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Abstract
Article history: Background: Severe adenovirus pneumonia (SAP) in children is a critical illness
characterized by a dysregulated hyperinflammatory response. The adjunctive role of early
Received: 18 Oct 2025 intravenous immunoglobulin (IVIG) and optimized nursing care in modulating this
Accepted: 3 Dec 2025 inflammation remains a key area of clinical investigation.
Available online: 12 Dec 2025 Objective: This review evaluated current evidence on the efficacy of early IVIG
administration and nursing process optimization (NPO) in improving clinical and
Keywords: biochemical outcomes for pediatric SAP.
Methods: A comprehensive analysis of clinical studies, including a pivotal randomized
Immunoglobulin controlled trial was conducted. The review focuses on IVIG's immunomodulatory
Pediatric mechanisms and the impact of structured nursing interventions on care delivery.
Adenovirus Results: Early IVIG administration is associated with significant reductions in key
Pneumonia inflammatory markers (CRP, PCT, IL-8) and leads to superior clinical outcomes, including

shorter hospital stays, fever duration, and mechanical ventilation requirements, alongside
lower complication rates. Concurrently, implementing NPO protocols dramatically reduces
infusion-related adverse events.

Conclusion: The synergistic application of early IVIG and NPO presents a promising, holistic
strategy for managing pediatric SAP by effectively modulating inflammation and enhancing
the safety of care delivery. This combined approach warrants broader clinical adoption and
further long-term study.
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Introduction a high propensity for complications, including

Adenovirus pneumonia represents one of the most respiratory failure, pleural effusion, and myocarditis
severe forms of pneumonia in infants and young [1,2]. The disease progression is often rapid, and the
children, with severe adenovirus pneumonia (SAP) associated hyperinflammatory response contributes
posing a substantial threat to life. SAP is characterized significantly to tissue damage and organ dysfunction [3].

by high, persistent fever, acute respiratory distress, and
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The clinical management of SAP remains challenging,
as no specific antiviral therapy has proven universally
effective.  Treatment is primarily supportive,
encompassing antiviral agents, management of
secondary bacterial infections, and organ support,
including mechanical ventilation (MV) for respiratory
failure [4, 5]. Within this therapeutic landscape,
intravenous immunoglobulin (IVIG) has emerged as a
valuable immunomodulatory adjunct. IVIG, a
preparation of polyclonal IgG antibodies, is postulated to
exert its effects through multiple mechanisms, including
Fc receptor blockade, neutralization of pathogens and
toxins, and modulation of cytokine production [6, 7].
These actions may help temper the destructive
inflammatory cascade seen in SAP.

Parallel to advances in pharmacological treatment,
innovations in healthcare delivery are crucial. The
concept of business process reengineering, introduced
to healthcare to improve efficiency and quality [8], has
found application in nursing. Nursing process
optimization (NPO) involves a fundamental rethinking
and redesign of nursing workflows from the patient's
perspective to maximize safety, efficacy, and value [9].
In high-stakes environments like pediatric emergency
infusion, NPO can significantly reduce procedural risks
and improve the patient experience [10].

This review aims to critically appraise the current
understanding of the role of early IVIG administration in
modulating inflammatory biomarkers and improving
clinical outcomes in pediatric SAP. It further seeks to
evaluate the impact of NPO on enhancing the safety and
effectiveness of care delivery, framing these
interventions within a holistic approach to managing
this severe pediatric illness.

Pathophysiology and Inflammatory Cascade in
Severe Adenovirus Pneumonia

The severity of adenovirus pneumonia is not solely
due to viral cytopathic effects but is largely driven by an
excessive host immune response. The infection triggers

a robust activation of innate and adaptive immunity,

leading to a "cytokine storm" [11]. Key inflammatory

mediators involved include:

e C-reactive Protein (CRP): A classic acute-phase
reactant produced by the liver in response to
interleukin-6 (IL-6). Elevated CRP levels correlate with
the severity of inflammation and tissue damage [12].

¢ Procalcitonin (PCT): Another acute-phase reactant,
PCT is often more specific for severe bacterial co-
infections but is also elevated in severe systemic
inflammatory  states, including severe viral
pneumonias, and can serve as a marker of disease
severity and treatment response [13].

o Interleukin-8 (IL-8): A potent chemokine that
attracts neutrophils to the site of infection. Excessive

IL-8 production contributes to neutrophilic infiltration
in the lungs, leading to alveolar damage and impaired
gas exchange [14].

This dysregulated inflammatory response is central
to the pathogenesis of complications such as acute
respiratory distress syndrome (ARDS), pleural effusion,
and extrapulmonary manifestations like myocarditis
and encephalitis [3]. Therefore, therapeutic strategies
aimed at modulating this response, such as IVIG, hold
significant promise.

Immunomodulatory Mechanisms of Intravenous
Immunoglobulin (IVIG)

IVIG's mechanisms of action are multifaceted and
extend beyond simple antibody replacement. In the
context of severe infection and inflammation, its
beneficial effects are thought to derive from:

1. Neutralization of Pathogens and Toxins: [VIG
contains a broad spectrum of neutralizing antibodies
against common pathogens, which can aid in clearing
the adenovirus and preventing secondary infections [6].
2. Fc Receptor Blockade: IVIG saturates Fcy receptors
on macrophages and other immune cells, thereby
inhibiting antibody-dependent cellular cytotoxicity and
phagocytosis of opsonized cells, which can mitigate
tissue damage [7].

3. Modulation of Cytokine and Chemokine Produc-
tion: [IVIG can suppress the production of pro-
inflammatory cytokines (e.g., TNF-a, IL-1f, IL-6) and
chemokines like IL-8, thereby dampening the cytokine
storm [15].

