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Abstract

Objective—Influenza-associated deaths in healthy children that were reported during the 2003—
2004 influenza season heightened the public awareness of the seriousness of influenza in children.
In 1996-1998, a pivotal phase I11 trial was conducted in children who were 15 to 71 months of age.
Live attenuated influenza vaccine, trivalent (LAIV-T), was shown to be safe and efficacious. In a
subsequent randomized, double-blind, placebo-controlled LAIV-T trial in children who were 1to 17
years of age, a statistically significant increase in asthma encounters was observed for children who
were younger than 59 months. LAIV-T was not licensed to children who were younger than 5 years
because of the concern for asthma. We report on the largest safety study to date of the recently licensed
LAIV-T in children 18 months to 4 years, 5 to 9 years, and 10 to 18 years of age in a 4-year (1998-
2002) community-based trial that was conducted at Scott & White Memorial Hospital and Clinic
(Temple, TX).

Methods—An open-label, nonrandomized, community-based trial of LAIV-T was conducted
before its licensure. Medical records of all children were surveyed for serious adverse events (SAES)
6 weeks after vaccination. Health care utilization was evaluated by determining the relative risk (RR)
of medically attended acute respiratory illness (MAARI) and asthma rates at 0 to 14 and 15 to 42
days after vaccination compared with the rates before vaccination. Medical charts of all visits coded
as asthma were reviewed for appropriate classification of events: acute asthma or other. We evaluated
the risk for MAARI (health care utilization for acute respiratory illness) 0 to 14 and 15 to 42 days
after LAIV-T by amethod similar to the postlicensure safety analysis conducted on measles, mumps,
and rubella and on diphtheria, tetanus, and whole-cell pertussis vaccines.

Results—All children regardless of age were administered a single intranasal dose of LAIV-T in
each vaccine year. In the 4 years of the study, we administered 18 780 doses of LAIV-T to 11 096
children. A total of 4529, 7036, and 7215 doses of LAIV-T were administered to children who were
18 months to 4 years, 5 to 9 years, and 10 to 18 years of age, respectively. In vaccination years 1, 2,
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3, and 4, we identified 10, 15, 11, and 6 SAEs, respectively. None of the SAEs was attributed to
LAIV-T. In vaccination years 1, 2, 3, and 4, we identified 3, 2, 1, and 0 pregnancies, respectively,
among adolescents. All delivered healthy infants. The RR for MAARI from 0 to 14 and 15 to 42
days after LAIV-T was assessed in vaccinees during the 4 vaccine years. Compared with the
prevaccination period, there was no significant increase in risk in health care utilization attributed to
MAARI from 0 to 14 and 15 to 42 days after vaccination in children who were 18 months to 4 years,
510 9 years, and 10 to 18 years of age in the 4 vaccine years. In children who were 18 months to 4
years of age, there was no significant increase in the risk in health care utilization for MAARI,
MAARI subcategories (otitis media/sinusitis, upper respiratory tract illness, and lower respiratory
tract illness), and asthma during the 0 to 14 days after vaccination compared with the prevaccination
period. No significant increase in the risk in health care utilization for MAARI, MAARI
subcategories, and asthma was detected when the risk period was extended to 15 to 42 days after
vaccination, except for asthma events in vaccine year 1. A RR of 2.85 (95% confidence interval [CI]:
1.01-8.03) for asthma events was detected in children who were 18 months to 4 years of age but was
not significantly increased for the other 3 vaccine years (vaccine year 2, RR: 1.42 [95% CI: 0.59-
3.42]; vaccine year 3, RR: 0.47 [95% CI: 0.12-1.83]; vaccine year 4, RR: 0.20 [95% CI: 0.03-1.54]).
No significant increase in the risk in health care utilization for MAARI or asthma was observed in
children who were 18 months to 18 years of age and received 1, 2, 3, or 4 annual sequential doses
of LAIV-T. Children who were 18 months to 4 years of age and received 1, 2, 3, or 4 annual doses
of LAIV-T did not experience a significant increase in the RR for MAARI 0 to 14 days after
vaccination; this was also true for children who were 5 to 9 and 10 to 18 years of age.

