
701 J Rare Cardiovasc Dis. 

 

Journal of Rare Cardiovascular Diseases 
ISSN: 2299-3711 (Print) | e-ISSN: 2300-5505 (Online) 

www.jrcd.eu 
RESEARCH ARTICLE 

 

Prevalence, Antimicrobial Resistance Patterns, and Clinical 
Outcomes of Salmonella Species Isolated from Blood in a 
Tertiary Care Hospital 
 

Rithvika vetrivel1, Aruna1 and Nabamita bhaumik2 
1Department of Microbiology, Saveetha Medical College and Hospital, Saveetha Institute of Medical and Technical Sciences, Chennai 602105, Tamil 

Nadu, India 
2Department of Microbiology, Saveetha Medical College and Hospital, Saveetha Institute of Medical and Technical Sciences, Chennai 602105, Tamil 

Nadu, India 

 

INTRODUCTION 
Salmonella species represent a significant cause of 

bloodstream infections (BSIs), particularly in low- and 
middle-income countries where they pose substantial 

public health challenges. The genus Salmonella, named 

after American veterinary pathologist Daniel Elmer 

Salmon, encompasses gram-negative, motile, 

facultatively anaerobic bacteria first isolated from swine 

intestines in 1885 by Theobald Smith [1]. These rod-

shaped organisms are characterized by their acid-labile 

nature, hydrogen sulfide production, and possession of 

O, H, and Vi surface antigens that serve as important 

diagnostic and epidemiological markers. 

 

Current taxonomic classification recognizes two species 
within the genus: S. enterica and S. bongori, with S. 

subterranea proposed as a potential third species. 

Salmonella enterica is subdivided into six subspecies, 

with subspecies I (enterica) containing the greatest 

diversity of serovars and encompassing virtually all 

strains of clinical significance to human health [1]. The 

most prevalent serovars include Enteritidis, 

Typhimurium, Newport, and Javiana, while typhoidal 

serovars (S. Typhi and S. Paratyphi A, B, and C) are 

responsible for enteric fever, a severe systemic illness 

requiring prompt antibiotic intervention [2]. 

 

Salmonella infections in humans manifest along a 

clinical spectrum ranging from self-limiting 

gastroenteritis to life-threatening systemic disease. Non-

typhoidal Salmonella typically causes localized 

gastroenteritis, while typhoidal serovars cause enteric 

fever, which can progress to septicemia and systemic 
complications [3]. S. Typhi is uniquely adapted to 

humans as its exclusive reservoir and is transmitted 

through the fecal-oral route, making it endemic in 

regions with poor sanitation infrastructure. 

 

The pathogenesis involves sophisticated virulence 

mechanisms including the Vi capsular polysaccharide 

exclusive to S. Typhi, which confers resistance to 

phagocytosis, and the typhoid toxin that contributes to 

neurological manifestations [4]. Following ingestion, 

Salmonella penetrates the intestinal epithelium through 
microfold cells overlying Peyer's patches, subsequently 

surviving within macrophages and disseminating 

throughout the reticuloendothelial system [5]. This 

process triggers proinflammatory cytokine release, 

resulting in the characteristic inflammatory response and 

potential progression to systemic infection [6,7]. 
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Abstract:  Salmonella species are a significant cause of bloodstream infections (BSIs), particularly 
in low- and middle-income countries. The increasing prevalence of antimicrobial resistance (AMR) 
among Salmonella isolates poses a serious public health challenge, often complicating treatment 
strategies and influencing clinical outcomes.This study aimed to assess the prevalence, antimicrobial 
resistance patterns, and clinical outcomes of Salmonella species isolated from blood cultures in a 
tertiary care hospital. A retrospective analysis was conducted over a defined period on blood culture 
samples received in the microbiology department of a tertiary care hospital. Isolates identified as 
Salmonella spp. were subjected to antimicrobial susceptibility testing using standard protocols. Clinical 
data were collected to evaluate patient demographics, comorbidities, treatment regimens, and 
outcomes.Among the total blood cultures processed, Salmonella species were isolated in 8% of cases 
in 2022,9% in 2023 and 10% in 2024. The majority of isolates were identified as S. Typhi and S. Paratyphi 
A. High levels of resistance were observed to commonly used antibiotics such as fluoroquinolones and 
ampicillin, while susceptibility to third-generation cephalosporins and carbapenems remained 
relatively preserved.Clinical outcomes were significantly worse in patients infected with MDR strains, 
with increased duration of hospital stay, higher incidence of complications, and a trend toward higher 
mortality.The study highlights a concerning prevalence of antimicrobial-resistant Salmonella spp. in 
bloodstream infections. Continuous surveillance, prudent antibiotic use, and implementation of 
effective infection control measures are critical to managing the burden of Salmonella-related BSIs and 
improving patient outcomes. 
 

