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Abstract

EDUCATION GAP—Influenza is among the most common infectious causes of pediatric 

emergency department visits and hospitalizations. Clinicians should use evidence-based guidelines 

to learn how to identify, manage, prevent, and treat influenza cases. Disease caused by influenza 

virus can be mitigated with appropriate treatment and prevention efforts.

OBJECTIVES After completing this article, readers should be able to: 1. Describe the 

virology and epidemiology of influenza.

2. List the clinical features and complications of influenza infections.

3. List the benefits and limitations of testing modalities for the diagnosis of influenza.

4. Appropriately apply American Academy of Pediatrics, Infectious Diseases Society of America, 

and Centers for Disease Control and Prevention (CDC) treatment guidelines for influenza or 

suspected influenza.

5. Describe the importance of influenza vaccination.

INTRODUCTION

Influenza is responsible for significant morbidity and mortality, accounting for close to 

1,000,000 global hospitalizations in children younger than 5 years each year. (1) Influenza 

season duration and severity varies year to year and by influenza strain, and it is challenging 

to predict the severity of each upcoming influenza season. In this article, we aim to provide 

a review of the virology, epidemiology, clinical characteristics, complications, transmission, 

diagnostic testing, treatment, and prevention of influenza in the pediatric population.

EPIDEMIOLOGY

In the United States, 8% to 10% of children experience symptomatic influenza each 

year, resulting in 140,000 to 710,000 hospitalizations and 12,000 to 52,000 deaths (Table 

1). (2)(3) Attack rates vary seasonally and are higher in unvaccinated compared with 

vaccinated children (20% vs 10%). (4) During the winter, influenza accounts for nearly 

10% of pediatric hospitalizations in the United States. (5) Influenza accounts for significant 

health-care expenditures each year. For example, in 2015, direct and indirect costs to the 

US health-care system and society totaled $6.3 to $25.3 billion. (6) Most morbidity and 

mortality associated with influenza occurs in young children (<5 years) and the elderly 

(>65 years). In the pediatric population, children younger than 5 years, especially those 
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younger than 2 years, and children with underlying medical conditions are at highest risk for 

influenza-associated complications.

VIROLOGY

Influenza viruses are enveloped negative-sense single-stranded ribonucleic acid viruses 

classified as orthomyxo-viruses. Influenza viruses contain a lipid envelope, RNA segments, 

the surface glycoproteins hemagglutinin (HA) and neuraminidase (NA), matrix proteins, and 

membrane proteins, among others. Viral replication is fostered by HA to facilitate viral entry 

and by NA to facilitate viral release, making glycoproteins and membrane proteins common 

targets for antiviral medications and vaccinations. (7)

Clinically relevant influenza types in humans are A, B, and C. Influenza A is classified 

into subtypes based on surface glycoproteins, of which 25 different antigenic subtypes exist 

in humans. Strains are named by virus type, location, year, and subtype (eg, A/Tennessee/

2022/[H3N2]). (8)(9) Dominant strains known to cause epidemics in recent years include 

H1N1 and H3N2. Influenza B is classified into 2 lineages (Yamagata and Victoria) based on 

HA type. (10) Influenza C contains an HA-esterase fusion glycoprotein rather than HA/NA 

and causes mild illness. (11) There are only rare instances of hospitalization secondary to 

influenza C in children. (12)

HISTORICAL BACKGROUND AND PANDEMIC RISK

The influenza virus adapts by altering its genetic make-up through reproduction. These 

mutations can involve minor changes in HA/NA (genetic “drift”) or cause more dramatic 

changes that result in an entirely novel strain (genetic “shift”). Genetic drift results in 

seasonal variation, whereas genetic shift can result in an influenza pandemic. Historically, 

influenza A, rather than influenza B, has led to global pandemics as the genetic properties of 

influenza B viruses shift more slowly and spread almost exclusively in humans rather than 

in animal hosts. In the past 100 years, 5 influenza pandemics have occurred. The infamous 

1918–1919 H2N2 influenza pandemic infected one-third of the world’s population, with 

significant mortality among infants, young adults, and the elderly. (13) Most recently, the 

2009–2010 H1N1 influenza pandemic resulted in 60 million cases in the United States and 

300,000 deaths worldwide. (14) Similar to the 1918–1919 outbreak, most deaths occurred in 

people younger than 65 years. (2)(3)