Conclusions—We observed no increased risk for asthma events 0 to 14 days after vaccination in
children who were 18 months to 4 years, 5 to 9 years, and 10 to 18 years of age, In vaccine year 1,
children who were 18 months to 4 years of age did have a significantly higher RR (2.85; 95% CI:
1.01-8.03) for asthma events 15 to 42 days after vaccination. In vaccine year 2, the formulation of
LAIV-T was identical to the vaccine formulation used in vaccine year 1; however, in children who
were 18 months to 4 years of age, no statistically significant increased risk was detected for asthma
events 15 to 42 days after vaccination. Similarly, in vaccine years 3 and 4, children who were 18
months to 4 years of age did not have a statistically significant increased risk for asthma events 15
to 42 days after vaccination. Also, LAIV-T did not increase the risk for asthma in children who
received 1, 2, 3, or 4 annual doses of LAIV-T. Although the possibility for a true increased risk for
asthma was observed in 1 of 4 years in children who were 18 months to 4 years at 15 to 42 days after
vaccination, it is more likely that the association is a chance effect because of the 190 comparisons
made without adjustment for multiple comparisons. We conclude that LAIV-T is safe in children
who are 18 months to 4 years, 5 to 9 years, and 10 to 18 years of age. The hypothesis that LAIV-T
is associated with an increase in asthma events in children who are younger than 5 years is not
supported by our data. Reassessment of the lower age limit for use of LAIV-T in children is indicated.

Keywords

asthma exacerbation; children and adolescents; health service utilization; influenza vaccine; outcome
assessment

ABBREVIATIONS

RSV, respiratory syncytial virus; LAIV-T, live attenuated influenza vaccing, trivalent; MAARI,
medically attended acute respiratory illness; FDA, Food and Drug Administration; SAE, serious
adverse event; SWHP, Scott & White Health Plan; RR, relative risk; ICD-9, International
Classification of Diseases, Ninth Revision; CI, confidence interval

Acute respiratory illness is the leading burden of disease worldwide. Influenza and respiratory
syncytial virus (RSV) are the major viral respiratory pathogens of children. During any given
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gear, influenzaor RSV is the leading cause of hospitalization for lower respiratory tract disease.
~4 RSV causes hospitalizations in children, primarily in those who are younger than 1 year.
5 Influenza causes high rates of hospitalization in children who are younger than 5 years, and
the rate is comparable to that observed in adults who are older than 50 years.G‘9 Infection rates
and morbidity ascribed to influenza are greatest among individuals with minimal previous
exposure to influenza.10-14 |n interpandemic periods, infants and children are highly
susceptible to influenza because as a group, they either have not been infected or have been
infected less often with 1 of the major influenza virus types (HLN1, H3N2, or influenza B)
compared with adults. School-aged children also experience high rates of influenza infection,
febrile illness, and school absenteeism. 12 During an influenza outbreak, an estimated 63 school
days were missed for every 100 children.1 Increase in work-related absenteeism also occurred
among the parents who missed ~1 day of work for every 3 days of school missed by the children.
Significant hospitalization and medical visits occur in school-aged children with chronic
medical conditions.16:17 In children, influenza is recognized for causing secondary bacterial
pneumonia and serious disease associated with organ systems other than the respiratory tract.
18-22 Hospitalization as a result of acute febrile illness and central nervous system disease
adds to the spectrum of serious illness in children attributed to influenza.2:19.21,22 |nflyenza-
associated deaths in healthy children that were reported during the 2003—-2004 influenza season
heightened the public awareness of the seriousness of influenza in children.23

In 1996-1998, a pivotal phase Il trial was conducted in children who were 15 to 71 months
of age.23‘25 Live attenuated influenza vaccine, trivalent (LAIV-T), was shown to be safe and
efficacious.24-26 Ina subsequent randomized, double-blind, placebo-controlled LAIV-T trial
in children who were 1 to 17 years of age, a statistically significant increase in asthma
encounters was observed for children who were younger than 59 months.27 LAIV-T was
licensed in June 2003 in the United States for use in healthy individuals 5 to 49 years of age.
LAIV-T was not licensed for use in children who were younger than 5 years because of the
concern for asthma. LAIV-T is highly efficacious in children who are younger than 5 years,
and they would benefit from a safe influenza vaccine.

An open-label, nonrandomized, community-based trial in children who were 18 months
through 18 years of age was conducted in Texas from 1997 to 2002. We report on the largest
safety study to date of LAIV-T in children who were 18 months to 4 years, 5 to 9 years, and
10 to 18 years of age. LAIV-T was equally safe among all age groups. The hypothesis that
LAIV-T is associated with an increase for acute asthma events was not supported by our trial.

