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Abstract:

Background: Neonatal sepsis is a leading cause of morbidity and mortality among newborns, particularly in low-

resource settings, contributing significantly to early neonatal deaths. Understanding its prevalence and risk factors

is essential for targeted interventions.

Aim: To determine the prevalence and associated maternal and neonatal risk factors of neonatal sepsis among

neonates admitted to the NICU at Department of Pediatrics, Sri Krishna Medical College and Hospital,

Muzaffarpur, Bihar, India.

Methodology: A retrospective cross-sectional study was conducted on 78 neonates (0—28 days) admitted to the

NICU over six months. Data on sociodemographics, maternal and neonatal risk factors, and clinical outcomes

were extracted from hospital records. Descriptive statistics, Chi-square tests, and multivariate logistic regression

were used to analyze associations.

Results: Neonatal sepsis was observed in 43.6% of cases, with early-onset sepsis comprising 64.7%. Maternal

factors significantly associated with sepsis included prolonged rupture of membranes >18 hours (AOR 2.8),

maternal fever (AOR 2.5), and <4 antenatal visits. Neonatal factors included low birth weight <2500 g (AOR 3.1),

Apgar score <7 (AOR 4.6), preterm birth (AOR 2.1), and invasive procedures (AOR 2.9).

Conclusion: Neonatal sepsis remains prevalent in the studied NICU, with multiple maternal and neonatal factors

contributing to its occurrence. Strengthening antenatal care, infection prevention, and careful monitoring of at-

risk neonates are crucial to reduce sepsis-related morbidity and mortality.
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Introduction
Neonatal sepsis is a significant social issue and a sig- needed to minimize the effects of this avoidable and
nificant cause of morbidity and mortality of infants curable disease.

all over the world. Even though there have been de-
velopments in the care of the neonate, neonatal in-
fections remain a significant cause of infant mortal-
ity, especially in low and middle-income nations. In
2018, the percentage of death in neonatal due to sep-
sis was about 15% among all neonatal deaths around
the world. This is a significant burden, and every
year, 1.3 to 3.9 million cases are estimated, and thus,
an estimated 400,000 to 700,000 cases are also re-
ported annually as fatalities [1]. These statistics
demonstrate that more studies and interventions are

Neonatal sepsis has an uneven distribution of burden
in developing countries as compared to those in
high-income countries. Research has shown that in
low-resource contexts, the prevalence is about
29.9% when compared to the prevalence of between
9 and 15% in the developed world [2]. Such dispar-
ity can be explained by the variations in healthcare
infrastructure, quality access to perinatal and ante-
natal care, infection preventive measures, and soci-
oeconomic status. In some areas where healthcare
resources are scarce, issues like late diagnosis, lack
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of infection control strategies, and lack of availabil-
ity of antibiotics also make the situation worse as far
as neonatal outcomes are concerned.

In addition to causing deaths, neonatal sepsis has a
high cost to health care, as well as families. It is es-
timated that the annual cost of neonatal sepsis in the
world is between 10 and 469 billion US dollars with
most of the burden being felt by the low- and mid-
dle-income countries [3]. The causes of this burden
are the long hospital stay, higher level of intensive
care, and the price of the medication and diagnostics.
Moreover, sleep disturbances, gastrointestinal prob-
lems and fatigue are some of the complications that
have been noted in neonates with sepsis during hos-
pitalization. Long-term complications have also
been identified to pose risks to survivors, such as
neurodevelopmental impairments, and chronic
health conditions, among other things, which further
burden families and the healthcare systems [4].

A number of maternal, neonatal and healthcare re-
lated factors have been cited as causes of neonatal
sepsis. The risk factors in neonatal care encompass
low birth weight (less than 1.5 kg), prematurity (less
than 37 weeks of gestation), poor Apgar scores in
the first minute of life, and inability to cry as soon
as possible. Among the maternal and intrapartum
risk factors, there are long labor (more than 8 hours),
premature membrane rupture (PROM) over the
course of 18 hours, mechanical contaminated amni-
otic fluid, repeated digital vaginal examination, and
maternal infections, including malodorous vaginal
discharge. Also, socioeconomic factors like poor so-
cioeconomic status and poor attendance at the ante-
natal care also contribute to the risk of the neonatal
infection [5]. These multifactorial determinants con-
firm the significance of the multidimensional ap-
proach that considers both clinical and social sides
of maternal and neonatal health.

