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_influenza viruses cause sporadic 1 :
. in children, and type C antigens are not included in
influenza vaccines



Influenza A viruses are subclassified Into
by 2 surface antigens,
hemagglutinin (HA)
neuraminidase (NA)

Examples of these virus subtypes include
HINT and H3N2 influenza A viruses.



A minor antigenic variation within the
same influenza A or B subtypes is termed
anfigenic drift.
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Anfigenic shift occurs
and can lead to a pandemic if
the new sitrain can infect humans and
be fransmitted efficiently from person to
person in a sustained manner in the
setting of little or no preexisting iImmunity.



© Anfigenic shift has produced 4 influenza
pandemics in the 20th and 21st
centuries.
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As with previous antigenic shifts, the 2009
pandemic influenza A (HI1N1) viral strain
subsequently has replaced the previously
circulating seasonal influenza A (HI1N1)
strain in the ensuing influenza seasons.



© Humans of all ages occasionally are
infected with influenza A viruses of
or origin
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Human infections with influenza
viruses are uncommon but may result in a
spectrum of disease from
mild respiratory symptoms and conjunctivifis
severe lower respiratory fract disease,
acute respiratory distress syndrome (ARDS),
death



Most notable among avian influenza viruses are A
(HSNT) and A (H7N9), both of which have been
osJ?oao’red with severe disease and high case-fatality
rates

Influenza A (H5N1) viruses emerged as human
infections in 1997 and have since caused human
disease in Asia, Africa, Europe, and the Middle East,
areas where these viruses are present in domestic or
wild birds.

Influenza A (H/N9) infections were first detected in
2013 and have been associated with sporadic
disease in China



As of 2017, Asian H/N9 Is ranked as the
Influenza virus with the highest potential
pandemic risk.

No efficient or sustained human-to-human
tfransmission has been detected, but when
human infections occur, they are
associated with severe illness and high
mortality.

Infection with a novel influenza A virus is a
nationally notifiable disease and should be
reported



Influenza pandemics can lead to substantially
increased morbidity and mortality rates
compared with seasonal influenza.

During the 20th century, there were 3 influenza
pandemics, in 1918 (HINT1), 1957 (H2N2), and
1968 (H3N2).

The pandemic in 19218 killed at least 20 million
people in the United States and perhaps as
many as 50 million people worldwide.

The 2009 influenza A (HIN1) pandemic was the
first In the 21st century, lasting from April 2009 to
August 2010



EPIDEMIOLOGY

© The incubation period

usually is 1 to 4 days, witha mcan o =
days




Influenza is spread
primarily through
respiratory droplet

fransmission (eg, coughing or sneezing
near a susceptible person),

which requires close contact between
the person who is the source and person
who is the recipient,

because droplets generally only travel
short distances



Another indirect mode of fransmission
comes from hand transfer of influenza
virus from droplet-contaminated surfaces
to mucosal surfaces of the face
(autoinoculation).

Airborne fransmission via smallparticle
aerosols in the vicinity of the infectious
individual also may occur



© During community outbreaks of influenza, the
highest incidence occurs among school-aged

children.

- Secondary spread to adults and other children
within a family is common.




Incidence and disease severity depend
iINn part on immunity developed as a
result of previous experience (by natural
disease) or recent influenzo

immunization with the circulating strain or
a related strain




prevalence of each type and subtype can
vary among communities and within @
single community over the course of an
INnfluenza season

In temperate climates, seasonal epidemics
usually occur

Peak influenza acftivity can occur anytime
from November to May but most commonly
occurs between January and March



Community outbreaks can last 4 to 8
weeks or longer

Circulation of strains
IN @ community may be associated with
a prolonged influenza season of 3
months or more and may produce

IN activity




Influenza is highly contagious, especially
among semienclosed institutionalized
populations; other ongoing closed-group
gatherings, such as

schools and preschool

child care classrooms

fravelers who have refurned from areas where
influenza viruses may be circulating, including

participants in organized tour
groups.international mass gatherings

summer camps
cruise or military ship passengers




Patients may be infectious 24 hours
before onset of symptoms.

