
 CONFIDENTIAL      19 April 2007; FINAL 

Page 1 of 124 

 

FluMist® 

Live, Attenuated Influenza Vaccine 

Briefing Document 
 

FDA 
Vaccines and Related Biological Products 

Advisory Committee 
 

 

 

Prior Approval Supplemental BLA 

Indication Extension to Include Children Less than 5 Years of Age 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 2 of 124 

Table of Contents 

List of Abbreviations and Definitions ....................................................................................... 4 

1 Overview....................................................................................................................... 6 

2 Introduction................................................................................................................... 8 

3 FluMist Clinical Trial Experience............................................................................... 11 
3.1 Descriptions of Study Designs ........................................................................ 17 

4 Data Demonstrating Efficacy of FluMist.................................................................... 25 
4.1 Efficacy Data from Study MI-CP111 ............................................................. 26 

4.1.1 Culture-Confirmed Modified CDC-ILI .............................................. 26 
4.1.2 Culture-Confirmed Symptomatic Influenza Infection........................ 33 
4.1.3 Acute Otitis Media and Lower Respiratory Illness............................. 34 

4.2 Efficacy Data from Studies D153-P501 and AV006 ...................................... 35 
4.3 Efficacy Conclusions ...................................................................................... 39 

5 Immunogenicity of FluMist ........................................................................................ 40 
5.1 Immunogenicity Data from Study MI-CP123 ................................................ 40 
5.2 Immunogenicity following Concomitant Vaccination with Other Live Viral 

Vaccines in Study AV018............................................................................... 41 

6 Overview of Safety ..................................................................................................... 44 
6.1 Reactogenicity Events..................................................................................... 52 
6.2 Adverse Events ............................................................................................... 61 
6.3 Wheezing ........................................................................................................ 67 

6.3.1 Medically Attended Asthma/Reactive Airways Disease in Study 
AV019................................................................................................. 67 

6.3.2 Protocol-Defined Wheezing in Study MI-CP111 ............................... 67 
6.3.3 Any Wheezing Event in Study MI-CP111.......................................... 73 
6.3.4 Wheezing Events in Studies MI-CP123, D153-P501, AV006, and 

AV018................................................................................................. 74 
6.4 Deaths and Serious and Significant Adverse Events ...................................... 74 

6.4.1 Deaths .................................................................................................. 74 
6.4.2 Other Serious Adverse Events in the Integrated Analysis of Safety .. 75 
6.4.3 Other Serious Adverse Events in Study MI-CP111............................ 82 

6.5 Safety Conclusions .......................................................................................... 87 

7 Post Hoc Risk-Benefit Analysis.................................................................................. 88 
7.1 Wheezing by Age and History........................................................................ 88 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 3 of 124 

7.2 Hospitalization Rates by Age and History...................................................... 91 
7.3 Efficacy by Age and History........................................................................... 93 
7.4 Summary of Efficacy and Safety by Age and History.................................... 94 
7.5 Summary of Data in Children Less than 5 Years of Age ............................... 97 

8 Screening Children 12-59 Months of Age for Receipt of FluMist ............................. 98 

9 Overall Summary and Conclusions ............................................................................ 99 

10 Pharmacovigilance Plan.............................................................................................. 99 

11 List of References ..................................................................................................... 115 

12 Appendices................................................................................................................ 119 

 

 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 4 of 124 

List of Abbreviations and Definitions 

ACIP Advisory Committee on Immunization Practices 

AE Adverse event 

AOM Acute otitis media 

Any wheezing event Wheezing captured as RE/AE wheezing or protocol-defined 
wheezing  

ATP According to protocol 

att Attenuated 

BLA Biologics License Application 

ca Cold-adapted 

CAIV-T Cold-adapted influenza virus vaccine – trivalent liquid 
(refrigerated FluMist) 

CBER Center for Biologics Evaluation and Research 

CDC Centers for Disease Control and Prevention 

CDC-ILI CDC-defined influenza- like illness (fever of ≥100°F oral or 
equivalent plus cough or sore throat on the same or consecutive 
days) 

95% CI 95% confidence interval 

COSTART Coding Symbols for Thesaurus of Adverse Reaction Terms 

FDA United States Food and Drug Administration 

FFU Fluorescent focus units 

GMT Geometric mean titer 

HA Hemagglutinin 

HAI Hemagglutination inhibition 

ITT Intent to treat 

LAIV Live, attenuated influenza vaccine 

Matched Wild-type strains antigenically similar to those contained in the 
vaccine 

MedDRA Medical Dictionary for Regulatory Activities 

Mismatched Wild-type strains antigenically dissimilar to those contained in 
the vaccine 

MMR M-M-RII (trivalent measles, mumps, rubella vaccine) 

MMR/VAR M-M-RII and VARIVAX 
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Modified CDC-ILI Modified CDC-defined influenza- like illness (fever of ≥100°F 
oral or equivalent plus cough, sore throat, or runny nose/nasal 
congestion on the same or consecutive days) 

MSW Medically significant wheezing (see protocol-defined wheeze) 

Protocol-defined wheezing Protocol-defined medically significant wheezing; the presence 
of wheezing on physical examination that was accompanied by 
at least one of the following:  sign of respiratory distress 
(tachypnea, retractions, or dyspnea), hypoxemia (O2 saturation 
<95%), or a new prescription for daily bronchodilator therapy 
(not on an “as needed” basis) 

RE Reactogenicity event 

RE/AE wheeze  Wheezing captured as a reactogenicity event (i.e., reported by 
the child’s caregiver) or as an adverse event (i.e., reported by a 
health care provider) 

SAE Serious adverse event 

sBLA Supplemental BLA 

SPG Sucrose, phosphate, glutamate buffer 

TCID50 Median tissue culture infectious dose 

TIV Trivalent inactivated influenza virus vaccine 

ts Temperature sensitive 

U.S. United States 

VAERS Vaccine Adverse Events Reporting System 

VAR VARIVAX (varicella vaccine) 

WHOART World Health Organization adverse reaction terminology 
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1 Overview 

Influenza is an important cause of morbidity and mortality in young children.  Immunization 
against influenza is currently recommended in the U.S. for all children 6-59 months of age 
using injectable trivalent inactivated influenza vaccine (TIV).  While TIV is effective, the 
level of protection in infants and young children has recently been debated.  The 
development of alternative vaccines for prevention of influenza in this population is a high 
public health priority. 

Live, attenuated influenza vaccine (LAIV, FluMist) is currently approved for prevention of 
influenza in healthy individuals 5-49 years of age.  MedImmune has now conducted clinical 
trials to assess the safety and efficacy of FluMist in children <5 years of age, including a 
large pivotal trial directly comparing FluMist and TIV.  These studies show that FluMist 
(1) is highly efficacious in prevention of symptomatic influenza, including modified CDC-
ILI, (2) has better overall efficacy compared to TIV, and (3) has better cross-protection 
against mismatched strains of influenza compared to TIV.  With regards to safety in the 
pivotal comparative study, the reactogenicity profile of the vaccines is as expected, with 
FluMist having a higher rate of runny/stuffy nose and TIV having a higher rate of injection 
site reactions.  Children <24 months of age who received FluMist had statistically significant 
increase in protocol-defined wheezing, with children <12 months accounting for most but not 
all of this difference.  In post hoc analyses, children 6-11 months of age had a significant 
increase in all cause hospitalizations, mostly >42 days after vaccination.  While the 
biological plausibility of this latter observation is not certain, further study is needed in this 
population.  Additional post hoc risk-benefit assessment in children 12-23 months of age 
without a history of wheeze or asthma suggests no increase in hospitalizations, a small but 
non-significant increase in wheezing post vaccination, and a significant decrease in influenza 
illness compared to TIV.  This same post hoc risk-benefit assessment suggests a highly 

favorable profile for children ≥24 months of age without a history of wheeze or asthma.  
Among these children, FluMist recipients had significantly fewer cases of culture-confirmed 
modified CDC-ILI compared to TIV recipients and no increase in wheezing rates or 
hospitalizations.    

Based on the finding of better overall efficacy compared to TIV that led to the favorable risk-
benefit profile of FluMist, MedImmune has proposed an indication for “children 12-
59 months of age without a history of wheeze or asthma.”  For those children 24-59 months 
of age, significant benefit was observed without wheezing or hospitalization risk.  For those 
children 12-23 months of age, significant benefit was observed with only some residual 
potential increase in wheezing post vaccination. 
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FluMist is a highly effective vaccine, with 55% overall better efficacy shown in the pivotal 
trial compared to TIV.  MedImmune believes that the safety and efficacy of FluMist have 
been established for children 24 months through 59 months of age without a history of 
wheeze or asthma, and that the risk-benefit profile for children 12-23 months of age without 
a history of wheeze or asthma warrants use of FluMist in this population as well.   
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2 Introduction 

Background 

Influenza is the leading cause of vaccine-preventable morbidity and mortality in the United 
State (U.S.).  Influenza epidemics occur nearly every year and are responsible for an average 
of approximately 36,000 deaths per year in the U.S. (Thompson 2003).  While influenza 
causes illness in all age groups, rates of infection are highest among children, and otherwise 
healthy children were recently recognized to be at increased risk for influenza-related 
hospitalization (Bridges 2003).  Among young children, hospitalization rates due to influenza 
are reported to be comparable to rates in the elderly (Izurieta 2000, Neuzil 2000, Poehling 
2006).  The majority of influenza-related deaths in children occur in those <5 years of age, 
and nearly half of the pediatric influenza-related deaths are in children who are otherwise 
considered healthy (Bhat 2005).  Influenza infection is also responsible for excess rates of 
outpatient clinic visits and emergency room visits in children <5 years of age (Poehling 
2006).  In addition to the morbidity and mortality in children themselves as a result of 
influenza infection, children are also the major pathway by which influenza infection is 
spread within the community (Fox 1982, Neuzil 2002, Weycker 2005).   

Vaccination is the primary method for preventing illness and severe complications related to 
influenza.  Annual vaccination is recommended for any person 6 months of age or older who 
is at increased risk for complications of influenza and for those in close contact with persons 
at high risk.  In 2004 the Advisory Committee on Immunization Practices (ACIP) 
recommended influenza vaccination of all children 6-23 months of age, as well as their out-
of-home caregivers and household contacts (CDC 2004).  In February 2006, ACIP updated 
these recommendations to include children up to 59 months of age and their caregivers and 
contacts (CDC 2006).  Prevention of spread of influenza by vaccination of children is an 
important part of influenza control. 

The only vaccine available for prevention of influenza in children less than 5 years of age is 
traditional, injectable, trivalent inactivated influenza vaccine (TIV). TIV is composed of 
split-virus (i.e., subvirion) trivalent formulations that include A/H1N1, A/H3N2, and B 
antigens, primarily purified hemagglutinin (HA) protein derived from each of the targeted 
strains.  Intramuscular injection of TIV stimulates a serum antibody response against the HA 
proteins contained in the vaccine, particularly in recipients previously vaccinated or 
otherwise exposed to influenza. 

The magnitude of benefit of TIV in the elderly and in young children has lately come under 
question (Jackson 2005, Jefferson 2005, Simonsen 2005, Smith 2006).  A recent review 
reported that in children <9 years of age, pooled efficacy for TIV against culture-confirmed 
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influenza was 63% (Zangwill 2004). In children <5 years of age, efficacy reported in five 
studies ranged from 12% to 83%; lower than expected efficacy in some studies was attributed 
to lack of previous influenza exposure in the youngest children or to poor matching of 
vaccine and circulating strains.  For children 6-23 months of age, a randomized, double-
blind, placebo-controlled trial reported efficacy against culture-confirmed influenza for TIV 
of 66% (95% CI  34, 82) in the first study year in which there was a high influenza virus 

attack rate and –7% (95% CI  −247, 67) in the second study year in which there was a lower 
attack rate (Hoberman 2003).  While overall efficacy for TIV is commonly reported to be 
70% to 90%, the relatively small number of studies that have specifically evaluated 
protection in young children indicate efficacy estimates that are lower and more variable.  
Given the high burden of influenza in children, families, and communities, the development 
of alternative approaches to vaccination, particularly for young children, is an important 
medical and public health priority. 

Live, attenuated influenza vaccine (LAIV) has been developed as a new approach to 
influenza vaccination.  LAIV replicates in respiratory tract epithelial cells, the normal target 
tissue of influenza viruses, and LAIV antigens are presented to the immune system in a 
manner similar to that occurring during natural infection with wild-type viruses.  Therefore, 
the immune response to vaccination with LAIV is expected to mimic that acquired by natural 
infection with wild-type influenza.  In fact, studies have demonstrated that vaccination with 
LAIV induces influenza-specific serum and nasal antibodies and T-cell responses. 

FluMist (Influenza Virus Vaccine, Trivalent, Types A & B, Live, Cold Adapted) is a live, 
attenuated intranasally administered vaccine that has been shown to be safe and effective for 
the prevention of influenza in healthy children and adolescents 5-17 years of age and in 
healthy adults 18-49 years of age.  FluMist is currently approved in the U.S. for use in these 
individuals.   

MedImmune has conducted a series of large clinical trials to assess the efficacy and safety of 
FluMist in children under the age of 5 years.  Based on efficacy and safety data compiled 
from a pivotal Phase 3 clinical trial and other supportive trials, MedImmune is now seeking 
to expand the current indication in the U.S. to include children less than 5 years of age.  
MedImmune believes that FluMist offers young children the potential for better protection 
against influenza disease (including when the circulating strains are mismatched to the 
vaccine strains) compared to currently marketed formulations of inactivated influenza 
vaccines for this pediatric age group.  Approval of the expanded age indication would also 
address the medical need of having an additional manufacturer of influenza vaccine for 
young children and making available a source of thimerosal- free non- injectable influenza 
vaccine for this population. 
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The data from this supplemental BLA (sBLA) are summarized in this briefing document.  
Primary data as well as post hoc risk-benefit analyses are presented for children 59 months of 
age and younger.  MedImmune believes that these data support the efficacy and safety of 
FluMist in children 12-59 months of age without a history of wheezing/asthma.   

Product Description 

Two formulations of FluMist have been studied worldwide, a frozen formulation and a 
refrigerated formulation.  The characteristics of the two formulations are summarized in 
Table 2-1 below. 

Table 2-1 Frozen and Refrigerated Formulations of FluMist 

Characteristic Frozen FluMist Refrigerated FluMist 

Master Donor Virus 
A/Ann Arbor/6/60 (H2N2) 

B/Ann Arbor/1/66 

A/Ann Arbor/6/60 (H2N2) 

B/Ann Arbor/1/66 

Valency Trivalent Trivalent 

Concentration 
Approximately 107 TCID50  

per strain per dose 
Approximately 107 FFU  

per strain per dose 

Excipients Egg allantoic fluid, SPG 
Egg allantoic fluid, SPG,  

arginine, acid hydrolyzed porcine gelatin 

Storage ≤ –15°C  (Freezer) 2°C to 8°C  (Refrigerator) 

Dose Volume 0.5 mL  (0.25 mL per nostril) 0.2 mL  (0.1 mL per nostril) 

FFU = fluorescent focus units; SPG = sucrose, phosphate, glutamate buffer; TCID50 = median tissue culture 
infectious dose. 

The frozen formulation was approved at the time of the initial approval for FluMist in June 
2003.  A refrigerated formulation was developed, and product characterization and clinical 
data demonstrated comparability of the two formulations.  These data were submitted to the 
FDA in September 2005, and the refrigerated formulation of the vaccine (formerly known as 
CAIV-T) was approved in January 2007.   

The active agents of FluMist consist of two cold-adapted (ca), temperature sensitive (ts), 
attenuated (att) reassortant influenza strains of type A (i.e., A/H1N1 and A/H3N2), and one 
ca/ts/att reassortant influenza strain of type B.  Cold-adapted reassortant vaccine strains are 
produced in specific pathogen-free chicken eggs and primary chick kidney cells by genetic 
reassortment between a wild-type influenza virus and a ca master donor strain.  The vaccine 
is manufactured in specific pathogen-free eggs using a ca reassortant virus containing the six 
gene segments encoding internal virus proteins from the ca/ts/att master donor virus strains 
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and the two wild-type gene segments encoding the hemagglutinin and neuraminidase surface 
proteins from wild-type viruses.  The resulting ca/ts/att strains are referred to as 6:2 
reassortants.   

For production of refrigerated FluMist, each reassortant virus is further concentrated and 
purified from egg contaminants by centrifugation on a sucrose gradient prior to formulation.  
FluMist is stabilized with a sucrose, phosphate, glutamate buffer, as well as arginine and acid 
hydrolyzed porcine gelatin.  The ultracentrifugation step in combination with the new 

formulation confers the stability of FluMist at 2°C to 8°C.  The virus concentration step also 
permits a lower dosing volume for the refrigerated formulation (0.2 mL) relative to the 
previously approved frozen formulation (0.5 mL).  Each dose of FluMist contains 
approximately 107 FFU (fluorescent focus units) per strain per dose. 

3 FluMist Clinical Trial Experience 

In 48 completed clinical research trials worldwide, more than 48,000 subjects ranging in age 
from 6 weeks to >90 years received frozen or refrigerated FluMist.  More than 
40,000 children and adolescents from 6 weeks to 18 years of age, including >2,000 with 
conditions such as asthma, recurrent respiratory tract illness, or human immunodeficiency 
virus infection, have received at least one dose of FluMist in clinical trials.  

In addition to this clinical trial experience, more than 45,000 doses of frozen FluMist have 
been administered in two post-marketing studies and approximately 6 million doses of 
FluMist have been distributed for commercial use in individuals 5-49 years of age following 
licensure of the product in 2003 through 2006.  During the first two seasons of FluMist 
commercial use, VAERS (Vaccine Adverse Events Reporting System) did not identify any 
unexpected serious risk with the vaccine when used according to approved indications 
(Izurieta 2005).  To date, no unexpected serious risks have been identified for FluMist when 
used according to approved indications. 

Studies with FluMist in both children and adults have demonstrated high levels of protection 
against culture-confirmed influenza (Belshe 1998, Belshe 2000, Treanor 1999, Vesikari 
2006, Tam 2007).  Additionally, FluMist has demonstrated protection in both children and 
adults against influenza strains antigenically mismatched to those contained in the vaccine in 
several studies conducted over multiple seasons (Belshe 2000, Nichol 1999, Gaglani 2005, 
Piedra 2005, King 2005).  Protection against antigenically mismatched strains is especially 
relevant, because vaccine mismatch appears to be increasingly common, having occurred in 
the United States to significant degrees in four of the last nine influenza seasons (1997-1998, 
2000-2001, 2003-2004, and 2004-2005). 
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At the time of the initial approval of FluMist in 2003, MedImmune did not seek an indication 
for children less than 5 years of age because a placebo-controlled safety study in 
approximately 9500 children 1-17 years of age (Study AV019, Bergen 2004) showed a 
higher rate of asthma/reactive airways disease in children 18-35 months of age (2.2% frozen 
FluMist, 0.54% placebo).  Post hoc analysis could not rule out an increase in these events in 
children up to 5 years of age.  An important limitation of this study, however, was that it was 
not designed to prospectively address the risk of asthma. 

Subsequently, two open- label, controlled trials were conducted in Europe and Israel during 
the 2002-2003 influenza season to evaluate the efficacy of FluMist compared to TIV in two 
pediatric populations.  One study randomized 2187 children 6-71 months of age with a 
history of recurrent respiratory tract infections to receive two doses of refrigerated FluMist or 
TIV.  In this study, children receiving FluMist had 53% (95% CI: 22, 72) fewer cases of 
influenza illness compared to TIV recipients due to matched strains (Study D153-P514; 
Ashkenazi 2006).  The second study was conducted in 2229 children and adolescents 6-
17 years of age with asthma who received a single dose of refrigerated FluMist or TIV.  In 
this study, children receiving FluMist had 35% (95% CI: 4, 56) fewer cases of influenza 
illness due to matched strains compared to TIV recipients (Study D153-P515; Fleming 
2006). 

Based on the potential safety signal seen in Study AV019 and the higher efficacy against 
influenza illness seen in Studies D153-P514 and D153-P515, MedImmune conducted the 
pivotal study MI-CP111 to evaluate both safety and efficacy of FluMist and TIV in children 
6-59 months of age (Belshe 2007).  Study MI-CP111 was a randomized, double blind, 
multinational study that enrolled 8475 children.  Children, including those with underlying 
medical conditions, were eligible to participate, except for those with recent wheezing, 
severe asthma, or immunocompromise.  The primary efficacy endpoint was the relative 
efficacy of refrigerated FluMist vs. TIV against culture-confirmed modified Centers for 
Disease Control & Prevention influenza- like illness (“modified CDC-ILI”)1 caused by wild-
type strains antigenically similar to those contained in the vaccine.  To more effectively 
understand any risk of wheezing or asthma with FluMist, a prospectively defined case 
definition was used as the primary assessment of wheezing outcomes.  A case (medically 

                                                 

1 CDC-ILI (Centers for Disease Control and Prevention−defined influenza-like illness), defined as fever 
(temperature ≥100°F oral or equivalent) plus cough or sore throat on the same or consecutive days, was 
modified (“modified CDC-ILI”) to fever plus cough, sore throat, or runny nose/nasal congestion  as a 
means of capturing age-appropriate influenza illness symptoms per discussions with CBER. 
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significant wheezing, MSW)2 was defined as a medical diagnosis of wheezing associated 
with other respiratory findings or with initiation of new bronchodilator therapy.  Secondary 
efficacy endpoints included efficacy against mismatched influenza strains and all circulating 
strains combined as well as lower respiratory tract infection and otitis media associated with 
modified CDC-ILI.  Other safety outcomes included reactogenicity events, adverse events, 
serious adverse events, and hospitalizations.  

The design of Study MI-CP111 provided the opportunity for a comprehensive evaluation of 
both benefit and risk of FluMist compared to TIV in the same population over the same 
influenza season.  Pre-specified and exploratory analyses from this trial are provided in this 
briefing document and (along with supportive data) form the foundation for MedImmune’s 
sBLA submission for US regulatory approval of FluMist in children 12-59 months of age 
without a history of wheezing or asthma.  The studies that provide primary evidence of the 
efficacy and safety of FluMist that are part of this sBLA (BL 125020/322, filed with the FDA 
in July 2006) are listed in Table 3-1.  Study MI-CP123 provides comparative 
immunogenicity data, and Study AV018 is also listed and provides data on concurrent 

vaccination with M-M-RII and VARIVAX in infants.  A description of the design for each 
study follows.  As requested by the FDA, serious adverse event data from several other 
studies (see Table 6-1) are summarized in Section 6.4.2 and as part of the safety assessment.   

 

                                                 
2 Medically significant wheezing was defined as the presence of wheezing on physical examination that was 

accompanied by at least one of the following:  sign of respiratory distress (tachypnea, retractions, or 
dyspnea), hypoxemia (O2 saturation <95%), or a new prescription for daily bronchodilator therapy (not on 
an “as needed” basis). 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 14 of 124 

Table 3-1 Description of Clinical Efficacy and Safety Studies Included in the sBLA 

Study; Year; 
Location 

Design Population Treatment; a 

Regimen 
Number of 
Subjects  b 

Endpoints/Objectives 

MI-CP111 
 
2004-2005 
 
USA, Europe, 
Middle East, 
Asia 
 

Phase 3 
Randomized 
Double blind 
Active control 
 
Follow-Up 
REs & AEs Days 0-42 
Wheezing, protocol 
defined wheezing 
(medically significant 
wheezing, MSW), & 
SAEs through 
influenza surveillance 
period 

 

Children, excluding 
those with recurrent 
persistent or severe 
asthma or 
immunocompromise 

6 to 59 mos of age 

CAIV-T + IM Placebo 
TIV + IN Placebo 
 
IN products (CAIV-T and IN 

Placebo, 0.2 mL) 
 
IM products (TIV and IM 

Placebo, 0.25 or 0.5 mL 
according to age) 

 
Previously vax’d: 1 dose 
Not previously vax’d:  

2 doses, 28-42 days apart  

4243 
4232 

 
(Note: 241 

CAIV-T and 
242 TIV with 

underlying 
medical 

conditions) 

• Relative efficacy against culture-
confirmed modified CDC-ILI due to 
matched strains (modified CDC-ILI 
defined as fever plus cough, sore 
throat, or runny nose/nasal congestion 
on same or consecutive days) 

• Safety: rate difference for protocol-
defined wheezing (MSW, defined as 
wheezing on physical exam plus sign 
of respiratory distress, hypoxemia, or 
new prescription for daily 
bronchodilator therapy) 

 

D153-P501 
 
Year 1,  
2000-2001 

Year 2,  
2001-2002 

 
Asia 
 

Phase 3 
Randomized 
Double blind 
Placebo control 
 
Subjects were re -
randomized to tx group 
in Year 2 

 
Follow-Up 
REs & AEs Days 0-10 
SAEs through influenza 
surveillance period 

 

Healthy children 
12 to <36 mos of age 
 
Subjects enrolled in 
Year 2 had to 
receive both doses in 
Year 1 

Year 1 
CAIV-T, 0.2 mL IN 
Placebo, 0.2 mL, IN 
 
2 doses, 28-56 days apart  
 
Year 2 
CAIV-T in Year 1: 

CAIV-T, 0.2 mL IN 
Placebo, 0.2 mL IN 

 
Placebo in Year 1: 

CAIV-T, 0.2 mL IN 
Placebo, 0.2 mL IN 

 
1 dose 
 

 
1900 
1274 

 
 
 
 
 

881 
876 

 
 

596 
594 

• Efficacy against culture-confirmed 
influenza due to matched strains (post 
Dose 2 in Yr 1; post Dose 1 in Yr 2) 

• Immunogenicity:  strain-specific serum 
HAI seroconversion post Dose 2, 
matched strains (subset of subjects) 
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Table 3-1 Description of Clinical Efficacy and Safety Studies Included in the sBLA (continued) 

Study; Year; 
Location 

Design Population Treatment; a 

Regimen 
Number of 
Subjects  b 

Endpoints/Objectives 

AV006 
 
Year 1:  

1996-1997 
Year 2:  

1997-1998 
 
USA 

Phase 3 
Randomized 
Double blind 
Placebo control 
 
Non-randomly assigned 
to receive 1 or 2 doses 
in Year 1 

 
Follow-Up 
REs & AEs Days 0-10 
SAEs through influenza 

surveillance period 

Healthy children 
15 to 71 mos of age 
 
 

Year 1 
FluMist, 0.5 mL IN 
Placebo, 0.5 mL IN 
 
1 dose or  
2 doses, 46-74 days apart  
 
Year 2 
FluMist, 0.5 mL IN 
Placebo, 0.5 mL IN 
 
1 dose 
 

 
1070 
532 

 
 
 
 
 

917 
441 

• Efficacy against culture-confirmed 
influenza due to matched strains 

• Efficacy against influenza -associated 
AOM 

• Immunogenicity:  strain-specific serum 
HAI seroconversion, matched strains 
(subset of subjects) and mismatched 
strains (subset of subjects) 

 

MI-CP123 
 
2005 
 
USA 

Phase 2 
Randomized 
Open label 
Active control 
 
Follow-Up 
AEs Days 0-42 
SAEs through 180 days 

post final dose 
 

Children 
6 to <36 mos of age 

CAIV-T, 0.2 mL IN 
TIV, 0.25 mL IM 
 
2 doses, 28-42 days apart  

24 
28 

• Immunogenicity:  strain-specific serum 
HAI seroconversion post Dose 2, 
matched strains 

• Immunogenicity:  strain-specific serum 
HAI seroconversion post Dose 2, 
mismatched strains 
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Table 3-1 Description of Clinical Efficacy and Safety Studies Included in the sBLA (continued) 

Study; Year; 
Location 

Design Population Treatment; a 

Regimen 
Number of 
Subjects  b 

Endpoints/Objectives 

AV018 
 
2000-2003 
 
USA, 
Australia 

Phase 3 
Randomized 
Double blind (Group 1 
vs. Group 2 only) 

Placebo control 
 
Follow-Up 
REs & AEs Days 0-41 
SAEs through 180 days 

post final dose 
 
 

Healthy children 
12-15 mos of age 

Group 1 
Dose 1: Placebo+ 

MMRII+VARIVAX 
Dose 2: FluMist 
Dose 3: FluMist 

 
Group 2 
Dose 1: FluMist+ 

MMRII+VARIVAX 
Dose 2: FluMist 
Dose 3: Placebo* 

 
Group 3  
Dose 1: FluMist 
Dose 2: FluMist 
Dose 3: MMRII + VARIVAX 

 
FluMist and Placebo,  

0.5 mL IN 
 
MMRII and VARIVAX,  

0.5 mL SC 
 
Dose 1&2, 42 days apart  
Dose 2&3, 30 days apart  
 

411 
 
 
 
 
 

422 
 
 
 
 
 

412 

• Immunogenicity:  strain-specific serum 
HAI seroconversion post Dose 2, 
matched strains (lower limit of 95% CI 
> -10 for each influenza strain) 

• Immunogenicity:  serum HAI strain-
specific GMT ratio post Dose 2, 
matched strains (lower limit of 95% CI 
> 0.5 for each influenza strain) 

• Immunogenicity: post vaccination 
seropositivity rate (lower limit of 95% 
CI > -5 for measles, mumps, and 
rubella, > -10 for varicella) 

• Immunogenicity: post vaccination 
antibody titer GMT ratio (lower limit 
of 95% CI > 0.5 for each antigen) 

 
 

AE=adverse event; AOM=acute otitis media; CAIV-T=refrigerated FluMist; CDC-ILI=influenza-like illness defined by the Centers for Disease Control and 
Prevention; CI=confidence interval; FluMist=frozen FluMist; GMT=geometric mean titer; HAI=hemagglutination inhibition; IM=intramuscular; IN=intranasal; 
MSW=medically significant wheezing; RE=reactogenicity event; SAE=serious adverse event; SC=subcutaneous; TIV=trivalent inactivated influenza virus vaccine
a. Frozen FluMist is formulated to contain approximately 107 TCID50 of each of the three vaccine strains per dose.  CAIV-T is formulated to contain 

approximately 107 FFU of each of the three vaccine strains per dose.   
b. Number of subjects in the Safety Population . 
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3.1 Descriptions of Study Designs 

AV019 

Study AV019 was a randomized, double blind, placebo controlled safety study in healthy 
children 1 to 17 years of age, conducted during the 2000-2001 influenza season, that 
evaluated the post vaccination rates of medically attended events for 9689 children enrolled 
in the Kaiser Health Plan of Northern California.  Randomization was 2:1 (frozen FluMist to 
placebo).  A total of 5637 children were 1-8 years of age (3769 FluMist vs. 1868 placebo) 
and 4052 children were 9-17 years of age (2704 FluMist vs. 1348 placebo).  Adverse events 
(medically attended events, or MAEs) were assessed in this study by extraction from Kaiser 
Permanente’s health care utilization databases associated with hospital, emergency 
department, or clinic utilization within 42 days of vaccination.   

In this study, overall medical utilization was estimated by comparing rates of hospital, 
emergency department, and clinic usage for all recipients of frozen FluMist with the 
corresponding rates for all placebo recipients during the safety monitoring period.  Four 
groups of diagnoses representing illness syndromes that could potentially be caused by wild-
type influenza infection were prospectively identified, and rates of these pre-specified 
grouped diagnoses were also used to further assess the safety of FluMist.  The four pre-
specified grouped diagnoses were acute respiratory tract events, systemic bacterial infections, 
acute gastrointestinal tract events, and rare events potentially related to influenza.  

Prespecified analyses were conducted by age group (all participants, participants 1-8 years of 
age, 9-17 years of age, 12-17 months of age, and 18-35 months of age), by setting 
(hospitalization, emergency department, clinic, or all three settings combined), and by dose 
(after Dose One, after Dose Two, and after all doses combined).  The 12-17 and 18-35 month 
age subsets were selected for post hoc analyses to provide additional information on safety in 
young children. 

MI-CP111  

Study MI-CP111 was a pivotal, Phase 3, prospective, randomized, double blind, active-
controlled trial in children 6-59 months of age.  The primary objective of this study was to 
estimate the relative efficacy and assess the safety of FluMist compared to TIV.  The 
secondary objectives were to estimate the relative effectiveness of FluMist compared to TIV, 
and to assess the tolerability of FluMist compared to TIV.  The study was conducted during 
the 2004-2005 influenza season in the U.S. and 15 countries in Europe, the Middle East, and 
Asia.  Children were randomized at a 1:1 ratio to receive either intranasal refrigerated 
FluMist plus intramuscular placebo (N=4243), or intramuscular TIV plus intranasal placebo 
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(N=4232).  Randomization was stratified by age at first dose (6-23, 24-35, or 36-59 months 
of age), prior influenza vaccination status, recurrent wheezing history status (defined as the 
presence or absence of a history of three or more wheezing illnesses requiring medical 
follow-up or hospitalization), and country.  Children who previously received any influenza 
vaccine, by parent report or chart review, received a single dose of study vaccine plus 
corresponding placebo (Dose One) on Study Day 0 (ONE DOSE group).  Children who 
never previously received an influenza vaccination (or had an unknown history of influenza 
vaccination) received two doses of study vaccine plus corresponding placebo: Dose One on 
Study Day 0, and Dose Two 28-42 days after the first dose (TWO DOSE group).  

The primary efficacy endpoint was the incidence of culture-confirmed modified CDC-ILI, 
occurring during the influenza surveillance period (which ended on 31/May/2005) caused by 
wild-type strains antigenically similar to those contained in the vaccine (matched strains).  

CDC-ILI (CDC-defined influenza- like illness), defined as fever (temperature ≥100°F oral or 
equivalent) plus cough or sore throat on the same or consecutive days, was modified 
(“modified CDC-ILI”) to fever plus cough, sore throat, or runny nose/nasal congestion as a 
means of capturing age-appropriate influenza illness symptoms per discussions with the 
Center for Biologics Evaluation and Research (CBER).  Culture-confirmed modified CDC-

ILI was defined as a positive culture for a wild-type influenza virus associated within ±7 
days of modified CDC-ILI symptoms.  

The secondary efficacy endpoints of the study included:  

• Culture-confirmed modified CDC-ILI caused by wild-type mismatched strains;  

• Culture-confirmed symptomatic influenza infection caused by wild-type matched strains; 
and  

• Culture-confirmed symptomatic influenza infection caused by wild-type mismatched 
strains.  

Culture-confirmed symptomatic influenza infection was defined as a positive culture for a 

wild-type influenza virus associated within ±7 days of one (or more) of the following 

symptoms:  fever (temperature ≥99.8°F oral or equivalent), wheezing, shortness of breath, 
pulmonary congestion (including bronchitis, bronchiolitis, and croup), pneumonia, or ear 
infection (acute otitis media [AOM], suspected or diagnosed); or at least two of the following 
symptoms concurrently:  runny/stuffy nose (rhinorrhea), sore throat (pharyngitis), cough, 
muscle aches, chills, headache, irritability, decreased activity, or vomiting.  

The primary analysis included cultures obtained ≥14 days after the final required study 
vaccination and used the According to Protocol (ATP) Population, defined as randomized 
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children who had at least one surveillance contact on or after 01/Nov/2004 that was also 

≥14 days after the final required vaccination, and who did not experience a major protocol 
violation during the study.  The primary endpoint was also evaluated using cultures obtained 
at any time after randomization and in the Intent to Treat (ITT) Population, defined as all 
randomized children.  

Nasal swabs for influenza virus culture were to be collected from children within 24 hours of 
qualifying symptoms or as soon as possible thereafter.  Specimens were stabilized in viral 

transport media within 4 hours of collection and shipped at 2°C to 8°C within 24-72 hours to 
one of four designated central virology laboratories:  Quest Diagnostics Clinical Trials, Van 
Nuys, California, USA; Department of Microbiology, Prince of Wales Hospital, Hong Kong; 
Department of Virology, University of Turku, Turku, Finland; ERNVL, RVU Health 
Protection Agency, London, United Kingdom.  Cultures were incubated at 33°C for at least 
14 days, and identification of positive samples was performed according to each laboratory’s 
standard procedures.  Supernatants from positive cultures were stored at -70°C and shipped 
to MedImmune for strain-matching by hemagglutination inhibition (HAI) identification 
assay, and for genotyping and subtyping by PCR.  Viruses were characterized as either 
antigenically similar (matched) or as not well matched (mismatched) to the vaccine strain.  
Reference antisera provided by the Centers for Disease Control and Prevention (CDC) were 

used to antigenically characterize isolates and a ≥4-fold difference in HAI titers was 
considered indicative of antigenic variation between two viruses. 

Relative efficacy (percent reduction in cases of influenza illness) was defined as: 

Relative efficacy = (1 - [Observed rate in FluMist / Observed rate in TIV]) x 100 

As prospectively defined in the Statistical Analysis Plan, non-inferior relative efficacy was 
demonstrated if the lower bound of the 95% confidence interval (95% CI) was > -30%, and 
statistically significant superior relative efficacy was demonstrated if the lower bound was 
> 0%. 

Confidence intervals for relative efficacy were constructed using an exact binomial method 
for multiple strata (age, country, history of prior influenza vaccination, and history of 

≥3 wheezing illnesses [recurrent wheezing history]), conditioned upon the total number of 
cases, with mid-probability adjustment (Guess 1987).  These confidence intervals and their 
corresponding adjusted estimates of relative efficacy, rather than crude estimates, are 
presented.  This procedure is implemented in StatXact 6.0 and Proc STATXACT (Cytel 
Software).  