Due to the high incidence of neonatal sepsis, a num-
ber of interventions have been introduced across the
world to enhance the outcomes of infants. They are
promotion of early breastfeeding, kangaroo mother
care, appropriate umbilical cord care, prophylaxis
administration, e.g., tetracycline eye ointment, utili-
zation of antenatal steroids by the mothers who are
at risk of preterm birth, and vitamin K supplementa-
tion of the newborn [6]. Although these measures
have proved to be effective in boosting the survival
of neonates, it has been relatively slow in ensuring
that the cases of neonatal sepsis have been reduced
in the last ten years [7]. It implies that more context-
specific interventions and better healthcare delivery
system are needed.

Neonatal sepsis remains a major cause of neonatal
morbidity and mortality in India especially in rural
and resource limited areas. The knowledge of high
rates of home delivery, a shortage of skilled birth at-
tendants, inefficient infection control measures, and
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the delay in seeking medical attention are some of
the factors contributing to the persistence of such a
condition. Bihar is one of the socioeconomically dis-
advantaged and most populous states in India with
significant healthcare issues such as maternal and
neonatal healthcare services. In this context, Muzaf-
farpur is one of the regions, in which the knowledge
of the burden and determinants of the neonatal sep-
sis is of great significance to enhance neonatal out-
comes.

Although the significance of neonatal sepsis is es-
tablished, the prevalence and related risk factors of
the condition are not well studied in most of the re-
gions of India, including Muzaffarpur, Bihar. The
majority of the available research is done in tertiary
care facilities in urban settings and might not capture
the reality of the semi-urban and rural healthcare en-
vironments. This evidence gap prevents policymak-
ers and healthcare providers formulate and execute
specific interventions to meet the specific challenges
of the area.

Moreover, the tendencies in the number of neonatal
sepsis cases suggest that the issue should be moni-
tored and evaluated on a regular basis. The past sta-
tistics in different locations have indicated rising
patterns in early-onset neonatal sepsis throughout
the years, which has highlighted the changing aspect
of the issue and the necessity of new evidence to in-
form clinical practice and social health policy [8].
Knowing the local epidemiology, the trend of risk
factors and clinical manifestation, is vital in early di-
agnosis, proper treatment, and prevention of compli-
cations.

Based on these factors, it is of paramount im-
portance to explore the prevalence and risk factors
of neonatal sepsis in the particular regional setting.
The current study offers a retrospective study that
can be carried out at the Neonatal Intensive Care
Unit (NICU) background, as it will be possible to
analyze existing clinical data and determine the key
determinants of neonatal sepsis. This evidence is es-
sential to ensure a better clinical process, enhance
the infection prevention measures, and inform re-
source distribution.

Thus, the proposed study will help to identify the
prevalence and risk factors of neonatal sepsis in ne-
onates (admission to the NICU up to 28 days old) in
Muzaffarpur, Bihar, India. This study aims to add to
the available body of knowledge and contribute to
the creation of context-specific interventions by de-
termining determinants of their regions. Finally, the
results are likely to guide the actions of healthcare
providers, policymakers, and other stakeholders in
the field of public health in their quest to minimize
the morbidity and mortality linked to sepsis among
the neonatal group within this area.

Methodology
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Study Design: A retrospective cross-sectional study
was conducted to assess the prevalence and associ-
ated risk factors of neonatal sepsis among neonates
admitted to the Neonatal Intensive Care Unit
(NICU). This design was chosen as it allows analy-
sis of previously recorded data to determine both the
magnitude of neonatal sepsis and its associated fac-
tors within the defined study period.

Study Area: The study was carried out in the De-
partment of Pediatrics, Sri Krishna Medical College
and Hospital (SKMCH), Muzaffarpur, Bihar, India.

