
Introduction

Enteric fever, with an estimated annual incidence 
of approximately 20 million cases and resulting in 

around 160,000 deaths, is emerging as a considerable 
global health challenge. This is attributed primarily to 

Resistance Patterns of Salmonella Strains in Enteric Fever: A Prospective Observational 
Study

Abstract   

Background: The global threat of enteric fever is escalating due to the increasing prevalence of extended drug 
resistance. In Pakistan, the situation is particularly dire as the Typhi serovar exhibits rapid mutations, advancing from 
multi-drug resistant (MDR) to extensively drug-resistant (XDR) strains.

Objective: To determine antimicrobial susceptibility of salmonella strain causing enteric fever to identify effective 
drugs needed to successfully treat this infection.

Methods: This cross-sectional study included 189 patients who presented with symptoms of enteric fever to Lady 
Reading Hospital, Peshawar, between March 15 and October 31, 2023. Out of these, 150 had culture-confirmed enteric 
fever. Patient details and blood culture results were meticulously recorded and analyzed using SPSS version 20.

Results: The cohort comprised 42 females (28%) and 108 males (72%). MDR strains were identified in 6 cases (4%) 
and XDR strains in 141 cases (94%). Notably, 36 of the XDR strains (24%) exhibited varied sensitivities to specific 
antibiotics. Meropenem and Imipenem were 100% effective across all samples. Azithromycin showed an efficacy rate 
of 94% (141 cases). Traditional first-line antibiotics like Ampicillin, Chloramphenicol, and Co-Trimoxazole showed 
high resistance rates of 98% (147 cases), 96% (144 cases), and 88% (132 cases), respectively. Among second-line 
antibiotics, Ceftriaxone, Cefixime, and Ciprofloxacin exhibited resistance rates of 94% (141 cases), 94% (141 cases), 
and 90% (135 cases), respectively. A significant association was found between gender and Azithromycin sensitivity 
(P=0.05).

Conclusion: The results of our study highlight the increasing prevalence of azithromycin resistance among Salmonella 
Typhi strains, while some extensively drug-resistant (XDR) strains remain susceptible to first-line medications. 
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its escalating resistance to a broad spectrum of anti-
1microbial agents.  In South Asian geopolitical landscape, 

notably within the confines of India and Pakistan, it has 
been observed that the pathogens Salmonella enterica 
serovar Typhi and Salmonella enterica serovar Para-
typhi A, B, or C play a significant role in the escalation 

2
of antimicrobial resistance.  A series of genetic mutations 
have resulted in an intricate therapeutic milieu charac-
terized by rapid evolution of resistance to antimicrobial 
pharmacotherapeutics as a result of the predominance 
of the Typhi serovar, notorious for engendering a more 

1
virulent form of the disease.  There is a stark transition 
from MDR to XDR in Pakistan, where the phenomenon 

1,3is most pronounced.  

Multiple cases of extensive drug resistance (XDR) 
were documented in Sindh in 2016, verified through 
hemoculture methodologies, with a subsequent proli-

4
feration across the country.  In response to a burgeoning 
crisis, Pakistan has incorporated the typhoid conjugate 
vaccine (TCV) into its national immunization schedule, 

5
following WHO guidelines.  There are indications that 
the XDR strain of Salmonella Typhi is starting to spread 

1globally.  As an indication of the international spread 
of the XDR Salmonella Typhi strain, a Canadian pedia-
trician was infected in 2018 with the strain traceable 
to Karachi, along with reports of cases involving tra-
velers originating in Pakistan and bound for the United 

6States.

A major cause of enteric fever, which encompasses 
both typhoid and paratyphoid fevers, is consumption 
of contaminated foods and water, where the etiological 
agents Salmonella enterica serovar Typhi and Paratyphi 
A, B, or C invade the intestinal mucosa, leading to a 
systemic infection. Intestinal perforation and neurologic 
symptoms are among the severe complications that 

3
can result from gastroenteritis.

The challenge of enteric fever persists despite improve-
ments in sanitation and healthcare infrastructure, espe-

7
cially in economically disadvantaged nations.  Globally, 
there are an estimated 14 million cases of enteric fever 
each year, with more than 100,000 deaths, mostly in 
settings with poor sanitation, scarce potable water, and 

8high population density.

