The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Live Attenuated versus Inactivated Influenza
Vaccine in Infants and Young Children

Robert B. Belshe, M.D., Kathryn M. Edwards, M.D., Timo Vesikari, M.D.,
Steven V. Black, M.D., Robert E. Walker, M.D., Micki Hultquist, M.S.,
George Kemble, Ph.D., and Edward M. Connor, M.D.,
for the CAIV-T Comparative Efficacy Study Group*

ABSTRACT

BACKGROUND
Universal vaccination of children 6 to 59 months of age with trivalent inactivated
influenza vaccine has recently been recommended by U.S. advisory bodies. To eval-
uate alternative vaccine approaches, we compared the safety and efficacy of intra-
nasally administered live attenuated influenza vaccine with those of inactivated vac-
cine in infants and young children.

METHODS

Children 6 to 59 months of age, without a recent episode of wheezing illness or
severe asthma, were randomly assigned in a 1:1 ratio to receive either cold-adapted
trivalent live attenuated influenza vaccine (a refrigeration-stable formulation of live
attenuated intranasally administered influenza vaccine) or trivalent inactivated vac-
cine in a double-blind manner. Influenza-like illness was monitored with cultures
throughout the 20042005 influenza season.

RESULTS

Safety data were available for 8352 children, and 7852 children completed the study
according to the protocol. There were 54.9% fewer cases of cultured-confirmed
influenza in the group that received live attenuated vaccine than in the group that
received inactivated vaccine (153 vs. 338 cases, P<0.001). The superior efficacy of
live attenuated vaccine, as compared with inactivated vaccine, was observed for both
antigenically well-matched and drifted viruses. Among previously unvaccinated chil-
dren, wheezing within 42 days after the administration of dose 1 was more common
with live attenuated vaccine than with inactivated vaccine, primarily among children
6 to 11 months of age; in this age group, 12 more episodes of wheezing were noted
within 42 days after receipt of dose 1 among recipients of live attenuated vaccine
(3.8%) than among recipients of inactivated vaccine (2.1%, P=0.076). Rates of hos-
pitalization for any cause during the 180 days after vaccination were higher among
the recipients of live attenuated vaccine who were 6 to 11 months of age (6.1%) than
among the recipients of inactivated vaccine in this age group (2.6%, P=0.002).

CONCLUSIONS
Among young children, live attenuated vaccine had significantly better efficacy than
inactivated vaccine. An evaluation of the risks and benefits indicates that live attenu-
ated vaccine should be a highly effective, safe vaccine for children 12 to 59 months
of age who do not have a history of asthma or wheezing. (ClinicalTrials.gov number,
NCT00128167.)
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OSPITALIZATION RATES FOR CULTURE-

confirmed influenza among young chil-

dren are similar to those among the el-
derly, and outpatient visits for confirmed influenza
are more frequent among infants and young chil-
dren than in any other age group.! For these rea-
sons, U.S. advisory bodies have recently recom-
mended the routine vaccination of all children 6 to
59 months of age with the licensed trivalent in-
activated influenza vaccine.? The implementation
of this recommendation will be challenging be-
cause of the limited supplies of inactivated vaccine
during many influenza seasons,? the modest ef-
ficacy of inactivated vaccine in young children,®
and the frequent need to administer the inacti-
vated vaccine by injection concurrent with mul-
tiple other parenteral vaccines.

Previous clinical trials of live attenuated triva-
lent influenza vaccine in young children have
shown it to be highly effective.” Live attenuated
influenza vaccine showed high efficacy when epi-
demic influenza viruses were not well matched to
the recommended vaccine antigens.” Initial stud-
ies comparing the efficacy of cold-adapted triva-
lent live attenuated influenza vaccine with triva-
lent inactivated vaccine have shown the former
to be more effective (35 to 53% reduction in the
influenza attack rate with live attenuated vac-
cine, as compared with inactivated vaccine).1>1*
Although the safety of live attenuated influenza
vaccine was assessed in children in both prospec-
tive and database studies,*?*> additional prospec-
tive studies of both inactivated vaccine and live
attenuated vaccine were needed. In one study,?®
but not in others,'>1%16 wheezing events were
more frequent among young children given for-
mulations of live attenuated vaccine. The present
trial was designed to assess the safety and rela-
tive efficacy of live attenuated intranasal influ-
enza vaccine and inactivated vaccine in children
6 to 59 months of age.

METHODS

STUDY DESIGN

The study was proposed by a subgroup of the au-
thors, and the protocol was developed by all the
authors in collaboration with an advisory com-
mittee. Data were gathered at each study site by
the local principal investigator and the local staft.

The data were monitored by PPD in the United
States and Europe and by Quintiles at the Asian
sites. A data and safety monitoring board over-
saw the study. The analysis was performed by bio-
statisticians employed by the sponsor. All authors
had complete access to all data and all individ-
ual case-report forms, including data on all se-
rious adverse events. All the authors vouch for the
accuracy and completeness of the reported data.

