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ABSTRACT

Background: Childhood pneumonia remains the single leading infectious cause of
death in children under five years of age globally, accounting for approximately 14%
of all under-five mortality. Objective: This review synthesizes current evidence on the
prevention and integrated management of pediatric pneumonia, with particular
attention to vaccine-preventable strategies, antimicrobial stewardship, and supportive
care protocols. Methods: A narrative review of peer-reviewed literature published
between 2015 and 2025 was conducted using PubMed, Scopus, and WHO databases.
Results: Vaccination with pneumococcal conjugate vaccine (PCV) and Haemophilus
influenzae type b (Hib) vaccine has substantially reduced bacterial pneumonia burden.
Nirsevimab demonstrates an 87% reduction in RSV-associated lower respiratory tract
disease. Integrated community case management (iICCM) and pulse oximetry-guided
oxygen therapy have improved clinical outcomes. Conclusion: A multi-pronged
approach combining immunization scale-up, early diagnosis, and evidence-based
treatment reduces childhood pneumonia mortality. Strengthening health system
capacity in low- and middle-income settings remains essential.

Keywords: childhood pneumonia; pediatric prevention, pneumococcal vaccine;
antimicrobial stewardship, RSV integrated case management,; under-five mortality

INTRODUCTION

Pneumonia remains a leading cause of morbidity and mortality in children under
five years of age, responsible for an estimated 700,000 to 800,000 deaths annually
worldwide [1]. The Global Burden of Disease Study identified lower respiratory tract
infections as the fourth leading cause of disability-adjusted life years (DALY's) across
all age groups, with the heaviest burden concentrated in sub-Saharan Africa and South
Asia [2]. In low- and middle-income countries (LMICs), pneumonia accounts for
approximately 14% of all under-five deaths, a proportion that has declined modestly
over the past two decades yet remains unacceptably high [3].

The etiology of childhood pneumonia is diverse and age-dependent. In the
neonatal period, Streptococcus agalactiae and gram-negative enteric organisms

https://medjournal.it.com/ Volume 2| Issue 4| 2026

{ 305 ]



https://medjournal.it.com/

Y K & )¢l
“Clinical and Biomedical Research ISS :4005-212‘ {
- predominate, whereas Streptococcus pneumoniae, Haemophilus influenzae type" b ¥
}‘~:,_ (Hib), and respiratory syncytial virus (RSV) are the leading pathogens in children aged
. 1-59 months [4]. Viral etiologies, particularly RSV, human metapneumovirus, and
’ influenza, account for a substantial proportion of pneumonia episodes in early
childhood [5]. Importantly, polymicrobial infections involving both viral and bacterial
agents are common and are associated with greater disease severity [6].

The Global Action Plan for the Prevention and Control of Pneumonia and
Diarrhoea (GAPPD), published by the World Health Organization (WHO) and
UNICEF, set a target of reducing pneumonia-specific under-five mortality to fewer
than three deaths per 1,000 live births by 2025 [7]. Progress toward this target has been
uneven; while high-income countries (HICs) have achieved or surpassed it, many

/
4

LMICs continue to report mortality rates two to three times above the threshold [8].
Key barriers include inadequate vaccination coverage, limited access to oxygen
therapy, delayed care-seeking behavior, and suboptimal health system infrastructure
[9].

The burden of pneumonia is further compounded by modifiable risk factors
including malnutrition, non-exclusive breastfeeding, indoor air pollution from biomass
fuel combustion, household overcrowding, and low birth weight [10]. Evidence
consistently demonstrates that addressing these determinants through integrated
community-based interventions can reduce both incidence and case fatality rates [11].
The COVID-19 pandemic additionally disrupted routine immunization programs,
resulting in widened gaps in vaccine coverage for PCV, Hib, and other antigens critical
to pneumonia prevention [12].

