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The highly sensitive gamma interferon (IFN-y) enzyme-linked immunosorbent spot (ELISPOT) assay
permits the investigation of the role of cell-mediated immunity (CMI) in the protection of young children
against influenza. Preliminary studies of young children confirmed that the IFN-y ELISPOT assay was a more
sensitive measure of influenza memory immune responses than serum antibody and that among seronegative
children aged 6 to <36 months, an intranasal dose of 107 fluorescent focus units (FFU) of a live attenuated
influenza virus vaccine (CAIV-T) elicited substantial CMI responses. A commercial inactivated influenza virus
vaccine elicited CMI responses only in children with some previous exposure to related influenza viruses as
determined by detectable antibody levels prevaccination. The role of CMI in actual protection against com-
munity-acquired, culture-confirmed clinical influenza by CAIV-T was investigated in a large randomized,
double-blind, placebo-controlled dose-ranging efficacy trial with 2,172 children aged 6 to <36 months in the
Philippines and Thailand. The estimated protection curve indicated that the majority of infants and young
children with =100 spot-forming cells/10° peripheral blood mononuclear cells were protected against clinical
influenza, establishing a possible target level of CMI for future influenza vaccine development. The ELISPOT
assay for IFN-y is a sensitive and reproducible measure of CMI and memory immune responses and contrib-
utes to establishing requirements for the future development of vaccines against influenza, especially those

used for children.

The role of the cellular immune system in contributing to
protection of humans against culture-confirmed clinical influenza
remains poorly defined. While studies have measured cell-medi-
ated immunity (CMI) against influenza virus in humans (9, 12, 28,
31, 39, 40, 45, 57), the role of CMI in protection against clinical
influenza has not been established in the field, due to the tech-
nical difficulties of using these complex assays. Therefore, influ-
enza vaccine development strategies rarely address the role of
CMI in vaccine design, and investigators continue to fail to de-
termine the role of CMI in protection of humans (44).

Instead, serum antibody, as most commonly determined us-
ing the hemagglutination inhibition (HAI) assay with protec-
tive levels established in experimental human influenza virus
challenge studies, is most frequently used as a surrogate (52).
However, serum HAI responses have not been proven to be
predicative of efficacy, especially for live influenza virus vac-
cines, which might induce immune responses not elicited by
conventional inactivated virus vaccines (7, 37), including induc-
ing CMI and production of the antiviral cytokines gamma
interferon (IFN-vy) and IFN-« (11, 31, 58). In human challenge
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studies, protection against influenza virus may occur in the
absence of a detectable antibody response (64), and subjects
may be protected despite the lack of a measurable antibody
response to vaccination. From studies characterizing the im-
mune response following intranasal administration of mono-
valent live attenuated influenza virus vaccines, CMI has been
considered to have a role in protection in adults and children
that could not be entirely explained by mucosal or serum an-
tibody responses (7, 41).

Young children are a recognized high-risk group for influ-
enza virus infection and clinical disease as well as being a viral
reservoir during influenza seasons (32, 38, 47, 55, 56). To date,
little reliable efficacy information is available for trivalent in-
activated influenza virus vaccines (TIV) for this age group,
despite recommendations for the routine use of such vaccines
(56, 70). Two recent clinical trials with young children have
reported the superiority of live attenuated influenza virus vac-
cines (LAIV) over inactivated influenza virus vaccines in the
prevention of influenza (2, 5). Further, there is a paucity of
data characterizing the immune responses elicited by TIV in
children, and there are no data linking responses to actual
protective efficacy against culture-confirmed disease.

In two studies reported here, the induction by influenza
vaccination of CMI responses in young children and the asso-
ciation between CMI responses and protection by a LAIV
against culture-confirmed influenza in the field were investi-
gated using a highly sensitive IFN-y enzyme-linked immu-
nosorbent spot (ELISPOT) assay (33, 36, 60, 61).
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MATERIALS AND METHODS

Ethics committees’ and institutional review boards’ approvals. Approvals for
the study protocols and any amendments were obtained from all human ethics
committees, institutional review boards, and any regional or national ethics
committees at participating centers as applicable, prior to the commencement of
any protocol-related activities.

Vaccine and placebo. (i) TIV. A commercially available TIV (FluShield; Wyeth
Laboratories Inc., Marietta, PA) was used. Each adult dose contained 15 g of
hemagglutinin (HA) antigens matched to the 2001-2002 influenza vaccine com-
position recommendations of the Vaccines and Related Biologicals Advisory
Committee of the U.S. Food and Drug Administration, consisting of an influenza
virus A/HIN1/A/New Caledonia/20/99-like virus, A/H3N2/Panama/2007/99 (an
influenza virus A/H3N2/Moscow/10/99-like virus), and a B/Sichuan/379/99-like
virus (15). In the exploratory immunogenicity study, TIV was administered
according to the manufacturer’s instructions as an intramuscular injection of 0.25
ml to young children.

(ii) CAIV-T. The reassortant virus strains of the live attenuated trivalent
influenza virus vaccine (CAIV-T) were supplied by MedImmune Vaccines
(Mountain View, CA). The liquid formulation of CAIV-T and the saline placebo
were manufactured and release tested by Wyeth (Marietta, PA). The reassortant
vaccine strains were grown in specific-pathogen-free eggs, and the allantoic fluid,
which contained the virus, was harvested, concentrated, and purified. The vac-
cine was formulated with sucrose-phosphate-glutamate, acid-hydrolyzed porcine
gelatin, and arginine as stabilizers. The vaccine contained no preservatives and
had a pH of 7.2 = 0.5. The placebo consisted of sterile physiological saline
manufactured by Wyeth (Marietta, PA). Approximately 0.1 ml of vaccine or
placebo was administered into each nostril, for a total volume of 0.2 ml (63).

CAIV-T and the placebo were frozen and shipped to the study sites, where
they were stored at 2°C to 8°C until just before intranasal administration using a
spray applicator. Both CAIV-T doses and placebo were supplied in identically
packaged sprayers; neither the study subjects, their parents or guardians, or the
clinical personnel were aware of the treatment being administered.

The CAIV-T <10° preparations used in the exploratory immunogenicity study
were formulated at 1.0 X 107 fluorescent focus units (FFU) of each of three
reassortant vaccine virus strains and were subsequently heat treated at 45°C for
60 min in a water bath. The limit of detection of the release assay was determined
to be 1 X 10>! FFU/ml. Therefore, the actual dose was <1 X 10'* FFU of each
live vaccine virus strain. One fluorescent focus unit is equivalent to 1.0 50% tissue
culture infective dose.