The study was conducted at 249 sites (physi-
cians’ offices and primary care clinics) in 16
countries: the United States (49% of subjects), 12
countries in Europe and the Middle East (45% of
subjects), and 3 countries in Asia (6% of subjects).
The protocol and the informed consent forms
were approved by the institutional review board
at each participating center, and the study was
conducted in accordance with the Declaration of
Helsinki and the Guidelines for Good Clinical
Practice.

After written informed consent had been ob-
tained from a parent or guardian, children 6 to
59 months of age were randomly assigned on a
1:1 basis to receive either live attenuated vaccine
or inactivated vaccine with the use of a centrally
managed computer-generated randomization
schedule. Subjects were stratified according to age
on receipt of the first dose, the presence or ab-
sence of previous influenza vaccination, the pres-
ence or absence of a history of recurrent wheezing
(defined as three or more wheezing episodes, each
requiring medical follow-up or hospitalization,
according to the parent’s report or chart review),
and country of residence. Children with a history
of hypersensitivity to any component of the live
attenuated vaccine or the inactivated vaccine were
excluded; other exclusion criteria were a known
immunosuppressive condition, medically diag-
nosed or treated wheezing within 42 days before
enrollment, a history of severe asthma (as judged
by the investigator), body temperature higher than
37.8°C (100°F) measured orally or the equivalent
within 3 days before enrollment, and the use of
aspirin or salicylate-containing products within
30 days before enrollment. Children with mild or
moderate asthma or a history of wheezing (i.e.,
more than 42 days before enrollment) were in-
cluded in the trial.

Children who had not previously been vacci-
nated against influenza were given two doses of
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the assigned study vaccine; the first dose (dose 1)
was administered on day 0 of the trial, and the
second dose was administered 28 to 42 days later.
Those who had previously been vaccinated against
influenza were given only one dose. Subjects who
were assigned to receive live attenuated vaccine,
which was administered intranasally, also received
a concurrent injection of intramuscular saline,
and those assigned to receive inactivated vaccine,
which was administered intramuscularly, also re-
ceived a concurrent intranasal mist of saline.

VACCINES AND PLACEBO
The live attenuated intranasal vaccine was a re-
frigeration-stable (2 to 8°C) formulation of the
currently licensed frozen FluMist (LAIV, Med-
Immune). This vaccine consisted of three cold-
adapted reassortant influenza viruses grown in
specific pathogen-free chicken eggs. Each dose
of vaccine contained approximately 107 fluores-
cence focus assay units of each of the three strains
of the 2004-2005 influenza season, as recom-
mended by the Food and Drug Administration
(A/New Caledonia/20/99 [H1N1], A/Wyoming/3/
2003 [an A/Fujian/411/2002 (H3N2)-like virus],
and B/Jilin/20/2003 [a B/Shanghai/361/2002-like
virus]). A total of 0.2 ml of vaccine was adminis-
tered (0.1 ml into each nostril with the use of an
intranasal-spray device).

The licensed inactivated vaccine consisted of
the recommended 2004-2005 influenza strains
(A/New Caledonia/20/99 [H1N1], A/Wyoming/3/
2003 [an A/Fujian/411/2002 (H3N2)-like virus],
and B/Jiangsu/10/2003 [a B/Shanghai/361/2002-like
virus]), and the vaccine was administered by intra-
muscular injection, according to the manufactur-
er’s dosing instructions. In the United States and
Asia, Fluzone (Aventis Pasteur) was used, and in
Europe and the Middle East, Vaxigrip (Aventis Pas-
teur) was used. Children 6 to 35 months of age
received 0.25 ml of intramuscular inactivated vac-
cine, and those 36 to 59 months of age received
0.5 ml of intramuscular inactivated vaccine.

Intranasal and intramuscular placebos were
composed of physiologic saline and were given in
a manner identical to the administration of the
corresponding study vaccine. The subject, the sub-
ject’s parent or guardian, the staff at the clinical
site who were evaluating the subjects (including
the investigators, study nurses, and coordinators),

and the clinical, biostatistical, and data-manage-
ment staff employed by the sponsor were unaware
of the treatment assignments. The vaccines and
placebos were maintained at 2 to 8°C and were
shipped by express courier to the study sites.