Diagnostic accuracy is a persistent challenge. Clinical case definitions relying
on tachypnea and chest indrawing, as stipulated by the Integrated Management of
Childhood Illness (IMCI) guidelines, offer high sensitivity but modest specificity [13].
The emergence of point-of-care lung ultrasound and rapid multiplex molecular
diagnostics has expanded options for pathogen identification, though cost and
infrastructure constraints limit deployment in resource-limited settings [14]. Antibiotic
resistance is an escalating concern: resistance of S. pneumoniae to beta-lactam
antibiotics has been documented across multiple LMICs, complicating empiric
treatment selection [15].

Against this backdrop, the present review consolidates current evidence on the
prevention and integrated management of childhood pneumonia. It evaluates
vaccination strategies, diagnostic approaches, antimicrobial stewardship, and
supportive care modalities, with the goal of informing clinical practice and public
health policy in both high- and low-resource settings. Special attention is given to novel
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community-based management platforms that have emerged in the 2020-2025 period.
METHODS

A narrative literature review was conducted using PubMed/MEDLINE, Scopus,
WHO Global Health Library, and Web of Science. Search terms included combinations

infection,"

and "under-five

mortality." Publications from January 2015 through March 2025 were prioritized, with

seminal earlier studies included where necessary. Clinical guidelines from the WHO,
the American Academy of Pediatrics (AAP), and the British Thoracic Society (BTS)
were also reviewed. Study types included randomized controlled trials, systematic

reviews, meta-analyses, cohort studies, and policy documents. A total of 60 references
were selected based on relevance, methodological rigor, and recency. Data on

prevention strategies, diagnostic modalities, and treatment protocols were extracted
and synthesized thematically.

Table 1. Comparison of Key Management Approaches for Childhood

Pneumonia
Management . Efficacy / Ce Evidence
o aen Setting Outcome Key Limitation Level
45-75% reduction | Serotype IA
PCV13/PCV15 Primary care /| in invasive | replacement; cold
. . . (RCT/meta-
Vaccination Community pneumococcal chain dependency analysis)
disease [16] [17] Y
5200 ..
Hib Conjugate | Primary care / SOA)reductlon m Coverage gaps in
. . Hib  pneumonia IA
Vaccine National EPI remote areas [19]
cases [18]
87% reduction in
. 000 . T
RSV mAb) prophylaxis hospitalization [21] RWE study)
[20]
20-24% reduction Trainin B
IMCI/iCCM Community health | in under-5 Hng .
. requirements; (systematic
Algorithm worker pneumonia supply chain [23] | review)
mortality [22] PPLY
Amoxicillin (oral) — . Non'—lr.1f§r10r o Rising beta-lactam
outpatient Outpatient ampicillin for non- resistance [25] IA
severe CAP [24]
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Management . Efficacy / e e e Evidence
Ao Setting Outcome Key Limitation Level
First-line  WHO | IV access;
IV Ampicillin  + | Inpatient (severe | recommendation resistance IA
Gentamicin pneumonia) for severe CAP | monitoring needed
[26] [27]
. Device
Pulse Oximetry- | Hospital / District Reduces. mortaht.y availability; IB  (cohort
. by 35% in hypoxic .. .
guided O Therapy level . electricity supply | studies)
children [28]
[29]
. o o
Lung Ultrasound | Hospital / Sens'l t1V.1ty o6%, Ope.rator skll,
(POCUS) Emereenc specificity 93% vs | equipment  cost | IB
gency chest X-ray [30] | [31]
Exclusive . Reduces. Cultural barriers;

. Community /| pneumonia IB (meta-
Breastfeeding (=6 oo maternal .
months) Household hospitalization employment [33] analysis)

risk by 57% [32] ploy
Reduces
Communit / pneumonia Compliance;
Zinc Supplementation Prima caze incidence by 13% | targeted vs | IB
Yy in deficient | universal use [35]
children [34]

CAP = community-acquired pneumonia; EPI = Expanded Programme on Immunization; Hib = Haemophilus influenzae type b, IMCI
= Integrated Management of Childhood Illness; iCCM = integrated community case management; LMIC = low- and middle-income
country; LRTD = lower respiratory tract disease; mAb = monoclonal antibody; PCV = pneumococcal conjugate vaccine; POCUS =
point-of-care ultrasound; RSV = respiratory syncytial virus; RWE = real-world evidence.

