Original Research Article 

Determination of antibiotic susceptibility pattern and multiple antibiotic resistance (MAR) index of blood-borne pathogens in people with bloodstream infections (BSIs) in a tertiary care hospital, Dhaka
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	Aim of the study was to detect antimicrobial susceptibility and multiple antibiotic resistance (MAR) index of blood-borne pathogens from suspected patients with bacteremia in Dhaka city, Bangladesh which is a prime contributor to antibiotic resistance. A total of 498 blood samples were collected from male and female participants of different age groups who attended the hospital for treatment purposes with symptoms of BSI. The study was conducted in the laboratory of Thyroid Care and Diagnostic Centre (TCDC) in Dhaka city from December 2024 to June 2025. Only 9.8% (n=49) of positive samples were primarily detected by BacT/Alert microbial detection system; further identification was done by conventional microbiological methods. Of 49 positive samples, we identified five bacterial isolates (73.5% gram-positive and 26.5% gram-negatives) and their antibiotic sensitivity was done by Kirby-Bauer disc diffusion method. The most causative agent for blood infections was Salmonella spp., 42.8% (n=21) and least prevalent was Streptococcus pneumonia, 6.1% (n=3). Frequency of male participants were marginally more than females, (51% males vs. 49% females). Moreover, most of the positive cases (34.7%, n=17) were observed in people above 50 years and least infected (12.2%, n=6) between 31-40 years. In case of gram-negative and-positive bacteria, moderate to high (60-80%) sensitivity was observed against aminoglycoside antibiotic- amikacin (AK) along with cephalosporin antibiotics- cephradine (CE) and ceftriaxone (CRO) except for Klebsiella spp. and Staphylococcus spp. which showed low sensitivity (40%) against amikacin. On the contrary, low to moderate resistance of the isolates were revealed against most of the antibiotics tested. Low to high (0.1 to 0.5) MAR index were manifested against six classes of fourteen antibiotics. MAR indexes for five isolates revealed 4.1% (n=2) with MAR index greater than 0.2 and 85.7% (n=42) less than 0.2; the most prevalent was 0.28 in most of the isolates. This study will help the healthcare providers to select an appropriate antibiotic for typical patients with bacterial infections as treatment is often prescribed ‘empirically’ without antibiotic susceptibility testing.
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1. INTRODUCTION
Diseases that are transmitted by blood or body fluids are known as blood-borne diseases. Worldwide, bloodstream infection (BSI) due to bacterial pathogens is the most frequent hospital and community-acquired illness which causes notable mortality and morbidity each year (Mehdinejad et al., 2009,Garget al., 2007).Bacteremia have grave consequences if left untreated such as shock, disseminated intravascular coagulation, multiple organ failure, and even death. Globally, 6 million deaths occur and 30 million people are being affected due to BSIs (Fleischmann et al., 2016). In developing countries, the proportion of bloodstream infections in children is about 20-44%. Three million newborns and 1.2 million children are suffering from sepsis annually (Meremkwer et al., 2005; Prabhu et al., 2010;Fleischmann-Struzek et al., 2018).The mortality rate for BSI varies between 4.0 to 41.5%, depending on the severity of infection, risk factors and age of the patients (Reddy et al.,2010; Valles et al., 2013). 
Blood is normally sterile until it is contaminated by pathogens (Castillo et al., 2019). BSIs are characterized by the presence of viable microorganisms in blood. Microorganisms present in circulating blood whether continuously, intermittently, or transiently are a threat to every organ in the body (Vasudeva et al., 2016). From previous studies, a wide variety of gram-negative and-positive bacteria have been isolated in BSIs, predominant gram-negative bacteria were Acinetobacter spp, P. aeruginosa, E. coli, and K. pneumoniae while the most common gram-positive bacteria were coagulase-negative Staphylococci (CoNS), S. aureus, Enterococci, and alpha-hemolytic Streptococci. However, the predominant bacterial species vary from region to region on account of global differences in epidemiological and geographic features (Diekema et al., 2003). 
BSI associated illness ranges from self-limiting infections to life-threatening sepsis that demand prompt and aggressive antimicrobial treatment (Singh et al., 2014). It is often associated with a substantial amount of healthcare expenditure, prolong hospital stay and most significantly, a high rate of morbidity and mortality (Tumbarello et al.,2010). The management of BSI is complicated in an era of increasing antimicrobial resistance (AMR) (Fabbro-Peray et al., 2007).The World Health Organization (WHO) declared AMR as one of the pressing health threats at the global level which is believed to cause approximately 700,000 deaths every year. Presumably, by 2050, failing to combat AMR could cause 10 million deaths per year (WHO, 2019). Increasing rates of antimicrobial resistance, changing patterns of antimicrobial usage and the wide use of indwelling catheters may change the epidemiology and outcome of bloodstream infection. Irrational use of drugs has led to a multiplication of multidrug-resistant strains, thus worsened the treatment process in different regions (Vasudeva et al., 2016). 