The pre-specified subgroups for analysis included children 6-23 and 24-59 months of age.  
Analyses were also conducted by stratification variable, and post hoc assessments were done 
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by additional age subsets (6-11 and 12-23 months of age) as well as for children with and 
without a history of wheeze or diagnosis of asthma.  History of wheezing (i.e., any wheezing) 
and history of asthma at baseline were collected prospectively on the case report form, from 
the parent and/or by chart review.   

Safety assessments included reactogenicity events (REs), other adverse events (AEs), serious 
adverse events (SAEs), and significant new medical conditions (SNMCs).  Parents/guardians 
recorded safety events on study worksheets and submitted the completed worksheets to the 
clinical site on a monthly basis through the end of the influenza surveillance period 
(31/May/2005).  Qualifying symptoms (those solicited symptoms that were to prompt a study 
site visit for nasal swab collection) were recorded from administration of Dose One through 
the end of the influenza surveillance period.   

Wheezing outcomes were assessed using a prospectively defined case definition (medically 
significant wheezing, MSW), defined as the presence of wheezing on physical examination 
and accompanied by at least one of the following:  sign of respiratory distress (tachypnea, 
retractions, or dyspnea), hypoxemia (O2 saturation <95%), or a new prescription for daily 
bronchodilator therapy (not on an “as needed” basis).  The incidence and number of episodes 
of medically significant wheezing were assessed by constructing a 2-sided 95% CI for the 
rate difference of FluMist minus TIV.  The confidence intervals were computed using the 
asymptotic method of Miettinen and Nurminen (1985) for stratified analyses.  This method 
constructs approximate confidence intervals by inverting a score test for the common rate 
difference.  Constrained estimates of variability are constructed for each stratum and are 
combined to form a weighted chi-square value.  The strata are weighted using an iterative 
technique to produce weights proportional to the amount of comparative information within 
each stratum.  The strata were the same as those used in the efficacy analyses with the 
exception of country, due to sparse data issues. 

In addition, wheezing reported as an RE or as AE was analyzed as a secondary endpoint 
(“RE/AE wheezing”).  RE/AE wheezing, unlike the case definition of wheezing (MSW), was 
not a protocol-specified case definition and included wheezing reported by the child’s 
caregiver as well as wheezing reported by a health care provider.  RE/AE wheezing and 
MSW were not mutually exclusive categories.  RE/AE wheezing was recorded in the case 
report form and then coded using MedDRA.  Prior to unblinding, the Medical Monitor 
reviewed all MedDRA terms to identify wheezing illness synonyms (e.g., wheezing, 
bronchospasm, asthma, bronchiolitis), and those terms were combined for the summary of 
RE/AE wheezing.  Events of RE/AE wheezing and MSW were combined for the analysis of 
“any wheezing event.” 
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D153-P501, Year 1 and Year 2 

Study D153-P501 was a Phase 3, randomized, double blind, placebo-controlled study of 
FluMist in healthy children 12-35 months of age.  The primary objective of this study was to 
determine the efficacy of FluMist against culture-confirmed influenza illness.  Secondary 
objectives were to investigate the efficacy of FluMist over multiple influenza seasons, the 
effect of FluMist on AOM, and the possibility of asymptomatic carriage of influenza virus in 
healthy children during an influenza season.   

The study was conducted during the 2000-2001 and 2001-2002 influenza seasons at multiple 
sites in Asia.  In Year 1 of the study, children were randomized at a 3:2 ratio to receive two 
doses, 28-56 days apart, of refrigerated FluMist (N=1900) or placebo (N=1274).  In Year 2 
of the study, children who participated in Year 1 were re-randomized at a 1:1 ratio, 
independently of the Year 1 treatment assignment, to receive a single dose of refrigerated 
FluMist (total N=1477; 881 who previously received FluMist, 596 who previously received 
placebo) or placebo (total N=1470; 876 who previously received FluMist, 594 who 
previously received placebo).   

The primary endpoint was the incidence of culture-confirmed symptomatic influenza illness 
due to wild-type matched strains following receipt of the second dose of FluMist or placebo in 
Year 1 through the day before dosing in Year 2, or 14/Mar/2002 if the child was not dosed for 
the second year.  Efficacy analyses were also performed for Year 2 as a secondary endpoint.  

The primary analysis of the primary endpoint was conducted on the ATP Population, defined as 
children who were aged 12 months to <36 months at enrollment, who were not administered 
any live viral vaccine within 28 days prior to or post vaccination, who did not receive any 
therapy or have any medical condition or other occurrence which was likely to materially 
affect the clinical observations or responses for the child, as determined by the Study 
Director prior to unblinding, who received all doses of the treatment they were assigned to, 
and who remained in the study at least 15 days after receiving each dose.  Exact, two-sided 
95% CIs were constructed using the binomial distribution conditional upon the total number 
of cases observed.  If the lower limit of the 95% CI was > 0%, then the vaccine was statistically 
significantly superior to placebo.  Immunogenicity data obtained from a subset of children from 
this study are not included as part of this briefing document. 

AV006, Year 1 and Year 2 

Study AV006 was the pivotal, Phase 3, randomized, double blind, placebo-controlled trial of 
FluMist, in healthy children 15-71 months of age.  The primary objective of this study was to 
demonstrate efficacy of a two-dose regimen of FluMist against culture-confirmed influenza 
illness.  Secondary objectives included the following:  demonstrate efficacy of either a one or 
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two-dose regimen of FluMist, estimate efficacy of a one-dose regimen of FluMist, and 
demonstrate efficacy of a single dose of FluMist in the second year of the study in children 
who received either one or two doses of FluMist in the first year of the study.  

The study was conducted during the 1996-1997 and 1997-1998 influenza seasons at multiple 
sites in the U.S.  In Year 1 of the study, children were randomized at a 2:1 ratio to receive 
frozen FluMist or placebo, with most children receiving two doses of study vaccine, 46-74 
days apart.  A one-dose regimen was also included in Year 1 of the study, because in any 
given influenza season a child may only receive a single dose before an influenza outbreak; 
the one-dose and two-dose regimens were not randomized to compare the regimens.  A total 
of 1070 children received FluMist (N=881 two doses; N=189 one dose) and 532 received 
placebo (N=433 two doses; N=99 one dose).  In Year 2 of the study, children who 
participated in Year 1 received a single dose of frozen FluMist (N=917) or placebo (N=441) 
according to the treatment assignment in Year 1.  

The primary efficacy endpoint was the incidence of culture-confirmed influenza illness 
caused by community-acquired subtypes antigenically similar (matched strains) to those 
contained in the vaccine, in children who received two doses of vaccine, for the influenza 
season directly following vaccination (through 29/Apr/1997).  Children were included in the 
efficacy analyses of the primary endpoint if they had received two doses of study vaccine 
prior to their first case of influenza, and had not received FluMist or TIV before entry into 
the trial.  Confidence intervals for efficacy were based on Koopman’s method for the ratio of 
binomials.  Immunogenicity data obtained from a subset of children from this study are not 
included as part of this briefing document. 

Efficacy and safety data from Study AV006 were previously submitted to CBER in support 
of the original licensure of FluMist.  At the request of CBER, these data from AV006 were 
included in the sBLA to support the age indication extension to children less than 5 years of 
age. 

MI-CP123 

Study MI-CP123 was a Phase 2, prospective, randomized, open-label trial in children 6 to 
<36 months of age.  The objective of this study was to describe the level of serum antibody 
conferred by FluMist and TIV against influenza virus strains that were antigenically 
matched or antigenically mismatched to the vaccine strains.  The study was conducted 
outside of the influenza season in 2005 at multiple sites in the U.S.  Children were 
randomized at a 1:1 ratio to receive two doses of refrigerated FluMist (N=24) by intranasal 
administration or two doses of TIV (N=28) by intramuscular administration, with Dose Two 
given 28-42 days after Dose One.   
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Samples were assayed for serum hemagglutination inhibition (HAI) antibody titer.  The 
reciprocal of the highest dilution of the test serum that completely inhibited hemagglutination 
was designated the HAI titer.  If no inhibition was observed, the titer was reported as <4.  
Based on a previously performed precision study, a 4-fold or greater difference in titer 
between two sera was considered significant.  The viral antigens used in this assay included 
whole virus cold adapted (ca) A/New Caledonia/20/99 (H1N1), ca A/Wyoming/03/2003 
(H3N2), and wild-type (wt) A/California/07/2004 (H3N2).  Wild-type B/Shanghai/361/2002 
and wt B/Florida/07/2004 antigens were prepared by ether extraction, a technique reported to 
demonstrate greater sensitivity for detection of influenza B antibodies by HAI when 
compared to the use of whole virus antigen (Kendal 1983).   

Seroconversion/seroresponse rates (the proportions of children achieving ≥4-fold increase in 
HAI titer) were summarized by baseline serostatus.  A two-sided exact 95% CI was 
constructed on the rate differences using the unconditional exact method proposed by Chan 
and Zhang (Chan 1999).  Geometric mean titers (GMTs) were summarized by treatment 
group using a percentile-based bootstrap technique stratified by baseline serostatus.  
Corresponding two-sided 95% CIs based on 10,000 bootstrap data sets constructed by 
drawing replicates with replacement from each of the four cells (two treatment groups and 
one strata with two levels) of observed data were performed.  The number of replicates 
drawn from each cell in this fashion was equal to the observed sample size within each cell. 

AV018 

Study AV018 was a Phase 3, randomized, placebo-controlled trial in healthy children 12 to 
15 months of age, conducted outside the influenza seasons in 2000-2002 at multiple sites in 
the U.S. and Australia.  The objective of the study was to evaluate whether concomitant 

administration of frozen FluMist with other live viral vaccines, M-M-RII and VARIVAX 

(MMR/VAR), would be well tolerated and suitably immunogenic with respect to all antigens 
contained in the vaccines.  Children were randomized at a 1:1:1 ratio to one of three groups 
(total N=1245), as outlined below.  Serum samples were obtained immediately prior to the 
receipt of study treatment(s) at Visit 1 (Day 0), Visit 2 (Day 42), and Visit 3 (Day 72). 
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Treatment Group 
N 

Visit 1 
Day 0 

Visit 2 
Day 42 

Visit 3 
Day 72 

MMR/VAR (Group 1)a 

N=411 
 

Placebo + 
M-M-RII+Varivax 

FluMist FluMist 

MMR/VAR/FluMist (Group 2)a 

N=422 
 

FluMist + 
M-M-RII+Varivax 

FluMist Placebo 

FluMist (Group 3)b 

N=412 
FluMist FluMist M-M-RII+Varivax 

a. Randomized, double blind treatment assignment. 
b. Randomized, unblinded treatment assignment. 

Immunogenicity to mumps, measles, rubella, and varicella antigens was evaluated using 
antigen-specific enzyme-linked immunosorbent assays (ELISAs) to detect serum antibody 
(immunoglobulin G) before and after vaccination with MMR and VAR.  These assays were 
performed and validated by Merck Research Laboratories and met FDA acceptance criteria.  
Seroresponse was defined as a post vaccination assay result of =255 mIU/mL for measles, 
=10.0 mumps antibody units/mL for mumps, =10 IU/mL for rubella, and =5 gp ELISA 
units/mL for varicella. 

Immunogenicity to influenza viruses was evaluated by measuring serum HAI titers to each of 
the strains contained in the vaccine, using standard assay procedures.  HAI titer was defined 
as the reciprocal of the highest dilution of the test serum that completely inhibited 
hemagglutination.  A titer of <4 was assigned to serum samples for which no inhibition could 
be detected, even at the lowest dilution tested (1:4 dilution); titers <4 had a value of 2 
imputed to provide a baseline value from which to calculate seroconversion.  Seronegativity 

was defined as HAI titer ≤4.  Seroconversion was defined as a ≥4-fold rise in titer from 
baseline in children who were seronegative at baseline (i.e., those who had a baseline titer of 

<4 and post vaccination titer of ≥8, and those who had a baseline titer of 4 and post 
vaccination titer of ≥16). 

Determination of equivalent immunogenicity for M-M-RII and VARIVAX was based on 
the lower limit of two-sided exact 90% CIs on the treatment group difference in 
seropositivity rates (Group 2 minus Group 1) and the ratio of geometric mean titers (GMTs) 
(Group 2/Group 1).  Equivalence based on seropositivity rates was considered established if 
the lower limit of the two-sided exact 90% CI for the rate difference was greater than the pre-
specified equivalence limit of -10 percentage points.  Equivalence based on the ratio of 
GMTs was considered established if the lower limit of the two-sided 90% CI for the ratio 
was >0.5.  In addition, as requested by CBER, two-sided 95% CIs for non-inferiority 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 25 of 124 

evaluations for rate differences and GMT ratios were assessed, and a 5 percentage point 
margin for measles, mumps, and rubella was applied for the rate difference. 

Determination of equivalent immunogenicity for the three influenza strains contained in 
FluMist study vaccine was based on the lower limit of two-sided exact 90% CIs on treatment 
group differences in seroconversion rates (Group 2 minus Group 3) and the ratio of GMTs 
(Group 2/Group 3) after Dose Two.  Equivalence based on seroconversion was considered 
established if the lower limit of the two-sided 90% CI for the rate difference was greater than 
the pre-specified equivalence limit of -10 percentage points for the A/H3N2 and B strains 
and -15 percentage points for the A/H1N1 strain.  Equivalence based on the ratio of GMTs 
was considered established if the lower limit of the two-sided 90% CI for the ratio was >0.5.  
In addition, as requested by CBER, two-sided 95% CIs for non-inferiority evaluations for 
rate differences and GMT ratios were assessed, and a -10 percentage point non- inferiority 
margin to the A/H1N1 endpoint was applied for the rate difference. 

Confidence intervals for difference in seroresponse rates were constructed using the method 
of Miettinen and Nurminen (1985).  Confidence intervals for all GMTs were based on the 
percentile-based bootstrap technique and included stratification using Season (1, 2) and 
country (Australia, U.S.) to control for potential prior exposure to the antigens under study 
that might vary by these factors. 

4 Data Demonstrating Efficacy of FluMist 

More than 20,000 children <5 years of age have been evaluated in clinical trials of the 
efficacy of FluMist.  Published data suggest that FluMist has high efficacy in children and 
higher relative efficacy compared to TIV (Belshe 1998, Belshe 2000, Treanor 1999, 
Ashkenazi 2006, Vesikari 2006, Belshe 2007, Tam 2007).   

In the pediatric studies submitted with the sBLA (Table 4-1), the efficacy of FluMist 
compared to placebo against matched, culture-positive symptomatic influenza illness has 
ranged from approximately 73% to 93%, and efficacy has been documented against all three 
subtypes of influenza:  A/H1N1, A/H3N2, and B.  In the pivotal trial in children <5 years of 
age that directly compared the efficacy of FluMist to TIV (Study MI-CP111), FluMist was 
superior to TIV in protecting against influenza illness caused by matched strains, with 45% 
fewer cases of influenza illness, and influenza illness caused by all strains, with 55% fewer 
cases of influenza illness.   

Efficacy was not evaluated in Studies MI-CP123 or AV018. 
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Table 4-1 Efficacy of FluMist against Influenza in Studies Including 
Children < 5 Years of Age 

FluMist Efficacy (95% CI) 

Protocol 
FluMist 

Formulation 

Age 
Rangea 
(mos) 

Total No. 
of 

Children 

Study 
Season 

Matched Strains All Strains 

Active Controlled Trial 

MI-CP111 Refrigerated 6-59 7852 2004-2005 
44.5% (22.4, 60.6) 
fewer cases than 

TIV 

54.9% (45.4, 62.9) 
fewer cases than 

TIV 

Placebo Controlled Trials 

1259b 1996-1997 93.4% (87.5, 96.5) 93.4% (87.5, 96.5) 
AV006 Frozen 15-71 

1110b 1997-1998 100% (53.7, 100) 87.0% (77.0, 92.6) 

2764 2000-2001 72.9% (62.8, 80.5) 70.1% (60.9, 77.3) 
D153-P501 Refrigerated 12-35 

1265c 2001-2002 84.3% (70.1, 92.4)  64.2% (44.2, 77.3)  

a. Age at first vaccination 
b. Includes only children who received two doses of study vaccine in Year 1 
c. Includes only children who received the same study vaccine in each year of the study 
 

4.1 Efficacy Data from Study MI-CP111 

4.1.1 Culture-Confirmed Modified CDC-ILI 

The primary efficacy endpoint in Study MI-CP111 was culture-confirmed modified CDC-ILI 
caused by community-acquired wild-type strains antigenically matched to those contained in 
the vaccines.  Culture-confirmed modified CDC-ILI caused by wild-type antigenically 
mismatched strains was a secondary endpoint of the study.  Community surveillance in the 
U.S. (CDC 2005) and Europe (EISS 2005) revealed that strains of influenza circulating 
during the 2004-2005 (MI-CP111) season were predominantly mismatched to those 
contained in the 2004-2005 influenza vaccines.  Analyses were performed for influenza due 
to all strains regardless of antigenic match (i.e., all symptomatic influenza).  Analysis of the 

primary and secondary endpoints included evaluation of cultures that occurred ≥14 days after 
the final required study vaccination in the According to Protocol (ATP) Population, and 
supportive analyses included evaluation of cultures that occurred at any time after 
randomization in the Intent to Treat (ITT) Population. 

In the ATP Population, 146 children had culture-confirmed influenza due to matched strains 
and met the criteria for modified CDC-ILI:  53 children in the FluMist group (Attack Rate = 
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1.4%), and 93 children in the TIV group (Attack Rate = 2.4%).  FluMist recipients had 
44.5% fewer cases of influenza illness due to matched strains compared to the TIV group, 
and this difference was statistically significant (Table 4-2).  FluMis t also demonstrated 
significantly higher efficacy relative to TIV against mismatched strains, with 58.2% fewer 
cases of influenza illness (Table 4-2).  When analyzed by all strains regardless of antigenic 
match, FluMist showed a statistically significant overall reduction of 54.9% fewer cases of 
influenza illness relative to TIV. 

In the ITT Population, 155 children had culture-confirmed influenza due to matched strains 
and met the criteria for modified CDC-ILI:  55 children in the FluMist group (Attack Rate = 
1.3%), and 100 children in the TIV group (Attack Rate = 2.4%).  As in the ATP Analysis, 
FluMist statistically superior to TIV against matched strains, with 46.0% fewer cases of 
influenza illness (Table 4-2).  FluMist also demonstrated significantly higher efficacy 
compared to TIV against mismatched strains and strains regardless of antigenic match. 

The reduction in influenza illness by FluMist was evident throughout the entire influenza 
season as shown in Figure 4-2. 
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Table 4-2 MI-CP111:  Efficacy against Culture-Confirmed Modified CDC-ILI 
Caused by Wild-Type Strains in Children 6-59 Months of Age 

FluMist TIV 

 
N # of 

Cases 

Crude  
Attack Rate 

(cases/N) 
N # of 

Cases 

Crude 
Attack Rate 

(cases/N) 

Percent 
Reduction 
in Cases of 
Influenza 
Illnessa 

95% Exact 
CIa 

Antigenically Similar 

All strainsb 3916 53 1.4% 3936 93 2.4% 44.5% 22.4, 60.6 

A/H1N1 3916 3 0.1% 3936 27 0.7% 89.2% 67.7, 97.4 

A/H3N2 3916 0 0.0% 3936 0 0.0% --- --- 

B 3916 50 1.3% 3936 67 1.7% 27.3% -4.8, 49.9 

All strains, ITTc 4243 55 1.3% 4232 100 2.4% 46.0% 25.2, 61.4 

Antigenically Dissimilar 

All strains 3916 102 2.6% 3936 245 6.2% 58.2% 47.4, 67.0 

A/H1N1 3916 0 0.0% 3936 0 0.0% --- --- 

A/H3N2 3916 37 0.9% 3936 178 4.5% 79.2% 70.6, 85.7 

B 3916 66 1.7% 3936 71 1.8% 6.3% -31.6, 33.3 

All strains, ITTc 4243 111 2.6% 4232 255 6.0% 56.6% 45.8, 65.4 

Regardless of Antigenic Match 

All strains 3916 153 3.9% 3936 338 8.6% 54.9% 45.4, 62.9 

A/H1N1 3916 3 0.1% 3936 27 0.7% 89.2% 67.7, 97.4 

A/H3N2 3916 37 0.9% 3936 178 4.5% 79.2% 70.6, 85.7 

B 3916 115 2.9% 3936 136 3.5% 16.1% -7.7, 34.7 

All strains, ITTc 4243 165 3.9% 4232 355 8.4% 53.9% 44.5, 61.7 

ATP Population, except where noted as ITT 

a. Adjusted for country, age, prior vaccination status, and recurrent wheezing history status. 
b. Primary endpoint. 
c. Includes influenza -positive cultures that occurred at any time after randomization in all children. 
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Culture-confirmed modified CDC-ILI caused by any wild-type strains regardless of antigenic match. 

Figure 4-1 MI-CP111:  Reported Cases of Influenza Illness  

 

 

Figure 4-2 MI-CP111: Summary of Relative Efficacy against Culture -
Confirmed Modified CDC-ILI 
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By-Strain Analysis 

By-strain analysis of culture-confirmed modified CDC-ILI in the ATP Population 
demonstrated that FluMist significantly more effective than TIV against matched A/H1N1 
strains, with 89.2% fewer cases of influenza illness (Table 4-2 and Figure 4-2).  No matched 
A/H3N2 strains were isolated in this study.  While there were 27.3% fewer cases of influenza 
illness caused by matched type B strains in the FluMist group compared to TIV, this 
difference was not statistically significant. 

By-strain analyses demonstrated that FluMist was highly efficacious relative to TIV against 
mismatched A/H3N2 strains, with 79.2% fewer cases of influenza illness, which was 
statistically significant, as shown previously in Table 4-2 and Figure 4-2.  No mismatched 
A/H1N1 strains were isolated in this study.  The 6.3% reduction in cases of influenza illness 
due to mismatched type B strains for FluMist relative to TIV was not statistically significant. 

Other Subpopulation Analyses 

Analyses by age subgroup (6-23, 24-59, 24-35, and 36-59 months), history of ≥3 wheezing 
episodes, prior influenza vaccination status, gender, and race are shown for matched strain 
analyses in Table 4-3.  The point estimates for the percent decrease in influenza illness for 
FluMist recipients by these variables were generally consistent with the results for the overall 
study population.   
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Table 4-3 MI-CP111:  Efficacy against Culture-Confirmed Modified CDC-
ILI Caused by Wild-Type Matched Strains in Subgroup Analyses 

FluMist 
N=3893 

TIV 
N=3943 

 
N # of  

Cases 

Crude 
Attack Rate 

(cases/N) 
N # of 

Cases 

Crude 
Attack 
Rate 

(cases/N) 

Percent 
Reduction 
in Cases of 
Influenza 
Illnessa 

95% 
Exact CIa 

AGE 

6-23 months 1834 23 1.3% 1852 32 1.7% 29.1% -21.2, 59.1 

24-59 months 2082 30 1.4% 2084 61 2.9% 52.5% 26.7, 69.7 

   24-35 months 1311 17 1.3% 1301 24 1.8% 32.6% -25.8, 64.5 

   36-59 monthsb
 771 13 1.7% 783 37 4.7% 65.6% 36.3, 82.4 

PRIOR INFLUENZA VACCINATIONc 

Yes 929 18 1.9% 937 29 3.1% 39.3% -9.2, 66.9 

No  2987 35 1.2% 2999 64 2.1% 46.9% 20.0, 65.2 

RECURRENT WHEEZING HISTORYd 

Yes 246 8 3.3% 216 9 4.2% 24.0% -104.2, 72.1 

No  3670 45 1.2% 3720 84 2.3% 46.9% 23.9, 63.3 

GENDER 

Male 2008 24 1.2% 2017 43 2.1% 49.8% 16.5, 70.4 

Female 1908 29 1.5% 1919 50 2.6% 44.8% 12.8, 65.6 

RACE 

White/Non-
Hispanic 

3168 49 1.5% 3184 80 2.5% 40.3% 14.9, 58.4 

Non-White 748 4 0.5% 752 13 1.7% 64.8% -4.9, 90.2 

Black 156 2 1.3% 140 2 1.4% -124.7% -6534, 82.9 

Hispanic 225 0 0.0% 243 3 1.2% 100% -65.1, 100.0 

Asian 290 1 0.3% 297 5 1.7% 69.4% -190.0, 98.8 

Other 77 1 1.3% 72 3 4.2% 45.6% -623.8, 98.2 

ATP Population 

a. Adjusted for country, age, prior vaccination status, and recurrent wheezing history status. 
b. One 60-month-old child was counted in the 36-59 month stratum. 
c. Children with an unknown vaccine history were counted as not having received prior influenza vaccination. 

d. Positive recurrent wheezing history was defined as a history of ≥3 wheezing illnesses requiring medical 
follow-up or hospitalization.  Children with an unknown wheezing history were counted as having a negative 
recurrent wheezing history. 
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As prespecified, analyses of culture-confirmed modified CDC-ILI were performed in 
children 6-23 months of age (n = 3686, 46.9% of children in the ATP Population).  In the 
matched strain analysis for this age subgroup, where the TIV attack rate was lower than the 
hypothesized 4%, FluMist recipients had 29.1% fewer cases of influenza illness compared to 
TIV recipients, which was not statistically significant (Table 4-4).  FluMist was significantly 
more effective than TIV for mismatched strains (64.0% fewer cases of influenza illness) and 
all strains regardless of antigenic match (55.7% fewer cases), where the TIV attack rate 
was higher than the hypothesized 4%.   

Table 4-4 MI-CP111: Efficacy against Culture-Confirmed Modified CDC-
ILI Caused by Wild-Type Strains in Children 6-23 Months of Age 

FluMist TIV 

 
N # of 

Cases 

Crude 
Attack Rate 

(cases/N) 
N # of 

Cases 

Crude 
Attack Rate 

(cases/N) 

Percent 
Reduction in 

Cases of 
Influenza 
Illnessa 

95% Exact 
CI a 

Antigenically Similar 

All strains 1834 23 1.3% 1852 32 1.7% 29.1% -21.2, 59.1 

A/H1N1 1834 2 0.1% 1852 6 0.3% 67.0% -56.0, 95.4 

A/H3N2 1834 0 0.0% 1852 0 0.0% --- --- 

B 1834 21 1.1% 1852 27 1.5% 23.3% -36.1, 57.2 

Antigenically Dissimilar 

All strains 1834 35 1.9% 1852 98 5.3% 64.0% 47.4, 75.8 

A/H1N1 1834 0 0.0% 1852 0 0.0% --- --- 

A/H3N2 1834 13 0.7% 1852 76 4.1% 82.7% 69.6, 90.8 

B 1834 22 1.2% 1852 23 1.2% 4.2% -73.3, 47.1 

Regardless of Antigenic Match 

All strains 1834 59 3.2% 1852 133 7.2% 55.7% 39.9, 67.6 

A/H1N1 1834 2 0.1% 1852 6 0.3% 67.0% -56.0, 95.4 

A/H3N2 1834 13 0.7% 1852 76 4.1% 82.7% 69.6, 90.8 

B 1834 43 2.3% 1852 50 2.7% 14.5% -28.7, 43.4 

ATP Population 

a. Adjusted for country, age, prior vaccination status, and recurrent wheezing history status. 
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For children 24-59 months of age, results were consistent with those for the overall study 
population (Table 4-5).  FluMist was significantly more effective than TIV against matched 
strains (52.5% fewer cases of influenza illness), mismatched strains (54.2% fewer cases), 
and all strains regardless of match (54.4% fewer cases). 

Table 4-5 MI-CP111: Efficacy against Culture-Confirmed Modified CDC-
ILI Caused by Wild-Type Strains in Children 24-59 Months of 
Age 

FluMist TIV 

 
N # of 

Cases 

Crude 
Attack Rate 

(cases/N) 
N # of 

Cases 

Crude 
Attack Rate 

(cases/N) 

Percent 
Reduction in 

Cases of 
Influenza 
Illnessa 

95% Exact 
CI a 

Antigenically Similar 

All strains 2082 30 1.4% 2084 61 2.9% 52.5% 26.7, 69.7 

A/H1N1 2082 1 0.0% 2084 21 1.0% 95.4% 75.1, 99.8 

A/H3N2 2082 0 0.0% 2084 0 0.0% --- --- 

B 2082 29 1.4% 2084 40 1.9% 30.0% -12.9, 57.0 

Antigenically Dissimilar 

All strains 2082 67 3.2% 2084 147 7.1% 54.2% 38.8, 66.0 

A/H1N1 2082 0 0.0% 2084 0 0.0% --- --- 

A/H3N2 2082 24 1.2% 2084 102 4.9% 76.6% 63.6, 85.4 

B 2082 44 2.1% 2084 48 2.3% 7.3% -40.5, 39.0 

Regardless of Antigenic Match 

All strains 2082 94 4.5% 2084 205 9.8% 54.4% 41.8, 64.5 

A/H1N1 2082 1 0.0% 2084 21 1.0% 95.4% 75.1, 99.8 

A/H3N2 2082 24 1.2% 2084 102 4.9% 76.6% 63.6, 85.4 

B 2082 72 3.5% 2084 86 4.1% 17.0% -13.8, 39.6 

ATP Population 

a. Adjusted for country, age, prior vaccination status, and recurrent wheezing history status. 
 

4.1.2 Culture-Confirmed Symptomatic Influenza Infection 

The percent reduction in cases of culture-confirmed symptomatic influenza infection for 
FluMist compared to TIV was statistically significant for analyses of matched strains (44.5% 
fewer cases), mismatched strains (54.0% fewer cases), and all strains regardless of match 
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(50.6% fewer cases) as shown in Table 4-6.  These results, and those for by-strain analyses, 
were similar to results obtained for the endpoint of modified CDC-ILI.  

Table 4-6 MI-CP111:  Efficacy against Culture-Confirmed Symptomatic 
Influenza Infection Caused by Wild-Type Strains in Children 6-59 
Months of Age 

FluMist TIV 

 
N # of 

Cases 

Crude  
Attack Rate 

(cases/N) 
N # of 

Cases 

Crude 
Attack Rate 

(cases/N) 

Percent 
Reduction in 

Cases of 
Influenza 
Illnessa 

95% Exact 
CI a 

Antigenically Similar 

All strains 3916 67 1.7% 3936 118 3.0% 44.5% 25.2, 59.0 

A/H1N1 3916 5 0.1% 3936 37 0.9% 86.7% 68.2, 95.4 

A/H3N2 3916 0 0.0% 3936 0 0.0% --- --- 

B 3916 62 1.6% 3936 82 2.1% 26.1% -2.8, 47.1 

Antigenically Dissimilar 

All strains 3916 128 3.3% 3936 279 7.1% 54.0% 43.3, 62.8 

A/H1N1 3916 0 0.0% 3936 0 0.0% --- --- 

A/H3N2 3916 49 1.3% 3936 197 5.0% 75.1% 66.0, 82.0 

B 3916 80 2.0% 3936 87 2.2% 8.0% -25.1, 32.3 

Regardless of Antigenic Match 

All strains 3916 195 5.0% 3936 393 10.0% 50.6% 41.3, 58.5 

A/H1N1 3916 5 0.1% 3936 37 0.9% 86.7% 68.2, 95.4 

A/H3N2 3916 49 1.3% 3936 197 5.0% 75.1% 66.0, 82.0 

B 3916 141 3.6% 3936 166 4.2% 15.9% -5.3, 33.0 

ATP Population 

a. Adjusted for country, age, prior vaccination status, and recurrent wheezing history status. 

4.1.3 Acute Otitis Media and Lower Respiratory Illness 

Statistically significant relative efficacy of FluMist compared to TIV was also demonstrated 
in some analyses against acute otitis media (AOM) and lower respiratory illness (LRI) 
associated with a positive nasal culture.  For AOM associated with mismatched influenza 
strains and with all influenza strains regardless of antigenic match, the relative efficacy 
values were 61.4% and 50.6%, respectively, for FluMist compared to TIV.  For LRI 
associated with mismatched strains and with all strains regardless of antigenic match, the 
relative efficacy values were 63.4% and 45.9%, respectively.   
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Table 4-7 MI-CP111:  Efficacy against AOM and LRI Associated with 
Culture-Confirmed Modified CDC-ILI Caused by Wild-Type 
Strains in Children 6-59 Months of Age 

FluMist TIV 

 
N # of 

Cases 

Crude  
Attack Rate 

(cases/N) 
N # of 

Cases 

Crude 
Attack Rate 

(cases/N) 

Percent 
Reduction in 

Cases of 
Influenza 
Illnessa 

95% Exact 
CI a 

Acute Otitis Media 

Antigenically 
Similar 

3916 10 0.3% 3936 10 0.3% 0.4% -146, 59.6 

Antigenically 
Dissimilar 

3916 16 0.4% 3936 43 1.1% 61.4% 32.2, 78.8 

Regardless of 
Antigenic 
Match 

3916 26 0.7% 3963 54 1.4% 50.6% 21.5, 69.5 

Lower Respiratory Illness 

Antigenically 
Similar 

3916 8 0.2% 3936 11 0.3% 24.5% -89.8, 71.0 

Antigenically 
Dissimilar 

3916 8 0.2% 3936 21 0.5% 63.4% 18.9, 84.7 

Regardless of 

Antigenic 
Match 

3916 18 0.5% 3963 33 0.8% 45.9% 4.4, 70.2 

ATP Population 

a. Adjusted for country, age, prior vaccination status, and recurrent wheezing history status. 
 

4.2 Efficacy Data from Studies D153-P501 and AV006 

Supportive data for efficacy in young children are provided by Study D153-P501 (FluMist 
vs. placebo in children 12 to 35 months of age) and Study AV006 (FluMist vs. placebo in 
children 15 to 71 months of age), both of which were 2-year studies.  In Study D153-P501 
(conducted during the 2000-2001 and 2001-2002 seasons in Asia), statistically significant 
efficacy of FluMist compared to placebo was observed against culture-confirmed influenza 
due to matched strains (72.9% Year 1, 84.2% Year 2) and all strains regardless of antigenic 
match (70.1% Year 1, 62.4% Year 2) (Table 4-8).  Efficacy of FluMist by strain was 
statistically significant for A/H1N1, A/H3N2, and B in Year 1 and for A/H1N1 and A/H3N2 
in Year 2.  In Study AV006 (conducted during the 1996-1997 and 1997-1998 seasons in the 
U.S.), statistically significant efficacy of FluMist compared to placebo was observed against 
culture-confirmed influenza due to matched strains in Year 1 (93.4%) and all strains 
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regardless of antigenic match in Year 2 (87.0%); all cases of influenza were due to 
matched strains in Year 1, and almost all cases were due to mismatched strains in Year 2 
(Table 4-9).  By-strain analyses for Study AV006 showed statistically significant efficacy 
against matched A/H3N2 and B strains in Year 1 and against matched and mismatched 
A/H3N2 strains in Year 2 (no cases due to A/H1N1 strains were observed in either Year 1 or 
Year 2, and only one case of influenza due to B strains was observed in Year 2).  
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Table 4-8 D153-P501:  Efficacy against Culture-Confirmed Influenza Illness 
due to Wild-Type Strains in Children Initially 12-35 Months of Age 

FluMist Placebo 

 
N 

# of 
Cases 

Crude 
Attack Rate 

(cases/N) 
N 

# of 
Cases 

Crude 
Attack Rate 

(cases/N) 

Efficacy 95% CI  

D153-P501 Yr 1 (2000-2001) 

Antigenically Similar 

All strains 1653 56 3.4% 1111 139 12.5% 72.9% 62.8, 80.5 

A/H1N1 a 1653 23 1.4% 1111 81 7.3% 80.9% 69.4, 88.5 

A/H3N2 1653 4 0.2% 1111 27 2.4% 90.0% 71.4, 97.5 

B 1653 29 1.8% 1111 35 3.2% 44.3% 6.2, 67.2 

Regardless of Antigenic Match 

All strains 1653 81 4.9% 1111 182 16.4% 70.1% 60.9, 77.3 

A/H1N1 1653 23 1.4% 1111 82 7.4% 81.1% 69.8, 88.7 

A/H3N2 1653 14 0.8% 1111 60 5.4% 84.3% 71.6, 91.9 

B 1653 44 2.7% 1111 52 4.7% 43.1% 13.4, 62.8 

D153-P501 Yr 2 (2001-2002) b 

Antigenically Similar 

All strains 771 12 1.6% 494 49 9.9% 84.3% 70.1, 92.4 

A/H1N1 771 0 0.0% 494 4 0.8% 100% 2.9, 100.0 

A/H3N2 771 9 1.2% 494 42 8.5% 86.3% 71.4, 94.1 

B 771 3 0.4% 494 5 1.0% 61.6% -97.6, 94.0 

Regardless of Antigenic Match 

All strains 771 33 4.3% 494 59 11.9% 64.2% 44.2, 77.3 

A/H1N1 771 0 0.0% 494 4 0.8% 100% 2.9, 100.0 

A/H3N2 771 10 1.3% 494 43 8.7% 85.1% 69.9, 93.3 

B 771 23 3.0% 494 16 3.2% 7.9% -86.5, 53.4 

Per Protocol Efficacy Analysis Population 

a. Includes A/H1N1 and A/H1N2 strains.  Both were considered antigenically similar to the vaccine. 
b. Year 2 data are for children who received the same treatment in each year of the study, i.e., FluMist in each 

of Years 1 and 2, or placebo in each of Years 1 and 2. 
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Table 4-9 AV006:  Efficacy against Culture -Confirmed Influenza Illness due 
to Wild-Type Strains in Children Initially 15-71 Months of Age 

FluMist Placebo 

 
N 

# of 
Cases 

Crude Attack 
Rate (cases/N) N 

# of 
Cases 

Crude 
Attack Rate 

(cases/N) 

Efficacy 95% CI  

AV006 Yr 1 (1996-1997) a 

Antigenically Similar 

All strains 849 10 1% 410 73 18% 93.4% 87.5, 96.5 

A/H1N1 849 0 0% 410 0 0% --- --- 

A/H3N2 849 4 0.5% 410 48 12% 96.0% 89.4, 98.5 

B 849 6 b 0.7% 410 31 b 7% 90.5% 78.0, 95.9 

Regardless of Antigenic Match 

All strains 849 10 1% 410 73 18% 93.4% 87.5, 96.5 

A/H1N1 849 0 0% 410 0 0% --- --- 

A/H3N2 849 4 0.5% 410 48 12% 96.0% 89.4, 98.5 

B 849 6 b 0.7% 410 31 b 7% 90.5% 78.0, 95.9 

AV006 Yr 2 (1997-1998) a 

Antigenically Similar 

All strains 748 0 0% 362 4 1% 100% 53.7, 100 

A/H1N1 748 0 0% 362 0 0% --- --- 

A/H3N2 748 0 0% 362 3 0.8% 100% 38.2, 100 

B 748 0 0% 362 1 0.3% --- c --- c 

Regardless of Antigenic Match 

All strains 748 14 2% 362 52 14% 87.0% 77.0, 92.6 

A/H1N1 748 0 0% 362 0 0% --- --- 

A/H3N2 748 14 2% 362 51 14% 86.7% 76.5, 92.5 

B 748 0 0% 362 1 0.3% --- c --- c 

Per Protocol Efficacy Analysis Population 

a. Year 1 and Year 2 data are for children who received two doses of study vaccine in Year 1; efficacy of FluMist 
for children in the 1-dose regimen in Year 1 was 88.8% (95% CI: 64.5, 96.5) for any strain. 

b. For Year 1 B-strain analysis, N=850 for FluMist and N=417 for placebo due to application of evaluability 
criteria on a strain-specific basis. 

c. Confidence interval not constructed due to the occurrence of only 1 case of influenza due to the B strain. 
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4.3 Efficacy Conclusions 

In the two placebo-controlled efficacy trials that were summarized (Studies AV006 and 
D153-P501), children who received FluMist experienced statistically significant and 
medically important reductions in attack rates for symptomatic influenza infection.  Efficacy 
was demonstrated against strains that were matched to the vaccine, against all strains 
regardless of match, and against individual strains representing each of the three subtypes of 
influenza (A/H1N1, A/H3N2, and B).  Efficacy against all strains regardless of match, which 
is likely the best indicator of overall, real-world benefit for an individual vaccinee, ranged 
from 70% to 93% in the initial year of vaccination. 