SURVEILLANCE FOR OUTCOMES AND SYMPTOMS
OF INFLUENZA

Parents or guardians recorded local reactions, dai-
ly temperatures (oral, axillary, or rectal), systemic
adverse events, and concomitant medications on
worksheets from the time that dose 1 was admin-
istered until 42 days after the administration of
the second dose, or until 42 days after dose 1
among subjects who received only one dose. Data
on medically significant wheezing and serious
adverse events (defined as events that were life-
threatening or that resulted in death, hospital-
ization or prolonged hospitalization, significant
disability or incapacity, or another important
medical event requiring intervention to prevent
one of these outcomes) were collected from the
day of dose 1 until the end of the influenza sur-
veillance period, extending through May 31, 2005.
Medically significant wheezing was prospectively
defined as the presence of wheezing on a physi-
cal examination conducted by a health care pro-
vider, with a prescription for a daily bronchodila-
tor; respiratory distress; or hypoxemia. Study staff
contacted the children’s parents or guardians ev-
ery 7 to 10 days throughout the influenza surveil-
lance period, and if symptoms defined in the study
protocol as suggestive of influenza were report-
ed, nasal swabs for viral cultures were obtained
either at the study site or at the child’s home. Viro-
logic methods are summarized in the Supplemen-
tary Appendix (available with the full text of this
article at www.nejm.org).

STATISTICAL ANALYSIS
Assuming a 3.0% attack rate in the group that re-
ceived inactivated vaccine and a 1.8% attack rate
in the group that received live attenuated vaccine
(relative efficacy rate, 40%) and assuming that
sufficient data would be collected for 90% of the
children to be included in the according-to-pro-
tocol population, we calculated that a sample of
8500 children would provide more than 90% pow-
er to demonstrate the superiority of live attenuated
vaccine to inactivated vaccine (see the Statistics
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section in the Supplementary Appendix). The pri-
mary end point was the efficacy of live attenuated
vaccine, as compared with that of inactivated vac-
cine, in preventing culture-confirmed influenza-
like illness as defined by the Centers for Disease
Control and Prevention (CDC), modified to ac-
count for the subject’s age, caused by well-matched
influenza strains. The modified CDC definition
of influenza-like illness was an oral tempera-
ture of 37.8°C or higher or the equivalent in the
presence of cough, sore throat, or runny nose or
nasal congestion occurring on the same or con-
secutive days; the addition of runny nose or nasal
congestion to the case definition accounts for
the age modification. Culture-positive influenza
strains were assessed according to whether the
isolated virus was well matched or significantly
drifted to the vaccine strains. For detailed infor-
mation on the statistical methods, see the Sup-
plementary Appendix.

Secondary efficacy end points included the ef-
ficacy of live attenuated vaccine, as compared with
that of inactivated vaccine, in preventing culture-
confirmed influenza-like illness (according to the
modified CDC definition) caused by antigenically
mismatched influenza viruses and by all influenza
viruses. Other efficacy end points included any
culture-confirmed symptomatic influenza infec-
tion (as distinguished from influenza-like illness
that met the modified CDC definition), medically
diagnosed acute otitis media with fever and anti-
biotic use, and medically diagnosed lower respira-
tory illness, all associated with a positive nasal-
swab culture for influenza virus at any time during
the interval between the seventh day before the
onset of the illness and the seventh day after the
end of the illness.

RESULTS

STUDY POPULATION AND FOLLOW-UP
From October 20 to October 29, 2004, a total of
8475 children were enrolled (for details on the
study populations, see Fig. 1 in the Supplementary
Appendix). On average, 34 children (range, 1 to
270; median, 26) underwent randomization at each
study site. Safety data were available for 8352 chil-
dren, 7852 of whom were included in the analysis
of the according-to-protocol population. Demo-
graphic and other characteristics, including num-

ber of days of follow-up, were well balanced
between the group that received live attenuated
vaccine and the group that received inactivated
vaccine (Table 1). A total of 1880 of the children
had previously received an influenza vaccine, and
6472 had not previously been vaccinated. Of those
who received dose 1 of the vaccine and were as-
signed to receive a second dose, 3002 (92.4%) in
the live-attenuated-vaccine group and 3034 (94.0%)
in the inactivated-vaccine group received both
doses. Overall on entry into the trial, 5.7% of the
children in each group had underlying medical
conditions, 21% had a history of any wheezing (as
reported by a parent, guardian, or health care
provider), and 6% had recurrent wheezing. More
than 20,000 nasal specimens were cultured during
the surveillance period (2.4 cultures per child).

EFFICACY
Kaplan—Meier curves for the time of the acquisi-
tion of a culture-confirmed influenza-like illness
(according to the modified CDC definition) in the
two groups are shown in Figure 1, and the attack
rates are summarized in Table 2. There were 185
(54.9%) fewer cases of influenza in the live-attenu-
ated-vaccine group (153 cases; attack rate, 3.9%)
than in the inactivated-vaccine group (338 cases;
attack rate, 8.6%) (P<0.001). According to the virus
subtype, vaccination with live attenuated vaccine
resulted in 89.2% fewer cases of influenza A/JHIN1
(P<0.001), 79.2% fewer cases of influenza A/H3N2
(P<0.001), and 16.1% fewer cases of influenza B
(P=0.19). The live attenuated vaccine was signif-
icantly more protective against both well-matched
and mismatched influenza A viruses (Table 2). All
isolates of HIN1 virus were regarded as antigen-
ically matched. All isolates of H3N2 virus were
antigenically mismatched. In contrast, the circu-
lating B strains were divided into two lineages,
Yamagata-like (strains that were antigenically
matched and mismatched to vaccine) and Victo-
ria-like (antigenically mismatched to vaccine). Al-
though the difference was not significant, live at-
tenuated vaccine showed a relative efficacy of
27%, as compared with inactivated vaccine, against
the matched B strains, but there was no signifi-
cant difference in efficacy against mismatched
B strains.

