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Abstract

Background: Neonatal infections remain a significant cause of morbidity and mortality in newborns
worldwide. Understanding the spectrum of causative pathogens and their antimicrobial sensitivity patterns is
essential for guiding empirical antibiotic therapy and improving clinical outcomes.

Methods: A prospective observational study was conducted among 412 neonates with clinically suspected
infections admitted to the neonatal intensive care unit over an 18-month period. Blood, cerebrospinal fluid,
urine, and surface swab cultures were obtained, and antimicrobial sensitivity testing was performed using
standardized disc diffusion methods. Clinical outcomes were documented and analyzed.

Results: Culture-positive infections were confirmed in 168 neonates (40.8%). Early-onset sepsis accounted for
38.7% of cases, while late-onset sepsis comprised 61.3%. Gram-negative organisms predominated (58.9%),
with Klebsiella pneumoniae (24.4%) and Escherichia coli (18.5%) being most prevalent. Gram-positive
organisms accounted for 35.1%, predominantly Staphylococcus aureus (15.5%) and Coagulans-negative
staphylococci (12.5%). High antimicrobial resistance was observed, with 67.4% of Gram-negative isolates
demonstrating extended-spectrum beta-lactamase production. Sensitivity to meropenem (92.3%), amikacin
(78.6%), and piperacillin-tazobactam (71.2%) remained high among Gram-negative organisms. Mortality rate
was 14.3% among culture-positive neonates, significantly higher than culture-negative cases (5.7%, p<0.001).
Conclusion: Gram-negative organisms, particularly Klebsiella pneumoniae, dominate the neonatal infection
spectrum with concerning resistance patterns. These findings necessitate regular surveillance and antimicrobial
stewardship programs to optimize empirical therapy and combat emerging resistance.

Keywords: Neonatal Sepsis, Antimicrobial Resistance, Bacterial Pathogens, Neonatal Infections, Antibiotic
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Introduction

Neonatal infections represent a critical global implications, as the causative organisms and
health challenge, contributing substantially to transmission routes differ significantly between
neonatal morbidity and mortality, particularly in these categories. EOS typically results from
resource-limited settings [1]. The World Health vertical transmission of maternal flora, while LOS
Organization estimates that infectious diseases is predominantly associated with horizontal
account for approximately 36% of all neonatal transmission from healthcare environments and
deaths, with sepsis, pneumonia, and meningitis community sources [5].

being the predominant causes [2]. The immature
immune system of neonates, coupled with exposure
to nosocomial pathogens during intensive care,
renders this population particularly vulnerable to
severe infections [3].

The microbiological profile of neonatal infections
has demonstrated considerable geographic variation
and temporal evolution. Historical data from
developed nations indicated Group B Streptococcus
(GBS) and Escherichia coli as predominant EOS

Neonatal sepsis is traditionally classified into early- pathogens [6]. However, contemporary evidence
onset sepsis (EOS), occurring within the first 72 from developing countries reveals a shift toward
hours of life, and late-onset sepsis (LOS), Gram-negative organisms, particularly Klebsiella
manifesting after 72 hours [4]. This distinction species, as leading causative agents[7]. This
carries important epidemiological and therapeutic epidemiological transition has profound
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implications for empirical antibiotic selection and
infection control strategies.

The emergence of antimicrobial resistance among
neonatal pathogens constitutes an alarming public
health crisis. Extended-spectrum beta-lactamase
(ESBL)-producing organisms and methicillin-
resistant Staphylococcus aureus (MRSA) have
become increasingly prevalent in neonatal intensive
care units globally [8]. Resistance to commonly
used empirical antibiotics, including ampicillin and
gentamicin, has escalated, necessitating reliance on
broader-spectrum agents with potential toxicity
concerns [9]. The Antimicrobial Resistance (AMR)
surveillance networks have emphasized the urgent
need for local resistance pattern monitoring to
guide therapeutic decisions [10].

Despite the recognized importance of neonatal
infection surveillance, significant knowledge gaps
persist regarding regional pathogen distributions
and resistance profiles. Most published data
originate from high-income countries, limiting
applicability  to  settings  with  different
epidemiological contexts [11]. Furthermore, rapid
changes in resistance patterns demand continuous
monitoring and periodic reassessment of empirical
treatment protocols.

This study aimed to investigate the spectrum of
neonatal infections, identify predominant causative
organisms, and determine their antimicrobial
sensitivity patterns in a tertiary care neonatal
intensive care unit, thereby providing evidence for
optimizing empirical antibiotic therapy and
infection control measures.

Materials and Methods

Study Design and Setting: This prospective
observational study was conducted at the Level III
Neonatal Intensive Care Unit (NICU) of a tertiary
care teaching hospital.