In the pivotal study that compared the efficacy of FluMist to TIV (Study MI-CP111), 
children who received FluMist experienced statistically significant and medically important 
reductions in attack rates for symptomatic influenza infection caused by strains matched to 
the vaccine, mismatched to the vaccine, and all strains regardless of antigenic match.  
Statistically significant higher efficacy for FluMist relative to TIV was observed across the 
entire age population in the study (6-59 months).  In the overall analyses of efficacy against 
culture-confirmed modified CDC-ILI, there were 338 cases in 3936 TIV recipients and 
153 cases in 3916 FluMist recipients, representing a 55% reduction in influenza cases caused 
by any matched or mismatched strain in FluMist compared to TIV.    

Cross-protection to drifted type A influenza strains has been demonstrated for FluMist in two 
pediatric trials conducted in different seasons in which different mismatched strains 
circulated.  In Study AV006 Year 2 (1997-1998), when the predominantly circulating strain 
was the mismatched A/Sydney (H3N2), the overall efficacy for FluMist was 87%.  In Study 
MI-CP111 (2004-2005), when the predominantly circulating H3N2 strain was the 
mismatched A/California- like, FluMist recipients had 79% fewer cases of influenza illness 
due to mismatched A/H3N2 strains compared to TIV recipients. 

In summary, studies that included children less than 5 years of age demonstrate that:   

• FluMist is highly efficacious in the prevention of culture-confirmed influenza illness. 

• FluMist has been shown to have better overall efficacy than TIV. 

• FluMist resulted in better cross-protection against mismatched influenza A/H3N2 strains 
compared to TIV. 
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5 Immunogenicity of FluMist 

5.1 Immunogenicity Data from Study MI-CP123 

In MI-CP123, children 6-35 months of age were vaccinated with the same FluMist or TIV 
formulation used in the pivotal efficacy trial MI-CP111; this study was conducted outside of 
the influenza season.  Serum HAI antibody responses to antigenically matched and 
mismatched strains that circulated during the 2004-2005 season were higher in seronegative 
FluMist recipients relative to TIV recipients after each of two doses of vaccine (Figure 5-1).  
Results were generally similar for all children, which may be accounted for by the study 
population being largely seronegative at baseline.  The results of MI-CP123 indicate that 
FluMist was generally more immunogenic than TIV in terms of seroconversion and overall 
GMT of HAI antibody to matched strains and mismatched strains.  It should be noted that 
cold-adapted antigen (not wild-type) was used for HAI testing of both treatment groups for 
the A/Wyoming (H3N2) and A/New Caledonia (H1N1) strains; however, testing by CDC 
demonstrated antigenic equivalence (i.e., HAI-ID titers within 4-fold of one another) for the 
cold-adapted and wild-type strains.  Additional testing using wild-type antigen for these two 
strains is underway.  The immunogenicity data for the matched A/H1N1 strain (86% 
seroconversion rate difference for FluMist relative to TIV following two doses among 
baseline seronegative subjects) and for the mismatched A/H3N2 (78% seroconversion rate 
difference for FluMist relative to TIV following two doses among baseline seronegative 
subjects) are consistent with the efficacy data seen in the MI-CP111 comparative trial, where 
FluMist was efficacious relative to TIV against matched A/H1N1 strains (89% relative 
efficacy) and against mismatched A/H3N2 strains (79% relative efficacy). 
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Vaccine (antigenically matched) strains in solid bars; antigenically mismatched strains in hatched bars.  
Antigens used in this assay included whole virus cold adapted (ca) A/New Caledonia/20/99 (H1N1), ca 
A/Wyoming/03/2003/ (H3N2), and wild-type (wt) A/California/07/2004 (H3N2), wt B/Shanghai/361/2002 
and wt B/Florida/07/2004 antigens.  CAIV-T refers to refrigerated FluMist. 
*Denotes statistically significant difference relative to TIV. 

Figure 5-1 MI-CP123:  Summary of HAI Seroconversion to Antigenically 
Matched and Antigenically Mismatched Strains  

5.2 Immunogenicity following Concomitant Vaccination with Other Live Viral 
Vaccines in Study AV018 

Immunogenicity data were presented in the sBLA from one further study (Study AV018), in 
which FluMist was administered concomitantly with other live viral vaccines.  This was a 
Phase 3, randomized, placebo-controlled trial in 1245 healthy children 12-15 months of age.  

More than 90% of evaluated children in the MMR/VAR/FluMist and MMR/VAR groups 
were seronegative for measles, mumps, rubella, and varicella antigens at baseline.  
Equivalent seroresponse rates were demonstrated in baseline seronegative children for MMR 
and VAR with and without concomitant FluMist administration (Table 5-1).  Antigen-
specific GMTs for MMR and VAR with and without concurrent FluMist were within the 
prespecified equivalence criteria (Table 5-2).  The postvaccination rubella GMT was higher 
in the MMR/VAR group than in the MMR/VAR/FluMist group, but approximately 97% of 
subjects in both treatment groups exceeded the seropositive threshold of 10 IU.   
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Table 5-1 AV018: Seroresponse Rates to Measles, Mumps, Rubella, and 
Varicella Antigens - Baseline Seronegative Children 

90% CIb 95% CIc 

Antigen Group 2 
n/N (%) 

Group 1 
n/N (%) 

Rate 
Difference 
(G2-G1)a 

CI on Rate 
Difference 

Within 
Equivalence 

Criteria? 

CI on Rate 
Difference 

Within 
Equivalence 

Criteria? 

Measles 320/330 
(97.0) 

329/339 
(97.1) 

-0.1 -2.4, 2.2 Yes -2.9, 2.7 Yes 

Mumps 326/337 
(96.7) 

342/346 
(98.8) 

-2.1 -4.2, -0.3 Yes -4.7, 0.1 Yes 

Rubella 329/338 
(97.3) 

340/349 
(97.4) 

-0.1 -2.3, 2.1 Yes -2.8, 2.6 Yes 

Varicella 279/316 
(88.3) 

263/318 
(82.7) 

5.6 1.0, 10.3 Yes 0.1, 11.2 Yes 

Group 1 (MMR/VAR): Visit 1, placebo mist + M -M-RII +Varivax, Visits 2 and 3, FluMist. 
Group 2 (MMR/VAR/FluMist): Visit 1, FluMist + M-M-RII +Varivax, Visit 2, FluMist, Visit 3, placebo mist. 
Seroresponse was defined as a post vaccination assay result of =255 mIU/mL for measles, =10.0 mumps 
antibody units/mL for mumps, =10 IU/mL for rubella, and =5 gp ELISA units/mL for varicella. 
a. Weighted average of the stratum-specific rate differences. 
b. Prospectively defined equivalence criteria: lower limit for 90% CI > -10 percentage points. 
c. Ad hoc equivalence criteria:  lower limit for 95% CI > -5 percentage points for measles, mumps, and 

rubella, and > -10 percentage points for varicella. 

 

Table 5-2 AV018: GMT Ratios for Measles, Mumps, Rubella, and Varicella 
Antigens - All Children 

90% CIa,b 95% CIa,c 

Antigen Group 2 
N, GMT 

Group 1 
N, GMT 

Mean  
GMT Ratio 

G2/G1  
CI on 

GMT Ratio 

Within 
Equivalence 

Criteria? 

CI on 
GMT Ratio 

Within 
Equivalence 

Criteria? 

Measles 344, 
3388.4 

350, 
2813.6 

1.21 1.07, 1.36 Yes 1.04, 1.39 Yes 

Mumps 347, 
82.2 

351,  
97.4 

0.85 0.76, 0.94 Yes 0.74, 0.96 Yes 

Rubella 344, 
72.6 

351, 
102.0 

0.71 0.64, 0.79 Yes 0.63, 0.81 Yes 

Varicella 347, 
9.8 

352, 
9.3 

1.06 0.97, 1.16 Yes 0.95, 1.18 Yes 

Group 1 (MMR/VAR): Visit 1, placebo mist + M -M-RII +Varivax, Visits 2 and 3, FluMist. 

Group 2 (MMR/VAR/FluMist): Visit 1, FluMist + M-M-RII +Varivax, Visit 2, FluMist, Visit 3, placebo mist. 
a. Confidence intervals computed by the percentile-based bootstrap technique. 
b. Prospectively defined equivalence criteria: lower limit for 90% CI > 0.5. 
c. Ad hoc equivalence criteria: lower limit for 95% CI > 0.5. 
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Equivalent immunogenicity was also demonstrated against the three influenza strains 
contained in the vaccine (A/H1N1, A/H3N2, and B) after two doses of FluMist with and 
without concurrent administration of MMR and VAR in children who were baseline 
seronegative to influenza on a strain-specific basis3.  Strain-specific seroconversion rates (=4-
fold rise in HAI titer) in children who were seronegative at baseline were similar between the 
MMR/VAR/FluMist and the FluMist groups for each of the influenza strains (Table 5-3).  
Strain-specific GMTs after two doses of FluMist were also comparable between the 
MMR/VAR/FluMist and FluMist groups (Table 5-4). 

Table 5-3 AV018: Post Dose Two Seroconversion Rates for Influenza Strains 
- Baseline Seronegative Children 

90% CIb 95% CIc 

Strain Group 2 
n/N (%) 

Group 3 
n/N (%) 

Rate 
Difference 
(G2-G3)a 

CI on Rate 
Difference 

Within 
Equivalence 

Criteria? 

CI on Rate 
Difference 

Within 
Equivalence 

Criteria? 

A/H1N1 132/310 
(42.6) 

139/318 
(43.7) 

-1.0 (-7.5, 5.5) Yes (-8.7, 6.7) Yes 

A/H3N2 280/286 
(97.9) 

294/299 
(98.3) 

-0.4 (-2.5, 1.5) Yes (-3.0, 2.0) Yes 

B 305/319 
(95.6) 

302/328 
(92.1) 

3.6 (0.5, 6.8) Yes (-0.2, 7.5) Yes 

Group 2 (MMR/VAR/FluMist): Visit 1, FluMist + M-M-RII +Varivax, Visit 2, FluMist, Visit 3, placebo mist. 

Group 3 (FluMist): Visits 1 and 2, FluMist, Visit 3, M-M-RII +Varivax. 
Seroconversion was defined as a ≥4-fold rise in titer from baseline in children who were seronegative at 
baseline. 
a. Weighted average of the stratum-specific rate differences. 
b. Prospectively defined equivalence criteria: lower limit for 90% CI > -15 percentage points for A/H1N1 

strain, and > -10 percentage points for A/H3N2 and B strains. 
c. Ad hoc equivalence criteria: lower limit for 95% CI > -10 percentage points for all strains. 
 

 

                                                 
3 Seronegative for influenza strains was defined as HAI titer <4.  For calculation of 4-fold rise, children with a 

titer <4 (the lower limit of assay detection) are given a value of 2. 
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Table 5-4 AV018: Post Dose Two GMT Ratios for Influenza Strains - All 
Children 

90% CIa,b 95% CIa,c 

Strain Group 2 
N, GMT 

Group 3 
N, GMT 

Mean 
GMT 
Ratio 

G2/G3  
CI on  

GMT Ratio 

Within 
Equivalence 

Criteria? 

CI on  
GMT Ratio 

Within 
Equivalence 

Criteria? 

A/H1N1 334,  
5.7 

339,  
5.8 

0.98 (0.87, 1.11) Yes (0.85, 1.13) Yes 

A/H3N2 334, 
102.9 

338, 
112.3 

0.92 (0.82, 1.02) Yes (0.81, 1.04) Yes 

B 334,  
20.5 

338,  
17.7 

1.16 (1.05, 1.28) Yes (1.03, 1.30) Yes 

Group 2 (MMR/VAR/FluMist): Visit 1, FluMist + M-M-RII +Varivax, Visit 2, FluMist, Visit 3, placebo mist. 

Group 3 (FluMist): Visits 1 and 2, FluMist, Visit 3, M-M-RII +Varivax. 
a. Confidence intervals  computed by the percentile-based bootstrap technique. 
b. Prospectively defined equivalence criteria: lower limit for 90% CI > 0.5. 
c. Ad hoc equivalence criteria: lower limit for 95% CI > 0.5. 
 

Thus, FluMist and M-M-RII and VARIVAX were similarly immunogenic whether given 
separately or concurrently. 

6 Overview of Safety 

Comprehensive safety data from five studies of FluMist were presented in the sBLA in 
support of expansion of the current indication to include children 59 months of age and 
younger:  two active controlled studies (pivotal study MI-CP111 and MI-CP123) and three 
placebo controlled studies (D153-P501, AV006, and AV018).  These studies included 8343 
FluMist recipients, 1805 placebo recipients, and 4201 TIV recipients in the Safety Population 
(6-71 months of age) during the first year of vaccination. 

In addition, serious adverse event (SAE) data were integrated for these five studies as well as 
eight additional studies as outlined in Table 6-1.  In the integrated SAE summaries, a total of 
30,114 children were included in the Safety Population (6-59 months of age) during the first 
year of vaccination.  This included 18,315 FluMist recipients, 6692 placebo recipients, and 
5107 individuals who received TIV.  With the exception of SAEs, no pooling of safety data 
across the studies was done due to differences among the studies in design and duration, as 
well as differences in safety data collection periods.   

A summary of the number of study vaccine doses administered is presented by study and 
treatment group in Table 6-2.  A total of 8343 children received either one dose or two doses 
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of FluMist in Studies MI-CP111, MI-CP123, D153-P501 (Year 1), AV006 (Year 1), and 
AV018.  A total of 2271 children received FluMist in Year 2 of Studies AV006 and D153-
P501.  All doses of frozen FluMist contained approximately 107 TCID50 (median tissue 
culture infectious dose) and all doses of refrigerated FluMist contained approximately 
107 FFU (fluorescence focus units) of each of three influenza virus strains:  A/H1N1, 
A/H3N2, and B.   
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Table 6-1 Tabular Listing of Additional Clinical Studies included in Integrated Assessment of Safety  

Study; Year ; 
Location Design Population 

Treatment; a 
Regimen 

Number of 
Subjects  b Endpoints/Objectives  c 

D153-P500 

2000 

S Africa 

 

Phase 2 

Randomized 
Observer blind 
Active control 

Follow-Up 
REs & AEs Days 0-10 
SAEs through 42 days 
post final dose 

 

Healthy children 

12 to <36 mos of age 

CAIV-T, 0.2 ml IN 
FluMist, 0.5 ml IN 

2 doses, 28-42 days apart  

 

698 
697 

• Immunogenicity:  strain-specific serum 
HAI seroconversion post Dose 2, matched 
strains 

 

D153-P502 

Year 1,  
2000-2001 

Year 2, 
2001-2002  

Europe, Israel 

 

Phase 3 

Randomized 
Double blind 
Placebo control 

Subjects received same 
tx in Yr 1 and Yr 2 

Follow-Up 
REs & AEs Days 0-10 
SAEs through influenza 
surveillance period 

Healthy children 

6 to <36 mos of age 

Subjects enrolled in 
Year 2 had to 
receive both doses in 
Year 1 

Year 1 
CAIV-T, 0.2 ml IN 
Placebo, 0.2 ml IN 

2 doses, 28-42 days apart  

Year 2 
CAIV-T, 0.2 ml IN 
Placebo, 0.2 ml IN 

1 dose 

 
1059 
725 

 

 
658 
461 

 

 

• Efficacy against culture-confirmed 
influenza due to matched strains (post 
Dose 2 in Yr 1; post Dose 1 in Yr 2) 

• Efficacy against AOM, febrile AOM, and 
influenza-associated AOM (post Dose 2 in 
Yr 1; post Dose 1 in Yr 2) 

• Efficacy for pharmacoeconomic 
endpoints:  reduction in number of parents 
taking time off work, number of days paid 
work missed, number of days missed from 
day care, ≥1 outpatient or emergency visit, 
≥1 antibiotic prescription, number of days 
treated with an antibiotic, and  
≥1 medication for influenza illness (post 
Dose 2 in Yr 1; post Dose 1 in Yr 2) 

• Immunogenicity:  strain-specific serum 
HAI seroconversion post Dose 2, matched 
strains (subset of subjects) 
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Table 6-1 Tabular Listing of Additional Clinical Studies included in Integrated Assessment of Safety (continued) 

Study; Year; 
Location Design Population 

Treatment; a 
Regimen 

Number of 
Subjects  b Endpoints/Objectives  c 

D153-P504 

Year 1, 2001 

Year 2, 2002 

S Africa,  
S America 

 

Phase 3 

Randomized 
Double blind 
Placebo control 

Subjects randomized to 
either CAIV-T group in 
Year 1 received CAIV-T 
in Year 2 

Follow-Up 
REs & AEs Days 0-10 
SAEs through influenza 
surveillance period 

 

Healthy children 

6 to <36 mos of age 

Subjects enrolled in 
Year 2 had to 
receive both doses in 
Year 1 

Year 1 
CAIV-T/CAIV-T 
CAIV-T/Placebo 
Placebo*/Placebo* 
Placebo**/Placebo** 

0.2 ml IN 
2 doses, 28-42 days apart  

Year 2 
CAIV-T 
Placebo 

0.2 ml IN 
1 dose 

*Vaccine excipients 
(without virus) 

**Physiological saline 

 

 
1064 
1067 
543 
526 

 
 

 
1467 
735 

 

• Efficacy against culture-confirmed 
influenza due to matched strains (1 dose 
efficacy and 2 dose efficacy) 

• Immunogenicity:  strain-specific serum 
HAI seroconversion post Dose 2, matched 
strains (subset of subjects) 

 

 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 48 of 124 

Table 6-1 Tabular Listing of Additional Clinical Studies included in Integrated Assessment of Safety (continued) 

Study; Year; 
Location Design Population 

Treatment; a 
Regimen 

Number of 
Subjects  b Endpoints/Objectives  c 

D153-P511 

2002 

S America, 
Asia 

 

Phase 3 

Randomized 
Partial blind 
Placebo control 

Follow-Up 
REs & AEs Days 0-10 
SAEs through 42 days 
post final dose 

 

Healthy children 

6 to <36 mos of age 

 (must have 
previously received 
3 doses of OPV in 
1st yr of life) 

Dose 1: CAIV-T+OPV 
Dose 2: CAIV-T 

Dose 1: Placebo+OPV 
Dose 2: Placebo 

Dose 1: CAIV-T 
Dose 2: CAIV-T 

CAIV-T and Placebo,  
0.2 ml IN 

OPV, PO dose per 
manufacturer  

 

832 

 
836 

 
835 

 

• Immunogenicity:  strain-specific serum 
HAI seroconversion post Dose 2, matched 
strains, CAIV-T+OPV is non-inferior to 
CAIV-T alone 

• Immunogenicity: post vaccination titer 
≥1:10 by virus neutralization for each of 
3 polio virus types, CAIV-T+OPV is non-
inferior to OPV alone 
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Table 6-1 Tabular Listing of Additional Clinical Studies included in Integrated Assessment of Safety (continued) 

Study; Year; 
Location Design Population 

Treatment; a 
Regimen 

Number of 
Subjects  b Endpoints/Objectives  c 

D153-P513 

2002 

Asia 

Phase 3 

Randomized 
Double blind 
Placebo control 

Follow-Up 
REs & AEs Days 0-10 
SAEs through influenza 
surveillance period 

 

Healthy children 

6 to <36 mos of age 

CAIV-T 105 FFU 
CAIV-T 106 FFU 
CAIV-T 107 FFU 
Placebo 

0.2 ml IN 
2 doses, 28-42 days apart  

546 
546 
543 
537 

 

• Efficacy against culture-confirmed 
influenza due to matched strains, post 
Dose 2 

• Immunogenicity: cell-mediated immunity 
by IFNγ ELISPOT 

 

D153-P514 

2002-2003 

Europe, Israel 

Phase 3 

Randomized 
Open label 
Active control 

Follow-Up 
REs & AEs Days 0-10 
SAEs through influenza 
surveillance period 

 

Children with 
recurrent respiratory 
tract illness 

6 to <72 mos of age 

 

CAIV-T, 0.2 ml IN 
TIV, 0.25 or 0.5 ml IM, per 
age 

2 doses, 28-42 days apart  

1107 
1080 

(45% had hx 
of medically 
documented 
wheezing) 

• Efficacy against culture-confirmed 
influenza due to matched strains (non-
inferiority and superiority) 

• Efficacy against culture-confirmed AOM 
(non-inferiority) 

• Efficacy against respiratory 
illness/wheezing (non-inferiority): 
reduction influenza -like illness associated 
with wheeze symptoms, use of any 
medication or antibiotic for RTI, number 
of unscheduled HCP visits, and number of 
days school/day care missed 

For all endpoints, non-inferiority defined as 
lower bound of CI > -0.5; for efficacy, 
superiority defined as lower bound of 95% 
CI >0 
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Table 6-1 Tabular Listing of Additional Clinical Studies included in Integrated Assessment of Safety (continued) 

Study; Year; 
Location Design Population 

Treatment; a 
Regimen 

Number of 
Subjects  b Endpoints/Objectives  c 

D153-P522 

2002-2003 

Europe, Asia, 
Mexico 

Phase 3 

Randomized 
Double blind 
Placebo control 

Follow-Up 
REs & AEs Days 0-10 
SAEs through influenza 
surveillance period 

 

Healthy children 

11 to <24 mos of age 

CAIV-T+MMR 
Placebo+MMR 

CAIV-T and Placebo,  
0.2 ml IN 

2 doses, 28-42 days apart  

MMR, IM dose per 
manufacturer (non-US) 

1 dose (given at 1st dose of 
CAIV-T or Placebo) 

 

819 
414 

 

• Efficacy against culture-confirmed 
influenza due to matched strains, post 
Dose 2 

• Immunogenicity: seroconversion for each 
antigen by IgG specific antibody by 
ELISA (non-inferiority defined as lower 
bound of 95% CI > -10 for each antigen) 

 

AV019 

2000-2001 

USA 

Phase 3 

Randomized 
Double blind 
Placebo control 

Extraction of MAEs 
from computerized 
health care utilization 
databases for 
hospitalizations, 
emergency visits, and 
clinic visits 

 

Healthy children 

1-17 yrs of age 

(Kaiser Permanente 
HMO, Northern 
California) 

FluMist, 0.5 ml IN 
 
 

Placebo, 0.5 ml IN 
 
 

<9 yr: 2 doses, 28-42 days 
apart 

9-17 yr: 1 dose 

 

6473 
  3769 (<9) 
  2704 (9-17) 

3216 
  1868 (<9) 
  1348 (9-17) 

 

• Safety: MAEs and SAEs within 42 days of 
vaccination 
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Table 6-1 Tabular Listing of Additional Clinical Studies included in Integrated Assessment of Safety (continued) 

Study; Year; 
Location Design Population 

Treatment; a 
Regimen 

Number of 
Subjects  b Endpoints/Objectives  c 

Footnotes for Table 6-1. 

AE=adverse event; AOM=acute otitis media; CAIV-T=refrigerated FluMist; CI=confidence interval; ELISA=enzyme-linked immunosorbent assay; 
ELISPOT=enzyme -linked immunosorbent spot; FFU=fluorescent focus units; FluMist=frozen FluMist; GMT=geometric mean titer; HAI=hemagglutination 
inhibition; HCP=health care provider; HMO=Health Maintenance Organization; hx=history; IFNγ=interferon gamma; IM=intramuscular; IN=intranasal; 
LRT=lower respiratory tract; MAE=medically attended event; MMR=trivalent measles, mumps, rubella vaccine; OPV=oral polio vaccine; OTC=over-the-
counter; PEFR=peak expiratory flow rate; PO=oral; RE=reactogenicity event; SAE=serious adverse event; SC=subcutaneous; TIV=trivalent inactivated influenza 
virus vaccine; tx=treatment; URTI=upper respiratory tract infection; wt=wild-type 

a.  Frozen FluMist is formulated to contain approximately 107 TCID50 of each of the three vaccine strains per dose.  Refrigerated FluMist (CAIV-T) is formulated 
to contain approximately 107 FFU of each of the three vaccine strains per dose.   

b.  Number of subjects in the Safety Population. 
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Table 6-2 Extent of Exposure - Number of Children who Received at Least 
One Dose of Study Vaccine  

Study Number Age 
(mos)a 

FluMist Placebo TIV 

MI-CP111 6-59 4179 NA 4173 

MI-CP123 6-35 24 NA 28 

D153-P501  Year 1 12-35 1901 1273 NA 

  Year 2b  1354 1341 NA 

AV006   Year 1 15-71 1070 532 NA 

  Year 2b  917 441 NA 

AV018 12-15 1169 NA NA 

SAE Studies (Integrated Analysis)c 6-59 18315 6692 5107 

Safety Population 
NA=Not applicable. 
a. Age at initial vaccination in Year 1. 
b. Children in Year 2 also participated in Year 1. 
c. Includes children 6-59 months of age in Studies MI-CP111, MI-CP123, D153-P501, AV006, AV018, 

AV019, D153-P514, D153-P502, D153-P504, D153-P511, D153-P513, D153-P522, D153-P500. 

 

6.1 Reactogenicity Events 

Reactogenicity events (REs) are defined as those events expected to occur as a result of 
vaccination.  The RE terms were predefined and protocol-specific, but those REs that were 
common among the studies included fever, runny nose/nasal congestion, sore throat, cough, 
vomiting, muscle ache, headache, chills, decreased activity, and irritability.  Data for REs 
were collected using diary cards.  For a protocol-specific time period, the child’s parent/legal 
representative was instructed to take their child’s temperature every day and to record in the 
diary the child’s temperature and whether the child had any of the other predefined events. 

REs were collected after each dose of study vaccine for Studies MI-CP111, D153-P501, 
AV006, and AV018 (REs were not collected in Study MI-CP123).  The incidence of REs 
post Dose One and post Dose Two is presented in Table 6-3, Figure 6-1, Figure 6-2, and 
Figure 6-3 (Study MI-CP111), Table 6-4 (Studies D153-P501 and AV006, Years 1 and 2), 
and Table 6-5 (Study AV018).  Based on these studies, the reactogenicity profile of FluMist 
in children 6-71 months of age is consistent with the established profile in the currently 
indicated population including healthy children 5-8 years of age.  Study AV018 also 

demonstrated that concurrent administration of FluMist with M-M-RII and VARIVAX 
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vaccines was associated with acceptable safety and tolerability in children 12-15 months of 
age. 

Overall, in children 6-71 months of age in Studies MI-CP111, D153-P501, and AV006, the 
most frequently reported REs post Dose One and post Dose Two for FluMist were runny 

nose/stuffy nose/nasal congestion, cough, irritability, decreased appetite, and fever >100°F 
oral.  In the TIV-controlled study (Study MI-CP111), the incidence rate for runny/stuffy nose 
was higher for FluMist relative to TIV (Table 6-3, Figure 6-1, Figure 6-2, and Figure 6-3), 
with the other individual REs reported at similar rates between these two treatment groups; 
the incidence of injection site reactions, however, was higher for TIV relative to FluMist.  In 
healthy children 12-15 months of age in Study AV018, during Days 0-41 post receipt of 

M-M-RII and VARIVAX, runny nose/nasal congestion was the only RE that was 
statistically significantly increased in those who received concurrent FluMist relative to 
placebo mist. 
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Table 6-3 MI-CP111:  Reactogenicity Events During Days 0-10 Post Each Dose in Children 6-59 Years of Age 

ONE DOSE Group TWO DOSE Group 

Post Dose One Post Dose One Post Dose Two 

Reactogenicity Event 
FluMist 
N=929 

TIV 
N=935 

Rate 
Diff 

FluMist 
N=3205 

TIV 
N=3179 

Rate 
Diff 

FluMist 
N=2977 

TIV 
N=3001 

Rate 
Diff 

Any RE 
 

641 (69.0%) 597 (63.9%) 5.1 2232 (69.6%) 1998 (62.8%) 6.8 1633 (54.9%) 1537 (51.2%) 3.6 

Runny/stuffy nose 528 (56.8%) 428 (45.8%) 11.1 1827 (57.0%) 1472 (46.3%) 10.7 1263 (42.4%) 1140 (38.0%) 4.4 

Sore throat 26 (  2.8%) 43 (  4.6%) -1.8 141 (  4.4%) 152 (  4.8%) -0.4 122 (  4.1%) 109 (  3.6%) 0.5 

Cough 291 (31.3%) 298 (31.9%) -0.5 934 (29.1%) 943 (29.7%) -0.5 767 (25.8%) 738 (24.6%) 1.2 

Vomiting 66 (  7.1%) 66 (  7.1%) 0.0 239 (  7.5%) 247 (  7.8%) -0.3 194 (  6.5%) 195 (  6.5%) 0.0 

Headache 16 (  1.7%) 21 (  2.2%) -0.5 67 (  2.1%) 49 (  1.5%) 0.5 40 (  1.3%) 32 (  1.1%) 0.3 

Muscle ache 8 (  0.9%) 17 (  1.8%) -1.0 43 (  1.3%) 34 (  1.1%) 0.3 21 (  0.7%) 22 (  0.7%) -0.0 

Chills  16 (  1.7%) 14 (  1.5%) 0.2 58 (  1.8%) 51 (  1.6%) 0.2 23 (  0.8%) 34 (  1.1%) -0.4 

Decreased activity 61 (  6.6%) 56 (  6.0%) 0.6 252 (  7.9%) 235 (  7.4% ) 0.5 118 (  4.0%) 147 (  4.9%) -0.9 

Irritability 156 (16.8%) 161 (17.2%) -0.4 594 (18.5%) 565 (17.8%) 0.8 266 (  8.9%) 262 (  8.7%) 0.2 

Abdominal pain 37 (  4.0%) 37 (  4.0%) 0.0 117 (  3.7%) 130 (  4.1%) -0.4 73 (  2.5%) 71 (  2.4%) 0.1 

Decreased appetite 128 (13.8%) 131 (14.0%) -0.2 464 (14.5%) 428 (13.5%) 1.0 234 (  7.9%) 262 (  8.7%) -0.9 

Fever          

 >100°F oral or equivalent 101 (10.9%) 91 (  9.7%) 1.1 492 (15.4%) 371 (11.7%) 3.7 323 (10.8%) 355 (11.8%) -1.0 

 >101°F oral or equivalent 57 (  6.1%) 60 (  6.4%) -0.3 246 (  7.7%) 213 (  6.7%) 1.0 172 (  5.8%) 205 (  6.8%) -1.1 

 >102°F oral or equivalent 27 (  2.9%) 29 (  3.1%) -0.2 113 (  3.5%) 120 (  3.8%) -0.2 89 (  3.0%) 114 (  3.8%) -0.8 

 >103°F oral or equivalent 9 (  1.0%) 10 (  1.1%) -0.1 39 (  1.2%) 46 (  1.4%) -0.2 29 (  1.0%) 38 (  1.3%) -0.3 

 >104°F oral or equivalent 4 (  0.4%) 1 (  0.1%) 0.3 9 (  0.3%) 11 (  0.3%) -0.1 5 (  0.2%) 12 (  0.4%) -0.2 

Rate difference is FluMist minus TIV. 
Excludes injection site reactions. 
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Any Reactogenicity Event 

 

Runny Nose/Nasal Congestion 

 

Figure 6-1 MI-CP111:  Reactogenicity Events Days 0-28 Post Dosing, by 
Study Day, in the ONE DOSE Group in Children 6-59 Months of 
Age  
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Any Reactogenicity Event 

 

Runny Nose/Nasal Congestion 

 

Figure 6-2 MI-CP111:  Reactogenicity Events Days 0-28 Post Dosing, by 
Study Day, in the TWO DOSE Group Post Dose One in Children 
6-59 Months of Age  
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Any Reactogenicity Event 

 

Runny Nose/Nasal Congestion 

 

Figure 6-3 MI-CP111:  Reactogenicity Events Days 0-28 Post Dosing, by 
Study Day, in the TWO DOSE Group Post Dose Two in Children 
6-59 Months of Age  
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Table 6-4 D153-P501 and AV006, Years 1 & 2:  Reactogenicity Events During Days 0-10 Post Each Dose in 
Children Initially 12-35 Months of Age (D153-P501) and Initially 15-71 Months of Age (AV006) 

D153-P501 Year 1 D153-P501 Year 2 AV006 Year 1 AV006 Year 2 

Post Dose One Post Dose Two Post Dosing Post Dose One Post Dose Two Post Dosing 

Reactogenicity 
Event 

FluMist 
N=1764-

1857 

Placebo 
N=1182-

1246 

FluMist 
N=1579-

1661 

Placebo 
N=1088-

1119 

FluMist 
N=1345-

1352 

Placebo 
N=1327-

1340 
FluMist 
N=1056 

Placebo 
N=530 

FluMist 
N=850 

Placebo 
N=415 

FluMist 
N=912 

Placebo 
N=441 

Any RE 1397 (76.0) 851 (69.5) 1030 (63.5) 657 (59.2) 999 (73.9) 936 (70.1) 783 (74) 351 (66) 584 (69) 257 (62) 527 (58) 254 (58) 

 Cough 630 (34.1) 481 (38.6) 568 (34.3) 374 (33.5) 567 (42.0) 543 (40.6) 296 (28) 154 (29) 305 (36) 138 (33) 219 (24) 112 (25) 

 Runny nose/  
 Nasal congestion 

1151 (62.0) 647 (52.0) 827 (49.8) 510 (45.6) 838 (62.0) 743 (55.4) 621 (59) 256 (48) 438 (51) 191 (46) 384 (42) 186 (42) 

 Irritability 445 (24.1) 265 (21.3) 260 (15.7) 167 (15.0) 228 (16.9) 208 (15.6) 276 (26) 137 (26) 142 (17) 77 (19) 132 (14) 70 (16) 

 Vomiting 282 (15.3) 212 (17.1) 195 (11.8) 127 (11.4) 210 (15.6) 187 (14.0) 64 (6) 19 (4) 61 (7) 20 (5) 44 (5) 18 (4) 

 Decreased 
 activity 

248 (13.4) 133 (10.7) 133 (8.0) 96 (8.6) 134 (9.9) 120 (9.0) 170 (16) 68 (13) 109 (13) 52 (13) 104 (11) 56 (13) 

 Decreased 
 appetite 

448 (24.2) 245 (19.7) 275 (16.6) 214 (19.1) 295 (21.9) 268 (20.0) NC NC NC NC NC NC 

 Stomach ache NC NC NC NC 146 (10.8) 142 (10.6) NC NC NC NC NC NC 

 Sore throat NC NC NC NC NC NC 104 (10) 42 (8) 48 (6) 28 (7) 92 (10) 37 (8) 

 Headache NC NC NC NC NC NC 84 (8) 34 (6) 41 (5) 23 (6) 84 (9) 31 (7) 

 Chills  NC NC NC NC NC NC 42 (4) 18 (3) 27 (3) 12 (3) 31 (3) 13 (3) 

 Muscle aches NC NC NC NC NC NC 55 (5) 14 (3) 23 (3) 7 (2) 26 (3) 16 (4) 
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D153-P501 Year 1 D153-P501 Year 2 AV006 Year 1 AV006 Year 2 

Post Dose One Post Dose Two Post Dosing Post Dose One Post Dose Two Post Dosing 

Reactogenicity 
Event 

FluMist 
N=1764-

1857 

Placebo 
N=1182-

1246 

FluMist 
N=1579-

1661 

Placebo 
N=1088-

1119 

FluMist 
N=1345-

1352 

Placebo 
N=1327-

1340 
FluMist 
N=1056 

Placebo 
N=530 

FluMist 
N=850 

Placebo 
N=415 

FluMist 
N=912 

Placebo 
N=441 

 Fever:             

≥37.5°C 
axillary 

393 (22.0) 209 (17.6) 241 (15.2) 164 (15.0) 242 (18.0) 218 (16.4) --- --- --- --- --- --- 

≥38.6°C 
axillary 

87 (4.9) 48 (4.1) 64 (4.0) 41 (3.8) 62 (4.6) 67 (5.0) --- --- --- --- --- --- 

≥40.0°C 
axillary 

5 (0.3) 2 (0.2) 5 (0.3) 4 (0.4) 4 (0.3) 6 (0.5) --- --- --- --- --- --- 

>100°F oral --- --- --- --- --- --- 174 (16) 64 (12) 94 (11) 45 (11) 99 (11) 42 (10) 

>101°F oral --- --- --- --- --- --- 73 (7) 31 (6) 42 (5) 25 (6) 51 (6) 15 (3) 

>102°F oral --- --- --- --- --- --- 26 (2) 19 (4) 19 (2) 16 (4) 26 (3) 8 (2) 

>103°F oral --- --- --- --- --- --- 9 (0.9) 7 (1) 6 (0.7) 5 (1) 11 (1) 1 (0.2) 

>104°F oral --- --- --- --- --- --- 1 (0.1) 1 (0.2) 1 (0.1) 2 (0.5) 2 (0.2) 0 (0) 

NC = not collected. 
Bolded values are significantly different between treatment groups (p <0.05, Fisher’s exact test).   
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Table 6-5 AV018:  Reactogenicity Events Days 0-41 Post Dosing in Children 12-15 Months of Age 

Days 0-41 Post Visit 1 

Reactogenicity Event 

Group 2  
(MMR/VAR/FluMist) 

N=412 

Group 1 
(MMR/VAR) 

N=393 

Any RE 389 (94.4) 366 (93.1) 

Cough 211 (51.2) 204 (51.9) 

Runny nose/Nasal congestion 346 (84.0) 305 (77.6) 

Sore throat 62 (15.0) 50 (12.7) 

Irritability 296 (71.8) 276 (70.2) 

Headache 18 (4.4) 15 (3.8) 

Chills  15 (3.6) 8 (2.0) 

Vomiting 97 (23.5) 89 (22.6) 

Muscle aches  11 (2.7) 9 (2.3) 

Decreased activity 113 (27.4) 97 (24.7) 

Fever:   

>100°F oral or equivalent 270 (65.5) 238 (60.6) 

>101°F oral or equivalent 165 (40.0) 153 (38.9) 

>102°F oral or equivalent 96 (23.3) 83 (21.1) 

>103°F oral or equivalent 30 (7.3) 34 (8.7) 

>104°F oral or equivalent 6 (1.5) 8 (2.0) 

Bolded values are significantly different between treatment groups (90% and 95% exact unconditional CIs for the rate difference).  
Excludes injection site reactions. 
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6.2 Adverse Events 

Adverse events (AEs) reported at an incidence of ≥1% in any treatment group post Dose One 
and post Dose Two are presented in the Table 6-6 (Study MI-CP111), Table 6-7 (Study 
D153-P501), Table 6-8 (Study AV006), and Table 6-9 (Study AV018).  In the studies for 
which AE data were included in the sBLA, the individual AEs reported were those 
commonly expected to occur in a pediatric population.  In Studies MI-CP111, D153-P501, 
AV006, and MI-CP123, as expected, the rates of any event post Dose Two were lower than 
those post Dose One among children receiving FluMist.   

