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ABSTRACT 

Background: Bloodstream infections (BSIs) caused by Gram-negative bacteria (GNB) pose a significant global health concern, 

particularly due to their increasing resistance to antibiotics. The rapid emergence of multidrug-resistant (MDR) strains has 

complicated treatment strategies, leading to increased morbidity and mortality. Surveillance of antimicrobial susceptibility 

patterns is essential to guide effective therapeutic interventions and curb the spread of resistant bacterial strains. 

Objective: To determine the frequency of Gram-negative bacteria in bloodstream infections among pediatric patients and assess 

their antibiotic susceptibility patterns. 

Methods: A cross-sectional study was conducted over eight months in two tertiary care hospitals in Peshawar, Pakistan. A total 

of 2,247 blood samples from suspected bloodstream infection cases were collected and cultured on MacConkey agar for 

bacterial isolation. Identification of bacterial species was performed using standard morphological and biochemical methods. 

Antibiotic susceptibility testing was conducted using the Kirby-Bauer disk diffusion method, following Clinical and Laboratory 

Standards Institute (CLSI) 2020 guidelines. The resistance and susceptibility patterns were analyzed. 

Results: Among the 2,247 blood samples, 117 (5.2%) tested positive for Gram-negative bacteria. Males accounted for 72 

(61.5%) of the cases, while females constituted 45 (38.5%). Salmonella typhi was the most frequently isolated pathogen (97 

cases, 82.9%), followed by Pseudomonas aeruginosa (4 cases, 3.4%), Klebsiella pneumoniae (4 cases, 3.4%), and Escherichia 

coli (3 cases, 2.5%). High resistance was observed against Ciprofloxacin, Chloramphenicol, Ampicillin, and Cefepime, whereas 

Meropenem, Imipenem, and Azithromycin showed the highest sensitivity. 

Conclusion: The study highlights the increasing prevalence of antibiotic-resistant Gram-negative bacteria in bloodstream 

infections, emphasizing the urgent need for antimicrobial stewardship programs. The widespread resistance to commonly used 

antibiotics necessitates continuous surveillance and stringent policies to regulate antibiotic use in clinical settings. 

Keywords: Antibiotic Resistance, Bloodstream Infections, Gram-negative Bacteria, Multidrug Resistance, Pediatric Infections, 

Salmonella typhi, Susceptibility Testing. 
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INTRODUCTION 

Bloodstream infections (BSIs) represent a significant public health challenge worldwide, with an increasing prevalence and a substantial 

risk of morbidity and mortality, particularly in pediatric populations. These infections are caused by various bacterial pathogens, among 

which Gram-negative bacteria play a crucial role due to their ability to develop resistance to commonly used antibiotics. The 

transmission of bacterial infections occurs through multiple routes, including airborne droplets, direct contact, contaminated food and 

water, and vectors. Humans often serve as the primary or sole natural hosts for many bacterial pathogens, contributing to their widespread 

impact on global health (1). Gram-negative bacteria pose a serious clinical concern, especially in healthcare settings where 

immunocompromised individuals, such as those admitted to intensive care units (ICUs), are at heightened risk. The majority of clinically 

relevant Gram-negative bacteria belong to the Enterobacteriaceae family and non-fermenters, with additional pathogenic species such 

as Neisseria spp., Haemophilus spp., Helicobacter pylori, and Chlamydia trachomatis also contributing to significant infections (2). The 

burden of Gram-negative bloodstream infections is further exacerbated by rising antimicrobial resistance, which limits treatment options 

and complicates patient management. Surveillance data from Korea (2016–2017) identified Escherichia coli and Staphylococcus aureus 

as the predominant pathogens in BSIs, a trend similarly observed in European antimicrobial resistance surveillance reports spanning 

from 2002 to 2009. In contrast, regions such as Malawi report Salmonella typhi, non-typhoidal Salmonella, and Streptococcus 

pneumoniae as common causative agents of BSIs, emphasizing the geographical variability in pathogen distribution (3). 

