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EDUCATION GAP

The epidemiology of pneumonia continues to evolve with new vaccine rec-
ommendations and the advent of novel viral etiologies. Clinical acumen
remains the primarymeans of diagnosis for uncomplicated, outpatient man-
agement of community-acquired pneumonia. Laboratory tests, chest radio-
graphs, and chest ultrasonography may be used as adjuncts for patients
with complicated pneumonia or those needing hospitalization. Medical
management should be used in context of a patient’s medical history, illness
severity, vaccination status, and current antibiotic stewardship guidelines.
Surgical management should be considered in cases involving moderate
to severe effusions and lung abscess.

OBJECTIVES After completing this article, readers should be able to:

1. Describe the definition and evolving epidemiology of pneumonia.

2. List the risk and protective factors for pneumonia for various pediatric
populations.

3. List the most common pathogens for pneumonia in various pediatric age
groups and special populations.

4. Recognize pertinent history and physical exam findings seen in
pneumonia.

5. Apply laboratory and radiological testing judiciously to properly manage
and treat pneumonia in inpatient and outpatient settings.

6. Use antibiotic stewardship when treating suspected or confirmed bacte-
rial pneumonia.

ABSTRACT
Pneumonia is commonly encountered in both outpatient and inpatient set-
tings and continues to pose diagnostic and therapeutic challenges for pedia-
tricians. Although bacterial, viral, and fungal pathogens can all cause
pneumonia, the etiology can vary depending on the child’s age, underlying
chronic medical disease, and other risk factors and predictors. However, the
epidemiology of pneumonia continues to be evolving given newly emerg-
ing viral etiologies and available vaccinations. The diagnosis of uncompli-
cated, community-acquired pneumonia continues to be based on patient
history, physical exam, and clinical judgement in the outpatient setting,
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ABBREVIATIONS

BAL bronchoalveolar lavage
CAP community-acquired pneumonia
CBC complete blood count
CDC Centers for Disease Control and

Prevention
CRP C-reactive protein
CT computed tomography
CXR chest radiograph
ELISA enzyme-linked immunosorbent

assay
EPIC Etiology of Pneumonia in the

Community
hMPV human metapneumovirus
ICU intensive care unit
IDSA Infectious Disease Society of

America
IGRA interferon gamma release assay
LRTI lower respiratory tract infection
MSSA methicillin-sensitive

Staphylococcus aureus
PCR polymerase chain reaction
PCT procalcitonin
PCV pneumococcal conjugate vaccine
PIDS Pediatric Infectious Disease

Society
POCUS Point-of-care ultrasonography
RR relative risk
RSV respiratory syncytial virus
WBC white blood cell
WHO World Health Organization

Pediatrics in Review196

ARTICLE

Downloaded from http://publications.aap.org/pediatricsinreview/article-pdf/47/4/196/1922770/pedsinreview.2022005629.pdf
by Hebrew University of Jerusalem Berman ML user
on 15 April 2026



whereas laboratory tests and radiographic studies are more likely to be used as diagnostic adjuncts in patients requir-
ing hospitalization. The medical management of pneumonia should be tailored based on the patient’s clinical pre-
sentation and presumed etiology, immunization status, severity of illness, presence of treatment failure or
complications, and local patterns of antibiotic resistance. Surgical management should be considered for patients with
moderate parapneumonic effusions with worsening clinical course and with large effusions with or without locula-
tions. Patients discharged from the hospital with a diagnosis of community-acquired pneumonia should follow up
with their pediatrician to ensure continued clinical improvement. Repeat chest radiographs are not routinely advised
unless there is recurrent or persistent pneumonia or a suspicion for anatomical anomalies.

INTRODUCTION

Pneumonia is commonly encountered by pediatric clinicians

in both outpatient and inpatient settings. Pneumonia is still

the cause of significant childhood morbidity and mortality

worldwide and continues to pose diagnostic and therapeutic

challenges. Vaccination has significantly reduced invasive

diseases including pneumonia, caused by Streptococcus pneu-

moniae,Haemophilus influenzae type b, and influenza, which

account for one-third of critical illness episodes and two-

thirds of deaths worldwide.1 With these immunization

advances, etiologic agents causing pneumonia have shifted,

andmolecular diagnostic testing has demonstrated the grow-

ing role of respiratory viruses in pneumonia. This shift in

epidemiology raises questions about appropriate empirical

treatment options within the context of antibiotic steward-

ship. This review focuses on pneumonia in children: epi-

demiology, the evolving etiology, clinical manifestations,

and advances in diagnostic evaluation and treatment.