In Study MI-CP111, for all children, approximately one third of children in each treatment 
group reported at least one AE within 28 days of vaccination (Table 6-6).  No individual 
event was reported at the MedDRA preferred term level at an incidence of >8% in the 
FluMist group or >9% in the TIV group.  The event associated with the greatest increase in 
FluMist vs. TIV in any comparison was sneezing (rate difference of 1.1 percentage points) 
and was only associated with the ONE DOSE group.  The events associated with the greatest 
increase in TIV vs. FluMist in any comparison were diarrhea, acute otitis media, and rash 
(rate differences from 1.1-1.5 percentage points). 

Approximately one-third of children in the FluMist and placebo groups reported at least one 
AE during Days 0-10 after receipt of study vaccine in Study D153-P501 (Year 1).  Individual 
events were reported at similar rates between the two treatment groups, with the exception of 
fever4 (15.4% FluMist vs. 11.7% placebo after Dose One).  Following re-vaccination with a 
single dose of FluMist or placebo in Year 2, the proportions of children who reported at least 
one AE and each individual AE were similar to those for Year 1:  coughing, rhinitis, upper 
respiratory tract infection, and fever accounted for the majority of events; the rate of fever, 
although lower than Year 1, remained statistically significantly higher for FluMist (12.7% vs. 
9.8% placebo) (Table 6-7).  

Fewer than one-fifth of children in the FluMist and placebo groups reported at least one AE 
during Days 0-10 after receipt of study vaccine in Study AV006 (Year 1).  Individual events 
were reported at similar rates between the two treatment groups, with the exceptions of 
abdominal pain (2% FluMist vs. 0.2% placebo) and rash (0.4% FluMist vs. 2.1% placebo).  
Following re-vaccination with a single dose of FluMist or placebo in Year 2, the proportions 
of children who reported at least one AE were lower than those reported for Year 1.  

                                                 

4 In Study D153-P501, fever was defined as a temperature of ≥38°C rectal or oral, or ≥37.5°C axillary.  In 
general, an RE was also reported as an AE if the event required any prescription or non-prescription 
medication during Days 0-10 post vaccination, required an unscheduled health care provider visit and/or 
health care provider consultation during Days 0-10 post vaccination, or resulted in study termination. 
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Individual events were reported at similar rates between the two treatment groups, with the 
exception of conjunctivitis (0.1% FluMist vs. 1% placebo).  The majority of events reported 
in both treatment groups in Year 2 were accounted for by allergic reaction, accident injury, 
and diarrhea (Table 6-8). 

Approximately one half of MMR/VAR/FluMist or MMR/VAR recipients reported at least 
one AE during Days 0-41 after receipt of study vaccines in Study AV018 (Table 6-9).  
Individual events were reported at similar rates between the two treatment groups, with the 
exceptions of a higher rate in the concomitant FluMist group for diarrhea (17.1% 
MMR/VAR/FluMist vs. 15.0% MMR/VAR) injection site bruise (1.2% MMR/VAR/FluMist 
vs. 0.3% MMR/VAR), and undifferentiated ear infection (1.7% MMR/VAR/FluMist vs. 
0.8% MMR/VAR).  Of note, rates of wheezing during Days 0-41 were lower in those who 
received concurrent FluMist vs. placebo (1.2% MMR/VAR/FluMist vs. 2.5% MMR/VAR). 

In Study MI-CP123, the percentage of children reporting any AEs was similar between the 
two treatment groups:  67% to 75% in the FluMist group, and 71% to 79% in the TIV group.  
Individual events were reported at similar rates between the treatment groups, and the 
majority of events were assessed as mild in severity. 
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Table 6-6 MI-CP111:  Adverse Events Reported During Days 0-28 Post Each Dose in ≥1% of Children in Any 
Group in Children 6-59 Months of Age 

ONE DOSE Group TWO DOSE Group 

Post Dose One Post Dose One Post Dose Two MedDRA Preferred Term 
FluMist 
N=933 

TIV 
N=947 

Rate 
Diff 

FluMist 
N=3246 

TIV 
N=3226 

Rate 
Diff 

FluMist 
N=3002 

TIV 
N=3034 

Rate 
Diff 

N of Events 494 453  1713 1724  1236 1242  

N of Subjects Reporting 
≥1 Event 

311 (33.3%) 301 (31.8%) 1.5 1105 (34.0%) 1109 (34.4%) -0.3 813 (27.1%) 824 (27.2%) -0.1 

Conjunctivitis  12 (  1.3%) 8 (  0.8%) 0.4 58 (  1.8%) 64 (  2.0%) -0.2 50 (  1.7%) 49 (  1.6%) 0.1 

Diarrhoea 63 (  6.8%) 58 (  6.1%) 0.6 209 (  6.4%) 242 (  7.5%) -1.1 151 (  5.0%) 147 (  4.8%) 0.2 

Teething 21 (  2.3%) 27 (  2.9%) -0.6 144 (  4.4%) 154 (  4.8%) -0.3 70 (  2.3%) 79 (  2.6%) -0.3 

Bronchitis  10 (  1.1%) 15 (  1.6%) -0.5 52 (  1.6%) 42 (  1.3%) 0.3 59 (  2.0%) 51 (  1.7%) 0.3 

Croup infectious 15 (  1.6%) 7 (  0.7%) 0.9 33 (  1.0%) 39 (  1.2%) -0.2 33 (  1.1%) 27 (  0.9%) 0.2 

Gastroenteritis  13 (  1.4%) 8 (  0.8%) 0.5 27 (  0.8%) 22 (  0.7%) 0.1 31 (  1.0%) 32 (  1.1%) -0.0 

Otitis media acute 63 (  6.8%) 64 (  6.8%) -0.0 253 (  7.8%) 248 (  7.7%) 0.1 213 (  7.1%) 262 (  8.6%) -1.5 

Sinusitis  16 (  1.7%) 14 (  1.5%) 0.2 28 (  0.9%) 18 (  0.6%) 0.3 12 (  0.4%) 7 (  0.2%) 0.2 

Sneezing 18 (  1.9%) 8 (  0.8%) 1.1 24 (  0.7%) 27 (  0.8%) -0.1 10 (  0.3%) 11 (  0.4%) -0.0 

Wheezing 22 (  2.4%) 18 (  1.9%) 0.5 84 (  2.6%) 82 (  2.5%) 0.0 63 (  2.1%) 70 (  2.3%) -0.2 

Dermatitis diaper 4 (  0.4%) 6 (  0.6%) -0.2 32 (  1.0%) 34 (  1.1%) -0.1 23 (  0.8%) 24 (  0.8%) -0.0 

Rash 23 (  2.5%) 23 (  2.4%) 0.0 41 (  1.3%) 83 (  2.6%) -1.3 26 (  0.9%) 25 (  0.8%) 0.0 

Rate difference is FluMist minus TIV. 
Statistical significance for AEs was not calculated in this study. 
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Table 6-7 D153-P501 Years 1 and 2:  Adverse Events Reported During Days 
0-10 Post Each Dose in ≥1% of Children in Any Group in 
Children Initially 12-35 Months of Age 

Year 1, Post Dose One Year 1, Post Dose Two Year 2, Post Dosing 
Body System 

Event FluMist 
N=1901 

Placebo 
N=1273 

FluMist 
N=1671 

Placebo 
N=1127 

FluMist 
N=1354 

Placebo 
N=1341 

Number of Events 955 591 572 388 803 660 

Total N of Subjects 
Reporting ≥1 Event 

640 (33.7) 387 (30.4) 391 (23.4) 254 (22.5) 468 (34.6) 412 (30.7) 

Gastrointestinal       

Abdominal pain 1 (0.1) 2 (0.2) 1 (0.1) 0 (0.0) 20 (1.5) 12 (0.9) 

Diarrhea 39 (2.1) 16 (1.3) 19 (1.1) 14 (1.2) 10 (0.7) 11 (0.8) 

Vomiting 23 (1.2) 23 (1.8) 13 (0.8) 10 (0.9) 24 (1.8) 21 (1.6) 

Respiratory       

Coughing 148 (7.8) 123 (9.7) 120 (7.2) 83 (7.4) 166 (12.3) 147 (11.0) 

Rhinitis  227 (11.9) 125 (9.8) 105 (6.3) 86 (7.6) 187 (13.8) 160 (11.9) 

Upper resp tract 
infection 

98 (5.2) 62 (4.9) 86 (5.1) 51 (4.5) 86 (6.4) 77 (5.7) 

Body As A Whole       

Fever 292 (15.4) 149 (11.7) 144 (8.6) 91 (8.1) 172 (12.7) 131 (9.8) 

Bodily discomfort 14 (0.7) 7 (0.5) 2 (0.1) 1 (0.1) 13 (1.0) 8 (0.6) 

Anorexia 11 (0.6) 7 (0.5) 11 (0.7) 3 (0.3) 20 (1.5) 15 (1.1) 

Bolded values are significantly diffe rent between FluMist and placebo (p <0.05, Fisher’s exact test).  Two 
additional AEs met statistical significance but the incidence rates were <1.0% and are therefore not represented 
in this table:   

Bronchitis, Year 1, post Dose Two:  FluMist (1, 0.1%) vs. placebo (7, 0.6%), p <0.05 
Pharyngitis, Year 1, post Dose Two:  FluMist (13, 0.8%) vs. placebo (2, 0.2%), p <0.05. 
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Table 6-8 AV006 Years 1 and 2: Adverse Events Reported During Days 0-10 
Post Each Dose in ≥1% of Children in Any Group in Children 
Initially 15-71 Months of Age 

Year 1, Post Dose One Year 1, Post Dose Two Year 2, Post Dosing 
Body System 

Event FluMist 
N=1070 

Placebo 
N=532 

FluMist 
N=854 

Placebo 
N=418 

FluMist 
N=917 

Placebo 
N=441 

Total N of Subjects 
Reporting ≥1 Event 

191 (18) 78 (15) 119 (14) 62 (15) 116 (13) 60 (14) 

Body As A Whole       

Allergic reaction 12 (1) 3 (0.6) 0 (0) 0 (0) 9 (1) 7 (2) 

Infection 12 (1) 6 (1) 16 (2) 7 (2) 5 (0.5) 6 (1) 

Injury accident 15 (1) 4 (0.8) 4 (0.5) 1 (0.2) 14 (2) 4 (0.9) 

Pain 23 (2) 13 (2) 3 (0.4) 4 (1) 8 (0.9) 6 (1) 

Pain abdominal 19 (2) 1 (0.2) 7 (0.8) 2 (0.5) 10 (1) 3 (0.7) 

Digestive System       

Anorexia 11 (1.0) 3 (0.6) 8 (0.9) 3 (0.7) 2 (0.2) 2 (0.5) 

Diarrhea 38 (4) 17 (3.2) 21 (2) 10 (2) 12 (1) 11 (3) 

Skin/Appendages        

Rash 4 (0.4) 11 (2.1) 6 (0.7) 2 (0.5) 9 (1) 4 (0.9) 

Special Senses       

Conjunctivitis  5 (0.5) 2 (0.4) 5 (0.6) 3 (0.7) 1 (0.1) 6 (1) 

Otitis media 20 (2) 6 (1) 27 (3) 8 (2) 12 (1) 6 (1) 

Bolded values are significantly diffe rent between FluMist and placebo (p <0.05, Fisher’s exact test).   
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Table 6-9 AV018:  Adverse Events Reported During Days 0-41 Post Dosing 
in ≥1% of Children in Any Group in Children 12-15 Months of 
Age 

Days 0-41 Post Visit 1 
Body System 

Preferred Term 
Group 2  

(MMR/VAR/FluMist) 
N=410 

Group 1 
(MMR/VAR) 

N=394 

N Reporting ≥1 AE 191 (46.6) 191 (48.5) 

Body as a Whole   

Infection 6 (1.5) 6 (1.5) 

Infection fungal 6 (1.5) 5 (1.3) 

Infection viral 7 (1.7) 10 (2.5) 

Injection site bruise 5 (1.2) 1 (0.3) 

Injury accidental 23 (5.6) 19 (4.8) 

Digestive   

Anorexia 13 (3.2) 15 (3.8) 

Diarrhea 70 (17.1) 59 (15.0) 

Gastroenteritis  6 (1.5) 4 (1.0) 

Nervous   

Sleep disorder 9 (2.2) 5 (1.3) 

Respiratory   

Bronchiolitis  0 (0.0) 4 (1.0) 

Bronchitis  0 (0.0) 7 (1.8) 

Croup 6 (1.5) 7 (1.8) 

Epistaxis  2 (0.5) 4 (1.0) 

Pharyngitis  8 (2.0) 12 (3.0) 

Sinusitis  5 (1.2) 4 (1.0) 

Sneezing 8 (2.0) 8 (2.0) 

Wheezing 5 (1.2) 10 (2.5) 

Skin   

Eczema 4 (1.0) 6 (1.5) 

Rash 8 (2.0) 8 (2.0) 

Special Senses   

Conjunctivitis  12 (2.9) 13 (3.3) 

Ear infection, undifferentiated 7 (1.7) 3 (0.8) 

Otitis media 33 (8.0) 43 (10.9) 

Pain ear 4 (1.0) 3 (0.8) 

Statistical significance for AEs was not calculated in this study. 
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6.3 Wheezing 

6.3.1 Medically Attended Asthma/Reactive Airways Disease in Study AV019 

Prior to the licensure of FluMist in 2003, the Phase 3 placebo controlled safety study AV019 
was conducted in 9689 children 1-17 years of age in conjunction with the Kaiser Permanente 
Health Maintenance Organization (HMO).  In prespecified safety analyses, a signal for 
asthma/reactive airways disease (a coded diagnostic term in the HMO database) was initially 
found in children 18-35 months of age within 42 days of vaccination:  2.2% who received 
FluMist vs. 0.54% who received placebo.  In post hoc analyses, a statistically significant 
increased risk could not be ruled out in children up to 59 months of age:  for children 12-
59 months of age, the rates of asthma/reactive airways disease were 0.69% for FluMist 
recipients vs. 0.20% for placebo recipients.  Medical visits for asthma/reactive airways 
disease were not temporally clustered within the 42-day post-vaccination period, there were 
no hospitalizations, and most of the visits were associated with standard medication use.  
There was no increased risk found in children 5 years of age and older; rates of 
asthma/reactive airways disease were significantly decreased in some analyses of older 
children who received FluMist vs. placebo (Belshe, 2004).  In analyses that evaluated 
combined rates of asthma/reactive airways disease or wheezing/shortness of breath (both of 
which were coded diagnoses in the HMO database), no statistical increase was seen for 
FluMist recipients in any age group.  

6.3.2 Protocol-Defined Wheezing in Study MI-CP111 

A case definition (“medically significant wheezing [MSW]”) was used in the protocol to 
establish a basis for prospective comparison between the two treatment groups in this study 
based on the presence of clinical features used to classify asthma exacerbations in a 
standardized Pediatric Assessment Score (Kelly 2000).  Protocol-defined wheezing (MSW) 
was defined as the presence of wheezing on physical examination accompanied by at least 
one of the following:  sign of respiratory distress (tachypnea, retractions, or dyspnea), 
hypoxemia (O2 saturation <95%), or a new prescription for daily bronchodilator therapy (not 
on an “as needed” basis).  This was chosen to assure that wheezing was documented to be 
present by a health care provider (rather than a report only by the caregiver) and that the 
wheezing was either accompanied by clinical signs or associated with the necessity to 
implement treatment.  

When analyzed by dose in all children 6-59 months of age, the rate difference for incidence 
of protocol-defined wheezing (MSW) was statistically significant after Dose One in children 
receiving two doses of vaccine (2.3% FluMist vs. 1.5% TIV) (Table 6-10).  When analyzed 
by pre-specified age group (6-23 months vs. 24-59 months of age) and by dose, children 6-
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23 months of age generally had higher rates of protocol-defined wheezing (MSW) in both 
treatment groups than children 24-59 months of age.  For children 24-59 months of age, no 
significant increases in protocol-defined wheezing (MSW) between treatment groups were 
observed, with the point estimates generally being higher for TIV compared to FluMist.  For 
children 6-23 months of age, rate differences for FluMist were higher relative to TIV.  
Similar to the “a ll subjects” analysis, protocol-defined wheezing (MSW) was significantly 
increased post Dose One in children 6-23 months of age receiving two doses of vaccine 
(3.2% vs. 2.0%).  Higher rates of protocol-defined wheezing (MSW) for FluMist relative to 
TIV were observed during Weeks 2, 3, and 4 post Dose One in children 6-23 months of age 
receiving two doses of vaccine.  In addition, the rate from Day 0 through 42 days after 
receipt of last dose for children 6-23 months of age was statistically significantly higher in 
FluMist vs. TIV recipients (5.9% vs. 3.8%) (Table 6-10).  Based on these pre-specified 
analyses, the subgroup that most contributed to the increase in protocol-defined wheezing 
(MSW) for all children 6-59 months of age was children 6-23 months of age. 
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Table 6-10 MI-CP111: Protocol-Defined Wheezing (MSW) Within 42 Days After Each Study Vaccination in 
Children 6-59 Months of Age 

FluMist 
N=4179 

TIV 
N=4173 Age Group and  

Previous Vaccinati on Status Timepoint 

N # of 
Cases 

Crude Rate 
cases/N 

N # of 
Cases 

Crude Rate 
cases/N 

Rate 
Differencea 

95% CI for 
Rate Differencea 

All Children 6-59 Months Post Last Doseb 4179 164 3.9% 4173 131 3.1% 0.70 -0.08, 1.50 

Previously Vaccinated Post Dose One 933 19 2.0% 947 17 1.8% 0.03 -1.24, 1.38 

Post Dose One 3246 74 2.3%  3226 48 1.5%  0.77 0.12, 1.46 
Not Previously Vaccinated 

Post Dose Twoc 3002 73 2.4% 3034 67 2.2% 0.20 -0.56, 0.97 

All Children 6-23 Months Post Last Doseb 1992 117 5.9%  1975 75 3.8%  2.03 0.72, 3.38 

Previously Vaccinated Post Dose One 267 7 2.6% 269 3 1.1% 1.34 -1.11, 4.30 

Post Dose One 1725 55 3.2%  1706 34 2.0%  1.18 0.13, 2.29 
Not Previously Vaccinated 

Post Dose Twoc 1578 57 3.6% 1595 39 2.4% 1.15 -0.04, 2.38 

All Children 24-59 Months Post Last Doseb 2187 47 2.1% 2198 56 2.5% -0.50 -1.42, 0.39 

Previously Vaccinated Post Dose One 666 12 1.8% 678 14 2.1% -0.49 -2.07, 1.10 

Post Dose One 1521 19 1.2% 1520 14 0.9% 0.30 -0.46, 1.09 
Not Previously Vaccinated 

Post Dose Twoc 1424 16 1.1% 1439 28 1.9% -0.85 -1.83, 0.05 

Bold type  indicate statistically significant difference between FluMist and TIV. 
a. Rate difference was adjusted for age, recurrent wheezing history status, and prior vaccination status for “all children;” and for age and recurrent wheezing 

history status for previously vaccinated and not previously vaccinated children. 
b. Includes time immediately after receiving vaccine at Dose One through 42 days after last dose (either Dose One or Dose Two, depending upon prior 

vaccination status). 
c. Includes time immediately after receiving study vaccine at Dose One through 42 days after Dose One, or until immediately prior to receipt of Dose Two 

(if <42 days between doses). 
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A total of 18 children (11/4179 [0.3%] FluMist; 7/4173 [0.2%] TIV) were hospitalized in 
association with an adverse event that met the definition of protocol-defined wheezing 
(MSW) within 42 days of dosing (see Appendix A and Appendix B for details on these 
children).  No deaths resulted from these 18 events, and none of the hospitalized children 
required mechanical ventilation or admission to an intensive care unit.  Two thirds (12 of 
18) of the hospitalized children were 6-23 months of age:  9/1992 [0.5%] in the FluMist 
group and 3/1975 [0.2%] in the TIV group.  Of the 9 children in the FluMist group, 2 had 
a past history of wheezing or asthma, 1 had RSV infection, and 2 children had both a past 
history of wheezing or asthma and RSV infection.  Of the 3 children in the TIV group, 
1 had RSV infection, 1 had a past history of wheezing or asthma and RSV infection, and 
1 had a past history of wheezing or asthma and mycoplasma infection. 

Most of the hospitalized children received standard therapy including bronchodilators and 
steroids.  The median duration of hospitalization in children 6-23 months of age was 
4.5 days in the FluMist group (including one child with Down Syndrome who was 
hospitalized for 21 days) and 4 days in the TIV group.  Thus, there was no evidence that 
the severity of hospitalized protocol-defined wheezing (MSW) cases differed between the 
FluMist and TIV treatment groups.   

There was also no evidence that the severity of protocol-defined wheezing (MSW) was 
different between FluMist and TIV recipients as assessed by the distribution of defining 
criteria (presence of wheezing on physical examination with hypoxemia, respiratory 
distress, or new prescription for daily bronchodilator therapy) (Table 6-11).  For example, 
the proportion of children 6-23 months of age with protocol-defined wheezing (MSW) 
who met the case definition on the basis of receiving a new prescription for daily 
bronchodilator therapy only (i.e., did not have respiratory distress or hypoxemia) was 
similar:  75% for FluMist vs. 69% for TIV from administration through 42 days after the 
last vaccination.  Likewise, the proportion of children with protocol-defined wheezing 
(MSW) in this age group who had respiratory distress or hypoxemia was also similar:  
25% for FluMist vs. 31% for TIV. 
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Table 6-11 MI-CP111:  Measures of Severity of Protocol-Defined 
Wheezing (MSW) in Children 6-23 Months of Age 

FluMist TIV 
Age Subgroup (months) 

Outcome 6-11  
N=684 

12-23  
N=1308 

6-23 
N=1992 

6-11  
N=683 

12-23  
N=1292 

6-23 
N=1975 

Number of children with protocol-
defined wheezing from Day 0 through 42 
days after last vaccination 

47 70 117 29 46 75 

Number of these children with outcome of: 

Hospitalization 4 
(9%) 

5 
(7%) 

9 
(8%) 

2 
(7%) 

1 
(2%) 

3 
(4%) 

Death 0 
(0%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

ICU or mechanical ventilation 0 
(0%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

New bronchodilator prescription and 
not hypoxemia or respiratory distress 

38 
(81%) 

50 
(71%) 

88 
(75%) 

20 
(69%) 

32 
(70%) 

52 
(69%) 

Any respiratory distress or hypoxemia 9 
(19%) 

20 
(29%) 

29 
(25%) 

9 
(31%) 

14 
(30%) 

23 
(31%) 

≥1 additional MSW episode through 
180 days post final dose 

18 
(38%) 

20 
(29%) 

38 
(32%) 

7 
(24%) 

14 
(30%) 

21 
(28%) 

≥2 additional MSW episodes through 
180 days post final dose 

2 
(4%) 

3 
(4%) 

5 
(4%) 

2 
(31%) 

2 
(4%) 

4 
(5%) 

Rates of recurrent protocol-defined wheezing (MSW) over the approximate 7 months of 
follow-up on the study were also analyzed (Table 6-11).  Among children 6-23 months of 
age who had an episode of protocol-defined wheezing (MSW) from administration 
through 42 days after the last vaccination, the rates of at least one additional episode 
(32% FluMist vs. 28% TIV) and the rates of at least two additional episodes (4% FluMist 
vs. 5% TIV) were similar.  Thus, there was no evidence in this study that children with 
protocol-defined wheezing (MSW) post vaccination with FluMist were predisposed to 
subsequent episodes of protocol-defined wheezing compared to children who wheezed 
post vaccination with TIV.  

Rates of protocol defined wheezing (MSW) were also analyzed for the 6-11 month and 
12-23 month subsets of children within 42 days after vaccination (Table 6-12).  
Wheezing rates for all children 12-23 months of age were statistically significantly 
increased in FluMist vs. TIV (rate difference = 1.83).  Rates for all children 6-11 months 
of age were also increased in FluMist vs. TIV recipients (rate difference = 2.39) but this 
did not reach statistical significance. 
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Table 6-12 MI-CP111: Protocol-Defined Wheezing (MSW) Within 42 Days After Each Study Vaccination in 
Children 6-23 Months of Age 

FluMist 
N=4179 

TIV 
N=4173 Age Group and  

Previous Vaccination Status Timepoint 

N # of 
Cases 

Crude Rate 
cases/N 

N # of 
Cases 

Crude Rate 
cases/N 

Rate 
Differencea 

95% CI for 
Rate Differencea 

All Children 6-23 Months Post Last Doseb 1992 117 5.9%  1975 75 3.8%  2.03 0.72, 3.38 

Previously Vaccinated Post Dose One 267 7 2.6% 269 3 1.1% 1.34 -1.11, 4.30 

Post Dose One 1725 55 3.2%  1706 34 2.0%  1.18 0.13, 2.29 
Not Previously Vaccinated 

Post Dose Twoc 1578 57 3.6% 1595 39 2.4% 1.15 -0.04, 2.38 

All Children 6-11 Months Post Last Doseb 684 47 6.9% 683 29 4.2% 2.39 -0.02, 4.94 

Previously Vaccinated Post Dose One 2 0 0.0% 1 0 0.0% 0.00 -85.21, 74.23 

Post Dose One 682 26 3.8% 682 14 2.1% 1.61 -0.18, 3.53 
Not Previously Vaccinated 

Post Dose Twoc 625 21 3.4% 642 15 2.3% 0.91 -0.96, 2.94 

All Children 12-23 Months Post Last Doseb 1308 70 5.4%  1292 46 3.6%  1.83 0.28, 3.45 

Previously Vaccinated Post Dose One 265 7 2.6% 268 3 1.1% 1.36 -1.11, 4.34 

Post Dose One 1043 29 2.8% 1024 20 2.0% 0.90 -0.42, 2.27 
Not Previously Vaccinated 

Post Dose Twoc 953 36 3.8% 953 24 2.5% 1.31 -0.25, 2.95 

Bold type  indicate statistically significant difference between FluMist and TIV. 
a. Rate difference was adjusted for age, recurrent wheezing history status, and prior vaccination status for “all children;” and for age and recurrent wheezing 

his tory status for previously vaccinated and not previously vaccinated children. 
b. Includes time immediately after receiving vaccine at Dose One through 42 days after last dose (either Dose One or Dose Two, depending upon prior 

vaccination status). 
c. Includes time immediately after receiving study vaccine at Dose One through 42 days after Dose One, or until immediately prior to receipt of Dose Two 

(if <42 days between doses). 
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6.3.3 Any Wheezing Event in Study MI-CP111   

In addition to protocol-defined wheezing (MSW) in Study MI-CP111, wheezing captured 
as a reactogenicity event (RE) or as an adverse event (AE) was analyzed as a secondary 
endpoint (“RE/AE wheezing”).  RE/AE wheezing, unlike protocol-defined wheezing, 
was not a prespecified case definition and included wheezing reported by the child’s 
caregiver as well as wheezing reported by a health care provider.  For purposes of post 
hoc analysis, RE/AE wheezing events were combined with protocol-defined wheezing 
(MSW) events in a category described as “any wheeze.” 

When rates of any wheezing event were analyzed through 42 days following last 
vaccination in all children 6-59 months of age, the rate was significantly higher for 
FluMist recipients compared to TIV recipients (7.8% FluMist, 6.6% TIV) (Table 6-13).  
This rate difference was primarily driven by children 6-23 months of age, where the rate 
was also significantly higher for FluMist recipients compared to TIV recipients.  In 
children 24-59 months of age, rates were similar between treatment groups (4.9% 
FluMist, 5.3% TIV).  

Table 6-13 MI-CP111:  Any Wheezing Event in Children 6-59 Months of 
Age 

Through 42 Days After Last Dose Through 180 Days After Last Dose Age 
Group 
(mos) 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

6-59  324/4179 (7.8%) 275/4173 (6.6%) 1.2  619/4179 (14.8%)  597/4173 (14.3%) 0.5 

6-23  216/1992 (10.8%) 158/1975 (8.0%) 2.8  367/1992 (18.4%)  334/1975 (16.9%) 1.5 

   6-11  80/684 (11.7%)  67/683 (9.8%) 1.9  143/684 (20.9%)  139/683 (20.4%) 0.6 

   12-23  136/1308 (10.4%)  91/1292 (7.0%) 3.4  224/1308 (17.1%)  195/1292 (15.1%) 2.0 

24-59  108/2187 (4.9%) 117/2198 (5.3%) -0.4  252/2187 (11.5%)  263/2198 (12.0%) -0.4 

Rate difference is FluMist minus TIV.  Bold type indicates statistically significant difference between 
treatment groups. 
 

Rates of any wheezing event were also analyzed through 180 days following last 
vaccination (Table 6-13).  In children 24-59 months rates were similar (11.5% FluMist, 
12.0% TIV).  In the younger children, the rate differences were lower between FluMist 
and TIV compared to analyses through 42 days.   
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6.3.4 Wheezing Events in Studies MI-CP123, D153-P501, AV006, and 
AV018 

Post vaccination wheezing AEs (coded as preferred terms of bronchospasm, bronchiolitis, 
asthma, and wheezing) were collected in the other studies and are summarized as follows.    

• In Study MI-CP123 (N=52 children 6-35 months of age), no AEs of wheezing, 
asthma, bronchospasm, or bronchiolitis were reported. 

• In Study D153-P501 (N=3174 children 12-35 months of age), reported synonyms for 
wheezing illnesses included the WHOART terms of bronchospasm and bronchiolitis.  
During Days 0-10 after receipt of study vaccine in both years of this study, rates of 
bronchospasm ranged from 0.1-0.5% for FluMist and from 0.4-0.8% for placebo; 
rates of bronchiolitis were 0% for FluMist and 0.1-0.2% for placebo.   

• In Study AV006 (N=1602 children 15-71 months of age), reported synonyms for 
wheezing illnesses included the COSTART term of asthma.  During Days 0-10 after 
receipt of study vaccine, rates of asthma ranged from 0.3-0.6% for FluMist and 0.4-
0.5% for placebo.   

• In Study AV018 (N=1245 children 12-15 months of age), reported synonyms for 
wheezing illnesses included the modified COSTART terms of bronchiolitis and 

wheezing.  In this study, rates of wheezing from Days 0-41 post receipt of M-M-RII, 

VARIVAX, and either FluMist or placebo mist were lower in the group that 
received concomitant FluMist (MMR/VAR/FluMist, 1.2%) than in the group that 
received concomitant placebo mist (MMR/VAR, 2.5%); rates of bronchiolitis were 
0% and 1.0%, respectively.  

6.4 Deaths and Serious and Significant Adverse Events 

6.4.1 Deaths 

In the 13 studies for which SAE data were integrated, there were 11 (<0.1%) deaths 
overall (7/18,315 children [<0.1%] in the FluMist group, 3/6692 children [<0.1%] in the 
placebo group, and 1/5107 children [<0.1%] in the TIV group) that occurred during the 
first year of the study.  Two deaths (1/2587 children [<0.1%] in the FluMist group and 
1/1720 children [0.1%] in the placebo group) occurred during the second year of 
vaccination.  Overall, none of these deaths was judged by the investigator as related to 
FluMist. 
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6.4.2 Other Serious Adverse Events in the Integrated Analysis of Safety 

All Children 6-59 Months of Age 

Serious adverse events with ≥0.2% incidence in any treatment group reported within 
Days 0-42 post dosing and from Day 0 through 180 post final dose are shown in Table 
6-14 and Table 6-15, respectively, for Year 1 and in Table 6-16 and Table 6-17, 
respectively, for Year 2. 

In the first year of vaccination, the proportions of all children 6-59 months of age 
reporting at least one SAE within Days 0-42 post Dose One and post Dose Two were 
similar between the FluMist, placebo, and TIV groups (0.8%, 1.0%, and 0.6%, 
respectively, for post Dose One and 0.8%, 0.8%, and 1.0%, respectively, for post Dose 
Two).  A higher frequency of SAEs was reported during the longer SAE reporting period 
(i.e., Day 0 through 180 days after the last dose of study vaccine), but the proportions of 
all children 6-59 months of age reporting at least one SAE were similar between the three 
treatment groups (3.6%, 4.1%, and 3.4%, respectively).  Gastroenteritis and pneumonia 
were the most commonly reported SAEs across the three treatment groups in the first 
year of vaccination.  The types and relative frequencies of the other SAEs were similar 
between the three treatment groups, including SAEs associated with reactogenicity events 
(e.g., pyrexia, vomiting) and any wheezing illness (a combined term of the MedDRA 
preferred terms asthma, bronchospasm, wheezing, and bronchiolitis).  No individual 
related SAE occurred in > 0.1% of subjects. 