Viral shedding in hasal secretions usually

of illness and
ceases within 7 days but can be
prolonged in young children and
Immunodetficient patients for 10 days or
even longer.

Viral shedding is correlated directly with

degreeof fever. /



Incidence of influenza in healthy children

generally is 10% to 40% each year, but iliness

rates as low as 3% also have been reported, depending on
the circulating strain.

Influenza and its complications have
been reported to result in a 10% to 30%
increase in the number of courses of
antimicrobial agents prescribed o
children during the influenza season

e



Hospitalization rates among children younger
than 2 years are similar to hospitalization rates
among people 65 years and older.

Rates vary among studies (190-480 per 100 000
population)

It is clear, however, that children younger than
24 months consistently are at @

substantially higher risk of hospitalization than
older children



Rates of hospitalization and morbidity atfributable to
complications, such as bronchitis and pneumoniq,
are greater in children with high-risk conditions,
iIncluding

pulmonary diseases such as asthma,
metabolic diseases such as diabetes mellitus,

hemoglobinopathies such as sickle cell
disease,

hemodynamically significant cardiac
disease,

Immunosuppression, and

neurologic and neurodevelopmental
disorders.



© Antecedent influenza infection
sometimes is associated with
development of pneumococcal or
staphylococcal pneumonia in children.







= Typically begins with of

- Often accompanied by
- Chills or rigors
- Headache




= Subseqguently,these
- become more
prominent, including :

- Sore throat




© less commonly are associated with
iINnfluenza iline

- Conjunctival injection
- Nausea




© In some children, influenza can appear

as an € or as
\\ .
® \ respiraftory tract

symptoms




= When influenza viruses are circulating in a community, the
diagnosis of influenza should be considered in all children
and adults (including health care personnel) with

> acute onset of respiratory symptoms
> regardless of degree of symptoms
> whether or not there is fever

egardless of influenza vac




© Influenza is an important cause of

© ACUTE MYOSITIS secondary to
iInfluenza can present with calt

tenderness and refusal to walk




In iInfants, influenza can produce a
picture

INn Infants and young children, influenza
occasionally causes

Croup

Pertussis like-illness

Bronchiolitis

Pneumonia.



= Although the large majority of children
with influenz

- Previously healthy children can have
severe symptoms and complications




\

Neurologic complications

© Range fro

TO

and
EPTICUS,




Reye syndrome

Now Is a very rare condition, has been
associated with influenza infection and the
therapy during the iliness

Myocardifis

Death from influenza-associated myocarditis
has been reported



Invasive SECONDARY INFECTIONS or
COINFECTIONS with

Group A streptococcus

Staphylococcus aureus (including [MRSA]),
Streptococcus pneumoniae,

Other bacterial pathogens

can result in severe disease and death



DIAGNOSTIC TESTS
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Level of suspicion for influenza

local influenza activity

sensitivity and specificity of commercially
available influenza tests
rapid influenza molecular assays,
(RT-PCR) assays,
multiplex RT-PCR assays,
Immunofluorescence assays
(direct fluorescent antibody [DFA]
indirect fluorescent antibody [IFA] staining),

rapid influenza diagnostic tests(RIDTs).
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Nasopharyngeal swab specimens
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combined nasal and throat swab
specimens
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nasopharyngeal swab specimens



Using flocked swabs likely improves
Influenza virus detection over nonflocked
swalbs.
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nasal
combined nasal-throat

swab specimens should be collected
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endotracheal aspirate
bronchoalveolar lavage (BAL) fluid



Nonrespiratory specimens such as

blood

olleNpgle

serum
cerebrospinal fluid
urine, and stool

should not be collected or tested for seasonal
influenza viruses



Specimens should be obtained, if possible,
during the

because the quantity of virus shed
decreases rapidly as illness progresses
beyond that point.



