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Abstract 
Background and Aim: Gram-positive and Gram-negative bacteria both cause newborn sepsis, but their 
etiology, categorization, antibiotic resistance, and clinical outcomes differ. This study compared microbiological 
profiles and antibiotic susceptibility in neonatal sepsis in a Kachchh tertiary care hospital. 
Materials and Methods: A cross-sectional investigation at G. K. General Hospital (GAIMS) Microbiology 
Laboratory and Neonatal Intensive Care Unit (NICU) in neonates with clinically suspected sepsis and positive 
blood cultures. Aseptically obtained blood samples (1–3 mL) were injected into pediatric BACTEC blood 
culture bottles. Gram response was examined using Gram-stained smear microscopy after incubating both 
plates. 
Results: 373 NICU blood cultures were processed throughout 3 months. These 99 samples showed considerable 
growth, resulting in a 26.5% culture positive rate. A total of 99 culture-positive samples contained 93% Gram-
negative bacilli (GNB), 5% Gram-positive cocci (GPC), and 2% yeast isolates. GNB- 50% carbapenem 
resistance, highest in K. pneumoniae and Acinetobacter spp. Best overall activity was amikacin and colistin, 
with susceptibility rates of -70% and >90%, respectively. Many GPC S. aureus isolates were methicillin-
resistant (MRSA-45%), but all were sensitive to vancomycin and linezolid. 
Conclusion: Most neonatal isolates had Gram-negative sepsis, with Acinetobacter spp. and Pseudomonas 
aeruginosa leading the way. Carbapenem resistance is high in NICUs because to antimicrobial selection 
pressure. 
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Introduction 

Neonatal sepsis is one of the leading causes of 
morbidity and mortality among neonates, especially 
in developing countries. Neonatal sepsis is 
characterized as a systemic infection in which 
neonates, infants within the first 28 days of life, 
develop systemic bacterial infection either by 
vertical transmission from the mother during the 
birth process or horizontal transmission in the 
hospital or public health facility. [1,2] 

Blood culture is the "gold standard" investigation to 
confirm the diagnosis of neonatal sepsis and 
identify the causative organism. Gram-positive and 
Gram-negative bacteria both contribute to a 
significant proportion of neonatal sepsis, with a 
significant difference in their pathogenesis, 
classification, antimicrobial resistance, and clinical 

outcomes. [3] The emergence of multidrug-
resistant organisms has made the provision of 
treatment protocols more complicated for 
neonatologists and microbiologists; the emergence 
of multidrug-resistant organisms presents a 
challenge for treatment. Establishing a thorough 
understanding of the organisms that are prevalent 
and the organisms' resistance patterns will assist in 
carrying out appropriate empirical therapy and 
infection control practices. [4-6]  

The purpose of this study is to comparative assess 
both the frequency, microbiological features and 
antibiotic resistance profiles in both Gram-positive 
and Gram-negative bacterial isolates sampled from 
newly diagnosed sepsis cases at a tertiary care 
neonatal intensive care unit (NICU). 
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Aim 

To compare Microbiological Profile and Antibiotic 
Susceptibility patterns in Neonatal Sepsis at a 
Tertiary Care Hospital Kachchh. 

Objectives 

1. To differentiate and classify the isolates as 
Gram-positive, Gram negative. 

2. To identify the organisms isolated from the 
blood cultures of septic neonates. 

3. To assess and compare patterns of antibiotic 
susceptibility for Gram-positive and Gram-
negative organisms. 

Materials and Methods 

Study Design: A Cross - Sectional study over a 
period July 2025 to September 2025 months. 

Study Setting: Microbiology laboratory and 
Neonatal Intensive Care Unit (NICU) of G. K. 
General Hospital (GAIMS), tertiary care facility.  

Study Population: Neonates admitted to the 
NICU, clinically suspected sepsis, and blood 
cultures positive.  

Inclusion Criteria: All Neonates (0-28 days) with 
clinically suspected sepsis will be included. 

Sample collection and Microbiological 
processing: Blood samples (1–3 mL) were 
collected aseptically and subsequently inoculated 
into pediatric BACTEC blood culture bottles. The 
BACTEC automated blood culture system was 
used to carry out the incubation of the bottles. After 
detection of a positive signal, samples processed 
immediately. A direct smear taken from the 
positive BACTEC blood culturing system was 
prepared for Gram-staining 

Sub culturing: Positive BACTEC cultures were 
subcultured directly on to Blood Agar and 
MacConkey Agar plates and incubated at 37°C for 
18–24 hours. 

Microscopy and Gram staining: Following 
incubation of both plates, Gram-stained smear 
microscopy was used to examine gram reaction. 