COMMON DEFINITIONS

Pneumonia

Pneumonia is an infection of the lower respiratory tract that

customarily manifests with fever, respiratory symptoms

including tachypnea, dyspnea, cough, or sputum production,

and evidence of lung parenchyma involvement by ausculta-

tion on physical examination, the appearance of infiltrates on

chest radiograph imaging, or the presence of consolidation

with pleural line thickening and air bronchograms on lung

ultrasound.2,3

Community-Acquired Pneumonia

Community-acquired pneumonia (CAP) is an acute infection

of the lung parenchyma acquired outside of the hospital

setting.2

Complicated Pneumonia

Complicated pneumonia is an infection of the pulmonary

parenchyma accompaniedwith a pleural effusion,multilobar

disease, abscesses or cavities, necrotizing pneumonia,

empyema, pneumothorax, or bronchopulmonary fistula.2,4

Atypical Pneumonia

Atypical pneumonia is caused by Legionella pneumophila,

Mycoplasma pneumoniae, Chlamydia pneumoniae, Chlamydia

psittaci, and Coxiella burnetii.2

EPIDEMIOLOGY

Globally, pneumonia is one of the principal infectious causes

of mortality in children younger than 5 years, with approxi-

mately 740 180 deaths in 2019.5 The highest incidence

worldwide and concentration of severe disease is in sub-

Saharan Africa and Southeast Asia.5 The incidence of pneu-

monia varies by age, region, and patient comorbidities. Over

the last 3 decades, there has been a notable reduction in mor-

tality worldwide, predominantly due to increased S pneumo-

niae and H influenzae vaccinations. In the United States,

mortality rates for children under 5 years of age have

decreased by 59%, and for children 5 to 14 years of age, by

23% from 1990 to 2019.6 In comparison, worldwide mortal-

ity rates for children under 5 years of age have decreased by

64%, and for children 5 to 14 years of age, by about 42% dur-

ing the same 3 decades.6

In the United States, pneumonia morbidity has also

decreased over time but still remains among the top 3 prin-

cipal diagnoses in children between 1 and 9 years of age. In

children aged 1 through 4 years, pneumonia was the main

diagnosis for about 8% of hospitalizations, and in children

aged 5 to 9 years, was 5.7% of hospitalizations.7 The

National Center for Immunization and Respiratory Diseases

notes that the weekly percentage of emergency department

visits with a pneumonia diagnosis is 1.7% for children 0 to

1 years old, 2.4% for children 2 to 4 years old, and 1.5%

for children 5 to 17 years old.8 In addition, based on

American children’s hospitals included in the Pediatric

Heath Information System from 2008 to 2011, about 7.7%

of children were readmitted within 30 days of discharge

for pneumonia, with 3.1% experiencing a pneumonia-

specific readmission. Readmissions occurred mostly among

children with complex medical conditions and patients

younger than 1 year of age, and for those with a previous
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hospitalization, the patient had a longer hospital course and

evidence of complicated pneumonia.9

RISK FACTORS

Risk factors for developing pneumonia include lower socio-

economic groups, underlying cardiopulmonary disorders

(including congenital heart disease, neonatal chronic lung

disease, cystic fibrosis, and asthma), sickle cell disease,

neuromuscular conditions, congenital or acquired immuno-

deficiency disorders, and lack of breastfeeding in infants

(Table 1).10

Risk factors for worse outcomes include childhood mal-

nutrition and younger age. Indicators of worse outcomes

include vital sign instability, retractions, and complicated

pneumonia (eg, parapneumonic effusion, empyema, cavi-

tary abscess, necrotizing pneumonia, pneumothorax, and

bronchopleural fistula).11 Children with moderate malnutri-

tion who were admitted with pneumonia were twice as likely

to die when comparedwith children with a normal weight for

age. Furthermore, children with severe malnutrition who

were hospitalized with a diagnosis of pneumonia were

4.5 times as likely to die.12 This is significant because approx-

imately 40% of children hospitalized with pneumonia in

low- to middle-income countries are either moderately or

severely malnourished.12 In the United States between the

years of 1990 and 2021, child malnutrition, nonexclusive

breastfeeding, secondhand smoke exposure, and low birth

weight were the predominant risk factors of pneumoniamor-

tality in children younger than 5 years.13

Risk models used to predict worse outcomes in children

younger than 18 years with pneumonia demonstrated that

age (those younger than 1 year and those older than 10 years),

vital signs (heart rate, respiratory rate, PaO2/FiO2 ratio),

retractions of the lower chest wall, and infiltrate pattern on

radiograph to be the greatest predictors of severity.11

Another important predictor of outcomes in pediatric

patients with pneumonia is limitation of function related

to existing comorbidities—particularly those seen in chronic

disorders necessitating daily medications, frequent medical

appointments, or those that limit age-appropriate activities.14

Taking into consideration the limitations of function, as

opposed to solely the presence of a comorbid condition, is

critical when evaluating risk of severe outcomes.

PREVENTION AND PROTECTIVE FACTORS

Several interventions have contributed to the reduction in the

incidence of pneumonia in children. The most effective has

been the introduction of immunizations against the most

common infectious agents causing pneumonia in children.

Immunizations against H influenzae type b, S pneumoniae

(PCV 13, PCV 15, and PCV20), influenza virus, and

Bordetella pertussis have dramatically reduced the incidence

and complications of CAP among children, especially in

those at risk for severe disease.15

One of the most important protective factors is breast-

feeding, especially given that 81% of deaths worldwide asso-

ciated with pneumonia occur in children younger than

2 years of age. This mortality rate suggests that increasing

efforts aimed at improving prevention and treatment in chil-

dren younger than 2 years of age is essential in order to

impact outcomes.1 Breastfeeding exposure showed a dose-

response relationship with the relative risk of pneumonia

occurrence in infants younger than 5 months of age.16

Moreover, the estimated relative risk (RR) of hospital admis-

sions for pneumonia was higher among infants younger

than 5 months of age who were formula-fed compared with

TABLE 1. Pneumonia Risk Factors by Age Group10,18,23,24

Neonates< 30 d of Age Children> 30 d of Age

Early onset: <72 h of life, often associated with vertical transmission of pathogens from mother during
delivery.

• Prematurity
• Low birth weight
• Maternal chorioamnionitis
• Premature or prolonged rupture of membranes
• Maternal group B streptococcus colonization
• Maternal intrapartum fever
Late-onset: >72 h and is more commonly associated with nosocomial or community-acquired infections.
• Prolonged hospitalization
• Invasive ventilation
• Airway anomalies
• Central venous catheters
• Prior antibiotic exposure
• Neurologic impairment leading to aspiration

Environmental factors:
• Lower socioeconomic status
• Malnutrition
• Lack of breastfeeding
• Cigarette smoke
• Air pollution
Comorbidities:
• Asthma
• Sickle cell disease
• Neuromuscular disorders
• Airway anomalies
• Cystic fibrosis
• Bronchopulmonary
dysplasia

• Incomplete vaccination
status
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those who were exclusively breastfed (RR: 4.06; 95% CI:

