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KEY POINTS
 The influenza virus circulates annually and causes global epidemics and occasional pandemics because of its ability to mutate via antigenic drift and shift, respectively.
 Children have high attack rates of influenza.
 Children younger than 5 years are at increased risk for severe or complicated influenza
infections.
 Vaccination is the most effective means of protection against influenza.

INTRODUCTION

Influenza, a common, highly contagious, acute, febrile respiratory disease, is caused
by influenza virus, which circulates globally. Influenza virus causes annual outbreaks,
with or without seasonality, which are likely related to climate and other factors that
influence transmission. The influenza virus undergoes frequent antigenic mutations,
known as antigenic drift, that contribute to variability from year to year and present
challenges for annual vaccine design and production. In addition, influenza poses a
unique potential to cause pandemics when a novel virus emerges through genetic
reassortment, or antigenic shift, resulting in a virus with surface glycoproteins against
which there is little preexisting immunity in the population.
Influenza virus affects people of all ages and causes mild to severe illness and even
death in some cases. According to the World Health Organization (WHO), annual epidemics of influenza result in an estimated 3 to 5 million cases of severe illness and between 250,000 and 500,000 deaths worldwide,1 although the cocirculation of other
pathogens and lack of diagnostic testing in many settings makes it difficult to accurately estimate the burden of influenza. As influenza is a vaccine-preventable illness,
it is important from a global health standpoint to differentiate illnesses attributable
to the influenza virus from influenza-like illnesses caused by other pathogens.
Those at increased risk for the most severe illness, or influenza-related complications, include the elderly, children younger than 5 years, and individuals of all ages,
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who are immunocompromised or have chronic underlying health conditions that predispose them to more severe disease, as well as pregnant women. Although health
care workers are not at higher risk than the general population for influenza-related
complications, they are a group that is often prioritized for vaccination to maintain
the workforce and to prevent them from transmitting influenza to vulnerable patients.
Although treatment of influenza infection is available in certain settings, prevention is
the better option. The best way to prevent influenza infection is by vaccination. Vaccination against influenza can prevent the primary influenza syndrome as well as complications, such as acute otitis media (AOM) or pneumonia.2,3
This article focuses on pediatric influenza and gives an overview of the influenza virus as well as the epidemiology of the disease. It includes information on influenza in
children in low-resource settings, where available, and a discussion of influenza vaccines, treatments, and policy recommendations.
INFLUENZA IN CHILDREN: CLINICAL CHARACTERISTICS AND DISEASE BURDEN

In otherwise healthy children, influenza is typically a mild to moderate disease and, in
most children, resolves without complications.4 The most common signs and symptoms of influenza in children are sudden onset of fever, cough, and rhinorrhea. Influenza is most severe in younger children.5–7 Symptoms, such as sore throat,
headache, myalgia, and fatigue, are reported less commonly in children than adults.8
This difference may be due in part to the inability of young children to describe these
complaints. Because the signs and symptoms of influenza are not unique to this disease and the presentation of certain signs and symptoms varies among individuals, it
can be difficult to diagnose influenza by clinical presentation alone; thus, a firm diagnosis generally requires laboratory confirmation.
Clinical attack rates and morbidity from influenza infection vary considerably from
year to year and across geographies. When compared with adults, influenza attack
rates are consistently higher in children and may reach 30% or more during selected
seasons.7,9 Data from the United States show the importance of laboratory testing in
fully understanding the burden of influenza illness. Among young children, few influenza
infections are recognized by clinical signs and symptoms alone; in one populationbased US study of children younger than 5 years, only 17% of outpatient and 28% of
inpatient cases of laboratory-confirmed influenza (LCI) received a clinical diagnosis of
influenza from their health care provider before laboratory results were known.4
Although influenza-related hospitalization and death, discussed later, do occur,
outpatient visits are far more common for all age groups. With increasing age, more children with influenza can be managed as outpatients, whereas with younger children,
influenza tends to be more severe and more often requires hospitalization. In one
population-based study in the United States, annual influenza-attributable outpatient
visit rates were approximately 10-, 100-, and 250-fold greater than the rates of hospitalization for children younger than 5 months, 6 to 23 months, and 24 to 59 months,
respectively.4 Antibiotic use also increases as a result of influenza infections. A retrospective cohort study of children younger than 15 years over 19 influenza seasons in
the United States estimated that for every 100 children, an average of 6 to 15 outpatient
visits and 3 to 9 courses of antibiotics were attributable to influenza every year.10
LCI-related hospitalization rates are high among young children, ranging from 0.58
to 2.4 hospitalizations per 1000 children younger than 5 years per year in the United
States.4,11,12 Children younger than 6 months consistently have high rates of hospitalization, and about 80% to 85% of pediatric influenza-attributable hospitalizations are
accounted for by children younger than 24 months.4,10–14 Hospitalizations due to LCI
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are likely underestimated for several reasons, including lack of diagnostic testing,
insensitive diagnostic methods, and influenza virus being in the causal pathway to
the hospitalization but no longer present at time of testing (eg, influenza virus leading
to bacterial pneumonia or asthma exacerbation).13,15
Influenza infections can be complicated by other secondary infections, which add
considerably to the burden of influenza. Clinically, AOM is the most frequent
influenza-associated syndrome. Another significant, though less common, complication of influenza is pneumonia. Although pneumococcal and Haemophilus influenzae
type B (Hib) infections were commonly identified pathogens preceding or concomitant
to influenza infection in children, such secondary infections are less frequent now that
pneumococcal and Hib vaccines are routinely administered to children.5–7,16 Hospitalized children with influenza-associated bacterial pneumonia are more likely to have a severe and complicated clinical course than those hospitalized for influenza without
associated pneumonia. Influenza-associated pneumonia can be particularly dangerous
in children with underlying conditions and can be fatal.17,18 In a mortality study in children hospitalized with LCI in the United States from 2004 to 2007, Staphylococcus
aureus was the most common bacterial infection identified in children with influenza.19
Although death due to influenza is rare in an individual child, the annual outbreaks
and high attack rates of the disease lead to demonstrable mortality at the population
level. Influenza-related pediatric deaths became reportable to the US Centers for Disease Control and Prevention in 2004. From 2004 to 2016, between 37 (in the 2011–2012
influenza season) and 288 (in the 2009–2010 influenza season) annual deaths due to
LCI were reported in children younger than 18 years in the United States.20,21 These
deaths are undoubtedly an underestimate given that health care workers do not
routinely test for influenza, that the tests are imperfectly sensitive, and that influenza virus may initiate the sequence of events leading to death but may no longer be detectable at the time of testing. Studies in the United States have shown that among children
who died of influenza, the illness progressed rapidly to death, often within 72 hours of
clinical onset, further emphasizing the importance of prevention. Although children with
underlying medical conditions are at increased risk for death from influenza, a substantial proportion of influenza-attributable pediatric mortality occurs in otherwise healthy
children, many of whom die before they are admitted to the hospital.19,22
Although global surveillance for influenza is extensive, limited data are available that
specifically address influenza burden in children in low-resource settings. Outside of
research studies conducted in these areas, few clinical diagnoses of influenza are
confirmed in the laboratory. Nevertheless, the available data show an important and
disproportionately high burden of influenza among young children in low-resource settings compared with children of a similar age in more developed areas. As in temperate
settings, influenza attack rates vary from year to year in tropical settings. Recent studies
in young children in Bangladesh and Senegal during the 2013 season reported laboratoryconfirmed clinical influenza attack rates of 24.5% and 18.0%, respectively, for all circulating strains of influenza.23,24 Although these rates are high, comparable attack rates in
young children in the United States in other nonpandemic years have been reported.25–28
Even if attack rates of influenza are similar in young children in low- and high-resource
settings, morbidity and mortality of influenza are likely to be higher in low-resource
settings, given population characteristics (eg, malnutrition), reduced or delayed access
to health care, and less extensive use of pneumococcal and Hib vaccines.
A worldwide meta-analysis of data collected between 1995 and 2010 reported that
the number of new episodes of influenza-associated severe acute lower respiratory
infections (ALRIs) in children younger than 5 years was 15-fold greater in developing
countries than in developed countries.29 That same meta-analysis estimated between
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28,000 and 111,500 deaths occurred in children younger than 5 years from influenzarelated ALRIs in 2008. It was estimated that up to 99% of these deaths occurred in
low-income countries.29 A study in Bangladesh between 2008 and 2010 found that
children younger than 5 years are hospitalized for influenza-associated illness at substantially higher rates than adults. The study estimated that 113,000 of 19,331,302
(0.6%) children younger than 5 years are hospitalized annually for influenza, compared
with 16,000 of 132,920,875 (0.01%) persons at least 5 years of age. The study also reported that rates of hospitalization for influenza among young children in Bangladesh
are disproportionately high when compared with influenza hospitalization rates among
children of the same age in the United States.30
Influenza infection in children has consequences beyond the direct medical outcomes outlined earlier. Children shed influenza virus longer and in larger amounts
than adults and, thus, play a major role in the transmission of influenza in families
and society.7,9,31–37 Influenza places a high medical and societal burden on children,
their families, and communities. This burden is evident in school absenteeism, parents’ missed days from work, and wages lost as a result.4,11,16 In one study in Finland,
school and day-care absenteeism is highest among children younger than 3 years,
and parental days missed from work are higher as well.16 A US-based study showed
a similar trend, with parents of influenza-infected children missing an average of 1 day
of work for every 3 days of school missed by a child attributable to influenza.38 These
numbers are likely an underestimate of the burden of influenza, as they reflect only
those children who sought medical care for their illness and do not account for
illnesses that occurred on non-school days.
VACCINES

