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Abstract

Aim: This study aims to explore the role of nurses and the use of biochemical markers in the management of
neonatal sepsis. Methods: A comprehensive literature review was conducted to analyze current research on the roles of nurses
in neonatal sepsis management and the utility of biochemical markers such as C-reactive protein (CRP), procalcitonin (PCT),
interleukins (IL-6, IL-8, IL-10), and soluble CD14 subtype presepsin (SCD14-ST) in diagnosing and monitoring neonatal
sepsis. Studies focusing on clinical trials, observational studies, and meta-analyses published between 2000 and 2024 were
included. Results: Nurses play a critical role in the early recognition and management of neonatal sepsis through vigilant
monitoring, timely intervention, and effective communication with healthcare teams. Biochemical markers, particularly CRP
and PCT, have shown promise in aiding early diagnosis and monitoring treatment response. IL-6, IL-8, IL-10, and sCD14-ST
have also demonstrated potential as adjunctive markers in differentiating sepsis from non-infectious conditions. Conclusion:
The integration of nurses in the multidisciplinary care team is crucial for improving outcomes in neonatal sepsis. Biochemical
markers provide valuable adjuncts to clinical assessment, facilitating early diagnosis, appropriate antibiotic use, and
monitoring of treatment efficacy. Further research is needed to standardize protocols for marker use, optimize diagnostic
accuracy, and enhance the overall management of neonatal sepsis.
Keywords: Neonatal sepsis, nurses' role, biochemical markers, C-reactive protein, procalcitonin, interleukins, soluble CD14
subtype presepsin.

1. Introduction

Neonatal sepsis is a serious illness that is
recognized as a global health concern because it
dramatically increases the morbidity and death rate
among infants (1-2). The American Academy of
Pediatrics defines early-onset sepsis as occurring
within 3 days, whereas the Centers for Disease
Control define it as occurring within 7 days, using

epidemiological research as support (3-4). According
to 5, the prevalence of early-onset neonatal sepsis in
North America is estimated to be between 0.76 and
0.77 cases per 1,000 live births, with a death rate of
24.4%. An estimated one million newborns
worldwide perish from illnesses in underdeveloped
nations each year, and those who survive are at a
heightened risk of neurodevelopmental disabilities
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(6-9). Late-onset sepsis, which manifests at a time
beyond three days of life and has a rate close to 36%,
is more common in newborns in neonatal intensive
care units (NICUs), especially premature extremely
low birth weight infants (10). Timely identification is
still a chronic and difficult problem in the care of
infants or high-risk neonates in the NICU, despite
recent advancements in managing neonatal sepsis,
such as the use of powerful antibiotics and advanced
biomarkers for diagnosis (11-13). A wide range of
potential infectious organisms, from hospital-
acquired infections to those acquired
Transplacentally or during birth, interact with the
immature immune systems of newborns and
premature neonates, greatly limiting diagnostic
capabilities and contributing to unfavorable
outcomes in this population (14). Therapy delays
raise the risk of death and morbidity in the absence
of early, objective, and precise diagnostic indicators
that persist abnormally long enough to enable the
diagnosis of newborn sepsis (15).

Due to the fact that newborns frequently
appear with modest and vague signs and symptoms,
a number of variables, including the lack of specific
clinical features, delay diagnosis and therapy
commencement (16). Due to difficulties in
diagnostic testing, a considerable percentage of
newborns (up to 7%-13%) are routinely assessed
and treated for potential neonatal sepsis, despite the
low prevalence of culture-proven neonatal sepsis,
which is estimated to be two per 1,000 live births
(17). Conventional laboratory procedures that are
frequently serum-based are used to determine typical
diagnostic parameters. These tests include the white
blood count (WBC), absolute neutrophil count
(ANC), immature/total neutrophil (I/T) ratio, and C-
reactive protein (CRP) that can be obtained in
different ways (18-19). Nevertheless, the sensitivity
and specificity of these traditional sepsis evaluation
metrics are low, and they frequently exhibit elevated
levels in response to other neonatal conditions like
asphyxia, prolonged rupture of membranes,
meconium aspiration, and the birth process (6, 8, 17,
20-22). According to recent data, age-specific ratio
nomograms, as opposed to predefined normal ranges,
may enhance the diagnostic accuracy of WBC, ANC,
and I/T parameters (23). The gold standard for
diagnosing sepsis is based on the isolation of
pathogenic bacteria in blood cultures, although this
method is not very sensitive and does not have the
time to affect when antibiotic therapy is started (24).
The blood culture approach has additional
drawbacks, such as a higher rate of false negative
results because of small amounts of blood used for
the culture and the potential impact of prenatal
antibiotic usage on later bacterial growth (17).
Because of this ambiguity, early antibiotic therapy is
frequently started for suspected infections or
postponed, which raises the risk of illness.
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Neonatal sepsis (NS) continues to be a
major cause of morbidity and mortality even with
recent advances in outcomes (25). Early-onset sepsis
(EOS) is defined as illnesses detected in the first 72
hours of life, usually acquired during pregnancy,
whereas late-onset sepsis (LOS) develops after day
four and can come from hospital or community
settings (26). The frequency of epilepsy in newborns
born at or after 34 weeks gestational age (GA) varies
from 0.3 to 0.8 per 1,000 live births (27-28). Lower
gestational age (GA) is associated with a much
higher risk of perinatal infection. Specifically, 4.8%—
16.9% of preterm newborns exposed to
chorioamnionitis acquire culture-positive EOS, while
only 0.47%-1.24% of similarly exposed children
delivered at >35 weeks GA experience the same risk
(29). Neurological morbidities and
bronchopulmonary abnormalities are linked to LOS
(30-31). Since both EOS and LOS frequently exhibit
vague clinical indications that closely resemble
common noninfectious illnesses including transitory
tachypnea and apnea of prematurity, diagnosing NS
can be difficult. Although early and intensive
antibiotic therapy is essential, overuse of these drugs
has serious negative effects on health and finances.
In susceptible preterm newborns, broad-spectrum
antibiotics increase the risk of invasive fungal
infections (32) and necrotizing enterocolitis (NEC)
(33). Term newborns receiving antibiotic therapy
frequently need to spend some time apart from their
mothers at a critical phase of bonding (34).
Moreover, early antibiotic usage has been associated
with a higher risk of obesity (35-37), inflammatory
bowel disease, and asthma (38-39). Accurate
biomarkers are still essential for enabling prompt and
accurate diagnosis of NS. When it comes to
responding to infection and therapy, the perfect
biomarker should show a steady and dependable
pattern. While specificity is required to avoid
treating unaffected children needlessly, high
sensitivity is essential to prevent missing instances.
In addition to identifying the pathogen, providing
prognostic information, and being conveniently
evaluated with a quick turnaround, an ideal
biomarker would also need a small volume of blood
if a serum sample were required (40).