RACIAL AND ETHNIC DISPARITIES IN INFLUENZA

There are significant disparities in influenza-associated health-care utilization and outcomes 

by race/ethnicity in the United States. Influenza-associated hospitalization rates are higher in 

Black, Hispanic, American Indian or Alaskan native, and Asian or Pacific Islander children 

compared with White children. (15)(16) Black, Hispanic, and American Indian/Alaskan 

native adolescents receive influenza vaccinations at lower rates than White adolescents. (17)

(18) Black pregnant women have the lowest rate of influenza immunization in pregnancy 

and report a lower rate of offer of vaccine. (19)
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Reasons for these disparities are multifactorial and may include inequitable access to health-

care, vaccination opportunity, misinformation, and mistrust secondary to a long history of 

structural racism. (16) Ongoing study is needed to better understand disparate outcomes and 

immunization rates in underserved populations.

INFLUENZA AND THE COVID-19 PANDEMIC

During the 2020–2021 influenza season, influenza activity was the lowest ever recorded 

(0.5% positivity rate). (20)(21) This coincided with the COVID-19 pandemic and global 

implementation of measures known to interrupt transmission of influenza, such as masking, 

social distancing, school closures, and reduced travel. Influenza activity during the 2021–

2022 season was similarly low; however, the 2022–2023 season saw a marked increase 

of influenza cases. From 2017 to 2021, influenza vaccination coverage in children ranged 

from 57.8% to 62.5%. (22) The COVID-19 pandemic likely resulted in vaccine fatigue and, 

along with other factors, led to a drop to 36% vaccination coverage during the 2021–2022 

season. (23)(24) Thus, the influenza resurgence in the 2022–2023 season likely resulted 

from several factors: the widespread reduction of pandemic-related protective measures 

combined with decreased influenza vaccination, waning natural/vaccine-induced antibodies, 

antigenic drift, and more time spent at home with influenza contacts. After the COVID-19 

pandemic, evidence suggests an increase in the transmissibility of influenza, with household 

transmission increasing from 20% in prepandemic times to 50% in 2021–2022. (25)

TRANSMISSION

Seasonal Variation

In temperate climates, the influenza season typically spans October to March (northern 

hemisphere) or April to September (southern hemisphere). (26) In the United States, there 

is wide geographic variation in the start and end of influenza season, but it generally 

peaks between January and March. (27) In tropical climates, influenza seasons may occur 

year-round. (28)

Modes of Transmission

Three modes of transmission occur: droplet, contact, and aerosol (Table 2). Large-particle 

droplets (>100 μm) produced during coughing, sneezing, or talking are the primary mode of 

influenza transmission. Contact transmission, either direct transmission via body-to-body 

surface contact, such as hand-to-hand contact followed by hand-to-respiratory mucosa 

contact, or indirect via contaminated surfaces/objects, can occur. (29) Influenza virus has 

been experimentally found on surfaces 24 to 48 hours after inoculation. (30) According to 

the Centers for Disease Control and Prevention (CDC), health-care professionals should use 

standard and droplet precautions when interacting with patients with confirmed or suspected 

influenza.

Viral Incubation and Shedding

The incubation period of influenza virus is 1 to 4 days. (7) Influenza can be detected and 

viral shedding can occur several days before the onset of illness. Viral shedding peaks 
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within 24 hours of symptoms, and the highest infectious period is during the first 3 days of 

symptoms. (31) Recent studies suggest that children may have longer viral shedding periods 

and higher viral loads than adults. (32) Increased disease severity is associated with a longer 

shedding and infectious period. (33)

Household and School Transmission

Household transmission of influenza virus varies each year. On average, if a household 

member is infected with influenza, there is an approximately 40% risk of infection 

to other household contacts. (34) The CDC recommends isolating at home until fever 

free for at least 24 hours or after symptoms improve. (35) As demonstrated with the 

COVID-19 pandemic and H1N1 influenza pandemic, school closure can be an efficacious 

infection control mitigation strategy. (36)(37) A meta-analysis of short-term school closure 

studies demonstrate a resulting 30% reduction in peak epidemic influenza incidence in the 

community. (37)

CLINICAL CHARACTERISTICS

Signs and Symptoms

The clinical manifestations of acute influenza vary based on the age and health of the 

child. The broad spectrum of influenza illness spans asymptomatic infections to severe 

illness and death. The most common signs and symptoms in all age groups include fever, 

cough, and rhinorrhea, which are present in 85% of confirmed symptomatic influenza 

cases. (38) For surveillance purposes, an influenza-like illness is defined as fever with 

cough or sore throat. (39) It is important to note that although fever is a common 

symptom, the absence of fever should not exclude influenza as a diagnosis in those with 

respiratory symptoms during influenza season. Children older than 15 years are more likely 

to have an asymptomatic infection (26%) compared with younger children (6.6%). (38) In 

addition, immunocompromised children may be incapable of mounting a febrile response. 