Vaccination is the leading approach for the prevention of influenza, and many influenza
vaccines are available on the global market. These vaccines fall into 2 broad categories: parenterally administered nonreplicating vaccines and intranasally (IN) administered live-attenuated vaccines. Current vaccines are all designed with the same goal
of inducing immunity to the hemagglutinin (HA) and/or neuraminidase (NA) surface
glycoproteins of the influenza virus. As the HA and NA of the virus undergo frequent
antigenic drift, the seasonal influenza vaccine is reformulated as often as twice annually to match the strains projected to circulate in the following influenza season. The
WHO recommends influenza strains that should be included in the seasonal influenza
vaccines (for both the Northern and Southern hemispheres’ vaccine compositions)
based on global epidemiologic and virologic surveillance, which has been undertaken
by the Global Influenza Surveillance and Response System (GISRS) for more than
50 years. The GISRS tracks the evolution of influenza viruses as well as the emergence
of influenza strains with the potential to cause pandemics.39
Currently marketed influenza vaccines for nonpandemic use are trivalent or quadrivalent. Trivalent vaccines contain 3 total strains: 2 influenza A strains (one H1N1 and one
H3N2) as well as 1 influenza B lineage strain; quadrivalent influenza vaccines contain an
additional B lineage influenza strain. It has proven difficult to predict which B lineage will
circulate in a given year, and in some years both B lineages circulate concurrently.40,41
Thus, quadrivalent influenza vaccines were developed to include both influenza B lineages (Victoria and Yamagata) that currently circulate in humans. Quadrivalent vaccines
were first licensed in the United States for use in the 2013 to 2014 influenza season.
There are 2 categories of seasonal influenza vaccine currently available on the global
market. Intramuscularly (IM) or intradermally (ID) injected, nonreplicating influenza virus
vaccines, which can be further classified based on production substrate (egg based or
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cell culture based); types of preparation (whole virus, split-virion, subunit, or fully recombinant vaccines); dose (0.25-mL pediatric, 0.5-mL adult), and by presence or
absence of adjuvant (MF59). The other category of approved influenza vaccine is the
live-attenuated influenza vaccine (LAIV), which is administered IN. Because of the
time required for influenza vaccine manufacturing, testing, packaging, and distribution,
seasonal vaccines are generally available only by late summer or early fall.
This section focuses on seasonal influenza vaccines (as opposed to pandemic vaccines), licensed primarily in the United States for children, defined here as individuals
younger than 18 years. Influenza vaccines are not currently licensed anywhere in the
world for infants younger than 6 months. For children 6 to 23 months old, the only
available vaccines are inactivated influenza vaccines (IIVs). Nonadjuvanted inactivated
vaccines are the only approved option for children younger than 2 years, except in
Canada where an MF59-adjuvanted trivalent IIV was approved for children 6 to
23 months of age in 2015.42,43 For children older than 2 years, an LAIV is also
approved in many countries. For a summary of seasonal influenza vaccines licensed
for children in the United States see Table 1.
INACTIVATED INFLUENZA VACCINES
Safety

Clinical trials and postlicensure surveillance have shown IIVs to be highly safe. The
most common adverse events associated with IIVs in all age groups are injection
site reactions. In children, injection site reactions as well as fever are the most common safety concerns of IIVs and tend to be mild and short-lived.44–51 In 2010, a trivalent IIV produced by an Australian pharmaceuticals company was strongly correlated
with increased rates of febrile seizures in children in Australia.52 Subsequent enhanced
surveillance for febrile seizures in the United States and elsewhere showed a slight increase in the rates of febrile seizures among children who had received IIVs. The
febrile seizure risk among children in the United States was noted to be elevated in
some years and not others and more so when IIV was coadministered with 13-valent
pneumococcal conjugate vaccines or diphtheria, tetanus, and pertussis vaccines. In
all cases the risk for febrile seizures in the United States was determined to be substantially lower than observed in 2010 in Australia.45,52–54
Although for most children IIVs are very safe, they may pose a safety risk to individuals with severe egg allergies. Residual egg protein may remain in most influenza

Table 1
Categories of pediatric vaccines licensed for prevention of seasonal influenza
Nonreplicating Vaccines

a

Live
Attenuated

Standard
Inactivated

Recombinant

Intradermal
Inactivated

Adjuvanted
Inactivated

Route

IN

IM

IM

ID

IM

Frequency

Annual

Annual

Annual

Annual

Annual

Approved agesa

2–49 y

6 mo

18 y

18–64 y

6–23 mo, 65 y

HA (mcg/strain)

15

15

45

9

15

Substrate for
production

Eggs

Eggs, cell
culture

Cell culture

Eggs

Eggs, cell
culture

Approved ages may differ by manufacturer and country.
Adapted from Neuzil KM, Ortiz JR. Influenza vaccines and vaccination strategies. In: Bloom BR,
Lambert PH, editors. The Vaccine Book. Cambridge (MA): Academic Press. p. 429; with permission.
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vaccines as the virus for the vaccine is grown in embryonated hens’ eggs. Eggs are not
used in the production of cell culture-based vaccines; however, these vaccines may
still contain trace amounts of egg proteins. There is currently one cell culture-based
vaccine on the market for children at least 4 years of age. The recombinant trivalent
vaccine is the only entirely egg-free vaccine, but it is not licensed for use in individuals
younger than 18 years.45,55 Nonetheless, individuals with egg allergy should receive
influenza vaccines (including egg-based vaccines) unless they have had a severe reaction to a prior influenza immunization. For individuals with severe egg allergy, eggbased vaccines should be administered by a physician trained to recognize and
manage allergic responses. For more detailed instructions, see Fig. 1.
Immunogenicity

Nonreplicating vaccines elicit an immune response primarily against the HA component of the influenza virus. HA is one of the glycoproteins on the surface of the influenza virus and functions in the attachment of the virus to the host cells. Neutralizing
antibodies specific to HA are the predominant means by which IIVs confer immunity

Fig. 1. Recommendations regarding influenza vaccination of persons who report allergy to
eggs: Advisory Committee on Immunization Practices, United States, 2016 to 17 Influenza
season. (Data from CDC. Flu vaccine and people with egg allergies. Available at: https://
www.cdc.gov/flu/protect/vaccine/egg-allergies.htm. Accessed April 17, 2017.)
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against influenza, although antibodies to the NA and other antibodies also play a role
that is not as well understood.46,47
The immunogenicity of IIVs in children varies by influenza strain, the formulation of
the vaccine, and the underlying condition and prior exposure of the recipient to similar
viruses or vaccines. Depending on the degree to which the vaccine strains match the
circulating strains, seasonal influenza vaccines will confer more or less protection, as
antibody against influenza is for the most part strain specific. Therefore, antibody
against one type or subtype of influenza may provide modest to no protection against
other types or subtypes of influenza.47
Older children tend to have a strong antibody response, and just one dose of IIV is
enough to confer protective immunity. Children younger than 9 years may have
reduced antibody responses and should receive 2 doses of IIV at least 4 weeks apart
the first time they are vaccinated against influenza. Once children have been primed
with 2 doses of IIV, they are recommended to receive a single dose of vaccine in subsequent years. A young child may also be primed with 2 single doses of influenza vaccine across 2 influenza seasons.47,56 For more information on vaccine priming and
appropriate dosing for children, refer to Fig. 2.57
Efficacy and Effectiveness

IIVs have demonstrated efficacy and effectiveness across broad age groups and among
different populations over many influenza seasons. Vaccine efficacy generally refers to
the performance of a vaccine in protecting against a previously defined clinical or