Results of influenza testing should be
properly inferpreted in the context of

~ clinical findings
- local community influenza activity




have fthe
characteristics

are significantly than other
methods and, ftherefore, produce more false-
negative results

rapid diagnostic anfigen tests

, a feature that can be
critical during seasons with sfrains that differ in
antiviral susceptibility and/or relative virulence



® T are more likely to
occur durin eriods of low influenza
activity;

® - are more likely to

occur during periods of peak influenza
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Positive results are helpful, because they
may reduce additional testing to identity
the cause of the child’s influenza-like
ilIness



Point-of-care testing in settings
Kits

use colorimetric changes upon antibody
recognition of virus in nhasal swab material
to rapidly demonstrate the presence of
antigen.



© Some tests can distinguish type A from type B
influenza

@ none can currently subtype influenza A strains or
distinguish specific strains within an influenza A
subtype or between the two major influenza B
lineages




© low sensitivity but reasonable specificity
compared t

- positive result is usefu
- negative result

r directing care
influenza




IS also commonly
employed as a point-of-care
diagnostic in acute care settings such as
emergency rooms,

but typically with a more sensitive and
specific test as a backup, performed in a
cenftral l[aboratory



the presence of virus is determined

to detect fluorescence of
dyes bound to those antibodies which
recognize the virus

This method is and
than rapid anfigen tests

may take several hours to achieve o
result and requires special fraining and
experience

/,/



Rapid and sensifive
particularly real-time PCR assays.

These assays have the advantages of
turnaround  fimes,
compared to all other methods, and
can be designed to differentiate viruses by
, and even



Distinguishes

Typical Influenza A
Influenza Processing Virus
Diagnostic Test Method Availability Time Sensitivity Subtypes
Rapid influenza Antigen Wide <15 min 10%—70% No
diagnostic tests® detection
Rapid influenza RNA Wide <20 min 86%—100% No
molecular assays® detection
Nucleic acid RNA Limited [-8 h 86%—100% Yes
amplification tests detection
(including RT-PCR)
Direct and indirect Antigen Wide -4 h 70%—100% No
Immunofluorescence detection
assays
Rapid cell culture Virus Limited 1-3 days 100% Yes
(shell vials and cell 1solation
mixtures)
Viral cell culture Virus Limited 3-10 days 100% Yes

isolation



2 classes of antiviral medications currently are approved for
treatment or prophylaxis of influenza infections:

neuraminidase inhibitors
oral oseltamivrr,
Inhaled zanamivir
INfravenous peramivir

adamantanes
amantadine
rmantadine



Oseltamivir
antiviral drug of choice

anamivir

acceptable alternative but is more difficult
to administer, especially in young children

Peramivir

approved in 2017 for use in children 2 years
and older

has been approved for use in adults 18 years
and older since 2014



(FDA) has approved oseltamivir for
children as young as 2 weeks of age

Given preliminary pharmacokinetic data
and limited safety data, oseltamivir can
be used to treat influenza in both term
and preterm infants from birth, because
benetfits of therapy are likely to outweigh
possible risks of freatment.

/,/



Widespread resistance to adamantanes
has been documented

iInfluenza B viruses intrinsically are not
susceptible to adamantanes



Resistance to oseltamivir has been
documented to be approximately 1% at
most for any of the tested influenza viral
samples during the past few years.



Treatment for influenza virus infection should
be offered as early as possible, without
walifing for confirmartory influenza testing, to

any hospitalized child presumed clinically to
have influenza disease

with serious, complicated, or progressive illness
attributable to influenza,
irespective of influenza vaccination status
or whether iliness began greater than 48
hours before admission.



© Treatment also should be offered to
Influenza-infected children at high risk of
complications from influenza, regardless
of severity of illness.