In the management of enteric fever, the emergence of 
antibiotic-resistant Salmonella strains is a significant 

obstacle. A combination of imprudent and excessive 
antibiotic use and suboptimal therapeutic protocols 
has contributed to the emergence of multidrug-resistant 

8
bacteria (MDR).  To tailor treatment strategies, circum-
vent therapeutic failures, and mitigate the burden of 
enteric fever, we must understand contemporary Sal-
monella strain patterns and their antimicrobial suscep-

5tibilities.

As a result of indiscriminate prescribing and misuse 
of primary and secondary antibiotics within Pakistan, 
the number of XDR gastrointestinal cases is on the rise. 
The widespread deployment of Azithromycin amidst 
the COVID-19 pandemic may have further compromised 
the limited antimicrobial arsenal against the XDR strain. 
There are numerous antibiotic resistance genes on this 
XDR variant's plasmid, suggesting incipient dissemi-
nation to other Salmonella Typhi and Paratyphi strains, 

2, 4, 6
potentially heralding Azithromycin resistance.  

A multifaceted significance of this study lies in its pro-
vision of contemporaneous, geographically specific 
data on the prevalence of enteric fever that adds to the 
existing understanding of the disease's epidemiology. 
It is crucial to identify and characterize dominant Sal-
monella strains to orchestrate tailored prevention and 
vaccination strategies. To formulate more effective 
therapeutic regimens, healthcare practitioners need 
insights from antimicrobial sensitivity assessments. 
A prospective observational study is being conducted 
to bridge prevailing knowledge lacunae by examining 
the prevalence of enteric fever and the phenotypic cha-
racteristics of dominant Salmonella strains. 

Methods 

A cross-sectional study was conducted in the Lady 
Reading Hospital, a Medical Teaching Institution (MTI), 
Peshawar from March 15 to October 31, 2023. A total 
of one hundred and fifty patients were recruited through 
convenient sampling technique. Patients with confirmed 
blood culture reports for Salmonella typhi, regardless 
of gender, were included in the research while those 
who tested positive for Salmonella paratyphi in their 
blood culture and having age less than 12 years old, and 
patients who used antibiotics either parenteral or oral in 
last 48 hours prior to study were excluded from the study. 
An ethical approval was obtained from Institutional 
ethics committees before conducting the study. Insti-
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tutional ethics committees approved the methodology 
of the study with Ref No. 368/LRH/MTI on dated 
08/02/2023. Also a consent form was obtained from 
patients before recruiting them. A blood culture and 
sensitivity test were performed on patients’ samples 
who displayed clinical characteristics suggestive of 
Enteric fever to determine if Salmonella Typhi was 
present. Patients were included in the study if they 
had a prolonged fever lasting more than five days, with 
or without additional symptoms such as abdominal pain, 
diarrhea, constipation, headache, or general malaise. 
Pulse-temperature dissociation (relative bradycardia) 
was also considered where applicable.

A blood sample of 5 ml were collected in BACTECTM 
blood culture bottles which contained 50 ml of tryptose 
phosphate broth (TPB) and polyanethol sulfonate of 
0.02% under aseptic condition. The inoculated blood 
culture bottle was placed immediately in an incubator 
at 37℃ in department of pathology. Identification and 
isolation of bacteria was based on gram-staining of 
bacteria, and subcultured onto the MacConkey, Sal-
monella-Shigella (SS), Nutrient, and Blood agar plates.  
Isolates were further characterized through biochemical 
methods including the Triple Sugar Iron (TSI), Urease 
negative, and Indole negative. After biochemical tests 
confirmation, all isolates were tested for the antibiotic 
susceptibility testing by using the discs diffusion method 
Oxoid (Oxoid Unipath Limited Basingstoke England) 
according the protocol of Bauer et al (1966). In this study, 
we defined Multidrug-Resistant (MDR) Salmonella 
Typhi as strains resistant to at least three different classes 
of antibiotics, specifically ampicillin, chloramphenicol, 
and co-trimoxazole. Extensively Drug-Resistant (XDR) 
Salmonella Typhi strains were identified as those resis-
tant to antibiotics from at least five different classes, 
including all first-line drugs (ampicillin, chlorampheni-
col, and co-trimoxazole), fluoroquinolones (such as 
ciprofloxacin), and third-generation cephalosporins 
(such as ceftriaxone).