As a result, neonatologists continue to face
significant challenges in diagnosing neonatal sepsis
accurately, quickly, and with high precision. This
underscores the need for timely and reliable
diagnostic biomarkers that will help clinicians
identify sepsis risk early on, effectively manage
antibiotics based on the causative organisms, and
provide valuable guidance for therapy during the
recovery phase. Examining the advancements in
biomarkers for the detection and management of
newborn sepsis is the goal of this review. One of the
main causes of morbidity and death in both
industrialized and developing nations is neonatal
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sepsis. Determining the causative agent is essential
to lowering the neonatal septicemia mortality rate.
The disease's severe consequences can have a major
impact on a newborn's life. Through the use of basic
nursing care, nurses are essential in the prevention of
newborn sepsis. Sepsis presents a serious risk to the
community in the absence of treatment. There are
several difficulties here. A biomarker's normal range
may vary depending on GA or postnatal age, as well
as because of concurrent noninfectious illnesses.
Clinicians are frequently hesitant to rule out
infection in a sick newborn with a negative blood
culture, despite the fact that a positive blood culture
is the gold standard and is sensitive to relatively low
bacterial loads (41-42). Diverse definitions of
"culture-negative” or “clinical sepsis” among
research, in addition to variations in measurement
methods, sample collection schedules, and threshold
levels, all contribute to study heterogeneity and make
it more difficult to derive conclusive findings from
meta-analyses.

Neonatal Sepsis:

Within the first 28 days of an infant's
existence, a common infection known as neonatal
sepsis can strike, greatly increasing the morbidity
and fatality rate of the young (45-46). Early-onset
neonatal sepsis (EOS) continues to be a leading
cause of newborn morbidity and mortality
worldwide, even if its prevalence has decreased
recently (47). EOS usually manifests 72 hours after
birth and is frequently caused by contaminated
amniotic fluid or vertical transfer during vaginal
delivery from organisms in the mother's genital canal
(48). It is typified by meningitis, pneumonia, and
bacteremia. It can have lethal consequences or cause
chronic issues like hearing loss, seizures, and
delayed neurodevelopment in survivors (49). In rich
nations, the death rate from EOS can reach 30%,
while in underdeveloped nations, it can approach
60%. Numerous Gram-positive and Gram-negative
bacteria as well as certain fungi are the cause of EOS
(50). The most frequent pathogen, Group B
Streptococcus (GBS), is present in half of the cases.
Escherichia coli is detected in 25% of the cases.
Common offenders include Staphylococcus aureus,
Listeria monocytogenes, coagulase-negative
Staphylococcus (CoNS), and other Gram-negative
bacteria. E. Coli is more common than GBS in
infants with extremely low birth weights (51-52).
Making an accurate diagnosis is a major problem in
managing this infection. Due to their low sensitivity
and varied normal ranges throughout the neonatal
era, traditional diagnostic tests have limited utility
and are challenging to interpret (53). Although blood
culture is still the gold standard for diagnosing EOS,
its positive rate is low and depends on a number of
parameters, including the volume of blood obtained,
the severity of the infection, the use of antibiotics
previously, and laboratory competence. The majority
of cases in impoverished countries are caused by
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culture-negative sepsis  (54-55). Smaller blood
samples are needed for the new, non-culture-based
techniques that have been developed recently to
improve diagnosis (55). In light of this, there has
been a great deal of interest in determining certain
EOS biomarkers. Any measurable characteristic that
offers comprehensible information regarding the
diagnosis of EOS is referred to in this context as a
biomarker (56). These biomarkers' sequential rise
and fall during sepsis may make it possible to
incorporate them into multiplex kits for the stage-
specific detection of newborn infections.