The CAIV-T dose forms used in the field efficacy evaluation were filled and
formulated to the actual delivered dose (107" * % FFU, 10°° * %5 FFU, or
103 = 5 FFU) and were then shipped and stored at or below —20°C until they
were dispensed at the site.

For the efficacy evaluation, the HA and neuraminidase (NA) antigens of the
wild-type influenza virus strains used to generate the type A/HIN1, A/H3N2, and
B vaccine reassortants for the CAIV-T formulation were antigenically represen-
tative of virus recommendations by the World Health Organization (WHO) for
the 2001-2002 Northern Hemisphere influenza season. The WHO-recom-
mended strains for that season were A/HIN1/New Caledonia/20/99-like,
A/H3N2/Moscow/10/99-like, and B/Sichuan/379/99-like viruses. The A/Panama
strain used in the vaccine was A/H3N2/Moscow/10/99-like. The B antigen used in
the vaccine, B/Victoria/504/2000, was considered a B/Sichuan/379/99-like virus
(69).

The 107 * %5-FFU dose has previously been established to elicit a consistently
high level of protective efficacy in children aged 6 to 36 months (2, 53, 57),
including those in the Philippines and Thailand (63).

HAI assay. In the preliminary immunogenicity study, blood samples were
obtained prevaccination and again 28 days postvaccination. Samples were as-
sayed for antibodies to influenza virus A/HIN1, A/H3N2, and B strains by an
HALI assay. Seroconversion was defined as a =4-fold increase in the antibody
titer (14).

IFN-y ELISPOT determination. Blood samples were taken before the first
dose, 7 to 10 days after the first dose, and 7 to 10 days after the second dose for
enumeration of IFN-y spot-forming cells (SFC) by the ELISPOT assay.

Peripheral blood mononuclear cells (PBMC) were isolated at the study site via
Ficoll Hypaque gradient centrifugation using Accuspin tubes (Sigma-Aldrich
Corp., St. Louis, MO) and cryopreserved in aliquots of 5 X 10° cells/ml in cell
culture freezing medium with dimethyl sulfoxide (GIBCO, Grand Island, NY).
Cells were frozen using a rate-controlled freezing container (Nalgene, Roches-
ter, NY) and were subsequently transferred to liquid nitrogen containers. The
interval between the drawing of the blood and PBMC separation was 6 to 8 h. All
PBMC samples were shipped to a central testing laboratory via MVE TATA
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cryoshippers (Princeton Cryotech, Whitehouse, NJ) and upon arrival were trans-
ferred to liquid nitrogen freezers and stored in the vapor phase until testing.

Qualified ELISPOT assays were conducted for the enumeration of PBMC
secreting IFN-vy following a 20- to 24-h in vitro stimulation with the inactivated
monovalent vaccine components (influenza A/HIN1, A/H3N2, and B viruses)
that corresponded to the vaccine strains administered (1, 28). Phytohemagglu-
tinin and allantoic fluid served as positive and negative controls in these assays.
Spots were enumerated via image analysis using a series 1 ImmunoSpot image
analyzer (Cellular Technology, Ltd., Cleveland, OH).

Field efficacy evaluation. All children participating in the randomized, double-
blind, placebo-controlled efficacy trial of CAIV-T were required to be in good
health as determined by medical history, physical examination, and clinical judg-
ment. Exclusion criteria included any serious chronic disease, including progres-
sive neurologic disease, Down syndrome, or other cytogenetic disorder; any
known or suspected disease of the immune system or receipt of immunosuppres-
sive therapy, including systemic corticosteroids; receipt of any blood products,
including immunoglobulin, in the 6 months before enrollment through the
study’s conclusion; immunosuppression or the presence of an immunocompro-
mised household member; receipt of any commercial or investigational influenza
vaccine before enrollment; a documented history of hypersensitivity to egg or egg
protein or any other components of CAIV-T or the placebo; clinically confirmed
respiratory illness with wheezing within the past 2 weeks; the receipt of aspirin
(acetylsalicylic acid) or aspirin-containing products within the past 2 weeks; the
receipt of another live virus vaccine within 1 month of vaccination in this study;
or any medical condition(s) that in the opinion of the investigator might interfere
with interpretation of the study results.

Each child was randomized to receive two sequential doses 35 * 7 days apart
of either one of three dose levels (107° = 3 FFU, 10%° = %> FFU, or 10> = 03
FFU) of CAIV-T or saline placebo. Subjects were monitored for influenza
through one subsequent influenza season, with surveillance concluding on 30
November 2002.

Surveillance and criteria for influenza illness. In the evaluation for vaccine
efficacy in young children, the criteria for obtaining a nasal swab sample were
based on those previously reported (8, 63, 67). Surveillance for influenza-like
illness began on the 11th day following receipt of the first vaccine dose and
consisted of phone contacts, clinic visits, or home visits, as applicable. Nasal swab
viral cultures were required if subjects had at least one of the following: fever
(=38°C rectal or =37.5°C axillary temperature), shortness of breath, pulmonary
congestion, pneumonia, ear infection (acute otitis media, suspected or diag-
nosed), or wheezing. Nasal swab viral cultures were also required if subjects
showed two or more of the following: runny nose or nasal congestion (rhinor-
rhea), sore throat (pharyngitis), cough, muscle aches, chills, headache, irritability,
decreased activity, or vomiting. Cultures could also be obtained at the investigators’
clinical discretion.

Nasal swab processing, viral culture, and influenza virus isolate character-
ization. All isolates were cultured and typed by a central laboratory (Chinese
University of Hong Kong, Hong Kong SAR, China) for influenza as previously
described (2, 63).

Influenza virus isolates were identified by the Centers for Disease Control and
Prevention (CDC, Atlanta, GA) using serological techniques. Identification as-
says, which included PCR and HA sequencing for the serotype, were also per-
formed by Wyeth (Pearl River, NY). All efficacy analyses were based on PCR
identification of cultured influenza viruses, with confirmation by serotyping if
possible (16).

Statistical methods. The post-second-dose value for determination of CMI in
the field efficacy evaluation study was selected based on the observation from the
preliminary study that this was the time point postvaccination with consistently
higher responses.