Fig. 2. Influenza vaccine dosing algorithm for children aged 6 months through 8 years:
Advisory Committee on Immunization Practices, United States, 2016 to 17 influenza season.
(Data from Grohskopf LA, Sokolow LZ, Broder KR, et al. Prevention and control of seasonal
influenza with vaccines. MMWR Recomm Rep 2016;65(5):1–54.)
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laboratory outcome during clinical trials. Vaccine effectiveness describes a vaccine’s
performance against the same outcomes in nonrandomized settings, as observed after
licensure. Estimates of vaccine efficacy and effectiveness may vary between studies
depending on the vaccine match, population (age and comorbid conditions), and study
outcome. It is, therefore, difficult to systematically compare point estimates of vaccine
efficacy across trials, unless the studies define the outcome in the same way and administer the same vaccine in the same study season. Efficacy and effectiveness tend to be
greater when the vaccine virus strains more closely match the circulating virus strains.57
A meta-analysis of randomized controlled trials of influenza vaccine efficacy over 12
influenza seasons showed IIV had a pooled efficacy of 59% (95% confidence interval
[CI], 51%–67%) among those aged 18 to 65 years.58 Although no trials in children 2 to
17 years of age met inclusion criteria for this particular meta-analysis at the time of
publication, many clinical trials have been conducted on the efficacy of seasonal influenza vaccine in children (Table 2). Among children aged 1 to 16 years in a multiyear
study in Nashville, Tennessee, efficacy against culture-confirmed clinical influenza
was 91.4% and 77.3%, respectively, during H1N1 and H3N2 years. There were too
few laboratory-confirmed episodes to evaluate by narrower age strata.59 In a randomized controlled trial in healthy children aged 6 to 23 months, vaccine efficacy was 66%
(95% CI, 34%–82%) against culture-confirmed clinical illness in the first year but could
not be assessed in the second year because of low influenza attack rates.27 A clinical
trial in Europe in 2007 to 2008 and 2008 to 2009 randomized healthy influenza vaccinenaı̈ve children aged 6 months to less than 72 months to receive IIV, MF59 adjuvanted
IIV, or a noninfluenza control vaccine. Vaccine efficacy was 43% and 86%, respectively, for IIV and adjuvanted IIV versus the noninfluenza control vaccine against all
LCI illness across both influenza seasons.51 In a multinational study among children
3 to 8 years of age, vaccine efficacy of a quadrivalent IIV was 55.9% against polymerase chain reaction–confirmed clinical illness of any severity.60
Although most studies of influenza vaccines focus on LCI illness of any severity, it is
also important to look at the efficacy of influenza vaccine against more severe disease.
In the multinational study of quadrivalent vaccine mentioned earlier, vaccine efficacy
among children 3 to 8 years of age was 73.1% against all strains for moderate to severe LCI.60 As severe outcomes of influenza are rare in children, they may be difficult
and costly to identify in prospective studies. A case-control study design examined
the effectiveness of influenza vaccine in preventing admissions to the pediatric intensive care unit (PICU). In this study, influenza vaccination reduced children’s risk of lifethreatening influenza and/or influenza-related admission to the PICU by 74% during
influenza seasons from 2010 to 2012. In this study, there was no effectiveness demonstrated among children receiving influenza vaccine for the first time who did not
receive the recommended 2 doses.61 In a case-cohort analysis of children aged
6 months through 17 years during the 2010–2014 influenza seasons, overall influenza
vaccine efficacy against death was 65% (95% CI, 54%–74%).62
Adjuvanted Vaccines

An adjuvant is a substance that can be formulated as a component of a vaccine to improve
the immune response to the vaccine antigens. Most seasonal influenza vaccines are
unadjuvanted; the only adjuvanted seasonal influenza vaccine approved for use in
many countries, including the United States, uses MF59, an oil-in-water emulsion of squalene. Adjuvanted influenza vaccines are primarily licensed for individuals 65 years
and older, as the adjuvant helps their weakened immune systems mount a stronger antibody response. In 2015, Canada became the first country to approve the MF59adjuvanted influenza vaccine for use in children 6 to 23 months of age.

Table 2
Individually randomized controlled trials of influenza vaccines in children, 1985 to 2013 influenza seasons

Study
Years

Study Location

Age Group

Influenza Vaccine

Vaccine Strains

Number of
Doses of
Vaccine

Control
Vaccine

Clinical
Outcome
Measure

Laboratory
Outcome
Measure
N

Circulating
Strain

Culture

H1N1 y

Vaccine
Efficacy
(95% CI)

Attack
Rate of
Control
Group
(%)

Trials with non-influenza vaccine control group
1985–
199059

United States
(Nashville,
Tennessee)

1–16 y

Study y 1: bivalent
inactivated
vaccinea
Study y 2–5:
trivalent
inactivated
vaccinea
All y: bivalent cold
adapteda

Double control Influenza-like
1 dose of
Study y 1: A/
illness or
intranasal:
vaccine either
Dunedin/6/83,
other upper
placebo
IN or injected
A/Chile/1/83,
respiratory
IM injection:
IM
A/Korea/1/82,
illness
placebo (y 1),
A/Philippines/
monovalent
2/82
influenza B
Study y 2: A/
vaccine (y
Texas/1/85, A/
2–5)
Chile/1/83, A/
Bethesda/1/85,
A/Mississippi/
1/85
Study y 3: A/
Kawasaki/9/86,
A/Taiwan/1/86,
A/Bethesda/1/
85, A/
Leningrad/
360/86
Study y 4: A/
Kawasaki/9/86,
A/Taiwan/1/86,
A/Los Angeles/
2/87, A/
Sichuan/2/87
Study y 5: A/
Kawasaki/9/86,
A/Taiwan/1/86,
A/Los Angeles/
2/87, A/
Shanghai/11/87

791

H3N2 y

Cold-adapted: 7.1
95.5 (66.7–
99.4)
IIV: 91.4 (63.8–
98.0)
Cold-adapted: 4.3
67.7 (1.1–
89.5)
IIV: 77.3 (20.3–
93.5)

(continued on next page)
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Table 2
(continued )

Study
Years
1996–
199726

1996–
199825

1999–
200127

Number of
Doses of
Vaccine

Control
Vaccine

Clinical
Outcome
Measure

Laboratory
Outcome
Measure
N

Circulating
Strain

Vaccine
Efficacy
(95% CI)

Study Location

Age Group

Influenza Vaccine

Vaccine Strains

United States

15–71 mo

LAIV (Aviron,
Mountain View,
California)

1 or 2 IN doses; 2 Placebo
A/Texas/36/91doses given
like (H1N1), A/
60 d apart
Wuhan/359/
95-like (H3N2),
B/Harbin/7/94like

Culture
Symptomatic
fever, runny
nose or nasal
congestion,
sore throat,
cough,
headache,
muscle aches,
chills,
vomiting,
otitis media

LAIV: 189
Control: 99

A/Shenzhen/227/ 1 IN dose
95-like (H1N1),
A/Wuhan/359/
95 (H3N2), B/
Harbin/7/94like

Culture
Lower
respiratory
tract disease
and/or otitis
media with or
without fever

Study y 1
Study y 1
LAIV: 1070 All strains
Control: 532 H3N2
B
Study y 2
Study y 2
LAIV: 917
All strains
Control: 441 H3N2 (matched)
H3N2
(unmatched)
B

Upper
Culture
respiratory
tract
infection
accompanied
by fever
(38 C) and/
or AOM

Against influenza
Study y 1
All strains
Study y 1: 66
IIV: 273
(34–82)
Control: 138
Study y 2: 7
Study y 2
( 247–67)
IIV: 252
Control: 123 Against AOM
All strains
Study y 1:
0.28
Study y 2:
19.5

United States

United States
(Pittsburgh)

26–85 mo

6–24 mo

LAIV (Aviron,
Mountain View,
California)

2 IM injections,
IIV (Fluzone, Aventis Study y 1: A/
4 wk apart
Beijing/262/95
Pasteur,
(H1N1), A/
Swiftwater,
Sydney/15/97
Pennsylvania)
(H3N2), B/
Yamanashi/
166/98
Study y 2: A/New
Caledonia/20/
99 (H1N1), A/
Panama/2007/
99 (H3N2), B/
Yamanashi/
166/98

Placebo

Placebo

One-dose regimen
All strains
89 (65–96)
H3N2
87 (47–97)
B
91 (46–99)
LAIV: 849
2-dose regimen
Control: 410 All strains
94 (88–97)
H3N2
96 (90–99)
B
91 (78–96)

Attack
Rate of
Control
Group
(%)
14.1
8.1
6.1
18.0
12.0
7.6

93 (87–96)
95 (88–97)
91 (79–96)