Antimicrobial resistance patterns differ across regions, significantly impacting treatment efficacy. Gram-negative bacteria, including 

carbapenem-resistant Enterobacteriaceae, Pseudomonas aeruginosa, Acinetobacter baumannii, and Stenotrophomonas maltophilia, pose 

a considerable therapeutic challenge. Resistance to carbapenems and third-generation cephalosporins is particularly alarming, 

necessitating the development and clinical use of novel antimicrobial agents such as ceftolozane-tazobactam, imipenem-colistin-

tazobactam, meropenem-vaborbactam, plazomicin, eravacycline, and cefiderocol (4). The emergence of these resistant pathogens 

underscores the need for continuous surveillance and updated treatment strategies tailored to regional epidemiological trends. Despite 

the growing threat of Gram-negative bloodstream infections, there is limited regional data on their prevalence and antibiotic 

susceptibility patterns, particularly in pediatric populations. Understanding the antimicrobial resistance trends in these infections is 

essential for optimizing treatment guidelines and improving patient outcomes. This study was conducted at referral hospitals in Khyber 

Pakhtunkhwa to determine the frequency of Gram-negative bacterial bloodstream infections in children and assess their antibiotic 

susceptibility patterns. The findings will contribute to the growing body of knowledge on antimicrobial resistance, providing valuable 

insights for clinical management and guiding future research efforts in the region (5). 

METHODS 

This cross-sectional study was conducted in 2022 at Rahman Medical Institute Hospital and Hayat Abad Medical Complex, Peshawar, 

over a period of eight months following ethical approval from the institutional review board. The study aimed to determine the frequency 

of Gram-negative bacterial bloodstream infections and assess their antibiotic susceptibility patterns in pediatric patients. Informed 

consent was obtained from the legal guardians of all participants prior to sample collection (6). A total of 2,247 blood samples were 

collected from patients under the age of 18 who were suspected of having bloodstream infections. The study included hospitalized 

patients and inpatients with clinical suspicion of bacterial infections who had not received any antibiotic treatment in the preceding 48 

hours. Patients with conditions such as diabetes, leukemia, thalassemia, or other severe systemic illnesses were excluded to minimize 

confounding variables related to underlying immunosuppressive states (7). 

Blood samples ranging from 1 mL (for neonates) to 5 mL (for children) were obtained through venipuncture under aseptic conditions 

and immediately transferred into two separate resin-containing bottles—one for aerobic and one for anaerobic bacterial culture. Sodium 

polyanethol sulfonate (SPS), a commonly used anticoagulant, was employed to facilitate bacterial growth. The samples were 

subsequently incubated and cultivated for the isolation of Gram-negative bacterial strains. Standard morphological and biochemical tests 

were performed to identify bacterial species, including subculturing on blood agar and MacConkey agar (Oxoid, UK) followed by 

overnight aerobic incubation at 37°C. The colony morphology and culture characteristics were analyzed to confirm bacterial 

identification (8,9). Antimicrobial susceptibility testing was conducted using the Kirby-Bauer disk diffusion method in accordance with 

Clinical and Laboratory Standards Institute (CLSI) 2020 guidelines. The bacterial isolates were inoculated on Mueller-Hinton agar 

(Oxoid, UK), and the zone of inhibition around antimicrobial discs was measured to determine susceptibility patterns. The findings were 

interpreted based on CLSI standards to categorize the isolates as susceptible, intermediate, or resistant (10,11). 
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The selection of antimicrobial agents for susceptibility testing was based on commonly prescribed antibiotics for Gram-negative 

bacterial infections, following the Clinical and Laboratory Standards Institute (CLSI) 2020 guidelines. A panel of broad-spectrum and 

targeted antibiotics, including β-lactams, carbapenems, aminoglycosides, fluoroquinolones, and polymyxins, was utilized to assess 

resistance patterns. The exclusion of patients with diabetes, leukemia, and thalassemia was primarily due to their altered immune 

responses and pre-existing risk of bloodstream infections, which could introduce variability in antimicrobial susceptibility patterns. 

These patients often present with multidrug-resistant infections due to recurrent hospitalizations and prolonged antibiotic exposure, 

which may not reflect the resistance trends in the general pediatric population. However, future studies focusing on these high-risk 

groups could provide valuable insights into the specific resistance mechanisms and tailored treatment strategies for 

immunocompromised patients (12). 

RESULTS 

A total of 2,247 blood samples from pediatric patients suspected of 

bloodstream infections were analyzed, of which 117 (5.2%) tested 

positive for Gram-negative bacterial infections. Among these, 72 

(62%) cases were observed in males, while 45 (38%) were in females. 