Study Population: All neonates admitted to the
NICU with clinical suspicion of infection during
the study period were eligible for enrollment.
Inclusion criteria comprised: (1) neonates aged 0-
28 days; (2) clinical features suggestive of sepsis
including temperature instability, respiratory
distress, feeding intolerance, lethargy, or
circulatory compromise; and (3) parental consent
for study participation.

Exclusion criteria included: (1) major congenital
malformations incompatible with life; (2) neonates
who died within 24 hours of admission before
sample collection; (3) neonates receiving
antibiotics for more than 48 hours prior to
admission; and (4) incomplete clinical or
microbiological data.

Sample Size Calculation: Based on previous
studies reporting culture positivity rates of
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approximately 35-45% in suspected neonatal
sepsis, with an expected precision of 5% and 95%
confidence level, a minimum sample size of 380
neonates was calculated. Accounting for potential
dropouts, we aimed to enroll 420 neonates.

Clinical Assessment and Data Collection:
Demographic and clinical information was
systematically recorded using a structured
proforma. Data collected included gestational age,
birth weight, mode of delivery, maternal risk
factors (prolonged rupture of membranes, maternal
fever, and chorioamnionitis), clinical presentation,
laboratory parameters, treatment details, and
outcomes.

Neonates were classified as having early-onset
sepsis if infection onset occurred within 72 hours of
birth, and late-onset sepsis if infection manifested
after 72 hours. Sepsis severity was categorized
based on clinical criteria including hemodynamic
instability, organ dysfunction, and need for
respiratory support.

Microbiological Investigations: Blood samples
(1-2 mL) were collected aseptically from peripheral
veins using strict aseptic techniques and inoculated
into pediatric blood culture bottles (BacT/ALERT
PF Plus, bioMérieux). Cultures were incubated in
an automated continuous monitoring blood culture
system for up to 5 days.

Cerebrospinal fluid (CSF) was obtained through
lumbar puncture when clinically indicated. CSF
samples underwent cytological examination,
biochemical analysis, Gram staining, and culture on
appropriate media. Urine samples were collected
via suprapubic aspiration or catheterization for
neonates with suspected urinary tract infection.
Surface swabs from umbilical stump, skin lesions,
and endotracheal aspirates were obtained when
clinically relevant.

Bacterial isolates were identified using standard
biochemical tests and the VITEK 2 automated
identification system (bioMérieux). Antimicrobial
sensitivity testing was performed using the Kirby-
Bauer disc diffusion method according to Clinical
and Laboratory Standards Institute (CLSI)
guidelines.

ESBL production was detected using the
combination disc method with ceftazidime and
ceftazidime-clavulanic acid. MRSA identification
was confirmed by cefoxitin disc screening.

Outcome Measures: Primary outcomes included
culture positivity rates, pathogen distribution, and
antimicrobial  sensitivity patterns. Secondary
outcomes comprised mortality rates, length of
NICU stay, and clinical outcomes stratified by
pathogen type and resistance patterns.
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Statistical Analysis: Data were entered into
Microsoft Excel and analyzed using SPSS version
25.0 (IBM Corporation). Continuous variables
were expressed as mean * standard deviation or
median (interquartile range), while categorical
variables were presented as frequencies and
percentages. Comparisons between groups were
performed using chi-square test or Fisher's exact
test for categorical variables and Student's t-test or
Mann-Whitney U test for continuous variables.
Logistic regression analysis was conducted to
identify risk factors for adverse outcomes.
Statistical significance was defined as p<0.05.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Results

Demographic and Clinical Characteristics: A
total of 412 neonates with suspected infections
were enrolled during the study period. The mean
gestational age was 35.2 + 3.8 weeks, and mean
birth weight was 2,186 + 724 grams. Males
constituted 58.3% (n=240) of the study population.
Preterm neonates (<37 weeks) accounted for 52.7%
(n=217), and low birth weight neonates (<2500
grams) comprised 56.3% (n=232). Table 1 presents
detailed demographic and clinical characteristics.