Study Design

An open-label, nonrandomized, community-based trial using LAIV-T was conducted from
1997 t0 2002 in children who were 18 months through 18 years of age before LAIV-T licensure.
28-30 The first year was to establish a baseline for medically attended acute respiratory illness
(MAARI) rate in the community. In the subsequent 4 years, children were enrolled after
satisfying all of the inclusion criteria and none of the exclusion criteria. Children were excluded
from the study when they had significant egg allergy, were immunocompromised, lived with
a household member who was immunodeficient, had a chronic condition for which the
inactivated influenza vaccine was recommended, or were pregnant or planned to become
pregnant. Children who were 2 years and older were excluded when they were hospitalized or
seen in the emergency department in the previous 12 months for asthma, reactive airway
disease, or wheezing illness or in the previous 6 months when they were younger than 2 years.
LAIV-T administration was postponed for children with fever within 2 days of vaccination or
history of receiving or planning to receive an inactivated or live vaccine within 14 or 28 days
of LAIV-T, respectively. Children with a history of wheezing or mild, intermittent asthma were
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not excluded. Mild, intermittent asthma was defined as children who did not use steroids (oral
or inhaled) or bronchodilator therapy daily or every other day for asthma control. LAIV-T
administration was postponed in children who had mild, intermittent asthma and a history of
wheezing in the past 2 weeks that required bronchodilator therapy for 2 or more consecutive
days. Children were not excluded when they used daily nasal steroids or had exercise-induced
asthma that required bronchodilator treatment before exercise. The institutional review boards
of Baylor College of Medicine, Scott & White Memorial Hospital and Clinic, and Texas
Department of Health approved this study. Informed consent was obtained from the legal
guardians of enrolled participants or adult participants.

Atenrollment all participants received one 0.5-mL dose of LAIV-T (~10 median tissue culture
infectious dose of each of 3 vaccine components in egg allantoic fluid with sucrose-phosphate-
glutamate) by nasal spray. LAIV-T was provided by MedImmune Vaccines, formerly Aviron
(Mountain View, CA), frozen in single-dose, intranasal applicators. Each year, LAIV-T
contained the 3 influenza virus strains that were antigenically comparable to those that were
chosen by the Food and Drug Administration (FDA) for the licensed inactivated influenza
vaccine. In vaccine year 1 (1998-1999), the formulation of LAIV-T was A/Beijing/262/95
(HIN1), A/Sydney/05/97 (H3N2), and B/Beijing/184/93-like. In vaccine year 2 (1999-2000),
the vaccine formulation was unchanged. In vaccine year 3 (2000-2001), A/New Caledonia/
20/99 replaced the previous HIN1 vaccine strain. In vaccine year 4 (2001-2002), A/Panama/
2007/99 (H3N2) and B/Sichuan/379/99-like replaced the previous H3N2 and B vaccine strains.

Safety Assessment

All enrolled participants were surveyed for serious adverse events (SAES) and pregnancies
during the 6 weeks after vaccination. Monthly administrative database searches for SAEs and
pregnancies were conducted for vaccine recipients who were patients of the Scott & White
Memorial Hospital and Clinic. A 6-week follow-up postcard or a telephone contact was
performed for all vaccine participants except for those who were members of the Scott & White
Health Plan (SWHP). The monthly administrative database searches provided the 42-day
follow-up information for SWHP vaccinees. An SAE was defined as an event that was fatal;
was immediately life-threatening; or resulted in or prolonged a hospitalization, a permanent or
substantial disability, an important medical event, or a congenital anomaly (an offspring of
participant regardless of the time to diagnosis). SAEs that occurred within the first 42 days
after vaccination regardless of causality and all vaccine-related SAEs for the duration of the
study were reported to the FDA and institutional review boards. All SAEs were followed with
appropriate medical management until resolved.

The likelihood (P,) of observing an SAE is P, =1 —e ™Y, where x is the probability of an SAE
in an individual participant and y is the number of observed participants. This formula can
address the number of participants that must be followed to be certain that LAIV-T is not
associated with a significant risk for SAEs.

