclusion criteria

The criteria for exclusion were

1) Individuals who had taken antibiotics in the 3
days before the consultation [1].

2) Repeat patients.

3) Individuals without complete test records or
identity cards, which could compromise the ability to
accurately identify and distinguish individuals, track
their medical history, and ensure accuracy of study
outcomes [21].

Blood specimen collection, culturing, and identification
Venous blood samples from each research
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participant (n = 274) were taken using sterile disposable
syringes by skilled laboratory professionals in
accordance with the protocol (20 mL from adults, 1 mL
for children under 1 year, and 1 mL/kg for children over
1 year) [22]. Sterile blood samples were collected and
transferred to BACTEC™ (BD BACTEC, Sparks,
Maryland, USA) culture bottles [23]. Demographic
information about each patient, such as age and gender,
was recorded.

The BACTEC™ culture bottles were incubated at
37 °C for up to 5 days. Following their development on
BACTEC™, the isolates were re-inoculated on
traditional culture media, including Mac Conkey agar
(MA) and blood agar (BA). The inoculated culture
plates were incubated at 37 °C for 24 hours. The non-
hemolytic smooth white colonies were observed on BA
plates, while the non-lactose fermenting colonies were
observed on MA plates. Colony morphology, Gram
staining, and biochemical assays such as the methyl red
(MR), oxidase, catalase, Voges-Proskauer (VP), citrate
utilization, and triple sugar iron (TSI) tests were used to
identify the isolates [23,24]. Biochemical tests included
in the API-10S biochemical kit system (bioMerieux,
Lyon, France) were used for conclusive bacterial
identification [25].

Antibiotic susceptibility testing

Antimicrobial susceptibility testing was carried out
using the modified Kirby-Bauer disk diffusion
technique in compliance with the standards set forth by
the Clinical and Laboratory Standard Institute (CLSI)
[26]. Briefly, 3 to 5 morphologically identical colonies
of pure culture bacteria were mixed with 5 mL of
physiological saline (0.85% NaCl) to form a standard
inoculum that was similar to the 0.5 MacFarland
standard. The suspension was evenly inoculated on
Mueller-Hinton agar (Oxoid, Basingstoke, England)
plates [27]. Antimicrobial disks containing amoxicillin
(10 pg), azithromycin (15 pg), ceftriaxone (30 pg),
cefotaxime (30 pg), ciprofloxacin (5 pg), 2 ampicillin
(10 pg), imipenem (10 pg), and meropenem (10ug) [28]
were placed on the plates using sterile forceps, and were
separated by 15 mm from the edge and 24 mm from
each other. The plates were inverted and let to sit at
room temperature for 5 minutes in order to allow the
antimicrobials to permeate into the agar medium. After
that, they were incubated for 24 hours at 37 °C. The
CLSI criteria were used to classify the disks as resistant
or sensitive, based on the diameters of the zone of
bacterial growth inhibition surrounding them, which
were measured using a digital caliper to the closest
millimeter [26,27].
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Minimum inhibitory concentration (MIC) calculation
The agar-dilution technique was employed to
calculate the minimum inhibitory concentration for
azithromycin and ciprofloxacin, in accordance with
CLSI standards [2]. This approach involved preparing
Muller-Hinton Agar (MHA) plates with different
concentrations of azithromycin and ciprofloxacin, and
inoculating the test organisms on the agar surface with
varying concentration of the antibiotics (from 0.06
pg/mL to 32 pg/mL). The inoculated plates were
incubated for 18 to 20 hours at 37 °C [23]. The lowest
concentration at which an antibiotic stopped the
development of bacterial growth, after adequate
incubation, was the MIC [25]. The findings were
classified as "sensitive" or "resistant” based on CLSI-
approved breakpoints [23,26]. The Escherichia coli (E.
coli) strain ATCC 25922 was used as control [25].