In order for a value to be considered valid, the number of SFC obtained
(before control background subtraction) had to be at least twice that for the
appropriate background control (allantoic fluid). Additionally, values obtained
on a specific sampling day had to be at least twice their appropriate day zero
value to be considered a positive response. If the median of the stimulated counts
minus the median of the medium counts was >1, then the value used in the
analysis was the difference. Otherwise, the value used was 1. For the correlate
analysis, inclusion of the medium counts was found not to add to or detract from
the fit of the models, and thus the assay value was taken to be log[max(3,"2)],
where /13 represents the median count of stimulated SFC from the day 13 sample.

A scaled logit model was used to model the relationship between assay values
(SFC/10° PBMC) and the occurrence of disease (21). The probability of disease
was modeled as
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TABLE 1. Serum HAI antibody titers and GMFRs in response to the A/HIN1, A/H3N2, and B virus strains in all subjects

Geometric mean® HAI titer (95% CI)

Strain and b
treatment Prevaccination Postvaccination GMEFR (95% CI)
A/HIN1
CAIV-T 107 40 3.86 (2.39, 6.24) 6.96 (3.94, 12.30) 1.8 (1.19, 2.74)
CAIV-T <10° 40 4.84 (2.85, 8.23) 4.84 (2.83,8.27) 1.00 (0.74, 1.35)
TIV 42 5.56 (3.21, 9.63) 13.34 (5.75, 30.95) 2.40 (1.62,3.54)
Placebo 40 5.10 (3.01, 8.64) 5.01 (2.99, 8.39) 0.98 (0.68, 1.42)
A/H3N2
CAIV-T 107 40 4.07 (2.50, 6.63) 28.34 (17.03, 47.16) 6.96 (3.95, 12.27)
CAIV-T <10° 40 3.93 (2.41, 6.42) 4.68 (2.79, 7.83) 1.19 (0.88, 1.61)
TIV 42 4.00 (2.45, 6.52) 6.90 (3.90, 12.19) 1.72 (1.34,2.21)
Placebo 40 3.93 (2.41, 6.40) 4.68 (2.76,7.91) 1.19 (0.91, 1.56)
B
CAIV-T 107 40 5.76 (3.58, 9.27) 16.00 (10.51, 24.35) 2.78 (1.46, 5.29)
CAIV-T <10° 39 6.28 (4.17,9.45)° 7.72 (4.79, 12.45) 1.28 (0.88, 1.88)
TIV 42 5.38 (3.60, 8.05) 10.42 (5.49, 19.76) 1.94 (1.25, 3.00)
Placebo 39 5.51 (3.66, 8.29) 7.45 (4.86, 11.43) 1.35(0.82, 2.22)

“ Geometric mean, antilog of the mean of the log-transformed titer or fold rise.
? n, number of subjects in the calculation.
¢ A total of 40 subjects were included for this calculation.

A
P(dlsease) = m
where ¢ represents the assay value after logarithmic transformation. The value of
log('2) was assigned if no SFC were observed; models were fitted by maximum
likelihood. If it is assumed that both exposure and susceptibility are necessary for
disease to occur, and that the ELISPOT fully captures the degree of protection,
then X may be interpreted as an estimate of exposure and the expression 1/[1 +
exp(& + )] as an estimate of susceptibility, decreasing with increasing assay
values. The expression 1 — {1/[1 + exp(& + Pf)]} is an estimate of protection,
and a graph of this against assay values represents a “protection curve” (see Fig.
2). a is the location parameter of the protection curve, determining its left-right
position, and B is the scale parameter, determining its steepness.

The exposure parameter and protection curve were first estimated for all
subjects taken together. The consistency of the exposure parameters and pro-
tection curves was examined when separate models were fitted for males and
females, for each of the two countries, and for each of the four treatment groups.

Confidence intervals (95%) for exposure parameters and protection curves were
based on the observed Fisher information and the asymptotic normality of
maximum-likelihood estimators. The goodness of fit of models was compared
with likelihood ratio x? tests. The consistency of exposure parameters and pro-
tection curves was evaluated with Wald-type F tests.

RESULTS

Exploratory study. (i) HAI GMTs, GMFRs, and geometric
mean antibody ratios. Tables 1 and 2 summarize the pre- and
postvaccination HAI geometric mean antibody titers (GMTs)
as well as the pre- to postvaccination geometric mean fold rises
(GMFRs) with 95% confidence intervals (95% CI) for each
vaccine virus strain, i.e., A/HIN1/New Caledonia/20/99,

TABLE 2. Serum HAI antibody titers and GMFRs in response to the A/HIN1, A/H3N2, and B virus strains in seronegative subjects”

Strain and .

Geometric mean® HALI titer (95% CI)

n
treatment Prevaccination Postvaccination GMFR (95% CI)
A/HIN1
CAIV-T 107 33 2.04 (1.96, 2.13) 3.92 (2.68, 5.73) 1.92 (1.31, 2.81)
CAIV-T <10° 29 2.00 (2.00, 2.00) 2.31(1.72,3.10) 1.15 (0.86, 1.55)
TIV 30 2.00 (2.00, 2.00) 2.89 (2.27, 3.69) 1.45 (1.14, 1.84)
Placebo 30 2.00 (2.00, 2.00) 2.52(1.85,3.42) 1.26 (0.93, 1.71)
A/H3N2
CAIV-T 107 33 2.13 (1.98, 2.29) 23.35(13.91, 39.20) 10.96 (6.63, 18.13)
CAIV-T <10° 34 2.13 (1.98, 2.28) 2.72 (1.98, 3.73) 1.28 (0.92, 1.77)
TIV 35 2.04 (1.96, 2.12) 3.35(2.58, 4.34) 1.64 (1.27,2.12)
Placebo 34 2.17 (2.00, 2.35) 2.72 (2.01, 3.66) 1.25(0.92, 1.70)
B
CAIV-T 107 27 2.27 (2.04,2.53) 15.59 (9.18, 26.48) 6.86 (3.98, 11.83)
CAIV-T <10° 21 2.14 (1.94, 2.35) 3.74 (2.19, 6.40) 1.75 (1.01, 3.04)
TIV 26 2.23 (3.01, 2.47) 3.60 (2.23,5.81) 1.62 (1.06, 2.45)
Placebo 24 2.31(2.05,2.61) 4.62(2.77,7.70) 2.00 (1.18, 3.38)

“ A subject was seronegative to a particular strain if his or her prevaccination HAI titer to that strain was =1:4.