Blood culture is considered as the gold standard for the detection of bacteremia. It also supplies vital information or guidance for the evaluation of a variety of diseases like endocarditis, pneumonia, and pyrexia of unknown origin and particularly, in patients with suspected sepsis (Goto and Al-Hasan, 2013). In developing countries like Bangladesh, few studies were conducted on bacterial pathogens associated with bloodstream infections and their susceptibility against common antimicrobial agents. On that account, knowledge of local pathogens and sensitivity pattern of the isolates are crucial to initiate speedy and appropriate empirical therapy. In the present setting, we focused on identifying the most prevailing blood-borne bacterial agents associated with bacteremia in a tertiary care hospital, Dhaka city. On top of that, we demonstrated antibiotic susceptibility testing and multiple antibiotic resistance (MAR) index of the isolates to evaluate the changing trend of antimicrobial resistance pattern for commonly used antibiotics in Bangladesh.
2. methodology
2.1 Study design
This research study was demonstrated over 7 months period from December, 2024 to June, 2025 at Thyroid Care and Diagnostic Centre (TCDC), Dhaka, Bangladesh. Blood samples were collected from randomly selected outdoor patients who visited the diagnostic center for treatment purposes. A total of 498 participants with suspected bloodstream infection (BSI) of both sexes with different age groups (5 to 80 years) were included in the study. All the enrolled patients provided their explicit consent for the participation in this study. 
2.2 Sample collection, processing and culture method
A total of 498 blood samples were taken from each participants. Ten ml (for adults) and 2-3ml (for babies) of whole blood was aseptically collected in a sterile tube through sterile syringe from the patients. All the tubes were labeled with the patient's identification number and the collection date. Soon after the collection, each sample was transported to the Microbiology Laboratory for further processing. Five ml of blood was transferred directly into blood culture bottle containing 50mL anaerobic Tryptic Soy Broth (TSB) solution, a nutrient rich medium that supports the growth of various microorganisms. Then the bottles were placed in a BACT/Alert blood culture machine to identify the presence of bacterial pathogens (Saito et al., 2003). Cultures were incubated at 37°C and monitored daily for 7 days for turbidity, gas formation and other signs of bacterial growth. If any sign of positive culture was observed, bottles were taken out from the culture machine and subcultured onto different selective media such as blood agar, MacConkey agar and Chocolate agar (Thermo Scientific™) for pure culture. The plates are then incubated at 37oC for 24 hours. On the other hand, bottles with no culture should be discarded from the machine.
2.2.1 Bacterial isolation and identification
After growth onto appropriate media, presumptive identification was achieved on the basis of observation of morphology of the colonies, appearance, size, color etc. Gram staining of bacterial colonies were performed for the characterization of the strains. Further, biochemical tests were performed under different conditions according to validated standard operation procedures (Shakir et al., 2021).
2.2.2 Statistical analysis
All necessary information related to our study (e.g. patient's age, gender, treatment history etc) were collected from the hospital with the consent of the authority and the data were compiled and analyzed by Analysis ToolPakin Microsoft Excel.
2.3 Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was done by the Kirby-Bauer disk diffusion method (Antimicrobial Resistance Collaborators, 2022) and antimicrobial agents tested are listed below (Table 1). Isolates were prepared by suspending in 5 mL sterile saline and turbidity was compared with 0.5 McFarland standards (1.5×108cfu/mL) to maintain uniform cell density. Further, isolates were inoculated on Mueller-Hinton agar by using sterile cotton swab, subsequently the antibiotic disks were placed to the plate by maintaining at least 20 mm between each disk and incubated at 37°C for 24 hours. The results of zone of inhibition were measured and interpreted according to CLSI guidelines as resistant (R), sensitive (S), or intermediate (I) (CLSI, 2012).
Table 1: List of antibiotics used in the study for antibiotic susceptibility testing
	         SN
	Class of antibiotics
	Generation
	Antibiotics