Because of their immature immune systems,
newborns are more vulnerable to sepsis, regardless
of gestational age. When labor problems or maternal
comorbidities complicate a birth, or when a newborn
has preterm or other innate risk factors, the risk of
infection rises (57). Differentiating sepsis from other
illnesses is difficult due to the vague nature of
diagnostic features, which frequently causes a delay
in receiving the necessary therapy (58). It is
challenging to identify sepsis early due to these
overlapping symptoms. Gestational age and birth
weight have an impact on the overall incidence of
early-onset sepsis (EOS) and late-onset sepsis
(LOS), which is predicted to be 1 to 2 per 1,000
infants (59). Compared to term newborns (0.98 per
1,000 births; 60-62), preterm infants have higher
infection rates (4.4 to 6.3 per 1,000 births). Because
of their undeveloped immune systems and the need
for survival treatments that expose them to infectious
organisms, very-low-birth-weight (VLBW)
newborns (less than 1,500 g) are more susceptible to
sepsis (63).
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Figure 1: Neonatal sepsis.

Most often, vertical transmission of
contaminated  amniotic  fluid or  maternal
microorganisms during the intrapartum period is the
cause of EOS, which can become severely ill in
newborns very quickly (64). Prenatal testing for
Group B Streptococcus (GBS) and prophylactic
antibiotic administration during labor have resulted
in a considerable reduction in the incidence of EOS
from GBS (65). But GBS continues to be the most
common cause of neonatal sepsis, so medical
professionals must keep a close eye on babies who
are at risk. In a nationwide research, GBS-positive
moms had received intrapartum antibiotics in half of
the EOS cases, while 81% of mothers of term
children with sepsis had negative GBS culture results



732 Nawaf Shargi Khalaf Alanazi et.al.

(62). Additionally, newborns are susceptible to
infections during delivery that could be aggravated
by chorioamnionitis. Sepsis is more likely to occur in
babies whose moms had a fever during childbirth,
especially if it happens early. Compared to babies
whose moms were not treated for chorioamnionitis,
premature newborns of mothers who received
treatment are more likely to suffer from neonatal
infection (66). Between 2007 and 2014, the
percentage of live births in the US with preterm
births dropped from 10.41% to 9.54% (66). One in
ten newborns were delivered prematurely in 2015,
despite a minor increase in preterm deliveries
(Centers for Disease Control and Prevention, 2017).
Premature birth rates are 48% higher among Black
women than among all other women, demonstrating
the persistence of racial and ethnic inequities (67).
More babies are at danger when preterm and
infection exposure occur during childbirth.
According to Stoll et al. (2002), LOS is
frequently linked to horizontal variables that arise
during prolonged NICU stays. With a 20% sepsis-
related death rate, VLBW babies are especially
vulnerable to sepsis (62). They are especially
susceptible to sepsis because of their immature
immune systems, underdeveloped central nervous
systems, and requirement for central venous access
for treatment (63). The length of hospital stay, and
the complexity of the newborn's health status have a
significant impact on the incidence of length of stay
(LOS). According to Nizet and Klein (2010), LOS is
linked to several conditions that impact ill newborns
during extended hospital stays, including hypoxia,
acidosis, hypothermia, and hypoglycemia. Neonates
are particularly susceptible during these events, and
normal medical procedures such as repeated blood
draws and central line access provide entry points for
infection (69). They may be continuously at risk due
to the continual cycle of care for VLBW infants and
intensive care events. Positive blood culture results
are necessary for a final diagnosis of sepsis (70). It is
difficult to identify small changes in the infectious
process early on because of factors including the
infant's age, the adjusted gestational age, and the
care setting. For example, neonates weighing less
than 2,500 g or fewer than 26 weeks gestation are
frequently observed in high-surveillance NICU
environments, which may result in temperature
swings. Nurses may find it challenging to spot early
signs of disease in neonates in typical newborn
settings, such as mother-baby units (MBUSs), because
the babies' mothers may wrap or hold them close to
their bodies. Although sepsis is not common in term
newborns, it does occur more frequently in those
with maternal risk factors, including positive GBS
cultures, herpes simplex virus, temperature over
100.4 F, and ruptured membranes lasting more than
eighteen hours (71). Suspicion of sepsis should be
guided by laboratory results, clinical events, and
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established risk factors in addition to the need to
differentiate clinical signs and symptoms from other
illnesses (69).

The signs of early sepsis are poorly
characterized. Waiting to start treatment until a
neonate exhibits many physiological indications of
sepsis raises the risk of morbidity and fatality. At the
bedside, where nurses are more qualified than
parents to spot early changes in the first few days
after giving birth, sepsis surveillance takes place.
Sepsis diagnosis in the NICU is a persistent worry
that might be difficult to identify (72). In a
qualitative research, nurses bemoaned the slow
decline of newborns suffering from sepsis and
thought that early, subtle alterations suggested sepsis
before clear indications materialized (72). Early
intervention might be facilitated by identifying a
cluster of indications and symptoms. Few predictive
methods and models have been effectively
implemented for the early detection of sepsis (73-
74). Rubarth (2007) created the 13-item Newborn
Scale of Sepsis, which consists of five laboratory
tests and eight clinical indications. Its limited
diagnostic utility resulted from testing it on 62
newborns, which revealed high sensitivity (93%) but
low specificity (47%) and positive predictive value
(29%). Okascharoen et al. (2005) used derivation
analysis with 1,870 newborns hospitalized for longer
than 72 hours to construct a bedside prediction
model for late-onset neonatal sepsis. The following
seven factors contributed to the explanation of late-
onset sepsis: lethargy, neutrophil bandemia,
thrombocytopenia, aberrant body temperature,
respiratory insufficiency, and duration of umbilical
venous catheter use. The model's positive predictive
value ranged from 43% to 56%, but its negative
predictive value was high (90% to 96%). The
Neonatal Trigger Score (NTS) was assessed by
Holme et al. (2013) as a means of diagnosing sick
infants. When the NTS was used to identify babies
needing NICU admission, it demonstrated 77%
sensitivity and 97% specificity in 485 neonates older
than 35 weeks gestation. The NTS is encouraging,
but it hasn't received external validation (75).