In the second year of vaccination, the proportions of children 6-59 months of age 
reporting at least one SAE within Days 0-42 after dosing were similar between the 
FluMist and placebo groups (0.5% and 0.7%, respectively).  A higher frequency of SAEs 
was reported during the longer SAE reporting period (i.e., Day 0 through 180 days after 
the last dose of study vaccine), but the proportions of all children 6-59 months of age 
reporting at least one SAE were similar between the two treatment groups (2.3% and 
1.8%, respectively).  Pyrexia and gastroenteritis were the most common SAEs in the 
placebo-controlled stud ies during the second year of vaccination.  The types and relative 
frequencies of these and the other SAEs were generally similar between the two 
treatment groups, including SAEs associated with other reactogenicity events and any 
wheezing illness. 
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Table 6-14 Serious Adverse Events Reported Within Days 0-42 After Each 
Dose in ≥0.2% of All Children 6-59 Months of Age in Year 1 

Post Dose One Post Dose Two 
System Organ Class/ 

MedDRA 8.0 Preferred Term FluMist/ 
N=18315 

Placebo 
N=6692 

TIV 
N=5107 

FluMist/ 
N=14080 

Placebo 
N=5650 

TIV 
N=3944 

Total Number of Events 217 109 44 153 72 47 

Total N of Children Reporting 

≥ 1 Event 

149  
(0.8%) 

64  
(1.0%) 

33  
(0.6%) 

111  
(0.8%) 

48  
(0.8%) 

38  
(1.0%) 

General Disorders & Administration Site Conditions  

Pyrexia 13 (0.1%) 11 (0.2%) 1 (0.0%) 8 (0.1%) 6 (0.1%) 3 (0.1%) 

Infections & Infestations  

Gastroenteritis  26 (0.1%) 14 (0.2%) 6 (0.1%) 18 (0.1%) 8 (0.1%) 6 (0.2%) 

Pneumonia 22 (0.1%) 5 (0.1%) 8 (0.2%) 14 (0.1%) 7 (0.1%) 4 (0.1%) 

Metabolism & Nutrition Disorders  

Dehydration 10 (0.1%) 11 (0.2%) 0 (0.0%) 7 (0.0%) 3 (0.1%) 0 (0.0%) 

Includes children 6-59 months of age at time of initial vaccination in Studies MI-CP111, MI-CP123, D153-
P501, AV006, AV018, AV019, D153-P514, D153-P502, D153-P504, D153-P511, D153-P513, D153-P522, and 
D153-P500. 
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Table 6-15 Serious Adverse Events Reported from Day 0 through 180 
Days Post Last Dose in ≥0.2% of All Children 6-59 Months of 
Age in Year 1 

Through 180 Days Post Last Dose 
System Organ Class/ 

MedDRA 8.0 Preferred Term FluMist/ 
(N=14058) 

Placebo 
(N=5244) 

TIV 
(N=5107) 

Total Number of Events 788 355 222 

Total N of Children Reporting ≥ 1 Event 505 (3.6%) 213 (4.1%) 173 (3.4%) 

Gastrointestinal Disorders  

Vomiting 22 (0.2%) 9 (0.2%) 2 (0.0%) 

Diarrhoea 18 (0.1%) 20 (0.4%) 0 (0.0%) 

General Disorders & Administration Site Conditions  

Pyrexia 46 (0.3%) 29 (0.6%) 7 (0.1%) 

Infections & Infestations  

Gastroenteritis  85 (0.6%) 39 (0.7%) 31 (0.6%) 

Pneumonia 73 (0.5%) 29 (0.6%) 29 (0.6%) 

Bronchopneumonia 32 (0.2%) 7 (0.1%) 4 (0.1%) 

Otitis Media 24 (0.2%) 3 (0.1%) 4 (0.1%) 

Upper Respiratory Tract Infection 23 (0.2%) 13 (0.2%) 9 (0.2%) 

Bronchiolitis  21 (0.1%) 8 (0.2%) 6 (0.1%) 

Bronchitis  20 (0.1%) 13 (0.2%) 4 (0.1%) 

Gastroenteritis Rotavirus 12 (0.1%) 3 (0.1%) 8 (0.2%) 

Metabolism & Nutrition Disorders  

Dehydration 39 (0.3%) 19 (0.4%) 5 (0.1%) 

Nervous System Disorders    

Febrile Convulsion 29 (0.2%) 18 (0.3%) 10 (0.2%) 

Respiratory, Thoracic & Mediastinal Disorders  

Asthma 18 (0.1%) 9 (0.2%) 3 (0.1%) 

Includes children 6-59 months of age at time of initial vaccination in Studies MI-CP111, MI-CP123, D153-
P501, AV006, AV018, AV019, D153-P514, D153-P502, D153-P504, D153-P511, D153-P513, D153-
P522, and D153-P500. 
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Table 6-16 Serious Adverse Events Reported Within Days 0-42 After 
Dosing in ≥0.2% of All Children 6-59 Months of Age in Year 2 

Day 0-42 Post Dose 
System Organ Class/ 

MedDRA 8.0 Preferred Term FluMist 
(N=2587) 

Placebo 
(N=1720) 

Total Number of Events 20 20 

Total Number of Subjects Reporting ≥ 1 Event 13 (0.5%) 12 (0.7%) 

General Disorders & Administration Site Conditions  

Pyrexia 3 (0.1%) 3 (0.2%) 

Includes children 6-59 months of age at time of init ial vaccination in Studies AV006, D153-P501, D153-
P502 and D153-P504. 
 

Table 6-17 Serious Adverse Events Reported from Day 0 through 180 
Days Post Dose in ≥0.2% of All Children 6-59 Months of Age 
in Year 2 

Through 180 Days Post Dose 
System Organ Class/ 

MedDRA 8.0 Preferred Term FluMist 
(N=1859) 

Placebo 
(N=1356) 

Total Number of Events 70 44 

Total Number of Subjects Reporting ≥ 1 Event 43 (  2.3%) 25 (  1.8%) 

General Disorders and Administration Site Conditions  

Pyrexia 8 (  0.4%) 5 (  0.4%) 

Infections and Infestations  

Gastroenteritis  6 (  0.3%) 3 (  0.2%) 

Pneumonia 4 (  0.2%) 1 (  0.1%) 

Upper Respiratory Tract Infection 4 (  0.2%) 1 (  0.1%) 

Bronchitis  0 (  0.0%) 3 (  0.2%) 

Injury, Poisoning and Procedural Complications  

Head Injury 3 (  0.2%) 1 (  0.1%) 

Metabolism and Nutrition Disorders  

Dehydration 4 (  0.2%) 0 (  0.0%) 

Nervous System Disorders  

Febrile Convulsion 3 (  0.2%) 1 (  0.1%) 

Includes children 6-59 months of age at time of initial vaccination in Studies AV006, D153-P501, D153-
P502 and D153-P504. 
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By Age Subgroup and Category of Serious Adverse Event, FluMist vs. Placebo 

In the first year of vaccination for the nine placebo controlled studies, the proportions of 
all children 6-59 months of age reporting at least one SAE within Days 0-42 post Dose 
One and post Dose Two were similar between the FluMist and placebo groups (0.9% and 
1.0%, respectively, for post Dose One and 0.7% and 0.8%, respectively, for post Dose 
Two) as shown in Table 6-18.  Higher frequencies of SAEs were reported during the 
longer SAE reporting period (i.e., Day 0 through 180 days post final dose) (Table 6-19).  
The proportions of all children 6-59 months of age reporting at least one SAE were lower 
in the FluMist group than in the placebo group (3.5% and 4.1%, respectively).  There was 
a higher frequency of SAEs in both the FluMist and placebo groups for children 6-
23 months of age than for children 24-59 months of age.  This difference was most 
evident for children 6-11 months of age.  For children 12-23 months of age, the 
frequency of SAEs in both treatment groups decreased.   

Gastroenteritis was the most common SAE in the placebo-controlled studies during the 
first year of vaccination (Figure 6-4).  For children 6-11 months of age, the frequency of 
any gastroenteritis SAE was similar between FluMist and placebo recipients but occurred 
at a higher rate than in the other age categories.  The types and relative frequencies of the 
other SAEs were similar between the two treatment groups, including SAEs associated 
with any wheezing illness.   
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Table 6-18 Serious Adverse Events (Overall and Selected) Reported 
Within Days 0-42 After Each Dose by Age Subgroup 

Number of Children (%) Reporting ≥1 SAE, Days 0-42 
Post Dose One Post Dose Two 

SAE 
Age Subgroup 

FluMist Placebo FluMist Placebo 
Any SAE 

All Children, 6-59 mos 102/11783 (0.9%) 64/6692 (1.0%) 63/8842 (0.7%) 48/5650 (0.8%) 

  6-23 months 83/6320 (1.3%) 51/3664 (1.4%) 46/4351 (1.1%) 36/2966 (1.2%) 

24-59 months 19/5463 (0.3%) 13/3028 (0.4%) 17/4491 (0.4%) 12/2684 (0.4%) 

  6-11 months 18/1003 (1.8%) 12/573 (2.1%) 14/695 (2.0%) 11/516 (2.1%) 

12-23 months 65/5317 (1.2%) 39/3091 (1.3%) 32/3656 (0.9%) 25/2450 (1.0%) 

Any Gastroenteritis SAE 

All Children, 6-59 mos 24/11783 (0.2%) 32/6692 (0.5%) 21/8842 (0.2%) 17/5650 (0.3%) 

  6-23 months 21/6320 (0.3%) 23/3664 (0.6%) 15/4351 (0.3%) 15/2966 (0.5%) 

24-59 months 3/5463 (0.1%) 9/3028 (0.3%) 6/4491 (0.1%) 2/2684 (0.1%) 

  6-11 months 6/1003 (0.6%) 9/573 (1.6%) 5/695 (0.7%) 3/516 (0.6%) 

12-23 months 15/5317 (0.3%) 14/3091 (0.5%) 10/3656 (0.3%) 12/2450 (0.5%) 

Any Pneumonia SAE 

All Children, 6-59 mos 27/11783 (0.2%) 6/6692 (0.1%) 9/8842 (0.1%) 12/5650 (0.2%) 

  6-23 months 23/6320 (0.4%) 6/3664 (0.2%) 7/4351 (0.2%) 11/2966 (0.4%) 

24-59 months 4/5463 (0.1%) 0/3028 (0.0%) 2/4491 (<0.1%) 1/2684 (<0.1%) 

  6-11 months 6/1003 (0.6%) 0/573 (0.0%) 2/695 (0.3%) 5/516 (1.0%) 

12-23 months 17/5317 (0.3%) 6/3091 (0.2%) 5/3656 (0.1%) 6/2450 (0.2%) 

Any Wheezing SAE 

All Children, 6-59 mos 14/11783 (0.1%) 5/6692 (0.1%) 5/8842 (0.1%) 5/5650 (0.1%) 

  6-23 months 8/6320 (0.1%) 4/3664 (0.1%) 4/4351 (0.1%) 3/2966 (0.1%) 

24-59 months 6/5463 (0.1%) 1/3028 (<0.1%) 1/4491 (<0.1%) 2/2684 (0.1%) 

  6-11 months 1/1003 (0.1%) 1/573 (0.2%) 0/695 (0.0%) 0/516 (0.0%) 

12-23 months 7/5317 (0.1%) 3/3091 (0.1%) 4/3656 (0.1%) 3/2450 (0.1%) 

Includes children in the indicated age subgroups at time of initial vaccination in Studies AV006, AV018, 
AV019, D153-P501, D153-P502, D153-P504, D153-P511, D153-P513, and D153-P522. 
Gastroenteritis  includes the MedDRA terms abdominal pain, diarrhea, duodenitis , enteritis, enterocolitis, 
gastritis, vomiting, diarrhea infectious, dysentery, gastritis viral, gastroenteritis, viral stool test positive.  
Pneumonia includes the MedDRA terms bronchopneumonia, lobar pneumonia, lower respiratory tract 
infection, pneumonia, pneumonia adenoviral, pneumonia bacterial, pneumonia mycoplasmal, pneumonia 
parainfluenza viral, pneumonia respiratory syncytial viral, pneumonia streptococcal, pneumonia viral, and 
pneumonitis.  Wheezing  includes the MedDRA terms wheeze, asthma, bronchospasm, bronchiolitis.   
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Table 6-19 Serious Adverse Events (Overall and Selected) Reported from 
Day 0 through 180 Days After the Last Dose by Age Subgroup 

Number of Children (%) Reporting ≥1 Selected SAE,  
through 180 Days Post Last Dose SAE 

Age Subgroup 
FluMist Placebo 

Any SAE 

All Children, 6-59 months 311/8911 (3.5%) 213/5244 (4.1%) 

  6-23 months 234/5768 (4.1%) 165/3357 (4.9%) 

24-59 months 77/3143 (2.4%) 48/1887 (2.5%) 

  6-11 months 64/1003 (6.4%) 49/573 (8.6%) 

12-23 months 170/4765 (3.6%) 116/2784 (4.2%) 

Any Gastroenteritis SAE 

All Children, 6-59 months 91/8911 (1.0%) 74/5244 (1.4%) 

  6-23 months 71/5768 (1.2%) 56/3357 (1.7%) 

24-59 months 20/3143 (0.6%) 18/1887 (1.0%) 

  6-11 months 24/1003 (2.4%) 22/573 (3.8%) 

12-23 months 47/4765 (1.0%) 34/2784 (1.2%) 

Any Pneumonia SAE 

All Children, 6-59 months 75/8911 (0.8%) 39/5244 (0.7%) 

  6-23 months 56/5768 (1.0%) 32/3357 (1.0%) 

24-59 months 19/3143 (0.6%) 7/1887 (0.4%) 

  6-11 months 17/1003 (1.7%) 9/573 (1.6%) 

12-23 months 39/4765 (0.8%) 23/2784 (0.8%) 

Any Wheezing SAE 

All Children, 6-59 months 33/8911 (0.4%) 25/5244 (0.5%) 

  6-23 months 24/5768 (0.4%) 19/3357 (0.6%) 

24-59 months 9/3143 (0.3%) 6/1887 (0.3%) 

  6-11 months 4/1003 (0.4%) 5/573 (0.9%) 

12-23 months 20/4765 (0.4%) 14/2784 (0.5%) 

Includes children in the indicated age subgroups at time of initial vaccination in Studies AV006, AV018, 
AV019, D153-P501, D153-P502, D153-P504, D153-P511, D153-P513, and D153-P522. 
Gastroenteritis  includes the MedDRA terms abdominal pain, diarrhea, duodenitis, enteritis, enterocolitis, 
gastritis, vomiting, diarrhea infectious, dysentery, gastritis viral, gastroenteritis, viral stool test positive.  
Pneumonia includes the MedDRA terms bronchopneumonia, lobar pneumonia, lower respiratory tract 
infection, pneumonia, pneumonia adenoviral, pneumonia bacterial, pneumonia mycoplasmal, pneumonia 
parainfluenza viral, pneumonia respiratory syncytial viral, pneumonia streptococcal, pneumonia viral, and 
pneumonitis.  Wheezing  includes the MedDRA terms wheeze, asthma, bronchospasm, bronchiolitis.   
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N=14,155 children 6-59 months of age. 
Includes children in the indicated age subgroups at time of initial vaccination in Studies AV006, AV018, 
AV019, D153-P501, D153-P502, D153-P504, D153-P511, D153-P513, and D153-P522. 
Wheezing  includes the MedDRA terms wheeze, asthma, bronchospasm, bronchiolitis.  Pneumonia 
includes the MedDRA terms bronchopneumonia, lobar pneumonia, lower respiratory tract infection, 
pneumonia, pneumonia adenoviral, pneumonia bacterial, pneumonia mycoplasmal, pneumonia 
parainfluenza viral, pneumonia respiratory syncytial viral, pneumonia streptococcal, pneumonia viral, and 
pneumonitis.  Gastroenteritis  includes the MedDRA terms  abdominal pain, diarrhea, duodenitis, enteritis, 
enterocolitis, gastritis, vomiting, diarrhea infectious, dysentery, gastritis viral, gastroenteritis, viral stool test 
positive. 

Figure 6-4 Serious Adverse Events from Day 0 through 180 Days Post 
Final Dose in Placebo Controlled Trials for Children 6-59 
Months of Age 

6.4.3 Other Serious Adverse Events in Study MI-CP111 

The majority of SAEs in Study MI-CP111 reported from Days 0-42 post dosing (Table 
6-20) and from Day 0 through 180 days post last dose (Table 6-21) were in-patient 
hospitalizations. 

Table 6-20 MI-CP111:  All-Cause Hospitalizations from Days 0-42 Post 
Dose in Children 6-59 Months of Age 

ONE DOSE Group TWO DOSE Group 

Post Dose 1 Post Dose 1 Post Dose 2 Days 0-42 
FluMist 
N=933 

TIV 
N=947 

FluMist 
N=3246 

TIV 
N=3226 

FluMist 
N=3002 

TIV 
N=3034 

All SAEs  3 (0.3%) 7 (0.7%) 22 (0.7%) 16 (0.5%) 22 (0.7%) 25 (0.8%) 

All-Cause 
Hospitalizations 

3 (0.3%) 7 (0.7%) 22 (0.7%) 16 (0.5%) 20 (0.7%) 24 (0.8%) 
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Table 6-21 MI-CP111:  All-Cause Hospitalizations through 180 Days Post 
Final Dose in Children 6-59 Months of Age 

ONE DOSE Group TWO DOSE Group Total Day 0 through 
180 Days Post 

Final Dose FluMist 
N=933 

TIV 
N=947 

FluMist 
N=3246 

TIV 
N=3226 

FluMist 
N=4179 

TIV 
N=4173 

All SAEs  16 (1.7%) 24 (2.5%) 120 (3.7%) 104 (3.2%) 136 (3.3%) 128 (3.1%) 

All-Cause 
Hospitalizations 

14 (1.5%) 23 (2.4%) 116 (3.6%) 96 (3.0%) 130 (3.1%) 119 (2.9%) 

Hospitalizations   

Additional analyses were performed to specifically evaluate the rates of hospitalization 
through 180 days post final dose by age subgroup.  All-cause hospitalizations were 
analyzed by age subgroup and time of first occurrence (within 42 days or >42 days after 
final dose) (Figure 6-5).  An increased rate of hospitalization was observed for FluMist 
recipients 6-11 months of age for both time periods.  The majority of excess 
hospitalizations in this subset of younger children were late events, occurring >42 days 
after receipt of final study vaccination, were not temporally clustered, and were 
accounted for by events commonly expected to occur in a young pediatric population, 
i.e., gastrointestinal and lower respiratory tract infections.  A biological rationale for the 
association between receipt of FluMist and these late occurring hospitalizations cannot 
readily be explained.  
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Figure 6-5 MI-CP111:  All-Cause Hospitalizations by Age and Time of 
First Incidence 

Based on the excess of late hospitalizations in young children, all-cause hospitalizations 
and respiratory hospitalizations (defined post hoc by manual review at the MedDRA 
preferred term level) were summarized through 42 days and 180 days post last dose.  For 
analyses through 42 days post last dose, rates were similar (<1 percentage point 
difference) between treatment groups for all age subgroups (Table 6-22).  For analyses 
through 180 days post last dose, however, statistically significantly higher rates of both 
all-cause and respiratory hospitalizations were observed for FluMist recipients 6-
11 months of age (Table 6-23).  In older subgroups of children 12-23 and 24-59 months 
of age, hospitalization rates were not observed to be increased in FluMist vs. TIV 
recipients overall.   
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Table 6-22 MI-CP111:  Hospitalizations through 42 Days Post Final Dose 

Age (mos) Type of Hospitalization FluMist TIV Rate Difference 

All-Cause 45/4179 (1.1%) 47/4173 (1.1%) -0.0 6-59 

Respiratory 27/4179 (0.6%) 26/4173 (0.6%) 0.0 

All-Cause 32/1992 (1.6%) 25/1975 (1.3%) 0.3 6-23 

Respiratory 21/1992 (1.1%) 15/1975 (0.8%) 0.3 

All-Cause 15/684 (2.2%) 9/683 (1.3%) 0.9 6-11 

Respiratory 10.684 (1.5%) 4/683 (0.6%) 0.9 

All-Cause 17/1308 (1.3%) 16/1292 (1.2%) 0.1 12-23 

Respiratory 11/1308 (0.8%) 11/1292 (0.9%) -0.0 

All-Cause 13/2187 (0.6%) 22/2198 (1.0%) -0.4 24-59 

Respiratory 6/2187 (0.3%) 11/2198 (0.5%) -0.2 

Safety Population 
Rate difference is FluMist minus TIV.  No statistically significant differences between treatment groups were 
observed.  

Respiratory hospitalizations include MedDRA preferred terms of acute sinusitis, acute tonsillitis, bronchiolitis, 
bronchitis, bronchopneumonia, croup infectious, influenza, laryngitis, mastoiditis, otitis media acute, 
pharyngitis, pharyngotonsillitis, pneumonia, sinusitis, upper respiratory tract infection, viral infection, asthma, 
bronchospasm, tonsillar hypertrophy, wheezing, adenoidal disorder, pulmonary congestion, tonsillitis, and 
viral upper respiratory tract infection. 

 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 86 of 124 

Table 6-23 MI-CP111:  Hospitalizations through 180 Days Post Final Dose  

Age (mos) Type of Hospitalization FluMist TIV Rate Difference 

All-Cause 130/4179 (3.1%) 119/4173 (2.9%) 0.3 6-59 

Respiratory 66/4179 (1.6%) 54/4173 (1.3%) 0.3 

All-Cause 84/1992 (4.2%) 63/1975 (3.2%) 1.0 6-23 

Respiratory 45/1992 (2.3%) 29/1975 (1.5%) 0.8 

All-Cause 42/684 (6.1%) 18/683 (2.6%) 3.5 6-11 

Respiratory 22/684 (3.2%) 8/683 (1.2%) 2.0 

All-Cause 42/1308 (3.2%) 45/1292 (3.5%) -0.3 12-23 

Respiratory 23/1308 (1.8%) 21/1292 (1.6%) 0.1 

All-Cause 46/2187 (2.1%) 56/2198 (2.5%) -0.4 24-59 

Respiratory 21/2187 (1.0%) 25/2198 (1.1%) -0.2 

Safety Population 
Rate difference is FluMist minus TIV.  Bold type indicates statistically significant difference.  
Respiratory hospitalizations include MedDRA preferred terms of acute sinusitis, acute tonsillitis, bronchiolitis, 
bronchitis, bronchopneumonia, croup infectious, influenza, laryngitis, mastoiditis, otitis media acute, 
pharyngitis, pharyngotonsillitis, pneumonia, sinusitis, upper respiratory tract infection, viral infection, asthma, 
bronchospasm, tonsillar hypertrophy, wheezing, adenoidal disorder, pulmonary congestion, tonsillitis, and 
viral upper respiratory tract infection. 

 

Within the respiratory hospitalization subgroup, an additional exploratory analysis was 
performed to specifically evaluate the rates of lower respiratory hospitalization as a 
reflection of more serious respiratory disease.  This analysis demonstrates that in children 
12-23 months and 24-59 months of age the rates are the same, but in the 6-11 month 
subgroup the rates for FluMist are higher than TIV, as was seen for all cause and 
respiratory hospitalizations (Table 6-24).  
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Table 6-24 MI-CP111:  Lower Respiratory Hospitalizations through 42 
Days and through 180 Days Post Final Dose 

Through 42 Days Post Final Dose Through 180 days Post Final Dose 
Age (mos) 

FluMist TIV  Rate Diff FluMist TIV  Rate Diff 

6-11 8/684 
(1.2%) 

3/683 
(0.4%) 

0.7 17/684 
(2.5%) 

6/683 
(0.9%) 

1.6 

12-23 8/1308 
(0.6%) 

6/1292 
(0.5%) 

0.1 14/1308 
(1.1%) 

11/1292 
(0.9%) 

0.2 

24-59 5/2187 
(0.2%) 

8/2198 
(0.4%) 

-0.1 17/2187 
(0.8%) 

17/2198 
(0.8%) 

0.0 

Rate difference is FluMist minus TIV.  Bold type indicates statistically significant difference between 
treatment groups. 

Lower respiratory hospitalizations include MedDRA preferred terms of pneumonia, pneumonia respiratory 
syncytial virus, bronchopneumonia, asthma, wheezing, bronchospasm, bronchitis, and bronchiolitis. 
 

Based on the increase in hospitalizations for the 6-11 month age group, MedImmune is 
not currently seeking an indication in children under 12 months of age.   

6.5 Safety Conclusions  

Comprehensive safety data from five clinical trials of FluMist in young children were 
summarized in the sBLA (active-controlled studies MI-CP111 and MI-CP123; and 
placebo-controlled studies D153-P501, AV006, AV018).  These studies evaluated safety 
in over 14,000 children, more than 8,000 of whom received FluMist.  In aggregate, these 
studies showed that the safety profile in young children was similar to that already 
established in older children with respect to the occurrence of expected minor adverse 
events and reactogenicity events, i.e., mostly mild and transient upper respiratory and 
systemic symptoms.  In the pivotal TIV-controlled study of FluMist (Study MI-CP111), 
higher rates of all cause hospitalizations were seen in FluMist vs. TIV recipients 6-
11 months of age and higher rates of wheezing were seen in FluMist vs. TIV recipients 6-
23 months of age. 

Serious adverse event data in children <5 years of age from 13 clinical studies of FluMist 
were analyzed through 42 days and through 180 days following vaccination.  These 
studies included a combined total of >18,000 FluMist recipients, >6600 placebo 
recipients, and >5000 TIV recipients.  Integration across the placebo-controlled, TIV-
controlled, and uncontrolled trials demonstrated a similar inc idence of SAEs for FluMist, 
TIV, and placebo recipients.  Nearly all of the SAEs were hospitalizations, and the most 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 88 of 124 

common were gastrointestinal and lower respiratory disorders.  The relative frequencies 
of these and other SAEs of special interest, i.e., SAEs associated with reactogenicity 
events or with wheezing, were also similar for FluMist, TIV, and placebo recipients.  
Thus, on the basis of these integrated SAE analyses there was no evidence of a new 
safety concern in young children. 

Based on clinical studies of FluMist compared to placebo and to TIV: 

• Integration of safety data demonstrated a similar incidence of SAEs for FluMist, TIV, 
and placebo recipients.   

• Across the five clinical trials of FluMist in young children summarized in the sBLA, 
the safety profile was similar to that already established in older children with respect 
to minor adverse event and reactogenicity events.   

• In Study MI-CP111 that compared  FluMist to TIV, all-cause hospitalization rates 
were significantly increased in FluMist recipients compared to TIV recipients 6-
11 months of age, and wheezing rates were significantly increased in FluMist 
recipients compared to TIV recipients 6-23 months of age.  

7 Post Hoc Risk-Benefit Analysis 

FluMist has been shown to have superior efficacy versus TIV in children 59 months of 
age and younger.  However, among children 6-23 months of age, FluMist was associated 
with a higher risk of protocol-defined wheeze (MSW) in the 42-day post-vaccination 
period, and all-cause hospitalizations were increased in children 6-11 months of age.  To 
assess the overall benefits and risks of FluMist relative to TIV in young children, 
MedImmune undertook post hoc analyses of efficacy and safety data from the MI-CP111 
trial.  In these analyses, multiple comparisons are made and subset analyses are based on 
non-randomized groups of children in MI-CP111.   

These analyses were based on rate differences and evaluated safety endpoints including 
wheezing and hospitalization through 42 days and 180 days post final vaccination, and 
the efficacy endpoint of culture confirmed modified CDC-ILI regardless of antigenic 
match.  These analyses were performed separately for age subgroups and for children 
with and without a history of wheezing or asthma.   

7.1 Wheezing by Age and History 

As previously discussed, in addition to the protocol-defined case definition of wheezing 
in Study MI-CP111, wheezing events were captured during the study by parent reporting 
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of reactogenicity events (REs) and investigator reporting of adverse events (AEs); these 
non-MSW wheezing events were combined with MSW events in a category described as 
“any wheeze.” 

Stratification by past history of wheeze or asthma demonstrated that rates of any 
wheezing and protocol-defined wheezing (MSW) through 42 days following la st 
vaccination were higher in children less than 24 months of age with a past history of 
wheeze or asthma compared to children without a past history of wheeze or asthma 
(Table 7-1 and Table 7-2). 

Table 7-1 MI-CP111:  Protocol-Defined Wheezing (MSW) by Age and 
Past History of Wheeze or Asthma through 42 Days after Last 
Vaccination 

With a History Without a History Age 
Group 
(mos) 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

  6-11  16/77 (20.8%)  5/63 (7.9%) 12.8%   31/607 (5.1%)  24/620 (3.9%) 1.2% 

12-23  35/25 (13.7%)  23/232 (9.9%) 3.8%  35/1053 (3.3%)  23/1060 (2.2%) 1.2% 

24-35  16/323 (5.0%)  19/337 (5.6%) -0.7%  18/1049 (1.7%)  13/1042 (1.2%) 0.5% 

36-47  6/137 (4.4%)  9/129 (7.0%) -2.6%  2/296 (0.7%)  6/331 (1.8%) -1.1% 

48-59  2/112 (1.8%)  7/107 (6.5%) -4.8%  3/270 (1.1%)  2/252 (0.8%) 0.3% 

Rate difference is FluMist minus TIV.  Bold type indicates statistically significant difference between 
treatment groups. 
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Table 7-2 MI-CP111:  Any Wheezing Events by Age and Past History of 
Wheeze or Asthma through 42 Days after Last Vaccination 

With a History Without a History Age 
Group 
(mos) 

FluMist 
n/N (%) 

TIV 
n/N (%) 

Rate 
Diff 

FluMist 
n/N (%) 

TIV 
n/N (%) 

Rate 
Diff 

  6-11  24/77 (31.2%)  9/63 (14.3%) 16.9%   56/607 (9.2%)  58/620 (9.4%) -0.1% 

12-23  67/255 (26.3%)  41/232 (17.7%) 8.6%   69/1053 (6.6%)  50/1060 (4.7%) 1.8% 

24-35  40/323 (12.4%)  39/337 (11.6%) 0.8%  38/1049 (3.6%)  38/1042 (3.6%) 0.0% 

36-47  14/137 (10.2%)  13/129 (10.1%) 0.1%  6/296 (2.0%)  11/331 (3.3%) -1.3% 

48-59  6/112 (5.4%)  12/107 (11.2%) -5.9%  4/270 (1.5%)  4/252 (1.6%) -0.1% 

Rate difference is FluMist minus TIV.  Bold type indicates statistically significant difference between 
treatment groups. 

 

For children less than 24 months of age, rates of wheezing events through 180 days 
following last vaccination followed a pattern similar to that seen through 42 days (Table 
7-3 and Table 7-4). 

Table 7-3 MI-CP111:  Protocol-Defined Wheezing (MSW) by Age and 
Past History of Wheeze or Asthma through 180 Days after Last 
Vaccination 

With a History Without a History Age 
Group 
(mos) 

FluMist 
n/N (%) 

TIV 
n/N (%) 

Rate 
Diff 

FluMist 
n/N (%) 

TIV 
n/N (%) 

Rate 
Diff 

  6-11 22/77 (28.6%) 10/63 (15.9%) 12.7% 71/607 (11.7%) 61/620 (9.8%) 1.9% 

12-23 60/255 (23.5%)  48/232 (20.7%) 2.8% 70/1053 (6.6%)  66/1060 (6.2%) 0.4% 

24-35 53/323 (16.4%) 46/337 (13.6%) 2.8% 42/1049 (4.0%)  50/1042 (4.8%) -0.8% 

36-47 21/137 (15.3%) 16/129 (12.4%) 2.9% 8/296 (2.7%)  9/331 (2.7%) 0.0% 

48-59 13/112 (11.6%)  14/107 (13.1%)  -1.5% 5/270 (1.9%) 6/252 (2.4%) -0.5% 

Rate difference is FluMist minus TIV.  None of the differences between treatment groups were statistically 
significant. 
 



 CONFIDENTIAL      19 April 2007; FINAL 

Page 91 of 124 

Table 7-4 MI-CP111:  Any Wheezing Events by Age and Past History of 
Wheeze or Asthma through 180 Days after Last Vaccination 

With a History Without a History Age 
Group 
(mos) 

FluMist 
n/N (%) 

TIV 
n/N (%) 

Rate 
Diff 

FluMist 
n/N (%) 

TIV 
n/N (%) 

Rate 
Diff 

  6-11 33/77 (42.9%)  17/63 (27.0%) 15.9% 110/607 (18.1%) 122/620 (19.7%) -1.6% 

12-23 94/255 (36.9%)  72/232 (31.0%) 5.8% 130/1053 (12.3%) 123/1060 (11.6%) 0.7% 

24-35 91/323 (28.2%)  92/337 (27.3%) 0.9% 85/1049 (8.1%) 94/1042 (9.0%) -0.9% 

36-47 32/137 (23.4%)   24/129 (18.6%) 4.8% 16/296 (5.4%)  18/331 (5.4%) 0.0% 

48-59 20/112 (17.9%)  24/107 (22.4%) -4.6% 8/270 (3.0%)  11/252 (4.4%) -1.4% 

Rate difference is FluMist minus TIV.  None of the rate differences were statistically significant. 
 

7.2 Hospitalization Rates by Age and History 

Overall, the rates of inpatient hospitalization were similar for the two treatment groups 
through 42 days after last vaccination (1.1% FluMist, 1.1% TIV).  When analyzed by age 
and history of wheeze or asthma, rates of hospitalization were statistically significantly 
higher in FluMist recipients compared to TIV recipients among children 24-35 months of 
age with a history of wheeze or asthma and statistically significantly lower in FluMist 
recipients compared to TIV recipients among children 36-47 months of age without a 
history of wheeze or asthma (Table 7-5).   



 CONFIDENTIAL      19 April 2007; FINAL 

Page 92 of 124 

Table 7-5 MI-CP111:  All-Cause Hospitalization Rates by Age and Past 
History of Wheeze  or Asthma, through 42 Days After Last 
Vaccination 

With a History Without a History Age 
Group 
(mos) 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

  6-11 2/77 (2.6%) 1/63 (1.6%) 1.0% 13/607 (2.1%)  8/620 (1.3%) 0.9% 

12-23 6/255 (2.4%)  2/232 (0.9%) 1.5% 11/1053 (1.0%)  14/1060 (1.3%) -0.3% 

24-35 4/323 (1.2%) 0/337 (0.0%) 1.2%  8/1049 (0.8%) 13/1042 (1.2%) -0.5% 

36-47 0/137 (0.0%)  1/129 (0.8%) -0.8% 0/296 (0.0%)  6/331 (1.8%) -1.8%  

48-59 0/112 (0.0%) 2/107 (1.9%) -1.9% 1/270 (0.4%)   0/252 (0.0%) 0.4% 

Rate difference is FluMist minus TIV.  Bold type indicates statistically significant difference between 
treatment groups. 
 

When assessed through 180 days after last vaccination, the overall rates of inpatient 
hospitalization were similar for the two treatment groups (3.1% FluMist, 2.9% TIV).  

However, when analyzed by age subgroup, a statistically significant difference in the rate 
of all-cause hospitalization was observed for children 6-11 months of age through 
180 days following last vaccination (6.1% FluMist, 2.6% TIV).  The majority of excess 
hospitalizations in this subset of younger children occurred late (occurred >42 through 
180 days after receipt of final study vaccination), were not temporally clustered, and were 
events commonly expected to occur in a young pediatric population, i.e., gastrointestinal 
and lower respiratory tract infections.  A biological rationale for an association between 
receipt of FluMist and these late occurring hospitalizations cannot be readily explained.   

Based on the observation of increase in hospitalizations for children 6-11 months of age, 
MedImmune is currently not seeking an indication in this age group.  Further study in this 
age group is needed. 

In older subgroups of children 12-23 and 24-59 months of age, hospitalization rates were 
not increased in FluMist vs. TIV recipients overall.  Stratification of these older age 
subgroups by prior history of any wheeze or asthma showed increased hospitalization 
rates for FluMist compared to TIV in children 12-47 months of age with a prior history 
and no increase in hospitalization rates in children 12-47 months of age without a prior 
history.  Additionally, there was no increase in children 48-59 months of age with or 
without a prior history (Table 7-6).  In the study, 77% of children 12-59 months of age 
did not have a prior history of wheeze or asthma. 
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Table 7-6 MI-CP111:  All-Cause Hospitalization Rates by Age and Past 
History of Wheeze or Asthma, through 180 Days After Last 
Vaccination 

With a History Without a History Age 
Group 
(mos) 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

  6-11 5/77 (6.5%) 1/63 (1.6%) 4.9% 37/607 (6.1% ) 17/620 (2.7%) 3.4%  

12-23 12/255 (4.7%) 6/232 (2.6%) 2.1% 30/1053 (2.8%) 39/1060 (3.7%) -0.8% 

24-35 10/323 (3.1%) 5/337 (1.5%) 1.6% 24/1049 (2.3%) 30/1042 (2.9%) -0.6% 

36-47 4/137 (2.9%) 2/129 (1.6%) 1.4% 4/296 (1.4%) 10/331 (3.0%) -1.7% 

48-59 0/112 (0.0%) 4/107 (3.7%) -3.7%  4/270 (1.5%) 5/252 (2.0%) -0.5% 

Rate difference is FluMist minus TIV.  Bold type indicates statistically significant difference between 
treatment groups. 
 