	1
	Aminoglycosides

	1st
2nd
	Gentamicin (CN)
Amikacin (AK)

	2
	Penicillin
	
	Amoxyclave (AMC)
Ampicillin (AM)

	3
	Cephalosporins
	1st
	Cephradine (CE)

	
	
	2nd
	Cefuroxime (CXM)

	
	
	3rd
	Ceftazidime (CAZ) 
Cefotaxime  (CTX) 
Ceftriaxone (CRO) 
Cefixime (CFM) 

	
	
	4th
	Cefepime (FEP)

	4
	Fluoroquinolone
	2nd
	Ciprofloxacin (CIP)

	5
	Macrolide
	2nd
	Azithromycin (AZM)

	6
	Glycylcycline
	3rd
	Tigecycline (TGC)



2.3.1 Multiple antibiotic resistance (MAR) index calculation
Multidrug resistance (MDR) was defined as resistance to more than two classes of antibiotics among all tested antibiotics (Khan et al., 2015). The MAR index was calculated and interpreted using the formula: a/b, where ‘a’ represents the number of antibiotics to which an isolate was resistant, and ‘b’ represents the total number of antibiotics tested (Mir et al., 2022). 
3. results
3.1 Positive blood cultures in BacT/Alert system
In the present setting, 498 blood samples were analyzed from male and female patients where only a small percentage of the sample showed positive results for BSIs which accounts for 9.8% (n=49). The BacT/Alert instrument detected the presence of bacterial growth in anaerobic environment by using a colorimetric sensor and showed positive signals for 49 blood culture bottles within 48 hours. Rest of the bottles were discarded as no positive signals were visible in 7 days of incubation. (Fig. 1). 



FIG: 1 Proportion (%) of positive cases of clinical isolates with BSI, where N=498
3.2 Identification of bacterial strains from positive cultures
For further confirmation, 49 positive samples from the culture bottles were subcultured onto different selective media and the morphological characteristics were observed thoroughly. The dominant bacterial strain isolated was Salmonella spp. - 42.8% (n=21); followed by E. coli (20.4%, n=10) and Staphylococcus spp. (20.4%, n=10). Only a small percentage of Klebsiella spp. (10.2%, n=5) and Streptococcus pneumoniae isolates (6.1%, n=3) were also detected in this study. Gram staining results showed that out of 49 isolates, 36 (73.5%) strains were gram-negative whereas 13 (26.5%) were gram-positive bacteria (Table 2). Biochemical test results of the isolates are given in table 3.

Table 2. Frequency of microorganisms isolated from positive blood cultures (n =49)
	Bacterial Isolates
	n (%)

	Gram-negative bacteria
	36 (73.5%)

	Salmonella spp.
· Salmonella Typhi (n=7)
· Other Salmonella spp.(n=14)
	21 (42.8%)



	E. coli
	10 (20.4%) 

	Klebsiella spp.
	5 (10.2%)

	Gram-positive bacteria
	13 (26.5%)

	Streptococcus pneumoniae
	3 (6.1%)

	Staphylococcus spp.
· Staphylococcus aureus (n=5)
· Staphylococcus epidermidis (n=2)
· Staphylococcus pyrogens (n=3)
	10 (20.4%)




	Total
	49 (9.8%)




Table 3.  Biochemical test results of the isolates are given below:  
	Bacterial isolates
	Biochemical tests

	
	M.R
	V.P
	TSI(Gas production)
	Indole
	Citrate
	Catalase
	Oxidase
	Motility

	Salmonella spp.
	+
	-
	+
	-
	+
	+
	-
	Motile

	E. coli
	+
	-
	+
	+
	-
	+
	-
	Motile

	Klebsiella spp.
	-
	+
	+
	-
	+
	+
	-
	Non-motile

	Streptococcus pneumoniae
	-
	-
	-
	-
	-
	-
	-
	Non-motile

	Staphylococcus spp.
	+
	+
	-
	-
	+
	+
	-
	Non-motile



3.3 Percentage of male and female patients with bacteremia
The percentage of male patients were slightly higher that female counterparts. More than half of the male patients (51%, n=25) were infected by blood-borne pathogens whereas nearly half (49%, n=24) of the female patients with bacteremia was found (Fig. 2). Moreover, out of 24 (49%) female patients, most (n=10) were identified over the age of 50 years. Likewise, out of 25 (51%) male patients, most (n=7) patients were found to be over 50 years (Fig. 3).