Study Duration: The study was conducted over a
period of six months from March 2025 to August
2025.

Sample Size: A total of 78 neonates were included
in the study. The sample size was determined based
on the availability of complete and eligible medical
records during the study period, ensuring that only
those records with sufficient information for analy-
sis were included.

Study Population: The study population comprised
all neonates aged 0 to 28 days who were admitted to
the NICU of Sri Krishna Medical College and Hos-
pital during the study period. Both inborn neonates
(delivered within the hospital) and outborn neonates
(referred from other healthcare facilities or home de-
liveries) were considered for inclusion in the study.

Sampling Technique: A retrospective record-based
sampling technique was employed in this study. All
neonatal records that met the inclusion criteria dur-
ing the study period were reviewed consecutively
until the required sample size of 78 was achieved.
This method ensured that all eligible cases within the
timeframe had an equal chance of being included.

Data Collection: Data were collected retrospec-
tively from hospital records using a pre-designed
and structured data extraction form. Relevant infor-
mation was obtained from NICU admission regis-
ters, patient case files, and laboratory reports. The
data collection tool included variables related to so-
ciodemographic characteristics, maternal risk fac-
tors, neonatal clinical features, and laboratory find-
ings associated with neonatal sepsis. Data collection
was carried out carefully to ensure completeness and
accuracy, and all extracted information was cross-
checked to minimize errors.

Inclusion Criteria

e Neonates aged 0-28 days admitted to the NICU
during the study period

e Neonates with complete and accessible medical
records
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e  Both inborn and outborn neonates
Exclusion Criteria

e Neonates with incomplete or missing medical
records

e Neonates who were brought dead or died before
evaluation or treatment

e Records lacking key variables required for the
study

Procedure: After obtaining the necessary permis-
sions, NICU records for the study period were iden-
tified and screened based on the inclusion and exclu-
sion criteria. Eligible case records were then se-
lected, and relevant data were extracted using the
structured data collection form. The collected data
were reviewed for completeness and consistency be-
fore being entered into a database for analysis. Any
discrepancies identified during data entry were re-
solved by cross-checking the original records.

Statistical Analysis: The collected data were en-
tered into Microsoft Excel and subsequently ana-
lyzed using appropriate statistical software such as
SPSS or Stata. Descriptive statistics were used to
summarize the data, with categorical variables ex-
pressed as frequencies and percentages, and contin-
uous variables presented as means and standard de-
viations. Inferential statistical tests, including the
Chi-square test, were applied to assess associations
between neonatal sepsis and categorical variables,
while the independent t-test was used for continuous
variables. Variables with a p-value less than 0.2 in
bivariate analysis were included in multivariate
analysis to identify independent risk factors. Multi-
variate logistic regression or modified Poisson re-
gression analysis was performed, and results were
presented as odds ratios or adjusted prevalence ra-
tios with 95% confidence intervals. A p-value of less
than 0.05 was considered statistically significant.”

Result

Table 1 summarizes the sociodemographic and clin-
ical characteristics of 78 neonates. Males comprised
44 (56.4%) and females 34 (43.6%) of the popula-
tion. Most neonates were admitted within the first 3
days of life (46, 59%), while 32 (41%) were admit-
ted after 3 days. Birth weight distribution was nearly
equal, with 38 neonates (48.7%) weighing <2500 g
and 40 (51.3%) >2500 g. Preterm births (<37 weeks)
accounted for 30 neonates (38.5%), whereas term
neonates were 48 (61.5%). At 5 minutes, 26 neo-
nates (33.3%) had an Apgar score <7, and 52
(66.7%) had scores >7, reflecting a substantial pro-
portion with low birth adaptation scores.
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Table 1: Sociodemographic and Clinical Characteristics of Neonates (N = 78)
Variable | Frequency (n) | Percentage (%)
Sex
Male 44 56.4
Female 34 43.6
Age at Admission
<3 days 46 59
> 3 days 32 41
Birth Weight
<2500 g 38 48.7
>2500 g 40 51.3
Gestational Age
Preterm (<37 weeks) 30 38.5
Term (=37 weeks) 48 61.5
Apgar Score (5 min)
<7 26 333
=7 52 66.7