Quality assurance

The primary investigator instructed each data
collector prior to data collection. Daily checks were
conducted to ensure the accuracy and dependability of
the data collected. Standard operating procedures
(SOPs), were strictly adhered to throughout the sample
collection, storage, and analysis. Reference strains from
the American Type Culture Collection (ATCC), such as
E. coli (ATCC-25922), Staphylococcus aureus (S.
aureus) (ATCC-25923), and Pseudomonas aeruginosa
(P. aeruginosa) (ATCC-27853), were used to evaluate
the quality of the culture media and antimicrobial disks
[27].

Data processing and analysis

The data were imported into Microsoft Office Excel
2016 and analyzed using the Statistical Package for
Social Sciences (SPSS) version 24.0 (IBM Corp,

Figure 1. Distribution of Salmonella enterica Typhi in the
cultured blood specimens.
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Armonk, NY, USA) [23]. Prevalence of the pathogen
was calculated by dividing the frequency of positive
samples by the total number of samples examined [25].
The Chi squared (y°) test was used to predict the
connection between the variables. A p-value of less
than 0.05 was considered statistically significant [23].

Results

Among the tested isolates, 4.85% (274/5640) tested
positive for S. Typhi; while 95.14% (5366/5640) had
growth of microorganisms other than S. Typhi,
including S. aureus, E. coli, Klebsiella pneumonia, P.
aeruginosa, Enterococcus species, Enterobacter
species etc (Figure 1).

Monthly distribution of S. Typhi positive cases

Among the S. Typhi positive cases, 22/5640 were
isolated between September and November 2022; the
maximum number (219/5640) were isolated between
April and August 2023, and the lowest number
(33/5640) between December 2022 and March 2023
(Figure 2).

Distribution of samples based on age group and gender

Male and female individuals accounted for 56.73%
(3200/5640) and 43.26% (2440/5640) of the total
samples collected, respectively. The growth positive
rates—the proportion of male and female patients
whose samples tested positive for bacterial infection
after incubation—were 66.78% (183/274) and 33.21%
(91/274), for the male and female patients, respectively.
The burden of isolates and cases was significantly
correlated with gender.

With regard to age-group distribution, 155
(56.56%) samples were isolated from patients who were
0-14 years old, 86 (31.38%) from patients who were
15-30 years old, and 33 (12.04%) from patients who
were 31-60 years old. The total prevalence of enteric
fever with culture confirmation was 4.85%. Pediatric
patients (< 14 years) had a higher prevalence of enteric
fever. The burden of cases and isolates was also
significantly correlated with the age groups of the
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Figure 2. Isolation of Salmonella enterica Typhi from blood
specimens by month.
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patients from whom the samples were collected (Table

).

Antibiotic susceptibility pattern of Salmonella isolates

The results of the antimicrobial susceptibility tests
showed that all 274 (100%) isolates of S. Typhi were
susceptible to azithromycin, meropenem, and
imepenem. 100% (274) of the isolates showed
resistance to cefotaxime, ciprofloxacin, ampicillin, and
amoxicillin; however, ceftriaxone resistance was
identified in 95.8% isolates, and only 4.2 % isolates
were sensitive to ceftriaxone. The antibiotics
susceptibility and resistance ranged from 0 to 100%
(Figure 3).

Figure 3. Antibiotic susceptibility profile of Salmonella enterica
Typhi isolated from blood specimens (n = 274).
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Table 1. Distribution of Salmonella enterica Typhi isolates according to age and gender of patients.

Number of blood cultures

n (%)
Gender
Male 3200 (56.73)
Female 2440 (43.26)
Total 5640
Age group (years)
0-14 2970 (52.65)
15-30 1574 (27.90)
31-60 1096 (19.43)

*Statistically significant.

Salmonella Typhi isolated
n (%) p value

183 (66.78) 0.0010*
91 (33.21)
274
155 (56.56) 0.0093*

86 (31.38)

33 (12.04)
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Table 2. Comparison of susceptibility to ciprofloxacin using the disc diffusion method and ciprofloxacin minimum inhibitory concentration

(MIC).