Age-wise distribution of positive cases revealed that the highest 

prevalence was among children aged 0 to 3 years, with 32 cases. In 

children aged 4 to 6 years, 22 cases were identified, while 23 cases 

were observed in those aged 7 to 9 years. The number of positive 

cases decreased with age, with 18 cases in the 10 to 12-year group, 

14 cases in the 13 to 15-year group, and the lowest incidence of 8 

cases among those aged 16 to 18 years. Among the isolated bacterial 

species, Salmonella typhi had the highest positivity rate, accounting 

for 97 cases (4.3%), followed by Pseudomonas aeruginosa and 

Klebsiella with 4 cases each (0.17%). Other detected pathogens 

included Escherichia coli (3 cases, 0.13%), Acinetobacter (3 cases, 

0.13%), Citrobacter freundii (2 cases, 0.08%), Salmonella paratyphi 

(1 case, 0.04%), Burkholderia cepacia (1 case, 0.04%), 

Stenotrophomonas maltophilia (1 case, 0.04%), and Enterobacter 

vulneris (1 case, 0.04%). 

Antimicrobial susceptibility testing of the Gram-negative bacterial 

isolates demonstrated the highest sensitivity to Meropenem, 

Azithromycin, Imipenem, Trimethoprim-sulfamethoxazole (SXT), 

Amikacin, Tigecycline (TGC), and Gentamicin (GEN). In contrast, 

high resistance was observed against Ciprofloxacin (CIP), 

Chloramphenicol (C), Ampicillin (AMP), Co-amoxiclav, Ceftriaxone 

(CRO), Cefotaxime (CTX), Cefepime (FEP), and Trimethoprim-

sulfamethoxazole (SXT). A detailed resistance spectrum revealed that 

Salmonella typhi exhibited notable resistance to Ceftriaxone, 

Ampicillin, Ciprofloxacin, and Co-amoxiclav, while Pseudomonas 

aeruginosa demonstrated resistance to Cefepime, Piperacillin-Tazobactam, and Ciprofloxacin. Klebsiella showed resistance to 

Ceftriaxone, Ampicillin, and Cefotaxime, whereas E. coli exhibited resistance to Ampicillin, Ciprofloxacin, and Trimethoprim-

sulfamethoxazole. Acinetobacter and Citrobacter freundii displayed resistance to multiple beta-lactam antibiotics, including Ceftriaxone 

and Cefotaxime. Statistical analysis of antimicrobial resistance patterns across different age groups and genders revealed no significant 

difference in resistance prevalence (p > 0.05), indicating a uniform distribution of resistance trends among pediatric patients. 

Comparative analysis showed that males exhibited a slightly higher prevalence of antimicrobial resistance than females, though this 

difference was not statistically significant. Additionally, a substantial proportion of isolated Gram-negative bacteria demonstrated multi-

drug resistance (MDR), with Salmonella typhi, Klebsiella, Pseudomonas aeruginosa, and Acinetobacter exhibiting resistance to at least 

three or more major antibiotic classes. Notably, MDR Salmonella typhi strains displayed concurrent resistance to Ceftriaxone, 
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Ciprofloxacin, and Co-amoxiclav, while MDR Pseudomonas aeruginosa showed resistance to Cefepime, Piperacillin-Tazobactam, and 

Ciprofloxacin. The high prevalence of MDR strains underscores the urgent need for targeted antimicrobial stewardship strategies to 

optimize treatment protocols and mitigate the spread of resistant pathogens in pediatric bloodstream infections. 

 

Table 1: Age wise distribution 

Species of Gram Negative Bacteria 

Age 

(Years) 

S. 

typhi 

Klebsie

lla 

P.aerugin

osa 

E.co

li 

Acinetoba

cter 

C.freun

dii 

S. 

paratyph

i 

B.Cepe

cia 

S.Maltoph

ilia 

E.vulne

ris 

Tot

al 

0 to 3 18 3 2 3 2 1 - 1 - 1 31 

4 to 6 22 - - - - 1 1 - - - 24 

7 to 9 21 - - - - - - - - - 21 

10 to 12 15 - 1 - - - - - 1 - 17 

13 to 15 13 1 - - 1 - - - - - 15 

16 to 18 8 - 1 - - - - - - - 9 

Total 97 4 4 3 3 2 1 1 1 1 117 

 

Table 2: Antibiotic Resistant spectrum of Gram-negative bacteria

Gram negative bacteria’s 

Bacteria S. 

typhi 

S. 

paratyph

i 

S. 

Maltophili

a 

E. 

coli 

E. 

Vulnaris 

Acinetoba

cter 

C. 

freundii 

B. 