Table 2 shows the prevalence and types of neonatal
sepsis among 78 NICU admissions. Neonatal sepsis
was present in 34 neonates (43.6%) and absent in 44
(56.4%). Among the 34 sepsis cases, early-onset
sepsis (EONS) was more common, occurring in 22

neonates (64.7%), while late-onset sepsis (LONS)
was seen in 12 cases (35.3%). This indicates that
nearly half of the NICU admissions had sepsis, with
early-onset sepsis being the predominant type.

Table 2: Prevalence of Neonatal Sepsis Among NICU Admissions (N = 78)
Variable Frequency (n) Percentage (%)
Neonatal Sepsis (Yes) 34 43.6
Neonatal Sepsis (No) 44 56.4
Type of Sepsis (n =34)
Early-Onset Sepsis (EONS) 22 64.7
Late-Onset Sepsis (LONS) 12 353

Table 3 presents maternal risk factors associated
with neonatal sepsis among 78 neonates. Prolonged
rupture of membranes (PROM > 18 hours) was sig-
nificantly more frequent in mothers of septic neo-
nates (18, 52.9%) than those without sepsis (10,
22.7%; p=0.008). Maternal fever also showed a sig-
nificant association (16, 47.1% vs. 9, 20.5%; p =
0.015). Fewer than four antenatal care (ANC) visits
were linked to higher sepsis risk (20, 58.8% vs. 14,

31.8%; p = 0.02). Foul-smelling amniotic fluid was
another significant factor (12, 35.3% vs. 6, 13.6%; p
=0.025). Cesarean delivery showed a higher propor-
tion in the sepsis group (14, 41.2% vs. 12, 27.3%),
but this was not statistically significant (p = 0.18).
Overall, the table highlights that maternal infections
and inadequate prenatal care significantly contribute
to neonatal sepsis risk.

Table 3: Maternal Risk Factors Associated with Neonatal Sepsis (N = 78)
Variable Sepsis Present n (%) Sepsis Absent n (%) p-value
PROM > 18 hours 18 (52.9) 10 (22.7) 0.008
Maternal Fever 16 (47.1) 9 (20.5) 0.015
ANC Visits <4 20 (58.8) 14 (31.8) 0.02
Mode of Delivery (C-section) 14 (41.2) 12 (27.3) 0.18
Foul Smelling Liquor 12 (35.3) 6 (13.6) 0.025

Table 4 shows the association of neonatal risk fac-
tors with the occurrence of neonatal sepsis among 78
neonates. Low birth weight (<2500 g) was more
common in neonates with sepsis (22, 64.7%) com-
pared to those without (16, 36.4%; p = 0.012). Pre-
term birth was also significantly associated, occur-
ring in 18 (52.9%) of septic neonates versus 12
(27.3%) of non-septic neonates (p = 0.018). A low
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Apgar score (<7) was strongly linked to sepsis, seen
in 20 (58.8%) cases compared to 6 (13.6%) controls
(p <0.001). Additionally, neonates who underwent
invasive procedures had a higher risk of sepsis (24,
70.6%) versus those without sepsis (18, 40.9%; p =
0.009). These findings indicate that multiple neona-
tal factors significantly contribute to the risk of de-
veloping sepsis.
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Table 4: Neonatal Risk Factors Associated with Neonatal Sepsis (N =78)
Variable Sepsis Present n (%) Sepsis Absent n (%) p-value
Low Birth Weight (<2500 g) 22 (64.7) 16 (36.4) 0.012
Preterm Birth 18 (52.9) 12 (27.3) 0.018
Apgar Score <7 20 (58.8) 6 (13.6) <0.001
Invasive Procedures 24 (70.6) 18 (40.9) 0.009