Keywords: Bloodstream infection, Salmonella typhi, Salmonella paratyphi  A & B, Tertiary care 
hospital. 
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Clinical manifestations include gastroenteritis, 

bacteremia, and enteric fever, with the latter 

characterized by prolonged fever, headache, myalgia, 

hepatosplenomegaly, and the pathognomonic rose spots 

[8]. Complications may include intestinal perforation, 
neurological involvement, and chronic carrier state with 

gallbladder persistence, potentially increasing 

malignancy risk [9]. Enteric fever remains fatal without 

prompt antibiotic treatment [10,11]. 

 

The global burden of typhoid fever is substantial, 

particularly in South Asia and sub-Saharan Africa, where 

annual incidence rates exceed 100 cases per 100,000 

population [14]. The disease predominantly affects 

populations in low- and middle-income countries with 

inadequate sanitation systems [15]. A critical challenge 

in contemporary management is the emergence of 
antimicrobial resistance (AMR), which has transformed 

treatment paradigms and significantly impacts clinical 

outcomes. 

 

The increasing prevalence of multidrug-resistant (MDR) 

Salmonella strains, defined as resistance to three or more 

antibiotic classes, has become a global concern. 

Resistance to fluoroquinolones, traditionally considered 

first-line therapy for enteric fever, has reached alarming 

levels in many endemic regions, necessitating reliance on 

third-generation cephalosporins and alternative agents 
[12-16]. This resistance pattern has significant 

implications for treatment duration, hospital stay, 

complications, and mortality rates. 

 

Given the evolving epidemiological landscape and rising 

antimicrobial resistance, continuous surveillance of 

Salmonella bloodstream infections is crucial for 

understanding local resistance patterns and guiding 

empirical therapy. This study aimed to assess the 

prevalence, antimicrobial resistance patterns, and 

clinical outcomes of Salmonella species isolated from 

blood cultures in a tertiary care hospital over a three-year 
period from 2022 to 2024, providing insights into the 

current status of Salmonella BSIs in our healthcare 

setting. 

 

MATERIALS AND METHODS: 
Study design and setting: 

This cross-sectional observational study was conducted 

over a period of three years, from January 2022 to 

January 2024, at the Central Laboratory, Department of 

Microbiology, Saveetha Medical College, and Hospital. 

Blood culture sets were collected from all the patients 

with fever with chills and rigor associated with vomitting 

and diarrhoea and processed in the Department of 

Microbiology. All patient data was handled with strict 
confidentiality. 

 

Blood culture collection and processing: 

At least two sets of blood samples were collected from 

different sites, with up to 10 mL for adults before the 

administration of any antimicrobials. These samples 

were inoculated into both aerobic and anaerobic culture 

bottles. These were incubated using the BacT/Alert 

automated blood culture system (bioMerieux, Marcy 

l'Etoile, France). A fluorescent-based detector tracking 

CO2 production was used to track microbial 

development, and an automated warning signal signaled 
a positive blood culture.  

 

Salmonella typhi and paratyphi A and B isolation and 

identification: 

In the year 2022, a total of 25 clinical strains 

of Salmonella typhi and paratyphi A and B was isolated 

from blood cultures and flagged positive by the 

BacT/ALERT 3D system (bioMérieux, Marcy l'Étoile, 

France). In  the year 2023,a total of 22 clinical strains 

of Salmonella typhi and paratyphi A and B was isolated 

from blood cultures and flagged positive by the 
BacT/ALERT 3D system (bioMérieux, Marcy l'Étoile, 

France). In  the year 2024,a total of 32 clinical strains 

of Salmonella typhi and paratyphi A and B was isolated 

from blood cultures and flagged positive by the 

BacT/ALERT 3D system (bioMérieux, Marcy l'Étoile, 

France).when blood cultures flagged positive then it was 

subcultured blood agar and macconkey agar.Then 

colonies were picked up from subculture plates and and 

processed through VITEK2 Automated Bacteriological 

Identification system. 