Cepecia 

Klebsiel

la 

P.aerugin

osa 

Antimicrobials S R S R S R S R S R S R S R S R S R S R 

cefipime/maxipi

me (FEP) 

1 3

6 

1 0 0 1 0 3 0 1 0 3 1 1 0 1 1 3 1 3 

CIPR0FLAXAC

IN 

(CIP/CPZ/CP) 

1

7 

7

9 

1 0 - - 2 1 - - 1 2 1 1 - - 1 3 2 2 

cefoperazone/sul

bactem (SCF) 

2

0 

1

1 

1 0 1 0 1 2 1 0 1 2 2 0 1 0 3 1 1 2 

pipercillin/Tazob

actum (TZP) 

1

8 

1

7 

1 0 1 0 2 1 1 0 - - 2 0 0 1 3 1 2 1 

co-amoxiclave 1 5

8 

0 1 - - - - 1 0 - - - - - - 2 2 1 3 

gentamicin 

(GEN) 

2

3 

5

0 

1 0 1 0 0 2 1 0 1 2 2 0 1 0 2 1 1 2 

Cefotaxime 

(CTX/CT) 

3 4

6 

1 0 1 0 1 0 1 0 1 2 2 0 0 1 2 2 1 2 
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Bacteria S. 

typhi 

S. 

paratyph

i 

S. 

Maltophili

a 

E. 

coli 

E. 

Vulnaris 

Acinetoba

cter 

C. 

freundii 

B. 

Cepecia 

Klebsiel

la 

P.aerugin

osa 

Meropenim 

(MEM) 

8

6 

2 1 0 0 1 1 2 1 0 0 3 2 0 1 0 2 2 3 1 

Imipenim( IMP) 4

3 

 
1 0 0 1 2 1 1 0 0 3 2 0 1 0 3 1 3 1 

Amikacin (AK) 2

7 

2 1 0 1 0 2 1 1 0 2 1 2 0 1 0 2 2 1 2 

levofloxacin( 

LEV) 

3

6 

1 - - - - 1 2 1 0 1 2 1 1 0 1 1 3 2 2 

ampicillin( AMP) 1 6

2 

0 1 - - 0 3 0 1 1 2 0 2 - - 2 2 3 1 

Amoxicillin+cla

vulanic 

(AMC/AUG) 

1

1 

7 1 0 1 0 0 3 1 0 0 3 0 2 1 0 0 4 1 3 

tetracycline 

(TET) 

1

1 

1

1 

- - 1 0 1 2 1 0 1 2 0 1 1 0 1 3 2 2 

doxycycline(DO

X) 

1

4 

1

3 

- - - - 0 3 - - 1 2 1 1 0 1 2 2 0 0 

ceftriaxone 

(CRO) 

2 5

8 

1 0 0 1 0 2 0 1 0 3 1 1 1 0 1 3 0 4 

Amoxicillin 

({AMO) 

- - 0 1 1 0 1 2 0 1 1 2 1 1 1 0 3 1 - - 

azithromycin( 

AZM) 

8

0 

1

0 

0 1 1 0 - - 0 1 - - - - 1 0 3 1 2 2 

tigecycline 

(TGC) 

2

4 

5 1 0 1 0 2 1 1 0 2 1 - - 1 0 4 0 - - 

Trimethoprim 

sulphamethaxazo

le(SXT) 

3

3 

2

6 

1 0 1 0 1 2 0 1 0 3 2 
 

1 0 2 2 - - 

aztreonam 

(ATM) 

1 1

1 

1 0 1 1 1 2 1 0 2 1 1 1 1 0 3 1 - - 

n: Number, S: Sensitive strains, R: Resistant strains 
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DISCUSSION 

The study investigated the prevalence and antimicrobial resistance patterns of Gram-negative bloodstream infections in pediatric patients 

under 18 years of age in hospitals across Peshawar. Out of 2,247 blood cultures, 117 (5.2%) tested positive for Gram-negative bacteria, 

with a higher prevalence observed in males (61.5%) compared to females (38%). The most frequently isolated pathogen was Salmonella 

typhi, accounting for 82% of positive cases, followed by Pseudomonas aeruginosa and Klebsiella (3.4% each), and Escherichia coli 