For all culture-confirmed symptomatic influen-
za, the overall attack rates were 5.0% in the group
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that received live attenuated vaccine and 10.0%
in the group that received inactivated vaccine, with
a 50.6% reduction in the live-attenuated-vaccine
group, as compared with the inactivated-vaccine
group (P<0.001). Significant reductions were also
seen in the overall attack rates of acute otitis me-
dia and lower respiratory illness associated with
positive influenza cultures, as diagnosed by a
health care provider, with a relative efficacy in the
live-attenuated-vaccine group of 50.6% (P=0.004)
and 45.9% (P=0.040), respectively (see Table 1 in
the Supplementary Appendix).

ADVERSE EVENTS

The incidence of pain, redness, and swelling at
the injection site, with most instances reported
as mild to moderate in severity, was higher in the
group that received inactivated vaccine than in
the group that received intramuscular placebo.
Among subjects being vaccinated for the first
time, 57.0% of those receiving intramuscular pla-
cebo and 46.3% of those receiving intranasal pla-
cebo had a runny or stuffy nose within 10 days
after vaccination. With fever defined as a tempera-
ture of more than 37.8°C, fever occurred in 5.4%

Table 1. Characteristics and Follow-up of Subjects Included in the Safety Population.*
Variable Live Attenuated Vaccine Inactivated Vaccine Total
No. of subjects 4179 4173 8352
History of influenza vaccination — no. (%) 933 (22.3) 947 (22.7) 1880 (22.6)
Mean age at first vaccination — mo 25.7 25.6 25.6
Age distribution — no. (%)
6-23 mo 1992 (47.7) 1975 (47.3) 3967 (47.5)
6-11 mo 684 (16.4) 683 (16.4) 1367 (16.4)
12-23 mo 1308 (31.3) 1292 (31.0) 2600 (31.1)
24-35 mo 1372 (32.8) 1379 (33.0) 2751 (32.9)
36-59 mo 815 (19.5) 818 (19.6) 1633 (19.6)
60 mo 0 1(<0.1) 1(<0.1)
Sex —no. (%)
Male 2142 (51.3) 2147 (51.4) 4289 (51.4)
Female 2037 (48.7) 2026 (48.6) 4063 (48.6)
Race or ethnic group — no. (%) 7
White and non-Hispanic 3351 (80.2) 3356 (80.4) 6707 (80.3)
Black 171 (4.1) 156 (3.7) 327 (3.9)
Hispanic 267 (6.4) 272 (6.5) 539 (6.5)
Asian 309 (7.4) 307 (7.4) 616 (7.4)
Other 81 (1.9) 82 (2.0) 163 (2.0)
History of any wheezing — no. (%) 899 (21.5) 863 (20.7) 1762 (21.1)
History of recurrent wheezing — no. (%) 271 (6.5) 239 (5.7) 510 (6.1)
History of asthma — no. (%) 164 (3.9) 169 (4.0) 333 (4.0)
Duration of follow-up — days
Median 219 219 219
Range 0-224 0-224 0-224

* The categories of any wheezing, recurrent wheezing, and asthma were not mutually exclusive.

" Race or ethnic group was reported by the child’s parent or guardian.
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Figure 1. Kaplan—-Meier Curves for the Time to the First Culture-Confirmed Report of Influenza in the Two Vaccine

Culture-confirmed influenza was caused by any wild-type influenza strain (regardless of antigenic match or mis-
match to vaccine) in children who received a study vaccine according to the study protocol (P<0.001 by the log-rank
test). Of 3936 children given inactivated vaccine, 338 had influenza, and of 3916 children given live attenuated vac-
cine, 153 had influenza. Each square denotes one infected child in the inactivated-vaccine group, and each circle

of the live-attenuated-vaccine group and 2.0% of
the inactivated-vaccine group on day 2 after receipt
of dose 1 of vaccine (P<0.001). With the use of a
higher temperature cutoff (fever defined as 38.9°C
[>102°F]), the incidence of fever was low (<1%
on day 2, after receipt of dose 1) in both vaccine
groups. No significant differences in fever were
found between the two groups after the second
dose (see Fig. 2 in the Supplementary Appendix).
The rates of medically significant wheezing
during the 42-day period after each dose of vac-
cine are shown in Table 3. Overall, there was no
significant difference in medically significant
wheezing between the two groups. In previously
unvaccinated children, after dose 1, there were 74
cases of medically significant wheezing (2.3%)
among children given live attenuated vaccine,
as compared with 48 cases (1.5%) among those
given inactivated vaccine, with a significant ad-
justed rate difference of 0.77% (95% confidence
interval [CI], 0.12 to 1.46). The increase in medi-
cally significant wheezing was seen primarily dur-

