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ABSTRACT 
Background: Neonatal sepsis remains a leading cause of morbidity and mortality worldwide. Early identification of causative 
organisms and their antibiotic susceptibility is essential for effective management, particularly in settings with rising antimicrobial 
resistance. 
Objective: To determine the distribution of pathogens causing neonatal sepsis and assess their antibiotic sensitivity patterns at 
Rawal General Hospital, Islamabad. 
Material and Methods: This retrospective study analyzed 350 clinical samples from neonates aged 0–28 days with suspected 
sepsis, collected between August 2022 and August 2023. Standard culture methods were employed for bacterial isolation, and 
organisms were identified using Gram staining, colony morphology, and biochemical tests. Antibiotic  susceptibility testing was 
performed using the Kirby–Bauer disk diffusion method following CLSI guidelines. Tested antibiotics included ampicillin, 
gentamicin, amikacin, cefotaxime, ceftazidime, meropenem, piperacillin-tazobactam, ciprofloxacin, and vancomycin. 
Results: Culture positivity was observed in 23 (6.6%) samples. Gram-negative bacteria predominated (73.9%), with Escherichia 
coli (30%) and Klebsiella pneumoniae (26%) being most frequent. Gram-positive isolates included Staphylococcus aureus 
(17%) and coagulase-negative staphylococci (13%). High resistance was noted to ampicillin and third-generation 
cephalosporins, while amikacin and meropenem were largely effective. 
Conclusion: Gram-negative bacteria are the primary pathogens in neonatal sepsis at this hospital, with significant resistance to 
first-line antibiotics. Continuous surveillance of antimicrobial susceptibility is essential to guide empirical therapy and improve 
neonatal outcomes. 
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INTRODUCTION 
Neonatal sepsis is a major health complication in the world and 
one of the major causes of neonatal morbidity and mortality, 
especially in the low and middle-income nations. It is a systemic 
infection that develops during the first 28 days of life, which can be 
either early-onset or late-onset disease depending on the time 
taken to develop. The clinical picture is usually mild and unspecific, 
such as poor nutrition, miosis, sporadic temperature changes, 
dyspnea, and sleep apnea that makes it harder to identify it early 
and provide timely care1, 2. 
 The burden of neonatal sepsis is high even in spite of the 
development of neonatal intensive care and antimicrobial 
treatment. The gold standard of diagnosis remains the blood 
culture, though, the positivity rate of the cultures is often low, such 
as the reasons being exposures to antibiotics, poor volume 
sampling of the blood, and low bacterial load of the neonate3. 
Empirical antibiotic treatment is also often started and hence the 
need to comprehend the local pathogen profile and antimicrobial 
resistance pattern. 
 Neonatal sepsis etiological agents vary in different regions 
and healthcare facilities. Gram- Negative organisms like 
Escherichia coli and Klebsiella pneumoniae are always found to be 
the most frequent pathogens, particularly in studies which have 
been conducted in hospitals in the developing countries4,5. These 
organisms are usually related to serious disease, high rate of 
progression and increased mortality. Gram-positive bacteria, 
especially Staphylococcus aureus and coagulase-negative 
staphylococci also play an important role in neonatal sepsis, 
particularly in late-onset and healthcare-associated infections6. 
 There is a reported alarming increase of antimicrobial 
resistance of neonatal pathogens across the globe. The resistance 
rates to first-line antibiotics (ampicillin and third generation 
cephalosporins) have been found to be high thus reducing their  
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efficacy forcing people to use wider spectrum agents like 
aminoglycosides and carbapenems7. There is not only 
complication in treatment but also problem of increased hospital 
stay, healthcare costs and risk of mortality among neonates 
brought about by the emergence of multidrug-resistant organism. 
 Local data on surveillance are essential in directing the 
empirical policies on antibiotics and enhancing antimicrobial 
stewardship efforts. The trend of resistance can also differ 
considerably even within the same nation because of the variations 
in the practice of antibiotic use, infection control, and hospital 
infrastructure8. Hence, it is necessary to use the institution-specific 
data to optimize treatment schemes and enhance neonatal 
outcomes. 
 Neonatal sepsis is one of the most topical public health 
issues in Pakistan, but there is a lack of up-to-date and centre-
specific data on causative organisms and antimicrobial 
susceptibility profiles. Knowledge of the local epidemiology of 
neonatal sepsis would be of paramount importance to treatment 
guidelines based on evidence and the emergent threat of 
antimicrobial resistance in the neonatal care environment. 
Objective: To identify patterns of distribution of microorganisms 
that cause neonatal sepsis and also to observe the patterns of 
their antibiotic sensitivity in Rawal General Hospital, Islamabad. 
 