7.3 Efficacy by Age and History 

Analyses of the efficacy outcome of culture confirmed modified CDC-ILI by age 
subgroup and wheezing history are presented in (Table 7-7).  For children with a past 
history of wheezing or asthma, rates of culture confirmed illness were statistically 
significantly lower in children 12-23 months and 24-35 months of age who received 
FluMist vs. TIV.  In the other age subsets analyzed, rates of illness were consistently 
lower in FluMist vs. TIV, but not statistically significantly different.  For children without 
a past history of wheezing or asthma, rates of culture confirmed illness were statistically 
significantly lower in FluMist vs. TIV recipients for each of the five age subsets 
analyzed.   
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Table 7-7 MI-CP111:  Culture Confirmed Modified CDC-ILI Rates by 
Age and Past History of Wheeze or Asthma, through 180 Days 
After Last Vaccination 

With a History Without a History Age 
Group 
(mos) 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

FluMist 

n/N (%) 

TIV 

n/N (%) 

Rate 

Diff 

  6-11 4/77 (5.2%) 9/63 (14.3%) -9.1% 13/607 (2.1%) 31/620 (5.0%) -2.9%  

12-23 12/255 (4.7%) 27/232 (11.6%) -6.9%  32/1053 (3.0%) 69/1060 (6.5%) -3.5%  

24-35 18/323 (5.6%) 40/337 (11.9%) -6.3%  35/1049 (3.3%) 77/1042 (7.4%) -4.1%  

36-47 10/137 (7.3%) 15/129 (11.6%) -4.3% 10/296 (5.1%) 33/331 (3.0%) -4.9%  

48-59 10/112 (8.9%) 17/107 (15.9%) -7.0% 12/270 (4.4%) 32/252 (12.7%) -8.3%  

Rate difference is FluMist minus TIV.  Bold type indicates statistically significant difference between 
treatment groups. 
 

7.4 Summary of Efficacy and Safety by Age and History 

In Study MI-CP111, FluMist demonstrated statistically superior and medically 
meaningful greater efficacy compared to TIV against matched and mismatched strains.  
The rate of wheezing within 42 days after dosing was significantly increased in FluMist 
recipients <24 months of age compared to TIV.  All-cause hospitalization was increased 
through 180 days after last vaccination in children 6-11 months of age and in children 12-
47 months of age with a history of wheeze or asthma.  The profile for FluMist in MI-
CP111 was favorable for children 12-59 months of age without a past history of 
wheezing or asthma, which is the group for whom MedImmune is currently seeking 
approval by the U.S. FDA. 

A summary of the safety and efficacy of FluMist compared to TIV is shown for children 
12-23 and 24-59 months of age is presented in Figure 7-1 and Figure 7-2.  Safety 
endpoints (any wheeze, protocol wheeze, and all-cause hospitalization) are presented 
through 42 days and 180 days after final vaccination.  Efficacy (culture-confirmed 
modified CDC-ILI) is presented through 180 days after final vaccination.  All endpoints 
are calculated using the study’s safety population and presented as rate differences per 
1000 children (FluMist minus TIV) with 95% confidence intervals.  
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Days 0-42 is from Day 0 through 42 days after final vaccination.  Days 0-180 is from Day 0 through 180 days after final vaccination. 

Figure 7-1 MI-CP111:  Event Rate Differences (FluMist minus TIV) per 1000 Children for Children 12-23 Months 
of Age, with 95% Confidence Intervals 
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Days 0-42 is from Day 0 through 42 days after final vaccination.  Days 0-180 is from Day 0 through 180 days after final vaccination. 

Figure 7-2 MI-CP111:  Event Rate Differences (FluMist minus TIV) per 1000 Children for Children 24-59 Months 
of Age, with 95% Confidence Intervals 
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Among children 12-59 months of age with a history of wheeze or asthma, rates of all-cause 
hospitalization were increased in FluMist recipients through 180 days after vaccination:  
children 12-23 months of age with a history of wheeze or asthma had a rate increase of 21 
per 1000 (not statistically significant) and children 24-59 months of age had a rate increase 5 
per 1000 (not statistically significant).  Additionally, among children 12-23 months of age 
with a history of wheeze or asthma, the rates of protocol-defined wheeze (MSW) and any 
wheeze were increased by 38 (not statistically significant) and 86 (statistically significant) 
per 1000, respectively, through 42 days; through 180 days, the rates were increased by 28 per 
1000 (not statistically significant) and 58 per 1000 (not statistically significant), respectively.  
In children 12-23 and 24-59 months of age with a history of wheeze or asthma, there were 
statistically significant decreases in influenza illness of 69 and 59 per 1000, respectively, 
through 180 days.    

In children 12-23 months without a history of wheeze or asthma, the rate of all-cause 
hospitalization through 180 days was not increased.  The rates of protocol-defined wheeze 
(MSW) and any wheeze through 42 days were increased by 12 and 18 per 1000 respectively 
in FluMist recipients; through 180 days, the rate was increased by 4 and 7 per 1000 
respectively in FluMist recipients.  None of the rates differences for wheezing were 
statistically significant.  The rate of influenza illness through 180 days was decreased by 35 
per 1000 (statistically significant) in FluMist recipients in this population. 

In children 24-59 months of age without a history of wheeze or asthma, rates of wheezing 
and hospitalization were not increased in FluMist recipients; the rate of influenza illness was 
decreased by 49 per 1000. 

Based on all of the findings above, MedImmune is seeking an expanded indication for 
FluMist in the U.S. for children 12-59 months of age without a history of wheezing or 
asthma. 

7.5 Summary of Data in Children Less than 5 Years of Age  

In Study MI-CP111, the benefit-risk profile of FluMist compared to TIV, based on rates of 
wheezing, hospitalization, and influenza illness, was favorable for the 77% of children in this 
study who were 12-59 months of age without a history of wheeze or asthma. 
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8 Screening Children 12-59 Months of Age for Receipt of FluMist 

For clinical use in children 12-59 months of age without a history of wheeze or asthma, 
healthcare providers will need simple screening tools that will enable them to identify the 
appropriate patient population for FluMist.  The goal this effort would be to identify the same 
groups identified in MI-CP111.  

In Study MI-CP111, 23% of children 12-59 months of age had a history of wheezing or 
asthma.5  In the study, the source of the wheezing history was documented either through 
parental reporting or chart review.  Of the children 12-59 months with a history of wheeze or 
asthma, 85% had past wheezing reported by parents, while 70% had wheezing detected on 
chart review.  Analysis of the overlap showed that 30% of children had wheezing reported by 
the parent alone, and 15% of children had wheezing reported by chart alone.  The potential 
hospitalization risk associated with FluMist was similar regardless of the source of the 
wheezing history (parent versus chart).   

Based on these data from MI-CP111, it is anticipated that primary screening efforts should 
focus on health care provider questioning of parents or guardians.  The parent report of 
wheezing history would be supplemented by the health care provider’s standard review or 
pre-existing knowledge of the patient’s medical history.  Based on MI-CP111, it would be 
expected that the answer to the question “Has a parent or healthcare provider ever noted 
wheezing or asthma in this child?” would segregate children in a manner similar to the 
segregation achieved in the trial.  This could also be facilitated by adding appropriate 
language to the FluMist Vaccine Information Statement (VIS), a form that is already required 
by The National Childhood Vaccine Injury Act to be given to the parent/guardian prior to 
each vaccination.   

                                                 
5 The specific questions asked by site staff were “Does subject have a past medical history of wheeze?” and 

“Has a diagnosis of asthma ever been made?” 
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9 Overall Summary and Conclusions 

Based on the finding of better overall efficacy compared to TIV that led to the favorable risk-
benefit profile of FluMist, MedImmune has proposed an indication for “children 12-
59 months of age without a history of wheeze or asthma.”  For those children 24-59 months 
of age, significant benefit was observed without wheezing or hospitalization risk.  For those 
children 12-23 months of age, significant benefit was observed with only some residual 
potential increase in wheezing post vaccination. 

FluMist is a highly effective vaccine, with 55% overall better efficacy shown in the pivotal 
trial compared to TIV.  MedImmune believes that the safety and efficacy of FluMist have 
been established for children 24 months through 59 months of age without a history of 
wheeze or asthma, and that the risk-benefit profile for children 12-23 months of age without 
a history of wheeze or asthma warrants use of FluMist in this population as well.   

10 Pharmacovigilance Plan 

MedImmune’s pharmacovigilance plan to support the requested age indication extension is 
included (Table 10-1) along with a summary of actions (Table 10-2).  The Risk Minimization 
Action Plan has also been included to identify and describe actions, including metrics for 
measuring the success of these actions, to address and minimize the identified risk issues 
associated with administration of FluMist in non- indicated populations (Table 10-3). 
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Table 10-1 Pharmacovigilance Plan for FluMist 

Issues Objectives Actions Rationale Monitoring Milestones 

Identified Risk:  Respiratory Disorders 

Passive Surveillance:  Spontaneous Reports  

Active query of asthma, 
wheezing, bronchiolitis, 
bronchospasm, and reactive 
airway disease reports with 
standardized event specific 
questionnaire. 

High quality case reports 
will enhance case series 
assessment and ability to 
efficiently identify 
signals. 

Achievement of 
complete data set 
for each case 
report. 

Ongoing  

Passive Surveillance:  Accelerated ADR Reporting 

Increased incidence of 
medically significant 
wheezing has been 
observed in individuals less 
than 2 yr of age 
administered FluMist 
compared to infants 
receiving TIV. The short 
and long-term clinical 
significance of this 
observation is not yet fully 
characterized. 
MI-CP111: In the subset 
of children under 2 yr of 
age who had not previously 
been vaccinated against 
influenza and who received 
2 doses, post-dose 1 
medically significant 
wheezing rates were 
statistically increased in 
FluMist recipients 
compared to TIV 
recipients. 

To detect, estimate 
and characterize 
cases of asthma, 
wheezing, 
bronchiolitis, 
bronchospasm, and 
reactive airway 
disease including 
exacerbations of pre-
existing respiratory 
conditions. 
 

All postmarketing reports of 
events involving the respiratory 
system that are included in the 
accelerated terms list (see 
attached), regardless of 
seriousness and labeledness, will 
be aggregated and reported to 
the agency every month as case 
listings with respective 
individual case safety reports. 
This will be continued for the 
initial 2-year period of 
postmarketing experience. 

Accelerated reporting will 
enable the agency to 
closely monitor all 
reported respiratory 
disorders of interest on an 
ongoing basis. 

Occurrences of 
suspected life 
threatening asthma 
attacks or asthma 
deaths. 

Completion at 2 
years 
postmarketing 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Identified Risk:  Respiratory Disorders (continued) 

Passive Surveillance:  Periodic ADR Reporting 

A comprehensive evaluation of 
asthma, wheezing, SOB and 
RAD will be presented in the 
PSUR during the initial 2 years 
of postmarketing experience.   

The PSUR provides a 
comprehensive safety 
evaluation including 
information on patient 
exposure and planned 
or ongoing clinical 
trials. 

Reporting rates, 
severity and 
outcomes between 
different time 
intervals. 

Annually 

Observational Study:  Cohort Study 

  

Post Marketing Safety Study in 
Children less than 5 Years of 
Age 
 

A population-based 
study enhances 
detection of AEs 
(numerator) and 
provides patient 
exposure (denominator) 
for estimation of 
incidence. 

Incidence rates 
compared to 
controls and 
background rates.   

Anticipated start 
date:  Fall 2007 or 
during the first 
influenza season 
following approval 
of the product. 
Final report date will 
be written when 
approximately 
20,000 FluMist 
recipients are 
cumulatively 
vaccinated in each 
age cohort, and 
follow-up has been 
completed after the 
last dose in the age 
cohort. 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Identified Risk:  Increased hospitalization rates in children 6-59 months of age 

Passive Surveillance:  Periodic ADR Reporting 

A comprehensive evaluation of 
hospitalizations, especially those 
due to gastrointestinal and 
respiratory disorders 
(particularly gastroenteritis and 
pneumonia), will be presented in 
the PSUR during the initial 2 
years of postmarketing 
experience.   

The PSUR provides a 
comprehensive safety 
evaluation including 
information on patient 
exposure, and planned 
or ongoing clinical 
trials. 

Reporting rates, 
severity and 
outcomes between 
different time 
intervals. 

Annually 

Observational Study:  Cohort Study 

Increased hospitalization 
rates were observed in 
FluMist recipients of 
certain pediatric subgroups 

An increased 
hospitalization rate was 
observed in FluMist 
recipients <12 months of 
age regardless of medical 
history. These 
hospitalizations were 
accounted for mainly by 
gastroenteritis and 
pneumonia. 
In the subgroup of children 
12-59 months of age, 
FluMist recipients with 
prior history of 
wheezing/asthma showed 
higher hospitalization rates 
compared to TIV subjects. 

To detect, estimate 
and characterize 
hospitalization rates, 
with particular 
emphasis on 
hospitalizations due 
to gastrointestinal or 
respiratory disorders. 

Post Marketing Safety Study in 
Children less than 5 Years of 
Age 
 

A population-based 
study enhances 
detection of AEs 
(numerator) and 
provides patient 
exposure (denominator) 
for estimation of 
incidence. 

Incidence rates 
compared to 
controls and 
background rates.   

Anticipated start 
date:  Fall 2007 or 
during the first 
influenza season 
following approval 
of the product. 
Final report date will 
be written when 
approximately 
20,000 FluMist 
recipients are 
cumulatively 
vaccinated in each 
age cohort, and 
follow-up has been 
completed after the 
last dose in the age 
cohort. 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Identified Risk:  Increased hospitalization rates in children 6-59 months of age (continued) 

Observational Study:  Cohort Study (continued)   

FM025: Post-Marketing 
Evaluation of the Safety of 
Influenza Virus Vaccine Live, 
Intranasal (FluMist ) in Healthy 
Children and Healthy Adults 5 
through 49 Years of Age 

A population-based study 
enhances detection of 
AEs (numerator) and 
provides patient exposure 
(denominator) for 
estimation of incidence. 

Incidence rates 
compared to 
controls and 
background rates. 

Start date:  
Oct.-2003 
Interim analyses: 
annually for 
cumulative data 
Final report:  
Dec.-2011 

Potential Risk:  Immune System Disorders 

Passive Surveillance:  Spontaneous Reports 

Active query of all reports with 
standardized event specific 
questionnaires. 

High quality case reports 
will enhance case series 
assessment and ability to 
efficiently identify 
signals. 

Achievement of 
complete data set 
for each case 
report. 

Ongoing  

Passive Surveillance:  Accelerated ADR Reporting  

Acute severe 
hypersensitivity disorders 
may be observed after 
administration of vaccines. 
Reactions may be 
associated with allergy to 
egg or other excipients of 
vaccines. These reactions 
include anaphylaxis, 
urticaria, angioedema and 
skin rashes.  
Delayed hypersensitivity 
reactions may also occur 
and include erythema 
multiforme, serum sickness 
and arthralgias.  

To detect, estimate 
and characterize 
hypersensitivity 
disorders.  

All postmarketing reports of 
events suggesting a 
hypersensitivity reaction, which 
are included in the accelerated 
terms list (see attached), 
regardless of seriousness and 
labeledness, will be aggregated 
and reported to the agency every 
month as case listings with 
respective individual case safety 
reports. This will be continued 
for the initial 2-year period of 
postmarketing experience. 

Accelerated reporting of 
acute hypersensitivity 
events will enable the 
FDA to have timely 
awareness of all such 
events reported to the 
company on an ongoing 
basis. 
 

Occurrences of life 
threatening 
reactions or deaths. 

Completion at 2 
years 
postmarketing 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Potential Risk:  Immune System Disorders (continued) 

Observational Study:  Cohort Study 

FM025: Post-Marketing 
Evaluation of the Safety of 
Influenza Virus Vaccine Live, 
Intranasal (FluMist ) in Healthy 
Children and Healthy Adults 5 
through 49 Years of Age 

A population-based study 
enhances detection of 
AEs (numerator) and 
provides patient exposure 
(denominator) for 
estimation of incidence. 

Incidence rates 
compared to 
controls and 
background rates. 

Start date:  
Oct.-2003 
Interim analyses: 
annually for 
cumulative data 
Final report:  
Dec.-2011 

  

Post Marketing Safety Study in 
Children less than 5 Years of 
Age 
 

A population-based study 
enhances detection of 
AEs (numerator) and 
provides patient exposure 
(denominator) for 
estimation of incidence. 

Incidence rates 
compared to 
controls and 
background rates.   

Anticipated start 
date:  Fall 2007 or 
during the first 
influenza season 
following 
approval of the 
product. 

Final report date 
will be written 
when 
approximately 
20,000 FluMist 
recipients are 
cumulatively 
vaccinated in each 
age cohort, and 
follow-up has 
been completed 
after the last dose 
in the age cohort. 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Potential Risk:  Nervous System Disorders 

Passive Surveillance:  Spontaneous Reports 

Active query of all reports of 
Bell’s palsy, GBS, convulsions 
and encephalitis with 
standardized event specific 
questionnaires  

High quality case reports 
will enhance case series 
assessment and ability to 
efficiently identify 
signals. 

Achievement of 
complete data set 
for each case 
report. 

Ongoing  

Passive Surveillance:  Accelerated ADR Reporting 

All postmarketing reports of 
events involving the nervous 
system that are included in the 
accelerated terms list (see 
attached), regardless of 
seriousness and labeledness, will 
be aggregated and reported to 
the agency every month as case 
listings with respective 
individual case safety reports. 
This will be continued for the 
initial 2-year period of 
postmarketing experience. 

Accelerated reporting of 
events involving the 
nervous system that are 
included in the 
accelerated terms list will 
enable the FDA timely 
awareness basis of all 
such events reported to 
the company on an on-
going basis  
 

Occurrences of life 
threatening 
reactions or deaths. 

Completion at 2 
years 
postmarketing 

Passive Surveillance:  Periodic ADR Reporting  

Bell’s palsy, GBS, 
encephalitis, and 
convulsions are nervous 
system adverse events that 
have been reported in 
persons after vaccination. 
Evidence for a definite 
causal association is 
lacking in majority of 
cases. Bell’s palsy was 
linked to vaccination with 
NasalFlu, and was thought 
to be due to absorption of 
enterotoxin used as 
adjuvant in the vaccine. 
FluMist is live attenuated 
vaccine, and does not 
include enterotoxin or other 
adjuvants in its 
formulation. 

To detect, estimate 
and characterize 
nervous system 
disorders. 

 

A comprehensive evaluation of 
nervous system disorders will be 
presented in the PSUR during 
the initial 2 years of 
postmarketing experience.   

The PSUR provides a 
comprehensive safety 
evaluation including 
information on patient 
exposure and planned or 
ongoing clinical trials. 

Reporting rates, 
severity and 
outcomes between 
different time 
intervals. 

Annually 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Potential Risk:  Nervous System Disorders (continued) 

Observational Study:  Cohort Study 

FM025: Post-Marketing 
Evaluation of the Safety of 
Influenza Virus Vaccine Live, 
Intranasal (FluMist ) in Healthy 
Children and Healthy Adults 5 
through 49 Years of Age 
 

A population-based study 
enhances detection of 
AEs (numerator) and 
provides patient exposure 
(denominator) for 
estimation of incidence. 

Incidence rates 
compared to controls 
and background 
rates. 
Threshold for Bell’s 
Palsy, Encephalitis, 
GBS, MS: 1 case. 
Threshold for 
Autism: 1 per 2,000 
(lower bound of rate 
estimate) during 
course of proposed 
study. 

Start date:  
Oct.-2003 

Interim analyses: 
annually for 
cumulative data 

Final report: Dec.-
2011 

  

Post Marketing Safety Study in 
Children less than 5 Years of 
Age 
 

A population-based study 
enhances detection of 
AEs (numerator) and 
provides patient exposure 
(denominator) for 
estimation of incidence. 

Incidence rates 
compared to 
controls and 
background rates.   

Anticipated start 
date: Fall 2007 or 
during the first 
influenza season 
following approval 
of the product. 
Final report date 
will be written 
when 
approximately 
20,000 FluMist 
recipients are 
cumulatively 
vaccinated in each 
age cohort, and 
follow-up has been 
completed after the 
last dose in the age 
cohort. 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Potential Risk:  Infections (secondary transmission) 

Clinical Trials 

MI-CP114: A phase I 
randomized, double-blind trial of 
the safety and immunogenicity 
of FLUMIST vs. placebo in 
immunocompromised children 
ages 5 through 17 years of age 

This trial aims to describe 
the safety of FluMist 
compared with placebo in 
mild to moderately 
immunocompromised 
children with cancer 

Incidence of 
reactogenicity 
events and serious 
adverse events 
during the study 

Start date:  
08-Aug-2005 
Final report: 01-
Aug-2007 

Passive Surveillance:  Periodic ADR Reporting 

Shedding of FluMist virus 
leading to secondary 
transmission is possible with 
potential safety risks for 
immunocompromised 
patients, including bone 
marrow transplant recipients, 
and patients with cancer, 
HIV/AIDS, or receiving 
immunosuppressive drug 
therapy. 
A randomized, double-blind, 
placebo-controlled study was 
conducted in a daycare 
setting in children less than 3 
years of age to assess the 
probability that vaccine 
viruses will be transmitted 
from a vaccinated individual 
to a non-vaccinated 
individual (study D145-
P500, Vesikari 2006).   
With documented 
transmission of one Type B 
in 1 placebo subject who had 
no clinical symptoms, and 
possible transmission of 
Type A viruses in 4 placebo 
subjects, the probability of 
acquiring a transmitted 
vaccine virus was estimated 
to be 2.4%. 

To detect and 
estimate FluMist 
secondary 
transmission, and 
characterize the 
adverse events that 
may result from this 
risk. 

A comprehensive evaluation of 
events suggestive of infections 
and infestations will be 
presented in the PSUR during 
the initial 2 years of 
postmarketing experience.   

The PSUR provides a 
comprehensive safety 
evaluation including 
information on patient 
exposure and planned or 
ongoing clinical trials. 

Reporting rates, 
severity and 
outcomes between 
different time 
intervals. 

Annually 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Potential Risk:  Infections due to Medication Error 

Clinical Trials 

MI-CP114: A phase I 
randomized, double-blind trial of 
the safety and immunogenicity 
of FLUMIST vs. placebo in 
immunocompromised children 
ages 5 through 17 years of age 
 

This trial aims to describe 
the safety of FluMist 
compared with placebo in 
mild to moderately 
immunocompromised 
children with cancer 

Incidence of 
reactogenicity 
events and serious 
adverse events 
during the study 

Start date:  
08-Aug-2005 
Final report: 01-
Aug-2007 

Passive Surveillance:  Periodic ADR Reporting 

A comprehensive evaluation of 
events suggestive of infections 
and infestations will be 
presented in the PSUR during 
the initial 2 years of 
postmarketing experience.   

The PSUR provides a 
comprehensive safety 
evaluation including 
information on patient 
exposure and planned or 
ongoing clinical trials. 

Reporting rates, 
severity and 
outcomes between 
different time 
intervals. 

Annually 

Observational Study:  Cohort Study 

There is the potential for 
safety risks following 
vaccination of 
immunocompromised 
persons, including bone 
marrow transplant 
recipients, and patients 
with cancer, HIV/AIDS, or 
receiving 
immunosuppressive drug 
therapy. 
PACTG-P1057: 
There were no unexpected 
toxicities associated with 
administration of FluMist 
in HIV+ children in this 
study. 
Administration of FluMist 
and TIV is safe in HIV 
infected children ages 5-
<18 years, receiving anti-
retroviral therapy, and with 
CD4 >15% 

To characterize the 
adverse events that 
may result from 
vaccinating immuno-
compromised 
persons.   

FM025: Post-Marketing 
Evaluation of the Safety of 
Influenza Virus Vaccine Live, 
Intranasal (FluMist ) in Healthy 
Children and Healthy Adults 5 
through 49 Years of Age 

A population-based study 
enhances detection of 
AEs (numerator) and 
provides patient exposure 
(denominator) for 
estimation of incidence. 

Incidence rates 
compared to 
controls and 
background rates. 

Start date:  
Oct.-2003 

Interim analyses: 
annually for 
cumulative data 

Final report: Dec.-
2011 
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Table 10-1 Pharmacovigilance Plan for FluMist (continued) 

Issues Objectives Actions Rationale Monitoring Milestones 

Potential Risk:  Infections 

Passive Surveillance:  Spontaneous Reports 

Active query and follow-up of 
all cases with a pregnancy 
exposure questionnaire. 

High quality case reports 
and systematic monitoring 
of pregnancy exposures 
will help determine risks 
of FluMist during 
pregnancy. 

Achievement of 
complete data set 
for each case 
report. 

Ongoing  

Passive Surveillance:  Periodic ADR Reporting 

A comprehensive evaluation of 
pregnancy exposures and 
outcomes will be presented in 
the PSUR during the initial 2 
years of postmarketing 
experience.   

The PSUR provides a 
comprehensive safety 
evaluation including 
information on patient 
exposure and planned or 
ongoing clinical trials. 

Reporting rates, 
severity and 
outcomes between 
different time 
intervals. 

Annually 

Observational Study:  Cohort Study 

Pregnancy exposure via 
accidental administration 
or secondary transmission 
to vaccine virus strain 
involves potential risks for 
fetus from exposure to a 
live attenuated virus. 

To detect, estimate 
and characterize 
pregnancy exposures 
to FluMist. 

FM025: Post-Marketing 
Evaluation of the Safety of 
Influenza Virus Vaccine Live, 
Intranasal (FluMist ) in Healthy 
Children and Healthy Adults 5 
through 49 Years of Age 

A population-based study 
enhances detection of 
AEs (numerator) and 
provides patient exposure 
(denominator) for 
estimation of incidence. 

Incidence rates 
compared to 
controls and 
background rates. 

Start date:  
Oct.-2003 
Interim analyses: 
annually for 
cumulative data 
Final report: Dec.-
2011 
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Table 10-2 Summary of Pharmacovigilance Actions for FluMist 

Actions Objectives Milestones 

Clinical Trials  

MI-CP114  A phase I randomized, double-
blind trial of the safety and immunogenicity of 
FLUMIST vs. placebo in immunocompromised 
children ages 5 through 17 years of age 

This trial aims to describe the safety of FluMist compared with placebo in mild to 
moderately immunocompromised children with cancer  

• Viral shedding and secondary transmission in immunocompromised patients, 
including bone marrow transplant recipients, and patients with cancer, 
HIV/AIDS, or receiving immunosuppressive drug therapy. 

• Medication errors in immunocompromised patients, including bone marrow 
transplant recipients, and patients with cancer, HIV/AIDS, or receiving 
immunosuppressive drug therapy. 

Start date:  
08-Aug-2005 
Final report:   01-Aug-
2007 

Passive Surveillance 

Spontaneous Reports 
Active query with standardized event specific 
questionnaires. 

High quality case reports will enhance case series assessment and ability to 
efficiently identify signals. 

• Asthma, wheezing, bronchiolitis, bronchospasm, and reactive airway disease 

• Acute severe hypersensitivity disorders 

• Nervous system disorders (Bell’s palsy, GBS, encephalitis, and convulsions) 

• Pregnancy exposures 

Ongoing  

Accelerated ADR Reporting 
All postmarketing reports of events that are 
included in the accelerated terms list (see 
attached), regardless of seriousness and 
labeledness, will be aggregated and reported to 
the agency every month as case listings with 
respective individual case safety reports. This 
will be continued for the initial 2-year period of 
postmarketing experience. 

Accelerated reporting will enable the agency to closely monitor all reported 
respiratory disorders of interest on an ongoing basis. 

• Asthma, wheezing, SOB and RAD 

• Acute severe hypersensitivity disorders 

• Bell’s palsy, GBS, seizures, encephalitis  

Completion at 2 years 
postmarketing 
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Table 10-2 Summary of Pharmacovigilance Actions for FluMist (continued) 

Actions Objectives Milestones 

Passive Surveillance (continued) 

Periodic ADR Reporting 

A comprehensive evaluation of events 
associated with the identified and potential 
risks will be presented in the PSUR during the 
initial 2 years of postmarketing experience.   

The PSUR provides a comprehensive safety evaluation including information on 
patient exposure and planned or ongoing clinical trials. 

• Asthma, wheezing, bronchiolitis, bronchospasm, and reactive airway disease 

• Increased rate of hospitalization in FluMist recipients of certain pediatric 
subgroups 

• Acute severe hypersensitivity disorders 

• Nervous system disorders (Bell’s palsy, GBS, encephalitis, and convulsions) 

• Viral shedding and secondary transmission in immunocompromised patients, 
including bone marrow transplant recipients, and patients with cancer, 
HIV/AIDS, or receiving immunosuppressive drug therapy. 

• Medication errors in immunocompromised patients, including bone marrow 
transplant recipients, and patients with cancer, HIV/AIDS, or receiving 
immunosuppressive drug therapy. 

• Pregnancy exposures 

Annually 
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Table 10-2 Summary of Pharmacovigilance Actions for FluMist (continued) 

Actions Objectives Milestones 

Observational Studies  

Cohort Study 

Population based study utilizing healthcare 
database system. 
FM025: Post-Marketing Evaluation of the 
Safety of Influenza Virus Vaccine Live, 
Intranasal (FluMist ) in Healthy Children and 
Healthy Adults 5 through 49 Years of Age 

A population-based study enhances detection of AEs (numerator) and provides 
patient exposure (denominator) for estimation of incidence. 

• Acute severe hypersensitivity disorders 

• Increased rate of hospitalization in FluMist recipients in certain pediatric 
subgroups 

• Nervous system disorders (Bell’s palsy, GBS, encephalitis, and convulsions) 

• Medication errors in immunocompromised patients, including bone marrow 
transplant recipients, and patients with cancer, HIV/AIDS, or receiving 
immunosuppressive drug therapy. 

• Pregnancy exposures 

Start date:  
Oct.-2003 
Interim analyses: annually 
for cumulative data 

Final report: Dec.-2011 

Post Marketing Safety Study in Children less 
than 5 Years of Age 

A population-based study enhances detection of AEs (numerator) and provides 
patient exposure (denominator) for estimation of incidence. 

• Asthma, wheezing, bronchiolitis, bronchospasm, and reactive airway disease 
including exacerbations of pre-existing respiratory conditions 

• Increased rate of hospitalization in FluMist recipients in certain pediatric 
subgroups 

• Acute severe hypersensitivity disorders 

• Nervous system disorders (Bell’s palsy, GBS, encephalitis, and convulsions) 

Anticipated start  date:  
Fall 2007 or during the 
first influenza season 
following approval of the 
product. 

Final report date will be 
written when 
approximately 
20,000 FluMist recipients 
are cumulatively 
vaccinated in each age 
cohort, and follow-up has 
been completed after the 
last dose in the age 
cohort. 
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Table 10-3 Risk Minimization Management Plan for FluMist 

Risk Population at Risk Magnitude and Severity of Risk* Risk Characteristics 

Vaccination 
errors 

• Infants <12 months age 
group 

• Increased hospitalization 
among children 12-59 
months with a history of 
wheezing/asthma  

• Medically significant 
wheezing and increased 
hospitalization: 

• 6-11 mo: 13.6% FluMist 
vs. 10.4% TIV 

• Increased rate of 
hospitalization 

• 12-23 months with 
history of 
wheezing/asthma: 4.7% 
FluMist vs. 2.6% TIV 

• 24-59 months with 
history of 
wheezing/asthma: 2.4% 
FluMist vs. 1.9% TIV 

In children 12-23 and 24-59 
months of age, hospitalization 
rates were not observed to be 
increased in FluMist 
recipients overall.  
Stratification of these older 
age subgroups by prior 
history of wheezing/asthma 
showed higher hospitalization 
rates for FluMist in subjects 
with a prior history, and lower 
hospitalization rates for 
FluMist subjects without a 
prior history.   

Risk:  Vaccination errors 

Routine risk minimization activities 

• US Package Insert – Include this risk 
under the warnings and precautions 
section of the proposed package insert. 

Warnings/precautions  

• Enhance information regarding medically significant wheezing 
in children < 24 months, and increased hospitalization in 
children 12-59 months with a history of wheezing/asthma 

Goal 

• No reports of administration of FluMist among infants less 
than 12 months of age and among children aged 12-59 months 
with a history of wheezing/asthma (vaccination errors).   

Objective 

• To make HCPs aware of target population and risks 
associated with FluMist in certain subgroups (i.e., infants less 
than 12 months of age and among children aged 12-59 months 
with a history of wheezing/asthma)   

Additional Risk Minimization Tool 1 

• Targeted Education & Outreach to 
Healthcare Practitioners 

 

Proposed Actions 

• Provide safety information via continuing medical education 
(CME) programs  
• Create an educational slide deck for HCPs 

• Create a detail aid for use by sales specialists  

• Revise current FluMist website with updated safety 
information 
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Table 10-3 Risk Minimization Management Plan for FluMist (continued) 

Risk Population at Risk Magnitude and Severity of Risk* Risk Characteristics 

Risk:  Vaccination errors (continued) 

Additional Risk Minimization Tool 1 
(continued) 

Evaluation Plan for Measurement of Goal 

• Passive surveillance of spontaneous adverse event reports for 
assessing vaccination errors among non-indicated pediatric 
populations following FluMist exposure 

• Large, post-marketing cohort study to estimate the rate of 
vaccination errors among pediatric patients associated with 
FluMist 

• Time interval for review of plan: 

• Quarterly review at the Signaling Committee and 
summarized at least annually at meeting of Product Safety 
Review Board 

• Ad hoc meetings, whenever goal is not met 

Goal 

• No reports of administration of FluMist among infants less than 
12 months of age and among children aged 12-59 months with a 
history of wheezing/asthma (vaccination errors)    

Objective 

• To make parents or guardians of children vaccinated with 
FluMist aware of target population and risks associated with 
FluMist in certain subgroups (i.e., infants less than 12 months of 
age and among children aged 12-59 months with a history of 
wheezing/asthma)  

Proposed Actions 

• Provide safety information via educational pamphlets for 
parents or guardians of children vaccinated with FluMist 

• Screening questions will be included in the educational 
pamphlets  

• Revise current FluMist website with updated safety information 
written in lay term for consumers  

Additional risk minimization activity 2 

• Targeted Education & Outreach to 
Parents or Guardians of Children 
Vaccinated with FluMist 

 
 
 

Evaluation Plan for Measurement of Goal 

• Passive surveillance of spontaneous adverse event reports for 
assessing vaccination errors among non-indicated pediatric 
populations following FluMist exposure 

• Large, post-marketing cohort study to estimate the rate of 
vaccination errors among pediatric patients associated with 
FluMist 

• Time interval for review of plan: 

• Quarterly review at the Signaling Committee and 
summarized at least annually at meeting of Product Safety 
Review Board 

• Ad hoc meetings, whenever goal is not met 
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12 Appendices 

Appendix A SAEs of Hospitalization Associated with Medically Significant Wheezing − 
Subjects 6-23 Months of Age 

Appendix B SAEs of Hospitalization Associated with Medically Significant Wheezing − 
Subjects 24-59 Months of Age 
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Appendix A SAEs of Hospitalization Associated with Medically Significant Wheezing −  Subjects 6-23 Months of Age 

PID# 
Age 

(mos) 
Past 

Medical 
MSW 

Preferred 
# Days from Previous 

Dose to 
Duration  

(dy) of Chest X-ray Lab Treatment 
AE 

Severity/ 
Relation of AE 

to Study 
Country Gender History Term AE Onset Hosp Onset Hosp AE Findings Results Received Outcome Producta 

FluMist TWO DOSE GROUP 
43830056 
Israel 

9 
M 

None Wheezing 13 PD1 14 PD1 3 21 Bilateral 
infiltrates, 

hyperinflation 

 Inhaled 
bronchodilators, 
inhaled/systemic 

steroids 
 

Severe 
Recovered 

Probably 

   Wheezing 
Pneumonia 

37 PD1 41 PD1 5 13 Bilateral 
infiltrates 

 Inhaled 
bronchodilators, 
inhaled steroids 

Severe 
Recovered 
Moderate 
Recovered 

Probably not 

45280054 
Hong 
Kong 

20 
M 

Wheeze 
history 

noted by 
parent/ 

guardian 

Broncho- 
spasm 

36 PD1 37 PD1 6 7 No 
consolidation 

NPA negative 
for influenza 

and RSV  

Inhaled 
bronchodilators, 

oral steroids, 
antihistamines, 

O2 

Severe 
Resolved 
w/resid 

Possibly 

42590093 
US 

21 
F 

None Wheezing 32 PD1 32 PD1 4 20 Hyperinflation RSV negative Inhaled 
bronchodilators, 

parenteral 
steroids, IV 

fluids 

Moderate 
Recovered 

Probably not 

40760014 
Germany 

23 
F 

Pre-term; 
≥3 wheezing 

illnesses 

Pneumonia 12 PD1 14 PD1 7 9 Atypical 
obstructive 
pneumonia 

NP swab 
positive for 
rhinovirus 

Inhaled 
bronchodilators, 
inhaled steroids, 

antibiotics 

Moderate 
Recovered 

Probably not  

42590045 
US 

6 
M 

Down 
Syndrome 

Pneumonia 37 PD2 41 PD2 21 25 Right sided 
pneumonia 

Respiratory 
panel 

negative 

Inhaled 
bronchodilators, 
antibiotics, O2 

Severe 
Resolved 
w/resid 

Probably not 
(IN) 

Definitely not 
(IM) 

43550076 
Finland 

8 
F 

Nocturnal 
cough 

Pneumonia 38 PD2 39 PD2 2 9 Bilateral 
alveolar 

infiltrates 

 Inhaled 
bronchodilators, 

steroids, 
antibiotics 

Severe 
Recovered 

Definitely not 
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Appendix A SAEs of Hospitalization Associated with Medically Significant Wheezing −  Subjects 6-23 Months of Age (cont) 

PID# 
Age 

(mos) 
Past 

Medical 
MSW 

Preferred 
# Days from Previous 

Dose to 
Duration  

(dy) of Chest X-ray Lab Treatment 
AE 

Severity/ 
Relation of AE 

to Study 
Country Gender History Term AE Onset Hosp Onset Hosp AE Findings Results Received Outcome Producta 

FluMist TWO DOSE GROUP (continued)  
43480013 
Belgium 

11 
F 

GE reflux; 
Wheeze in 

past 12 mos 

Bronchitis 35 PD2 36 PD2 13 14 No infiltrates NPA negative 
for influenza, 
parainfluenza, 

RSV, 
rhinovirus, 
adenovirus, 

metapneumo-
virus, 

coronavirus 

Inhaled 
bronchodilators, 
inhaled steroids, 
decongestants 

Mild 
Recovered 

Definitely not 

43480006 
Belgium 

21 
M 

RSV; 
≥3 wheezing 

illnesses 

Pneumonia 1 PD2 3 PD2 4 6 Broncho-
pneumonia 

NPA positive 
for RSV 

IV fluids, 
antipyretics, O2 

Severe 
Recovered 

Probably not 

43400007 
US 
 

22 
F 

None Bronchiolitis 24 PD2 24 PD2 2 5 Atelectasis, 
peribronchial 

thickening 

RSV positive Inhaled 
bronchodilators 

Moderate 
Recovered 

Probably not 

TIV TWO DOSE GROUP 
80100037 
Belgium 

8 
F 

RSV 
bronchiolitis 

Bronchiolitis 8 PD2 12 PD2 5 13 No infiltrates; 
bronchial and 
peribronchial 

blurring 

NPA positive 
for RSV 

Inhaled 
bronchodilators, 
inhaled steroids, 

O2 

Severe 
Recovered 

Probably not 

43790012 
Israel 

9 
M 

Wheeze 
in past 12 

mos 

Pneumonia 25 PD2 30 PD2 3 8 Bilateral 
infiltrates, 

hyperinflation 

Mycoplasma 
pneumoniae 
titer 1:160 

Oral steroids, 
antibiotics 

Moderate 
Recovered 

Probably not 

45300006 
Hong 
Kong 

13 
F 

None Bronchiolitis 0 PD2 3 PD2 4 11 Normal NPA positive 
for RSV 

Inhaled 
bronchodilators, 
antihistamines, 

antipyretics 

Resolved 
w/resid 

Definitely not 

AE = adverse event; Hosp = hospitalization; IM = intramuscular; IN = intranasal; IV = intravenous; MSW = medically significant wheezing; NP = nasopharyngeal; 
NPA = nasopharyngeal aspirate; PD1 = post Dose One; PD2 = post Dose Two; Resolved w/resid = resolved with residual effects; RSV = respiratory syncytial virus. 

