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EDITORIAL Editorials represent the opinions
of the authors and JAMA and

not those of the American Medical Association.

2009 Influenza A(H1N1) Monovalent
Vaccines for Children
Anthony E. Fiore, MD, MPH
Kathleen M. Neuzil, MD, MPH

THE 2009 INFLUENZA A(H1N1) VIRUS WAS FIRST IDEN-
tified 8 months ago,1 but the virus has already had a
substantial effect on human health. Influenza activity
in the United States has remained higher than normal

since May, and measures of severe illness such as hospitaliza-
tions and deaths during the summer and fall have been equal
to or higher than rates usually observed in a typical winter in-
fluenzaseasoninallagegroupsexceptolderadults.2Eventhough
influenzaactivityhasdecreased inrecentweeks insomestates,
there remains thepossibilityof continuedactivity through the
traditionalwinter influenzaseasonandtheprospectofnormal
winter circulation of seasonal influenza viruses.

The 2009 influenza A(H1N1) pandemic highlights the role
of children in influenzaepidemiology.Serological studies sug-
gestedthatchildrenhadnomeasurableimmunityagainstH1N1
prior to the outbreak.3 In addition, children have been a pri-
mary source of illness in community outbreaks of pandemic
influenza, as indicated by the association between outbreaks
inschoolsor summercampsand influenzaactivity in thecom-
munity.4 Children also have developed severe influenza
A(H1N1)–related complications more frequently than is usu-
ally seen for seasonal influenza and reports of pediatric deaths
and hospitalizations continue to increase.2 As of December 5,
2009,224laboratory-confirmeddeathsamongchildrenhadbeen
reported to theCenters forDiseaseControlandPrevention, far
surpassing any recent influenza season,2 and the actual num-
berofpediatricdeathsduetothe influenzaA(H1N1)viruspan-
demic is likely to be considerably higher.5 Children have been
among the primary groups targeted for the limited amount of
vaccine available in most areas.6

A logistical challenge for immunization programs and cli-
nicianswhoprovidevaccinationsistheneedfor2dosesinyoung
children.6 For seasonal influenza vaccine, 2 doses are recom-
mendedforallchildrenyoungerthan9yearswhoarebeingvac-
cinated for the first time, based on immunogenicity and vac-
cine effectiveness studies that indicate better protection with
a 2-dose schedule for young children.7 For the 2009 influenza
A(H1N1) monovalent vaccines, the current recommendation
is based on these seasonal vaccine studies even though the age
group recommended for 2 doses is children younger than 10
years.6,8

The report by Nolan and colleagues9 in this issue of JAMA
indicates that a single 15-µg dose of an unadjuvanted inacti-

vatedinfluenzaA(H1N1)vaccinecanelicitsignificant increases
in influenza-specific antibody in more than 90% of healthy in-
fants and young children. A second dose given 21 days later
yielded significantly higher antibody levels.9 Data indicating
that influenzaA(H1N1)vaccinesare immunogenicat licensed
dosesandschedulesisexcellentnewsforchildren,parents,health
care professionals, and public health workers who have par-
ticipated inpediatric immunizationprograms.Alsoreassuring
are the findings from the safety analyses reported by Nolan et
al,9 which indicate that this unadjuvanated vaccine is well tol-
erated with a safety profile similar to the seasonal influenza
vaccine—an expected result given that the pandemic vaccine
manufacturingprocess is identical tothatusedforseasonalvac-
cines.6

Although the finding that a single dose is immunogenic in
mostyoungchildren is encouraging, it ispremature toassume
thatonly1dosewill beneeded toprovideadequateprotection
for all young children based on these data. Rather, the results
fromthisstudymustbeconsideredinthecontextofpriorstudies
ofseasonalvaccineimmunogenicityandeffectivenessinchildren.

Thehemagglutination inhibition(HI) testused in thestudy
by Nolan et al9 is the primary accepted measure of influenza
immunogenicity.The testmeasureshowwell antibodies inse-
rum from vaccinated (or previously infected) persons are able
to compete with animal-derived red blood cells in binding in-
fluenzaviruses.Theabilityofseratoinhibitbindingbyredblood
cellsathigherdilutionsindicatesahigheramountofvirus-specific
antibody in the specimen. An HI titer of 1:40 or greater in No-
lan et al9 and in most other studies is understood to represent
thelevelatwhichapproximately50%of individualswillbepro-
tected after receiving a seasonal influenza vaccine; and higher
levelsof antibodygenerallycorrelatewithgreaterprotection.10

The evidence that led to the 2-dose recommendation for
vaccine-naivechildrenreceivingseasonal influenzavaccinewas
based on immunogenicity data and has been supported by ef-
fectivenessdata. Infantsandyoungchildrennotpreviouslyvac-
cinated with seasonal vaccine have a lower immune response
to1doseofvaccinecomparedwitholderchildrenandadults.11,12

Basedonthe immunogenicitydataalone,apossibleconclusion
is thatonly1doseof the2009 influenzaA(H1N1)vaccinepro-
vides protection to a substantial proportion of previously un-
vaccinated children in some seasons. However, studies of vac-
cineeffectivenesshaveconsistentlydemonstrated that2doses
of seasonal influenza vaccine provide better protection than 1

See also p 37.