© Treatment may be considered for any
otherwise healthy child clinically
presumed to have influenza disease




The greatest effect on outcome will
occur If freatment can be initiated within
48 hours of illness onset, but trreatment
still should lbe considered if it is later Iin

the course of progressive, symptomatic
ilIness



Antiviral freatment also should be
considered for children clinically
presumed o have influenza disease and
whose siblings or household contacts
either are younger than 6 months or
have underlying medical conditions that
predispose them to complications of
influenzao




Children with severe influenza should be
evaluated carefully for possible
coinfection with bacterial pathogens
(eg, S aureus) that might require
antimicrobial therapy



If antiviral therapy is prescribed,
treatment should be started as soon
after illness onset as possible and should
not be delayed while waiting for a
definitive influenza test result, because
early therapy provides the best
outcomes



duration of tfreatment

© oseltamivir and zanamivir is 5 days

~ Intravenous peramiviris 1 dose
administered over 15 to 30 minutes




Table 3.34. Antiviral Drugs for Influenza®

Drug Treatment Chemoprophyl- Adverse Ef-
(Trade Name) Virus Administration Indications axis Indications fects
Oseltamivir Aand Oral Birth or Smoorolder  Nausea, vomiting
(Tamiflu) B older®
Zanamivir Aand Inhalation 7yorolder 5yorolder Bronchospasm
(Relenza) B
Peramivir Aand Intravenous 2yorolder N/A Diarrhea; some
(Rapivab) Be reports of skin
reactions
Amantadine A Oral [ yorolder 1yorolder Central nervous
(Symmetrel) system, anxiety,
gastrointestinal
Rimantadine A Oral [3yorolder 1vyorolder Central nervous
(Flumadine) system, anxiety,
oastrointestinal
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Patients with any degree of renal
insufficiency should be monitored for
adverse events.

Only zanamivir, which is administered by
Inhalation, does not require adjustment
for people with severe renal
iInsufficiency.

Zanamivir use has been associated with
bronchospasm in some people and is not
recommended for use in patients with underlying
airway disease



Control of fever with acetaminophen or
another appropriate nonsalicylate-
containing antipyretfic agent may be
Important in some children, because fever
and other symptoms of influenza could
exacerpbate underlying chronic conditions.

Children and adolescents with influenza
should not receive aspirin or any salicylate-
containing products because of the
potential risk of developing Reye syndrome.



Che

moprophylaxis should not be

considered a substifute for iImmunization.

Oseltamivir and zanamivir are important
adjuncts to influenza iImmunization for

con
Nei
con

elgle
resp

Che

Tol and prevention of influenza disease.

‘her oseltamivir or zanamivir are o
raindication to iImmunization with 11V,
neither interferes with the immune
onse to V.

moprophylaxis is not recommended for

Infants younger than 3 months




e For children at high risk of complications
from influenza for whom influenza vaccine is
contraindicated.

e For children at high risk during the 2 weeks
after IV immunization.

e For family memlbers or HCP who are
unimmunized and are likely to have
ongoing, close exposure to:

¢ unimmunized children at high risk; or

¢ unimmunized infants and toddlers who are
younger than 24 monthes.



e For control of influenza outbreaks for
unimmunized staff and children in o

closed institutional setting with children
at high risk (eg, extended-care facillities).

e As a supplement to immunization
among children at high risk, including
children who are immunocompromised
and may not respond to vaccine.



e As postexposure prophylaxis for family
memlbers and close contacts of an
infected person if those people are at high
risk of complications from influenza.

e For children at high risk and their family
members and close contacts, as well as
HCP, when circulating strains of influenza
virus in the community are not matched wit
seasonadl influenza vaccine strains, on the
basis of current data from the CDC and
local health departments.