(2.5%). These findings align with previous studies that reported Salmonella typhi as the predominant pathogen in bloodstream infections, 

though variations in prevalence rates can be attributed to differences in study populations and sample sizes. A similar study conducted 

in a tertiary care hospital in Peshawar reported a higher positivity rate of 19.6%, which may be due to differences in study settings and 

patient selection criteria. Despite variations, both studies consistently highlight the significance of Gram-negative pathogens in 

bloodstream infections and their increasing antimicrobial resistance (13). Comparative analysis with other international studies reveals 

differences in bacterial distribution and resistance patterns, largely influenced by geographical and demographic factors. A study 

conducted in Saudi Arabia reported a much higher number of positive Gram-negative bacterial cases, with Pseudomonas aeruginosa 

and Klebsiella being the most commonly isolated pathogens. The broader age range of participants in that study, spanning from infancy 

to over 80 years, makes direct comparisons challenging. However, findings related to Pseudomonas aeruginosa resistance align with 

the current study, demonstrating high resistance to third-generation cephalosporins and beta-lactam antibiotics. Another study from a 

tertiary care hospital in Tanzania found Pseudomonas aeruginosa to be the most prevalent Gram-negative organism, contrasting with 

the current study where Salmonella typhi was the dominant pathogen. Differences in bacterial prevalence may be influenced by regional 

epidemiological factors, antibiotic prescription practices, and specific inclusion criteria, such as the Tanzanian study’s focus on 

malnourished children (14,15). 

Antimicrobial resistance trends observed in this study further emphasize the growing concern of multi-drug resistance (MDR) in 

bloodstream infections. The findings indicate a high degree of resistance to Ciprofloxacin, Chloramphenicol, Ampicillin, Co-amoxiclav, 

Ceftriaxone, and Cefotaxime, while susceptibility remained highest to Meropenem, Azithromycin, Imipenem, and Amikacin. A study 

conducted in a similar setting identified Salmonella typhi as a highly resistant pathogen, supporting the current findings that indicate its 

significant resistance to Ceftriaxone, Ciprofloxacin, and Co-amoxiclav. In contrast, Pseudomonas aeruginosa exhibited resistance to 

Cefepime, Piperacillin-Tazobactam, and Ciprofloxacin, consistent with reports from other studies conducted in both regional and 

international settings. The widespread use of empirical and prophylactic antibiotic therapy, particularly in developing countries, 

contributes significantly to this resistance crisis (16,17). The study has several strengths, including a relatively large sample size and a 

focus on pediatric patients, which remains an underreported population in antimicrobial resistance research. However, certain limitations 

must be acknowledged. The study was limited to specific hospitals in Peshawar, restricting the generalizability of findings to other 

Figure 2 Age Wise Distribution of Gram-Negative Bacteria Positive 

Cases 
Figure 1 Gender Distribution of Gem-Negative Bacteria Positive Cases 



Volume 3 Issue 1: Gram-negative bacteria in bloodstream infections 
Jamal SF et al.  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                 738 

regions. The lack of molecular characterization of resistance genes limits a deeper understanding of the underlying mechanisms driving 

antimicrobial resistance. Additionally, the exclusion of immunocompromised patients, such as those with diabetes, leukemia, and 

thalassemia, may have led to an underestimation of the true burden of resistant bloodstream infections in high-risk pediatric populations. 

Future studies should consider including these patient groups to provide a more comprehensive assessment of antimicrobial resistance 

trends (18,19). 

The increasing prevalence of MDR strains observed in this study underscores the urgent need for antibiotic stewardship programs. The 

implementation of mandatory antibiotic susceptibility testing before prescribing antimicrobials can help optimize treatment strategies 

and reduce resistance development. Regular surveillance studies are essential to monitor resistance trends and guide empirical antibiotic 

therapy. Strengthening policies on antibiotic use in healthcare facilities and regulating over-the-counter sales of antibiotics is necessary 

to combat the rising threat of antimicrobial resistance. Additionally, increasing awareness among healthcare professionals and the general 

public regarding the risks associated with the indiscriminate use of antibiotics is crucial to curbing the antibiotic resistance crisis (20,21). 

CONCLUSION 

The findings of this study highlight the alarming rise in antibiotic resistance among Gram-negative bacterial bloodstream infections in 

pediatric patients, posing a significant threat to public health. The predominance of Salmonella typhi, followed by Pseudomonas 

aeruginosa and Escherichia coli, underscores the urgent need for targeted surveillance and antimicrobial stewardship strategies. High 

resistance to commonly used antibiotics, particularly fluoroquinolones, beta-lactams, and aminopenicillins, raises concerns about the 

diminishing efficacy of standard treatment options. In contrast, susceptibility to carbapenems and select aminoglycosides provides some 

therapeutic alternatives, though their overuse could further accelerate resistance. The growing burden of antimicrobial resistance 

necessitates stricter policies on antibiotic use, routine susceptibility testing before prescribing, and public awareness initiatives to curb 

the indiscriminate use of antibiotics. Immediate action is required to prevent the further escalation of resistance and safeguard the 

effectiveness of available antimicrobial therapies for future generations. 
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