RESULTS

Epidemiological Trends. Analysis of pooled data from WHO surveillance and
the Global Burden of Disease 2019 study reveals a 47% decline in pneumonia-specific
under-five mortality between 2000 and 2023, from approximately 4.9 to 2.7 deaths per
1,000 live births globally. However, this aggregate improvement masks substantial
regional heterogeneity. Sub-Saharan Africa and South Asia account for more than 70%
of total pediatric pneumonia deaths, and both regions fall short of the GAPPD 2025
mortality target of fewer than 3 deaths per 1,000 live births [36]. In contrast, all high-
income country groups have achieved mortality rates below 0.5 per 1,000 live births,
underlining the critical role of health system capacity and vaccination coverage [37].

Figure 1 illustrates the trajectory of under-five pneumonia mortality by income-
group classification from 2015 to 2025. The trend lines demonstrate a consistent
downward slope across all categories, with the most pronounced absolute decline
observed in LMICs (7.8 to 3.9 per 1,000 live births), albeit from a far higher baseline.
High-income countries maintained rates consistently below 0.5 per 1,000 live births
throughout the observation window. The GAPPD target line at 3.0 is shown for
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not fully met by 2025 in the absence of accelerated intervention scale-up.

Trends in Under-5 Pneumonia Mortality by Income Level (2015-2025)

-@- Global Average
== Low- and Middle-Income Countries
e - & High-Income Countries
""‘-.____. GAPPD 2025 Target (3/1000)
-

Under-5 Pneumonia Mortality
(per 1,000 live births)

Year

Figure 1. Trends in Under-5 Pneumonia Mortality by Income Level (2015-2025). Data derived from WHO and Global
Burden of Disease estimates. GAPPD = Global Action Plan for the Prevention and Control of Pneumonia and
Diarrhoea.

Vaccination Coverage and Impact. The introduction of PCV13 into national
immunization schedules across LMICs has been associated with a 45-75% reduction
in invasive pneumococcal disease in children under two years of age [16]. Countries
with sustained three-dose PCV3 coverage exceeding 85% have demonstrated
corresponding reductions in all-cause pneumonia hospitalizations of 20-30% [38].
Despite these gains, global PCV3 coverage was estimated at 54% in 2023, well below
the GAPPD target of 90%, reflecting inequities in cold-chain infrastructure and vaccine
financing [39]. Hib vaccine rollout has similarly yielded an 80-90% reduction in Hib-
attributable meningitis and pneumonia in countries that achieved high coverage [18].

RSV Prevention. The licensure of nirsevimab — a long-acting anti-RSV
monoclonal antibody — represents a landmark advance in neonatal and infant RSV
prophylaxis. A large real-world effectiveness study from Kaiser Permanente Northern
California encompassing nearly 32,000 infants demonstrated an 87.2% reduction in
RSV-associated lower respiratory tract disease and a 98.0% reduction in RSV-related
hospitalizations among nirsevimab recipients during the 2023-2024 season [20]. The
AAP and WHO have endorsed nirsevimab for all infants born during or entering their
first RSV season, though implementation in low-resource settings remains constrained
by cost and distribution logistics [21].

Diagnosis and Severity Assessment. Clinical diagnosis using IMCI criteria

(tachypnea, chest indrawing, danger signs) remains the standard of care in primary-
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adjunct, with pooled sensitivity of 96% and specificity of 93% for radiographically
confirmed pneumonia, outperforming chest auscultation and comparable to chest
radiography [30]. Pulse oximetry, when routinely deployed, identified hypoxia (SpO:
<90%) in 13—17% of children presenting with respiratory illness in LMIC settings,
facilitating timely oxygen therapy and reducing case fatality [28].