ing the second, third, and fourth weeks after vac-
cination (Fig. 3 in the Supplementary Appendix).
Among previously unvaccinated children 24
months of age or older, there was no significant
difference in the rates of medically significant
wheezing between the two groups. Among those
younger than 24 months of age, 55 children (3.2%)
in the live-attenuated-vaccine group and 34 chil-
dren (2.0%) in the inactivated-vaccine group had
medically significant wheezing after receipt of
dose 1, with an adjusted difference of 1.18 (95%
CI, 0.13 to 2.29). The difference in the incidence
of medically significant wheezing was seen pri-
marily in children less than 12 months of age
(see Fig. 4 in the Supplementary Appendix), with
12 more episodes of wheezing after dose 1 in chil-
dren in this age group who received live attenuated
vaccine than in those who received inactivated
vaccine (3.8% vs. 2.1%, P=0.08).

A review of hospital records for children less
than 24 months of age who were hospitalized
with medically significant wheezing indicated a
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Table 2. Influenza Attack Rates in the According-to-Protocol Population.*

Similarity Live Attenuated Inactivated Vaccine ~ Reduction in Attack
Variable to Vacciney Vaccine (N=3916):; (N=3936)§ Rate with Live Vaccine|
Cases  Attack Rate  Cases  Attack Rate
no. % no. % % (95% Cl)
Virus Well matched 53 1.4 93 2.4 44.5 (22.4 to 60.6)
A/HIN1 3 0.1 27 0.7 89.2 (67.7 t0 97.4)
A/H3N2 0 0 0 0 =
B 50 1.3 67 1.7 27.3 (-4.8t0 49.9)
Age at first vaccination Well matched
(any influenza
virus)
6-23 mo 23 1.3 32 1.7 29.1 (-21.2t0 59.1)
24-35 mo 17 1.3 24 1.8 32.6 (-25.8 to 64.5)
36-59 mo 13 1.7 37 4.7 65.6 (36.3 to 82.4)
Previous vaccination Well matched
(any influenza
virus)
Yes 18 1.9 29 31 39.3 (-9.2t0 66.9)
No 35 1.2 64 21 46.9 (20.0 to 65.2)
Virus Not well matched 102 2.6 245 6.2 58.2 (47.4t0 67.0)
A/HIN1 0 0 0 0 =
A/H3N2 37 0.9 178 4.5 79.2 (70.6 to 85.7)
B 66 1.7 71 1.8 6.3 (-31.6t0 33.3)
Virus Regardless of match 153 3.9 338 8.6 54.9 (45.4t0 62.9)
A/HIN1 3 0.1 27 0.7 89.2 (67.7 t0 97.4)
A/H3N2 37 0.9 178 45 79.2 (70.6 to 85.7)
B 115 2.9 136 3.5 16.1 (-7.7 to 34.7)

* Children had influenza-like illness and culture-positive infection. Modified CDC influenza-like illness was defined as
the presence of an increased oral temperature (>100°F [37.8°C] or the equivalent) in the presence of cough, sore throat,
runny nose, or nasal congestion occurring on the same or consecutive days. The analysis of the primary end point in
subgroups (stratified according to age, vaccination status, and presence or absence of a history of recurrent wheezing)
provided estimates of the relative efficacy of live attenuated vaccine of 24.0 to 65.6%, a finding consistent with the rela-
tive efficacy of 44.5% observed in the overall according-to-protocol population. Higher estimates of the relative efficacy
of live attenuated vaccine, as compared with inactivated vaccine, against matched influenza strains were seen in 13 of
the 15 countries in which matched strains were isolated.

7 Viruses were characterized as antigenically similar to vaccine or not well matched to vaccine. Reference antiserum pro-
vided by the CDC was used to characterize isolates antigenically and a difference by a factor of 4 or more in the hemag-
glutination-inhibition titers was considered indicative of antigenic variation between two viruses.

i Four subjects had both influenza A/H3N2 and influenza B virus infections; two isolates could not be characterized as
antigenically well matched or not well matched to vaccine virus antigen.

§ Two subjects had both influenza A/HIN1 and influenza B virus infections; six subjects had both influenza A/H3N2 and
influenza B virus infections; five isolates could not be characterized as antigenically well matched or not well matched
to vaccine virus antigen.