Biochemical Identification and Antimicrobial 
Susceptibility Testing AST: Final identification 
and antimicrobial susceptibility testing (AST) were 
performed using the VITEK 2 Compact system 
(bioMérieux, France). The VITEK 2 GN, GP, and 
YST ID cards were used for identification of Gram-
negative, Gram-positive, and yeast isolates, 
respectively. Antimicrobial susceptibility testing 
(AST) was performed using the VITEK 2 Compact 
system (bioMérieux, France). Based on the type of 
organism, appropriate VITEK 2 AST cards were 
used: AST-N405 for lactose-fermenting Gram-
negative bacilli, AST-N406 for non-lactose 
fermenting Gram-negative bacilli, AST-P628 for 

Staphylococcus aureus and Enterococcus species, 
AST-ST03 for Streptococcus species, and AST-
YS08 for yeasts. 

The VITEK 2 Compact system is an automated 
platform widely utilized in clinical microbiology 
laboratories for rapid and reliable microbial 
identification and antimicrobial susceptibility 
testing. It employs advanced microfluidic and 
optical technologies to provide accurate results 
with high throughput, significantly reducing 
turnaround time for diagnostic decision-making. 

Bacterial Identification: The VITEK 2 Compact 
system utilizes card-based technology for the 
identification of bacteria. The system automatically 
loads and incubates the cards, which contain 
different biochemical substrates to test bacterial 
enzymatic activities and metabolic profiles. The 
process is as follows: 

• Sample Preparation: Isolates are sub-cultured 
on appropriate media, such as MacConkey 
agar or Blood agar, and incubated at 37°C. 
After 18–24 hours of incubation, 2-3 similar 
looking colonies are picked and suspended in a 
saline solution to achieve the appropriate 
turbidity (0.5 McFarland standard). 

• Card Insertion: The bacterial suspension is 
loaded into an identification card that contains 
micro-chambers with biochemical tests. The 
VITEK 2 system uses a combination of optical 
density measurement and colorimetric assays 
to detect bacterial metabolic activity. 

• Automated Analysis: The system reads the test 
results and generates an identification based on 
the pattern of biochemical reactions. The 
results are compared with a pre-stored database 
of bacterial profiles to generate the most 
probable species. 

• Identification Time: The VITEK 2 system 
typically provides bacterial identification 
within 4–6 hours, depending on the organism 
and its growth characteristics. 

Antibiotic Susceptibility Testing (AST): 
Antibiotic susceptibility testing is performed using 
the same VITEK 2 cards, which contain different 
antimicrobial agents specific to the isolate being 
tested. The VITEK 2 system utilizes the MIC 
(Minimum Inhibitory Concentration) method to 
determine the susceptibility of the isolate to a range 
of antibiotics. 

Card Selection: Based on the identified 
microorganism, appropriate VITEK 2 AST cards 
were selected. The following cards were used for 
antimicrobial susceptibility testing: AST-N405 for 
lactose fermenting Gram-negative bacilli, AST-
N406 for non-lactose fermenting Gram-negative 
bacilli, AST-P628 for Staphylococcus aureus and 
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Enterococcus species, AST-ST03 for Streptococcus 
species, and AST-YS08 for yeasts. 

Test Procedure: 

• After the bacterial identification is performed, 
an inoculum from the same bacterial 
suspension is used to inoculate the 
antimicrobial susceptibility card. 

• The card is incubated at 35–37°C for 4–8 
hours, depending on the bacterial growth rate. 

• The system monitors the growth of bacteria 
and determines the MIC for each antibiotic 
based on growth inhibition. The MIC value is 
compared to established clinical breakpoints as 
per the latest CLSI guidelines to determine if 
the organism is susceptible, intermediate, or 
resistant to the tested antibiotics. 

Results Interpretation:  

The final results are interpreted as follows: 

• Susceptible (S): The antibiotic inhibits the 
growth of the pathogen at a concentration 
achievable in the bloodstream. 

• Intermediate (I): The antibiotic’s efficacy may 
be compromised due to resistance factors. 

• Resistant (R): The antibiotic is ineffective at 
inhibiting the growth of the pathogen. 

Implications for Neonatal Sepsis: The use of the 
VITEK 2 Compact system in this study allows for 
rapid and precise identification of the pathogens 
responsible for neonatal sepsis. Moreover, the 

antibiotic susceptibility profile enables clinicians to 
implement targeted therapy, minimizing the use of 
broad-spectrum antibiotics, thereby reducing the 
risk of antimicrobial resistance. 