Table 5 presents the multivariate analysis of factors
associated with neonatal sepsis among 78 neonates.
Prolonged rupture of membranes (PROM > 18
hours) was significantly associated with sepsis
(AOR 2.8, 95% CI: 1.2-6.5, p = 0.014). Maternal
fever also increased the risk (AOR 2.5,95% CI: 1.1-
5.9, p = 0.032). Low birth weight was a strong pre-
dictor (AOR 3.1, 95% CI: 1.3-7.2, p=0.01), as was

a low Apgar score (<7) (AOR 4.6, 95% CI: 1.8-
11.5, p=10.001). Additionally, exposure to invasive
procedures was linked to higher sepsis risk (AOR
2.9, 95% CIL: 1.2-6.8, p = 0.016). Overall, the table
highlights multiple maternal and neonatal factors
that significantly contribute to the likelihood of ne-
onatal sepsis.

Table 5: Multivariate Analysis of Factors Associated with Neonatal Sepsis (N =78)

Variable Adjusted Odds Ratio (AOR) 95% CI p-value
PROM > 18 hours 2.8 1.2-6.5 0.014

Maternal Fever 2.5 1.1-5.9 0.032

Low Birth Weight 3.1 1.3-72 0.01

Apgar Score <7 4.6 1.8§-11.5 0.001

Invasive Procedures 2.9 1.2-6.8 0.016

Discussion also found that in India and Ethiopia, infants with

According to our study findings, the incidence of ne-
onatal sepsis in our NICU was 43.6, with the major-
ity of cases of neonatal sepsis being early-onset sep-
sis (EOS) as opposed to late-onset sepsis (LOS).
This finding is in close agreement with other studies
in sub-Saharan Africa as it supports the fact that
there is a high incidence of neonatal infections in
low-resource environments. As an example, in Mali
and East Ethiopia, the prevalence rate of neonatal
sepsis was 36.1% and 33.3, respectively, and a bit
more in the Uganda (41.2%), and in Zambia (40.2%)
(Bayana et al., (2020); Akalu et al., 2020) [9,10].
These parallels indicate that regardless of regional
differences, neonatal sepsis is a major issue of public
health concern especially in the areas that have lim-
ited access to superior neonatal care and infection
treatment. The discrepancy in studies can also be ex-
plained by the differences in research design, popu-
lation features, and diagnostic sepsis as the tendency
to the need of the standardized method of epidemio-
logical surveillance.”

Male neonates (56.4% of admissions in our study)
were more susceptible to sepsis (a factor that is con-
sistent with previous studies that indicate a minor
difference in male and female neonatal immunity
(Bejitual et al., 2022) [11]. Most of the neonates
were hospitalized during the first three days of their
lives and a greater percentage was those with low
birth weight (<2500 g) or preterm birth (<37 weeks).
Poor weight at birth and preterm birth are clearly
recognized risk factors of neonatal sepsis since they
are connected to the underdeveloped immune re-
sponse and insufficiency in responding to infections
(Roble et al., 2022) [12]. Other research studies have
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low birth weight were at a higher risk of developing
sepsis 2-3 times (Murthy et al., 2019; Bech et al.,
2022) [13,5]. The findings support the fact that ma-
ternal and neonatal interventions are critically rele-
vant in enhancing birth outcomes such as nutritional
support in pregnancy and the prompt treatment of
preterm births.

In our cohort, maternal influences were also some of
the major causes of neonatal sepsis. The risk of sep-
sis increased 2.8 times when the rupture of mem-
branes lasted longer than 18 hours (PROM =18
hours), which is consistent with the results of Ethio-
pia and India (Roble et al., 2022; Murthy et al.,
2019) [12,13]. The migration of the pathogens out of
the maternal genital tract is made easier by PROM,
which then exposes the infant to infection at birth. In
the same way, maternal labor fever was also linked
to an increased risk of neonatal sepsis by 2.5 times,
which can be compared to Mali, China, and Ethio-
pian studies (Bayana et al., 2020; Huang et al., 2022)
[9,14]. Maternal infections may cause vertical infec-
tion of pathogens in the womb or during birth canal
transmission, which often manifests itself as early
sepsis in newborns. Foul-smelling amniotic fluid,
which is a symptom of chorioamnionitis, was also
more prevalent in neonates with sepsis, which is
consistent with results of systematic reviews in sub-
Saharan Africa (Bech et al., 2022) [5]. All these
findings contribute to understanding the relevance
of keen antenatal care and intrapartum antibiotic
prophylaxis to reduce the risks of neonatal sepsis.