The antibiotics tested in this study included meropenem, 
imipenem (10 µg), azithromycin, ceftriaxone (30 µg), 
cefixime (30 µg), ciprofloxacin (5 µg), co-trimoxazole 
(1.25/23.75 µg), chloramphenicol (30 µg), ampicillin, 
gentamicin, and amikacin (10 µg). To determine resis-
tance patterns, nutrient agar plates inoculated with 
Salmonella Typhi were used. Antibiotic discs were 

placed on these plates, which were then incubated for 
24 hours at 37°C. After incubation, the zones of inhibition 
around each antimicrobial disc were measured in milli-
meters. These measurements were compared with the 
standard chart recommended by the European Commi-
ttee on Antimicrobial Susceptibility Testing (EUCAST) 
to categorize the bacteria as resistant, intermediate, or 
sensitive to each specific antibiotic. This methodology 
allowed for an accurate assessment of the resistance 
patterns of Salmonella Typhi, providing crucial data 
on the effectiveness of different antimicrobial agents.

All data were collected and entered in Microsoft Excel 
spreadsheet 2020 and then further analyzed through 
Statistical Package for Social Sciences version 22 
(SPSS-22). Descriptive data including gender, type of 
isolate, antibiotic sensitivity pattern, and culture posi-
tivity were analyzed and described as frequency and 
percentage, then presented in tabulated form. For all 
categorical data, chi-square was applied and p-value 
was calculated. P-value <0.05 was considered significant. 

Results

Our study enrolled a total of 150 participants, predomi-
nantly male, comprising 72% (n=108) of the patients, 
while females were about 28% (n=42). Regarding anti-
microbial susceptibility, 98% (n=147) of the participants 
had strains of Salmonella Typhi that were resistant to 
antibiotics, with only 2% (n=3) showing sensitivity. 
The incidence of multi-drug-resistant (MDR) Salmo-
nella Typhi strains was 4% (n=6), whereas 96% (n= 
144) had non-MDR strains. Extreme drug-resistant 
(XDR) strains were found in 94% (n=141) of the cases, 
with only 6% (n=9) having non-XDR strains. Among 
the XDR strains, 24% (n=36) exhibited differences in 
specific antibiotic sensitivities, while 76% (n=114) did 
not.

Table 1 presents the trends in antibiotic sensitivities of 
Salmonella strains observed in the study. The data shows 
that all tested strains were sensitive to meropenem and 
imipenem, with no intermediate or resistant strains 
identified for these antibiotics. A high sensitivity to 
azithromycin was observed, with a small percentage 
showing intermediate sensitivity. In contrast, most 
strains were resistant to ceftriaxone and cefixime, with 
only a minor fraction showing sensitivity. Ciprofloxacin 
exhibited a notable pattern of resistance, with few sen-
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sitive and intermediate strains. Similarly, a significant 
proportion of strains were resistant to co-trimoxazole, 
chloramphenicol, and ampicillin. For gentamicin and 
amikacin, the majority of the strains did not report sensi-
tivity, with a small portion showing sensitivity and 
intermediate sensitivity (Table 1).

Table 2 examines the association between antibiotic 
sensitivity/resistance and gender among the study parti-

cipants. The data reveals that sensitivity to azithromycin 
shows a significant difference between males and females, 
with males showing a higher rate of intermediate sensi-
tivity. For ceftriaxone and cefixime, there was no signi-
ficant difference in resistance between genders. Cipro-
floxacin showed a higher rate of resistance in males 
compared to females. Co-trimoxazole, chloramphenicol, 
and ampicillin exhibited significant gender differences, 
with males showing higher resistance rates. Amikacin 
sensitivity was reported only in males. The incidence of 
Multidrug-Resistant (MDR) strains did not significantly 
differ between genders, whereas Extensively Drug-
Resistant (XDR) strains were similarly distributed across 
genders. However, specific antibiotic sensitivities within 
the XDR group did not show significant gender diffe-
rences (Table 2). 