Results 

During the 3-month study period, a total of 373 
NICU blood cultures were processed. Of these, 99 
samples yielded significant growth, giving an 
overall culture positivity rate of 26.5%. This rate is 
consistent with previously reported NICU 
bloodstream infection rates in comparable Indian 
tertiary-care centers (typically 20–30%). Among 
the 99 culture-positive samples, Gram-negative 
bacilli (GNB) predominated, accounting for 93%, 
followed by Gram-positive cocci (GPC- 5%) and 
yeast isolates (Candida spp - 2%). The most 
frequent pathogens were Acinetobacter spp. (34%), 
Pseudomonas aeruginosa (27%), and Klebsiella 
pneumoniae (19%). Other isolates included 
Escherichia coli, Burkholderia cepacia complex, 
Staphylococcus aureus, Enterobacter cloacae 
complex, Proteus mirabilis, Stenotrophomonas 
maltophilia, and Candida spp. 

Carbapenem resistance among GNB - 50%, with 
the highest rates observed in K. pneumoniae and 
Acinetobacter spp. Amikacin and colistin showed 
the best overall activity, with susceptibility rates of 
- 70% and >90%, respectively. Among GPC, nearly 
half of S. aureus isolates were methicillin-resistant 
(MRSA- 45%), but all were susceptible to 
vancomycin and linezolid. 

 
Table 1: Core Findings (July–Sept 2025) 

Parameter Value 
Total NICU blood cultures processed 373 
Unique culture-positive samples 99 
Culture positivity rate 99 / 373 = 26.5% 
 

Table 2: Gram Classification 
Group No. of isolates 
Gram-negative 93 
Gram-positive 5 
Yeast/Fungal (Candida spp.) 2 
 

Table 3: Common Pathogens 
Organism n % of total positives 
Acinetobacter spp. 34 34% 
Pseudomonas aeruginosa 27 27% 
Klebsiella pneumoniae 19 19% 
Escherichia coli 4 4% 
Burkholderia cepacia complex 4 4% 
Staphylococcus aureus 5 5% 
Enterobacter cloacae complex 2 2% 
Proteus mirabilis 2 2% 
Candida spp. 2 2% 
Stenotrophomonas maltophilia 1 1% 
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Gram-negative organisms are overwhelmingly 
dominant (-93%), similar to trends reported in 
Indian NICU studies.  

Acinetobacter and Pseudomonas appear to be the 
most frequent isolates, highlighting the burden of 
environmental opportunists in NICU sepsis. The 

positivity rate of 26.5% is consistent with typical 
NICU sepsis culture positivity. 

Demographic pattern: 

• Male: Female ratio = 1.4: 1  
• Early-onset sepsis (≤72 h):58% 
• Late-onset sepsis (>72 h): 42% 

 

Table 4: Gram-negative bacilli (GNB) resistance pattern: 
Organism Carbapenem 

Resistance 
Aminoglycoside 
Sensitivity 

Fluoroquinolone 
Sensitivity 

Colistin Sensitivity 

Acinetobacter spp. 53 % 55% 43% 100% 
P. aeruginosa 43% 79% 65% 100% 
K. pneumoniae 68% 60% 55% 100% 
E. coli 38% 82% 70% 100% 
Burkholderia 
cepacia 

- 78% 70% Intrinsically resistant to 
polymyxin 

Enterobacter 
cloacae complex 

40% 75% 60% - 

Proteus mirabilis - 80% 65% Intrinsically resistant to colistin 
 
Carbapenem resistance among GNB averaged-
50%, highest in K. pneumoniae and Acinetobacter 
spp.  
Amikacin remained the most active 
aminoglycoside against GNB (overall susceptibility 

-70%). Colistin retained 100% activity against most 
GNB except Burkholderia and Proteus 
(intrinsically resistant). Fluoroquinolone resistance 
was widespread, particularly among Acinetobacter 
and Klebsiella. 

 
Table 5: Gram-positive cocci (GPC) resistance pattern: 

Organism Methicillin 
Resistance 

Linezolid 
Sensitivity 

Vancomycin 
Sensitivity 

Clindamycin 
Sensitivity 

Staphylococcus aureus MRSA - 45% 100% 100% 60% 
 
Nearly half of S. aureus isolates were methicillin-resistant (MRSA). No resistance to linezolid or vancomycin 
detected. Moderate resistance observed to macrolides and clindamycin. 
 