? Geometric mean, antilog of the mean of the log-transformed titer or fold rise.
¢ n, number of subjects in the calculation.
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A/H3N2/Panama/2007/99, and B/Yamanashi/166/98, of all sub-
jects and seronegative subjects, respectively.

In general, the antibody levels and GMFRs in response to
the A/H3N2 and B virus strains were higher among subjects
who received CAIV-T 107 than among CAIV-T <10°, TIV,
and placebo recipients. For recipients of CAIV-T 107, the
highest mean fold rises were observed in response to the
A/H3N?2 strain (6.96; 95% CI, 3.95, 12.3), followed by the B
strain (2.78; 95% CI, 1.46, 5.29) and then the A/HINI1 strain
(1.80; 95% CI, 1.19, 2.74).

Among all treatment groups, subjects who received TIV as
treatment had the highest GMFRs in response to the A/HIN1
strain only (2.40; 95% CI, 1.62, 3.54), higher than those of
CAIV-T 107 recipients. Among TIV recipients, the GMFR was
1.94 (95% CI, 1.25, 3.00) for the B strain and 1.72 (95% CI,
1.34, 2.21) for the A/H3N2 strain.

Immunological responses among seronegative subjects to
each of the vaccine virus strains generally followed a pattern
similar to that seen in all subjects (Table 2). Geometric mean
antibody ratios of the CAIV-T 107 group to the other treat-
ment groups showed that levels of antibody were higher in
CAIV-T10 recipients than in all other treatment groups for
the A/H3N2 and B virus strains. For the A/HINI strain,
CAIV-T 107 recipients had higher levels of antibody than sub-
jects receiving CAIV-T <10° or placebo but did not have
higher antibody levels than TIV recipients.

Among seronegative subjects, the levels of HAI antibody to
each viral strain following vaccination, including the A/HIN1
strain, were higher in CAIV-T 107 recipients than in all other
treatment groups.

(ii) HAI seroconversion to CAIV-T virus strains. Table 3
summarizes the number and proportion of subjects by serosta-
tus and treatment group who seroconverted (defined as a rise
in the HAI antibody titer greater than or equal to fourfold) to
each of the three influenza vaccine virus strains, A/HINI1,
A/H3N2, and B, following vaccination. The proportions of
subjects who seroconverted following vaccination differed by
serostatus, strain, and treatment group but followed the pat-
tern observed for GMTs. Seroconversion rates were higher
among subjects who received CAIV-T 107 as treatment than
among those who received CAIV-T <10°, TIV, or placebo,
except for the seroconversion rate of TIV recipients to the
A/HIN1 viral strain. Among CAIV-T 107 recipients, serocon-
version rates were 70.0%, 52.5%, and 20.0% for the A/H3N2
strain, B strain, and A/H1NT1 strain, respectively; the serocon-
version rate of TIV recipients to A/HIN1 was 35.7%.

Seroconversion rates among seronegative subjects to each of
the vaccine virus strains generally followed a pattern similar to
that of all subjects. Comparisons of the seroconversion rates
between the CAIV-T 107 group and all other treatment groups
showed statistically significantly higher seroconversion rates
among CAIV-T 107 recipients to the A/H3N2 and B virus
strains (P = 0.042). The difference in seroconversion rates to
the A/HIN1 strain was not statistically significant.

(iii) Median number of PBMC secreting IFN-y (SFC/10°) as
measured by an ELISPOT assay in response to influenza vi-
rus, and MFRs. An ELISPOT assay was performed for sam-
ples collected on days 0, 6, and 13. Table 4 presents the median
number of PBMC secreting IFN-y as measured by the number
of SFC per million PBMC pre- and postvaccination in response
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TABLE 3. Serum HAI antibody seroconversion rates to the
A/HIN1, A/H3N2, and B influenza virus strains

Serum HAI seroconversion

Serostatus,” strain, and e
treatment No. (%) Significance?
All subjects
A/HIN1
CAIV-T 107 40 8(20.0) N/A
CAIV-T <10° 40 2(5.0) 0.087
TIV 42 15 (35.7) 0.143
Placebo 40 3(7.5) 0.193
A/H3N2
CAIV-T 107 40 28 (70.0) N/A
CAIV-T <10° 40 3(7.5) <0.001
TV 42 10 (23.8) <0.001
Placebo 40 4(10.0) <0.001
B
CAIV-T 107 40 21 (52.5) N/A
CAIV-T <10° 39 7(17.9) 0.002
TV 42 12 (28.6) 0.042
Placebo 39 7(17.9) 0.002
Seronegative subjects
A/HIN1
CAIV-T 107 33 7(21.1) N/A
CAIV-T <10° 29 1(3.4) 0.057
TV 30 5(16.7) 0.754
Placebo 30 3(10.0) 0.308
A/H3N2
CAIV-T 107 33 27 (81.8) N/A
CAIV-T <10° 34 3(8.8) <0.001
TV 35 7 (20.0) <0.001
Placebo 34 4 (11.8) <0.001
B
CAIV-T 107 27 19 (70.4) N/A
CAIV-T <10° 21 5(23.8) 0.003
TV 26 5(19.2) <0.001
Placebo 24 6 (25.0) 0.002

“ Seroconversion to a particular virus strain was defined as a =1:4-fold rise
from baseline in the titer of HAI antibody to that strain.

® A subject was seronegative to a particular strain if his or her prevaccination
HALI titer to that strain was =1:4.

¢ Number of subjects with complete data.

@ P values based on comparison with the CAIV-T 107 treatment group were
calculated by a two-sided Fisher exact test.

to stimulation with the A/HIN1, A/H3N2, or B strain as mea-
sured by the IFN-y ELISPOT assay for samples collected on
days 0, 6, and 13. Table 5 presents the corresponding pre- to
postvaccination median fold rise (MFR) following stimulation
of these cells with the respective vaccine strains, as measured
by IFN-y.