Increase in health care utilization attributed to LAIV-T was evaluated by determining the
relative risk (RR) of MAARI at 0 to 14 days (risk period) and 15 to 42 days (risk period) after
vaccination compared with the rates before vaccination (reference period). Demographic
information and MAARI and asthma events were extracted from the administrative database.
MAARI was identified by database search for specific International Classification of Diseases,
Ninth Revision (ICD-9) diagnostic codes. The ICD-9 codes for MAARI included those for
otitis media and sinusitis, (381-383,461) upper respiratory tract illness (79, and 460-487), and
lower respiratory tract iliness (464, 466, 480-487, 490-492, 494-496, 510-513, 515-516, 518,
and 786.1). Asthma ICD-9 codes were 493 and 486.07. Each medical encounter had up to 2
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ICD-9 codes. Medical encounters included those in clinics, emergency departments, and
hospitals. Multiple entries on a single day were counted as 1 encounter. Some enrollees were
referred for vaccination by clinicians on the same day of a clinic visit; therefore, medical charts
were reviewed for all events on day 0 of vaccination, and appropriate assignments were made
to risk or reference period. Day 0 events that were documented to occur before vaccination
were assigned to the reference period; all others were assigned to the risk period. Medical charts
of all asthma visits were reviewed to classify appropriately the event as acute asthma or other.
The MAARI and asthma data used in the analysis were from participants of the SWHP, a subset
of the vaccinated group, because it contained more complete information on health care
utilization compared with that available for patients in the Scott & White Memorial Hospital
and Clinic administrative database.

Statistical Methods

We evaluated the risk for MAARI (health care utilization for acute respiratory illness) 0 to 14
and 15 to 42 days after LAIV-T by a method similar to the safety evaluation of childhood
vaccines.31:32 poisson regression analysis, a multivariate analysis for log-linear modeling of
incidence rates, was used to estimate the RR of an event controlling for age category (18
months—4 years, 5-9 years, and 10-18 years) and time period determined from virus
surveillance data.33-35 The RR of MAARI and asthma encounters 0 to 14 and 15 to 42 days
after vaccination (risk periods) were compared with that occurring in the prevaccination
interval (reference period). Age of a study participant was held constant for all analyses. The
specific age of a study participant was used only to assign a participant to an age category (18
months—4 years, 5-9 years, or 10-18 years). Age category was used in the analysis and treated
as a nominal variable. Three time intervals were identified for each enrollment year except in
the last year (2001-2002), which included 2 time intervals. These time intervals reflected the
activity of respiratory viruses that would affect MAARI. For example, higher background rates
of MAARI not attributed to LAIV-T would be expected during a parainfluenza or RSV
outbreak. Time interval was treated as a nominal variable in the analyses.

The rates of MAARI events by age category were calculated by standard methods. The number
of children vaccinated per time interval by age category was determined using the variables
date of vaccination and age at vaccination. For each age category, the numbers of child-days
during the 0 to 14 and 15 to 42 days after vaccination (risk periods) and prevaccination
(reference period) periods were counted, dependent on the date of vaccination and time interval,
and summed. Total child-days produced the denominators for the rates calculated for 0 to 14
and 15 to 42 days after vaccination and prevaccination periods. For each age category, MAARI
and asthma events were counted, dependent on date of vaccination and time interval, and
summed. The totals of MAARI and asthma events provided the numerators for the rates
calculated for 0 to 14 and 15 to 42 days after vaccination and prevaccination periods.

RR Estimates

The risk ratios of MAARI events comparing the rate of MAARI and asthma during 0 to 14 and
15 to 42 days after vaccination (risk periods) with the rate of MAARI and asthma during the
prevaccination period (reference period) were calculated using Poisson regression analysis
while controlling for age category and time interval.33-35 The Poisson models were generated
using the maximum likelihood technique. The estimated coefficients were transformed to
incidence rate ratios. The 95% confidence intervals (Cls) were similarly transformed. These
analyses were similar to the postlicensure safety analysis conducted on measles, mumps, and
rubella and on diphtheria, tetanus, and whole-cell pertussis vaccines.31:

Pediatrics. Author manuscript; available in PMC 2006 February 6.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Piedra et al. Page 6