FIG. 2: Rate (%) of male and female patients with bacteremia where female cases were marginally lower than male counterparts
3.4 Proportion of infected people in diverse age groups
The rate of patients in different age groups were given in fig. 4, there is a downward trend of the percentage of patients as the age increases. Older participants between 50-80 years were mostly affected with blood-borne pathogens where the rate was 34.7% (n=17). Age between 31-40 years were less infected and only 12.2% (n=6) of people were in this age group. 



*M=Male, F=Female
FIG. 3: Proportion of participants with positive results with bacteremia in five different age groups 
3.5 Antibiotic sensitivity and resistance patterns 
The antibiotic sensitivity and resistant profiles of blood culture isolates (5 isolates, 49 strains) were summarized in Fig. 4-8. In case of Salmonella spp. (42.8%, n=21), moderate sensitivity of the strains were found against amikacin, amoxyclave, tigecycline antibiotics and three cephalosporin antibiotics (cefixime, cephradine and ceftriaxone). The sensitivity rate was 52-62%. On the contrary, low resistance (24-38%) were manifested against most of the antibiotics except for ceftazidime, CAZ (52.4%, n=11). On top of that, 23.8% (n=5) of the isolates were intermediate against most of the antibiotics tested (Fig.4). 





FIG. 4: Antibiotic sensitivity and resistance patterns of Salmonella spp. strains (n=21)

However, 20.4% (n=10) of E coli were isolated from the samples where 70% (n=7) of the strains were sensitive to one aminoglycoside antibiotic- amikacin (AK) and two 3rd generation cephalosporins: ceftazidime (CAZ) and ceftriaxone (CRO). Low bacterial sensitivity (20%, n=2) was revealed against four classes of antibiotics (ampicillin, amoxyclave, cefuroxime, azithromycin and tigecycline). When the resistance pattern was analyzed against this low sensitive antibiotics, it showed that two penicillin (ampicillin and amoxyclave) antibiotics were less effective (60%, n=6) to E coli. But low resistance was also found (10-30%) against cefuroxime, azithromycin and tigecycline antibiotics. 50-70% of isolates showed intermediate results against these 3 antibiotics. In addition, high resistance of this isolate wasn't found against any of the antibiotics tested (Fig 5). 




FIG 5: Antibiotic sensitivity and resistance profile of E coli strains (n=10)

Another gram-negative bacteria Klebsiella spp. (n=5) showed low to moderate (40-60%) sensitivity against most of the antibiotics except for one 1st generation cephalosporin antibiotic, cephradine (CE) which was highly effective (80%, n=4). On the contrary, 100% (n=5) resistance was observed against cefuroxime (CXM) antibiotic. Low resistance rate was revealed which accounts for 20-40% against all other antibiotics expect for two- gentamicin (CN) and tigecycline (TGC). The isolate shows moderate resistance 60% (n=3) to these two antibiotics (Fig. 6).




FIG 6: Antibiotic sensitivity and resistance profile of Klebsiella spp. strains (n=5)

We noted moderate sensitivity of gram-positive isolate Staphylococcus spp. (n=10) against one aminoglycoside (gentamicin) and two cepholosporin antibiotics (Cefotaxime, CTX and Cephradine, CE). The sensitivity rate was 60%. Efficacy of other antibiotics to this isolate was comparatively low (30-50%). On the contrary, low to moderate (30-50%) resistance of this bacteria was also observed against most of the antibiotics. 30% of the strains were intermediate against six antibiotics (Fig. 7).




FIG 7: Antibiotic susceptibility profile of Staphylococcus spp. strains (n=10)

Antibiotic susceptibility profile of another gram-positive isolate Streptococcus pneumoniae (n=3) depicts that 3 strains were sensitive to amikacin (AK) and 3 strains were resistant to ceftazidime (CAZ). Sixty seven percent (67%, n=2) of the strains were sensitive to gentamicin, cefixime, cephradine and amoxyclave) whereas 67% showed resistance to ampicillin, ceftriaxone and ciprofloxacin (Fig. 8).