1.48–11.14).16 This highlights the protective effects of breast-

feeding and its association with reduced pneumonia

incidence, prevalence, hospital admissions, mortality, and

all-cause hospitalizations and mortality. Furthermore, these

outcomes support the World Health Organization (WHO)

and the American Academy of Pediatrics recommendations

for exclusive breastfeeding in the first 6 months of life and

continued breastfeeding for 2 years or beyond, as mutually

desired by mother and child.17

ETIOLOGY

Bacterial, viral, and fungal pathogens can all cause pneumo-

nia, although the most common etiology of CAP in children

is viral.18 The etiologic agents typically encountered depend

on patient’s age, underlying comorbidities, and other risk

factors (Tables 1 and 2). In neonates, pneumonia can be

caused by infectious agents that may be acquired in utero,

perinatally, or postpartum. In infants, viruses are the most

common cause of CAP and account for greater than 80 per-

cent of CAP in children younger than 24 months.18 In chil-

dren under 5 years of age, respiratory syncytial virus was the

most common cause.18 In school-aged children (>5 years),

atypical organisms, such as M pneumoniae, are the most

common etiology of CAP.18

The COVID-19 pandemic brought on new challenges,

with children having a wide spectrum of presentations from

asymptomatic infections to pneumonia. Risk factors for

severe COVID-19 disease (hospitalization, intensive care or

mechanical ventilation, death) include underlying medical

complexity, neurologic conditions, chronic pulmonary

diseases, congenital heart disease, cardiovascular disease,

obesity, diabetes mellitus, sickle cell disease, immuno-

suppression, and lack of COVID-19 vaccinations.19,20

The multicenter Centers for Disease Control and

Prevention (CDC) Etiology of Pneumonia in the Community

(EPIC) study estimated the US incidence of pediatric

CAP hospitalizations, using multi-pathogen testing, which

yielded a pathogen in 81% of children with pneumonia.18

Viruses were identified in over 70% of children, with respi-

ratory syncytial virus (RSV) being the most common patho-

gen detected (28%), and a bacterial etiology identified in only

15% of children.18 However, the EPIC study, which defined

pneumonia based on radiographic interpretation, included

patients with asthma or reactive airway disease, which could

have had radiographic abnormalities due to their asthma

exacerbation. The inclusion of children with asthma, with

a larger proportion of them in the CAP group vs controls

(33% vs 10%), and the study definition of pneumonia based

on radiographic interpretation could have skewed the inci-

dence of CAP.

Historically, S pneumoniae has been the most prevalent

bacterial cause of pneumonia in children older than 7 days;

however, M pneumoniae was the most commonly identified

bacteria in hospitalized children with CAP.21 These conflict-

ing results are likely due to the ease of detecting M pneumo-

niae using oropharyngeal and nasopharyngeal swabs,

compared with the challenges of obtaining valid lower respi-

ratory tract samples needed to culture S pneumoniae.

Prevalence of M pneumoniae was highest in those who were

10 to 17 years old, although pneumonia was often mild and

self-limited. However, in the study described by Kutty et al,

TABLE 2. Pneumonia Etiology by Age Group10,18,23,24

Pathogens Neonates <30 d of Age Children <5 y of Age Children> 5 y of Age

Viruses Rubella
Herpes simplex virus
Cytomegalovirus
Adenovirus
Mumps
SARS-CoV-2

Respiratory syncytial virus
Influenza A and B
Human metapneumovirus
Adenovirus
Parainfluenza
Enterovirus
Rhinovirus
Coronaviruses and SARS-CoV-2

SARS-CoV-2

Bacteria Group B streptococci
Escherichia coli
Staphylococcus aureus
Streptococcus pneumoniae
Streptococcus pyogenes
Listeria monocytogenes
Chlamydia trachomatis

Streptococcus pneumoniae
Haemophilus influenzae type b
Nontypeable H influenzae
Moraxella catarrhalis
Staphylococcus aureus
Streptococcus pyogenes
Mycobacterium tuberculosis

Mycoplasma pneumoniae
Chlamydophila pneumoniae
Streptococcus pneumoniae
Mycobacterium tuberculosis
Legionella
Klebsiella pneumoniae

Fungi Candida Histoplasma capsulatum
Blastomyces dermatitidis
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12% of children hospitalized with M pneumoniae required

intensive care unit (ICU) admission.21

Uncommon causes of CAP among US children include

Mycobacterium tuberculosis, endemic fungi, Burkholderia

cepacia, Aspergillus fumigatus, and Pseudomonas aeruginosa.

These pathogens are typically found in children who are

immunocompromised, in those who have chronic condi-

tions such as cystic fibrosis and spinal muscular atrophy,

or in patients with a history of international travel.22

Microbiologic testing and diagnosis should be obtained

for all patients necessitating ICU admission, for those with

potential complications, for patients who fail appropriate ini-

tial therapy, and for those in which an unusual pathogen is

suspected.2

Pneumococcal vaccines have greatly reduced hospitali-

zation rates for children with pneumonia. In 2010, the

expanded 13-valent pneumococcal conjugate vaccine

(PCV13) was introduced into the United States childhood

immunization program, and since then, hospitalization rates

have decreased from 53 per 100 000 to 23 per 100 000.22

There was a combined 17% decrease in hospitalization for

clinical pneumonia in patients younger than 2 years of

age, with an even greater reduction of 31% in children with

radiographically confirmed pneumonia.25 Despite PCV vac-

cination, children with asthma continue to have a higher risk

of invasive pneumococcal disease than those without

asthma.26 In 2022, the CDC’s Advisory Committee on

Immunization Practices recommended the 15-valent

pneumococcal conjugate vaccine (PCV15) as an alternative

to the PCV13 vaccine.27 In 2023, this recommendation was

expanded to include the option of PCV20.28 The introduction

of PCV15, followed by PCV20, is expected to further decrease

the incidence of pneumococcal disease in children by provid-

ing immunity against additional serotypes.

CLINICAL MANIFESTATIONS

History and Physical Examination

The initial approach to a patient with suspected pneumonia

should include a detailed history and physical examination.

Clinical presentation will typically include a history of fever

with respiratory symptoms including cough and tachypnea.

Historical data that are important to consider include any

recent viral upper respiratory tract infection or a biphasic ill-

ness, which can suggest a bacterial superinfection with

Staphylococcus aureus or S pneumoniae. Associated extrapul-

monary symptoms can make M pneumoniae more likely,

which often presents with headache, rash, and conjunctivitis.

A history of prior episodes of pneumonia can suggest aspira-

tion, anatomic abnormality, immunodeficiency, or foreign

body. Lastly, a history of travel or recent exposures can also

suggest and differentiate potential etiologic agents.