Role of Nurses in Neonatal Sepsis:

Updated recommendations for the medical
treatment of sepsis are provided by the Surviving
Sepsis Campaign guidelines, which are evidence-
based guidelines for the management of sepsis. The
68 international experts from 30 organizations who
contributed to these guidelines have evaluated the
quality of the evidence and the strength of the
recommendations using the Grades  of
Recommendation, Assessment, Development, and
Evaluation (GRADE) methodology. The
recommendations are divided into three primary
categories: (1) high-priority general care issues; (2)
pediatric considerations; and (3) management of
severe sepsis (76-77).
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Initial Diagnosis and Resuscitation
The guidelines stress how crucial it is to
diagnose and treat sepsis as soon as possible in order
to lower death rates. Using a protocolized approach
to resuscitation is crucial for patients who have tissue
hypoperfusion caused by sepsis (hypotension that
persists after the initial fluid challenge or blood
lactate concentration >4 mmol/L). This strategy
should be implemented as soon as possible, even
prior to ICU admission, as it will have an impact on
the treatment given in general clinical units and
emergency departments (76-77).
Objectives for Grade 1C Initial Resuscitation
(within the First 6 Hours):
e 8-12 mm Hg is the central venous
pressure.
e >65 mm Hg is the mean arterial
pressure (MAP).
e  Output of urine: >0.5 mL/kg hr
e 70% for central venous oxygen
saturation (superior vena cava) and
65% for mixed venous oxygen
saturation

The guidelines also include aiming for the
fastest possible normalization of lactate levels (grade
2C) and use blood lactate levels as a measure of
tissue hypoperfusion. When sufficient intravascular
volume replacement is achieved but central venous
oxygen saturation (<70%) or mixed venous oxygen
saturation (<65%) continues, dobutamine infusion
(up to 20 pg/kg per minute) or transfusion of packed
red blood cells to reach a hematocrit of at least 30%
are the choices available. Clinician competency and
the scarcity of equipment are obstacles to early
quantitative resuscitation. The wuse of oxygen
saturation and central venous pressure as
resuscitation endpoints has generated debate, yet
regimens incorporating these metrics are simple to
set up in both emergency and intensive care unit
settings. The influence of additional technologies on
clinical outcomes in early resuscitation for assessing
flow and volumetric parameters is minimal (76-77).
Bundles for Sepsis

The guidelines directly affect nurse care by
offering detailed suggestions for managing sepsis
through sepsis bundles. Nurses are frequently in
charge of giving antibiotics and vasopressor therapy,
as well as drawing blood samples for cultures and
assessments of lactate levels. Sepsis bundles must be
started as soon as possible when sepsis is diagnosed.
Sepsis screening can increase early detection and
lower mortality from sepsis as part of a process to
enhance performance (78-79).
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Figure 2: Management of Neonatal sepsis and role
of nursing.

In order to accomplish goals in sepsis care,
a multidisciplinary team comprising physicians,
nurses, pharmacists, respiratory therapists, dieticians,
and administrators is needed, as well as
multispecialty collaboration including emergency
medicine, surgery, and medicine. The identification
and implementation of the new recommendations,
which emphasize multidisciplinary and
multispecialty engagement, can be improved through
nurse-driven quality improvement projects that target
sepsis (78-79).
Cultures and Antimicrobial Therapy

Before initiating antimicrobial therapy, it is
recommended to obtain appropriate cultures,
provided this does not delay administration longer
than 45 minutes (grade 1C). To optimize
identification of causative organisms, at least two
sets of blood samples (both aerobic and anaerobic
bottles) should be cultured before starting antibiotics.
One blood sample should be obtained percutaneously
and one through each vascular access device, unless
the device was inserted less than 48 hours earlier.
Other potential infection sources, such as urine,
respiratory secretions, wounds, or other body fluids,
should also be cultured if it does not significantly
delay antibiotic administration (grade 1C). Nurses
play a crucial role in obtaining samples for culture
and administering antibiotic therapy. Obtaining
samples from different sources maximizes the
potential for positive culture results, and using
appropriate techniques prevents contamination. If
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cultures from different sites show the same
organism, it enhances the likelihood that the
organism is causing severe sepsis (78-79).
Source Control

Identifying the infection source is essential
to manage sepsis and contain inflammatory
responses. Appropriate interventions should be
undertaken within the first 12 hours after diagnosis
(grade 1C). Measures include surgical debridement
for an abscess, removal of infected intravascular
devices, or other actions to eliminate the infection
source. Regular patient assessments can help identify
potential infection sites, such as areas of redness,
inflammation, or drainage from catheter sites (80).
Infection Prevention