RESULTS

SAE Safety Assessment

All children regardless of age were administered a single intranasal dose of LAIV-T in each
vaccine year. In the 4 years of the study, we administered 18 780 doses of LAIV-T to 11 096
children (Table 1). A total of 4529, 7036, and 7215 doses of LAIV-T were administered to
children who were 18 months to 4 years, 5 to 9 years, and 10 to 18 years of age, respectively.
More than 95% of LAIV-T recipients in all 4 years had a successful 6-week follow-up for
SAEs. In vaccination years 1, 2, 3, and 4, we identified 10, 15, 11, and 6 SAEs, respectively
(Table 2). Ten, 13, and 19 of the SAEs occurred 0 to 14, 15 to 28, and 29 to 42 days after
vaccination. None of the SAEs was judged by the principal investigators to be related to LAIV-
T. In vaccination years 1, 2, 3, and 4, we identified 3, 2, 1, and 0 pregnant teenagers,
respectively, during the safety period. All delivered full-term, healthy infants except for 1
teenager, who delivered a healthy preterm infant (gestational age: 33 weeks; birth weight: 1915
g). No LAIV-T-related SAE was observed with administration of 18 780 doses of LAIV-T in
children; the true incidence of LAIV-T-related SAE is <1/5900 doses.

SWHP Administrative Database

Two large administrative databases were available to conduct the MAARI and asthma safety
analyses: the Scott & White Memorial Hospital and Clinic and the subset SWHP. The
advantage of the Scott & White Memorial Hospital and Clinic administrative database was that
it included all children who were seen at the Scott & White Memorial Hospital and Clinic.
Some of these children, however, did not receive all of their primary care at the Scott & White
Memorial Hospital and Clinic; therefore, not all health care utilization events would be captured
in that administrative database. The advantage of the SWHP administrative database was that
it captured essentially all health care utilization events for SWHP members; ~50% of the
vaccinees were members of the SWHP (Table 3). A total of 8671 doses were given to SWHP
members; 3669 had 2 or more annual doses, and 2115 children were younger than 5 years.
Incidence rates for MAARI during the safety analysis period were compared for both databases
for all 4 years. In 1999-2000 and 2000-2001, the incidence rates for MAARI were significantly
higher using the SWHP administrative database, and in the other 2 years, the rates were
comparable (data not shown). SWHP captured encounters at non-Scott & White Memorial
Hospital and Clinic facilities. Therefore, taking a conservative approach, all MAARI safety
analyses were conducted using the SWHP administrative database.

MAARI Safety Assessments

The RR of MAARI from 0 to 14 and 15 to 42 days after LAIV-T was assessed in vaccinees
during the 4 vaccine years (Table 4). Compared with the prevaccination period, there was no
significant increase in risk in health care utilization attributed to MAARI from 0 to 14 and 15
to 42 days after vaccination in children who were 18 months to 4 years, 5 to 9 years, and 10 to
18 years of age in the 4 vaccine years (Table 4).

The relative incidence of MAARI, MAARI subcategories (otitis media/sinusitis, upper
respiratory tract illness, and lower respiratory tract illness), and asthma O to 14 days after
vaccination was lower compared with the prevaccination period in children who were 18
months to 18 years of age (Table 5). No significant increase in the risk in health care utilization
for MAARI, MAARI subcategories, and asthma was detected in vaccinees 0 to 14 days after
vaccination. There was a significant decrease in the RR for MAARI, otitis media/sinusitis,
upper respiratory tract illness, and lower respiratory tract illness 0 to 14 days after vaccination
in some of the vaccine years (Table 5, boldface).
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In children who were 18 months to 4 years of age, there was no significant increase in the risk
in health care utilization for MAARI, MAARI subcategories, and asthma during the 0 to 14
days after vaccination compared with the prevaccination period (Fig 1). No significant increase
in the risk in health care utilization for MAARI, MAARI subcategories, and asthma was
detected when the risk period was extended to 15 to 42 days after vaccination, except for asthma
events in vaccine year 1 (Fig 1E). A RR of 2.85 (95% CI: 1.01-8.03) for asthma events was
detected in children who were 18 months to 4 years of age but was not significantly increased
for the other 3 vaccine years (vaccine year 2, RR: 1.42 [95% CI: 0.59-3.42]; vaccine year 3,
RR: 0.47 [95% CI: 0.12-1.83]; vaccine year 4, RR: 0.20 [95% CI: 0.03-1.54]).