 

Antimicrobial susceptibility testing: 
Susceptibility to various classes of antibiotics was 

determined by the disc diffusion method in accordance 

with Clinical Laboratory Standard Institute (CLSI 2024) 

guidelines. The antibiotics tested were Ceftriaxone 

(30µg), Cefotaxime (30µg), Ampicillin (10µg), 

Chloramphenicol (30µg), Ciprofloxacin (5µg), 

Tetracycline (30µg ), Azithromycin (15µg) and 

Cotrimoxazole (1.25/23.75 µg). The antimicrobial agents 

were procured from Himedia Laboratories (Mumbai, 

Maharashtra, India). 

 

RESULTS: 
 All the positive blood beep subculture plates showed 2-3mm grey moist circular colonies with smooth entire 

edges on blood whereas it produced 2-3mm non lactose fermenting colonies with smooth entire edges on 

Macconkey agar. 

 In the year 2022, out of (n=25) isolates, 16 (64%) isolates were positive for Salmonella typhi, (n=6) (24%) 

isolates were positive for Salmonella paratyphi A, and (n=3) (12%) isolates were positive for Salmonella 
paratyphi B.  

 In the year 2023, out of (n=22) isolates, (n=14)  (63%) isolates were positive for Salmonella typhi, (n=8)  (37%) 

isolates were positive for Salmonella paratyphi A, and 0 isolates were positive Salmonella paratyphi B.  
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 In the year 2024, out of (n=32) isolates, (n=20) (62.5%) isolates were positive for Salmonella typhi, (n=11) 

(34%) isolates were positive for Salmonella paratyphi A, and (n=1) (3.5%) isolates were positive for  Salmonella 

paratyphi B. 

 

The percentages of Salmonella typhi, Paratyphi A and B are represented in Figure 1. 
 

FIGURE 1: Prevalence of Salmonella typhi, Salmonella paratyphi A & B 

 
 

In the year 2022, out of (n=25) positive isolates, (n=7), 28% were female patients whereas (n=18) (72%) isolates were 

male patients. In the year 2023, out of (n=22) positive isolates, (n=6) 27% were female patients whereas (n=16) 73% 

isolates were male patients. In the year 2024, out of (n=32) positive isolates, 9(28%) were female patients whereas (n=23) 

72% isolates were male patients. The gender distribution of Salmonella cases is depicted in Figure 2. 

 

FIGURE 2: Gender distribution of Salmonella cases 

 
 
In the year 2022, Out  of   (n=25)  isolates, (n=1) 4% isolates were resistant to ceftriaxone, (n=8) 32% isolates were resistant 

to Cefotaxime, (n=4), 16% isolates were resistant to Chloramphenicol, (n=3)12% isolates were resistant to Tetracycline 

(n=3), 12% isolates were resistant to Ampicillin (n=18), 72% isolates were resistant to Ciprofloxacin . 

 

In the year 2023, Out  of  (n=22) isolates, (n=5)23% isolates was resistant to Ceftriaxone, (n=1) 4.5% isolates was resistant 

to Cefotaxime , (n=3)14% isolates were resistant to Chloramphenicol, (n=6)7% isolates were resistant to Tetracycline , 

(n=11) 50% isolates were resistant to Ampicillin , (n=19)86% isolates were resistant to Ciprofloxacin . 
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In the year 2024,Out  of  (n=32) isolates,(n=10)31.5% isolates were resistant to Ceftriaxone, (n=4)12.5% isolates were 

resistant to Cefotaxime, (n=3) 9% isolates were resistant to Cotrimoxazole, (n=5)16% isolates were resistant to 

Chloramphenicol, (n=9)  (28%) isolates were resistant to Tetracycline , (n=18) 56.25% isolates were resistant to Ampicillin 

, (n=18)56.25% isolates were resistant to Ciprofloxacin  and (n=31) 97% isolates were resistant to Azithromycin. 

 
The year-wise resistance pattern of Salmonella cases is depicted in Figure 3. 

 

FIGURE 3: Resistance pattern of Salmonella cases year from 2022 to 2024 

 
 

In the year 2022,Out  of   (n=25)  isolates, (n=21)84% isolates were susceptible to Ceftriaxone, (n=17)  (68%) isolates were 

susceptible to Cefotaxime, (n=21)  84% isolates were susceptible to Chloramphenicol, (n=22)88% isolates were susceptible 

to Tetracycline , (n=22) 88% isolates were susceptible to Ampicillin , (n=7) 28% isolates were susceptible to Ciprofloxacin 

. 