© given for (following known
exposure)

© for (preexposure during
community outbreak);




Generic

(Trade Name) Indication Route Age Usually Recommended Dosage
Zanamivir [nfluenza A and B: [nhalation 27y (treatment) 10 mg (one 5-mg blister per inhalation), twice daily
(Relenza) treatment (see for 5 days; first 2 doses can be separated by as little
[nfluenza, p 476) as 2 h; only use diskhaler device
[nfluenza A and B: [nhalation 2y (prophylaxis) 10 mg, once daily for as long as 26 days (community
prophylaxis outbreaks) or 10 days (household setting)

Peramivir® Influenza A and B IV =2y 2-12 y: 12 mg/kg, once (maximum dose: 600 mg)
(Rapivab) =13 y: 600 mg, once
Oseltamivir®J Influenza A and B: Oral Birth to <9 mo* 3 mg/kg twice daily for 5 daysk
(Tamiflu) treatment (see (suspension)
Influenza, p 476)
Oral 911 mo 3.5 mg/kg twice daily for 5 days
(suspension)
Oral 1-12y <15 kg: 30 mg, twice daily; 15.1-23 kg: 45 mg, twice
(suspension and daily; 23.1-40 kg: 60 mg, twice daily; >40 kg:
tablets) 15 mg, twice daily for 5 days
Oral =13y 75 mg, twice daily for 5 days

(tablets)




Influenza A and B: Oral Imo-12y Same as the above treatment doses for patients 3
prophylaxis mo—12 y of age, except dose given once rather
than twice daily, and given for 10 days rather than
2 (following known exposure) or for up to 6 wk
(preexposure during community outbreak); not
routinely recommended for infants <3 mo given
lack of efficacy data

75 mg, once daily for 10 days (following known
exposure) or for up to 6 wk (preexposure during

community outbreak)



~ ISOLATION OF THE
HOSPITALIZED PATIENT

® In addition to standard precavutions,
are recommended
for children hospitalized with influenza or
an influenzalike illness for the duration of

llIness.




The influenza virus strains selected for inclusion in the seasonal

vaccine may change vyearly in anticipation of the
predominant influenza strains expected to circulate in the
United States in the upcoming influenza season

AAP recommends annual use of inactivated

Influenza vaccines (lIVs) in all people 6 months and
older



IIVs contain VIrus.
subvirion vaccines, prepared by disrupting the lipid-
containing membrane of the virus, or
purified surface-antigen vaccines

The intramuscular (IM) IV is licensed for
administration to those and is

available in both trivalent (lIV3) and quadrivalent
(V4)



An infradermallD) formulation of 1IV4 is
icensed for use In people 18 through 64
years of age

no preference for IM or ID immunization
with [IV4 In people 18 years or older

A high-dose inactivated influenza
vaccine is available for adults 65 years
and older



Infranasal guadrivalent live attenuated

iInfluenza vaccine ( ) not be used in
any setting

although it is still icensed by the FDA for
healthy people of

age



= Two types of [IVs manufactured using
are available
- Cell culture-based inactivated influenza vaccine (cclliV4)

- 4 years or older
- IM Injection
- recombinant influenza vaccine (RIV3 and RIV4)




Children 9 years and older require only 1 dose
of influenza vaccine annually, regardless of
thelir influenza iImmunization history.

Children of age who
previously have not been immunized against
influenza require administered at least

4 weeks apart to produce a satistactory
antibody response

Significant protection against disease is
achieved 1 to 2 weeks after the second dose.
In subsequent years, children 6 months through
8 years of age may require 1 or 2 doses




‘Vaccine Effectiveness

©  Protection against virologically confirmed influenza iliness
after immunization with IV in healthy children older than 2

years ranges from 50% to 95%, depending on the
closeness of vaccine strain match to the circulating wild strain

© Effectiveness of IV in children é through 23 months of age
appears to be lower than in older children




Antibody fiters for all seasonal influenza
vaccines wane up to 50% of their original
levels :
necessitating annual influenza vaccination
to maintain protection in all populations



\C\oadminisfraﬁon With Other
Vaccines

o IV can be administered simultaneously
with other live and inactivated vaccines




All people 6 months and older

should receive influenza vaccine

annudally.