FIG 8: Antibiotic sensitivity and resistance profile of Streptococcus pneumoniae strains (n=3)

3.5.1Multidrug Resistance (MDR) index
The MDR index for Salmonella spp. ranged from 0.1 to 0.5 where 0.28 was the primary index with 28.5% (n=6) of the strains. Two strains (9.5%) of Salmonella spp. had resistance to three classes of antibiotics (fluoroquinolone, macrolide and glycylcycline) and are regarded as multi-drug resistant strains. Regarding E coli isolate, the MDR index ranged from 0.14 to 0.5 with 0.36 being the predominant index in 3 strains. In case of Klebsiella spp., the index vary from 0.28 to 0.57 where 0.36 was the prime index with 60% (n=3) of strains. One strain (20%) of Klebsiella spp. (n=5) was multi-drug resistant (resistant to three classes of antibiotics-aminoglycosides, macrolide and glycylcycline). Regarding gram-positive Streptococcus pneumoniae (n=3) isolate, the MDR index varies from 0.21 to 0.5. MDR index of another gram-positive bacteria Staphylococcus spp. ranged from 0.28 to 0.5 with 0.28 being the prominant index in 50% (n=5) of the strains. Only one strain (10%) of the Staphylococcus spp. (n=10) was identified as multi-drug resistant where it was resistant to three classes of antibiotics (fluoroquinolone, macrolide and glycylcycline) (Table 4).

Table 4: Determination of MAR index of five bacterial isolates
	No of strain
	No. of antibiotics (14) to which the strain was resistant (a)
	No of classes (1-6) of antibiotics to which the strain was resistant 
	MAR index = a/b
	MDR

	MAR index of E coli isolate, E1-E10 (n=10)
	

	E1
	5(CN, AMC, AM, AZM, CAZ)
	2( Penicillin, Macrolide)
	0.36
	-

	E2
	5(CN,AMC, AM,CE,CFM)
	1(Penicillin)
	0.36
	-

	E3
	6(CN,AMC, AM,TGC,CE,CFM)
	2(penicillin, Glycylcycline)
	0.43
	-

	E4
	6(AMC,CIP,AZM,CE,
CTX,FEP,AZM)
	2(Fluoroquinolone, Macrolide)
	0.43
	-

	E5
	5(CN,AMC,CE,CTX,CFM)
	⁻
	0.36
	-

	E6
	2(CN,CIP)
	1(Fluoroquinolone)
	0.14
	-

	E7
		3(AK,CE,FEP)	
	⁻
	0.2
	-

	E8
	4(AK,AMC, AM, TGC)
	2(penicillin, Glycylcycline)
	0.28
	-

	E9
	4(CIP,AM,CE,CTX)
	1( Fluoroquinolone)
	0.28
	-

	E10
	7(AK,AM,CXM,CTX,CFM,CIP, TGC)
	2(Fluoroquinolone, Glycylcycline)
	0.5
	-

		MAR index of Salmonella spp., S1-S21 (n=21)
	

	S1
	5(AM,CRO,FEP,CTXAZM)
	1(Macrolide)
	0.36
	-

	S2
	4(AM,CAZ,CTX,AZM)
	1(Macrolide)
	0.28
	-

	S3
	4(AM,CAZ,CTX,AZM)
	1(Macrolide)
	0.28
	-

	S4
	7(CN,AZM, TGC,AM,CAZ,CIP,FEP)
	2(Macrolide, Glycylcycline)
	0.5
	-

	S5
	4(CXM,CFM,CIP, TGC)
	2(Fluoroquinolone, Glycylcycline)
	0.28
	-

	S6
	3(CN,AK,CFM)
	1(Aminoglycosides)
	0.2
	-

	S7
	7(AK,AMC,AZM, TGC,CXM,CAZ,FEP)
	2(Macrolide, Glycylcycline)
	0.5
	-

	S8
	3(CIP,CXM,CAZ)
	1 (Fluoroquinolone)
	0.2
	-

	S9
	4(AZM,CXM,CAZ)
	1(Macrolide)
	0.28
	-

	S10
	1(CRO)
	⁻
	0.1
	-

	S11
	7(CN,CXM,CRO,CFM,CIP, AZM, TGC)
	3(Fluoroquinolone, Macrolide, Glycylcycline)
	0.5
	+