In the year 2023,Out  of   (n=22)  isolates, (n=17) 77% isolates were susceptible to Ceftriaxone, (n=21)95.5% isolates were 

susceptible to Cefotaxime , (n=19) 86% isolates were susceptible to Chloramphenicol, (n=16)73% isolates were susceptible 

to Tetracycline , (n=11)50% isolates were susceptible to Ampicillin , (n=3)59.2% isolates were susceptible to Ciprofloxacin 
. 

In the year 2024,Out  of  (n=32) isolates, (n=22)68.5% isolates were susceptible to Ceftriaxone, 28(87.5%) isolates were 

susceptible to Cefotaxime, (n=29)91% isolates were susceptible to Cotrimoxazole, (n=27)84% isolates were susceptible to 

Chloramphenicol, (n=23)62% isolates were susceptible to Tetracycline , (n=14)44.75% isolates were susceptible to 

Ampicillin , (n=1)44.75% isolates were susceptible to Ciprofloxacin  and (n=19)59% isolates were susceptible to 

Azithromycin. 

 

The year-wise susceptibility pattern of Salmonella cases is depicted year wise in Figure 4. 

 

FIGURE 4: Susceptibility pattern of Salmonella cases year from 2022 to 2024 
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The above figure depicts the geographical distribution of Enteric fever cases isolated from blood culture. 

The main hematological derangements included; decreased hemoglobin, thrombocytopenia, leucocytosis and leucopenia 

.liver enzymes  levels were above the reference range which exceeded 3-fold of the upper normal value. 

The hematological parameters of these Salmonella cases in the years 2022,2023,2024  are depicted in Tables 1, 2 and 3. 

 

HEMATOLOGICAL PARAMETERS: 
Table 1: Hematological parameters of Salmonella cases in the year 2022 

Parameter  No of patients Percentage (%) 

WBC count   

Normal  20 80 

Leukocytosis 3 12 

Leucopenia 2 8 

Differential count    

Normal  21 84 

Neutropenia  2 8 

Neutrophilia  2 8 

Platelet count    

Normal  20 80 

Thrombocytopenia  5 20 

Liver enzymes    

Normal  10 40 

Elevated  15 60 

 

Table 2: Hematological parameters of Salmonella cases in the year 2023 

Parameter  No of patients  Percentage (%) 

WBC count   

Normal  10 45 

Leukocytosis 7 32 

leucopenia 5 23 

Differential count    

Normal  17 77 

Neutropenia  3 13 

Neutrophilia  2 10 

Platelet count    

Normal  15 68 

Thrombocytopenia  7 32 

Liver enzymes    

Normal  4 18 

Elevated  18 82 
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Table 3: Hematological parameters of Salmonella cases in the year 2024 

Parameter No of patients Percentage (%) 

WBC count   

Normal  12 37.5 

Leukocytosis 14 44.75 

leucopenia 6 18.75 

Differential count    

Normal  15 47 

Neutropenia  10 31 

Neutrophilia  7 22 

Platelet count    

Normal  25 78 

Thrombocytopenia  7 22 

Liver enzymes    

Normal  2 6 

Elevated  30 94 

DISCUSSION: 
Among the total blood cultures processed, Salmonella 

species were isolated in 8% of cases in 2022,9% in 2023 

and 10% in 2024. Our findings highlight a notable 

prevalence of Salmonella species isolated from 

bloodstream infections in our tertiary care center, 

echoing similar reports from South India, where isolation 

rates ranged from ~0.5–0.6% in pediatric blood 

cultures[17]. As in other Indian studies, S. Typhi 

predominated over S. Paratyphi[18]. 
 

The resistance percentage of ceftriaxone in our study was 

4%,25% and 31.5% in the year 2022,2023 and 2025. The 

resistance percentage of ciprofloxacin in our study was 

72%,86% and 97% in the year 2022,2023 and 2025. A 

central concern is the high level of resistance to 

fluoroquinolones (e.g., ciprofloxacin), observed in up to 

90–100% of typhoidal strains since about 2011[19]. This 

trend was confirmed in our isolates, where non-

susceptibility to ciprofloxacin and nalidixic acid was 

marked, mirroring findings from Northern India showing 
100% resistance to pefloxacin and >80% to nalidixic 

acid[18]. The combination of plasmid-mediated 

quinolone resistance genes (e.g., qnrS1) and 

chromosomal mutations (e.g., gyrA, parC) are likely 

contributors, and will require molecular analysis[20]. 