Careful  infection  control  practices,
including hand hygiene, barrier precautions, catheter
care, head-of-bed elevation, comprehensive oral
care, and subglottic suctioning, should be maintained
to prevent complications.  Selective  oral
decontamination and selective digestive
decontamination can reduce the incidence of
ventilator-associated  pneumonia  (grade  2B).
Oropharyngeal decontamination  with oral
chlorhexidine gluconate is also suggested to reduce
this risk in ICU patients with severe sepsis (grade
2B). Infection prevention measures are critical for
patients at risk of sepsis, focusing on education,
surveillance, hand hygiene, and prevention of
respiratory, central catheter—related, surgical site,
and urinary tract infections (80).
Hemodynamic Support and Adjunctive Therapy
Fluid Therapy

Crystalloids are recommended as the initial
fluid of choice for resuscitating patients with severe
sepsis and septic shock (grade 1B). The use of
hydroxyethyl starches is not supported (grade 1B).
Albumin can be used when substantial amounts of
crystalloids are needed (grade 2C). Fluid challenges
should continue as long as hemodynamic
improvement is observed, measured by dynamic
(e.g., pulse pressure variation) or static (e.g., arterial
pressure) variables (80).
Vasopressors

Vasopressor therapy should target a mean
arterial pressure (MAP) of 65 mm Hg (grade 1C).
Norepinephrine is recommended as the first-choice
vasopressor (grade 1B). Epinephrine can be added if
needed (grade 2B). Vasopressin up to 0.03 units per
minute can be added to norepinephrine. Dopamine is
an alternative only in selected patients (grade 2C).
Phenylephrine is not recommended except in specific
circumstances (grade 1C). Low-dose dopamine
should not be used for renal protection (grade 1A).
Arterial catheter placement is recommended for
patients requiring vasopressors (grade 1C) (80).
Inotropic Therapy

A trial of dobutamine infusion up to 20
pg/kg per minute is recommended for myocardial
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dysfunction or ongoing hypoperfusion despite
adequate volume and MAP (grade 1C). Increasing
cardiac index to supranormal levels is not
recommended (grade 1B) (80).
Steroid Therapy

Intravenous hydrocortisone (200 mg per
day) is recommended only for hemodynamically
unstable patients not responding to fluids and
vasopressors (grade 2C). The corticotropin-releasing
hormone stimulation test is no longer supported for
identifying patients for steroid therapy (grade 2B)
(80).
Administration of Blood Products

Red blood cell transfusion is recommended
only for hemoglobin levels <7 g/dL to target 7.0 to
9.0 g/dL in adults (grade 1B). Erythropoietin is not
recommended for treating anemia associated with
severe sepsis (grade 1B). Fresh frozen plasma is not
recommended to correct laboratory clotting
abnormalities unless there is bleeding or planned
invasive procedures (grade 2D). Platelet therapy is
recommended for counts <10,000/mm?® in the
absence of bleeding or <20,000/mm® with a
significant risk of bleeding. Higher platelet counts
(>50,000/mm?) are advised for active bleeding,
surgery, or invasive procedures (grade 2D) (80).
Nursing Considerations

Nurses play a vital role in administering
fluids, monitoring patient response, managing
vasopressors, and ensuring proper techniques in
obtaining cultures to prevent contamination. They
also oversee infection prevention practices and
educate other healthcare providers. Awareness and
implementation of these guidelines in nursing
practice are crucial for improving patient outcomes
in sepsis management (80).
Supportive Therapy for Severe Sepsis
Mechanical Ventilation in Patients With Sepsis-
Induced Respiratory Distress Syndrome

o Tidal Volume: A tidal volume of 6 mL/kg
predicted body weight is recommended
over 12 mL/kg for patients with sepsis-
induced ARDS (grade 1A).

e Plateau Pressures: Maintain plateau
pressures at <30 cm H20 (grade 1B).

e PEEP: Apply positive end-expiratory
pressure (PEEP) to prevent alveolar
collapse (atelectotrauma) (grade 1B).

e Refractory Hypoxemia: Use recruitment
maneuvers for severe refractory hypoxemia
(grade 2C) and prone positioning for
Pa0O2/FIO02 <100 mm Hg (grade 2B).

General care principles include:

e Head Elevation: Maintain head of the bed
elevation at 30° to 45° to limit aspiration
risk and prevent ventilator-associated
pneumonia (grade 1B).
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Sedation,

Noninvasive Ventilation: Use noninvasive
mask ventilation in appropriate patients
(grade 2B).

Weaning Protocol: Implement a weaning
protocol and conduct regular spontaneous
breathing trials (grade 1A). Nurse-directed
weaning has been shown to reduce the
duration of mechanical ventilation. Nurses
play a vital role in promoting adequate
oxygenation, ventilation, and weaning
patients off mechanical ventilation.
Analgesia, and  Neuromuscular

Blockade in Patients With Sepsis

Minimizing Sedation: It is recommended
to minimize sedation in sepsis patients
receiving mechanical ventilation, aiming for
specific titration endpoints (grade 1B). This
approach helps in reducing the duration of
mechanical ventilation and lengths of stay
in the ICU and hospital.

Neuromuscular Blocking Agents: These
should be avoided if possible or used in
limited doses for less than 48 hours when
necessary (grade 1C). Monitoring the depth
of blockade using train-of-4 monitoring is
recommended to prevent prolonged
paralysis and its associated complications
(80).