Overall, the IFN-y responses observed for each of the three
virus strains after vaccination were minimal for TIV, CAIV-T
<10°, and placebo recipients. For subjects who received
CAIV-T 107, the levels of response were substantial; responses
were greatest on day 13 and with use of the inactivated viral
antigen test stimulus. Specifically, the MFRs among CAIV-T
107 recipients using inactivated test stimulus on day 13 were
highest in response to the B strain (73.5; 95% CI, 1.00, 237),
followed by A/HIN1 (55.0; 95% CI, 37.0, 227) and then
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TABLE 4. Median number of PBMC secreting IFN-y (SFC/10°) in response to influenza virus strains as measured at days 0, 6, and
13 by the ELISPOT assay

Day (

Strain, serostatus,”

Day 6 Day 13

and treatment ¢ Median SFC/10° n Median SFC/10° " Median SFC/10°
n PBMC (95% CI) PBMC (95% CI) PBMC (95% CI)
A/HINI1
All
CAIV-T 107 8 1(1, 10) 8 13 (1,303) 5 55 (37, 230)
CAIV-T <10° 11 1(1,1) 7 1(1, 20) 11 1(1,1)
TIV 9 1(1,3) 10 1(1,122) 9 3(1,17)
Placebo 8 1(1,2) 8 1(1,23) 9 1(1,13
Seronegative
CAIV-T 107 6 1(1,3) 6 8(1,303) 5 55 (37.230)
CAIV-T <10° 9 1(1,1) 6 1(1,1) 10 1(1,1)
TIV 5 1(1,1) 6 1(1,1) 5 1(1,3)
Placebo 7 1(1,2) 5 1(1,1) 6 1(1,1)
A/H3N2
All
CAIV-T 107 7 1(1,17) 7 3 (1, 200) 5 67 (23, 193)
CAIV-T <10° 10 1(1,1) 7 1(1,2) 9 1(1,1)
TIV 9 1(1,3) 8 1(1,85) 6 3(1,124)
Placebo 7 1(1,1) 7 1(1,1) 6 1(1,10)
Seronegative
CAIV-T 107 6 1(1,3) 6 2(1, 30) 4 104 (23, 193)
CAIV-T <10° 10 1(1,1) 7 1(1,2) 8 1(1,1)
TIV 5 1(1,1) 5 1(1,3) 3 1(1,2)
Placebo 7 1(1,1) 7 1(1,1) 6 1(1,10)
B
All
CAIV-T 107 7 1(1,2) 6 3(1,33) 5 130 (1, 237)
CAIV-T <10° 7 1(1,3) 5 1(1,23) 5 1(1,7)
TIV 5 1(1,10) 5 1(1,3) 5 1(1,63)
Placebo 5 1(1,13) 4 1(1,1) 5 1(1,15)
Seronegative
CAIV-T 107 4 1(1,2) 3 3(1,33) 3 213 (130, 237)
CAIV-T <10° 3 1(1,1) 1 14 3 1(1,1)
TIV 4 1(1,1) 4 1(1,3) 3 1(1,1)
Placebo 2 1(1,1) 2 1(1,1) 2 1(1,1)

“ Subjects were defined as seronegative to a particular virus strain if their prevaccination HAI antibody titer to that strain was <1:4.

® Prevaccination.
¢ n, number of subjects in the calculation.
4 The 95% CI could not be calculated.

A/H3N2 (36.5; 95% CI, 3.94, 193). Weak responses were evi-
dent among some of the TIV recipients.

IFN-v responses to each of the vaccine virus strains among
seronegative subjects generally followed patterns similar to
those of all subjects.

A high proportion of children tested seronegative by HAI,
especially for both influenza A virus strains: 75.3% for influ-
enza virus A/HINI (range, 71.4% to 82.5%), 84.0% for influ-
enza virus A/H3N2 (range, 83.3% to 85.0%), and 61.0% for
influenza virus B (range, 52.5% to 67.5%). While some chil-
dren had low background levels of IFN-y SFC prior to vacci-
nation, the median value for all three influenza virus strains
was 1.00 SFC/10° PBMC. Further, it was observed that while
CAIV-T 107 elicited substantial IFN-y SFC in those children
considered seronegative by HAI assay titers, the few children
responding to TIV were confined to those with some previous

exposure to the applicable or related influenza virus as deter-
mined by a detectable HAI titer.

Field evaluation of children. For 6 weeks from 21 February
2002, 2,172 children aged 6 to <36 months (mean, 21.1
months; range, 6.0 to 35.9 months) were enrolled at multiple
centers in the Philippines (1,194 subjects) and Thailand (978
subjects).

A clear statistical trend in vaccine efficacy against culture-
confirmed influenza illness caused by wild-type influenza virus
antigenically similar to the vaccine strains was established
across each of the dose levels of 107° = %% FFU, 10%0 = 0
FFU, 10>° = %5 FFU, and saline placebo (Fig. 1). Maximum
efficacy was achieved at the previously established dose of
1071) + 0.5 FFU.

The predominant influenza virus associated with clinical ill-
ness was influenza virus A/H3N2, accounting for 96.4% of all
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TABLE 5. IFN-vy responses of children aged 6 to <36 months to influenza virus following vaccination

A/HIN1 A/H3N2 B
Vaccine Day 6 Day 13 Day 6 Day 13 Day 6 Day 13
n®  MFR? (95% CI) n MFR (95% CI) n  MFR (95% CI) n  MFR (95% CI) n MFR (95% CI) n  MFR (95% CI)
CAIV-T 107 8 7.15(1.00,303.0) 5 55.0(37.0,227.0) 7 1.00(1.00,30.0) 4 36.5(3.94,193.0) 6 3.00(1.00,20.0) 4 73.5(1.00,237.0)
CAIV-T <10° 7 1.00 (1.00,1.18) 10  1.00 (1.00, 1.00) 7 1.00 (0.67,1.00) 7 1.00(1.00,1.00) 3 1.00 (1.00,10.0) 4 1.00 (1.00, 7.00)
TV 7 1.00 (1.00, 29.0) 9 3.00(1.00,5.67) 6 2.00(1.00,3.00) 6 2.50(1.00,41.3) 2 1.00(1.00,1.00) 2 1.00 (1.00, 1.00)
Placebo 6 1.00 (1.00, 1.00) 6 1.00(0.50,1.00) 6 1.00(1.00,1.00) 4 1.00(1.00,1.00) 3 1.00(0.08,1.00) 3 1.00 (1.00, 1.00)

“ Number of subjects in the analysis. This number was largely dependent on the number of subjects with sufficient blood volume drawn to enable the conduct of the

assay.

® MFR, median fold rise in the postvaccination compared with the prevaccination sample.

community-acquired wild-type influenza virus isolates that
were antigenically similar to the vaccine. Therefore, in evalu-
ating the relationship between CMI and protection, only the
relationship between IFN-y SFC responses to influenza
A/H3N?2 virus from samples taken 7 to 10 days after the second
dose and subsequent culture-confirmed illness due to influenza
virus A/H3N2 was investigated.