Table 1:  Trends in antibiotic sensitivities to salmonella 
strains.

Trends in antibiotic sensitivities 
to salmonella strains

Frequency Percentage

Meropenem Sensitive 150 100.0%

Intermediate 0 0.0%

Resistant 0 0.0%

Imipenem Sensitive 150 100.0%

Intermediate 0 0.0%

Resistant 0 0.0%

Azithromycin Sensitive 141 94.0%

Intermediate 9 6.0%

Resistant 0 0.0%

Ceftriaxone Sensitive 9 6.0%

Intermediate 0 0.0%

Resistant 141 94.0%

Cefixime Sensitive 9 6.0%

Intermediate 0 0.0%

Resistant 141 94.0%

Ciprofloxacin Sensitive 3 2.0%

Intermediate 12 8.0%

Resistant 135 90.0%

Co-trimoxazole Sensitive 18 12.0%

Intermediate 0 0.0%

Resistant 132 88.0%

Chloramphenicol Sensitive 6 4.0%

Intermediate 0 0.0%

Resistant 144 96.0%

Ampicillin Sensitive 3 2.0%

Intermediate 0 0.0%

Resistant 147 98.0%

Gentamicin No sensitivity 
reported

141 94.0%

Sensitive 6 4.0%

Intermediate 3 2.0%

Resistant 0 0.0%

Amikacin No sensitivity 
reported

138 92.0%

Sensitive 12 8.0%

Intermediate 0 0.0%

Resistant 0 0.0%

Parameter Detail
Gender P value

Male Female

Azithromycin Sensitive 99 42 0.05

Intermediate 9 0

Ceftriaxone Sensitive 6 3 0.713

Resistant 102 39

Cefixime Sensitive 6 3 0.713

Resistant 102 39

Ciprofloxacin Sensitive 3 0 0.125

Intermediate 6 6

Resistance 99 36

Co-Trimoxazole Sensitive 9 9 0.027

Resistant 99 33

Chloramphenicol Sensitive 0 6 0.000

Resistant 108 36

Ampicillin Sensitive 0 3 0.005

Resistant 108 39

Amikacin No Sensitivity 
Reported

96 42 0.024

Sensitive 12 0

Sensitivity No 108 39 0.005

Yes 0 3

MDR No 102 42 0.119

Yes 6 0

XDR No 6 3 0.713

Yes 102 39

XDR with 
differences in 
specific antibiotic 
sensitivities

No 81 33 0.646

Yes 27 9

Table 2:  Association between Antibiotic Sensitivity/ Resis-
tance and Gender
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Discussion

This research included the selection of 189 patients who 
presented at MTI, Lady Reading Hospital, Peshawar 
between March 2023, and October 2023. These patients 
were instructed to undergo blood culture and sensitivity 
tests, and their progress was monitored by the analysis 
of the resulting reports. Ultimately, a total of 150 cases 
of Salmonella typhi were chosen based on blood culture 
evidence. The resistant strains of the bacteria and their 
sensitivity to antibiotics were documented. The analysis 
we conducted examines the frequency of resistance 
patterns in Salmonella Typhi, as well as the relationship 
between gender and responses to antibiotics. The fin-
dings provide important insights into the dynamics of 
Salmonella infections. 

It is evident that there is a significant occurrence of 
Extensively Drug Resistant (XDR) Salmonella Typhi 
strains, which make up 94.0% of the reported cases. 
Meropenem and Imipenem exhibit remarkable effec-
tiveness, with both showing 100.0% sensitivity against 
the strains examined. The sensitivity of Azithromycin 
has a notable association with gender (P = 0.05), indi-
cating possible variations in response based on gender. 
The sensitivity to Co-Trimoxazole is associated with 
gender (P = 0.027), indicating possible gender-related 

9differences in response.