Monitoring: Monitoring patients' response
to sedation with validated scales like the
Richmond Agitation Sedation Scale (RASS)
is crucial. Strategies like daily sedation
interruption, although initially promising,
have shown no significant benefit in recent
studies. Instead, protocols such as the
ABCDE bundle (Awakening, Breathing
Coordination, Delirium monitoring, Early
mobilization) are effective in minimizing
sedation, promoting early mobilization, and
preventing complications like delirium.
Pain and Delirium Management:
Effective pain management and early
detection and management of delirium
using tools like the Confusion Assessment
Method for the ICU (CAM-ICU) are
essential. These measures help in improving
patient outcomes by reducing the risks
associated with prolonged sedation and
immobility (80).

Glucose Control
Protocolized Blood Glucose Management

Initiation of Insulin: Insulin dosing should
commence when two consecutive blood
glucose levels exceed 180 mg/dL in ICU
patients with severe sepsis. The target upper
blood glucose level should be maintained at
180 mg/dL or lower, rather than aiming for
tighter control (grade 1A) (80).
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Monitoring: Blood glucose levels should
be monitored every 1 to 2 hours initially,
until stable, and then every 4 hours
thereafter (grade 1C). It's important to note
that point-of-care testing of capillary blood
may not always accurately reflect arterial or

plasma glucose values, necessitating
caution in interpretation.
Insulin  Therapy Management: A

protocolized approach to insulin therapy is
recommended to  ensure  consistent
management of blood glucose levels. This
approach, often managed by nurses, has
been shown to be feasible, safe, and
effective in maintaining glucose within
target ranges (grade 1A).

Renal Replacement Therapy

Continuous vs. Intermittent Therapies:
Both  continuous renal  replacement
therapies and intermittent hemodialysis are
equally effective in severe sepsis and acute
renal failure, yielding similar short-term
survival rates (grade 2B). Continuous
therapies are preferred in hemodynamically
unstable patients to manage fluid balance
effectively (grade 2D).

Nursing Role: Nurses play a crucial role in
managing renal replacement therapy in the
ICU, including preparation, adjustment of
settings, monitoring electrolytes, and
recognizing and managing complications
like circuit failure (grade 2B) (80).

Prophylaxis of Deep Vein Thrombosis

Pharmacoprophylaxis:  Patients  with

severe sepsis  should receive daily
pharmacoprophylaxis  against  venous
thromboembolism (VTE) using

subcutaneous low-molecular weight heparin
(LMWH) (grade 1B). If creatinine clearance
is less than 30 mL/min, alternative forms of
LMWH or unfractionated heparin should be
considered (grade 1A) (80).

Combination Therapy: Combining
pharmacologic therapy with intermittent
pneumatic ~ compression  devices s
beneficial when feasible (grade 2C).

Mechanical prophylactic treatments should
be considered if there are contraindications
to heparin use (grade 2C).

Nursing Implementation: Nurses
administer pharmacoprophylaxis as ordered,
initiate  mechanical compression devices,
and promote early mobilization to prevent
deep vein thrombosis, which is critical in
reducing complications like pulmonary
emboli (grade 1B).

Stress Ulcer Prophylaxis

Medication Recommendations: Proton
pump inhibitors (PPIs) are preferred over
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histamine 2 blockers for stress ulcer
prophylaxis in sepsis patients with bleeding
risk factors (grade 1B). Routine prophylaxis
is not necessary for patients without risk
factors (grade 2B) (80).

e Nursing Role: Administration of stress
ulcer prophylaxis is a standard practice in
the ICU to reduce gastrointestinal bleeding
risks, which can significantly impact patient
outcomes (grade 1B).

Nutrition

e Feeding Recommendations: Oral or
enteral feeding should be initiated as
tolerated within the first 48 hours of severe
sepsis diagnosis, rather than fasting or
relying solely on intravenous glucose (grade
2C). Low-dose feeding initially, advancing
as tolerated, is recommended to achieve full
caloric feeding (grade 2B) (80).

e Nutritional Strategies: Enteral nutrition is
preferred over parenteral nutrition alone or
in combination with enteral feeding in the
early phase of sepsis (grade 2B). Specific
immunomodulating supplementation is not
routinely recommended (grade 2C).

e Nursing Considerations: Nurses play a
key role in implementing enteral feeding
protocols,  assessing  tolerance, and
managing complications related to feeding,
which is crucial for maintaining gut
integrity  and preventing bacterial
translocation (grade 2C).

Setting Goals of Care

e Importance of  Discussion:  Early
discussion of treatment goals and prognosis
with patients and their families is crucial
within 72 hours of ICU admission (grade
2C). This includes incorporating goals of
care into treatment and end-of-life planning
using palliative care principles when
appropriate (grade 1B) (80).

e Enhancing Communication:  Nurses
contribute significantly to these discussions,
helping families understand prognosis and
treatment  options, which  improves
satisfaction, reduces stress, and aids in
making informed decisions (grade 1B) (80).
These guidelines underscore the

comprehensive approach required in managing
severe sepsis, involving precise protocols for glucose
control, renal replacement therapy,
thromboprophylaxis,  stress  ulcer  prevention,
nutritional support, and setting clear goals of care to
optimize patient outcomes in the ICU setting (80).
Biochemical Markers for Neonatal Sepsis:

Acute Phase Reactants in Neonatal Sepsis
C-reactive Protein (CRP)
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Structure and Function: CRP is a
pentraxin protein that rapidly increases in
response to inflammation, primarily binding
to phosphocholine on bacterial membranes.
It activates the complement pathway,
enhances phagocytosis, and promotes
proinflammatory mediator expression (81).
Diagnostic Utility: CRP levels increase
significantly during the acute phase
response, making it a widely accessible and
cost-effective marker in neonatal intensive
care units for detecting infections.
Sensitivity and Specificity: Sensitivity
ranges widely (29% to 100%) depending on
various factors such as timing of sampling,
reference values, and patient characteristics.
Specificity also varies (6% to 100%) (81).
Clinical Use: Serial CRP measurements,
especially 12-24 hours after onset of
symptoms, are preferred for monitoring
response to treatment and determining
antibiotic therapy duration.