	S12
	3(CE,CXM,CRO)
	⁻
	0.2
	-

	S13
	4(AZM,CXM,CRO,CFM)
	1(Macrolide)
	0.28
	-

	S14
	4(AK,AM,CXM,CTX)
	⁻
	0.28
	-

	S15
	6(CN,AMC,CXM,CAZ,CTXCIP)
	1(Fluoroquinolone)
	0.43
	-

	S16
	5(CN,AM,CFM,FEP,TGC)
	1(Glycylcycline)
	0.36
	-

	S17
	7(AK,AMC,CE,CAZ,CTX,AZM, TGC)
	2(Macrolide, Glycylcycline)
	0.5
	-

	S18
	4(AM,CE,CAZ,CTX)
	⁻
	0.28
	-

	S19
	4(CIP, AZM, TGC,CAZ)
	3(Fluoroquinolone, Macrolide, Glycylcycline)
	0.28
	+

	S20
	5(CN,AMC, AM,CAZ,CFM)
	1(Penicillin)
	0.36
	-

	S21
	7(AK,AM,CE,FEP,CTX,CIP, TGC)
	2(Fluoroquinolone,Glycylcycline)
	0.5
	-

	MAR index of Klebsiella spp., K1-K5 (n=5)
	

	K1
	5(CN,CE,CXM,FEP,CIP)
	1(Fluoroquinolone)
	0.36
	-

	K2
	8(AK,CN,AMC,CXM,CAZ,FEP,
AZM,TGC)
	3(Aminoglycosides, Macrolide, Glycylcycline)
	0.57
	+

	K3
	5(CN,AM,CXM,CFM,TGC)
	1(Glycylcycline)
	0.36
	-

	K4
	5(AZM,CXM,CAZ,CRO,TGC)
	2(Macrolide, Glycylcycline)
	0.36
	-

	K5
	4(AMC,CXM,CRO,CTX)
	⁻
	0.28
	-

	MAR index of Streptococcus pneumoniae, SP1-SP3 (n=3)
	

	SP1
	3(AM,CAZ,CIP)
	1(Fluoroquinolone)
	0.2
	-

	SP2
	7(AMC,AM,CE,CAZ,CRO,CIP,CN)
	2(Penicillin, Fluoroquinolone)
	0.5
	-

	SP3
	4(CFM,CAZ,CRO,FEP)
	⁻
	0.28
	-

	MAR index of Staphylococcus spp., ST1-ST10 (n=10)
	

	ST1
	7(CN,AM,CXM,CTX,FEP,CIP,TGC)
	2(Fluoroquinolone, Glycylcycline)
	0.5
	-

	ST2
	5(AMC,CXM,CAZ,CTX,CRO)
	⁻
	0.36
	-

	ST3
	4(CXM,CAZ,CTX,FEP)
	⁻
	0.28
	-

	ST4
	6(AK,AMC,AM,CE,CFM,TGC)
	2(Penicillin, Glycylcycline)
	0.43
	-

	ST5
	4(AM,CRO,CFM,TGC)
	1(Glycylcycline)
	0.28
	-

	ST6
	4(AMC,AM,CRO,CFM)
	1(Penicillin)
	0.28
	-

	ST7
	7(AK,CXM,CAZ,CFM,CIP,AZM,
TGC)
	3((Fluoroquinolone, Macrolide, Glycylcycline)
	0.5
	+

	ST8
	5(AK,CXM,CAZ,CFM,AZM)
	1(Macrolide)
	0.36
	-

	ST9
	4(AM,CAZ,FEP,TGC)
	1(Glycylcycline)
	0.28
	-

	ST10
	4(CN,AMC,CRO,CFM)
	⁻
	0.28
	-


Note: b, the number of antibiotics to which the isolate was exposed (n = 14).