It is worth mentioning that the lack of sensitivity seen 
for Amikacin has a noteworthy correlation with gender 
(P = 0.024), suggesting the presence of gender-related 
differences. Furthermore, the metrics 'Sensitivity,' 
'MDR,' 'XDR,' and 'XDR with Differences' show diverse 
gender connections, which enhance our nuanced comp-

3
rehension of antibiotic responses.  The gender distri-
bution in our research consisted of 28% female patients 
and 72% male individuals. In our investigation, the 
occurrence rate of sensitivity strain was just 2%, but 
the prevalence of MDR salmonella typhi-resistant strain 

1
was 4%.  In summary, a significant majority of cases 
(94%) were classified as extensively drug-resistant 
(XDR), as shown by Butt et al. (2022), Akram et al. 
(2020), Khan et al. (2022), Klemm et al. (2018), and 

2,4,10-13
Shah et al. (2020).  Among these XDR patients, 
24% exhibited variations in antibiotic sensitivities. 
Notably, the findings for the Azithromycin, Co-Trimoxa-
zole, and Aminoglycoside groups were statistically 
significant. About 12% of patients shown sensitivity 

to Co-Trimoxazole, with 6 instances successfully 
responding to a treatment trial using along with 
Azithromycin. This suggests a potential resurgence of 
susceptibility to primary antimicrobial drugs. This 
might be attributed to the diminished adaptation 
pressure resulting from their limited use. This was 
corroborated by the discoveries made by Gupta et al. 

9,14in 2023 and Harish et al. in 2011.  Azithromycin had a 
6% intermediate outcome, aligning with the findings of 
Taneja et al. 2021 (28% resistance), Dutta et al. 2014 
(28.1% resistance), and Shah et al. 2020 (5% 

5,13,15
resistance).  Nevertheless, these findings contrast 
the studies published by Mumtaz et al. 2023, which 
documented a 0% resistance rate, Wong et al. 2014, 
which reported a 0.3% resistance rate, and Gupta et al. 

3,14,162023, which also reported a 0% resistance rate.  The 
whole XDR data showed a remarkable result with 
100% sensitivity to Aminoglycosides, namely Genta-
micin and Amikacin, accounting for 4% and 8% respec-
tively. This is consistent with the findings of Menashe 

9,17-19
et al. in 2008 and Mandal et al. in 2009.  Another 
study reported that S. typhi is reported predominantly 

20
causing pediatric blood stream infections in Peshawar.  
It is also observed that XDR S. Typhi strains reported 
in other countires in patients with history of traveling 

21 
from Pakistan.

The health care system in Pakistan and around the world 
should monitor the emergence of drug resistance in 
microorganisms, particularly in the clinical domain. 
The emphasis should be on educating the public on the 
safe use of antibiotics, the availability of typhoid vac-
cination, and how to prevent the disease by enhancing 
water quality and sanitation. While this study offers a 
thorough overview of the prevalence of XDR and MDR 
S. Typhi, further data from other hospitals should be 
obtained to ensure that the findings are accurate through-
out the province and the nation. Furthermore, rising 
antibiotic resistance indicates how quickly drugs are 
losing their effectiveness in treating typhoid fever. 
Tight measures should be implemented to stop the 
infection from spreading in the first place, and areas 
most affected by resistant strains of the disease should 
quickly implement appropriate typhoid fever vaccina-
tion procedures. Since safety and hygiene measures are 
largely focused on preventing the spread of pathogens, 
they should be considered. The lack of MIC for culture 
and sensitivity, which would have provided more infor-
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mation about antibiotic response, is one of the study's 
weaknesses. Furthermore, sociodemographic statistics 
such as the number of homes, cleanliness standards, 
and drinking water quality were absent from the retro-
spective data.

Conclusion

The results of our study highlight an increasing preva-
lence of azithromycin resistance among Salmonella 
Typhi strains, with some extensively drug-resistant 
(XDR) strains still susceptible to first-line antibiotics. 
This emphasizes the need for careful consideration of 
antibiotic choices and suggests that meropenem, imi-
penem and azithromycin usage in Pakistan for enteric 
fever treatment should be closely monitored. Compre-
hensive antibiotic sensitivity reports are crucial for 
developing effective treatment strategies and preventing 
the misuse of broad-spectrum antibiotics.
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