On physical examination, general appearance should be

observed, including assessment for lethargy and the pres-

ence of cyanosis. Vital signs, including temperature, respira-

tory rate, heart rate, and oxygen saturation on room air assist

in assessing for illness severity and the need for oxygen sup-

port. Tachypnea is defined by WHO as the following: for age

younger than 2 months: greater than 60 breaths/min; 2 to

12 months: greater than 50 breaths/min; 1 to 5 years: greater

than 40 breaths/min; and older than 5 years: at least

20 breaths/min.29 A systematic review by Shah et al deter-

mined that there is no physical examination finding that

accurately differentiates pneumonia from other causes of

respiratory illnesses. However, low oxygen levels and labored

breathing are more important than tachypnea and ausculta-

tory sounds.30 The presence of chest pain, retractions, and

hypoxia were the most useful to diagnose pneumonia in chil-

dren. Auscultatory sounds were not reliably associated with

pneumonia and were not helpful for diagnosis (Table 3).

TABLE 3. Value of Clinical Signs and Symptoms in Diagnosing Radiographic Pneumonia30

Physical Exam Finding Sensitivity (%) Specificity (%) + Likelihood Ratio (95% CI)

Fever (T> 37.5 °C) 80–92 47–54 1.7–1.8
Tachypnea, age defined 54 64 1.5 (0.49–4.4)
Cough 80–97 8–42 1.2 (0.98–1.4)
Chest pain 22 91 1.9 (1.1–3.4)
Moderate hypoxemia (O2 saturation ≤96%) 64 77 2.1–3.6
Work of breathing Grunting 13 95 2.7 (1.5–5.1)

Nasal Flaring 36 84 2.2 (1.3–3.1)
Retractions or indrawing 38 80 1.9 (1.2–2.5)

Auscultatory findings Discontinuous sounds 39 71 1.4 (0.96–1.7)
Crackles (rales) 43 64 1.2 (0.53–1.8)
Wheeze 16 83 0.93 (0.64–1.2)
Continuous sounds (wheezes or rhonchi) 16 83 0.91 (0.54–1.3)
Diminished breath sounds 25 72 0.88 (0.04–1.7)
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Diagnostic Testing and Evaluation

The clinical presentation of pneumonia in children is chal-

lenging to interpret, as it can vary depending upon patient

age, severity of infection, and the causative pathogen.30

The gold standard for diagnosing pneumonia is examining

an aspirate from the lung obtained by bronchoalveolar lavage

or lung puncture, which is rarely performed given more

readily available molecular testing. In the literature, most

studies have relied on clinical history and a chest radiograph

for the diagnosis of pneumonia.31–34

Imaging

The 2011 Pediatric Infectious Disease Society (PIDS)/

Infectious Disease Society of America (IDSA) clinical prac-

tice guidelines for the management of CAP in infants and

children older than 3 months of age established that routine

chest radiographs (CXR) are not necessary for the confirma-

tion of pneumonia in patients treated in the outpatient set-

ting.2 This guideline is supported by several studies

showing that CXR for determining pneumonia cannot differ-

entiate viral from bacterial pneumonia and hence has no

clinical impact on the decision to treat these patients with

antibiotics.35

Bacterial pneumonia typically presents as a lobar consoli-

dation, which is described as a homogeneous opacity with air

bronchograms, or as patchy bronchopneumonia, whereas

viral pneumonia often shows interstitial infiltrates or peri-

bronchial thickening.32

Mycoplasma pneumonia was typically described similarly

to viral pneumonia; however, recent data have shown that

CXR can show a single lung infiltrate in 32% of cases and

pleural effusions in up to 26% of patients presenting with

Mycoplasma pneumonia.21 These radiographic patterns,

however, are not specific and may often overlap, especially

in cases where co-infections are present. In many cases, a

CXR can be normal, even inmoderate to severe cases or cases

with a high clinical suspicion for pneumonia.32,36

The utility of CXR is more evident when complications

such as multilobar consolidations, pleural effusions,

empyema, or parenchymal necrosis are present. The 2011

PIDS/IDSA guidelines recommend that CXR should be

obtained in patients when a complication from pneumonia

is suspected based on the presence of hypoxemia or respira-

tory distress or failure to respond to initial antibiotic therapy,

and for those patients admitted to the hospital for the man-

agement of CAP. Despite these recommendations and

the clear limitations of CXR, CXR is still widely used in

the United States in up to 80% of children presenting to the

emergency department with a diagnosis of pneumonia,

regardless of patient disposition or outcomes.37

Chest ultrasonography offers several benefits compared

with CXR, including that it can be performed at the bedside

and does not expose the patient to radiation.38 Although chest

ultrasonography is most commonly used to evaluate local

complications, such as empyema and parapneumonic effu-

sions, several studies have demonstrated high sensitivity

(83%) and high specificity (84%) for diagnosing pneumonia

compared with CXR.38 The available evidence thus far shows

that lung ultrasonography is a predictable, valuable, and an

alternative method to lung radiography for the diagnosis of

pediatric pneumonia. Furthermore, a cross-sectional study

of children under 12 years of age (excluding neonates)

showed that lung ultrasonography has a high sensitivity

and specificity in distinguishing viral vs bacterial pneumonia

and can aid in clinical decision making to reduce unneces-

sary antibiotic use.39 In that study, chest ultrasonography

was suggestive of bacterial pneumonia when lung consolida-

tion was present, which is described as hyperechoic, linear,

or punctiform foci with or without bronchograms, whereas

viral pneumonia was described as interstitial abnormalities

including the presence of multiple B lines, pleural abnormal-

ities, and small subpleural consolidations without air bron-

chograms.39 As ultrasonography becomes more widely

used, it may help clinicians to more precisely treat pneumo-

nia and lead to improved antibiotic stewardship.