No significant increase in the risk in health care utilization for MAARI or asthma was observed
in children who were 18 months to 18 years of age and received 1, 2, 3, or 4 annual sequential
doses of LAIV-T (Table 6). Children who were 18 months to 4 years of age and received 1, 2,
3, or 4 annual doses of LAIV-T did not experience a significant increase in the RR for MAARI
0 to 14 days after vaccination; this was also true for children who were 5to 9 and 10 to 18
years of age (data not shown). Analysis of MAARI subcategories and asthma by age categories
was not performed because of small cell size.

DISCUSSION

We report our safety experience with LAIV-T in children who were 18 months to 4 years, 5
to 9 years, and 10 to 18 years of age. We delivered 18 780 doses of LAIV-T to 11 096 children
in this community-based, nonrandomized, open-label trial. This is the largest safety experience
with LAIV-T in children reported to date. LAIV-T was safe and well tolerated by children who
were 18 months to 4 years, 5to 9 years, and 10 to 18 years of age. No increased risk for MAARI,
MAARI subcategories (otitis media/sinusitis, upper respiratory tract illness, and lower
respiratory tract illness), or asthma were observed among children who were 18 months to 4
years, 5 to 9 years, and 10 to 18 years of age in the first 14 days after vaccination. LAIV-T in
children who were 18 months to 4 years of age was as safe as that observed among children in
the older age groups. The safety data generated in this study in children who were 18 months
to 18 years of age are in strong agreement with the safety of LAIV-T reported in the pivotal
phase Il efficacy trial that was conducted in children who were 15 to 71 months of age.z""26

In this community-based, nonrandomized, open-label trial, we were successful in contacting
>95% of the LAIV-T vaccinees to assess for SAEs 0 to 42 days after vaccination. None of the
42 SAEs detected in the 4 vaccine years was related to LAIV-T. Safety was also assessed by
determining whether there was an increase in health care utilization attributed to respiratory
illnesses (MAARI and asthma) that may be associated with LAIV-T. The risk period was 0 to
14 and 15 to 42 days after vaccination, and the reference period was the prevaccination period
(the start date of the vaccination program to the date of vaccination). The Data Safety
Monitoring Board of our study recommended the Poisson regression analysis to determine the
RR for MAARI and asthma. This approach has been used in the safety evaluation of licensed
childhood vaccines.31:32 The design of our study—nonrandomized, open-labeled, and without
placebo—resembled those of phase 1V safety evaluation. Having access to the SWHP
administrative database facilitated the safety assessment of LAIV-T by an established method,
the Poisson regression analysis, used in postlicensure vaccine safety assessment. 31,32

Children were often seen by their primary physician for a MAARI event on the day of
vaccination and subsequently referred to the study to receive LAIV-T. Therefore, before
MAARI safety analyses, the medical charts of all participants were reviewed for all MAARI
events that occurred on day 0 of vaccination, and appropriate assignments were made to risk
or reference period. In addition, many children with a diagnosis of asthma were seen for a
nonasthmatic event. For preventing misclassification of asthma events, the medical charts of
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all asthma visits were reviewed and assigned an appropriate classification of events: acute
asthma or other. For reducing biases introduced by respiratory virus activity in the community,
the MAARI rates were adjusted by time intervals that encompassed the presence or absence
of respiratory virus activities. In each of the 4 vaccine years, we documented respiratory virus
outbreaks with 1 or more viral pathogens that included RSV, parainfluenza virus,
picornaviruses, or influenza virus. The community viral outbreaks caused an increase in
MAARI and asthma events. Thus, the time-interval adjustment controlled for the impact of
community viral outbreaks on MAARI and asthma events in the reference and risk periods that
occurred after school opening each year.

The RR for MAARI was in general lower 0 to 14 days compared with 15 to 42 days after
vaccination (Table 4), although the RR for MAARI at 15 to 42 days after vaccination was not
significantly increased above the prevaccination (reference) period. This observation suggests
that the lower RR for MAARI observed during 0 to 14 days after vaccination might be an
enrollment artifact (healthy child effect) or a true biological phenomenon. We used inclusion
and exclusion criteria that selected for children who were healthy at the time of enrollment.
These selection criteria might contribute to a lower baseline illness rate. Another possibility is
that LAIV-T induced an innate antiviral state (eg, interferon production) for 1 to 2 weeks after
vaccination. The innate antiviral state could protect children from illnesses associated with
circulating respiratory viruses. Protection against disease with wild-type influenza has been
observed in the ferret model with co-administration of LAIV and wild-type influenza virus.