MATERIAL AND METHODS 
Study Design and Setting: This was a retrospective 
observational study that was carried out in the Department of 
Microbiology at Rawal General Hospital, which is a tertiary care 
healthcare institution that offers neonatal services, including 
intensive care services. 
Study Period: The research was conducted during one year of the 
period, between August 2022 and August 2023. 
Study Population: The population that was used in the study was 
a group of neonates (0-28 days old) whose samples were put in 
the Microbiology Laboratory to undergo a routine culture of 
bacteria throughout the study. 
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Sample Size and Sampling Methodology: The study involved 
350 clinical samples of suspected cases of sepsis in neonates. 
The sampling was done consecutively and all the possible samples 
that were obtained throughout the period of study were analyzed. 
Inclusion and Exclusion Criteria: Infants at the age of 0-28 days 
with clinical suspicion of sepsis and samples submitted to bacterial 
culture within the period of the research were eligible to take part. 
The neonates with age above 28 days, contaminated or poorly 
collected samples and recurring or duplicate samples within a 
single patient were not included into the analysis. 
Processing and Collection of Specimens: The collection of 
blood samples and other relevant clinical samples was done under 
strict aseptic conditions in line with the protocols of the hospital. 
The blood samples were put in the right culture media and carried 
to the Microbiology Laboratory to be processed. 
Microbiological Culture and Identification: The samples were 
grown on blood agar, MacConkey agar, and other suitable 
selective media according to the general practice of the laboratory. 
The plates were inoculated with culture and incubated aerobically 
at 37C and observed to grow after 24 and 48 hours. The bacterial 
isolates were identified using Gram staining, morphology, and of 
the standard biochemicals. 
 The test is known as the antibiotic susceptibility test. 
 The Kirby-Bauer disk diffusion method of antibiotic 
susceptibility testing was done on Mueller-Hinton agar. The 
interpretation of the results was based on the Clinical and 
Laboratory Standards Institute (CLSI). Antibiotics that were tested 
were ampicillin, amoxicillin-clavulanate, gentamicin, amikacin, 
cefotaxime, ceftazidime, ceftriaxone, piperacillin-tazobactam, 
ciprofloxacin, vancomycin and merpenem. Only gram-positive 
isolates were subjected to vancomycin susceptibility testing. 
Quality Control: The testing of culture media and antibiotic discs 
was done according to the CLSI recommendations by quality 
assurance of standard reference strains. All the laboratory works 
were conducted by competent microbiology staff in accordance 
with standard operating procedures. 
Data collection and analysis Data collection and analysis: The 
retrospective review of laboratory records was done to obtain 
information about their patient age, culture outcome, identified 
organisms and antibiotic susceptibility profile. Statistical software 
was used in entering and analyzing the data. Frequencies and 
percentages were calculated and reported with the help of 
descriptive statistics, and represented in tables and figures. 
Ethical Considerations: The institutional ethical review committee 
of Rawal General Hospital was used to get ethical approval of the 
study. Since the study was retrospective and laboratory-based, 
informed consent was not used and the patient confidentiality was 
also ensured. 
 
RESULTS 
The study period involved the processing of 350 clinical samples of 
suspected neonatal sepsis. The overall culture positivity rate was 
6.6% and 23 samples grew whereas 327 samples (93.4%) did not 
grow. Table 1 summarizes the distribution of culture-positive and 
culture-negative samples. 
 Out of the 23 culture-positive isolates, Gram-negative 
bacteria were most common and they included 17 isolates 
(73.9%), and Gram-positive organisms included 6 isolates (26.1) 
as demonstrated in Table 2. Escherichia coli was the most 
commonly isolated organism (30 out of all isolates) followed by 
Klebsiella pneumoniae (26 out of all isolates). Other Gram-

negative causative agents comprised Pseudomonas aeruginosa 
(9%), Acinetobacter baumannii (4%), and Serratia marcescens 
(4%). Staphylococcus aureus was the most frequent isolate with 
17% followed by coagulase-negative staphylococci (13) and 
Streptococcus species (4). Table 3 and Figure 1 show the 
distribution of isolated organisms in detail. 
 The antibiotic susceptibility test showed that the majority of 
isolates had a high level of resistance to ampicillin. The gram-
negative organisms showed a significant resistance to the third-
generation cephalosporins, which include cefotaxime and 
ceftazidime. Amikacin and meropenem on the other hand were the 
most sensitive in Gram-negative isolates. Piperacillin-tazobactam 
and ciprofloxacin were also effective against a number of Gram-
negative pathogens. Gram-positive bacteria were highly 
susceptible to gentamicin, amikacin, and vancomycin and none 
were resistant to vancomycin. Table 4 displays the sensitive 
patterns of individual organisms to antibiotics in detail, whereas the 
comparison patterns are presented in Figure 1. 
 