Our study showed that neonatal clinical variables,
especially Apgar scores lower than 7 at five minutes
were highly correlated with sepsis where the
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affected newborns were found to have a higher prob-
ability of developing the condition by 4.6 times. This
aligns with other sub-Saharan African data (Ethio-
pia) that shows that low Apgar score represents
physiological impairment or compromise, such as
hypoxia and impaired perfusion, which put the neo-
nates at risk of infections (Roble et al., 2022) [12].
Conversely, other studies, including the ones done
by Khadka et al. (2022) [15] and others, failed to
find this significant relationship, implying the exist-
ence of other confounding variables, including im-
mediate resuscitation actions and the quality of post-
natal care. However, as noted, neonates who under-
went resuscitation or invasive interventions, includ-
ing intubation and catheters, were at a high risk of
developing sepsis (OR 2.9), which is rather typical
of NICU environments (Jabiri et al., 2016) [16]. The
uniformity of the results of various studies supports
the importance of rigorous aseptic practices and pre-
cautions towards the prevention of infections during
the invasive procedures.

Another neonatal factor that was associated with in-
creased risk of sepsis at birth was breech presenta-
tion, which conforms to findings of both developed
and developing countries (Cieslak et al., 2005; Hog-
berg et al., 2016) [17,18]. Deliveries through the
breech are also likely to cause birth traumas and as-
phyxia that may disrupt immune system and open
entry points to pathogenic agents. These results un-
derscore the issue of having close intrapartum care,
such as the timely delivery of a cesarean section
where necessary, to avoid risks of infection. Alt-
hough the cesarean section was more prevalent
among the neonates with sepsis in our study, it was
not statistically significant, which is also mixed in
the body of literature.

Delivery longer than eight hours was highly corre-
lated with sepsis, which is in line with Mali and sys-
tematic reviews in sub-Saharan Africa (Bayana et
al., 2020; Bech et al., 2022) [9,5]. The length of la-
bor period raises maternal flora and possible envi-
ronmental pathogen exposures and raises the risk of
neonatal infections. Timely labor surveillance and
interventions, including labor augmentation or de-
livery of the baby by cesarean section in the case of
obstructed labor, are important actions to keep the
cases of neonatal sepsis down. All these findings to-
gether indicate that maternal and neonatal factors
have a synergistic interaction, which shows the com-
plicated nature of neonatal sepsis etiology.

Generally, neonatal sepsis is rampant in our study
especially the cases of early-onset sepsis, which is
predetermined by various maternal and neonatal risk
factors such as PROM, maternal fever, low Apgar
scores, low birth weight, prematurity, invasive pro-
cedures, and breech presentation. The results are
also very much in line with regional and interna-
tional literature by showing the interplay of mater-
nal, perinatal and neonatal conditions to determine
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the risk of sepsis. The findings provide evidence of
the significance of enhancing antenatal care cover-
age, compliance with plans of intrapartum infection
prevention, and reinforcement of NICU infection
control, to decrease the rates of neonatal morbidity
and mortality.

Conclusion

The research found that there was a significant per-
centage of neonates who were diagnosed with neo-
natal sepsis, but early-onset sepsis was more preva-
lent than late-onset sepsis. The maternal and neona-
tal factors were both found to be associated with the
development of sepsis significantly. Maternal fac-
tors such as prolonged rupture of membranes, ma-
ternal fever, and inadequate antenatal care increased
the likelihood of neonatal sepsis, while neonatal fac-
tors including low birth weight, low Apgar score,
preterm birth, and exposure to invasive procedures
were also important contributors. These findings
highlight the multifactorial nature of neonatal sepsis
and underscore the need for targeted maternal and
neonatal interventions to reduce its occurrence and
improve neonatal outcomes.
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