17.7
11.8
6.9

87 (78–93)
100 (54–100)
86 (75–92)

12.7
0.9
11.6

100 (79–100)

0.2
15.9
3.3

35.8
59.5

2000–
200282

Belgium,
Finland,
Israel, Spain,
United
Kingdom

6 to
<36 mo

LAIV (Wyeth
Vaccines
Research,
Marietta,
Pennsylvania)

Study y 1: 2 IN Placebo
Study y 1:
doses, 35 7 d
A/New
apart
Caledonia/20/
99 (H1N1), A/ Study y 2: 1 IN
dose
Sydney/05/97
(H3N2), B/
Yamanashi/
166/98
Study y 2: A/New
Caledonia/20/
99 (H1N1), A/
Panama/2007/
99 (H3N2), B/
Victoria/504/
2000

Influenza-like
illness,
pneumonia,
AOM

Study y 1:
serology
Study y
2: PCR

Study y 1
Study y 1
LAIV: 951
All strains
Control: 665
Study y 2
All vaccineLAIV: 640
matched
Control: 450
strains
H1N1
H3N2
B
Study y 2
All strains
All vaccinematched
strains
H1N1
H3N2
B

85.9 (76.3–
92.0)
85.4 (74.3–
92.2)

13.4

91.8 (80.8–
97.1)
ND
72.6 (38.6–
88.9)

7.7

85.8 (78.6–
90.9)
88.7 (82.0–
93.2)

30.9

90.0 (56.3–
98.9)
90.3 (82.9–
94.9)
81.7 (53.7–
93.9)

3.1

10.8

0.2
3.5

29.1

22.4
5.1

(continued on next page)
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(continued )

Study
Years
2000–
200383

Study Location

Age Group

12 to
China, Hong
<36 mo
Kong, India,
Malaysia, the
Philippines,
Singapore,
Taiwan,
Thailand

Number of
Doses of
Vaccine

Control
Vaccine

Influenza Vaccine

Vaccine Strains

LAIV (Wyeth
Vaccines
Research,
Marietta,
Pennsylvania)

Study y 1: 2 IN Placebo
Study y 1:
doses, 28 d
A/New
apart
Caledonia/20/
99 (H1N1), A/ Study y 2: 1 dose
in study y 2
Sydney/05/97
(H3N2), B/
Yamanashi/
166/98
Study y 2: A/New
Caledonia/20/
99 (H1N1), A/
Panama/2007/
99 (H3N2), B/
Yamanashi/
166/98

Clinical
Outcome
Measure

Laboratory
Outcome
Measure
N

Influenza-like
Culture
illness as
described in
Belshe et al,26
1998

Study y 1
LAIV: 1653
Control:
1111
Study y 2
Primed
LAIV: 881
Unprimed
LAIV: 503
Primed
control:
759
Unprimed
control:
494

Circulating
Strain
Study y 1
All strains
All vaccinematched
strains
H1N1
H3N2
(unmatched)
B (matched)
Study y 2
All strains
All vaccinematched
strains
H1N1
H3N2
B (unmatched)

Vaccine
Efficacy
(95% CI)
70.1 (60.9–
77.3)
72.9 (62.8–
80.5)

Attack
Rate of
Control
Group
(%)
16.4
12.5

80.9 (69.4–
7.3
88.5)
90.0 (71.4–
2.4
97.5)
44.3 (6.2–67.2) 3.2
64.2 (44.2–
77.3)
84.3 (70.1–
92.4)

11.9

—
86.3 (71.4–
94.1)
—

N/R
N/R

9.9

N/R

2001–
200284

South Africa,
Brazil,
Argentina

6 to <36 mo LAIV (Wyeth
Vaccines,
Marietta,
Pennsylvania)

Study y 1: A/New Study y 1: 1 or 2 Placebo
intranasal
Caledonia/20/
doses
99-like (H1N1),
Study y 2: 1 dose
A/Panama/
2007/99-like
(H3N2), B/
Yamanashi/
166/98-like, B/
Victoria/504/
00-like
Study y 2: A/New
Caledonia/20/
99-like (H1N1),
A/Panama/
2007/99-like
(H3N2), B/
Victoria/504/
00-like

Culture
Lower
respiratory
tract disease
and/or otitis
media with or
without fever

Study y 1
LL: 944
PP: 474
Study y 2
LL/L: 339
PP/P: 342

Study y 1b
LL vs PP
All strains
All vaccinematched
strains
H1N1
H3N2
B (matched)
Study y 2
LL/L vs PP/P
All strains
All vaccinematched
strains
H1N1
H3N2
B (matched)

72.0 (61.9–
79.8)
73.5 (63.6–
81.0)

N/R

NC
72.7 (60.7–
81.5)
81.4 (64.2–
91.2)

N/R
N/R

46.6 (14.9–
67.2)
73.6 (33.3–
91.2)

N/R

N/R

N/R

N/R

94.0 (62.0–
N/R
99.9)
49.4 ( 253.0– N/R
95.4)
102.4
N/R
( 2137.1–
71.0)
(continued on next page)
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(continued )

Number of
Doses of
Vaccine

Study
Years

Study Location

Age Group

2007–
200851

Germany and
Finland

2 doses, 28 d
Study y 1: A/
6 to <72 mo Study y 1: ATIV
apart
Solomon
(Fluad, Novartis
Islands/3/2006
Vaccines),
(H1N1), A/
subunit TIV
Wisconsin/67/
(Aggripal S1,
2005 (H3N2),
Novartis
B/Malaysia/
Vaccines)
2506/2004
Study y 2: ATIV and
Study y 2: A/
split TIV
Brisbane/59/
(Influsplit SSW,
2007 (H1N1),
GlaxoSmithKline
A/Brisbane/10/
Biologicals)
2007 (H3N2),
B/Florida/4/
2006

200985

South Africa

6–60 mo;
HIVinfected

Influenza Vaccine

TIV (VAXIGRIP,
Sanofi-Aventis,
Lyon, France)

Vaccine Strains

Control
Vaccine

Clinical
Outcome
Measure

Meningococcal Influenza-like
illness
C conjugate
vaccine
(Menjugate);
6 to <12 mo;
tick-borne
encephalitis
vaccine
(Encepur
children); 12
to <72 mo

2 IM doses, 1 mo Placebo
A/Brisbane/59/
apart
2007(H1N1),
A/Uruguay/
716/
2007(H3N2), B/
Florida/4/2006

Influenza-like
illness

Laboratory
Outcome
Measure
N
rRT-PCR

Culture
and
RT-PCR

Circulating
Strain

ATIV: 1937 All strains
TIV: 1772
ATIV
Control: 993 All strains
TIV
Vaccinematched
strains ATIV
Vaccinematched
strains TIV

TIV: 203
All strains
Control: 200

Vaccine
Efficacy
(95% CI)

Attack
Rate of
Control
Group
(%)

86 (74–93)c

4.7

43 (15–61)

4.7

89 (78–95)

4.1

45 (16–64)

4.1

24.7 ( 64.7–
66.4)

8.5

2010–
201160

201323

3–8 y
Multinational
study, 15 sites
in
Bangladesh,
Dominican
Republic,
Honduras,
Lebanon,
Panama, the
Philippines,
Thailand, and
Turkey

Bangladesh

24–59 mo

1 or 2 IM
QIV
A/California/7/
injections
(GlaxoSmithKline
2009 (H1N1),
depending
Vaccines)
A/Victoria/210/
on priming
2009 (H3N2),
B/Brisbane/60/
2008 (Victoria
lineage), B/
Florida/4/2006
(Yamagata
lineage)

Hepatitis A
vaccine
(Havrix, GSK
Vaccines)

Influenza-like
illness

rRT-PCR

QIV: 2379
Control:
2398

Any severity
All strains
All vaccinematched
strains
H1N1
H3N2

55.9 (39.1–
4.67
67.3)
45.1 (9.3–66.8) 2.34

55.6 (21.3–
1.58
74.9)
57.6 (28.5–
1.96
74.9)
100 (— to 100) 0.08

B/Yamagata
(matched)
B/Victoria
47.2 (12.4–
(matched)
68.2)
Moderate-severe
All strains
73.1 (47.1–
86.3)
H1N1
76.5 (30.3–
92.1)
H3N2
82.4 (49.1–
93.9)
B/Yamagata
100.0 (— to
(matched)
100.0)
B/Victoria
42.1 (47.1–
(matched)
77.2)
LAIV (Nasovac-S,
SIIL, Pune, India;
lot 167E2002)

A/California/7/
2009 (H1N1)like, A/
Victoria/361/
2001 (H3N2)like, B/
Wisconsin/1/
2010
(Yamagata
lineage)-like