9§ The analysis of subjects in the intention-to-treat population confirmed the results in the according-to-protocol population.
The observations were robust in all subgroups (stratified according to age, vaccination status, presence or absence of
a history of recurrent wheezing, and country of residence). Among children 6 to 23 months of age, in whom the overall
attack rates of influenza were 3.2% in the live-attenuated-vaccine group and 7.2% in the inactivated-vaccine group, the
relative efficacy of live attenuated vaccine of 55.7% was significant.
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Table 3. Incidence in the Safety Population of Medically Significant Wheezing within 42 Days after Receiving Vaccine.*

Adjusted Rate Difference
Variable Live Attenuated Vaccine Inactivated Vaccine (95% Cl)y

no. /total no. of cases (%)
All children (6-59 mo of age)

Previously vaccinated

After dose 1 19/933 (2.0) 17/947 (1.8) 0.03 (-1.24 to 1.38)
Not previously vaccinated

After dose 1 74/3246 (2.3) 48/3226 (1.5) 0.77 (0.12 to 1.46)

After dose 2 73/3002 (2.4) 67/3034 (2.2) 0.20 (-0.56 to 0.97)

Children <24 moz;:

Previously vaccinated

After dose 1 7/267 (2.6) 3/269 (1.1) 1.34 (-1.11 to 4.30)
Not previously vaccinated

After dose 1 55/1725 (3.2) 34/1706 (2.0) 1.18 (0.13 to 2.29)

After dose 2 57/1578 (3.6) 39/1595 (2.4) 1.15 (-0.04 to 2.38)

Children =24 moz;:

Previously vaccinated

After dose 1 12/666 (1.8) 14/678 (2.1) ~0.49 (-2.07 to 1.10)
Not previously vaccinated

After dose 1 19/1521 (1.2) 14/1520 (0.9) 0.30 (~0.46 to 1.09)

After dose 2 16/1424 (1.1) 28/1439 (1.9) -0.85 (~1.83 to 0.05)

Children with a history of recurrent
wheezing (6-59 mo of age)

Previously vaccinated

After dose 1 10/98 (10.2) 7/78 (9.0) 1.08 (~8.52 to 10.26)
Not previously vaccinated

After dose 1 12/173 (6.9) 12/161 (7.5) -0.43 (-6.31 t0 5.38)

After dose 2 10/148 (6.8) 14/140 (10.0) -3.26 (-10.10t0 3.33)
Children without a history of recurrent

wheezing (6-59 mo of age)

Previously vaccinated

After dose 1 9/835 (L.1) 10/869 (1.2) -0.07 (-1.14 to 1.02)
Not previously vaccinated

After dose 1 62/3073 (2.0) 36/3065 (1.2) 0.84 (0.21 to 1.50)

After dose 2 63/2854 (2.2) 53/2894 (1.8) 037 (-0.35 to 1.13)

* The health care provider documented the wheezing as accompanied by tachypnea, retractions, or dyspnea, an oxygen

saturation of less than 95%, while breathing ambient air, or receipt of a new prescription for daily bronchodilators.
Differences in rates were adjusted for the subject’s age and the presence or absence of a history of recurrent wheezing.
The proportion of subjects with medically significant wheezing who were younger than 24 months of age in the two
study groups who had tachypnea, dyspnea, retractions, or hypoxemia after dose 1 was similar (27% in the live-attenuat-
ed-vaccine group and 26% in the inactivated-vaccine group). A total of 12 subjects younger than 24 months of age (9
[0.5%] and 3 [0.2%)], respectively) were hospitalized in association with medically significant wheezing within 42 days
after receiving a dose of vaccine. No child was treated in an intensive care unit, received mechanical ventilation, or
died because of medically significant wheezing. The difference in the rate of medically significant wheezing after dose
1 among previously unvaccinated children 6 to 23 months of age occurred primarily among those who were 6 to 11
months of age (3.8% in the live-attenuated-vaccine group vs. 2.1% in the inactivated-vaccine group; adjusted rate dif-
ference, 1.61% [95% Cl, -0.18 to 3.53]); among children 12 to 23 months of age who had medically significant wheez-
ing (2.8% in the live-attenuated-vaccine group vs. 2.0% in the inactivated-vaccine group), the adjusted rate difference
(0.9% [95% Cl, -0.42 to 2.27]) was not significant.
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through 180 Days after the Last Dose of Vaccine.*

Table 4. Medically Significant Wheezing, Serious Adverse Events, and Rates of Hospitalization According to Age Group,

Age Event

6-11 mo Medically significant wheezing
Any serious adverse event
Hospitalization for any cause

12-59 mo Medically significant wheezing
Any serious adverse event
Hospitalization for any cause

6-59 mo Medically significant wheezing
Any serious adverse event

Hospitalization for any cause

Live Attenuated Vaccine Inactivated Vaccine
no. ftotal no. (%)

93/684 (13.6) 71/683 (10.4)
44/684 (6.4) 23/683 (3.4)
42/684 (6.1) 18/683 (2.6)
272/3495 (7.8) 255/3490 (7.3)
92/3495 (2.6) 105/3490 (3.0)
88/3495 (2.5) 101/3490 (2.9)
365/4179 (8.7) 326/4173 (7.8)
136/4179 (3.3) 128/4173 (3.1)
130/4179 (3.1) 119/4173 (2.9)