The information in this table is derived from the SAE narratives produced by MedImmune Product Safety and may or may not be contained in the data listings. 
a. Relationship applies to both IN and IM products unless otherwise indicated. 
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Appendix B SAEs of Hospitalization Associated with Medically Significant Wheezing −  Subjects 24-59 Months of Age 

PID# 
Age 

(mos) 
Past 

Medical 
MSW 

Preferred 
# Days from Previous 

Dose to 
Duration  
(dy) of Chest X-ray Lab Treatment 

AE 
Severity/ 

Relation of AE 
to Study 

Country Gender History Term AE Onset Hosp Onset Hosp AE Findings Results Received Outcome Producta 

FluMist TWO DOSE GROUP 
45350018 
Korea 

31 
M 

None Pneumonia 11 PD1 14 PD1 6 13 Unremarkable NPA positive 
for RSV, 

negative for 
influenza, 

parainfluenza, 
& adenovirus 

Ambroxol, 
letosteine, 

streptokinase, 
IV fluids 

Moderate 
Recovered 

Definitely not 

80090086 
Belgium 

56 
M 

Laryngitis 
stridulosa 

Bronchiolitis 8 PD1 8 PD1 3 3 Bronchial 
accentuation/ 
enlargement 

Increased 
WBC, total 
eosinophils, 
serum IgE 

Bronchodilators, 
steroids, IV 
fluids, O2 

Severe 
Recovered 

Possibly 

TIV ONE DOSE GROUP 
45350003 
Korea 

25 
M 

None Broncho-
pneumonia 

33 PD1 39 PD1 4 29 Unremarkable NPA positive 
for RSV, 

negative for 
influenza, 

parainfluenza, 
& adenovirus 

Inhaled 
bronchodilators, 
decongestants/ 
antihistamines, 

IV fluids 

Moderate 
Recovered 

Definitely not 

44170003 
Spain 

51 
M 

≥3 
wheezing 
illnesses; 
diagnosed 

with 
asthma at 
21 mos of 

age 

Wheezing 4 PD1 4 PD1 4 6 Not done Not done Inhaled 
bronchodilators, 
oral steroids, O2 

Moderate 
Recovered 

Probably not 
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Appendix B SAEs of Hospitalization Associated with Medically Significant Wheezing −  Subjects 24-59 Months of Age (cont) 

PID# 
Age 

(mos) 
Past 

Medical 
MSW 

Preferred 
# Days from Previous 

Dose to 
Duration  
(dy) of Chest X-ray Lab Treatment 

AE 
Severity/ 

Relation of AE 
to Study 

Country Gender History Term AE Onset Hosp Onset Hosp AE Findings Results Received Outcome Producta 

TIV TWO DOSE GROUP 
43660049 
Finland 

29 
F 

None Wheezing 6 PD1 20 PD1 2 23 Atelectasis Not done Bronchodilators, 
steroids, 

antibiotics 

Moderate 
Recovered 

Possibly (IN) 
Probably not 

(IM) 
43950107 
Italy 

38 
M 

None Pneumonia 33 PD2 37 PD2 4 9 Diffuse 
vascular 

enhancement, 
no 

consolidation 

 Bronchodilators, 
inhaled steroids, 

antibiotics 

Moderate 
Recovered 

Probably not 

AE = adverse event; Hosp = hospitalization; IM = intramuscular; IN = intranasal; IV = intravenous; MSW = medically significant wheezing; NPA = nasopharyngeal aspirate; 
PD1 = post Dose One; PD2 = post Dose Two; Resolved w/resid = resolved with residual effects; RSV = respiratory syncytial virus; WBC = white blood cell. 

The information in this table is derived from the SAE narratives produced by MedImmune Product Safety and may or may not be contained in the data listings. 
b. Relationship applies to both IN and IM products unless otherwise indicated. 
Source:  SAE Narratives, Appendix 11.3 
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ORIGINAL STUDIES

Superior Relative Efficacy of Live Attenuated Influenza
Vaccine Compared With Inactivated Influenza Vaccine in

Young Children With Recurrent Respiratory Tract Infections
Shai Ashkenazi, MD, MSc,* Andre Vertruyen, MD,† Javier Arı́stegui, MD,‡ Susanna Esposito, MD,§

David Douglas McKeith, MBChB, MRCGP,¶ Timo Klemola, MD,� Jiri Biolek, MD,#
Joachim Kühr, MD,** Tadeusz Bujnowski, MD, PhD,†† Daniel Desgrandchamps, MD,‡‡

Sheau-Mei Cheng, PhD,§§ Jonathan Skinner, PhD,§§ William C. Gruber, MD,§§
and Bruce D. Forrest, MB, BS, MD,§§ for the CAIV-T Study Group

Background: Young children have a high incidence of influenza and
influenza-related complications. This study compared the efficacy and
safety of cold-adapted influenza vaccine, trivalent (CAIV-T) with
trivalent inactivated influenza vaccine (TIV) in young children with a
history of recurrent respiratory tract infections (RTIs).
Methods: Children 6 to 71 months of age were randomized to
receive 2 doses of CAIV-T (n � 1101) or TIV (n � 1086), 35 � 7
days apart before the start of the 2002–2003 influenza season and
were followed up for culture-confirmed influenza, effectiveness
outcomes, reactogenicity, and adverse events.
Results: Overall, 52.7% (95% confidence interval �CI� � 21.6%–
72.2%) fewer cases of influenza caused by virus strains antigenically
similar to vaccine were observed in CAIV-T than in TIV recipients.
Greater relative efficacy for CAIV-T was observed for the antigeni-
cally similar A/H1N1 (100.0%; 95% CI � 42.3%–100.0%) and B
(68.0%; 95% CI � 37.3%–84.8%) strains but not for the antigeni-
cally similar A/H3N2 strains (�97.1%; 95% CI � �540.2% to
31.5%). Relative to TIV, CAIV-T reduced the number of RTI-
related healthcare provider visits by 8.9% (90% CI � 1.5%–15.8%)
and missed days of school, kindergarten, or day care by 16.2% (90%
CI � 10.4%–21.6%). Rhinitis and rhinorrhea, otitis media, and
decreased appetite were the only events that were reported more
frequently in CAIV-T subjects. There was no difference between
groups in the incidence of wheezing after vaccination.

Conclusions: CAIV-T was well tolerated in these children with
RTIs and demonstrated superior relative efficacy compared with
TIV in preventing influenza illness.

Key Words: influenza, respiratory tract infection, cold-adapted
influenza vaccine, trivalent, children

(Pediatr Infect Dis J 2006;25: 870–879)

Influenza is common in children and adolescents and is
associated with a high incidence of complications,1,2 par-

ticularly among young children.3–5 Injectable trivalent inac-
tivated influenza vaccine (TIV) is currently approved in the
United States for use in children 6 months of age and older.6

Efficacy rates for TIV in children younger than 5 years of age
have been reported to range from 12% to 83%.6–8

Live attenuated influenza vaccine (LAIV; FluMist;
MedImmune, Gaithersburg, MD) is a frozen, cold-adapted,
temperature-sensitive, trivalent influenza vaccine approved in
the United States for prevention of influenza in healthy
children and adolescents 5 to 17 years of age and in healthy
adults 18 to 49 years of age.9 In healthy children 15 to 85
months of age, LAIV has been shown to reduce the rate of
culture-confirmed influenza by 94% and to reduce episodes of
febrile acute otitis media (AOM) by 30% compared with
placebo.10,11 To date, there is a single published report of the
safety of LAIV in children with asthma or wheezing,12 and a
single study has reported an increased risk of asthma in young
children after LAIV.13 Children with recurrent respiratory
infections often have a history of wheezing illness. Such a
population might be expected to benefit significantly from a
more effective vaccine against influenza but also might be
particularly susceptible to wheezing associated with an atten-
uated live virus vaccine.

The objective of this study was to compare the efficacy
and safety of cold-adapted influenza vaccine, trivalent
(CAIV-T), an investigational refrigerator-stable formulation
of LAIV, with TIV in preventing culture-confirmed influenza
during the 2002–2003 influenza season in children aged 6 to
71 months with a history of recurrent respiratory tract infec-
tions (RTIs).
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MATERIALS AND METHODS
Vaccines. CAIV-T was supplied by Wyeth Pharmaceuticals
(Marietta, PA) and was formulated to contain approximately
107 fluorescent focus units of 3 influenza reassortant virus
strains representing the hemagglutinin (HA) and neuramini-
dase (NA) antigens of the A/New Caledonia/20/99 (H1N1),
A/Panama/2007/99 (H3N2), and B/Hong Kong/330/01 influ-
enza strains. The HA and NA antigens of the wild-type influ-
enza strains used to generate the CAIV-T reassortants were
antigenically representative of vaccine strains recommended by
the World Health Organization (WHO) for the 2002–2003
influenza season: A/New Caledonia/20/99-like, A/Moscow/10/
99-like (A/Panama/2007/99), and B/Hong Kong/330/01-like.
After manufacture, the vaccine was filled into spray applicators
and shipped to the study sites, where it was stored at 2°C to 8°C
until just before intranasal administration (0.1 mL into each
nostril).

Licensed TIV, types A and B, split virion, was obtained
from Aventis Pasteur (Lyon, France) and contained antigens
identical to or antigenically representative of the WHO recom-
mendations for the 2002–2003 influenza season, specifically the
HA and NA antigens of the A/Moscow/10/99 (H3N2)-like strain
(A/Panama/2007/99), A/New Caledonia/20/99 (H1N1)-like strain
(A/New Caledonia/20/99), and B/Hong Kong/330/2001-like
strain (B/Shangdong/7/97). TIV was administered by intramus-
cular injection according to the manufacturer’s dosing instruc-
tions. Children aged 6 to �36 months received 0.25 mL per dose
(7.5 �g of each HA), whereas children 36 to �72 months of age
received 0.5 mL per dose (15 �g of each HA).
Subjects. Children 6 to 71 months of age with a history of
recurrent RTIs were eligible for enrollment. RTIs included,
but were not limited to, common colds, AOM, bronchitis,
pneumonia, and bronchiolitis. Recurrence was defined as 2 or
more practitioner-attended RTIs in the previous 12 months or
since birth for participants younger than 12 months.

Exclusion criteria included serious chronic disease (in-
cluding progressive neurologic disease), Down syndrome or
other known cytogenetic disorders, known or suspected dis-
ease of the immune system or current receipt of immunosup-
pressive therapy, including systemic corticosteroids, receipt
of any blood products (including immunoglobulin) within the
previous 6 months, an immunosuppressed or immunocom-
promised individual living in the same household, previous
receipt of any influenza vaccine, documented history of
hypersensitivity to egg or to egg protein or any other com-
ponent of CAIV-T or TIV, receipt of aspirin or aspirin-
containing products within the previous 2 weeks, and receipt
of any investigational vaccine from 1 month before enroll-
ment to the conclusion of the study.
Study Design. This phase III, randomized, open-label study
was conducted at 114 study sites in 9 European countries
(Belgium, Czech Republic, Finland, Germany, Italy, Poland,
Spain, Switzerland, and the United Kingdom) and Israel
between October 4, 2002, and June 2, 2003. The study was
conducted in accordance with the International Conference on
Harmonisation Guideline for Good Clinical Practice, the Dec-
laration of Helsinki, and national and local laws. The protocol
was approved by the independent ethics committee for each

study site, and written informed consent was obtained from
the parents or legal guardians of all study participants. En-
rollment took place over a period of approximately 2 weeks,
beginning in October 2002.

Study participants were prospectively randomized in a
1:1 ratio to receive 2 doses of CAIV-T or TIV, 35 � 7 days
apart. Randomization was accomplished using an automated,
telephone-based, interactive, voice response system. Trial
personnel telephoned the interactive voice response system,
entered site- and subject-specific information, and shortly
thereafter received a fax confirming treatment (CAIV-T or
TIV) and subsequent number assignment.
Study Evaluations. Surveillance for influenza-like illness be-
gan on the 11th day after receipt of the first vaccine dose and
consisted of weekly telephone contacts, clinic visits, or home
visits, as applicable, and continued to the end of the study
(approximately May 31, 2003). Nasal swab viral culture was
required if subjects exhibited 1 or more of the following:
fever (�38°C rectal or �37.5°C axillary), shortness of
breath, pulmonary congestion, pneumonia, ear infection
(AOM, suspected or diagnosed) or wheezing. Nasal swab
viral cultures were also required if subjects showed 2 or more
of the following: runny nose or nasal congestion (rhinorrhea),
sore throat (pharyngitis), cough, muscle aches, chills, head-
ache, irritability, decreased activity or vomiting. Cultures
could also be obtained at the investigators’ clinical discretion.
Specimens were cultured, typed, and subtyped by central
laboratories throughout Europe. Specimens were cultured on
Madin-Darby canine kidney monolayer cultures and typed by
immunostaining using type A– and type B–specific antisera.
In some instances, typing was determined by serologic meth-
ods. Identification of isolates was conducted by Wyeth Re-
search Laboratories (Pearl River, NY) using HA inhibition
assay and polymerase chain reaction (PCR) sequencing meth-
ods similar to those previously described for influenza H3N2
and B viruses.14,15 If the 2 methods gave different results, the
determination of strain matching to the vaccine was based on
the PCR sequencing test.

Effectiveness data relating to AOM, wheezing, respi-
ratory illness, school attendance, healthcare provider visits,
and use of medications or antibiotics were recorded on a case
report form (CRF) and/or documented at each clinic or home
visit during the surveillance phase of the study.

Reactogenicity events were monitored by subjects’ par-
ents or guardians for 11 consecutive days after each study
vaccination. Events to be recorded on the diary card were
fever (�38°C rectal or �37.5°C axillary), runny nose/nasal
congestion, sore throat, cough, wheeze, vomiting, decreased
activity level, decreased appetite, irritability, abdominal pain/
stomachache, headache, chills, muscle aches and use of
antipyretics. Reactogenicity events that required a medical
visit were also recorded as adverse events (AEs), as defined
below. For subjects receiving TIV, the presence or absence of
redness, swelling, and/or pain around the injection site was
also recorded.

Episodes of wheezing occurring during the 42 days
after vaccination were recorded as follows: episodes of
wheezing were recorded on diary cards by parents/guardians
between days 0 and 10 and were not necessarily associated
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with a visit to a medical practitioner; episodes of wheezing
associated with influenza-like illness were recorded on the
CRF on days 11 through 41 during the surveillance period;
wheezing episodes that were observed by a medical practi-
tioner were recorded as a subset of the surveillance phase
wheezing episodes.

AEs were also recorded on the CRF and were defined
as any clinically significant untoward, undesired, or unex-
pected event, including those that required prescription or
nonprescription medication within 11 days postvaccination
(days 0–10), required an unscheduled healthcare provider
visit or consultation within 28 days of vaccination, or resulted
in study termination or a clinically significant event at any
point during the study period. Serious AEs (SAEs), including
hospitalizations, were monitored from enrollment through
completion of the study.
Study End Points. The primary efficacy end point was the first
episode in a study child of a culture-confirmed influenza
illness caused by a community-acquired subtype antigeni-
cally similar to those contained in the vaccine. PCR and
sequencing were employed to unambiguously assign serotype
based on comparisons with specific HA1 sequences of ap-
propriate reference strains.

Secondary efficacy end points were (1) the incidence of
culture-confirmed influenza illness caused by any influenza
virus subtype (2); the incidence of AOM (first and all epi-
sodes) associated with culture-confirmed influenza antigeni-
cally similar to the vaccine, all episodes of AOM regardless
of culture, and febrile AOM (first and all episodes) regardless
of culture; and (3) the incidence of respiratory illness and
other effectiveness outcomes associated with influenza-like
illness, including wheeze, medication/antibiotics used for
RTIs, number of healthcare provider visits for RTIs, rates of
overnight hospitalizations associated with current illness, and
days of school, kindergarten, or day care missed.

An episode of AOM was defined as a visually abnormal
tympanic membrane (in regard to color, position, and/or mobil-
ity) suggestive of middle ear effusion with at least 1 of the
following: fever (�38°C rectal or �37.5°C axillary), earache,
irritability, diarrhea, vomiting, acute otorrhea not caused by
external otitis, or other symptoms of respiratory infection. Fe-
brile AOM was defined as AOM plus fever (�38°C rectal or
�37.5°C axillary), and influenza-associated AOM was defined
as AOM in a child with a positive culture for influenza virus
antigenically similar to a strain in the vaccine. An episode of
AOM was defined as one in which at least 30 days had elapsed
since the onset of the previous episode.

The primary safety variables evaluated were reactoge-
nicity events, wheeze reports from the CRF and AEs.
Statistical Analysis. The study, with a planned evaluable
sample size of 1760 subjects (880 per study group), was
designed to have at least 90% power to demonstrate nonin-
feriority for efficacy between CAIV-T and TIV and at least
80% power to detect frequency differences between the
CAIV-T and TIV groups. The standard for noninferiority was
that the lower bound of the 90% confidence interval (CI) for
efficacy was greater than �0.5. The standard for superiority
was a lower bound of the 95% CI of �0.

For efficacy analysis, 2 populations were defined: intent
to treat (all subjects who received at least 1 dose of study
vaccine) and per protocol (PP; all subjects who received 2
doses of vaccine with no major protocol violations). Efficacy
estimates against influenza for the intent-to-treat population
were based on illness episodes occurring from the day of first
vaccination through the end of the surveillance period (ap-
proximately May 31, 2003). For the PP population, efficacy
estimates were based on illness episodes occurring from 15
days after the second vaccination or from the onset of the
influenza season, whichever occurred later, through the end
of the surveillance period. Efficacy was assessed for all
countries combined, for any strain and for each strain sepa-
rately. Efficacy of CAIV-T relative to TIV was defined in
terms of relative incidence rates as 1-IC/IT, where IC refers to
the incidence rate in the CAIV-T group and IT is similarly
defined for the TIV group. Two-sided 90% and 95% CIs were
constructed using the exact binomial distribution conditioned
on the total number of cases observed.

Analyses of AOM effectiveness variables included only
those episodes that started during the country-specific influ-
enza season. For the first episode of AOM, vaccine efficacy
and 2-sided 90% CIs were computed conditional on the total
number of cases. Analyses involving recurrent episodes of
AOM with at least 5 TIV cases used the Andersen-Gill model
for multiplicative hazards of recurrent events, with treatment
as the only effect. However, when there were too few TIV
events to perform the Andersen-Gill analysis (defined as
fewer than 5 events), a crude estimate of effectiveness based
on the observed percentages was computed without the cor-
responding CIs. Statistical analysis involving multiple events
per subject was planned to be performed using the Andersen-
Gill model.

For respiratory and other effectiveness outcomes, rela-
tive effectiveness was defined in the same manner as for
efficacy against influenza, with CIs at the 95% level for
superiority and the 90% level for noninferiority.

The safety populations consisted of all subjects who
received the first dose of study vaccine (dose 1 safety analysis
population) and all subjects who received the second dose of
study vaccine (dose 2 safety analysis population). The inci-
dence of AEs and reactogenicity events was analyzed using a
2-sided Fisher exact test. Two-sided 90% CIs were calculated
for the difference in incidence of wheezing between the 2
treatment groups.

RESULTS
Patient Population and Demographics. A total of 2187 sub-
jects were randomized to receive either CAIV-T (n � 1101)
or TIV (n � 1086). A summary of patient flow with reasons
for exclusion from the efficacy analysis is presented in Figure
1. The PP population consisted of 2085 subjects (1050
CAIV-T, 1035 TIV) who received treatment as randomized
without significant protocol violations. Baseline demograph-
ics for this population are presented in Table 1. The treatment
groups were well matched with regard to age, sex, ethnic
origin, and medical history. More than 40% of subjects in
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each group had a history of wheezing (�30% within the
previous 12 months), and approximately 23% of all subjects
had been previously diagnosed with asthma. Four of the 10

participating countries (Israel, United Kingdom, Belgium,
and Poland) contributed almost two thirds (65%) of enrolled
subjects.
Influenza Illness. There were 4497 illness visits (2305 in
CAIV-T recipients and 2192 in TIV recipients), during which
4112 nasal swabs (2106 CAIV-T, 2006 TIV) were collected,
representing 91.4% and 91.5% of illness visits in each group,
respectively. Conclusive culture results were available for
4090 (99.5%) swabs, 113 (2.8%) of which were positive for
influenza virus. The distribution of culture-confirmed influ-
enza by week and treatment is summarized in Figure 2.

The incidence of influenza illness caused by subtypes
antigenically similar to those in the vaccine was 2.3% and
4.8% in the CAIV-T and TIV groups, respectively (Table 2).
Strains identified during surveillance included A/New Cale-
donia/20/99-like (H1), A/Panama/2007/99-like (H3), A/Syd-
ney/5/97-like (H3), B/Hong Kong/330/01-like, and B/Hong
Kong/1351/02-like—all of which were considered antigeni-
cally similar to the vaccine strains—plus A/Fujian/411/2002-
like (H3), which is considered to be antigenically distinct
from the H3N2 vaccine strains. According to WHO data,
there is a 16-fold difference in titer between A/Panama/
2007/99 and A/Fujian/411/2002 when tested with anti-Pan-
ama reference serum, which determines that these 2 strains
are not related.16 However, the 4-fold difference in titers
between A/Panama/2007/99 and A/Sydney/5/97 is consid-

TABLE 1. Baseline Characteristics (Per-Protocol
Efficacy Population)

Characteristic

Treatment Group

CAIV-T
n � 1050

TIV
n � 1035

Gender, n (%)
Girls 490 (46.7) 475 (45.9)
Boys 560 (53.3) 560 (54.1)

Age at first
vaccination, mo

Mean (SD) 38.1 (17.4) 39.9 (17.2)
Range 6.0–71.9 6.0–71.9

Ethnic origin, n (%)
White 1022 (97.3) 1000 (96.6)
Black 15 (1.4) 13 (1.3)
Asian 3 (0.3) 3 (0.3)
Indian 5 (0.5) 11 (1.1)
Other 5 (0.5) 8 (0.8)

Medical history
History of wheezing 495 (47.1) 461 (44.5)
History of wheezing

in past 12 mo
377 (35.9) 350 (33.8)

History of diagnosis
of asthma

236 (22.5) 236 (22.8)

SD, standard deviation.

FIGURE 1. Patient flow and efficacy populations. CAIV-T indicates cold-adapted influenza vaccine, trivalent; ITT, intent to treat;
MMR, measles-mumps-rubella; OPV, oral polio vaccine; PP, per protocol; RTIs, respiratory tract infections; and TIV, trivalent
inactivated influenza vaccine. *Includes 1 subject who received TIV. †Includes 7 subjects who received CAIV-T. ‡Subjects may
have been excluded for more than 1 reason. §Includes 1 subject who received TIV. �Includes 7 subjects who received CAIV-T.
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ered to be borderline.17 Differences in titers of �4-fold
would indicate antigenic equivalence between strains.18

Overall, in the PP analysis, there were significantly fewer
episodes of culture-confirmed influenza caused by subtypes
antigenically similar to those in the vaccine in CAIV-T com-
pared with TIV recipients. Individually, greater relative efficacy

for CAIV-T compared with TIV was observed for the A/H1N1
and B strains but not for the A/H3N2 strains. Similar results
were seen for efficacy against any influenza subtype.

Although this study was not powered to demonstrate
efficacy in individual participating countries, significant effi-
cacy for CAIV-T relative to TIV against viral strains anti-

TABLE 2. Relative Efficacy Against Community-Acquired Culture-Confirmed Influenza Illness

Influenza Subtype

Treatment Group Relative Efficacy

CAIV-T TIV
% (90% CI)‡ (95% CI)‡

N* n (%)† N* n (%)†

Community-acquired subtypes antigenically
similar to those in the vaccine

Per-protocol population
Any strain 1050 24 (2.3) 1035 50 (4.8) 52.7 (27.2–69.8) (21.6–72.2)
A/H1 1050 0 (0.0) 1035 8 (0.8) 100.0 (55.2–100.0) (42.3–100.0)
A/H3 1050 12 (1.1) 1035 6 (0.6) �97.1 (�431.9 to 20.7) (�540.2 to 31.5)
B 1050 12 (1.1) 1035 37 (3.6) 68.0 (43.0–82.9) (37.3–84.8)

Intent-to-treat population
Any strain 1101 25 (2.3) 1086 52 (4.8) 52.6 (27.7–69.4) (22.2–71.8)

Any community-acquired subtypes
Per-protocol population

Any strain 1050 29 (2.8) 1035 60 (5.8) 52.4 (29.6–68.2) (24.6–70.5)
A/H1 1050 0 (0.0) 1035 10 (1.0) 100.0 (65.6–100.0) (56.0–100.0)
A/H3 1050 18 (1.7) 1035 12 (1.2) �47.9 (�196.5 to 24.4) (�236.5 to 32.6)
B 1050 12 (1.1) 1035 38 (3.7) 68.9 (44.6–83.3) (39.2–85.2)

Intent-to-treat population
Any strain 1101 30 (2.7) 1086 63 (5.8) 53.0 (31.1–68.4) (26.3–70.6)

*Number of subjects in the analysis.
†Number of subjects with culture-confirmed influenza.
‡Exact CI conditioned on the total number of cases.

FIGURE 2. Episodes of any culture-confirmed illness by week and treatment group (per-protocol efficacy population). CAIV-T
indicates cold-adapted influenza vaccine, trivalent; TIV, trivalent inactivated influenza vaccine.

Ashkenazi et al The Pediatric Infectious Disease Journal • Volume 25, Number 10, October 2006

© 2006 Lippincott Williams & Wilkins874



genically similar to those in the vaccine was observed in
Belgium (relative efficacy, 100%; 95% CI � 72.9%–100%),
and a positive trend toward protection was also observed in
the Czech Republic, Finland, Israel, Italy, Spain and the
United Kingdom. The numbers of cases of illness caused by
virus strains antigenically similar to the vaccine were too
small (�3) to allow an evaluation of relative efficacy in
Germany, Poland and Switzerland.

The highest incidence of culture-confirmed influenza
occurred in children 30 to �36 months of age in the CAIV-T
group (5.9%) and in children 60 to �66 months of age in the
TIV group (13.1%). Although the study was not powered to
demonstrate relative efficacy in different age groups, the
incidence of culture-confirmed influenza was observed to be
higher in TIV compared with CAIV-T recipients for 7 of the
11 age groups evaluated, with the greatest difference seen in
children 60 to �66 months of age (13.1% versus 1.2%).
AOM. Very few cases of influenza-associated AOM (2
CAIV-T; 6 TIV) were reported during the study, preventing
an evaluation of differences in incidence between treatment
groups. There was no significant difference between treat-
ment groups in the incidence of all episodes of AOM.
Respiratory and Other Effectiveness Outcomes. Compared
with TIV, CAIV-T significantly reduced the number of
healthcare provider visits for RTIs and the number of days of
school, kindergarten, or day care missed (Table 3). There
were no significant differences between groups in wheezing
symptoms associated with influenza-like illness, use of med-
ications or antibiotics for treatment of respiratory illness, or
occurrence of overnight hospitalizations.
Reactogenicity and AEs. In the 11 days after dose 1, the
percentage of subjects experiencing at least 1 reactogenicity
event was higher in the CAIV-T group (87.2%) than in the
TIV group (83.7%, P � 0.033), principally owing to a higher
incidence of runny nose/nasal congestion among CAIV-T
recipients (68.3% versus 55.1%; P � 0.001) (Table 4). In the
11 days after dose 2, there was no significant difference
between groups in the overall incidence of reactogenicity
events, although CAIV-T recipients had significantly higher
rates of runny nose/nasal congestion (52.1% versus 44.4%,
P � 0.0001) and decreased appetite (23.9% versus 19.8%,
P � 0.031) than subjects treated with TIV.

Almost one third (31.6%) of TIV recipients experi-
enced some type of local reaction at the injection site after
dose 1, and 28.9% exhibited local reactions after dose 2. Pain
was reported by 24.2% and 23.3% of subjects after doses 1
and 2, respectively.

Fifteen subjects had nasal swabs that were positive for
CAIV-T during episodes of symptomatic influenza illness.
Fourteen subjects were CAIV-T recipients and 1 received
TIV. Reported symptoms in CAIV-T recipients included
runny nose (12 subjects), cough (10 subjects), wheezing (3
subjects), fever (3 subjects) and sore throat (2 subjects);
pneumonia, pulmonary congestion, and ear infection were
reported by 1 subject each. Three of these CAIV-T recipients
reported wheezing. However, it is important to note that the
overall incidence of wheezing episodes was similar in both
treatment groups. Illness was observed after the first dose in
10 subjects and after the second dose in 4 subjects, with onset
of symptoms ranging from the day before vaccination to 20
days after vaccination. The TIV recipient was a 5-year-old
boy who developed a sore throat, cough, and wheezing 13
days after the first dose of vaccine, associated with a positive
nasal swab for B/Hong Kong/330/01 vaccine-like virus. The
child remained afebrile, and the illness resolved within 1 day.
A 2-year-old female sibling of this child (who received
CAIV-T on the same day as her brother received TIV) also
developed a sore throat and cough (not associated with
wheezing) with fever 13 days after the first dose of vaccine
and had a positive swab for B/Hong Kong/330/01 vaccine-
like virus. The illness in this child resolved within 5 days.
Neither sibling had a history of wheezing. This study was not
designed to evaluate risk of CAIV-T in a household setting.
The event could represent a true transmission episode; alter-
natively, because specimens were obtained and cultured at
the same visit, this could represent an inadvertent cross-
contamination event.

The incidence of AEs within 11 days of the first vaccine
dose was higher in the CAIV-T than the TIV group, (33.8%
versus 29.6%; P � 0.039), principally owing to a higher
incidence of rhinitis (8.7% versus 5.3%; P � 0.002). After
dose 2, a trend toward a higher incidence of AEs within 11
days was evident in the CAIV-T group (32.4% versus 28.6%;
P � 0.059), principally owing to a higher incidence of rhinitis

TABLE 3. Relative Efficacy Against Respiratory Illness and Other Effectiveness Outcomes Associated With
Influenza-like Illness

End Point

Treatment Group

% Relative Efficacy
(90% CI)‡CAIV-T TIV

N* n (%)† N* n (%)†

Use of medications or antibiotics for treatment of RTI 1048 368 (35.1) 1034 354 (34.2) �2.6 (�16.3 to 9.5)
Unscheduled healthcare provider visits 72,476 878 (1.2) 71,337 949 (1.3) 8.9 (1.5–15.8)
Overnight hospitalizations 1048 12 (1.1) 1034 11 (1.1) �7.6 (�134.6 to 50.3)
Days off school/kindergarten/day care§ 55,892 1145 (2.0) 55,490 1357 (2.4) 16.2 (10.4–21.6)
Wheezing symptoms associated with influenza-like illness 1048 77 (7.3) 1034 71 (6.9) �7.0 (�42.2 to 19.4)

*Number of subjects or surveillance days in the calculation.
†Number of incidents or number of days with the event.
‡Exact CI conditioned on the total number of incidents or number of days.
§Subjects were included in the analysis if the child was ever in school, kindergarten, or daycare or they missed any days of school.
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(6.1% versus 3.8%; P � 0.021) and otitis media (3.7% versus
1.8%; P � 0.011). Only 1 AE-related discontinuation was
reported: a 4-year-old TIV recipient withdrew from the study
26 days after the first vaccination after developing a pertussis
infection that was judged by the investigator to be unrelated
to vaccine administration.

The incidence of wheezing was similar in both treat-
ment groups, regardless of the method used to record wheez-
ing episodes (Table 5). There was no significant difference in
the first incidence of wheeze reported as a reactogenicity
event. In addition, there was no difference in the incidence of
bronchitis, bronchospasm, cough, dyspnea, pneumonia, bron-
chiolitis, or lower RTI captured as an AE after either dose.
Overall, a first episode of wheeze was reported by 12.5% of
CAIV-T recipients and 13.2% of TIV recipients during the 42

days after the first vaccine dose and by 13.8% of CAIV-T
recipients and 12.3% of TIV recipients in the 42 days after dose
2. After dose 1, 55 (5.0%) CAIV-T recipients and 49 (4.5%)
TIV recipients reported a single episode of wheeze between days
11 and 41; 44 CAIV-T subjects and 32 TIV subjects experienced
a single episode of wheeze that was observed by a medical
practitioner; only 1 subject in the CAIV-T group experienced 2
episodes of wheeze that were observed by a medical practitio-
ner; and 4 TIV recipients reported 2 wheezing episodes, also
observed by a medical practitioner. After the second study dose,
64 (6.0%) CAIV-T recipients and 58 (5.5%) TIV recipients
experienced a single episode of wheeze between days 11 and 41.
A single medical practitioner–observed wheezing episode was
reported in 52 CAIV-T and 51 TIV subjects; 2 CAIV-T subjects
reported 2 wheezing episodes and 1 CAIV-T recipient experi-

TABLE 4. Reactogenicity Events Reported in �1% of Subjects Within 11 Days of Vaccination

Event

Incidence, n (%)

After Dose 1 After Dose 2

CAIV-T
n � 630–1067†

TIV
n � 684–1050† P Value* CAIV-T

n � 625–1029†
TIV

n � 679–1012† P Value*

Any event‡ 863 (87.2) 791 (83.7) 0.033 694 (76.2) 648 (73.6) 0.210
Runny nose or nasal congestion 729 (68.3) 579 (55.1) 0.000 536 (52.1) 449 (44.4) 0.001
Fever �37.5°C 231 (23.5) 208 (21.4) 0.279 191 (19.8) 172 (18.5) 0.484
Fever �38.6°C 49 (5.1) 62 (6.5) 0.204 53 (5.6) 47 (5.1) 0.682
Cough 467 (44.2) 457 (44.1) 0.965 417 (40.8) 378 (37.8) 0.158
Medication to treat a fever 202 (20.5) 184 (18.5) 0.307 177 (18.3) 152 (15.7) 0.146
Medication to prevent a fever 156 (15.4) 143 (14.3) 0.491 126 (12.9) 116 (11.9) 0.537
Decreased appetite 309 (29.5) 277 (26.8) 0.188 241 (23.9) 198 (19.8) 0.031
Irritability 265 (25.5) 231 (22.9) 0.180 181 (18.4) 157 (16.1) 0.188
Decreased activity 224 (21.4) 195 (19.1) 0.190 171 (17.2) 142 (14.3) 0.085
Abdominal pain§ 136 (21.1) 131 (18.5) 0.219 86 (13.6) 88 (12.7) 0.684
Vomiting 119 (11.5) 124 (12.0) 0.733 105 (10.6) 97 (9.8) 0.603
Sore throat 115 (11.3) 120 (12.0) 0.628 128 (13.0) 100 (10.2) 0.057
Wheeze 96 (9.3) 101 (9.9) 0.708 77 (7.8) 71 (7.2) 0.670
Headache§ 90 (14.2) 89 (12.8) 0.470 75 (11.9) 74 (10.6) 0.487
Chills§ 37 (5.8) 53 (7.7) 0.192 28 (4.5) 26 (3.8) 0.579
Muscle ache§ 36 (5.7) 50 (7.3) 0.265 33 (5.3) 37 (5.4) 0.903

*Fisher exact test, 2-sided, for percentage of subjects.
†Number of subjects with known values.
‡Any event does not include the administration of fever medication.
§Not all children were old enough to verbalize this symptom.