1 IN dose

Placebo

Symptomatic
rRT-PCR
fever

(38.0 C),
upper
respiratory
illness, AOM,
meningitis, or
sepsis

LAIV: 1174 All strains
Control: 587
All vaccinematched
strains
H1N1
H3N2
B (matched)
B (unmatched)

1.79

2.17
0.71
0.96
0.04
0.5

41.0 (28.0–
51.6)
57.6 (43.6–
68.0)

24.5

50.0 (9.2–72.5)
60.4 (44.8–
71.6)
0.0 ( 1001–
90.9)
6.5 ( 43.0–
38.8)

3.6
12.3

15.8

0.2
5.3

(continued on next page)
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Table 2
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Study
Years

Study Location

Age Group

Influenza Vaccine

201324

Senegal

2 to <5 y

LAIV (Nasovac- STM, A/California/7/
SIIL, Pune, India;
2009 (H1N1)lot 167E2002)
like, A/
Victoria/361/
2001 (H3N2)like, B/
Wisconsin/1/
2010
(Yamagata
lineage)-like

Vaccine Strains

Number of
Doses of
Vaccine

Control
Vaccine

1 IN dose

Placebo

Clinical
Outcome
Measure

Laboratory
Outcome
Measure
N

Fever (>37.5 C), rRT-PCR
cough, sore
throat

Circulating
Strain

LAIV: 1174 All strains
Control: 587
All vaccinematched
strains
H1N1
H3N2
B (matched)
B (unmatched)

Vaccine
Efficacy
(95% CI)

Attack
Rate of
Control
Group
(%)

0.0 ( 26.4–
20.9)
6.1 ( 50.0–
25.0)

18.0

9.7 ( 62.6–
26.1)
—
9.5 ( 88.9–
56.6)
7.3 ( 26.3,
31.9)

6.2

8.0

0.0
1.7
10.6

Comparative trials of influenza vaccines; no noninfluenza vaccine control group
200269

6–17 y
145 sites in
Belgium,
Finland,
Germany,
Greece, Israel,
Italy, the
Netherlands,
Norway,
Poland,
Portugal,
Spain,
Switzerland,
the United
Kingdom

LAIV (Wyeth
Vaccines
Research,
Marietta,
Pennsylvania)
TIV split virion
(Aventis Pasteur,
Lyon, France)

1 dose IN or IM
LAIV: A/New
injection
Caledonia/20/
99 (H1N1), A/
Panama/2007/
99 (H3N2), B/
Hong Kong/
330/01
TIV: Caledonia/
20/99—IVR116, A/
Panama/2007/
99—RESVIR17, B/
Shanghai/7/97

None

Influenza-like
illness,
pneumonia,
AOM

rRT-PCR

LAIV: 1111
TIV: 1109

All strains
All vaccinematched
strains
H1N1
H3N2
B

31.9 (1.1–
6.6e
53.5)d
34.7 (3.9–56.0) 6.4

100 ( 8.4–
0.5
100.0)
0.6 ( 141.8– 1.1
59.2)
36.3 (0.1–59.8) 4.8

200271

200470

Belgium, Czech 6–71 mo
Republic,
Finland,
Germany,
Italy, Poland,
Spain,
Switzerland,
the United
Kingdom

249 sites in the 6–59 mo
United States,
12 countries
in Europe and
the Middle
East, and 3
countries in
Asia

LAIV: 2 IN doses, None
LAIV: A/New
LAIV (Wyeth
35 7 d apart
Caledonia/20/
Pharmaceuticals,
TIV: 1 IM
99
Marietta,
injection
(H1N1), A/
Pennsylvania)
Panama/2007/
TIV split virion
99 (H3N2), B/
(Aventis Pasteur,
Hong Kong/
Lyon, France)
330/01
TIV: A/Panama/
2007/99
(H3N2),
A/New
Caledonia/20/
99 (H1N1), B/
Shangdong/7/
97

At least 1: fever Serology
(38.0 C
and
PCR
rectal or

37.5 C
axillary),
shortness of
breath,
pulmonary
congestion,
pneumonia,
AOM, or
wheezing
2 or more:
rhinorrhea,
pharyngitis,
cough,
muscle aches,
chills,
headache,
irritability,
decreased
activity, or
vomiting

1 or 2 IN (LAIV) Placebo
A/New
LAIV (FluMist,
or IM
Caledonia/20/
MedImmune)
injection (TIV)
99 (H1N1), A/
TIV (United States
doses (28–
Wyoming/3/
and Asia:
42 d apart if 2
2003 (H3N2)Fluogen, Aventis
doses)
like, B/Jilin/20/
Pasteur; Europe
2003
and Middle East:
Fluzone, Aventis
Pasteur)

Protocoldefined
influenza
symptoms

Culture

LAIV: 1050
TIV: 1035

All strains
All vaccinematched
strains
H1N1
H3N2

B

LAIV: 4179
TIV: 4173

All strains

52.4 (24.6–
70.5)d
52.7 (21.6–
72.2)

5.8e

100.0 (42.3–
100.0)
97.1
( 540.2–
31.5)
68.0 (37.3–
84.8)

0.8

54.9 (45.4–
62.9) d
44.5 (22.4–
60.6)

8.6e

All vaccinematched
strains
H1N1 (matched) 89.2 (67.7–
97.4)
H3N2 (matched) —
H3N2
79.2 (70.6–
(unmatched)
85.7)
B
27.3 ( 4.8–
49.9)

4.8

0.6

3.6

2.4

0.7
0
4.5
1.7

Abbreviations: ATIV, adjuvanted trivalent inactivated influenza vaccine; HIV, human immunodeficiency virus; L, one dose of live attenuated influenza vaccine; LL, two doses of live attenuated influenza
vaccine; NC, not calculated; N/R, not reported; P, one dose of placebo; PCR, polymerase chain reaction; PP, two doses of placebo; QIV, quadrivalent inactivated influenza vaccine; rRT, real time Reverse
Transcription; RT, Reverse Transcription; TIV, trivalent inactivated influenza vaccine; Y, years.
a
Manufacturer not listed.
b
Data for study years 1 and 2 for other treatment groups are available in the full publication.
c
Study results are mainly from study year 1.
d
Relative efficacy of LAIV compared with TIV.
e
Attack rate is of TIV group, as there was no placebo control group in this study.
Courtesy of Kathleen Neuzil, MD, MPH, Baltimore, MD.
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Recent studies on the safety, immunogenicity, and efficacy of the MF59-adjuvanted
IIV in young children has shown them to be highly immunogenic and efficacious. There
is evidence that the adjuvanted IIV may elicit greater reactogenicity, although adverse
events associated with MF59-adjuvanted IIV vaccination were mild and transient and
rates were relatively low in the clinical trial setting. One study conducted in Argentina,
Australia, Chile, the Philippines, and South Africa between 2011 and 2012 showed that
the adjuvanted trivalent inactivated vaccine induced significantly higher antibody titers
after 2 doses than did the unadjuvanted vaccine. This superior antibody response persisted through 6 months after vaccination against both homologous and heterologous
influenza strains.63 As mentioned earlier, a study in Germany and Finland in 2007 to
2008 and 2008 to 2009 reported efficacy data for the adjuvanted trivalent inactivated
vaccine. In this study, the adjuvanted trivalent IIV had absolute and relative efficacies,
respectively, of 86% and 75% against all circulating influenza strains and 89% and
80%, respectively, against vaccine-matched strains when compared with unadjuvanted trivalent IIV.51 The same study showed local and systemic reactions to vaccination to be similar in younger children vaccinated with adjuvanted trivalent IIV and
trivalent IIV, although in older children the rates of systemic, but not local, reactions
were higher after vaccination with adjuvanted trivalent IIV. Serious adverse events
were evenly divided between the treatment groups.51 A large trial of adjuvanted quadrivalent IIV is ongoing (NCT01964989).
LIVE-ATTENUATED INFLUENZA VACCINES

Worldwide, there are 2 types of LAIVs: one developed in the former Union of Soviet
Socialist Republics and the other in the United States. The Leningrad-based LAIVs
have been approved in Russia for children 3 years of age and older for many decades.
More recently, a Leningrad-based LAIV has been manufactured and licensed in India
for children aged 2 years and older. In the United States, an LAIV based on the Ann
Arbor strain and approved under the trade name FluMist was first licensed for use
in persons 5 to 49 years of age in 2003; in 2007, the age range was expanded to
include children beginning at 2 years of age. LAIV is administered IN as a spray. LAIVs
induce a rapid immune response in the mucosal linings of the upper respiratory tract
that depend on viral replication and, initially, on activation of local immune responses.
The LAIVs are based on attenuated influenza A and B vaccine viruses, called master
donor viruses (MDV-A and MDV-B), which are temperature sensitive and have been
rendered cold adapted, such that the virus replicates efficiently only at lower temperatures, such as in the mucosal linings of the nasopharynx, but not in the lower respiratory tract, where temperatures are relatively higher. Similar to IIVs, LAIVs are either
trivalent (H1N1, H3N2, B) or quadrivalent (H1N1, H3N2, 2 B strains) according to the
most recent strain recommendations. This article focuses predominantly on the US
LAIV.
Safety