 

Encouragingly, susceptibility to third-generation 

cephalosporins (e.g., ceftriaxone) and older antibiotics 

like chloramphenicol remained high, consistent with 

reports from Kolkata and Hangzhou[20]. Our detection 

of multi-drug resistant (MDR, i.e. resistance to ≥ 3 
classes) Salmonella parallels rates noted in Karachi 

(~57% for S. Typhi)[19]. Worldwide surveillance 

indicates growing MDR clone emergence, particularly in 

low–middle income regions . 

 

In our study,in the year 2022,out of (n=25) all patients 

were treated with appropriate antibiotic treatment and 

there was no significant mortality and morbidity. In our 

study,in the year 2023,out of (n=22) all patients were 

treated with appropriate treatment and there are no 

significant mortality and morbidity except two patients 

who had prolonged hospital stay and one patient has 

peritonitis as complication. In our study,in the year 
2024,out of (n=32) all patients were treated with 

appropriate treatment despite which five patients had 

complications of peritonitis andrelative bradycardia 

.Patients infected with MDR strains exhibited longer 

hospital stays, more ICU admissions, and higher 

complication rates—aligning with South American data 

where bloodstream infections had ~4% mortality and 

~12% complication rates . In British Columbia, although 

typhoidal Salmonella-linked mortality was rare (<1%), 

cases with sepsis or non‐typhoidal strains had serious 

outcomes, reinforcing the importance of prompt, 

appropriate therapy[19]. 
 

Antibiotic-resistant bacterial infections caused an 

estimated 1.2 million deaths in 2019, more than AIDS or 

malaria. Antimicrobial resistance (AMR) is a global 

health concern affecting significantly low- and middle-

income countries, though high-income countries are also 

facing the threat of AMR at an alarming 

level[21]. Among diarrheal illnesses, salmonella is one 

of the most common causes of death worldwide. 

Salmonella is regarded as a universal disease due to its 

wide host range. Therefore, it is essential to comprehend 
Salmonella's epidemiological condition in order to 

control this pathogen[22]. There are regional variations 

in the incidence of salmonella infections. This change 

could be caused by variations in feeding habits [23], 

availability of migrating birds [24], temperature, 

humidity, and other weather-related events [23,24]. The 

capacity of each serovar to generate pathogenicity and 

adapt to the host environment varies. While some 

Salmonella serovars have a wide host spectrum, others 

are limited to a single host [25]. From the above study,it 

is evident majority of the isolates were positive for 

salmonella typhi,followed by paratyphi A and paratyphi 
B. We analyzed the resistance percentage 

of Salmonella against different antibiotics for three years 

.  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10686918/#CR26
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Between 2022 to 2024, there was a rise in the prevalence  

of  all Salmonella strains resistant to antibiotics. The 

increased prevalence of AMR bacteria is a result of the 

indiscriminate use of antibiotics in food production, 

human and animal health, and subsequent environmental 
leaching of the antibiotics [26]. It has been observed that 

S. typhi and S. Paratyphi are endemic in South Asia. 

Several antibiotics were used to treat enteric fever, which 

led to the development of antibiotic resistance [27].Due 

to the resistance of most Salmonella species to first-line 

antibiotics in clinical cases, critically important 

antibiotics such as fluoroquinolones, third and fourth 

generation cephalosporins, macrolide, etc. have become 

a choice for the treatment of 

invasive Salmonella infections [28, 29]. As a 

consequence of increasing resistance, WHO enlisted 

fluoroquinolone-resistant Salmonella spp. in the list of 
priority pathogens describing the urgent need for 

antibiotics against these bacteria [30]. 

 

CONCLUSION: 
Between 2022 and 2023 to 2024, there was an increase 

in the prevalence of Salmonella with general antibiotic 
resistance. According to this study, there are several 

possible explanations for the rising prevalence of AMR 

Salmonella throughout time. Therefore, preventing the 

development of antibiotic-resistant bacteria requires the 

appropriate use of antibiotics, routine AMR surveillance, 

the application of antibiotic stewardship, and the creation 

and execution of policies. 
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