Alternatively, influenza can also result in prolonged fever and is an uncommon cause of 

fever of unknown origin. (40)

Gastrointestinal symptoms, including vomiting and diarrhea, are found in 40% of infants 

and children younger than 4 years. Older children are more likely to endorse headache 

compared with younger children. Other common symptoms include malaise, fatigue, and 

myalgias (Fig 1). Physical examination findings are generally nonspecific and can reveal 

pharyngeal erythema/ exudate and cervical lymphadenopathy, among other signs. Most 

healthy, immunocompetent children with influenza will have gradual improvement over 5 to 

10 days.

Disease Severity

Disease severity may differ between influenza A and B, although multiple systematic 

reviews continue to generate conflicting evidence. (38)(42) Certain strains of influenza A 

(H3N2) in adults are associated with more severe disease, hospitalization, and death. (43) 

Ten years of surveillance data of children with influenza in Australia found that influenza 

A accounted for 68.6% of hospitalizations; however, influenza B was more often associated 
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with acute renal failure, rhabdomyolysis, and cardiac complications. (44) There is also 

evidence of higher pediatric mortality from influenza B infections than from influenza 

A. (45) More data are needed to understand strain-specific mortality and morbidity and 

transmissibility in children.

COMPLICATIONS OF INFLUENZA

Although most influenza illness is self-limited, complications from influenza can be life-

threatening. Certain pediatric groups are at high risk for severe primary influenza disease 

or complications secondary to influenza (Table 3). Children at high risk for complications 

of influenza are a particularly vulnerable population highlighted in national guidelines. (22)

(46)(47) Strategies for testing, treatment, and chemoprophylaxis for influenza may differ 

based on high-risk status or exposure to a contact who is high risk, such as if the patient is 

high risk, if the patient is a health-care worker who cares for those who are high risk, or if 

there is a high-risk contact in the household.

Respiratory

Secondary bacterial infections of the respiratory tract are the most common complication 

of influenza. Among children hospitalized with influenza, 28% to 36% will have primary 

or secondary pneumonia. (48) When identified through respiratory samples, Streptococcus 
pneumoniae is the most common (67%) cause of secondary pneumonia, (49) and secondary 

necrotizing methicillin-resistant Staphylococcus aureus pneumonia is rare. (50) Critically 

ill children may experience acute respiratory failure or acute respiratory distress syndrome. 

Asthma exacerbations occur in up to 22% of children with asthma and influenza infection. 

(51) Other respiratory complications include laryngo-tracheobronchitis (croup) and bacterial 

tracheitis.

Neurologic

The top percentage of neurologic complications occurring in children hospitalized 

for influenza ranges from 7% to 10%. (52)(53) Seizures represent 66% to 75% of 

those complications, followed by encephalopathy. Less commonly, bacterial meningitis, 

encephalitis, acute demyelinating syndromes, stroke, Reye syndrome, and Guillain-Barré 

syndrome (GBS) may occur. (52)(54) Reye syndrome cases are rare after the Food and Drug 

Administration (FDA) issued its warning on aspirin use in children in 1980, (55) but cases 

can still occur in children with various illnesses who are exposed to aspirin therapy. (56)

Cardiac

Direct myocardial involvement by influenza may result in myocarditis and pericarditis. 