LAIV administration has been associated most commonly with mild upper respiratory
tract reactions, such as runny nose, nasal congestion, and fever in children younger
than 8 years. In clinical studies, an increased risk for wheezing illness was observed
in LAIV/Ann Arbor backbone recipients aged less than 24 months (3.8% LAIV vs
2.1% IIV). An increase in hospitalizations was also observed in children aged less
than 12 months after vaccination with LAIV/Ann Arbor. For these reasons, LAIV/Ann
Arbor is approved for use beginning at 24 months of age. Postlicensure surveillance
data from North America and Europe have not demonstrated an increased frequency
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of wheezing illness after administration of LAIV/Ann Arbor among healthy children
older than 2 years.44,46
Immunogenicity

Several studies have assessed various mucosal and systemic immune responses
following vaccination with LAIV.64 Studies have also demonstrated the greater breadth
of antibodies produced in response to LAIV as compared with IIV.65 In general, when
compared with IIV, LAIV induces better mucosal antibody responses and IIV induces
stronger serum antibody responses.47,66
Overall, LAIV immunogenicity data do not correlate well with vaccine efficacy.65–68
As there is no generally accepted correlate of immunity for LAIV, manufacturers and
regulatory agencies must rely primarily on efficacy or effectiveness data for vaccine
development and policy decisions.
Efficacy and Effectiveness

The efficacy of LAIV has been studied extensively. A pivotal study during the 1996 to
1997 influenza season in children 15 to 71 months of age examined the absolute efficacy of one versus 2 doses of LAIV. The one-dose regimen was 89% effective at preventing LCI illness from all influenza strains. When 2 doses of LAIV were administered
60 days apart, LAIV was 94% effective against all influenza strains.26 Several trials
comparing the efficacy of LAIV and trivalent IIV have also been conducted in children.
These studies have shown LAIV to be 31.9% to 54.9% more effective against all influenza virus strains than IIV.69–71 These head-to-head comparative trials, demonstrating
superiority of LAIV to trivalent IIV in young children, led to preferential recommendations for LAIV over IIV in many countries, including the United States.
For children in low-resource countries, LAIVs are promising options given the efficacy demonstrated in comparative trials with IIV and the ease of administration. In
2013, 2 prospective placebo-controlled clinical trials were conducted on the efficacy
of a single dose of the Russian-backbone LAIV in young children in Bangladesh and
Senegal. In Bangladesh, LAIV was 57.6% effective against vaccine-matched influenza
strains, which had an attack rate of 15.8% in the placebo group. In Senegal during the
same influenza season, LAIV had zero efficacy against vaccine-matched influenza
strains, despite being sufficiently powered (an attack rate of 18.0% in the placebo
group) to show such an effect.23,24 The differences in the results from these two
studies are poorly understood; however, inconsistent results for the Ann Arbor backbone LAIV have also occurred in recent years, as detailed later.
ANNUAL MONITORING OF VACCINE EFFECTIVENESS AND LIVE-ATTENUATED
INFLUENZA VACCINE

The increasing number of influenza vaccines, and the inherent unpredictability of influenza strain circulation, necessitates a nimble system to monitor and evaluate the
impact of individual vaccines and policy decisions. A growing number of surveillance
systems in the United States, Canada, Australia, and Europe monitor influenza vaccine
effectiveness annually and have the ability to produce early, in-season estimates of
vaccine performance.27,72,73 The US Influenza Vaccine Effectiveness Network
has shown reduced effectiveness to LAIVs during 3 influenza seasons (2013 to
2014, 2014 to 2015, and 2015 to 2016) and better performance of IIVs compared
with LAIVs in children. These data contradict the head-to-head randomized trials
mentioned earlier, which favored LAIVs, and data from other countries where LAIVs
continue to show effectiveness.57
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The reasons for the overall poorer performance of LAIV compared with IIV in recent
influenza seasons are not well understood and should be the subject of future studies.
Possible explanations of the low efficacy include (1) the suboptimal performance of the
specific (H1N1) HA vaccine component included in the vaccine; (2) potential interference among viruses in the quadrivalent vaccine (ie, the additional influenza B vaccine
component may affect viral replication of the A(H1N1)pdm09 virus); and (3) evaluation
in a more highly vaccinated population in recent years, as compared with populations
of earlier studies, in which it is likely that a higher proportion of children were vaccine
naı̈ve.74 In light of the low effectiveness against influenza A(H1N1)pdm09 in the United
States during the 2013 to 2014 and 2015 to 2016 influenza seasons, the United States
and Canada have altered their vaccine recommendations for children beginning in the
2016 to 2017 season.57,75
INFLUENZA VACCINE POLICY

In 2012, the WHO updated its recommendations on the use of influenza vaccine.76 For
countries considering the initiation or expansion of programs for seasonal influenza
vaccination, the WHO recommends that pregnant women should have the highest priority for vaccine receipt. This recommendation was based on the risk of severe disease, evidence on the safety of the vaccine during pregnancy, the potential for
benefit to women and infants, and the operational feasibility. Additional groups to
be considered, in no particular order of priority, are children aged 6 through 59 months,
the elderly, individuals with specific medical conditions, and health care workers. It is
recommended that health care workers receive influenza vaccine in many countries
both to limit transmission to vulnerable patients as well as to maintain the health
care workforce during influenza outbreaks.
As no vaccines are approved for children younger than 6 months of age, protection
of these vulnerable infants can only be achieved through vaccination of the mother
during pregnancy and vaccination of close contacts to limit transmission.76 Randomized controlled clinical trials in Bangladesh, South Africa, and Mali have demonstrated
that vaccination of pregnant women can reduce the incidence of LCI in infants.77–79
In temperate countries with seasonal outbreaks, influenza vaccine is given annually,
before the influenza season. Influenza vaccine programs are more challenging in tropical and subtropical countries. Given the varying influenza circulation patterns in the tropics, it is not yet clear if a Southern or Northern Hemisphere vaccine administered in
annual campaigns would provide year-round protection against the diverse strains
that may be seen in such countries. Further, the optimal formulation or timing of immunization is still uncertain in many countries with limited historical influenza surveillance.46
In the United States, routine annual influenza vaccination is recommended for all
persons aged 6 months and older. Children receiving influenza vaccine for the first
time require 2 doses of influenza vaccine. Special effort should be made to vaccinate
children at high risk for complications of influenza, American Indian and Alaskan native
children, all household and close contacts of children younger than 6 months of age,
pregnant and breastfeeding women, all health care personnel, and childcare providers
and staff.54,57 Although vaccines are recommended primarily to reduce influenza and
its complications in the recipient, it is acknowledged that administering vaccines to
children may also reduce transmission and the incidence of influenza at the household
and community level.
The Advisory Committee on Immunization Practices (ACIP) and the American Academy of Pediatrics (AAP) update their influenza vaccine recommendations annually.54,57 In light of the low effectiveness against influenza A(H1N1)pdm09 in the
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United States during the 2013 to 2014 and 2015 to 2016 influenza seasons, the ACIP
and AAP recommended that LAIV not be used in the 2016 to 2017 influenza season.57
Studies are ongoing to determine whether the interim recommendation in the United
States that LAIV should not be used will continue for subsequent influenza seasons. In
Canada, the use of LAIV was not preferentially recommended for the 2016 to 2017
influenza season, as it had been in the past.75
ANTIVIRAL MEDICATIONS