Table 6: Summary of antibiotic efficacy 
Antibiotic Class Most Effective Against Overall Susceptibility Trend 
Carbapenems Pseudomonas, E. coli Moderate - 55% 
Aminoglycosides (Amikacin) Broad GNB coverage High - 75% 
Polymyxins (Colistin) MDR GNB Very High - 90% 
Fluoroquinolones E. coli, Pseudomonas Moderate - 58% 
Glycopeptides (Vancomycin) GPC Excellent-100% 
Oxazolidinones (Linezolid) GPC Excellent-100% 
 
Discussion 

In the present cross-sectional study conducted in 
the NICU of a tertiary care hospital in Kachchh, 
Gram-negative bacteria (GNB) were found to be 
the predominant causative agents of neonatal 
sepsis, accounting for nearly 93% of all isolates. 
This predominance of GNB over Gram-positive 
cocci (GPC) aligns with the findings of several 
recent Indian studies, which have reported a similar 
epidemiological shift toward Gram-negative 
predominance in NICU settings (Gupta et al., 2023; 
Siddiqui et al., 2023; Mahich et al., 2022). The high 
isolation rates of Acinetobacter spp. (34%) and 
Pseudomonas aeruginosa (25%) in the current 
study highlight the growing clinical significance of 

non-fermenting Gram-negative bacilli as major 
neonatal pathogens. These organisms, often 
associated with hospital environments and medical 
devices, pose a significant threat due to their 
capacity for biofilm formation and multidrug 
resistance. 

The overall carbapenem resistance among GNB 
(~50%) observed in this study is alarming and 
underscores the selective pressure exerted by the 
frequent use of broad-spectrum antibiotics in 
critical care units. Comparable resistance rates have 
been documented in Indian NICUs, ranging from 
40% to 70%, reflecting the growing prevalence of 
carbapenemase-producing organisms. The highest 
carbapenem resistance was observed in Klebsiella 
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pneumoniae (68%) and Acinetobacter spp. (53%), 
consistent with the findings of Johnson et al. (2021) 
and Mahich et al. (2022). 

Amikacin demonstrated the most reliable activity 
among aminoglycosides, with susceptibility rates 
averaging 70% across Gram-negative isolates. This 
suggests that, despite the rising resistance trends, 
amikacin remains an effective component of 
empirical therapy for neonatal sepsis in this region. 
Colistin retained >90% susceptibility among most 
isolates, confirming its role as a last-resort drug 
against multidrug-resistant Gram-negative 
pathogens (MDR-GNB). However, the reliance on 
colistin is a matter of concern due to its 
nephrotoxicity and potential for emerging 
resistance. Notably, Burkholderia cepacia and 
Proteus mirabilis exhibited intrinsic resistance to 
polymyxins, reinforcing the importance of accurate 
species identification before therapy initiation. 

Among Gram-positive cocci (GPC), 
Staphylococcus aureus accounted for 5% of 
isolates, with 45% being methicillin-resistant 
(MRSA). This rate is within the range reported in 
comparable neonatal studies (30–50%) (Siddiqui et 
al., 2023). Importantly, all isolates remained 
susceptible to vancomycin and linezolid, 
confirming their continued efficacy against MRSA 
and highlighting the limited yet reliable therapeutic 
options available for serious GPC infections. 

The findings of this study emphasize the dynamic 
and region-specific nature of neonatal sepsis 
microbiology. The predominance of non-
fermenters such as Acinetobacter and Pseudomonas 
reflects environmental contamination risks and 
possible breaches in infection control within NICU 
settings.  

The high resistance rates to carbapenems and 
fluoroquinolones underscore the urgent need for 
rational antibiotic stewardship programs, strict 
hand hygiene compliance, and routine 
antimicrobial resistance surveillance to guide 
empirical therapy. 

In summary, the current study demonstrates that 
multidrug-resistant Gram-negative organisms 
continue to dominate neonatal sepsis in tertiary-
care NICUs, posing major therapeutic challenges. 
Continuous monitoring of local resistance trends 
and timely revision of empirical antibiotic policies 
are essential to optimize clinical outcomes and 
prevent further emergence of resistant strains. 

Conclusion 

Gram-negative sepsis predominated among 
neonatal isolates, with Acinetobacter spp. and 
Pseudomonas aeruginosa identified as the leading 
pathogens. The high rate of carbapenem resistance 
observed reflects considerable antimicrobial 

selection pressure within NICU settings. Amikacin 
and colistin remain the most effective agents 
against multidrug-resistant Gram-negative bacteria 
(MDR-GNB).  

Among Gram-positive cocci, methicillin-resistant 
Staphylococcus aureus (MRSA) was detected; 
however, no resistance to vancomycin or linezolid 
was noted.  

These findings underscore the urgent need for 
rational antibiotic stewardship, strict infection 
control practices, and ongoing antimicrobial 
resistance surveillance to preserve the efficacy of 
last-line therapeutic options in neonatal intensive 
care units. Implementation of structured 
stewardship protocols and periodic antibiogram 
updates should be prioritized to curb resistance 
emergence and improve neonatal outcomes. 
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