Post-second-dose ELISPOT assay results for influenza
A/H3N?2 virus were obtained for 1,836 of the 2,107 subjects
who met the criteria for inclusion in the primary analysis pop-
ulation. Of these, 227 subsequently developed clinical disease
caused by community-acquired wild-type influenza A/H3N2
virus.

The estimated protection curve for all subjects is shown in
Fig. 2, with a 95% confidence band. A significant level of
contribution of CMI to protection against clinical influenza
virus infection in young children, as measured by the IFN-y
ELISPOT assay, can be determined from Fig. 2. The exposure
parameter was estimated at 0.201 (CI, 0.150, 0.253). There was
a significant improvement in goodness of fit relative to logistic
regression (P = 0.003). The estimated protection curve from
this investigation indicated that only a small proportion of
infants and young children with =10 SFC/10° PBMC could be
considered “protected” against influenza, while the majority of
subjects with =100 SFC/10° PBMC were protected.

20 -
18
16
14 4
12 (n=530)

10

(n=525)

Attack Rate (%)

6_
4 4
2 4

A major potential use for this assay is as a correlate of
protection. A desirable property of a correlate of protection is
that its relationship to the occurrence of disease should be
independent of other factors (54). The consistency of the re-
lationship between assay values and subsequent influenza ill-
ness across gender, geographic location, and treatment groups
was investigated.

There were no significant differences in the protection curves
or exposure parameters across gender (P = 0.722 and P = 0.633,
respectively).

Separate statistical models for each country indicated sub-
stantial differences in exposure rates (Fig. 3), estimated to be
0.287 in the Philippines and 0.149 in Thailand (P = 0.077).
Separate protection curves also indicated that a difference in
protection across countries could not be excluded (P = 0.163);
the apparent difference was most marked between 10 and
1,000 SFC/10° PBMC. In this range, Thai children appeared to
have slightly more protection than Filipino children, possibly
due to higher exposure to influenza virus earlier in life. This
may be attributable to the lack of seasonality of influenza in
Thailand compared with the Philippines, resulting in a more
continuous natural exposure to circulating wild-type influenza
virus in Thailand, supported by the observation in this trial that
both the length and the pattern of the influenza season differed
between the countries (63). The duration of the influenza sea-

(n=516)

(n=536)

CAIV-T 107 CAIV-T 106

CAIV-T 105 Placebo

Treatment Group

FIG. 1. Rates of attack by culture-confirmed wild-type influenza virus A/H3N2, antigenically similar to the vaccine virus, for young children by
treatment group. 1, total number of evaluable children in each study group. CAIV-T 10 "7, 107 = *3 FFU per dose; CAIV-T 10~ %, 10 = ** FFU
per dose; CAIV-T 10”2, 10°° = °3 FFU per dose. One fluorescent focus unit is approximately equal to 1 50% tissue culture infective dose. Saline

was used as the placebo.
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FIG. 2. Estimated curve of protection against culture-confirmed clinical infection with wild-type influenza virus versus cell-mediated immune
responses for all subjects (pooled). P(protection) is the estimated probability of being protected against clinical culture-confirmed influenza virus
infection. The estimated protection curve (solid line) is charted with 95% CI (dashed lines) against the magnitude of the CMI response as

determined using the number of IFN-y SFC per 10° PBMC/ml.

son was 7.2 months in Thailand, while in the Philippines there
were two influenza seasons of less than 6 weeks each. The first
season was associated with circulating influenza A/H3N2 virus.
The second, later season was associated with circulating influ-
enza B virus.

There remains a level of protection conferred by CAIV-T
that cannot be accounted for by CMI alone, as determined
using IFN-y ELISPOT assays. Separate protection curves for
the four treatment groups were markedly consistent, as shown
in Fig. 4 (P = 0.878), but differences between groups were
observed in the estimated exposure parameters, which in-
creased from 0.101 among subjects in the CAIV-T 107 group to
0.229 among placebo recipients (P = 0.054). Since subjects
were randomly assigned to treatment groups, their exposure to
influenza would have been approximately equal; the differ-

ences in exposure parameters thus may be taken to reflect
effects of treatment not captured by assay values, or “extra-
assay protection.” The magnitude of the difference in esti-
mated exposure parameters suggests considerable extra-assay
protection among vaccinated subjects, increasing with increas-
ing dosage.

Role of CMI in protection against influenza viruses of dis-
tinct antigenic lineages. Finally, the opportunity to investigate
the role of CMI in cross-protection was provided through an
epidemic during the surveillance period due to an influenza
virus B strain that did not match the influenza B virus in the
vaccine. There was no significant difference in influenza attack
rates across the CAIV-T dose levels or placebo (4.38%, 5.28%,
5.6%, and 4.65%; P = 0.287), suggesting no significant differ-
ence in vaccine efficacy.

1 4
0.8
S 061
©
2
g
S 04
o
,/ - -—-Philippines
Py i
0.2 4 I Thailand
m"/
-
0.1 1 10 100 1000 10000

Interferon-y ELISPOTSs (SFC/10° PBMC)

FIG. 3. Estimated curves of protection against culture-confirmed clinical infection with wild-type influenza virus versus cell-mediated immune
responses by country. P(protection) is the estimated probability of being protected against clinical culture-confirmed influenza virus infection. The
estimated protection curves for subjects from each of the two participating countries, Thailand and the Philippines, are charted against the
magnitude of the CMI response as determined using the number of IFN-y SFC per 10° PBMC/ml.
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FIG. 4. Estimated curves of protection against culture-confirmed clinical infection with wild-type influenza virus versus cell-mediated immune
responses for the four treatment groups. P(protection) is the estimated probability of being protected against clinical culture-confirmed influenza
virus infection. The estimated protection curves for each of the four treatment groups are charted against the magnitude of the CMI response as

determined using the number of IFN-y SFC per 10° PBMC/ml.

DISCUSSION

In the exploratory immunogenicity study, in agreement with
the findings of other studies of children, a single dose of
CAIV-T 107 generated the most consistent serum HAI anti-
body responses, although the level of response differed by
vaccine strain and serostatus. In general, the HAI antibody
levels for each of the three virus strains were higher among
subjects who received CAIV-T 107 than among the other treat-
ment groups. Specifically, among CAIV-T 107 recipients, se-
rum HAI antibody responses to the A/H3N2 strain were great-
est, followed by the B strain and then the A/HINI1 strain. TIV
recipients exhibited the greatest antibody response to the
A/HINI strain of all the treatment groups. Higher rates of
seroconversion to the A/H3N2 virus strain and B strain for
CAIV-T 107 recipients than for every other treatment group
were statistically significant.