Antiviral medications with activity against influenza viruses are an important adjunct to
influenza vaccine in the control of influenza. These medications can be used to treat or
to prevent influenza. Three influenza antiviral medications approved by the US Food
and Drug Administration are recommended for use in the United States during the
2016 to 2017 influenza season: oral oseltamivir, inhaled zanamivir, and intravenous
peramivir. These drugs are chemically related antiviral medications known as NA inhibitors that have activity against both influenza A and B viruses. Amantadine and
rimantadine, from the adamantane class of antivirals, are licensed in the United States
for the treatment of influenza A viruses. However, the adamantanes are not currently
recommended because they have no intrinsic activity against influenza B viruses and
there are high levels of resistance among circulating influenza A viruses.80 Antiviral
resistance is monitored carefully, and information is updated on a frequent basis
throughout the season.81
Antiviral medications are underused for children with influenza in the United States.
Trials of antiviral medications in children have shown that early treatment can shorten
the duration of illness and reduce complications, including AOM, and the duration of
hospitalization. The AAP and the ACIP update antiviral recommendations on an annual
basis, providing specific dosage information for treatment and prophylactic use.54,80
When indicated, antiviral treatment should be started as soon as possible after illness
onset. Decisions about starting antiviral treatment should not wait for laboratory
confirmation of influenza.
The AAP recommends that health care providers offer treatment as soon as
possible for any child (1) hospitalized with presumed influenza; (2) hospitalized for severe, complicated, or progressive illness attributable to influenza; or (3) with presumed
illness of any severity if the child is at high risk of complications. Treatment should be
considered as soon as possible for any healthy child with presumed influenza or
healthy children with presumed influenza who live at home with a sibling or household
contact that is younger than 6 months or has a medical condition that predisposes to
complications.54
SUMMARY

Influenza is a common respiratory illness in children and accounts for substantial
morbidity and mortality on an annual basis. Influenza vaccines, the mainstay of influenza prevention and control efforts, are safe and effective. The absolute effectiveness of vaccines varies by year and is influenced by circulating virus, vaccine
type, and host characteristics. The reason for recent reduced performance of LAIVs
in children in the United States and elsewhere is poorly understood, and active
research is ongoing. Vaccination programs are less common in tropical and subtropical countries, where unique logistical and feasibility challenges exist related
to vaccine availability and more prolonged periods of virus circulation. Antiviral medications for prevention and treatment of influenza in children are an important
adjunct to vaccines.
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17. Dawood FS, Chaves SS, Pérez A, et al. Complications and associated bacterial
coinfections among children hospitalized with seasonal or pandemic influenza,
United States, 2003-2010. J Infect Dis 2014;209(5):686–94.
18. Dawood FS, Fiore A, Kamimoto L, et al. Influenza-associated pneumonia in children hospitalized with laboratory-confirmed influenza, 2003-2008. Pediatr Infect
Dis J 2010;29(7):585–90.
19. Finelli L, Fiore A, Dhara R, et al. Influenza-associated pediatric mortality in the
United States: increase of Staphylococcus aureus coinfection. Pediatrics 2008;
122(4):805–11.

Influenza

20. Centre for Disease Control and Prevention. Influenza-associated pediatric mortality. FluView. 2016. Available at: https://gis.cdc.gov/GRASP/Fluview/PedFluDeath.
html. Accessed December 16, 2016.
21. Bhat N, Wright JG, Broder KR, et al. Influenza-associated deaths among children
in the United States, 2003-2004. N Engl J Med 2005;353(24):2559–67.
22. Wong KK, Jain S, Blanton L, et al. Influenza-associated pediatric deaths in the
United States, 2004-2012. Pediatrics 2013;132(5):796–804.
23. Brooks WA, Zaman K, Lewis KD, et al. Efficacy of a Russian-backbone live attenuated influenza vaccine among young children in Bangladesh: a randomised,
double-blind, placebo-controlled trial. Lancet Glob Health 2016;4(12):e946–54.
24. Victor JC, Lewis KD, Diallo A, et al. Efficacy of a Russian-backbone live attenuated influenza vaccine among children in Senegal: a randomised, doubleblind, placebo-controlled trial. Lancet Glob Health 2016;4(12):e955–65.
25. Belshe RB, Gruber WC, Mendelman PM, et al. Efficacy of vaccination with live
attenuated, cold-adapted, trivalent, intranasal influenza virus vaccine against a
variant (A/Sydney) not contained in the vaccine. J Pediatr 2000;136(2):168–75.
26. Belshe RB, Mendelman PM, Treanor J, et al. The efficacy of live attenuated, coldadapted, trivalent, intranasal influenza virus vaccine in children. N Engl J Med
1998;338(20):1405–12.
27. Hoberman A, Greenberg DP, Paradise JL, et al. Effectiveness of inactivated influenza vaccine in preventing acute otitis media in young children: a randomized
controlled trial. JAMA 2003;290(12):1608–16.
28. Clover RD, Crawford S, Glezen WP, et al. Comparison of heterotypic protection
against influenza A/Taiwan/86 (H1N1) by attenuated and inactivated vaccines
to A/Chile/83-like viruses. J Infect Dis 1991;163(2):300–4.
29. Nair H, Brooks WA, Katz M, et al. Global burden of respiratory infections due to
seasonal influenza in young children: a systematic review and meta-analysis.
Lancet 2011;378(9807):1917–30.
30. Azziz-Baumgartner E, Alamgir AS, Rahman M, et al. Incidence of influenza-like
illness and severe acute respiratory infection during three influenza seasons in
Bangladesh, 2008-2010. Bull World Health Organ 2012;90(1):12–9.
31. Fox JP, Cooney MK, Hall CE, et al. Influenza virus infections in Seattle families,
1975-1979. II. Pattern of infection in invaded households and relation of age
and prior antibody to occurrence of infection and related illness. Am J Epidemiol
1982;116(2):228–42.
32. Longini IM Jr, Koopman JS, Monto AS, et al. Estimating household and community transmission parameters for influenza. Am J Epidemiol 1982;115(5):736–51.
33. Wright P. Influenza in the family. N Engl J Med 2000;343(18):1331–2.
34. Hall CB, Douglas RG Jr. Nosocomial influenza infection as a cause of intercurrent
fevers in infants. Pediatrics 1975;55(5):673–7.
35. Klimov AI, Rocha E, Hayden FG, et al. Prolonged shedding of amantadineresistant influenzae A viruses by immunodeficient patients: detection by polymerase chain reaction-restriction analysis. J Infect Dis 1995;172(5):1352–5.
36. Frank AL, Taber LH, Wells CR, et al. Patterns of shedding of myxoviruses and
paramyxoviruses in children. J Infect Dis 1981;144(5):433–41.
37. Memoli MJ, Athota R, Reed S, et al. The natural history of influenza infection in the
severely immunocompromised vs nonimmunocompromised hosts. Clin Infect Dis
2014;58(2):214–24.
38. Neuzil KM, Hohlbein C, Zhu Y. Illness among schoolchildren during influenza season: effect on school absenteeism, parental absenteeism from work, and secondary illness in families. Arch Pediatr Adolesc Med 2002;156(10):986–91.

933

934

Rotrosen & Neuzil

39. World Health Organization. Global Influenza Surveillance and Response System
(GISRS). 2017. Available at: http://www.who.int/influenza/gisrs_laboratory/en/.
Accessed January 3, 2017.
40. Brooks WA, Goswami D, Rahman M, et al. Influenza is a major contributor to
childhood pneumonia in a tropical developing country. Pediatr Infect Dis J
2010;29(3):216–21.
41. Tisa V, Barberis I, Faccio V, et al. Quadrivalent influenza vaccine: a new opportunity to reduce the influenza burden. J Prev Med Hyg 2016;57(1):E28–33.
42. Gemmill I. Summary of the National Advisory Committee on Immunization (NACI)
statement on seasonal influenza vaccine 2015-2016, in Canada Communicable
Disease Report. 2015. p. 227–32. Available at: http://www.phac-aspc.gc.ca/
publicat/ccdr-rmtc/15vol41/dr-rm41-10/ar-02-eng.php. Accessed April 18, 2017.
43. Gemmill I, Zhao L, Cochrane L. Summary of the National Advisory Committee on
Immunization (NACI) statement on seasonal influenza vaccine for 2016-2017, in
Canada Communicable Disease Report. 2016. p. 187–91. Available at: http://
www.phac-aspc.gc.ca/publicat/ccdr-rmtc/16vol42/dr-rm42-9/ar-06-eng.php. Accessed April 17, 2017.
44. Fiore AE, Uyeki TM, Broder K, et al. Prevention and control of influenza with vaccines: recommendations of the Advisory Committee on Immunization Practices
(ACIP), 2010. MMWR Recomm Rep 2010;59(RR-8):1–62.
45. Grohskopf LA, Sokolow LZ, Broder KR, et al. Prevention and control of influenza
with vaccines: recommendations of the advisory committee on immunization
practices, United States, 2015-16 influenza season. MMWR Morb Mortal Wkly
Rep 2015;64(30):818–25.
46. Neuzil KM, Ortiz JR. Influenza vaccines and vaccination strategies. In: Bloom BR,
Lambert PH, editors. The vaccine book. Cambridge (MA): USA Academic Press.
p. 423–44.
47. Keitel WA, Neuzil KM, Traenor J. Immunogenicity and efficacy of inactivated/live
virus seasonal and pandemic vaccines. In: Webster RG, et al, editors. Textbook
of influenza. West Sussex (United Kingdom): Wiley Blackwell; 2013.
48. France EK, Glanz JM, Xu S, et al. Safety of the trivalent inactivated influenza vaccine among children: a population-based study. Arch Pediatr Adolesc Med 2004;
158(11):1031–6.
49. Hambidge SJ, Glanz JM, France EK, et al. Safety of trivalent inactivated influenza
vaccine in children 6 to 23 months old. JAMA 2006;296(16):1990–7.
50. Glanz JM, Newcomer SR, Hambidge SJ, et al. Safety of trivalent inactivated influenza vaccine in children aged 24 to 59 months in the vaccine safety datalink.
Arch Pediatr Adolesc Med 2011;165(8):749–55.
51. Vesikari T, Knuf M, Wutzler P, et al. Oil-in-water emulsion adjuvant with influenza
vaccine in young children. N Engl J Med 2011;365(15):1406–16.
52. Global advisory committee on vaccine safety, 11-12 December 2013. Wkly Epidemiol Rec 2014;89(7):53–60.
53. Tse A, Tseng HF, Greene SK, et al. Signal identification and evaluation for risk of
febrile seizures in children following trivalent inactivated influenza vaccine in the
Vaccine Safety Datalink Project, 2010-2011. Vaccine 2012;30(11):2024–31.
54. Committee on Infectious Diseases. Recommendations for prevention and control
of influenza in children, 2016-2017. Pediatrics 2016;138(4).
55. Centers for Disease Control and Prevention. Prevention and control of influenza
with vaccines: recommendations of the Advisory Committee on Immunization
Practices (ACIP)–United States, 2012-13 influenza season. MMWR Morb Mortal
Wkly Rep 2012;61(32):613–8.