Antimicrobial Treatment Outcomes. For non-severe community-acquired
pneumonia, oral amoxicillin (40-45 mg/kg/day in two divided doses for five days)
remains the WHO-recommended first-line treatment and has demonstrated clinical
cure rates of 88—93% in multiple RCTs conducted in LMICs [24]. Severe pneumonia
requiring hospitalization is treated with parenteral ampicillin plus gentamicin,
achieving clinical improvement in 85-90% of cases in settings with adequate oxygen
support [26]. Failure rates are higher in regions with documented penicillin-resistant
pneumococcal strains, where co-amoxiclav or third-generation cephalosporins are
increasingly employed [40]. Antibiotic treatment duration has been successfully
shortened from ten to five days in non-severe pneumonia without significant
differences in treatment failure or relapse, supporting stewardship goals [41].

Supportive Care. Oxygen therapy, delivered via nasal prongs at 0.5-2 L/min or
low-flow masks, is the cornerstone of inpatient management for hypoxic pneumonia.
A multi-country trial demonstrated that pulse oximetry-guided oxygen provision
reduced in-hospital mortality by 35% compared to clinical signs alone [28]. High-flow
nasal cannula (HFNC) therapy has shown promise in severe cases, reducing the need
for mechanical ventilation by approximately 27% in pediatric intensive care settings in
HICs, though evidence in resource-limited environments is less mature [42].
Nutritional support, including therapeutic feeding in malnourished children and zinc
supplementation in zinc-deficient populations, independently reduces pneumonia case
fatality and recurrence [34].

Community-Based Management. Integrated community case management
(1ICCM) programs, where trained community health workers (CHWs) diagnose and
treat non-severe pneumonia with oral amoxicillin, have expanded access to care in
settings where facility-based treatment is impractical. A systematic review of 35 iCCM
programs across sub-Saharan Africa and South Asia found a pooled reduction in under-
five pneumonia mortality of 20-24% [22]. Key enablers of success include adequate
CHW training, uninterrupted drug supply, supervisory support, and community trust
[23]. Digital tools including tablet-based IMCI algorithms and SMS-based referral
systems have further strengthened CHW performance in recent pilots [43].
DISCUSSION

The findings of this review confirm that childhood pneumonia mortality is

declining but remains an unacceptable burden, particularly in LMICs. The evidence
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of evidence. PCV and Hib vaccines are among the most cost-effective public health
investments available, yet vaccine coverage deficits persist in the regions where the
’ burden is greatest [44]. Addressing these gaps requires sustained political commitment,
international financing mechanisms such as Gavi's advance market commitments, and

cold-chain strengthening [45].
The emergence of nirsevimab as an RSV prophylaxis tool shifts the paradigm

/
4

from treatment to prevention of a viral pathogen that previously lacked effective
countermeasures in infants [20]. Maternal RSV vaccination, now approved in several
high-income jurisdictions, offers an additional layer of protection through
transplacental antibody transfer, with phase III trials demonstrating a 69% reduction in
RSV-associated lower respiratory tract illness in infants during the first six months of
life [46]. The challenge of deploying these innovations equitably in LMICs will require
innovative pricing models and technology transfer agreements [47].

Diagnostic accuracy remains a significant challenge at the primary care level.
The IMCI algorithm, while pragmatic and scalable, has a specificity of approximately
45-60% for radiographically confirmed pneumonia, resulting in considerable
antibiotic overuse [48]. This overuse drives antimicrobial resistance, which in turn
threatens the efficacy of first-line agents [15]. The integration of POCUS into district-
level facilities and nurse-led assessment programs presents an opportunity to improve
diagnostic specificity; evidence from settings in Uganda, Bangladesh, and Peru
indicates that brief training programs can achieve acceptable inter-operator agreement
[49]. Rapid antigen tests for RSV and influenza, and multiplex PCR platforms, further
improve etiological diagnosis where available [50].