Total
Test performed n (%)
Disc diffusion method 274 (100)
MIC 274 (100)

Minimum inhibitory concentrations for azithromycin
and ciprofloxacin

The MIC values for azithromycin and ciprofloxacin
ranged from 0.06 pg/mL to 16 pg/mL. The tests
indicated that 1.094% (3/274) of the isolates with MIC
of < 0.06 pg/mL for ciprofloxacin were susceptible,
while 98.90% (271/274) of the isolates with MIC of >
1 ug/mL were resistant. None of the isolates in the disc
diffusion method susceptibility assay were susceptible
to ciprofloxacin (Table 2). On the other hand, all the
isolates with MICs of < 8 pg/mL for azithromycin were
susceptible.

Discussion

Enteric fever is one of the primary endemic
illnesses in LMICs such as Pakistan [3]. Pakistan faces
multiple challenges in managing the disease burden and
increasing drug resistance as a result of inadequate
surveillance on the occurrence of enteric fever and the
lack of reliable data on AMR. This investigation was
carried out to address a research void in the country, and
to quantify the occurrence of enteric fever and the drug-
resistant nature of the bacteria isolated from suspected
patients [23] who spent a year in a tertiary care facility
in Swabi City.

The frequency of S. Typhi in febrile patients in our
study was 4.85% [95% confidence interval]. This
frequency was less than that in a study carried out in
Karachi, Pakistan, in which the prevalence was 22%
[29]. The prevalence in this study was also lower when
compared to previous research conducted in various
locations such as Ethiopia (5%) [30] and Indonesia
(15.5%) [31]; but higher than previous findings in
Lalitpur (4.1%) [32], India (2.5%) [33], and Nepal
(1.2%) [34]. This variation may be attributed to factors
such as the geographical location, differences in the
study population, timing of the studies, and variations
in laboratory investigation techniques; all of which can
influence the outcomes [1].

In our study, we found the highest prevalence of
typhoid among children below 14 years of age, which
is consistent with the other studies [2,35-37]. However,
this finding was not in agreement with research carried
out in Ethiopia and Nigeria [38,39]. This may be due to
the age distribution of the research participants, study
duration, study region, and other factors [27]. However,

Sensitivity to ciprofloxacin n (%)

Sensitive Resistant p value
0 274 (100) 0.08
3 (1.094) 271 (98.90%)

our study indicated that age groups were a significant
factor [23].

In our research, we observed a higher prevalence of
typhoid fever during the period from April to August
2023. Enteric fever typically peaks both in the summer
and in the wet season. This seasonal variation is linked
to events such as floods, and the possibility of food and
water contamination from seepage from sewers and
water treatment facilities, which increases the
frequency of typhoid cases. This result is consistent
with a previous report from Nepal [23].

Furthermore, our study indicated a significant
relationship between gender and disease prevalence,
similar to the study in Nepal [23]. We found higher
prevalence of cases in males (66.78%) compared to
females (33.21%). Males tend to have enteric fever
more commonly than females, which makes sense
given that they spend more time outside and are
therefore more likely to come in contact with potential
infection sources. Studies from Nepal [23] and Pakistan
[40] have reported similar findings.

In this investigation, we found that S. Typhi was
resistant to several tested antibiotic classes. Given the
rising incidence of AMR Salmonella isolates, use of a
single antibiotic is no longer an effective strategy to
combat the problem [23]. The majority of the S. Typhi
isolates in our investigation displayed increased
resistance to ciprofloxacin, ampicillin, amoxicillin, and
cefotaxime; in accordance with several other studies
[1,27,41]. Moreover, our research findings were also
comparable to that of earlier studies carried out in
Ethiopia [42] and Kenya [43]. This increase in
antibiotic resistance among the isolates may be brought
on by the accessibility and handling of these
medications from pharmacies and drug stores, as well
as a lack of knowledge on the proper use of
antimicrobials [1]. In our study, the antibiotic profile of
S. Typhi isolates showed maximum sensitivity to
azithromycin, meropenem, and imipenem; similar to
some other studies [2,23,28,41,44].