Influenza

56. Englund JA, Walter EB, Fairchok MP, et al. A comparison of 2 influenza vaccine
schedules in 6- to 23-month-old children. Pediatrics 2005;115(4):1039–47.
57. Grohskopf LA, Sokolow LZ, Broder KR, et al. Prevention and control of seasonal
influenza with vaccines. MMWR Recomm Rep 2016;65(5):1–54.
58. Osterholm MT, Kelley NS, Sommer A, et al. Efficacy and effectiveness of influenza
vaccines: a systematic review and meta-analysis. Lancet Infect Dis 2012;12(1):
36–44.
59. Neuzil KM, Dupont WD, Wright PF, et al. Efficacy of inactivated and cold-adapted
vaccines against influenza A infection, 1985 to 1990: the pediatric experience.
Pediatr Infect Dis J 2001;20(8):733–40.
60. Jain VK, Rivera L, Zaman K, et al. Vaccine for prevention of mild and moderate-tosevere influenza in children. N Engl J Med 2013;369(26):2481–91.
61. Ferdinands JM, Olsho LE, Agan AA, et al. Effectiveness of influenza vaccine
against life-threatening RT-PCR-confirmed influenza illness in US children,
2010-2012. J Infect Dis 2014;210(5):674–83.
62. Flannery B, Reynolds SB, Blanton L, et al. Influenza Vaccine Effectiveness
Against Pediatric Deaths: 2010-2014. Pediatrics 2017;139(5).
63. Nolan T, Bravo L, Ceballos A, et al. Enhanced and persistent antibody
response against homologous and heterologous strains elicited by a MF59adjuvanted influenza vaccine in infants and young children. Vaccine 2014;
32(46):6146–56.
64. Johnson PR, Feldman S, Thompson JM, et al. Immunity to influenza A virus infection in young children: a comparison of natural infection, live cold-adapted vaccine, and inactivated vaccine. J Infect Dis 1986;154(1):121–7.
65. Hoft DF, Babusis E, Worku S, et al. Live and inactivated influenza vaccines induce
similar humoral responses, but only live vaccines induce diverse T-cell responses
in young children. J Infect Dis 2011;204(6):845–53.
66. Wright PF, Hoen AG, Ilyushina NA, et al. Correlates of immunity to influenza as
determined by challenge of children with live, attenuated influenza vaccine.
Open Forum Infect Dis 2016;3(2):ofw108.
67. Belshe RB, Gruber WC, Mendelman PM, et al. Correlates of immune protection
induced by live, attenuated, cold-adapted, trivalent, intranasal influenza virus
vaccine. J Infect Dis 2000;181(3):1133–7.
68. Forrest BD, Pride MW, Dunning AJ, et al. Correlation of cellular immune responses with protection against culture-confirmed influenza virus in young children. Clin Vaccine Immunol 2008;15(7):1042–53.
69. Fleming DM, Crovari P, Wahn U, et al. Comparison of the efficacy and safety of
live attenuated cold-adapted influenza vaccine, trivalent, with trivalent inactivated
influenza virus vaccine in children and adolescents with asthma. Pediatr Infect
Dis J 2006;25(10):860–9.
70. Belshe RB, Edwards KM, Vesikari T, et al. Live attenuated versus inactivated
influenza vaccine in infants and young children. N Engl J Med 2007;356(7):
685–96.
71. Ashkenazi S, Vertruyen A, Arı́stegui J, et al. Superior relative efficacy of live attenuated influenza vaccine compared with inactivated influenza vaccine in young
children with recurrent respiratory tract infections. Pediatr Infect Dis J 2006;
25(10):870–9.
72. Flannery B, Clippard J, Zimmerman RK, et al. Early estimates of seasonal influenza vaccine effectiveness - United States, January 2015. MMWR Morb Mortal
Wkly Rep 2015;64(1):10–5.

935

936

Rotrosen & Neuzil

73. Skowronski DM, Janjua NZ, De Serres G, et al. A sentinel platform to evaluate
influenza vaccine effectiveness and new variant circulation, Canada 2010-2011
season. Clin Infect Dis 2012;55(3):332–42.
74. Flannery B. LAIV vs IIV effectiveness: summary of evidence since 2009. Centers
for Disease Control and Prevention (CDC); 2016. Available at: https://www.cdc.
gov/vaccines/acip/meetings/downloads/slides-2016-06/influenza-07-flannery.pdf.
Accessed April 17, 2017.
75. National Advisor Committee on Immunization (NACI). Addendum - LAIV Use in
children and adolescents. Canadian immunization guide chapter on influenza
and statement on seasonal influenza vaccine for 2016-2017. 2016. Available
at: http://www.phac-aspc.gc.ca/naci-ccni/flu-2016-grippe-addendum-childrenenfants-eng.php. Accessed April 17, 2017.
76. WHO. Vaccines against influenza. WHO position paper. Wkly Epidemiol Rec
2012;87(47):461–76.
77. Zaman K, Roy E, Arifeen SE, et al. Effectiveness of maternal influenza immunization in mothers and infants. N Engl J Med 2008;359(15):1555–64.
78. Madhi SA, Cutland CL, Kuwanda L, et al. Influenza vaccination of pregnant
women and protection of their infants. N Engl J Med 2014;371(10):918–31.
79. Tapia MD, Sow SO, Tamboura B, et al. Maternal immunisation with trivalent
inactivated influenza vaccine for prevention of influenza in infants in Mali: a prospective, active-controlled, observer-blind, randomised phase 4 trial. Lancet
Infect Dis 2016;16(9):1026–35.
80. CDC. Influenza antiviral medications: summary for clinicians. 2016. Available at:
https://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm. Accessed
January 17, 2017.
81. CDC. Antiviral drug resistance among influenza viruses. 2016. Available
at: https://www.cdc.gov/flu/professionals/antivirals/antiviral-drug-resistance.htm.
Accessed January 17, 2017.
82. Vesikari T, Fleming DM, Aristegui JF, et al. Safety, efficacy, and effectiveness of
cold-adapted influenza vaccine-trivalent against community-acquired, cultureconfirmed influenza in young children attending day care. Pediatrics 2006;
118(6):2298–312.
83. Tam JS, Capeding MR, Lum LC, et al. Efficacy and safety of a live attenuated,
cold-adapted influenza vaccine, trivalent against culture-confirmed influenza in
young children in Asia. Pediatr Infect Dis J 2007;26(7):619–28.
84. Bracco Neto H, Farhat CK, Tregnaghi MW, et al. Efficacy and safety of 1 and 2
doses of live attenuated influenza vaccine in vaccine-naive children. Pediatr
Infect Dis J 2009;28(5):365–71.
85. Madhi SA, Dittmer S, Kuwanda L, et al. Efficacy and immunogenicity of influenza
vaccine in HIV-infected children: a randomized, double-blind, placebo controlled
trial. AIDS 2013;27(3):369–79.