Antimicrobial stewardship in childhood pneumonia is gaining momentum. The
WHO's AWARE classification and Access, Watch, Reserve antibiotic framework has
provided a scaffold for national guidelines to rationalize antibiotic prescribing [51].
Shorter antibiotic courses have been validated in non-severe pneumonia, and ongoing
trials are evaluating whether three-day regimens are non-inferior to five-day courses in
specific age groups and clinical presentations [41]. These findings are of substantial
public health importance given the scale of antibiotic consumption driven by
pneumonia diagnoses globally.

Oxygen therapy systems, including solar-powered oxygen concentrators and
hub-and-spoke cylinder distribution networks, have demonstrated feasibility and cost-
effectiveness in sub-Saharan African and Pacific island contexts [52]. The Every
Breath Counts initiative has catalyzed country-level oxygen system assessments and
investment plans, recognizing oxygen access as a fundamental component of universal
health coverage [53]. Integration of oxygen provision with pulse oximetry training for
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based studies [28, 29].

Nutritional interventions deserve attention as modifiable determinants of
pneumonia susceptibility. Exclusive breastfeeding for six months reduces the risk of
pneumonia hospitalization by more than 50%, through mechanisms including secretory
IgA transfer, microbiome modulation, and anti-inflammatory cytokine profiles in
breast milk [32]. Supplementary feeding programs targeting stunted and wasted
children have demonstrated reductions in repeat pneumonia episodes of 25-35% [54].
Vitamin A supplementation reduces all-cause child mortality in vitamin A-deficient
populations, with secondary benefits for respiratory infection severity [55].

The COVID-19 pandemic introduced compounding challenges to childhood
pneumonia control. Lockdown measures disrupted routine immunization services,
creating an estimated 23-million cohort of zero-dose children globally in 2020 alone
[12]. Catch-up vaccination campaigns have partially restored coverage, but
pneumonia-related hospitalizations increased in the immediate post-pandemic period,
likely reflecting immunity gaps and delayed healthcare-seeking patterns [56].
Additionally, SARS-CoV-2 itself caused severe lower respiratory tract disease in a
subset of children, particularly those with comorbidities, and Multisystem
Inflammatory Syndrome in Children (MIS-C) emerged as a novel post-infectious
complication requiring distinct management pathways [57].

Artificial intelligence and machine learning applications are beginning to enter
the pneumonia diagnostic landscape. Al-powered chest X-ray interpretation tools have
demonstrated performance comparable to general radiologists for detecting
consolidation in pediatric patients, with potential for deployment in telemedicine
platforms [58]. Digital clinical decision support systems integrated into electronic
health records have reduced time-to-antibiotic in pediatric emergency departments and
improved adherence to guideline-concordant therapy [59]. These technologies hold
particular promise for settings with limited specialist availability, though regulatory
frameworks and data equity considerations must accompany their deployment [60].
CONCLUSION

Childhood pneumonia, though declining, continues to claim the lives of
hundreds of thousands of children each year — lives that are preventable with tools
already in our hands. The convergence of proven vaccination platforms, breakthrough
biologics like nirsevimab, pragmatic diagnostic tools, and community-based treatment
models offers a powerful integrated framework for reducing the under-five pneumonia
burden to historically low levels. What remains is not scientific uncertainty but a failure
of implementation, equity, and political will. Scaling up PCV and Hib vaccine
coverage, deploying RSV prophylaxis through sustainable financing pathways,

empowering community health workers with accurate algorithms and essential
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medicines, and ensuring that every hypoxic child has access to oxygen therapy dre.
collectively achievable goals. When paired with investments in nutrition,
environmental health, and health system resilience, these strategies can drive childhood

pneumonia from a leading killer to a largely defeated disease within a generation. The
global community must act with the urgency this burden demands.
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