4. DISCUSSION
In several European and North American countries, blood stream infections (BSIs) are among the root causes of death with case fatality rates of 12-20% (Goto and Al-Hasan, 2013) whereas 9.8% (n=49) of positive cases of bloodstream infections were detected in the present study in Bangladesh. Blood culture report of 79,241 samples from Nepal showed that only 12.1% (n=9590) of samples were culture positive (Khanal et al., 2025). Another study from China analyzed 9032 blood cultures from patients suspected of bloodstream infections in the pediatric intensive care unit where only 2.2% (n=200) of cultures were confirmed as bloodstream infections leading to severe sepsis (Chen et al., 2025). One report suggests that males are generally more susceptible than females to bacterial infections (Dias et al., 2022) which aligns with our finding as we observed slightly higher frequency of male positive patients than females. Although a cross-sectional study in Pakistan contradicted this statement as they found that participation of females 65.3% (n=66) were higher than males 34.7% (n=35) among informal solid waste handlers (Khalil et al., 2022). Another clinical study at the Holy Family Hospital in Ghana also found higher percentage of female 62.3%, n=2012 patients than males 37.7%, n=1216 (Deku et al., 2025). 
Several research studies were demonstrated in Asian countries where they concluded that the percentage of gram-negative bacteria is higher than gram-positive pathogens in patients with BSIs. One study reported in 2019, BSIs accounted for 2.91 million deaths worldwide, with gram-negative bacteria responsible for 51.1% of these fatalities (Zha et al., 2025). In China, Chen et al. stated that gram-negative bacteria made up 58.4% of all bloodstream infection isolates in 2014, but increasing to 73.0% by 2019. They demonstrated one study where gram-positive organisms accounted for 29.5% (n=8244) of the species identified and gram-negative organisms accounted for 70.5% (n=19,655). Quang et al. stated that the proportion of gram-negative bacteria was higher, 65.7% (n=537) than gram-positive bacteria, 34.3% (n=280) in Vietnam. We are highly in agreement with those findings as our data shows higher percentage of gram-negative bacteria (Gram-negative: 73.5% vs. Gram-positive: 26.5%) in BSI patients.
Advanced age has been linked to a higher infection susceptibility due to immunosenescence, multiple comorbidities and increased exposure to healthcare environments, among other factors (Yahav et al., 2016; Gavazzi and Krause, 2002). Bloodstream infections (BSI) have been one of the leading causes of death in older patients (Yahav et al., 2016). Several studies report an increase in the incidence of BSIs with age, demonstrating highest incidence among people aged 65years and older (Skogberg et al., 2012; Eliakim-Raz et al., 2015). We correspond with those findings as we found highest rate (34.7%) of positive patients above 50 years. However, one study was demonstrated in Bangladesh where only 6.82% of positive patients were in 45 to 55 years and 3.41% of positive patients were seen in 55 to 65 years age group (Naser et al., 2021). 
Salmonella Typhi was the most frequently isolated organism (36.9% from 103,679 blood samples) in one study demonstrated in Bangladesh (Ahmed et al., 2017). In 2015, Prashubha et al. showed that the most common bacteria isolated was Salmonella Typhi in 71% cases of bloodstream infection out of 1,205 blood samples which justifies our finding as Salmonella spp. was the highest isolated pathogen (42.8%, n=21). Though reports from different countries showed contradictory results where they isolated higher percentage of other pathogens causing BSIs. In Vietnam, one study isolated the most common agent, E coli -17.3% in older patients (Quang et al., 2024). In Italy, a cohort study was conducted where they found E coli, the leading cause of bloodstream infections (BSIs) caused by Gram-negative bacteria (Tumbarello et al., 2010). In India, two studies reported Staphylococcus aureus (45.56%; n=72) was the most common organism in 2018.  Bhabhor et al., 2018 showed the rate was 45.56%; n=72 and Sarkar et al., 2018 revealed the rate was 37.6%. Khanal et al studied 3,324 blood samples where only 345 (10.3%) showed bacterial growth and Staphylococcus aureus was most common (26.3%). From Ghana, Klebsiella species was found to be the most prevalent at 30.2% (Deku et al., 2025). Several studies reported that Escherichia coli bloodstream infections (BSIs) are associated with an important burden of disease from mortality, because E. coli is the most common cause of bacterial BSIs (Bonten et al., 2021; Skogberg et al., 2012; Nielsen et al., 2014). Another study in Mexico stated that E. coli was found to be the causative agent in paediatric patients causing bloodstream infections (BSIs) (Belmont-Monroy et al., 2025).