(57)(58) Cardiovascular complications are of particular significance in influenza-related 

mortality. In 1 case series of 47 influenza-associated pediatric deaths, 13% were attributed to 

cardiac involvement. (59)

Head, Ears, Eyes, Nose, Neck

Acute otitis media is common and can develop in 10% to 50% of patients, typically 

occurring 3 to 4 days after an influenza infection. (60) Rare complicated head and 
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neck infections secondary to influenza include orbital cellulitis, parotitis, retropharyngeal 

abscesses, Pott puffy tumor, and Lemierre syndrome. (61)

Musculoskeletal

Myositis is uncommon but can be seen in both influenza A and B, although historically 

it has been associated more with influenza B. (62) Myositis presents as bilateral calf 

tenderness, often with refusal to walk in young children, with concurrent elevation in serum 

creatine phosphokinase level. (63) Influenza is also frequently implicated as a cause of 

viral-associated rhabdomyolysis. (64)

LABORATORY TESTING FOR INFLUENZA

Recommendations for Testing

The American Academy of Pediatrics (AAP), the Infectious Diseases Society of America 

(IDSA), and the CDC provide guidance on influenza testing (Fig 2). A clinical diagnosis 

may be challenging in young children due to other atypical bacterial/viral infections 

(respiratory syncytial virus, human metapneumovirus, COVID, parainfluenza, adenovirus, 

rhinovirus/enterovirus, and Mycoplasma pneumoniae, among others) that present with 

similar symptoms during influenza season. According to national guidelines, laboratory 

confirmation is not necessary before initiating antiviral treatment in those with influenza-like 

illness during influenza season. (22)(46)(47) A history of vaccination does not exclude 

influenza, and vaccination status should not influence the decision to test for influenza. (23)

Based on AAP, CDC, and IDSA guidelines, outpatient clinicians should test for influenza 

in individuals with influenza-like illness if the result will change management (eg, antiviral 

treatment, need for further evaluation, infection control practices, chemoprophylaxis). (47) 

Clinicians should test all patients requiring hospitalization for influenza-like illness during 

the influenza season, especially children at high risk for influenza complications.

Types of Available Influenza Tests

Reverse transcriptase–polymerase chain reaction (RT-PCR) molecular assays provide highly 

sensitive and specific results. Specificity of all tests is relatively high (66); however, 

sensitivity can vary for rapid influenza diagnostic tests. (67) Influenza prevalence has a 

demonstrable effect on the positive predictive value of rapid antigen testing, with higher 

positive predictive values during high-prevalence weeks and lower positive predictive values 

during weeks of lower influenza prevalence. (68) The IDSA recommends the use of rapid 

influenza molecular assays in the outpatient setting and RT-PCR or other molecular assays 

for hospitalized patients (Table 4).

Additional laboratory testing for influenza complications or alternative diagnoses may be 

performed depending on the clinical context. When obtained, laboratory findings such as the 

white blood cell count may be low, high, or normal, whereas elevated C-reactive protein or 

procalcitonin levels could point to a secondary bacterial infection. (69)(70)
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ANTIVIRAL TREATMENT

Antiviral Medications

Four influenza antiviral medications are FDA approved for children and adults and are 

generally considered to have similar effectiveness (Table 5). NA inhibitors (oseltamivir, 

zanamivir, and peramivir) work by blocking NA to prevent virion release and are effective 

against both influenza A and B. Alternatively, the endonuclease inhibitor baloxavir 

interrupts the transcription of viral mRNA by targeting the virus polymerase complex.

NA Inhibitors.

Oseltamivir.—Oseltamivir is most commonly administered orally. The most frequent 

adverse effects include vomiting and epigastric discomfort, which occur in 10% to 15% 

of patients. (71) It is the only NA inhibitor to be approved for use in preterm and term 

infants and is also recommended in breastfeeding mothers with influenza. (72) In 2006, 

in response to case studies and subsequent reports (mainly out of Japan), the FDA added 

a warning label for rare neuropsychiatric adverse events, including suicidal ideation and 

psychosis. Subsequent studies have yielded mixed results, with some reporting a positive 

association, (73)(74) negative association, (75)(76) or no association (77)(78)(79) between 

oseltamivir and neuropsychiatric events. To date, the relationship between oseltamivir and 

neuropsychiatric events remains highly debated and is an area of much-needed research.

Zanamivir.—Zanamivir is an inhaled medication that is contraindicated in children with 

chronic lower respiratory disease, including asthma. Compared with outpatient treatment 

with oseltamivir, inhaled zanamivir is noninferior regarding reduction of symptom duration 

and hospitalizations. (80)

Peramivir.—Peramivir is administered intravenously and is approved for use in the 

ambulatory setting. In clinical practice, peramivir is typically used in hospitalized patients 

when other antiviral formulations are unable to be tolerated. (81)

Endonuclease Inhibitors.