Procalcitonin (PCT)

Biological Properties: PCT, the precursor
of calcitonin, is mainly produced in the liver
and peripheral blood mononuclear cells in
response to TNF-ao and IL-6 stimulation.
Diagnostic Value: PCT levels rise rapidly
and significantly in bacterial infections
compared to viral or inflammatory
conditions. It peaks at around 6 hours and
remains elevated for up to 24 hours (81).
Clinical  Applications:  Serial PCT
measurements are useful for monitoring
response to antibiotic therapy and
distinguishing between bacterial and non-
bacterial causes of infection.

Limitations: Elevated PCT levels can also
occur in non-infectious conditions such as
respiratory distress syndrome or after birth
(81).

Serum Amyloid A (SAA)

Function: SAA proteins, part of the acute
phase response, play a role in cholesterol
metabolism  and  stimulate  immune
responses during inflammation.

Diagnostic Accuracy: SAA has shown
better diagnostic accuracy than CRP in
some studies for early-onset neonatal sepsis.
Clinical Utility: SAA levels increase early
in the course of EOS and may complement
other markers in diagnosing infections (81).

Lipopolysaccharide-Binding Protein (LBP)

Role: LBP transfers endotoxins to immune
cells, primarily active in Gram-negative
bacterial infections.

Diagnostic Value: Elevated plasma LBP
levels persist for more than 24 hours in
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neonates with early-onset sepsis, providing

a prolonged window for diagnosis.
Interalpha Inhibitor Proteins (lalp)

e Function: lalp are serine protease inhibitors
involved in inflammation regulation and
wound healing (81).

e Diagnostic Accuracy: Reduced levels of
lalp are associated with neonatal sepsis and
mortality in severe sepsis cases.

Mannose-Binding Lectin (MBL)

e Function: MBL activates the complement
system via the lectin pathway, enhancing
phagocytosis of microorganisms (81).

o Diagnostic Potential: Low MBL levels at
birth are associated with increased risk of
early-onset sepsis, showing promise in
identifying neonatal infections.

These acute phase reactants play critical
roles in the systemic response to infection, aiding in
diagnosis, monitoring treatment response, and
predicting outcomes in neonatal sepsis. Their clinical
utility varies based on timing of measurement,
underlying conditions, and specific patient
characteristics, highlighting the importance of using
them in combination for comprehensive diagnostic
and therapeutic strategies (81).

Cytokines in Neonatal Sepsis
Interleukin-6 (IL-6)

e Function: IL-6 is a pleiotropic cytokine
produced in response to infections and
tissue injury.

o Diagnostic Utility: Elevated IL-6 levels
indicate inflammation and have been
studied as a marker for fetal inflammatory
response syndrome (FIRS) in EOS.

e Clinical Applications: IL-6 levels rise
significantly during infections, although it
has a narrow window for distinguishing
infections. It is often used in combination
with CRP for better diagnostic accuracy
(81).

e Sensitivity and Specificity: Various cutoff
points have been proposed, with sensitivity
and specificity reported around 79% and
84%, respectively, for identifying neonatal
sepsis.

Interleukin-8 (I1L-8)

e Function: IL-8 is a proinflammatory
mediator involved in leukocyte activation
and migration.

e Diagnostic Value: IL-8 levels increase
rapidly within hours of infection, making it
a promising early-phase indicator for
neonatal sepsis.

e Clinical Use: IL-8 assays show sensitivities
ranging from 80% to 91% and specificities
from 76% to 100% in detecting neonatal
sepsis.
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e Cutoff Values: Mean cutoff values range
around 220.53 pg/ml  with varying
sensitivity and specificity, highlighting the
need for standardized protocols (81).

Interleukin-10 (IL-10)

e Role: IL-10 is involved in regulating
inflammatory responses and has been
implicated in EOS and late-onset sepsis
(81).

e Diagnostic Accuracy: IL-10 shows high
sensitivity (92%) and specificity (84%)
using cutoff points for identifying bacterial
culture-positive or negative sepsis.

Interleukin-35 (1L-35)

e Function: IL-35 is an anti-inflammatory
cytokine that regulates immune responses.

o Diagnostic Potential: IL-35 has shown
promise as a prognostic marker for EOS,
with good sensitivity (78.48%) and
specificity (66.67%) using specific cutoff
values.

e Clinical Implications: Further research is
needed to establish its role in clinical
applications for neonatal sepsis
management (81).

Visfatin and Resistin

e Visfatin: Also known as PBEF, visfatin
induces both proinflammatory and anti-
inflammatory cytokines and shows good
sensitivity (92%) and specificity (94%) for
diagnosing neonatal sepsis at a cutoff point
of 10 ng/ml.

o Resistin: Secreted by adipose tissue,
resistin is involved in inflammation and
autoimmunity, with cutoff values showing
high sensitivity (93%) and specificity (95%)
for detecting neonatal sepsis (81).