Chest computed tomography (CT) yields more detailed

information regarding chest anatomy and lung pathology

than CXR and chest ultrasonography combined.40

However, chest CT comes with increased health care costs,

potential need for sedation and significant exposure to radi-

ation. Chest CT is most useful when complications are sus-

pected based on clinical findings, yet CXR is nondiagnostic

or inconclusive; for example, CT can differentiate between

necrotizing pneumonia and lung abscess when CXR often

cannot. Chest CT can be helpful when the diagnosis is uncer-

tain, and other pathologies are difficult to exonerate with

standard testing, such as tuberculosis, foreign body aspira-

tion not otherwise visualized on CXR, and congenital lung

abnormalities, as well as in high-risk populations such as

those with immune deficiencies. Chest CT may also be

needed for guiding surgical interventions when needed.41

Laboratory and Microbiologic Testing

Blood Tests. Routine measurement of complete blood cell

count (CBC) and acute-phase reactants such as C-reactive

protein (CRP) and procalcitonin (PCT) are not recom-

mended in fully immunized children with suspected CAP

who are candidates for outpatient management.2 In risk

models developed to assess the severity of pneumonia out-

comes, etiologic data and peripheral white blood cell (WBC)
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count were not associated with adverse events.11 These

findings are consistent with national guidelines that indi-

cate a CBC may not be needed, except in those with critical

illness.11

Acute phase reactants are of great interest as they may

allow for better understanding of etiology as well as disease

outcomes. The uncertainty in diagnosing pneumonia has led

to the overuse of antibiotics in children with viral respiratory

tract infections.42 A meta-analysis conducted in 2021 by

Gunaratnam et al evaluated the yield of different acute-phase

reactants in differentiating bacterial pneumonia (Table 4).

CRP and PCT were found to be more sensitive than WBC

count or erythrocyte sedimentation rate to diagnose bacterial

pneumonia but were not sensitive enough to use alone.43

Another study found that lower levels of CRP,WBC, absolute

neutrophil count, and PCT were found in M. pneumoniae

infections in comparison with typical bacterial pneumonia.

This highlights that atypical infections may have acute-phase

reactant patterns more similar to viral pneumonia.44

PCT may be used for risk stratification in children with

CAP in conjunction with clinical findings. Increased PCT

was seen with both worse pneumonia outcomes and

increased hospital length of stay.45 However, high PCT did

not increase the odds of bacterial pneumonia,46 nor did it dif-

fer between those who received antibiotics and those who

had not received antibiotics beforehand.45

Blood Cultures. Blood cultures in pediatric CAP identified

organisms in only about 5% of patients, predominantly

S. pneumoniae.47 Additionally, false-positive blood culture

rates can be significant and as high as 15%.47 To optimize

the yield of blood cultures, this laboratory test should be

restricted to patients who have been admitted to the hospi-

tal or those with complications.22

Invasive Studies

Invasive testing, such as bronchoalveolar lavage, is uncom-

monly used in the diagnosis of CAP. However, it may be con-

sidered in cases of treatment failure or complicated

pneumonia, or with immunocompromised patients.22

Sputum and Pleural Fluid Cultures. Sputum cultures are

difficult to adequately obtain in children and, as such, have a

low clinical yield.22 Cultures obtained from the pleura may

be positive in up to 35% of patients; however, the invasive

method required to obtain the sample makes them often

impractical. Indications for pleural drainage include large

pleural effusions, thosewith loculations, andmoderate effu-

sions with worsening symptoms.48

Rapid Molecular Testing. Rapid molecular testing has

become more widely used and readily available among

pediatric hospitals. There is wide variation in its applica-

tion, as some centers may use single or more limited viral

panels (ie, for influenza, RSV, and/or COVID-19), whereas

others use multiplex panels with dozens of pathogens,

including viruses and bacteria, being screened by PCR.49

However, there is lack of consistent evidence to demon-

strate the clinical impact of these panels on patient out-

comes or management to justify its applicability. A

randomized control trial that implemented point-of-care

testing for respiratory pathogens found that its application

did not decrease the use of antibiotics in the pediatric emer-

gency department.50 Similar results were also found in a

2024 systematic review and meta-analysis, which looked

at 6068 patients (84% of which were children) in the emer-

gency setting. This review confirmed that rapid viral testing

showed no change in antibiotic use, as well as length of stay,

return visits, or hospitalization. However, this study did

show that positive results of rapid viral testing were asso-

ciated with fewer CXRs and serum laboratory tests being

ordered.49 These panels could be considered in high-risk

patients, such as those who are immunosuppressed, or

when results may directly influence treatment decisions,

the need for isolation, or when more targeted testing is

not available (ie, individual Mycoplasma pneumoniae PCR,

influenza virus A/B PCR).

MANAGEMENT

The goal of therapy in the management of pneumonia in

children should focus on avoiding disease progression and

complications, reducing treatment failure, minimizing

unnecessary antibiotic exposure, and selecting the appropri-

ate antibiotic, dose, frequency, and duration pertaining to the

TABLE 4. Sensitivity and Specificity of Acute-Phase Reactants for Diagnosis of Bacterial Pneumonia43

Acute-Phase Reactant Sensitivity Specificity Area Under Receiver Operating Characteristic Curve

C-reactive protein 0.70 (0.68–0.78) 0.64 (0.58–0.68) 0.71 (0.69–0.73)
Procalcitonin 0.69 (0.65–0.77) 0.64 (0.60–0.68) 0.70 (0.67–0.74)
White blood cell count 0.63 (0.37–0.77) 0.48 (0.36–0.73) 0.57 (0.55–0.60)
Erythrocyte sedimentation rate 0.60 (0.40–0.65) 0.61 (0.50–0.69) 0.61 (0.53–0.66)
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patient’s context and in keeping with local susceptibilities to

avoid the emergence of antibiotic resistance.

Outpatient Management

Outpatient management should be reserved for all healthy

children presenting with nonsevere uncomplicated pneumo-

nia who do not meet admission criteria (Table 5). Most cases

of uncomplicated pneumonia in healthy young children are

caused by viral infections and do not need antibiotics.

Differentiating between viral and bacterial pneumonias in

children is challenging, and pediatricians in the outpatient

setting often rely on clinical history and physical exams to

make a diagnosis. In otherwise, in well-appearing children

under 5 years of age with a clinical diagnosis of nonsevere

uncomplicated pneumonia, observation with supportive care

and close follow-up within 48 hours may be an acceptable

management choice. If adequate follow-up cannot be guaran-

teed, the patient is older than 5 years, or the history is more

consistent with bacterial pneumonia, a course of antibiotics

should be prescribed.51,52 Patients presenting with mild

signs of respiratory distress, such as retractions and tachyp-

nea, may be treated at home with oral therapy if no other risk

factors are present and adequate follow-up can be

ensured.53,54

Additionally, in patients with suspected or confirmed

infections with influenza, a course of antiviral medications

should be considered.55 Oseltamivir remains the first-line

option in the outpatient setting. It is advised to administer

antiviral treatment for high-risk patients, including children

under 2 years old or those with chronic conditions like

asthma or immunosuppression, as well as children who have

high-risk household contacts (such as infants under age

6 months) to reduce transmission. For otherwise healthy

children, outpatient treatment may be considered within

48 hours of symptom onset on a case-by-case basis (Table 6).