Baloxavir.—Baloxavir, approved by the FDA in 2018, is the first polymerase acidic 

endonuclease inhibitor developed against influenza and works by inhibiting proteins 

involved in viral replication. (82) Baloxavir is administered as a 1-time oral agent and has 

similar efficacy to oseltamivir. At this time, it is not covered by all insurers and is more 

costly than other antiviral agents. (83)

Antiviral Resistance

The class of M2 protein inhibitors known as adamantane antiviral medications are no longer 

recommended for the treatment of influenza due to widespread viral resistance. (84) Similar 

concerns surrounding oseltamivir have not emerged in clinical studies. (85)(86)

Recommendations for Treatment

In general, most patients with influenza will have a self-limiting course regardless of 

treatment with antiviral medications. The AAP, CDC, and IDSA recommend that clinicians 
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treat influenza in all cases, regardless of symptom duration, in individuals at high risk 

for influenza complications (Table 2), individuals with influenza complications, individuals 

with progressive illness, and individuals requiring hospitalization. Clinicians can consider 

treatment for non–high-risk patients if symptom onset is less than 48 hours, for non–high 

risk patients who have household contacts at high risk for influenza complications (including 

children <2 years of age), and for symptomatic health-care workers who care for patients at 

high risk for influenza complications (Fig 3).

EVIDENCE FOR IMPROVED OUTCOMES WITH ANTIVIRAL TREATMENT

Reduced Duration of Symptoms

In a meta-analysis of 5 randomized trials comparing oseltamivir and placebo, among those 

with less than 48 hours of symptoms, oseltamivir decreased duration of illness by 18 hours 

in all children and by 30 hours in children without asthma. (87) A randomized trial of 

baloxavir in children 1 to 12 years of age with less than 2 days of symptoms revealed 

similar time to symptom alleviation compared with oseltamivir. (83) In randomized trials 

of individuals older than 12 years, baloxavir reduced duration of illness by 27 hours in non–

high-risk individuals and by 29 hours in high-risk individuals. (88)(89) Trials comparing 

zanamivir and peramivir found similar efficacy compared with oseltamivir. (90)

Decreased Influenza Complications

In a meta-analysis of 5 randomized trials in children, there was a 34% reduction 

in otitis media in those treated with oseltamivir compared with placebo. (87) In 

pediatric observational studies, oseltamivir was associated with decreased pneumonia, (74)

(91) influenza-related hospitalization, (92) and influenza-related complications (including 

respiratory, cardiac, neurologic, and renal complications) regardless of duration of 

symptoms. (92) In children with chronic medical conditions, oseltamivir was associated with 

decreased risk of hospitalization and influenza-related complications, including pneumonia, 

nonpneumonia respiratory illness, and otitis media. (93)

Decreased Influenza Transmission

Antiviral treatment reduced the amount and volume of viral shedding, resulting in 

decreased household transmission of influenza. (33) Treatment with oseltamivir, zanamivir, 

or baloxavir was associated with a 23% to 48% reduction in transmission of influenza. 

(94)(95)(96)(97) There was no difference in reduction of transmission comparing antiviral 

agents with each other. (98)

Improved Hospital Outcomes

In a prospective cohort study of hospitalized children with laboratory-confirmed influenza, 

early oseltamivir use was associated with a decreased length of hospital stay (LOS) among 

children at high-risk for influenza complications and those admitted to the ICU. (99) Patients 

who received oseltamivir 3 days or more after symptom onset had no reduction in LOS 

compared with those who did not receive antiviral therapy. (99) Data on decreased LOS in 

this prospective cohort study support other retrospective studies of reduced LOS in children 

with high-risk conditions, (100) those admitted to the ICU, (101)(102)(103) and hospitalized 
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children overall. (104) For example, a retrospective cohort study of hospitalized children 

demonstrated that early oseltamivir treatment was associated with a shorter LOS, reduced 

odds of readmission, reduced transfer to the ICU, and decreased composite outcome of 

death/extracorporeal membrane oxygenation use. (105) Findings were consistent among 

those with and without underlying conditions.

Limitations of this and other large retrospective studies of hospital antiviral use include 

missing information on potential confounders such as prehospitalization antiviral exposure, 

duration of illness, and seasonal influenza vaccination status, as well as lack of laboratory 

confirmation of influenza. An area of much-needed research is evaluation of antiviral 

effectiveness among hospitalized children and adolescents who are otherwise healthy and 

in those with more than 2 days of illness duration. Until further evidence is generated, 

we recommend following the AAP, CDC, and IDSA guidelines regarding treatment for all 

hospitalized children with influenza regardless of symptom duration.