Author Affiliations: National Center for Infectious Diseases, Centers for Disease
Control and Prevention, Atlanta, Georgia (Dr Fiore); and PATH, Seattle, Wash-
ington (Dr Neuzil).
Corresponding Author: Anthony E. Fiore, MD, MPH, National Center for Infec-
tious Diseases, Centers for Disease Control and Prevention, 1600 Clifton Rd NE,
Mailstop G37, Atlanta, GA 30333 (abf4@cdc.gov).

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, January 6, 2010—Vol 303, No. 1 73

 by guest on January 6, 2010 www.jama.comDownloaded from 

http://jama.ama-assn.org


dose. In most vaccine effectiveness studies among previously
unvaccinatedyoungchildren,significantprotectionafter1dose
has not been demonstrated.13-15 In addition, the HI test can be
technically challengingand isnot fully standardized, andvari-
ability of HI titer measurement makes it difficult to interpret
differences in HI titer results between studies and for different
virus strains.10

Several other notes of caution are warranted when consid-
eringtheuseofasingledoseofunadjuvantedinfluenzaA(H1N1)
monovalentvaccineforyoungchildren.Thehemagglutininan-
tigencontentadministeredto6-month-oldinfantsandchildren
younger than 3 years in this study9 was 15 µg, the equivalent
of2dosesof the7.5-µgvaccinecurrently licensed intheUnited
States for this age group.16 Furthermore, among the children
aged 3 years or older, antibody levels in the study by Nolan et
al9 were approximately 30% lower than those measured using
the same assay in adults who also received the 15-µg dose of
the H1N1 vaccine.17 Studies using other H1N1 vaccines also
have yielded lower antibody responses in children compared
with adults after 1 dose. For example, preliminary data from
theongoingUSNational InstitutesofHealthstudiesusingadif-
ferent H1N1 vaccine indicated that only 25% of 6-month-old
infantsandchildrenyoungerthan3yearsand55%of3-to9-year-
olds had HI titers of 1:40 or greater when measured 3 weeks
afterasingle15-µgdose.Significantincreasesininfluenza-specific
antibodywereobservedafter2dosesinmorethan90%ofhealthy
infants and young children.18 In contrast, preliminary results
indicate that 80% to 96% of 18- to 64-year-old adults partici-
patinginaNational InstitutesofHealthstudyrespondedwithin
8 to 10 days with an HI titer of 1:40 or greater.19 Variability ex-
ists in first dose response rates, but it appears that 2 doses con-
sistently ensures that nearly all children achieve an HI titer of
at least 1:40 or, preferably, greater.

Inaddition, in the reportbyNolanet al9 ahigherproportion
of children than expected (9%-14% of children �3 years and
28%-33%ofchildrenaged3-9years)hadbaselineprevaccina-
tion HI titers of 1:40 or greater, raising the possibility of pre-
vioussubclinicalinfectionwiththepandemicH1N1virusamong
some study participants during the pandemic wave that pre-
ceded study enrollment in Australia, or perhaps an unusually
sensitive HI test. Moreover, and most importantly, lower im-
munogenicity isexpectedinchildrenwithchronicmedicalcon-
ditionswhoareat substantiallyhigher riskof severe influenza-
relatedcomplications.At least60%ofchildrenwhohavebeen
hospitalized or died in the United States during the 2009 pan-
demic have had 1 or more chronic medical conditions.20,21

Therapiddevelopmentofaspecific2009influenzaA(H1N1)
vaccine, and the demonstration that it is highly immunogenic
and minimally reactogenic, is an important achievement. The
immunogenicity data presented by Nolan et al9 suggest that at
least some children will be protected after a single 15-µg dose
of the H1N1 vaccine used in this study, but the findings can-
not be generalized with confidence to all children, epidemio-
logicalcircumstances ineverycountry,ordifferentvaccine for-
mulations. In recentyears, importantgaps in influenzaknowl-

edge and pandemic preparedness have been addressed, but
significant challenges remain. Among those challenges is de-
velopment of an easily measurable correlate of immunity that
canconsistentlypredict clinical vaccineeffectiveness inall age
groups. Until that objective is achieved, it remains prudent to
continue to follow current recommendations for administer-
ing 2 doses to infants and young children while awaiting de-
finitive vaccine effectiveness data.6,8
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