If the clinician decides to prescribe empirical antibiotic

therapy for the treatment of pneumonia, S. pneumoniae cover-

age must be considered. Amoxicillin oral monotherapy is the

agent of choice, if no concerns for penicillin allergy are

present. Amoxicillin is a narrow-spectrum antibiotic with

good in vitro and in vivo activity against pneumococcus56

and is as adequate as other broader spectrum antibiotics used

for the management of pneumonia.57,58 High-dose amoxicil-

lin (90 mg/kg/d) has been the standard treatment dose for

CAP with the intention to overcome S. pneumoniae resis-

tance.2,59 When comparing the same daily dose, dividing

the amoxicillin dose in twice daily doses seems to be as effica-

cious as 3 times daily doses, with the benefit of better compli-

ance,60 and thus should be considered as a first-line treatment

in settings where high S. pneumoniae B-lactam resistance is

common. In patients older than age 6 months who are

improving with amoxicillin, a shorter course of 3 to 5 days

is noninferior to a 10-day regimen for clinical response,

treatment failure, or readmissions, and reduces antibiotic

exposure and, possibly, resistance.61–65 In addition, it is rec-

ommended to consider coverage for atypical pathogens, such

as Mycoplasma pneumoniae, if clinical suspicion is present in

children over age 5 years. Azithromycin should be prescribed

as a single agent in these caseswith confirmatory testingwhen

available (Table 6).2

Treatment failure is considered when there is a lack of

clinical or laboratory improvement, or when symptoms wor-

sen despite receiving 48 hours of appropriate antibiotic

administration.2,59 Failure rates vary between 3% to 8%

among ambulatory and hospitalized patients, even with

appropriate empirical treatment selection.9,51,63 When treat-

ment failure happens, further investigation of complications

should take place, as well as the consideration of β-lactamase-

producing bacteria such as non-typeable H. influenzae and

M. catarrhalis. Patients who present with uncomplicated

pneumonia with failed outpatient treatment and who do

not meet inpatient criteria may benefit from an oral sec-

ond-line agent, such as amoxicillin-clavulanate, cefprozil,

cefuroxime, cefpodoxime, levofloxacin, or linezolid.2

Inpatient Management

Inpatient management should be reserved for patients who

are at increased risk of unfavorable outcomes (Table 5).

TABLE 5. Proposed Criteria for Inpatient Management
of Pediatric Community-Acquired Pneumonia2,11,53,66

- Hypoxemia (pulse oximetry <90% on room air at sea level)
or cyanosis

- Severe respiratory distress:
- Tachypnea >90th percentile maximum respiratory rate for
age

- Apnea
- Grunting
- Nasal Flaring

- Complicated pneumonia
- Sepsis or bacteremia
- Presence of danger signs:
- Lethargy or altered mentation,
- Severe malnutrition
- Seizures

- Poor oral intake or persistent vomiting
- Confirmed or suspected infection by MRSA or
Streptococcus pyogenes

- Comorbid conditions that increase the risk for severe outcomes:
- Congenital heart disease
- Bronchopulmonary dysplasia
- Neuromuscular disease
- Others (inborn errors of immunity, chemotherapy-induced
neutropenia, malignancy, etc)

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
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Patientsmeeting criteria for inpatientmanagement do not

necessarily need broad-spectrum antibiotics. S. pneumoniae

remains the leading bacterial pathogen in this population,

although other pathogens such as Mycoplasma pneumoniae,

Staphylococcus aureus, Streptococcus pyogenes, non-typeable

H. influenzae andM. catarrhalis should be included in the dif-

ferential in specific clinical settings. Parenteral high-dose

ampicillin (300–400mg/kg/d) monotherapy has been the

agent of choice for most patients as ampicillin can reach

higher serum levels and overcome pneumococcal resis-

tance,2,67 although clinical studies with lower doses of ampi-

cillin are lacking. Ampicillin-sulbactam is an option to cover

for β-lactamase-producing bacteria; however, large observa-

tional studies do not show additional benefit when compared

to ampicillin alone. Third-generation cephalosporins also

confer coverage for β-lactamase-producing bacteria and

may be a good alternative in those with penicillin allergies.59

Additionally, third-generation cephalosporins should be

considered empirical treatment in patients who present with

sepsis, are partially immunized, unvaccinated, or children

younger than 6 months of age (Table 6).2

Staphylococcal pneumonia in children is rare, usually

around 1% of all hospitalized children with pneumonia,

but is associated with more severe disease, requiring higher

level of care and ventilator support, as well as the presence of

parapneumonic effusions, when compared with other viral

or bacterial etiologies. Ceftriaxone has higher treatment fail-

ure rates when treating methicillin-sensitive Staphylococcus

aureus pneumonia, when compared to other anti-staphylo-

coccal cephalosporins, and should not be used when

S. aureus pneumonia is suspected.68 Clindamycin and van-

comycin are used when MRSA coverage is desired, though

local resistance patterns should be considered (Table 6).69

It is also important to consider treating for Mycoplasma

pneumoniae empirically with macrolides and obtaining con-

firmatory testing to guide therapy in hospitalized children.2

TABLE 6. Empiric Therapy for Pediatric Community-Acquired Pneumonia2,53,74,75

Agent, Route Dose Duration

Outpatient
Presumed bacterial first line Amoxicillin, oral 80–90 mg/kg/day divided twice daily or

35–50 mg/kg/day divided 3 times
daily if S. pneumoniae resistance rate
is low

3 to 5 d

Presumed bacterial alternative Amoxicillin clavulanate, oral 80–90 mg/kg/day (amoxicillin
component) divided twice daily