PREVENTION

Influenza Vaccination

Influenza vaccination is paramount to providing protection against influenza and is 

recommended for all children older than 6 months. Although influenza vaccination may not 

avert all clinical illness, it has significant secondary benefit and reduces the risk of influenza 

illness by 40% to 60%. (106) Of children who become ill with influenza, immunization 

prevents influenza-associated hospitalization in 16% of those aged 5 to 17 years and 28% 

aged 6 months to 4 years. Immunization also reduces severity of disease and reduces the 

risk of influenza-associated death by 51% for high-risk children and 65% for non– high-risk 

children. (107) Nearly 80% of influenza-related pediatric deaths occur in unvaccinated 

children. (107)

Types of Available Influenza Vaccines

Each year, the CDC, World Health Organization, and FDA predict which strains are likely 

to cause illness in the upcoming influenza season and combine 2 influenza A strains and 2 

influenza B strains into 1 quadrivalent vaccine. Several licensed vaccine products exist (for 

more information see the current AAP technical report “Recommendations for Prevention 

and Control of Influenza in Children, 2022–2023”). (22) Influenza vaccination can be given 

with either an inactivated influenza vaccine (IIV) or a live attenuated influenza vaccine 

(LAIV). In 2016–2018, the LAIV was not recommended by the AAP due to concerns 

about its effectiveness. After new virus strain replacement, studies demonstrated similar 

effectiveness to IIV, and the AAP updated their guidelines to recommend either LAIV or IIV 

in 2018. (108)(109)

IIVs are licensed for children older than 6 months and are administered via intramuscular 

injection. Four IIVs (Afluria ® Quadrivalent [Seqirus, Parkville, Victoria, Australia], 

Fluarix® Quadrivalent [GlaxoSmithKline Biologicals, Dresden, Germany], FluLaval® 

Quadrivalent [GlaxoSmithKline Biologicals], and Fluzone® Quadrivalent [Sanofi Pasteur, 

Swiftwater, PA]) are egg-based and 1 (Flucelvax® Quadrivalent [Seqirus]) is cell 
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culture based. Dosing is age and vaccine specific. IIV is the agent of choice 

for immunocompromised children, those with high exposure to immunocompromised 

individuals, and pregnant women. The most common adverse effects are injection site 

pain (17%–67%), redness, and swelling. (22) Systemically, IIV may cause fatigue, 

irritability, muscle aches, and gastrointestinal symptoms. Rare adverse effects include GBS 

and anaphylaxis. (110)(111) Quadrivalent LAIV (FluMist® Quadrivalent, MedImmune, 

Gaithersburg, MD) is licensed for children 2 years and older and is administered 

intranasally. The most commonly reported reactions to LAIV are rhinorrhea (20%–75%), 

headache (2%−46%), fever (up to 26%), wheezing, and myalgias (up to 21%). (22)

Influenza Vaccination Precautions and Contraindications

Precautions for influenza vaccinations include a history of GBS within 6 weeks after 

influenza vaccine and anaphylaxis to a previous influenza vaccine. Children aged 2 to 

4 years with wheezing in the past 12 months or asthma and any child with cochlear 

implants, asplenia, or cerebrospinal fluid leak should not receive LAIV. Mild illness (with or 

without fever) is not a contraindication, although influenza immunization may be deferred 

in children with active COVID-19 until they are no longer moderately to severely ill. 

Individuals with egg allergy no longer need special consideration and can have any influenza 

vaccination because they are at no greater risk for anaphylaxis than the general population. 

(112)

When to Vaccinate

Children should be vaccinated as soon as the seasonal vaccine becomes available. (22) 

Children younger than 9 years who have not yet had an influenza vaccine should receive 2 

doses administered at least 4 weeks apart. For those yet to receive their annual influenza 

vaccine, vaccination should be offered and recommended through the duration of the 

influenza season. Although uncommon, children may be infected with a different strain 

in the same influenza season, and thus a previous influenza infection does not contraindicate 

vaccination. Both IIV and LAIV can be administered simultaneously with all available 

COVID-19 vaccines as well as other inactivated or live vaccines. (113)

Influenza Vaccination Advocacy

The AAP provides an influenza tool kit (https://www.aap.org/en/news-room/campaigns-and-

toolkits/flu-campaign-toolkit/) containing evidence-based strategies for effective vaccine 

communication and tools to combat vaccine misinformation. The emergency department and 

hospital provide another opportunity for influenza education and/or vaccination of children 

before discharge. (114)