Table 1: Demographic and Clinical Characteristics of Study Population

Characteristic Culture-Positive (n=168) | Culture-Negative (n=244) | p-value
Gestational age (weeks), mean + SD 33.8+4.2 36.2+34 <0.001
Birth weight (grams), mean + SD 1,892 + 686 2,388+ 712 <0.001
Male sex, n (%) 102 (60.7) 138 (56.6) 0.395
Preterm (<37 weeks), n (%) 108 (64.3) 109 (44.7) <0.001
Very low birth weight (<1500g), n (%) 56 (33.3) 42 (17.2) <0.001
Cesarean delivery, n (%) 74 (44.0) 98 (40.2) 0.424
PROM >18 hours, n (%) 48 (28.6) 38 (15.6) 0.001
Maternal fever, n (%) 32 (19.0) 24 (9.8) 0.006
Resuscitation at birth, n (%) 52 (31.0) 48 (19.7) 0.008
Mechanical ventilation, n (%) 68 (40.5) 56 (23.0) <0.001
Central venous catheter, n (%) 78 (46.4) 62 (25.4) <0.001
Length of NICU stay (days), mean + SD 18.6+124 9.8+7.2 <0.001
Mortality, n (%) 24 (14.3) 14 (5.7) 0.002

PROM: Prolonged rupture of membranes; NICU: Neonatal intensive care unit

Microbiological Profile:

Culture-positive

infections were confirmed in 168 neonates (40.8%).

and late-onset sepsis for 103 cases (61.3%). Among

168  culture-positive  cases,

Gram-negative

Blood culture positivity was observed in 142 cases
(84.5%), while CSF culture was positive in 18
cases (10.7%), and urine culture in 8 cases (4.8%).
Early-onset sepsis accounted for 65 cases (38.7%),

organisms predominated (n=99, 58.9%), followed
by Gram-positive organisms (n=59, 35.1%) and
Candida species (n=10, 6.0%). Table 2 details the
distribution of isolated pathogens.

Table 2: Distribution of Isolated Patho

ens in Neonatal Infections

Organism Total n (%) EOS n (%) LOS n (%) p-value
Gram-Negative Organisms 99 (58.9) 34 (52.3) 65 (63.1) 0.162
Klebsiella pneumoniae 41 (244 12 (18.5) 29 (28.2) 0.152
Escherichia coli 31 (18.5) 14 (21.5) 17 (16.5) 0.406
Acinetobacter baumannii 14 (8.3) 4(6.2) 10 (9.7) 0.420
Pseudomonas aeruginosa 8 (4.8) 23.1 6 (5.8) 0.440
Enterobacter species 5(3.0) 23.1 329 0.952
Gram-Positive Organisms 59 (35.1) 28 (43.1) 31 (30.1) 0.082
Staphylococcus aureus 26 (15.5) 10 (15.4) 16 (15.5) 0.977
CoNS 21 (12.5) 8(12.3) 13 (12.6) 0.953
Group B Streptococcus 8 (4.8) 7(10.8) 1 (1.0) 0.003
Enterococcus species 424 3(4.6) 1 (1.0) 0.121
Candida species 10 (6.0) 3(4.6) 7 (6.8) 0.558

EOS: Early-onset sepsis; LOS: Late-onset sepsis; CoNS: Coagulase-negative staphylococci

Antimicrobial Sensitivity Patterns:

Table 3

and gentamicin (58.6%). ESBL production was

presents antimicrobial sensitivity patterns of major
bacterial  isolates. = Among  Gram-negative
organisms, high resistance rates were observed
against ampicillin (94.9%), cefotaxime (72.7%),
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detected in 67.4% of Gram-negative isolates.
Meropenem demonstrated the highest sensitivity
(92.3%), followed by amikacin (78.6%) and
piperacillin-tazobactam (71.2%).
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Table 3: Antimicrobial Sensitivity Patterns of Major Bacterial Isolates

Antibiotic K. pneumoniae E. coli (n=31) | S. aureus (n=26) | CoNS (n=21)
(n=41) % Sensitive % Sensitive % Sensitive % Sensitive

Ampicillin 4.9 6.5 19.2 14.3
Amoxicillin-clavulanate 24.4 29.0 46.2 38.1

Cefotaxime 26.8 323 NA NA

Ceftazidime 29.3 35.5 NA NA
Piperacillin-tazobactam 68.3 74.2 NA NA

Gentamicin 39.0 45.2 61.5 52.4

Amikacin 75.6 83.9 84.6 76.2
Ciprofloxacin 43.9 51.6 57.7 47.6
Meropenem 90.2 96.8 NA NA

Imipenem 87.8 93.5 NA NA
Vancomycin NA NA 100.0 100.0

Linezolid NA NA 100.0 100.0
Cloxacillin NA NA 53.8 42.9

Cefoxitin (MRSA screening) | NA NA 46.2 42.9

NA: Not applicable; CoNS: Coagulase-negative staphylococci; MRSA: Methicillin-resistant
Staphylococcus aureus
Among Gram-positive organisms, methicillin prolonged NICU stays, thereby increasing

resistance was observed in 46.2% of S. aureus and
57.1% of CoNS isolates. All Gram-positive
organisms demonstrated complete sensitivity to
vancomycin and linezolid. Group B Streptococcus
isolates showed 100% sensitivity to penicillin and
ampicillin.