Table 1: Culture Results of Neonatal Samples (n = 350) 
Culture Result Number Percentage (%) 
Culture positive 23 6.6 
Culture negative 327 93.4 
Total 350 100 
 
Table 2: Distribution of Isolates by Gram Reaction (n = 23) 
Gram Reaction Number of Isolates Percentage (%) 
Gram-negative bacteria 17 73.9 
Gram-positive bacteria 6 26.1 
Total 23 100 
 
Table 3: Distribution of Microorganisms Isolated from Neonatal Sepsis 
Organism Number Percentage (%) 
Escherichia coli 7 30 
Klebsiella pneumoniae 6 26 
Staphylococcus aureus 4 17 
Coagulase-negative staphylococci 3 13 
Pseudomonas aeruginosa 2 9 
Acinetobacter baumannii 1 4 
Serratia marcescens 1 4 
Streptococcus spp. 1 4 
Total 23 100 
 

Figure 1: Distribution of Microorganisms Causing Neonatal Sepsis 

 
Table 4: Antibiotic Sensitivity Pattern of Bacterial Isolates 
R = Resistant, S = Sensitive 
Vancomycin tested only for Gram-positive organisms 

 
Organism Ampicillin Gentamicin Amikacin Cefotaxime Ceftazidime Ciprofloxacin Meropenem Vancomycin
E. coli R S S R R S S –
K. pneumoniae R S S R R S S – 
S. aureus R S S S S S S S 
CONS R S S S S S S S 
P. aeruginosa R S S S S S S – 
A. baumannii R S S R     
Serratia spp. R S S R     
Streptococcus spp. S S S S     
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DISCUSSION 
It is shown that the Gram-negative bacteria were the major 
causative agent of neonatal sepsis and close to three-quarters of 
all culture-positive isolates in the current study. The most common 
pathogens were Escherichia coli and Klebsiella pneumoniae. The 
given finding is also in line with several recent studies that have 
revealed a similar prevalence of Gram-negative organisms in 
neonatal sepsis, especially in hospital-based conditions, in which 
these pathogens are linked to serious illness and poor 
outcomes9,10. 
 The rate of culture positivity in this research was not that 
high. Similar studies have also found the presence of variable 
culture positivity rates with low to moderate level of culture 
positivity. These discrepancies are often explained by early 
exposure to empirical antibiotics prior to blood sampling, little 
bacteria in the circulation of newborns, and issues connected to 
specimen size and the time and place of collection11,12. These 
aspects still restrain microbiological validation of neonatal sepsis 
and emphasize the use of empirical treatment in clinical practice. 
 Patterns of resistance within Gram-negative isolates are of 
great concern. Ampicillin resistance as well as third-generation 
cephalosporin was high especially against E. coli and Klebsiella 
pneumoniae. There is a similar pattern in resistance to beta-lactam 
antibiotics in recent multicentre studies that reported extensive 
resistance to standard beta-lactam antibiotics in the neonatal 
sepsis pathogens13,14. This resistance significantly decreases the 
potency of the standard first-line treatment regimens. 
 AMI and meropenem on the other hand were active against 
the majority of Gram-negative isolates in the current study. Recent 
studies also have stated maintained vulnerability of the neonatal 
sepsis pathogens to the aminoglycosides and carbapenems, 
rendering them essential choices in high cephalosporin resistance 
settings15,16. Nonetheless, the growing reliance on carbapenems 
brings a question about the possibility of the coming up with 
carbapenem-resistant organisms in the future. 
 Staphylococcus aureus and coagulase-negative 
staphylococci were found in more than a quarter of the isolates 
(gram-positive organisms). They continue to play a significant role 
in the neonatal sepsis, particularly in healthcare-associated 
infections. It was highly susceptible to vancomycin, gentamicin, 
and amikacin, which is in line with the recent research publications 
that have indicated the continued use of glycopeptides on Gram-
positive neonatal pathogens17. The lack of vancomycin resistance 
in the study is an encouraging situation that will have to undergo 
further monitoring. 
 The continued resistance to first-line antibiotics underscores 
the pressing need to upgrade the local antibiograms as a basis to 
inform the empirical treatment. Some of the recent reports have 
highlighted that the presence of empirical antibiotic policies that do 
not agree with local resistance trends have led to poor clinical 
outcomes and enhancements in antimicrobial resistance18,19. It is 
thus critical that the neonatal care is optimized by regular 
monitoring and updating of treatment guidelines. 
 Comprehensively, the results of this research support the 
current concern in the world about the dynamic microbiological 
profile of neonatal sepsis and the increasing problem of 
antimicrobial resistance. Tightening of infection prevention 
measures, reasonable antibiotic use, and effective antimicrobial 
stewardship interventions, is essential to decrease the burden of 
resistant neonatal infections and enhance survival outcomes20. 
Limitations: There are some limitations of this study. Its 
retrospective nature restricted the availability of more clinical data, 
such as when sepsis developed, maternal risk factors and patient 
outcomes. The low amount of culture-positive cases and the fact 
that this study was carried out in one center could limit the 
applicability of the results. Also, the molecular characterization of 

the resistance mechanisms was not carried out, which would have 
given more information on the antimicrobial resistance patterns 
observed. 
CONCLUSION 
Gram-negative bacteria become the causative organisms of 
neonatal sepsis at Rawal General Hospital, Escherichia coli and 
Klebsiella pneumoniae were the most common isolates. It 
exhibited high resistance to first-line antibiotics, especially 
ampicillin and the third -generation cephalosporins, but 
meropenem and amikacin were not resistant. These results 
underscore the urgency of ongoing local surveillance of pathogens 
and their pattern of antimicrobial susceptibility to guide empirical 
treatment, enhance antibiotic stewardship, and have a beneficial 
clinical outcome in neonates. 
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