Chemoprophylaxis

The IDSA and AAP recommend chemoprophylaxis after confirmed or suspected influenza 

exposure in high-risk children who have yet to receive a seasonal influenza vaccine, 

immunocompromised high-risk children, those with close contacts who are at high risk 

for influenza complications, and health-care workers (Fig 4). (22)(47) A randomized 

controlled trial demonstrated that chemoprophylaxis with oseltamivir had protective efficacy 
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of 84% against household transmission of symptomatic influenza. (115) If a child receiving 

chemoprophylaxis develops symptoms of an influenza-like illness, clinicians should 

convert to treatment dosing. Table 5 provides chemoprophylaxis and treatment dosage 

recommendations. Provider discretion should be used in other situations where prophylaxis 

may be warranted, such as upcoming travel after exposure. For recommendations on 

chemoprophylaxis in select populations in the absence of influenza exposure, please 

reference pages 6 and 7 of the IDSA influenza guidelines. (47)

PREGNANCY AND BREASTFEEDING CONSIDERATIONS

Pregnancy is considered a high-risk condition for the development of influenza 

complications, and vaccination is highly recommended for pregnant women. (47) Maternal 

vaccination also has conferred benefits to newborns. Infants born to mothers who received 

influenza vaccines have a 72% decreased risk of influenza hospitalization in the first month 

of life. (116) Oseltamivir is the agent of choice for pregnant and breastfeeding women with 

influenza, and there is robust safety and effectiveness data in this population. (117)

QI project suggestion –

Recent data suggest that 25% of hospitalized children, 42% of high-risk outpatients, 

and 75% of children younger than 2 years with influenza do not receive evidence-and 

guideline-based antiviral medications. (118)(119) A quality improvement project could 

target guideline-concordant treatment of influenza infections in hospitalized children with 

an aim of increasing appropriate treatment.
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APPENDIX

PIR QUIZ

1. A 7-year-old previously healthy boy is brought to the emergency department 

by his parents due to increased work of breathing and fever. He became febrile 

4 days earlier, with malaise, fatigue, myalgias, and cough. Several children 

at his school have been diagnosed as having influenza. During the past day 

he has worsened, with an increased respiratory rate, decreased appetite, and 

elevated oral temperature up to 103.6°F (39.8°C). On physical examination 

he is illappearing. His temperature is 102.8°F (39.3°C), oxygen saturation is 

88% on room air, respiratory rate is 34 breaths/min, and heart rate is 140 beats/

min. Crackles are noted in the left lung base. Chest radiography shows a left 

lower lobe consolidation with a small to moderate parapneumonic effusion. 

A multiplex polymerase chain reaction nasopharyngeal swab is positive for 
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influenza A. In addition to influenza A, which one of the following is the most 

likely cause of his consolidative pneumonia?

A. Methicillin-susceptible Staphylococcus aureus.

B. Methicillin-resistant S aureus.

C. Mycoplasma pneumoniae.

D. Streptococcus intermedius.

E. Streptococcus pneumoniae.

2. A 4-year-old fully vaccinated girl with moderate persistent asthma is admitted to 

the hospital in November. She has a 4-day history of fever, malaise, myalgias, 

and cough. She has not had vomiting and has been able to maintain hydration. 

Her 7-year-old brother had a similar illness starting 6 days ago and his symptoms 

have improved. The community is noted to have a high incidence of influenza 

A, a low incidence of influenza B, a low incidence of COVID-19, and a low 

incidence of respiratory syncytial virus. On admission, she is noted to have 

a respiratory rate of 35 breaths/min, mild subcostal retractions, and bilateral 

wheezing. Her oxygen saturation is 92% on room air. Which one of the 

following is most likely to confirm the etiology of her febrile illness?

A. Chest radiography.

B. Nasopharyngeal antigen.

C. Nasopharyngeal polymerase chain reaction assay.

D. Throat swab antigen assay.

E. Throat swab viral culture.

3. For the same patient in question 2, in addition to nebulized albuterol and 

corticosteroid for her asthma exacerbation, which one of the following is the 

most appropriate next step in treatment?