Presumed atypical
first line

Azithromycin, oral 10 mg/kg on day 1, followed by 5 mg/kg/day once daily on days 2–5
(max 500mg per day on day 1 and max 250 mg per day on days 2–5)

Influenza Oseltamivir Infants ≤8 mo: 3 mg/kg/dose PO BID
Infants ≥9 mo: 3.5 mg/kg/dose PO BID
Children and adolescents:
≤15 kg: 30 mg PO BID
>15–23 kg: 45 mg PO BID
>23 to 40 kg: 60 mg PO BID

5 d

Inpatient
Presumed bacterial first line Ampicillin, parenteral 300–400 mg/kg/day divided 4 times

daily
1 to 3 d followed by 3 d of

oral therapy
Presumed bacterial alternative Ampicillin-sulbactam, parenteral 300–400 mg/kg/day (ampicillin

component) divided 4 times daily
Ceftriaxone (use in not fully

immunized patients)
50–75 mg/kg once daily, or 50 mg/kg

BID (up to 2000 mg per dose)
MRSA coverage Add clindamycin, parenteral 40 mg/kg/day divided three or four

times daily
Or add vancomycin, parenteral Initial 40–60 mg/kg/day divided three

to four times daily
Duration of based on severity

Atypical
first line

Azithromycin, parenteral/oral Initial therapy: 10 mg/kg/dose IV (max/
dose: 500 mg)
Step-down Therapy: 5 mg/kg/dose
PO (max/dose: 250 mg)

5 d

Influenza Oseltamivir, oral Infants ≤8 mo: 3 mg/kg/dose PO BID
Infants ≥9 mo: 3.5 mg/kg/dose PO BID
Children and Adolescents:

≤15 kg: 30 mg PO BID
>15–23 kg: 45 mg PO BID
>23 to 40 kg: 60 mg PO BID

5 d (initiate within 48 h of
illness onset; however,
initiation after 48 h may
decrease mortality and
duration of illness)

Abbreviations: BID, twice per day; IV, intravenous; PO, by mouth.
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It should be noted that children with positive mycoplasma

PCR testing also have a high rate of codetection with viruses

on rapid viral panels (Table 6).21

Treatment for influenza is recommended in children who

are hospitalized or have complications such as pneumonia or

encephalitis. First line of treatment is oseltamivir, but alter-

natives like baloxavir or intravenous peramivir may be used

in children older than 5 years or in those unable to take oral

medications, respectively.70 Although early treatment is

ideal, antivirals can still be beneficial in severe or high-risk

cases even when they are started later than 48 hours.71

Testing should not delay treatment when influenza is circu-

lating in the community (Table 6).

Hospitalized children with uncomplicated pneumonia

who are improving clinically with parenteral antibiotics

within 1 to 3 days of therapy and who were transitioned to

a 3-day course of oral antibiotic therapy had similar clinical

cure rates and treatment failure rates as those receiving

longer parenteral antibiotic courses.72 Corticosteroids have

been proposed as an adjuvant therapy in the management

of children with CAP, may reduce early clinical failure rates,

and may shorten the time to clinical cure.73 However, larger

and better-controlled studies evaluating corticosteroid effi-

cacy and side effects are needed to recommend steroid use

in all children with community-acquired pneumonia.

COMPLICATIONS AND SEQUELAE

Nearly 3% of children with CAP will develop a complica-

tion.76 Complications occur more frequently in those aged

younger than 24months and have a longer febrile period.4,76

However, it is paramount to suspect complications in all chil-

dren with CAP presenting with treatment failure. In such

instances, CXRs or ultrasonography are recommended ini-

tial steps in evaluation.77 Laboratory testing with CBC,

CRP, PCT, and blood culture do not provide additional ben-

efit in identifying complications,4 butmay be useful formon-

itoring disease progression.

The most common complication of pneumonia is a para-

pneumonic effusion, which may present as exudative,

fibrinopurulent, or organizing effusion, and is more com-

monly seen with S. aureus and S. pneumoniae. Necrotizing

pneumonia presents with considerable destruction of the

lung tissue, whichmay develop despite appropriate antibiotic

use and progresses rapidly to pneumatoceles, commonly

seen with S. aureus. A lung abscess is a rare finding of a sin-

gle, thick-walled cavityfilledwith purulentmaterial, resulting

from suppuration and necrosis of the lung tissue (Table 7).4

Antibiotic therapy with activity against S. pneumoniae, S.

pyogenes, and S. aureus is indicated in complicated CAP,

based on local antibiotic resistance patterns.2,4 Evidence

comparing high-dose ampicillin with ceftriaxone for the

management of complicated pneumonia secondary to

penicillin-resistant pneumococcus in children is lacking,

although ceftriaxone has historically been favored.

Progression of complications correlates directly with the

time between symptom onset and initiation of therapy, sug-

gesting that early initiation of therapy may prevent the need

for more invasive procedures.78

Parapneumonic effusion drainage, timing, and technique

depend on the extent of the effusion, the patient’s clinical sta-

tus, and the expertise of the surgical team. The American

Pediatric Surgical Association favorsmore conservativeman-

agement and recommends drainage of large pleural effu-

sions, loculations, and moderate effusions with worsening

symptoms.48 A meta-analysis comparing the management

of pleural empyema in a surgical vs nonsurgical approach

showed no statistically significant difference in mortality.

In addition, video-assisted thoracoscopic surgery showed it

may decrease the hospital stay compared with only thoracos-

tomy drainage.79 Currently, there are no guidelines for the

treatment of lung abscesses and necrotizing pneumonias,

although most seem to be adequately treated with at least

2 weeks of antibiotics alone.80

DISCHARGE AND FOLLOW-UP

Studies identifying optimal discharge criteria are lacking.

However, patients diagnosed with pneumonia may be

eligible for discharge if there are clear signs of clinical

TABLE 7. Complications of Pediatric CAP4

Parapneumonic
effusion

Most common complication of pediatric CAP and can present as exudative, fibrinopurulent or organizing effusions.
Empyema is an advanced stage of parapneumonic effusion. Seen most commonly with S. aureus and
S. pneumoniae

Necrotizing
pneumonia

Lung parenchymal destruction and liquefaction of unclear pathophysiology, possibly from ischemic events related to
vascular compromise. Progression to pneumatoceles and bronchopleural fistula may occur. Mostly seen in S. aureus
infection, but can occur with S. pneumoniae and Klebsiella spp and Pseudomonas spp.