Granulocyte Colony Stimulating Factor (G-CSF)

e Function: G-CSF stimulates the production
and differentiation of neutrophils, making it
a sensitive indicator for neonatal infections.

e Diagnostic Value: G-CSF levels >200
pg/ml have high sensitivity (95%) and
specificity (73%) for detecting early-onset
neonatal bacterial and fungal infections.

Other Cytokines

e TNF-a and IL-1 Family: TNF-a and IL-1B
are early mediators of inflammation, but
their diagnostic utility in neonatal sepsis
varies due to conflicting study results and
methodological differences (81).

e IL-12 (p70): Used alone or in combination
with other tests, IL-12 offers potential
benefits in screening and diagnosing
neonatal sepsis.

Cytokines play crucial roles as biomarkers
in diagnosing and monitoring neonatal sepsis,
reflecting the inflammatory responses to infections.
Their clinical utility depends on accurate
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measurement methods, standardized cutoff values,
and understanding their kinetics in different neonatal
populations. Further research is essential to optimize
their use in clinical practice and improve outcomes
for neonates at risk of sepsis (81).

Cell Surface Markers in Neonatal Sepsis
Detection

Neutrophil Markers

CD64 (FcyRI)

e Function: CD64 is a high-affinity
immunoglobulin Fc receptor expressed on
monocytes and to a lesser extent on
neutrophils  (PMNSs). Increased CD64
expression on PMNs is associated with
activation, indicating bacterial infections.

o Diagnostic Use: CD64 expression can
distinguish bacterial infections from other
inflammatory disorders and is a strong
indicator for initiating antibiotic treatment.

e Combination with Other Markers:
Combining CD64 with markers like I1L-6 or
CRP improves diagnostic accuracy. For
late-onset infections, combinations have
shown sensitivity and negative predictive
value up to 100%, while for early-onset
infections, sensitivity reaches 97% and
negative predictive value 98% (81).

CD11b (Mac-1)

e Function: CD11b is a marker of neutrophil
activation and is upregulated in response to
infections.

e Clinical Utility: Combining CD11b with
CRP enhances sensitivity and negative
predictive value for detecting neonatal
infections.

Other Cell Markers

e Lymphocyte Markers: Include CD3,
CD19, CD25, CD26, CD71, and CD69,
which show varying expression in response
to infections in preterm newborns. Elevated
levels of CD19, CD33, and CD66b have
been noted, but their diagnostic efficiency
requires further evaluation (81).

e Neutrophil Markers: Besides CD11b,
markers like CD11c, CD13, CD15, CD33,
and CD66b are also studied in the context
of neonatal sepsis.

Soluble CD14 subtype presepsin (SCD14-ST)
e Function: CD14 exists in a soluble form
(sCD14) and plays a role in recognizing
bacterial products, triggering inflammatory
responses.
o Diagnostic Value: sCD14-ST, also known
as presepsin, is associated with the severity
and course of sepsis. It distinguishes
bacterial sepsis from other conditions more
effectively than CRP.
e Clinical Use: Changes in sCD14-ST levels
correlate  with the effectiveness of
antimicrobial therapy and patient outcomes.
It is seen as a potential tool to enhance the
management of neonatal sepsis in clinical
settings (81).
Clinical Implications

These cell surface markers and soluble
forms like sCD14-ST offer promising avenues for
improving the early detection and management of
neonatal sepsis. Their integration into clinical
practice could enhance diagnostic accuracy, guide
timely treatment decisions, and ultimately improve
outcomes for neonates at risk of sepsis. Further
research is crucial to establish standardized protocols
and validate their utility across different clinical
settings (81).
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Conclusion:

Neonatal sepsis remains a significant
challenge in healthcare, characterized by rapid onset
and potentially devastating consequences if not
promptly diagnosed and treated. The role of nurses
in its management is pivotal, as they are often the
first to observe subtle clinical signs and implement
timely interventions. Their vigilance in monitoring
vital signs, assessing clinical status, and promptly
escalating concerns to medical teams is crucial for
early recognition and intervention. Biochemical
markers play a crucial role in the diagnosis and
management of neonatal sepsis. Among these, C-
reactive protein (CRP), procalcitonin (PCT), and
various cytokines such as interleukin-6 (IL-6) and
soluble CD14 subtype presepsin (sCD14-ST) have
gained prominence. These markers offer valuable
insights into the inflammatory response, aiding in the
differentiation of sepsis from other causes of
neonatal illness. Their use in conjunction with
clinical assessment helps guide decisions on
initiating or adjusting antibiotic therapy, monitoring
response to treatment, and predicting outcomes.
Nurses' involvement extends beyond bedside care;
they contribute significantly to the multidisciplinary
approach essential for managing neonatal sepsis.
Their roles encompass patient advocacy, family
support, meticulous documentation, and adherence to
infection control protocols to prevent nosocomial
infections. Education of parents on signs of infection
and preventive measures further enhances their
impact in mitigating risks associated with neonatal
sepsis. Effective management of neonatal sepsis
requires a coordinated effort involving healthcare
providers across disciplines. Nurses, through their
direct and continuous patient care, facilitate early
detection of sepsis and prompt initiation of
treatment, thereby improving outcomes and reducing
mortality rates. Continued research into the
optimization of biochemical markers and nursing
protocols is essential to further enhance the
management of neonatal sepsis, ensuring that infants
receive timely and appropriate care tailored to their
unique clinical needs.
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