Our MIC analyses showed that 3 isolates were
susceptible and 271 isolates were resistant to
ciprofloxacin. However, no isolate was susceptible to
ciprofloxacin in the disc diffusion test; although 3
isolates showed MIC breakpoint susceptibility. Our
findings are supported by a previously published study,
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which was carried out between 2002 and 2014 [45].
Multiple research studies have reported a progressive
rise in ciprofloxacin resistance. Ciprofloxacin
susceptibility in S. Typhi has been reported to vary from
5% in 1993-2003 [46] to 0% in 2011-2012 [47],
indicating complete resistance by that period.
Furthermore, between 2012 and 2016, 93.7% of isolates
were classified as non-susceptible (including both
resistant and intermediate strains), leaving only 6.3%
fully susceptible [48]. Therefore, the increasing
resistance to ciprofloxacin negates its empirical use
among the study age groups. On the other hand, MIC
analyses indicated that all the isolates were susceptible
to azithromycin, which is similar to the findings of
Khanal et al. [49] and Khadka et al. [2]. Therefore,
azithromycin can be used as an empirical treatment for
salmonellosis.

Azithromycin susceptibility has been reported in
multiple studies [23,48,50]. Nevertheless, all the
isolates examined in this investigation exhibited
azithromycin sensitivity. Thus, azithromycin appears to
be a suitable empirical therapy choice in South and
Southeast Asia based on current AMR profiles. Oral
azithromycin may be more practical and affordable for
outpatient care, than parenteral ceftriaxone;
nonetheless, the drug's widespread usage in many
regions of South Asia may soon result in the
development of resistance, underscoring the
significance of effective microbiological surveillance
[51]. In addition to this, we found that the isolates were
sensitive to carbapenem (imipenem and meropenem),
similar to the findings from other studies [41,44,52].
However, the isolates showed high level of resistance
to conventional first-line antibiotics (ampicillin,
amoxicillin), and third-generation cephalosporin
antibiotics  (ceftriaxone, cefotaxime), that are
considered to be the key components of typhoid
treatment [53].

Limitations

Our investigation had some limitations. First, it was
a single-center study. Clinical assessments of a sizable
research population within multicentral healthcare
facilities would have been more comprehensive.
Second, even though this was a hospital-based study,
we were unable to assess the treatment outcomes and
risk variables in our particular contexts. Third, the
bacterial isolates were neither genotyped nor serotyped
by us. More molecular research is advised in
subsequent investigations in order to clarify the
potential mechanisms.
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Conclusions

In our study, the total incidence of enteric fever with
culture confirmation was 4.85%. Age groups and
gender were significant factors related to enteric fever.
Enteric fever was more prevalent in the age group of 0—
14 years. There was a seasonal variation with the
summer and monsoon months showing the highest
prevalence, and a higher proportion of men being
affected by the disease. Azithromycin and carbapenem
were identified as suitable empirical therapy choices.
However, conventional first-line antibiotics
(ampicillin, amoxicillin), second generation
fluoroquinolone (ciprofloxacin), and third-generation
cephalosporin antibiotics (ceftriaxone, cefotaxime) that
are considered as vital in typhoid treatment, were found
to be highly resistant.

Therefore, it is important to reevaluate these
antibiotics  (azithromycin and carbapenem) as
implicated medicines in clinical care. MIC analysis
indicated that ciprofloxacin showed more resistance
than sensitivity, while azithromycin showed more
sensitivity to all the tested isolates. No MDR strains
were identified. From a diagnostic perspective, utilizing
the MIC to identify drug resistance can be more cost-
effective than relying solely on disk diffusion. When
available, MIC results should be taken into
consideration for making judgments on oral antibiotic
follow-up.

We hope that this report will inspire more
epidemiologic research and investigations into the
antimicrobial susceptibility of infections to lessen the
impact of Salmonella infections. Additionally, we hope
that this information will help develop more effective
strategies that can be used by public health
organizations, the veterinary industry, and the food
industry. Continuous surveillance of antibiotic use is
required in Pakistan. This surveillance with help track
alterations in susceptibility patterns, inform empirical
treatment decisions, fortify antibiotic stewardship
initiatives, and thwart the emergence of bacteria
resistant to antibiotics. It is advised to conduct more
research, which should involve genotyping, serotyping,
and antimicrobial susceptibility testing utilizing MIC
and various salmonellosis risk variables with a sizable
sample size from various regions of the country.
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