Levels of antibody to influenza virus in serum, as measured
by the HAI assay, whether elicited by naturally acquired infec-
tion or through vaccination, have long been considered a cor-
relate of protection against clinical influenza. More accurately,
though, the studies to date investigating the role of serum
antibody as a correlate have found that the protective levels of
antibody have differed considerably (4, 24, 25, 46, 51). A series
of studies with healthy adults vaccinated with either TIV or
LAIV followed by challenge with wild-type HIN1 or H3N2
viruses demonstrated that serum HAI antibody correlated with
protection against viral replication after TIV but not LAIV
vaccination (18). This finding was supported by a more recent
investigation that demonstrated that a LAIV containing A/Bei-
jing/262/95(HINT1) elicited relatively low rates of seroconver-
sion to A/New Caledonia/20/99(HIN1) virus in seronegative
children, as measured by an HAI assay, that were markedly
lower than the level of efficacy demonstrated in the community
efficacy trial (37). Another earlier trial found an association
between serum HAI antibody and protection but found that
some other factor was contributing to the protection of vacci-

nated subjects who were seronegative (7). In that study, some
vaccinated children had neither serum HAI antibody nor nasal
wash immunoglobulin A, and it was postulated that an alter-
native immune mechanism, such as cellular immunity, may
have contributed to protection by the live vaccine.

While there is no question from the previous investigations
using CAIV-T or other LAIV in young children that serum
HAI antibody is associated with protection against influenza,
no linear correlation between protection from influenza and
antibody titers has been established for any LAIV.

It is generally accepted that CMI has a significant role in
recovery from clinical disease caused by influenza virus infec-
tion as well in the prevention of the development of influenza-
associated complications, but it does not seem to contribute
significantly to preventing infection (20, 35). However, the
possible beneficial effects of the induction of T-cell-mediated
immunity by vaccination in ameliorating the severity of influ-
enza in humans remains largely unexplored (44).

CMI can be differentiated into TH1 and TH2 types based on
the production of specific cytokine profiles. For TH1 and TH2
responses, the major cytokines are IFN-y and interleukin-4,
respectively (60, 65). TH1 responses, through the production
of IFN-vy, mediate the killing of organisms responsible for a
variety of intracellular infections (60), and as such IFN-vy is the
cytokine that mediates protection. However, while NK cells of
the innate immune system also are a significant source of
IFN-y (27), it has been demonstrated that for influenza A
viruses, this production is dependent on the generation of
influenza A virus-specific T lymphocytes (30).

IFN-y has been measured using a variety of techniques,
including flow cytometry and determination of IFN-y concen-
trations in the supernatants of ex vivo-stimulated lymphocytes
by enzyme-linked immunosorbent assay (29, 50, 66), but it was
the emergence of the ELISPOT assay that provided a simple
measure of CMI, utilizing a low volume of blood, with the
potential for large-scale application in the field. The volume of
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blood required has been identified as a critical factor in mea-
suring CMI in very young children and infants (62). However,
there remain very few studies of CMI in very young children,
and until this report, none have addressed the relationship
between CMI and vaccine efficacy in a field setting.

Before proceeding with the application of the IFN-y
ELISPOT assay to the investigation of the role of CMI in
the protection of very young children and infants against in-
fluenza in a community setting, we sought to confirm previous
findings on the elicitation of IFN-vy in children following vac-
cination.

It has been observed previously that for children between
the ages of 5 and 9 years, a single intranasal dose of live
attenuated influenza virus vaccine (CAIV-T) elicited signifi-
cant mean increases in the percentage of influenza A virus-
reactive IFN-y-positive cells in T-lymphocyte and NK cell sub-
sets, as measured by flow cytometry following in vitro
stimulation with influenza virus (31), and that a single intra-
muscular dose of TIV in these older children elicited lower
mean CMI responses than CAIV-T.

In the exploratory study described in this paper, despite the
fact that it was conducted with younger children, aged just 6
months to <36 months, and despite differences in methodol-
ogy (use of an IFN-y ELISPOT assay for CMI detection;
reporting median values in defining responses), we observed
similar findings. In our studies, a single intranasal dose of 107
FFU of CAIV-T consistently elicited significant CMI re-
sponses, while TIV elicited negligible responses. Although the
latter observation differs from the report by He et al. in that
they observed strong CMI responses to TIV in children aged 6
months to <5 years, they did not explore CMI responses elic-
ited by CAIV-T in this younger age group (31). In both studies,
the LAIV strains were provided by MedImmune, Inc., an iden-
tical single intranasal dose of CAIV-T was used, and the vac-
cine strains were based on the 6:2 cold-adapted temperature-
sensitive reassortant influenza viruses originally described
previously (8).

From the exploratory study, despite the small numbers of
subjects, it was clear that CAIV-T elicited more-frequent and
higher-magnitude CMI responses than TIV and as such rep-
resented the optimal vaccine for further evaluation of the rel-
evance of these observations to vaccine efficacy.

It has been observed previously that responses elicited by
LAIV, but not TIV, were inversely proportional to prevacci-
nation levels of influenza virus-specific antibody for all age
groups, suggesting a strong role of previous exposure to the
antigen in eliciting IFN-y responses upon reexposure (23, 31,
43, 53). One notable exception was that in a previous report,
children aged 6 months to <5 years, with little evidence of
previous exposure, were most responsive to TIV (31). There
was no LAIV comparison; thus, those authors encouraged
future studies to compare responses to TIV and a LAIV (e.g.,
CAIV-T) in this age group, as reported here.

In our study, the ability of CAIV-T to elicit CMI responses
in children was similarly strongly affected by previous exposure
to related or antigenically similar influenza viruses, either
through vaccination or through natural exposure, as measured
by prevaccination serum HAI levels.

Responses to TIV were elicited only in those children with
detectable levels of preexisting antibody against influenza vi-
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rus. This is consistent with the adult experience in that TIV
seems to boost CMI and antibody responses only in those
previously exposed to natural infection (28). In this study, the
advantage of the CAIV-T 107 dose level was that it elicited
strong CMI responses among children with no detectable pre-
vious exposure, who potentially had the highest susceptibility
to influenza virus infection.