6 Results from an influenza challenge study performed in human volunteers suggested that
LAIV induced an antiviral effect that protected against illness from an experimental challenge
with wild-type influenza virus.37 In support of LAIV-T’s inducing an innate antiviral state,
we observed a significant reduction in the RR of MAARI, otitis media/sinusitis, upper
respiratory tract illness, and lower respiratory tract illness 0 to 14 days after vaccination in
some of the vaccine years (Table 5).

Limited information is available on the safety of administering LAIV-T during an influenza
outbreak. In vaccine years 1999-2000, 2000-2001, and 2001-2002, influenza virus activity
started toward the end of enrollment, midway through enroliment, and at the end of enroliment,
respectively (Table 7). No increase risk in MAARI, MAARI subcategories, or asthma was
observed in those vaccine years. LAIV-T contains the hemagglutinin and neuraminidase genes
of the contemporary influenza strains and the 6 internal genes of the attenuated master virus
strains.38:39 The 6 internal genes of the LAIV-T parent attenuated strains provide the
phenotypic characteristic of attenuation, cold adaptation, and temperature restriction. The
polygenic nature and multiple gene mutations contained in the 6 internal genes contribute to
the stability of the attenuated phenotype of LAIV-T.40,41 The formation of new reassortants
between LAIV-T and a contemporary interpandemic influenza virus would most likely yield
attenuated to wild-type-like variants. Genetic reassortants during interpandemic periods do
not seem to have a selective advantage.42‘44 Our data support the safety of LAIV-T when
administered to children inacommunity that experiences natural influenza virus activity during
an interpandemic period.

LAIV-T is not currently recommended for children with mild, moderate, or severe asthma.
Furthermore, LAIV-T is not recommended for children who are younger than 5 years because
of the increased risk for asthma events observed in 1 clinical trial.2” In that trial, an increased
risk for asthma-coded encounters occurred primarily in LAIV-T recipients who were 18 to 35
months of age. No clustering of asthma-coded encounters was observed within the first 42 days
of vaccination. No increased risk was observed in children who were 18 to 35 months of age
when the asthma outcome was expanded to include wheezing illness and shortness of breath.
27 Also, no increased risk for asthma was observed in LAIV-T recipients with a previous
diagnosis of asthma.2’ Young children frequently have virus-induced wheezing illnesses that
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are treated as asthma. Misclassification of asthma in young children may explain the discrepant
data.4> More than 1500 comparisons were made without adjustments for multiple
comparisons. For independent outcomes at an o level of .10, a mean of 150 positive tests are
expected for when there is no difference in rates between LAIV-T and placebo.27v45 For
dependent outcomes, the number of statistically significant results expected as a result of
chance alone may be more or less depending on the degree of dependence and the nature of
the true association of the vaccine with the outcome. In no other clinical trials has an increased
risk for asthma in healthy LAIV-T vaccinees been observed.24-26,46-48 | 3 small study,
LAIV-T was safe and well tolerated in children and adolescents with moderate to severe
asthma.49

In our community-based, nonrandomized, open-label trial ~10% of LAIV-T recipients had a
history of mild intermittent asthma, reactive airway disease, or wheezing illness.®0 We did not
exclude children with mild, intermittent asthma or exercise-induced asthma. We observed no
increased risk for asthma events 0 to 14 days after vaccination in children who were 18 months
to 4 years, 5 to 9 years, and 10 to 18 years of age. In vaccine year 1, children who were 18
months to 4 years of age did have a significantly higher RR (2.85; 95% CI: 1.01-8.03) for
asthma events 15 to 42 days after vaccination. In vaccine year 2, the formulation of LAIV-T
was identical to the vaccine formulation used in vaccine year 1; however, in children who were
18 months to 4 years of age, no statistically significant increased risk was detected for asthma
events 15 to 42 days after vaccination (RR: 1.42; 95% CI: 0.59-3.42). Similarly, in vaccine
years 3 and 4, children who were 18 months to 4 years of age did not have a statistically
significant increased risk for asthma events 15 to 42 days after vaccination (vaccine year 3,
RR: 0.47 [95% CI: 0.12-1.83]; vaccine year 4, RR: 0.20 [95% CI: 0.03-1.54]). Also, LAIV-
T did not increase the risk for asthma in children who received 1, 2, 3, or 4 annual doses of
LAIV-T (Table 6). Although the possibility for a true increased risk for asthma was observed
in 1 of 4 years in children who were 18 months to 4 years at 15 to 42 days after vaccination, it
is more likely that the association is a chance effect because of the 190 comparisons made
without adjustment for multiple comparisons. In 3 of those 4 vaccine years, the composition
of LAIV-T was revised according to the recommendation of the FDA, thus adding to the
robustness of safety with multiple LAIV-T compositions. Finally, we controlled for
misclassification of asthma events by reviewing the medical records of all events with an ICD-9
asthma diagnostic code and making a priori assignments to acute asthma or other. We believe
that this process was crucial in reducing misclassification and in obtaining reliable safety data
for administrative database analyses.