Influenza vaccine should be administered as soon
as available each year, preferably before the start
of influenza season, at the time specified in the
annual recommendations of the ACIP



Particular focus should be on the administration of IV for all children and
adolescents with underlying medical conditions associated with an

elevated risk of complications from influenza, including the following:

* Asthma or other chronic pulmonary diseases, such as CF .
* Hemodynamically significant cardiac disease.
 Immunosuppressive disorders or therapy

e Human immunodeficiency virus (HIV) infection

* Sickle cell anemia and other hemoglobinopathies.

» Diseases that necessitate long-term aspirin therapy or salicylate-
containing medication, including juvenile idiopathic arthritis or
Kawasaki disease, that may place a child atincreased risk of Reye
syndrome if infected with influenza.

e Chronic renal dysfunction.
e Chronic metabolic disease, including DM .

e Any condition that can compromise respiratory function or handling of
secretions or can increase the risk of aspiration, such as
neurodevelopmental disorders, spinal cord injuries, seizure disorders,
or neuromuscular abnormalities.

* Pregnancy



In children receiving immunosuppressive
chemotherapy

The optimal time

more than 3 weeks after chemotherapy has been
discontinued,

when the peripheral granulocyte and lymphocyte
counts are greater than 1000
Prolonged administration of high doses of

corficosteroids (prednisone of either 2 mg/kg or greater or
a total of 20 mg/day or greater or an equivalent)

Immunization can be deferred

provided deferral does not compromise the likelihood of
Immunization befor the start of influenza season



Close Contacts of High-Risk

Patients

© Immunization of people who are in close confact
with children with high-risk conditions or with any
child younger th 60 months (5 years) is an
important means of protection for these children




e Close contacts of infants younger than 6 months

e Household contacts and out-of-home care providers of
children younger than 5 years and at-risk children of all
ages.

e Health care personnel (HCP) or health care volunteers.
* Any woman who is pregnant or considering pregnancy,
Is in the postpartum period, or is breastfeeding during the
influenza season.

e Close contacts of immunosuppressed people.

e Children and adolescents of American Indian or Alaska
Naftiv heritage.

e Children who are members of households with high-risk
adults, any children 6 through 59 months of age, and
children with HIV infection.



The AAP recommends a mandatory annual
immunization program for HCP, because
they frequently come into contact with
oatients at high risk of influenza iliness in
their clinical settings

Influenza vaccination of HCP has been
shown to reduce both morbidity and
mortality among patients



Special precautions for egg-allergic
recipients of IV are not warranted

Standard immunization practice should
iInclude the abillity to respond to rare
acute hypersensitivity reactions



The risk of influenza vaccine-associated GBS was
higher among people 25 years or older than
among people younger than 25 years

If there Is an association between seasonal
Influenza vaccine and GBS, the risk is rare, at no
more than 1 to 2 cases per million doses

Whether influenza immunization specifically might
increase the risk of recurrence of GBS is unknown



Immunization of children who have
asthma or cysftic fibrosis
not increase adverse events or
exacerbations.
IV Immunization for individuals with HIV
Infection Is considered safe.



= 1IVs contain only inactivated subvirion or surface
antigen parficles and, therefore, cannot produce
active influenza




= The most common adverse events after IIV3
administration are local injection site pain
and tenderness

® may occur withi
Immunization in ApPProxi
of children

>

24 hours after
ately




® Mild systemic symptoms , may occur
after administration of IIV3.

- Nausea
- Lethargy
- headache




©  most common injection site adverse reactions associated
with [IV4
- pain,
- redness
- swelling.
- The most common systemic adverse events are
- drowsiness
- rritability
- loss of appetite
- fatigue








