* Medically significant wheezing, serious adverse events, and hospitalizations were analyzed from the day of the first dose
through 180 days after the last dose of vaccine (for a breakdown according to causes of hospitalization and diagnostic

category, see Table 4 in the Supplementary Appendix).

similar severity of illness among those receiving
live attenuated vaccine and those receiving inac-
tivated vaccine and in the duration of stay in the
hospital, associated diagnoses, and treatment (Ta-
ble 2 and Table 3 in the Supplementary Appen-
dix). Beyond 42 days after vaccination, the rates
of medically significant wheezing did not differ
significantly between the two groups among
children less than 24 months of age (7.6% in the
live-attenuated-vaccine group and 7.1% in the
inactivated-vaccine group). The proportion of those
less than 24 months of age who had medically
significant wheezing within 42 days after vaccina-
tion and who had at least one additional medically
significant wheezing episode during the study pe-
riod was similar in the two groups (32% in the
live-attenuated-vaccine group and 28% in the in-
activated-vaccine group); the proportion of these
children who had two or more additional medi-
cally significant wheezing episodes was 4.3% and
5.3%, respectively.

The incidence of serious adverse events in the
two groups was similar (136 in the live-attenu-
ated-vaccine group and 128 in the inactivated-vac-
cine group) (Table 4). Six serious adverse events
in the live-attenuated-vaccine group (bronchiolitis
in two children, and asthma exacerbation, wheez-
ing, acute gastroenteritis, and reactive airway dis-
ease in one child each) and five in the inactivat-
ed-vaccine group (pneumonia, wheezing, febrile
convulsion, febrile convulsion and pneumonia,
and viral gastroenteritis in one child each) were

considered by the investigator, who was unaware
of the treatment assignments, to be potentially
related to the study vaccine. One death occurred
in each vaccine group — one because of aspira-
tion of a foreign body and one because of a house
fire. New diagnoses of chronic diseases assessed
within 180 days after the last dose of vaccine
were infrequent in the two groups, with overall
incidence rates of 1.7% in the live-attenuated-
vaccine group and 1.3% in the inactivated-vac-
cine group.

A post hoc analysis for the study period
through 180 days after the last dose of vaccine
showed that children 6 to 11 months of age were
hospitalized for any cause at a higher rate in the
live-attenuated-vaccine group than in the inacti-
vated-vaccine group (6.1% vs. 2.6%; difference
in rate, 3.5% [95% CI, 1.4 to 5.8]) (Fig. 2 and
Table 4, and Table 4 in the Supplementary Appen-
dix). The rate of hospitalization for respiratory
diagnoses in this age group was 3.2%, as com-
pared with 1.2% in the two groups, respectively
(absolute difference, 2.0% [95% CI, 0.5 to 3.8]).
The differences in hospitalization rates among
children 12 to 23 months of age (3.2% in the live-
attenuated-vaccine group and 3.5% in the inacti-
vated-vaccine group) and among children 24 to
59 months of age were not significant. Although
not statistically significant, there was a trend to-
ward a higher rate of hospitalization for any cause
among children receiving live attenuated vaccine
who were 6 to 47 months of age and had a history
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Figure 2. Difference in Rates of Hospitalization between the Two Vaccine
Groups, According to Age and the Presence or Absence of a History
of Wheezing Illness before Vaccination.

Among children 6 to 11 months of age, for the comparison between live at-
tenuated vaccine and inactivated vaccine among all children regardless of
whether there was a history of wheezing illness, P=0.002, and for the com-
parison between live attenuated vaccine and inactivated vaccine among
children with a history of wheezing illness, P=0.004. Among children 48 to
59 months of age, for the comparison between live attenuated vaccine and
inactivated vaccine among children without a history of wheezing,
P=0.039. For all other comparisons, P>0.05. P values were calculated by
inverting two one-sided tests on the basis of asymptotic methods and with
the use of StatXact software, version 6.2 (Statistical Solutions).
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of wheezing than among those receiving inacti-
vated vaccine who were in the same age group and
had a history of wheezing. Among children 12 to
59 months of age who did not have a history of
wheezing, the rates of hospitalization for any cause
were lower in the live-attenuated-vaccine group
than in the inactivated-vaccine group (P=0.07).

DISCUSSION

Many believe that the successful control of an-
nual influenza epidemics depends on vaccinating
a high proportion of children.1*® As U.S. public
health authorities move toward this goal, highly
effective vaccines are needed, including vaccines
with efficacy against antigenically drifted influ-
enza strains. The live attenuated influenza vac-
cine we used has many of the characteristics that
are desirable for the control of epidemic influen-
za. In addition to its high acceptability because
of the mode of administration, the significantly

N ENGLJ MED 356;7 WWW.NEJM.ORG

higher efficacy of this live attenuated vaccine
than of the licensed inactivated vaccine suggests
that it can play an important role in the control
of influenza. This higher efficacy was seen not
only for well-matched strains but also for viruses
that were antigenically drifted from the antigen
in the vaccine.