While active antimicrobial therapy remains the mainstay of BSI management and treatment, the increasing emergence of drug-resistant pathogen significantly exacerbates morbidity and mortality (Matakoneet al., 2024). In Algeria, Merati and Boudra demonstrated antibiotic sensitivity pattern of 13 strains of Salmonella spp. where high resistance against ampicillin, 100% and high sensitivity against gentamicin, 100% were found. We disagree with this result as low resistance was found against ampicillin, 43% (n=9) and low sensitivity against gentamicin, 48% (n=10) in Salmonella spp. In Nepal, Maharjan et al. showed high sensitivity in Salmonella spp. against third-generation cephalosporin antibiotics: cefixime, 100% (n=40), cefotaxime, 72.5% (n=29), ceftriaxone, 95% (n=38). Our sensitivity pattern of Salmonella spp. showed low to moderate sensitivity against these third-generation cephalosporins: cefixime, 52% (n=11), cefotaxime, 43% (n=9) and ceftriaxone, 62% (n=13). 
Several research findings from different countries showed that an aminoglycoside antibiotic-amikacin had high sensitivity and low resistance against gram-negative E. coli in clinical and environmental samples. In China, Kuti et al. showed high amikacin sensitivity of E coli (94.7%, n=178) out of 188 strains from blood and respiratory specimens. In Zambia, Kasanga et al. in 2024 demonstrated antibiotic resistance profile of E coli in clinical and environmental samples where 100% (n=215) of the strains were sensitive to amikacin. In Bangladesh, Sultana et al. in 2025 found high E coli sensitivity in clinical samples- 85% (n=28) to amikacin. In India, Smriti et al. also found high amikacin (75.8%, n=818) sensitivity in 1,798 UTI patients in 2025. Our results align with these findings where 70%, n=7 of the strains were sensitive to amikacin (AK) in the present study. High sensitivity (85.7%) against ceftriaxone was observed by Sultana and Toha in 2021 which correlates with our finding where we found 70% sensitivity.
The emergence of antimicrobial resistance in Staphylococcus  spp. has become a significant public health threat as there are limited, or sometimes no, effective antimicrobial agents available to treat infections caused by this pathogen (Becker et al., 2014). One study in Nigeria demonstrated (Nwankwo and Nasiru, 2011) antibiotic susceptibility of Staphylococcus aureus from clinical isolates where highest frequency of sensitivity was observed with 1st generation aminoglycoside antibiotic gentamicin, 92.4% (n=73) and 2nd generation fluoroquinolone antibiotic ciprofloxacin, 78.9% (n=90) where we found moderate sensitivity against gentamicin, 60% (n=6) and ciprofloxacin, 50% (n=5). In Bangladesh, research by Barua et al. in 2024 reported low resistance rate of azithromycin, 37.5%; ciprofloxacin, 31.25% and ceftriaxone, 25% in Stapylococcus spp. (N=16) isolate, which is in line with the low resistance pattern (20-40%, N=10) observed in our data. Though high resistance against ampicillin, 100% was identified by this study whereas we showed only 50% ampicillin resistance.
A MAR index value greater than 0.2 indicates a high-risk source of contamination, whereas a source associated with low antibiotic use is indicated by a MAR index value less than 0.2 (Ayandele et al., 2020). In Nigeria, Isaiah et al. showed that MAR index of 0.4 was the most frequent, with a 25% prevalence in 108 clinical and nonclinical E coli isolates. In Iran, another study revealed that 91.2%, n=31 and 66.7%, n=14 of Pseudomonas spp and Klebsiella spp respectively were multi-drug resistant in clinical specimens; the prime MAR index of the two isolates was 0.4 (Osundiya et al., 2013). In India, one study showed that the proportion of isolates of Acinetobacter species with MAR index greater than 0.2 was 76.34%, n=71 while those had MAR index of 0.2 or less was 23.66%, n=22 among inpatients (Sandhu et al., 2016). Jain et al. reported 96% of E coli isolates with a MAR index greater than 0.3, whereas 64% with a MAR index above 0.5 (Jain et al., 2021). We hold a different perspective on those statements where MAR index of 0.2 or less in 14.3% (n=7) whereas greater than 0.2 in 85.7% (n=42) of strains out of 49 and 0.28 being the most frequent in most of the strains in different isolates.
However, there were some limitations in this study due to resource-limited settings in the lab. A low sample size is indeed a significant limitation in research as it directly compromises the statistical precision of the results. On top of that, a lack of molecular analysis of the pathogens is another critical challenge in pathogen detection in clinical diagnosis.
5. Conclusion
In conclusion, the escalating prevalence of multi-drug resistant strains underscores the growing challenge of managing BSIs in a developing resource-limited country. We identified the most common BSI pathogens isolated from blood samples and their antibiotic sensitivity profile so that these findings can shape targeted approaches to addressing constantly evolving threat of pathogens with bloodstream infections. 
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