Clinical Outcomes

The overall mortality rate was 9.2% (38/412).
Mortality was significantly higher among culture-
positive neonates (14.3%) compared to culture-
negative cases (5.7%, p=0.002). Neonates with
Gram-negative infections demonstrated higher
mortality (17.2%) compared to Gram-positive
infections  (10.2%, p=0.048). ESBL-positive
infections were associated with prolonged NICU
stay (22.4 £ 14.6 days vs. 14.8 + 10.2 days,
p<0.001) and higher mortality (21.6% vs. 9.4%,
p=0.036).

Discussion

This study provides comprehensive data on the
spectrum of neonatal infections and antimicrobial
sensitivity patterns in a tertiary care setting. Our
findings reveal a predominance of Gram-negative
organisms, particularly Klebsiella pneumoniae,
with concerning antimicrobial resistance patterns
that have significant implications for empirical
therapy selection and infection control practices.
The culture positivity rate of 40.8% observed in our
study aligns with previously reported rates ranging
from 25-50% in suspected neonatal sepsis[12].
This variation reflects differences in blood culture
timing, volume adequacy, prior antibiotic exposure,
and institutional diagnostic capabilities. The
predominance of late-onset sepsis (61.3%) in our
cohort correlates with the high proportion of
preterm and low birth weight neonates requiring

Chaudhary et al.

nosocomial infection risk [13].

The dominance of Gram-negative organisms,

particularly  Klebsiella pneumoniae (24.4%),
corroborates  findings from multiple studies
conducted in developing countries [14]. This

contrasts with data from developed nations where
Group B Streptococcus and Escherichia coli remain
predominant in early-onset sepsis [15]. The
relatively low GBS isolation rate (4.8%) in our
study may reflect limited maternal GBS screening
and prophylaxis practices, warranting consideration
of enhanced prevention strategies.

The high ESBL production rate (67.4%) among
Gram-negative isolates represents a critical finding
with therapeutic implications. Similar escalating
ESBL rates have been documented across South
Asian and African neonatal units [16]. ESBL-
producing organisms demonstrate resistance to
third-generation  cephalosporins,  traditionally
considered first-line agents for neonatal sepsis,

necessitating reliance on carbapenems with
associated concerns regarding carbapenem-
resistance  emergence [17]. The  preserved
sensitivity to meropenem (92.3%) provides

reassurance regarding carbapenem efficacy as
reserve agents. However, emerging carbapenem-
resistant Enterobacteriaceae reports from neonatal
populations underscore the importance of
antimicrobial stewardship to preserve these last-
resort agents [18]. The reasonable sensitivity to
amikacin (78.6%) and piperacillin-tazobactam
(71.2%) suggests these agents may serve as
carbapenem-sparing alternatives in selected clinical
scenarios.

Methicillin ~ resistance among staphylococcal
isolates (MRSA 46.2%, MRCoNS 57.1%) reflects
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concerning nosocomial transmission patterns.
CoNS, frequently dismissed as contaminants,
represent genuine pathogens in neonates with
central venous catheters and require appropriate

therapeutic consideration [19]. Universal
vancomycin and linezolid sensitivity provides
therapeutic ~ options,  though  vancomycin-
intermediate and resistant strains have been
sporadically reported, emphasizing vigilance

requirements [20].

The association between culture-positive sepsis and
mortality (14.3% vs. 5.7%) underscores the clinical
significance of neonatal infections. The higher
mortality observed with ESBL-positive infections
(21.6%) highlights the impact of antimicrobial
resistance on clinical outcomes, consistent with
systematic  reviews  demonstrating  adverse
outcomes associated with resistant infections [21].

Study limitations include single-center design
limiting generalizability, potential selection bias
toward more severely ill neonates, and inability to
distinguish colonization from true infection in some
cases. Furthermore, molecular characterization of
resistance mechanisms was not performed.

Conclusion

This study demonstrates that Gram-negative
organisms, particularly Klebsiella pneumoniae and
Escherichia coli, dominate the neonatal infection
spectrum with high rates of extended-spectrum
beta-lactamase production. Late-onset sepsis was
more prevalent, reflecting nosocomial acquisition
patterns in high-risk neonates. While carbapenems
remain effective against most Gram-negative
pathogens, the concerning resistance patterns
observed necessitate urgent implementation of
antimicrobial stewardship programs and enhanced
infection control measures. Periodic surveillance of
local pathogen distribution and sensitivity patterns
is essential for guiding empirical antibiotic therapy
and optimizing clinical outcomes in neonatal
infections. These findings emphasize the critical
importance of evidence-based infection prevention
strategies and judicious antibiotic utilization to
combat the growing threat of antimicrobial
resistance in vulnerable neonatal populations.
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