Some earlier studies have suggested the poten-
tial for wheezing in young children after receipt of
live attenuated influenza vaccine,'> whereas oth-
ers have not.2*' Our comprehensive, prospective
safety study showed an increased risk of medically
significant wheezing (within 42 days after vac-
cination) among recipients of live attenuated vac-
cine who were younger than 12 months of age.
The pathogenesis of wheezing in some children
given live attenuated vaccine remains unknown,
although in our study, the wheezing developed
after the peak of viral replication and at the time
when immune responses to the viruses are ex-
pected — that is, during weeks 2, 3, and 4 after
vaccination.

The incidence of serious adverse events did not
differ significantly between the two groups. How-
ever, in post hoc analyses, rates of hospitaliza-
tion for any cause among infants 6 to 11 months
of age were significantly higher in the live-attenu-
ated-vaccine group than in the inactivated-vaccine
group. In addition, higher, but not significantly
higher, rates of hospitalization were observed
among children in the age groups of 12 to 23
months, 24 to 35 months, and 36 to 47 months
who had a history of wheezing illness before en-
tering the study. These observations require fur-
ther study. Children 12 months of age or older who
had no history of wheezing illness before vacci-
nation and who received live attenuated vaccine
had lower rates of hospitalization for any cause
during the study than those who received inacti-
vated vaccine. On the basis of our results, the
risk—benefit ratio for live attenuated vaccine ap-
pears favorable among children 12 to 47 months
of age who have no history of wheezing.

Until additional data are available, the obser-
vations related to medically significant wheezing
and rates of hospitalization will restrict the use
of live attenuated vaccine in children younger than
1 year and in children 12 to 47 months of age who
have a history of asthma or wheezing. Additional
studies to determine the optimal use of both vac-
cines in infants and young children are warranted.
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The high influenza attack rate among children in
the inactivated-vaccine group who were less than
12 months of age and had a history of wheezing
(14%) suggests that inactivated vaccine has low
efficacy in this group. Further studies might show
whether an initial dose of inactivated vaccine
followed by live attenuated vaccine would pro-
vide optimal protection for children younger than
1 year of age while also ensuring maximum vac-

cine safety.
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APPENDIX

Participants in the CAIV-T Comparative Efficacy Study Group were as follows (members of the Advisory Committee are marked with an
asterisk): Belgium: W. Lipschutz, A. Malfroot, E. Schatteman, V. Vanbelle, C. Vandermeulen, F. Van Kerckhoven, A. Vertruyen. Czech
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peik, I. Tichmann-Schumann. Greece: C. Katsardis, J. Kavaliotis, A. Constantopoulos, P. Nikolaidou, V. Syriopoulou, J. Tsanakas. Hong
Kong: K. Huen, Y. Hui, Y. Lau, D. Ng, L. So, R. Sung. Iceland: G. Jonasson. Israel: S. Arnon, A. Bahir, M. Bendet, A. Cohen, S. Gross, D.
Hornik, H. Kirstal, Y. Laks, M. Levy, D. Paz, O. Poznanski, S. Rigler, Y. Rosen, Y. Shag, Y. Uziel, A. Yarom, E. Zinder Koziel. Italy: G.
Bona, R. Cutrera, N. Principi, S. Esposito, P. Marchisio. Korea: K. Ahn, S. Cha, D. Kim, Y. Kim. Lebanon: G. Dbaibo, R. Sacy. Spain: L.
Antén Crespo, J. Baldd, J. Ferres, M. Garcés, M. Garcia, A. Jubert, C. Landaluce, A. Martinez-Roig, M. Mufioz del Barrio, V. Planelles,
1. Sorribes, I. Ubeda. Sweden: C. Flodmark, L. Gothefors, B. Granstrom, S. Klaesson, C. Penno, L. Stenhammar, M. Wedenberg. Taiwan:
P. Chen, N. Chiu, L. Huang,* Y. Huang, C. Lin. United Kingdom: M. Blagden, B. Bodalia, R. Brownlie, R. Cook, A. Egerton, C. Fletcher,
M. Garala, A. George, A. Graham, T. Hall, J. Ham, D. Haworth, R. Lal-Sarin, M. McCaughey, C. McKinnon,* A. Menezes, P. Shearer,
B. Silvert, H. Simpson, A. Takhar. United States: G. Adams, W. Andrews, L. Angles, C. Arango, B. Asmar, A. Atz, R. Bain, B. Baker, O.
Basta, M. Baz, J. Bellanti, D. Bernstein,* S. Black,* S. Block,* G. Bottenfield, P. Bristol, R. Carson, M. Castleberry, S. Christensen, E.
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Hayden,* L. Hazan, C. Hebert, F. Henderson, D. Henry, D. Herrington, D. Hurley, K. Jackson, D. Johnson, W. Johnston, E. Kairis, M.
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