4. Anti-inflammatory Mediators: Certain preparations
of IVIG contain anti-inflammatory components that can
directly inhibit inflammatory pathways.

These immunomodulatory properties provide a strong
rationale for the use of IVIG in conditions like SAP,
where an exaggerated immune response is a key driver
of pathology.

Clinical Evidence for Early IVIG in Pediatric SAP

A growing body of clinical evidence supports the
adjunctive use of IVIG in SAP. Recent studies have
focused on the timing of administration, with "early"
intervention (within the first few days of
hospitalization) being hypothesized to yield superior
outcomes by intervening before the inflammatory
cascade becomes irreversible.

A recent randomized controlled trial by Wu et al.
provides compelling evidence for this approach [1]. In
their study of 150 children with SAP, patients who
received early IVIG (250-400 mg/kg/d for 3-5 days)
alongside standard care demonstrated significantly
greater reductions in inflammatory markers compared
to the control group receiving standard care alone. The
experimental  group  showed reductions of
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approximately 40%, 30%, and 25% in CRP, PCT, and IL-
8 levels, respectively, far exceeding the changes
observed in the control group [1].

More importantly, these biochemical improvements
translated into superior clinical outcomes. The IVIG
group experienced a significantly shorter length of
hospital stay (9.8+3.7 days vs. 13.6+3.5 days), a shorter
duration of fever (10.6x4.2 days vs. 15.3+4.1 days), and
a reduced need for and duration of mechanical
ventilation (3.8+1.1 days vs. 5.5%2.7 days) [1].
Furthermore, the incidence of major complications,
including pleural effusion, atelectasis, and myocarditis,
was markedly lower in the IVIG group. This study
underscores the potential of early IVIG to not only
modulate the immune response but also to alter the
clinical course of the disease favorably.

These findings are consistent with other reports in
the literature. For instance, IVIG has been shown to
improve outcomes in steroid-resistant pneumonia and
other hyperinflammatory states [13, 16]. A study by
Ouldali et al. also highlighted the role of IVIG in
controlling fever and inflammation in multisystem
inflammatory syndrome in children (MIS-C), a condition
sharing some pathophysiological features with severe
viral infections [17].

The Role of Nursing Process Optimization (NPO) in
Safe Care Delivery
The administration of IVIG and the management of

critically ill children with SAP require meticulous
attention to detail to prevent iatrogenic harm. Nursing
process optimization (NPO) is a systematic approach to
redesigning workflows to enhance patient safety,
efficiency, and satisfaction.
Key components of NPO in the context of emergency
infusion, as demonstrated by Wu et al,, include [1]:
e Reception  Optimization: Streamlining  patient
intake, ensuring comprehensive handovers, and
implementing triage protocols to prioritize critically ill
children (e.g., those with high fever or altered mental
status).
Infusion Process Optimization: Standardizing drug
verification, sequencing, and monitoring procedures.
This includes proactive patient monitoring, especially
during the infusion of hypertonic or irritating drugs,
and clear communication with families about the use
of call bells.
Psychological and Holistic Care: Providing pre-
infusion counseling to alleviate anxiety in both
children and their families, thereby improving
cooperation and reducing the risk of accidental
displacement of lines or other incidents.

The implementation of NPO in the study by Wu et al.
led to a dramatic reduction in infusion-related adverse
events, such as fluid exosmosis, accidental

disconnection, and medication errors [1]. This aligns
with other studies that have shown process
reengineering in healthcare settings can significantly
improve patient safety profiles [18, 19]. By ensuring the
safe and efficient delivery of critical therapies like IVIG,
NPO acts as a force multiplier, enhancing the overall
effectiveness of the medical intervention.

Discussion

The integration of early immunomodulatory
intervention with optimized care delivery represents a
paradigm shift in the management of pediatric SAP.
Evidence suggests that early IVIG administration
directly targets the core pathophysiology of SAP—the
hyperinflammatory state—leading to measurable
decreases in key mediators like CRP, PCT, and IL-8 [1].
This biochemical modulation correlates with tangible
clinical benefits, including accelerated recovery,
reduced resource utilization (shorter LOHS and MV
time), and fewer complications.

The complementary role of NPO cannot be
overstated. The complexity of caring for a critically ill
child receiving intravenous biologics demands a highly
reliable system. NPO provides the structural framework
to minimize procedural risks, ensuring that the potential
benefits of IVIG are not undermined by preventable
adverse events [1, 10]. The synergy between a targeted
biological therapy and a robust, patient-centered care
process creates a comprehensive therapeutic strategy.
However, several questions remain. The optimal dosing
and timing of IVIG for SAP require further
standardization through larger, multi-center trials. The
long-term impact of early immunomodulation on
pulmonary sequelae, such as bronchiectasis or
bronchiolitis obliterans, is another critical area for
future research [12]. Furthermore, the generalizability
of specific NPO protocols across different healthcare
settings needs to be evaluated.

In conclusion, the current body of evidence strongly
supports the adjunctive use of early intravenous
immunoglobulin in the treatment of pediatric severe
adenovirus pneumonia. Its ability to modulate the
inflammatory response, as evidenced by the
suppression of CRP, PCT, and IL-8, underlies significant
improvements in clinical outcomes [1]. When this
pharmacological strategy is coupled with nursing
process optimization—a systematic approach to
enhancing safety and efficiency in care delivery—the
overall management of SAP is substantially improved [1,
9]. Future efforts should focus on validating these
findings in broader populations, refining treatment
protocols, and investigating long-term benefits, to firmly
establish this combined approach as a standard of care
for this challenging disease.
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