In summary, in this large community-based trial in children who were 18 months to 18 years
of age, the LAIV-T vaccine was safe and not associated with an increased risk in health care
utilization attributed to MAARI and asthma. Children who were 18 months to 4 years of age
tolerated LAIV-T as well as children who were 5 to 18 years of age. Approximately 10% of
children who were enrolled in this study had a history of mild, intermittent asthma; reactive
airway disease; or wheezing. Lowering the age limit for LAIV-T to 15 or 18 months of age
and expanding the current LAIV-T recommendations to include children with mild,
intermittent asthma should be considered.
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LAIV-T is safe in children who are 18 months to 4 years, 5 to 9 years, and 10 to 18 years of
age. The relative incidence of MAARI (A), MAARI subcategories (otitis media/sinusitis [B],
upper respiratory tract illness [ARI; C], and lower respiratory tract illness [LRTI; D], and
asthma/reactive airway disease [asthma/ RAD; E]) 0 to 14 and 15 to 42 days after vaccination
was compared with the prevaccination period in children who were 18 months to 4 years, 5 to
9 years, and 10 to 18 years of age. No significant increase in the risk in health care utilization
for MAARI, MAARI subcategories, and asthma was detected in LAIV-T vaccinees 0 to 14
and 15 to 42 days after vaccination except in vaccine year 1. In vaccine year 1, children who
were 18 months to 4 years of age had a significantly higher RR (2.85; 95% ClI: 1.01-8.03) for
asthma events 15 to 42 days after vaccination but not in the subsequent 3 vaccine years.

Pediatrics. Author manuscript; available in PMC 2006 February 6.



Page 16

Piedra et al.

's189A BUIDORA + 8U) BuLINp UBIP[IYD 960 TT 0} PIISIUILIPE 31M | -\l 4O S8S0P 08/ 8T 4O [2101 W "Aj[enuue | -Alv ] 40 8S0p T USAIB 819Mm UaIp|iyDd

08 8T 1807 0STS 1625 862y $8S0p 0 "OU [e10L
(%nv'8€) STZL 0€91 €702 16T 89ST 81-0T
(965°2€) 9€02 06¥1 68T 6S6T 9697 6-G
(%T'2) 625% 196 9121 8TET ve0T ST

950 4O "ON [e10L (z00z-1002) ¥ (T002-0002) € (000z2-666T) Z (666T-866T) T A ‘dnous aby

B3 A BUIDIBA

NIH-PA Author Manuscript

7379Vl
NIH-PA Author Manuscript

Jea A au1odeA pue dnolo aby Aq siualdioay 1-AlV]

NIH-PA Author Manuscript

Pediatrics. Author manuscript; available in PMC 2006 February 6.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Piedra et al.

TABLE 2

Compilation of SAEs™ Detected in Children Who Received LAIV-T from 1998 to 2002
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SAE

Days After Vaccination

I
L
k=

15-29

29-42

Psychiatric disorder
Trauma/skeletal pain

Migraine headache
Malignancy/tumor

Surgery or complications from surgery
Threatened abortion

Ruptured ovarian cyst

Soft tissue and bone infection
Urinary tract infection

Fever with absence of bacteremia
Mononucleosis

Aseptic meningitis

Lower respiratory tract illness
Gastroenteritis

Gastroesophageal reflux disease
Constipation

Appendicitis

Total
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NR ool

=
o
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-
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*
None were vaccine related.

7LRSV culture—positive lower respiratory tract illness.
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