Abscess Thickly walled cavity containing purulent material secondary to suppuration and parenchymal necrosis. Rare. More
common in pre-existing lung malformation, aspiration or immunodeficiency.

Abbreviation: CAP, community-acquired pneumonia.
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improvement for at least 12 hours, including improvement of

respiratory distress, activity level, and oral tolerance; consis-

tent pulse oximetry saturation >90% on room air for at least

12 hours; and the patient no longer meeting criteria for

inpatient management. Patients who required chest tube

placement must have the tube removed for 12 to 24 hours

without worsening clinical status.2 All children discharged

from the hospital with a diagnosis of CAP should follow

up with their primary care provider to ensure clinical

improvement.

Children who are readmitted into the hospital tend to be

those younger in age, those with chronic comorbidities, or

those diagnosedwith complicated pneumonia; these patients

thus may benefit from comprehensive discharge planning

and direct communication with primary care providers to

ensure a safe discharge and follow up.9

Repeat CXRs are not routinely recommended unless sus-

picion for anatomical abnormalities is present, which should

be considered in instances of recurrent or persistent pneu-

monias. Radiographic resolution of pneumonia occurs in

most patients at around 2 months after clinical resolution.59

Limited data suggest that children diagnosed with pneumo-

nia may be at increased risk of long-term effects, including

restrictive or obstructive lung disease, asthma, and

bronchiectasis.81

Summary
1. Chest pain, hypoxemia, and increased work of

breathing are more specific in the diagnosis of

pneumonia compared to other clinical signs

and symptoms (Level of evidence: moderate).

2. CXRs are not routinely required to diagnose

pneumonia in healthy, immunized children with

uncomplicated pneumonia who meet criteria for

outpatient management (Level of evidence:

strong).

3. Blood cultures should not be routinely used in

healthy, immunized children with uncomplicated

pneumonia who meet criteria for outpatient

management and should be reserved for patients

with severe disease and/or suspected complica-

tions (Level of evidence: moderate).

4. Narrow-spectrum oral therapy with amoxicillin is

favored as the first line empirical outpatient treat-

ment of mild CAP; similarly, ampicillin is recom-

mended as first line inpatient treatment of

presumed bacterial pneumonia. Treatment for

suspected atypical pneumonia should be consid-

ered based on clinical suspicion, in school-

aged children, and treatment failures (Level of

evidence: strong).

5. Patients with increased risk for severe disease

and unfavorable outcomes are candidates for

inpatient management of pneumonia (Level of

evidence: strong).
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1. A previously healthy 11-year-old boy is seen in the office in August with a
history of fever for 3 days, headache, and increasing cough. At the onset of
his illness, he had a sore throat, and then over the past day, he has had a
worsening cough. On physical examination, his temperature is 101.8 °F, heart
rate 106 bpm, and respiratory rate 24/min, with oxygen saturation 96% on
room air. There are bilateral crackles noted on chest auscultation.
Immunizations were up to date at 5 years of age. His last influenza vaccine
was 1 year ago in the fall. Which of the following is the most likely etiology of
his illness?

A. Bordetella pertussis.
B. Human metapneumovirus.
C. Influenza virus.
D. Mycoplasma pneumoniae.

2. Which of the following constellation of clinical findings is considered the
most specific for the diagnosis of pneumonia?

A. Chest pain, retractions, and hypoxemia.
B. Cough, expiratory stridor, and fever.
C. Cough, tachycardia, and wheezing.
D. Crackles, fever, and tachypnea.

3. A previously healthy and fully immunized 30-month-old girl is seen in the
office in July with a 2-day history of fever and cough. She has not had sore
throat, vomiting, diarrhea, or rash. She has had decreased appetite but is still
taking liquids well and has a normal number of wet diapers. There are no
known sick contacts. She is mildly ill appearing but alert and interactive. She
has no allergies. Her temperature is 101.1 °F, heart rate 116 bpm, respiratory
rate 25/min, and oxygen saturation 98% on room air. There are crackles heard
at the lower left chest, but no wheezes and no increased work of breathing.
The parents agree to outpatient management with a plan to return to the
clinic in 2 days or sooner if she worsens. Which additional testing or
treatment is most appropriate to recommend now?

A. Blood culture, CBC, and procalcitonin test.
B. Chest radiograph.
C. Oral amoxicillin.
D. Oral azithromycin.
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4. A previously healthy 5-year-old boy is admitted to the pediatric inpatient
service after being seen in the emergency department (ED) for a 4-day history
of fever and nonproductive cough with poor oral intake and persistent
vomiting. There is no history of rash, sore throat, or diarrhea. Other family
members are well, and there is no history of international travel or known
tuberculosis exposure. A chest radiograph done in the ED showed a right
middle lobe consolidation and a small parapneumonic effusion. A
nasopharyngeal swab was negative for COVID-19, influenza A, influenza B,
and RSV. C-reactive protein (CRP) was 96 mg/L. WBC count was 12 000/mm.3

Blood culture is pending. Immunizations are up to date, and he has no known
allergies. On admission to the pediatric floor, he is ill appearing but not
lethargic or toxic appearing. His temperature is 102.5 °F, heart rate 110 bpm,
respiratory rate 24/min, and oxygen saturation 96% on room air. There are
crackles on the right with egophony. There are no retractions. Which of the
following is the most appropriate high-dose intravenous antimicrobial therapy
for this patient?

A. Ampicillin.
B. Ceftaroline.
C. Ceftriaxone plus vancomycin.
D. Clindamycin.

5. The same patient in Question 4 continues to be febrile on day 3 of admission,
and he is now complaining of right-sided chest pain. On physical examination
there are decreased breath sounds on the right chest. Blood culture from
admission is no growth to date. Which of the following is the most
appropriate next step in diagnosis?

A. Bronchoscopy with bronchoalveolar lavage.
B. Chest ultrasonography.
C. Pleurocentesis.
D. Repeat CRP, CBC, and blood culture.
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