This difference may be explained through the known persis-
tence of live vaccine virus in immunologically naive children
following administration of CAIV-T, which may contribute to
the maintenance of memory cells (3, 26). Persistence of live
influenza vaccine viruses has been observed previously: 67.4%
of all children aged 6 to <36 months shed vaccine virus over a
7-day period following a single dose of CAIV-T 107 (68).

Since the frequency of T lymphocytes specific for a given
infectious organism is low in children who have not previously
encountered that pathogen, vaccination can cause the numbers
of antigen-specific T lymphocytes to increase manyfold, lead-
ing to the formation of a population of long-lived memory T
cells capable of responding rapidly to future infection in this
population (10, 34). It was evident that both parenteral vacci-
nation (TIV) and live attenuated virus vaccination could re-
stimulate systemic CMI memory responses toward influenza
virus that had initially been generated through natural infec-
tion, confirming that identifying the role of CMI in protection
would prove difficult in these age groups (20). Therefore, for
evaluation of the role of CMI in protection against clinically
manifested, culture-confirmed influenza virus infection, very
young children, who had the least prior exposure to influenza
virus through vaccination or natural exposure and the maximal
documented CMI responses after vaccination with CAIV-T,
appeared the most appropriate candidate population. Further,
the IFN-y ELISPOT assay, as used in our exploratory study,
appeared to provide comparable results across age groups, as
reported previously, despite methodological differences.

For young children, we were able to demonstrate that CMI
plays a significant role in protection against community-ac-
quired clinical influenza virus infection, as determined by mea-
suring differences in culture-confirmed clinical influenza attack
rates across a range of CAIV-T doses. These ranged from a
dose demonstrated to elicit suboptimal CMI (10° FFU) to the
established protective dose (107 FFU). It has been reported
that a certain threshold of effector TH1 CD8* T (killer) lym-
phocytes may be required for protection against specific infec-
tions. For example, in a rodent malaria model, a threshold
level of about 400 IFN-y-secreting peptide-specific SFC/10°
splenocytes is required to protect against sporozoite challenge
(59).

The estimated protection curve from this investigation of
CAIV-T indicated that the majority of infants and young chil-
dren with =100 SFC/10° PBMC were protected against clinical
influenza, establishing this as a possible target level for pro-
tection in future influenza vaccine development.

The major challenge confronting those performing complex
immunological studies with human infants and very young chil-
dren is obtaining a sufficient volume of blood or drawing blood
frequently enough to perform an expanded range of assays in
order to further characterize the immune responses, including
serum HAI antibody responses (13, 29, 62, 66).

In this trial, ethical considerations at the trial sites prevented
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additional blood draws or increased blood volume to permit
characterization of the serum antibody responses. However, it
had been observed previously following influenza and hepatitis
B surface antigen vaccination that there is no correlation be-
tween serum antibody responses and CMI as measured by
IFN-y levels (31, 50). Further, the presence of serum HAI
antibody was associated with a reduced influenza B vaccine
virus take in young children, although not with a linear corre-
lation (8). The existence of another factor contributing to pro-
tection of vaccinated subjects who were seronegative by serum
HALI antibody was also postulated by the authors of that study.
Given the previously documented specific antibody responses
elicited by CAIV-T vaccine in young children, it is reasonable
to attribute a considerable part of the unaccounted-for protec-
tion identified in this study to specific antibodies.

CAIV-T has been demonstrated to elicit cross-reactive an-
tibody and to confer a substantial degree of protection against
heterologous, drifted influenza viruses (6, 42, 63). At least four
field efficacy trials have demonstrated that immunization with
a LAIV can protect against antigenically drifted influenza virus
strains, in addition to providing protection against homologous
influenza virus strains (6, 19, 22, 48). In a pivotal efficacy field
trial of CAIV-T in children, the drifted variant A/H3N2/Syd-
ney/5/97 caused the majority of disease in year 2 of the study
(6). The formulation of CAIV-T used that season contained
A/Wuhan as its H3N2 antigen; Wuhan and Sydney were sig-
nificantly different antigenically, as determined by ferret anti-
sera. CAIV-T was 86% efficacious at preventing culture-con-
firmed influenza due to A/H3N2/Sydney/5/97. In the same
year, an effectiveness study of CAIV-T in adults demonstrated
significant reductions in days of work lost among vaccinated
adults versus placebo recipients (48).

However, in this study, although CMI responses to the ho-
mologous (B/Yamagata-lineage) virus were elicited by the
CAIV-T 107 dose level, these do not appear to be effective in
contributing to protection against clinical illness with a signif-
icantly divergent influenza B virus (49). A previous efficacy
trial performed with children aged 6 to <36 months attending
day care demonstrated that CAIV-T showed efficacy against
influenza B viruses antigenically similar to the vaccine but also
showed reduced efficacy by the B/Yamagata-lineage vaccine
virus against circulating wild-type B/Victoria/87-lineage viruses
(B/Hong Kong/1351/02-like and B/Hong Kong/330/01-like vi-
ruses) (67).

Modern influenza B viruses are derived from one of two
lineages: either B/Yamagata or B/Victoria/87. The CAIV-T
formulation used in this trial contained a B/Yamagata-lineage
vaccine virus. The influenza B epidemic that occurred during
the trial comprised influenza B/Victoria/87-lineage viruses (B/
Hong Kong/1351/02-like and B/Hong Kong/330/01-like vi-
ruses). These are not considered drift strains and as such may
share fewer common antigens (17).

This investigation represents the most thorough exploration
of the role of CMI in protecting humans from influenza fol-
lowing vaccination. The efficacy evaluation is the single largest
demonstration for any infectious disease of a quantitative role
of CMI in protection against culture-confirmed infection, irre-
spective of pathogen, especially in children. It can be con-
cluded from these studies that the ELISPOT assay for IFN-vy is
a sensitive and reproducible measure of CMI and memory
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immune responses in all age groups, from young children to
elderly adults, with application in a field setting. Further, the
assay enabled the detection of previous exposure as well as the
identification of immune responses following vaccination that
might not otherwise be observable.

These findings contribute significantly to our understanding
of the immune correlates of protection in influenza, as well as
furthering our understanding of the requirements for generat-
ing and sustaining cellular immune responses. Further, be-
cause these findings can be used to guide predictions of the
likelihood of protection induced following influenza vaccina-
tion, they define the requirements for future development of
vaccines against influenza, especially those for use in children.
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