A. No antiviral treatment is recommended.

B. Oseltamivir.

C. Ribavirin.

D. Rimantadine.

E. Zanamivir.

4. A 5-year-old boy is seen in the office in March for a 36-hour history of fever, 

cough, myalgias, and fatigue. A close friend at school was diagnosed as having 

influenza A by a rapid point-of-care assay this past week, and there is noted to 

be a high incidence of influenza A in the community. He is not in respiratory 

distress. He received the influenza vaccine last October, and he has received 

appropriate influenza vaccination since infancy. The patient has a 5-week-old 

sister at home. The mother received influenza vaccine during pregnancy, and the 

Wolf and Antoon Page 12

Pediatr Rev. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



father was also vaccinated. A rapid point-of-care assay for the boy is positive for 

influenza A. Both parents and the sister are currently asymptomatic. Which one 

of the following is the most appropriate next step in management?

A. Antiviral therapy is not indicated.

B. Antiviral therapy is not indicated, and the sister should receive the 

influenza vaccine.

C. Begin oseltamivir.

D. Begin oseltamivir and have him isolate at home for 14 days from the 

onset of symptoms.

E. Begin peramivir.

5. An 18-month-old girl is brought to the clinic by her parents for a health 

supervision visit in September. Her history is remarkable for 2 episodes of 

wheezing associated with viral upper respiratory infections during the past 8 

months that resolved with outpatient management. Her mom states that there is 

a family history of egg allergy and that the only time she gave her eggs (a week 

ago) she vomited. She currently has some nasal congestion but no fever. She has 

not previously received the influenza vaccine. She is scheduled today to receive 

her second hepatitis A vaccine, and she is up-to-date with her other vaccinations. 

Which one of the following immunizations is recommended today?

A. Hepatitis A only and defer influenza vaccine for 4 weeks.

B. Hepatitis A and inactivated influenza vaccine (IIV) with a second dose 

of IIV in 4 weeks.

C. IIV only with a second dose in 6 months and hepatitis A vaccine in 4 

weeks.

D. Live attenuated influenza vaccine and hepatitis A vaccine.

E. Hepatitis A vaccine but no influenza vaccine until she is tested for egg 

allergy.

ABBREVIATIONS

AAP American Academy of Pediatrics

CDC Centers for Disease Control and Prevention

FDA Food and Drug Administration

GBS Guillain-Barré syndrome

HA hemagglutinin

IDSA Infectious Diseases Society of America

IIV inactivated influenza vaccine
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LAIV live attenuated influenza vaccine

LOS length of hospital stay

NA neuraminidase

RT-PCR reverse transcriptase–polymerase chain reaction
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Summary

• Influenza is responsible for significant morbidity, mortality, and health-care 

costs in children, especially high-risk children. (On the basis of strong 

epidemiologic evidence)

• Testing for influenza can be considered for influenza-like illness and should 

be performed for all hospitalized children with influenza-like illness. (On the 

basis of consensus and expert opinion)

• Antiviral treatment should be administered to eligible children. (On the basis 

of strong observational evidence and randomized controlled trials)

• Influenza vaccination is effective at prevention of influenza and its 

complications. (On the basis of strong observational evidence and randomized 

controlled trials)
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Figure 1. 
Signs, symptoms, and complications of influenza.

Adapted from Ghebrehewet S, MacPherson P, Ho A. Influenza. BMJ. 2016;355:i6258. (41)
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Figure 2. 
Clinical flow diagram for influenza testing.

Adapted from the Centers for Disease Control and Prevention. Guide for considering 

influenza testing when influenza viruses are circulating in the community. Available at: 

https://www.cdc.gov/flu/professionals/diagnosis/consider-influenza-testing.htm. (65)
aAn influenza-like illness is defined as a fever plus cough or sore throat.
bVaccination status should not influence testing algorithms.
cTesting for influenza should be interpreted based on the clinical picture and type of test 

used with corresponding sensitivity/specificity.
dManagement changes may include antiviral treatment, antibiotic treatment, further 

diagnostic tests, and decisions about infection prevention and control practices.
eDuring periods of high influenza activity, a clinical diagnosis of influenza can be made.
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Figure 3. 
Clinical flow diagram for influenza antiviral treatment. (22)(46)(47)
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Figure 4. 
Clinical flow diagram for influenza chemoprophylaxis. (22)(46)(47)
aThe Infectious Diseases Society of America defines exposure as living with/caring for a 

person with influenza or being in a setting with a high chance of contact with respiratory 

droplets from an infected person.
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