TABLE 5. Incidence of First Episode of Wheeze

Vaccination

Treatment Group

Difference
(90% CI)�Source of Episodes CAIV-T TIV

Period, (days)* Method† N‡ n (%)§ N‡ n (%)§

Dose 1 0–41 Any 1107 138 (12.5) 1080 143 (13.2) �0.8 (�3.1 to 1.6)
0–10 Diary cards 1107 96 (8.7) 1080 101 (9.4) �0.7 (�2.7 to 1.3)

11–41 Surveillance 1107 56 (5.1) 1080 53 (4.9) 0.2 (�1.4 to 1.7)
11–41 Practitioner 1107 45 (4.1) 1080 36 (3.3) 0.7 (�0.6 to 2.1)

Dose 2 0–41 Any 1068 147 (13.8) 1046 129 (12.3) 1.4 (�1.0 to 3.8)
0–10 Diary cards 1068 77 (7.2) 1046 71 (6.8) 0.4 (�1.4 to 2.3)

11–41 Surveillance 1068 67 (6.3) 1046 62 (5.9) 0.3 (�1.4 to 2.1)
11–41 Practitioner 1068 54 (5.1) 1046 53 (5.1) 0.0 (�1.6 to 1.6)

*For vaccination 1, wheeze data were collected up to day 41 or the second vaccination, whichever occurred earlier.
†Diary card wheeze data were reported by parents/guardians. Episodes of wheeze associated with influenza-like illness during the surveillance phase were reported on the case report

form. Practitioner-reported wheeze during the surveillance phase was further described as “observed by a medical practitioner.”
‡Number of subjects participating during the collection period.
§Number of subjects with at least 1 episode of wheeze in the indicated period and method of collection.
�Exact confidence limits for the difference in percentages.
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enced 3 wheezing episodes; 4 TIV subjects reported 2 episodes
of wheeze.

Overall, 104 SAEs were reported in 64 (5.8%) CAIV-T
subjects and 76 SAEs were reported in 51 (4.7%) TIV
subjects; 2 (0.2%) CAIV-T recipients and 4 (0.4%) TIV
recipients experienced SAEs that were judged by the inves-
tigator to be at least possibly related to vaccine. There were
no significant differences between groups overall or within
any of the body system categories, including the respiratory
system. No deaths were reported during the study.

DISCUSSION
In the present trial, CAIV-T demonstrated superior

protection against influenza strains similar to those in the
vaccine compared with TIV, with an overall relative efficacy
of 52.7% (95% CI � 21.6%–72.2%), and relative efficacy for
individual vaccine strains of 100% against A/New Caledonia/
20/99-like (H1N1) viruses and of 68% against B/Hong Kong/
330/01-like viruses. CAIV-T appeared to have similar effi-
cacy to TIV against A/Panama/2007/99-like (A/H3) viruses
in this trial. The latter observation could be explained by low
H3N2 attack rates, which may have reduced the ability to
discriminate differences in efficacy between CAIV-T and
TIV. However, CAIV-T was shown to have higher relative
efficacy against H1N1 compared with TIV despite relatively
few culture-positive illnesses. The H3N2 attack rate in the
previous 2001–2002 influenza season is unknown for this
population of children. However, a placebo-controlled trial of
CAIV-T was conducted in a similar population of children 6
to 36 months of age during the 2001–2002 season in Europe
and Israel. An A/Panama/2007/99-like (A/H3) virus was the
predominant influenza isolate during that season; culture-
confirmed H3N2 infection was documented in more than
20% of children.19 It is reasonable to assume that the H3N2
attack rate for the European and Israeli population of children
in the current study was also high in the same influenza
season. For these children, the “priming” effect of previous
natural H3N2 exposure may have been boosted by TIV and
reduced the ability to distinguish differences in efficacy
between live attenuated and inactivated vaccine. High effi-
cacy of 86% to 95% against A/H3 strains has been observed
in earlier trials of both frozen and liquid forms of LAIV in
young children.10,11,19,20

In a previous study in healthy children 1 to 17 years of
age, a post hoc analysis revealed an association between
LAIV treatment and an increased risk of asthma in children
younger than 3 years.13 In contrast, in the present study in
which data were prospectively collected and analyses were
prespecified, no statistically significant differences were ob-
served between CAIV-T and TIV in the incidence of wheez-
ing after either dose of vaccine, regardless of the evaluation
method used. In addition, there were no significant differ-
ences in the rates of respiratory SAEs between treatment
groups. These data differ from the post hoc analysis reported
by Bergen et al13 in demonstrating no increased risk of
asthma or reactive airways disease after immunization with
CAIV-T in children younger than 5 years. It is also important
to note that the 2 treatment groups in this study were similar

with respect to history of asthma and wheezing episodes, with
more than 40% of subjects in each treatment group reporting
a history of wheezing. In a large, open-label, community-
based study of more than 11,000 children aged 18 months to
18 years (10% of whom had a history of mild intermittent
asthma, reactive airway disease, or wheezing illness), LAIV
was well tolerated by all age groups.21 In this study, in which
190 comparisons were made without adjustment for multiple
comparisons, there was no increased relative risk of asthma in
the period 0 to 14 days after LAIV vaccination in any age
group. Although an increased relative risk for asthma events
(compared with a prevaccination reference period) was re-
ported 15 to 42 days postvaccination in year 1 in children 18
months to 4 years of age (relative risk, 2.85; 95% CI �
1.01–8.03), no increase was observed in asthma relative risk
in children 18 months to 4 years of age in the subsequent 3
vaccine years. Further such studies should be performed in
healthy children to clarify these findings.

A recent study of influenza and influenza-related claims
from a large US health insurance database found that 24.9%
of all cases of influenza-like illness occurred in children aged
4 years or younger.1 During influenza seasons, influenza
accounts for approximately one quarter of excess outpatient
visits in children younger than 3 years,22 and analysis of
effectiveness data gathered during this trial showed that,
compared with TIV, CAIV-T significantly reduced the num-
ber of healthcare provider visits by 8.9% (90% CI � 1.5%–
15.8%) and the number of days missed from school, kinder-
garten, or day care missed by 16.2% (90% CI � 10.4%–
21.6%). These findings are consistent with those of another
recent study, which showed that CAIV-T significantly re-
duced the need for parental time off work, medical visits for
influenza, and antibiotic use, compared with placebo in chil-
dren aged 6 to �36 months of age and attending day care.19

CAIV-T has the potential, therefore, to reduce the substantial
impact associated with influenza infection in young children.23

The profile of reactogenicity events and AEs in this
study was similar in both treatment groups, except that
CAIV-T recipients had a higher incidence of runny nose/
nasal congestion within 11 days after both doses, consistent
with the findings of previous trials with the frozen formula-
tion,24 and a higher incidence of decreased appetite and otitis
media after dose 2. In contrast, injection site reactions and/or
pain at the injection site were reported by approximately one
quarter of TIV recipients. SAEs were infrequent in both
treatment groups.

The findings from this study indicate that CAIV-T has
a comparable safety and tolerability profile to TIV in young
children with a history of recurrent respiratory illness, with
superior efficacy demonstrated against culture-confirmed in-
fluenza illness. According to this evidence, CAIV-T is pref-
erable to TIV in this population. Additional studies are in
progress to further evaluate the comparative efficacy of
CAIV-T and TIV in young children.
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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 2004–2005 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.)

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MedImmune, Inc. on February 20, 2007 . 
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Hospitalization 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.1 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.2 The implementation 
of this recommendation will be challenging be-
cause of the limited supplies of inactivated vaccine 
during many influenza seasons,3-5 the modest ef-
ficacy of inactivated vaccine in young children,6 
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 inf luenza vaccine in young children have 
shown it to be highly effective.7-9 Live attenuated 
influenza vaccine showed high efficacy when epi-
demic influenza viruses were not well matched to 
the recommended vaccine antigens.7 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).10,11 
Although the safety of live attenuated influenza 
vaccine was assessed in children in both prospec-
tive and database studies,12-15 additional prospec-
tive studies of both inactivated vaccine and live 
attenuated vaccine were needed. In one study,15 
but not in others,10,11,16 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.

Me thods

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 staff. 

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 

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
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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 inf luenza-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.

R esult s

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/H1N1 
(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 H1N1 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 = 0.046), 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. (%)†

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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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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Figure 1. Kaplan–Meier Curves for the Time to the First Culture-Confirmed Report of Influenza in the Two Vaccine 
Groups.

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 
one infected child in the live-attenuated-vaccine group.
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Table 2. Influenza Attack Rates in the According-to-Protocol Population.*

Variable
Similarity  

to Vaccine†
Live Attenuated  

Vaccine (N = 3916)‡
Inactivated Vaccine  

(N = 3936)§
Reduction in Attack 

Rate with Live Vaccine¶

Cases Attack Rate Cases Attack Rate

no. % no. % % (95% CI)

Virus Well matched 53 1.4 93 2.4 44.5 (22.4 to 60.6)

A/H1N1 3 0.1 27 0.7 89.2 (67.7 to 97.4)

A/H3N2 0 0 0 0 —

B 50 1.3 67 1.7 27.3 (−4.8 to 49.9)

Age at first vaccination 
(any influenza  
virus)

Well matched

6–23 mo 23 1.3 32 1.7 29.1 (−21.2 to 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 
(any influenza  
virus)

Well matched

Yes 18 1.9 29 3.1 39.3 (−9.2 to 66.9)

No 35 1.2 64 2.1 46.9 (20.0 to 65.2)

Virus Not well matched 102 2.6 245 6.2 58.2 (47.4 to 67.0)

A/H1N1 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 (−31.6 to 33.3)

Virus Regardless of match 153 3.9 338 8.6 54.9 (45.4 to 62.9)

A/H1N1 3 0.1 27 0.7 89.2 (67.7 to 97.4)

A/H3N2 37 0.9 178 4.5 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.

† 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.

‡ 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/H1N1 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.

¶ 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.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MedImmune, Inc. on February 20, 2007 . 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 356;7 www.nejm.org february 15, 2007692

Table 3. Incidence in the Safety Population of Medically Significant Wheezing within 42 Days after Receiving Vaccine.*

Variable Live Attenuated Vaccine Inactivated Vaccine
Adjusted Rate Difference 

(95% CI)†

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 mo‡

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 mo‡

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 to 5.38)

After dose 2 10/148 (6.8) 14/140 (10.0) −3.26 (−10.10 to 3.33)

Children without a history of recurrent  
wheezing (6–59 mo of age)

Previously vaccinated 

After dose 1 9/835 (1.1) 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) 0.37 (−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% CI, −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% CI, −0.42 to 2.27]) was not significant.
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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 

Table 4. Medically Significant Wheezing, Serious Adverse Events, and Rates of Hospitalization According to Age Group, 
through 180 Days after the Last Dose of Vaccine.*

Age Event Live Attenuated Vaccine Inactivated Vaccine

no./total no. (%)

6–11 mo Medically significant wheezing 93/684 (13.6) 71/683 (10.4)

Any serious adverse event 44/684 (6.4) 23/683 (3.4)

Hospitalization for any cause 42/684 (6.1) 18/683 (2.6)

12–59 mo Medically significant wheezing 272/3495 (7.8) 255/3490 (7.3)

Any serious adverse event 92/3495 (2.6) 105/3490 (3.0)

Hospitalization for any cause 88/3495 (2.5) 101/3490 (2.9)

6–59 mo Medically significant wheezing 365/4179 (8.7) 326/4173 (7.8)

Any serious adverse event 136/4179 (3.3) 128/4173 (3.1)

Hospitalization for any cause 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).
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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.16-18 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 

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,15 whereas oth-
ers have not.10,16 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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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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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.

Supported by MedImmune.
Dr. Belshe reports receiving research support from Merck and 

MedImmune and consulting fees or lecture fees from MedIm-
mune, Merck, Novartis, GlaxoSmithKline, and Sanofi; Dr. Ed-

wards, research support from Sanofi Pasteur, Vaxgen, Merck, 
and Nabi and consulting fees from MedImmune; Dr. Vesikari, 
consulting fees or lecture fees from MedImmune, Merck, and 
GlaxoSmithKline; and Dr. Black, research support from Chiron, 
GlaxoSmithKline, MedImmune, and Merck and consulting fees 
or lecture fees from Chiron, MedImmune, and Merck. Drs. 
Walker, Kemble, and Connor and Ms. Hultquist are employees 
of MedImmune. No other potential conflict of interest relevant 
to this article was reported.

We thank I. Cho, P.M. Mendelman, C. Hessel, K. Coelingh, C. 
Dingivan, R. Hernandez, C. Knightly, C. Frickleton, Y. Zhou, 
and T. Yi for their contributions to this study; S. Stoughton for 
assistance in writing the study report; and the clinical research 
staff at all the participating sites, all the children and their 
families who participated in the study, and the members of the 
data-monitoring committee — J. Treanor, J. Modlin, and W. 
Blackwelder — for their time and effort.

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 
Republic: J. Biolek, H. Honomichlova, P. Mokros, M. Mokrosova. Finland: A. Hanni, T. Karppa, A. Karvonen, T. Korhonen, J. Immonen, 
N. Lindblad, J Ojanpera, S. Parry, P. Riikonen, A. Salomäki, T. Vesikari.* Germany: K. Deichmann, P. Habermehl, G. Hein, H. Senges-
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. 
Antón Crespo, J. Baldó, J. Ferres, M. Garcés, M. García, A. Jubert, C. Landaluce, A. Martínez-Roig, M. Muñoz del Barrio, V. Planelles, 
I. Sorribes, I. Ubeda. Sweden: C. Flodmark, L. Gothefors, B. Granström, 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. 
Cockrum, M. Cox, C. Crismon, K. Davis, P. Dennehy, F. Eder, K. Edwards,* V. Elinoff, I. Emanuel, B. Essink, G. Fennelly, C. Fisher, J. 
Frey, M. Gaglani, R. Gaona, F. Garner, S. Gawchik, W. Geffen, R. Geller, I. Graham, C. Hall, F. Hampel, J. Harris, C. Harrison, F. 
Hayden,* L. Hazan, C. Hebert, F. Henderson, D. Henry, D. Herrington, D. Hurley, K. Jackson, D. Johnson, W. Johnston, E. Kairis, M. 
Kaliner,* H. Keyserling, L. Krilov, C. LaForce, M. Lauret, J. Leader, H. Lesicka, M. Levin, J. Ley, C. Lively, F. Mabry, C. Marchant, D. 
Matson, L. Meloy, S. Melton, D. Moore, E. Morsi, J. Moy, M. Mufson, A. Nayak, N. Neu, J. Nutman, R. Ohnmacht, A. Palazzo, B. Patel, 
G. Patel, M. Pichichero, K. Reisinger,* R. Rhoades, G. Rockower, J. Romero, T. Schechtman, R. Schwartz, W. Seger, S. Senders, J. 
Shepard, L. Sher, P. Shurin, P. Silas, K. Sitz, C. Smith, W. Spencer, M. Sperling, K. Stevenson, M. Taghadosi, J. Tillisch, C. Toledo, T. 
Twogood, E. Wald, W. Warren, R. Wasserman, R. Watson, L. Weiner, J. Wise, R. Yogev.

References

Poehling KA, Edwards KM, Weinberg 
GA, et al. The underrecognized burden of 
influenza in young children. N Engl J Med 
2006;355:31-40.

Smith NM, Bresee JS, Shay DK, Uyeki 
TM, Cox NJ, Strikas RA. Prevention and 
control of influenza: recommendations of 
the Advisory Committee on Immunization 
Practices (ACIP). MMWR Recomm Rep 
2006;55(RR-10):1-42. [Erratum, MMWR 
Morb Mortal Wkly Rep 2006;55:800.]

Delayed supply of influenza vaccine 
and adjunct ACIP influenza vaccine recom-
mendations for the 2000–01 influenza sea-
son. MMWR Morb Mortal Wkly Rep 2000; 
49:619-22.

Delayed influenza vaccine availability 
for 2001–02 season and supplemental rec-
ommendations of the Advisory Commit-
tee on Immunization Practices. MMWR 
Morb Mortal Wkly Rep 2001;50:582-5.

1.

2.

3.

4.

Interim influenza vaccination recom-
mendations — 2004–05 influenza season. 
MMWR Morb Mortal Wkly Rep 2004;53: 
1183-4.

Zangwill KM, Belshe RB. Safety and 
efficacy of trivalent inactivated influenza 
vaccine in young children: a summary for 
the new era of routine vaccination. Pedi-
atr Infect Dis J 2004;23:189-97.

Belshe RB, Gruber WC, Mendelman 
PM, et al. Efficacy of vaccination with live 
attenuated, cold-adapted, trivalent, intra-
nasal influenza virus vaccine against a vari-
ant (A/Sydney) not contained in the vac-
cine. J Pediatr 2000;136:168-75.

Belshe RB, Mendelman PM, Treanor J, 
et al. The efficacy of live attenuated, cold-
adapted, trivalent, intranasal influenza vi-
rus vaccine in children. N Engl J Med 1998; 
338:1405-12.

Belshe R, Maassab H, Mendelman P. 

5.

6.

7.

8.

9.

Live influenza virus vaccine. In: Plotkin S, 
Orenstein W, eds. Vaccines. 4th ed. Phila-
delphia: Saunders, 2004:371-88.

Ashkenazi S, Vertruyen A, Arístegui J, 
et al. Superior relative efficacy of live at-
tenuated influenza vaccine compared with 
inactivated influenza vaccine in young chil-
dren with recurrent respiratory tract infec-
tions. Pediatr Infect Dis J 2006;25:870-9.

Fleming DM, Crovari P, Wahn U, et al. 
Comparison of the efficacy and safety of 
live attenuated cold-adapted influenza vac-
cine, trivalent, with trivalent inactivated 
inf luenza virus vaccine in children and 
adolescents with asthma. Pediatr Infect Dis 
J 2006;25:860-9.

Belshe RB, Mendelman PM. Safety and 
efficacy of live attenuated, cold-adapted, 
influenza vaccine-trivalent. Immunol Al-
lergy Clin North Am 2003;23:745-67.

Belshe R, Lee M-S, Walker RE, Stod-

10.

11.

12.

13.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MedImmune, Inc. on February 20, 2007 . 



n engl j med 356;7 www.nejm.org february 15, 2007696

Live Attenuated vs. Inactivated Influenza Vaccine

dard J, Mendelman PM. Safety, immuno-
genicity and efficacy of intranasal, live 
attenuated inf luenza vaccine. Expert Rev 
Vaccines 2004;3:643-54.

Glezen WP. Cold-adapted, live attenu-
ated influenza vaccine. Expert Rev Vaccines 
2004;3:131-9.

Bergen R, Black S, Shinefield H, et al. 
Safety of cold-adapted live attenuated in-
fluenza vaccine in a large cohort of chil-

14.

15.

dren and adolescents. Pediatr Infect Dis J 
2004;23:138-44.

Piedra PA, Gaglani MJ, Riggs M, et al. 
Live attenuated influenza vaccine, triva-
lent, is safe in healthy children 18 months 
to 4 years, 5 to 9 years, and 10 to 18 years 
of age in a community-based, nonrandom-
ized, open-label trial. Pediatrics 2005;116 
(3):e397-e407.

Longini IM Jr, Halloran ME. Strategy 

16.

17.

for distribution of inf luenza vaccine to 
high-risk groups and children. Am J Epi-
demiol 2005;161:303-6.

Reichert TA, Sugaya N, Fedson DS, 
Glezen WP, Simonsen L, Tashiro M. The 
Japanese experience with vaccinating 
schoolchildren against influenza. N Engl 
J Med 2001;344:889-96.
Copyright © 2007 Massachusetts Medical Society. 

18.

powerpoint slides of journal figures and tables

At the Journal’s Web site, subscribers can automatically create PowerPoint slides.  
In a figure or table in the full-text version of any article at www.nejm.org, click  
on Get PowerPoint Slide. A PowerPoint slide containing the image, with its title  
and reference citation, can then be downloaded and saved.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at MedImmune, Inc. on February 20, 2007 . 



Pediatr Infect Dis J, 2004;23:138–44 Vol. 23, No. 2
Copyright © 2004 by Lippincott Williams & Wilkins, Inc. Printed in U.S.A.

Safety of cold-adapted live attenuated influenza
vaccine in a large cohort of children and
adolescents
RANDY BERGEN, MD, STEVE BLACK, MD, HENRY SHINEFIELD, MD, EDWIN LEWIS, MPH, PAULA RAY, MPH,
JOHN HANSEN, ROBERT WALKER, MD, COLIN HESSEL, MS, JULIE CORDOVA, BS AND PAUL M. MENDELMAN, MD

Objective. To determine the safety of cold-
adapted trivalent intranasal influenza virus vac-
cine (CAIV) in children and adolescents.

Study design. A randomized, double blind, pla-
cebo-controlled safety trial in healthy children
age 12 months to 17 years given CAIV (FluMist;
MedImmune Vaccines, Inc.) or placebo (random-
ization, 2:1). Children <9 years of age received a
second dose of CAIV or placebo 28 to 42 days
after the first dose. Enrolled children were then
followed for 42 days after each vaccination for all
medically attended events. Prespecified out-
comes included 4 prespecified diagnostic groups
and 170 observed individual diagnostic catego-
ries. The relative risk and the 2-sided 90% confi-
dence interval were calculated for each diagnos-
tic group and individual category by clinical
setting, dose and age. More than 1500 relative
risk analyses were performed.

Results. A total of 9689 evaluable children were
enrolled in the study. Of the 4 prespecified diag-
nostic categories (acute respiratory tract events,
systemic bacterial infection, acute gastrointesti-
nal tract events and rare events potentially asso-
ciated with wild-type influenza), none was asso-
ciated with vaccine. Of the biologically plausible
individual diagnostic categories, 3, acute gastro-
intestinal events, acute respiratory events and
abdominal pain, had different analyses that dem-
onstrated increased and decreased relative risks,
making their association with the vaccine un-
likely. For reactive airway disease a significant
increased relative risk was observed in children
18 to 35 months of age with a relative risk of 4.06
(90% confidence interval, 1.29 to 17.86) in this age

group. The individual diagnostic categories of
upper respiratory infection, musculoskeletal
pain, otitis media with effusion and adenitis/
adenopathy had at least one analysis that
achieved a significant increased risk ratio. All of
these events were infrequent.

Conclusion. CAIV was generally safe in chil-
dren and adolescents. The observation of an in-
creased risk of asthma/reactive airway disease in
children <36 months of age is of potential con-
cern. Further studies are planned to evaluate the
risk of asthma/reactive airway disease after vac-
cine.

INTRODUCTION
Influenza A and B viruses are a major cause of

respiratory tract illnesses in children.1 Recent studies
have demonstrated increased risk of hospitalizations
because of influenza in young children.2, 3 Children can
also act as a reservoir for transmission of virus to other
household members and to the general population.4–6

For 2002 to 2003 the ACIP encouraged the use of the
influenza vaccine in children 6 to 23 months of age.7

The lack of a rapid and easy means of administering
influenza vaccine on an annual basis to children may
slow down the implementation of this more widespread
vaccination program. Live attenuated, cold-adapted,
trivalent intranasal influenza virus vaccine (CAIV)
could represent an alternative approach to influenza
vaccination in children and adults.

CAIV is produced by genetic reassortment between a
wild-type influenza virus and an attenuated master
donor virus for each 6:2 reassortant strain to be in-
cluded in the vaccine. Each vaccine virus derives two
gene segments encoding the hemagglutinin and neur-
aminidase from a wild-type influenza virus, and the
remaining six gene segments encoding proteins are
responsible for cold adaptation, temperature sensitiv-
ity and attenuation from the master donor virus. The
vaccine is grown in the allantoic cavity of pathogen-free
eggs and is a combination of two influenza A strains
and one influenza B strain.8–11 Prior studies have
shown that CAIV was effective in preventing influenza
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and influenza-related otitis media in children.12, 13 It
was the purpose of this study to evaluate the safety of
CAIV containing influenza A and influenza B strains in
a study population of �10 000 children with medical
utilization in the hospital, clinic and emergency de-
partment as outcomes.

METHODS

Vaccine and placebo. MedImmune Vaccines, Inc.,
supplied CAIV in frozen single dose intranasal appli-
cators. Each 0.5-ml dose was delivered as an intranasal
spray. Each applicator had a dose divider that was to
allow for the delivery of approximately one-half the
contents to each nostril. Each dose of CAIV contained
107 median tissue culture infectious dose of each of the
three 6:2 reassortant strains of influenza recom-
mended by the Food and Drug Administration for the
1999 to 2000 influenza season: A/Beijing/262/95
(H1N1); A/Sydney/05/97 (H3N2); and B/Yamanashi/
166/98 influenza strains. Vaccine and placebo con-
tained allantoic fluid containing sucrose-phosphate-
glutamate.14–16

Subjects. The protocol was reviewed and approved
by the Kaiser Permanente Institutional Review Board.
Healthy children and adolescents 1 through 17 years of
age were eligible to enroll in the study. To be eligible
children must not have received the 2000 to 2001
formulation of trivalent influenza vaccine. Children
also could not have received any live virus vaccine
within 1 month of enrollment or any inactivated vac-
cine within 2 weeks of enrollment in this study. Chil-
dren were excluded from the study if they had a history
of egg allergy, a history of asthma (by parent report), a
fever (�100.0°F oral) or respiratory illness within 72 h
of enrollment. In addition children with immunodefi-
ciency or children taking immunosuppressive agents
were excluded.

Study design. This was a randomized, double blind,
placebo-controlled study. The randomization ratio was
2:1 (CAIV to placebo). Children �9 years of age re-
ceived a second dose of the same agent 28 to 42 days
after the first dose. Enrollment began in October 2000
and was completed at the end of December 2000.
Enrolled children were then followed for 42 days after
each vaccination for any medically attended event or
serious adverse event (SAE).

Data collection and statistical analysis. Within
Kaiser Permanente (KP) children are assigned a
unique medical record number that identifies them for
life. Kaiser Permanente maintains automated clinical
information system databases that contain diagnoses
for all clinic, emergency and hospital visits. In addition,
because KP is self-insured, claims for utilization out-
side of KP are also available from computerized data.
For the purposes of this study, a study population
database was created from the vaccination logs submit-

ted by study nurses at the 31 participating sites. On a
weekly basis this database was linked with utilization
databases to identify any hospitalizations, emergency
visits or clinic visits within 42 days of receipt of a dose
of vaccine. The investigators reviewed each utilization
to confirm the diagnosis and assess severity and possi-
ble relationship to vaccine. For serious adverse events
(SAEs), additional follow-up was obtained through con-
tact with the patient’s personal physician, with their
parents and through medical record review.

Outcomes in this study included four prespecified
diagnostic groupings and an analysis that included all
observed diagnostic categories. Rates of events were
compared for each diagnostic group and individual
diagnostic category, and a rate ratio was calculated.
The first event for each diagnosis for each child in each
observation window was used. The relative risk (RR)
and its two-sided 90% confidence interval (CI) were
calculated according to the midprobability exact bino-
mial method adjusted for follow-up time.17 The four
prespecified diagnostic groups included acute respira-
tory tract events (mastoiditis, sinusitis, laryngitis, tra-
cheitis, laryngotracheitis, epiglottitis, croup, bronchi-
tis, bronchiolitis, viral pneumonia, bronchopneumonia
with unspecified organism, pneumonia with unspeci-
fied organism, influenza with pneumonia, influenza
with other respiratory manifestations, extrinsic
asthma, intrinsic asthma, unspecified asthma, wheez-
ing, pulmonary congestion, shortness of breath), sys-
temic bacterial infection, acute gastrointestinal tract
events and rare events potentially associated with
wild-type influenza (encephalitis, Reye syndrome, myo-
carditis and pericarditis, Guillain-Barré syndrome,
polymyositis and seizures).

Comparisons were made for each setting separately
and for all three settings combined, for each dose
separately and for both doses combined, as well as for
each of four age groups: 1 to 8 years of age, 9 to 17 years
of age, 12 to 17 months of age and 18 to 35 months of
age and all ages combined. No adjustment was made
for these multiple comparisons in the statistical anal-
ysis. A statistically significant increase in the CAIV
group was declared if the lower bound of the 90% CI for
the rate ratio exceeded 1. Detecting significant de-
creases in the CAIV group was not a goal of the trial.
Such results are presented for contextual purposes.

RESULTS
Between October 2, 2000 and December 22, 2000,

9689 evaluable children were enrolled. Of these, 3769
children 1 to 8 years of age received CAIV and 1868
received placebo, whereas in children 9 to 18 years of
age, 2704 children received CAIV and 1348 received
placebo. Overall 86.6% of the younger children received
both a first and second dose. CAIV participants were
51% female compared with 50% in controls. The popu-
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lation was 6% African-American, 55% White, 20%
Hispanic, 10% Asian and 9% other.

Overall utilization rates by setting (emergency room,
clinic, hospital) are summarized in Table 1. In compar-
ing overall numbers of events, it is important to note
that because of the 2:1 randomization, twice the num-
ber of events is expected in the CAIV group than in the
placebo group. The percentages of children with utili-
zation in the hospital, emergency room and clinics are
almost identical in the two groups.

The rates of utilization for the prespecified diagnos-
tic groups are shown in Table 2 for all utilization
settings combined. There were no significant increases
for these outcomes in vaccinees when utilization at all
settings was combined; however, significantly elevated
rates were observed in some analyses in the CAIV
group for acute respiratory tract events and for acute
gastrointestinal events when analyzed for individual
utilization settings as shown in Table 3. Of note, but
not shown, is that significantly decreased rates were
observed in 16 comparisons for these prespecified out-
comes by individual utilization setting, including 8
analyses for acute respiratory events and 8 analyses
for acute gastrointestinal events.

Medical utilization occurred for 170 unique individ-
ual diagnostic categories. When accounting for the
comparisons by dose, age and setting, �1500 statistical
comparisons were made in this study. The comparisons
for which we observed a statistically elevated risk ratio
are shown in Table 4. During the 42-day observation
period, significantly elevated risks were observed in
one or more comparisons for asthma, abdominal pain,
upper respiratory infection (URI), musculoskeletal
pain, otitis media with effusion and adenitis/adenopa-

thy as well as for several diagnostic categories not
thought to have biologic likelihood. Further evaluation
was conducted for events thought to have a biologically
plausible association.

Overall asthma diagnoses were observed in 0.9% of
CAIV recipients and 0.9% of controls. Elevated risk
ratios were observed in 4 of the 31 separate compari-
sons, all of these in children 18 to 35 months of age. In
this age group there were 16 asthma events (all set-
tings and doses combined) in CAIV recipients and 2 in
placebo recipients (RR 4.06; 90% CI 1.29 to 17.86).
When the time association for asthma was evaluated
(Fig. 1), no consistent time association of these events
with receipt of vaccine was noted. All of these events
occurred in the clinic except for one in the emergency
department. No child required hospitalization. Treat-
ment consisted of beta-2 agonist for 94% (17 of 18),
antibiotics for 56% (10 of 18), systemic corticosteroids
for 33% (6 of 18) and inhaled corticosteroids for 17% (3
of 18). The data were subsequently also evaluated by
combining the diagnoses of asthma, shortness of breath
and wheezing. The relative risks were no longer signif-
icant using this combined diagnostic category, peaking
at RR � 2.19; 90% CI 0.90 to 6.00 after the first dose of
vaccine in children 12 to 35 months (17 of 904 for the
vaccine group and 4 of 465 for the placebo group).

Although history of asthma or possible asthma ac-
cording to the parent was an exclusion criteria for
participation in the trial, 7 of the 16 (44%) CAIV
participants 18 to 35 months of age with the diagnosis
of asthma had a prior visit for asthma in their medical
record. To further evaluate a possible increased risk of
asthma in CAIV recipients with a prior history of
asthma, the electronic medical record for all partici-
pants was reviewed to identify children with a visit
before the study for asthma/reactive airway disease.
This review revealed 8.8% of study participants with a
history of asthma/reactive airway disease. In these
children receipt of CAIV was not associated with an
increased risk of an asthma diagnosis in the 42 days
after vaccine with a RR of 1.11; 90% CI 0.59 to 2.14.

In all settings combined, abdominal pain occurred in

TABLE 1. Participants who experienced a medical adverse
event, by utilization setting and treatment group

Utilization Setting CAIV (N � 6473) Placebo (N � 3216)

Hospital* 31 (0.5)† 19 (0.6)
Emergency Department 186 (2.9) 104 (3.2)
Clinic 2305 (35.6) 1191 (37.0)

* Hospitalizations �24 h in duration were not necessarily reported as SAEs.
† Numbers in parentheses, percent.

TABLE 2. Rates and relative risks for the prespecified grouped diagnoses: all ages, all doses and all utilization settings
combined*

Prespecified Grouped Diagnosis

No. of Participants Rate/1000
Person-mo†

(CAIV/Placebo)

Binomial
Relative Risks†CAIV

(N � 6473)
Placebo

(N � 3216)

Acute respiratory tract events 1042 577 82.24/91.81 0.90 (0.82, 0.98)‡
Systemic bacterial infections 0 0 0/0 NE
Acute gastrointestinal tract events 161 95 12.71/15.12 0.84 (0.68, 1.04)
Rare events potentially related to influenza§ 8 3 0.63/0.48 1.32 (0.44, 4.62)

* A significantly increased risk is defined by a lower bound of the 90% CI �1, and a significantly decreased risk is defined by an upper bound of the 90% CI �1.
† Based on first event.
‡ Numbers in parentheses, 90% CI.
§ Events that occurred in this category included seizure(s) (1 in CAIV, 0 in placebo), febrile seizure (5 in CAIV, 1 in placebo), and epilepsy (2 in CAIV, 2 in placebo).
NE, not estimable because of zero events.
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0.7% (47 of 6473) of the vaccine group and 0.8% (26 of
3216) of placebo recipients. However, in 2 of 26 analy-
ses, there was an elevated risk ratio for abdominal
pain, both events in the emergency department (Table
4). There were 14 children with abdominal pain in the
emergency department in the CAIV group compared
with one in the placebo group. No consistent time
association was observed for abdominal pain in the
emergency department setting. To evaluate a possible
increased risk of potentially severe medical events that
can present with abdominal pain, medical utilization
for the following diagnostic categories was identified:
appendicitis; gastroenteritis; intestinal obstruction;
mesenteric adenitis; pancreatitis; intestinal perfora-
tion; ulcer; volvulus; and intussusception. Apart from

gastroenteritis, where a relative risk of 0.87 was ob-
served (90% CI 0.60, 1.11), 1 event each was observed
for appendicitis and “rule-out” appendicitis. Review of
the medical record for the child with appendicitis
revealed onset of abdominal pain before receipt of
CAIV.

The diagnostic category of URI was significant for
increased risk in 3 of 41 comparisons. The comparison
containing the greatest number of events was 18 to35
month olds in the combined setting. The RR was 1.30,
and the 90% CI was 1.01 to 1.67. Over the 42-day
observation period, there was no temporal relationship
with vaccination.

There was at least one analysis demonstrating in-
creased risk for the diagnostic categories of musculo-

TABLE 3. Prespecified grouped diagnoses associated with significantly increased risk for CAIV recipients when analyzed by
age group, utilization setting, and dose*

Prespecified Grouped Diagnosis Age (yr) Utilization
Setting† Dose‡

No. of Participants Rate/1000 Person-mo§
(CAIV/Placebo)

Binomial Relative
Risks§CAIV (n/N) Placebo (n/N)

Acute respiratory tract events 9–17 ED 1¶ 10/2704 0/1347 2.66/0 NE (1.92, NE)�
Acute gastrointestinal tract events 9–17 ED 1¶ 10/2704 0/1347 2.66/0 NE (1.92, NE)

* A significantly increased risk is defined by a lower bound of the 90% CI �1.
† Analyses were performed separately by setting (clinic, ED or hospital) and combined across the three settings.
‡ Analyses were performed separately by dose (one or two) and combined across doses.
§ Based on participant incidence.
¶ Participants 9 to 17 years of age received a one dose regimen.
� Numbers in parentheses, 90% CI.
NE, not estimable because of D events occurring in the placebo group, ED, Emergency Department.

TABLE 4. Medical adverse events associated with statistically significantly increased risk in CAIV recipients*

Medical Adverse Events Age Utilization
Setting† Dose‡

No. of Participants Rate per
1000-Person

mo§
(CAIV/Placebo)

Binomial
Relative Risks§CAIV

(n/N)
Placebo
(n/N)

URI 1–17 yr ED 1 11/6473 0/3216 1.35/0 NE (2.14, NE)¶
URI 1–8 yr ED 1 9/3769 0/1869 2.05/0 NE (1.70, NE)
URI 18–35 mo Combined Combined 153/728 60/369 88.90/68.64 1.30 (1.01, 1.67)
Asthma 18–35 mo Clinic Combined 15/728 2/369 8.72/2.29 3.81 (1.20, 16.82)
Asthma 18–35 mo Clinic 1 9/728 0/369 10.54/0 NE (1.74, NE)
Asthma 18–35 mo Combined Combined 16/728 2/369 9.30/2.29 4.06 (1.29, 17.86)
Asthma 18–35 mo Combined 1 10/728 0/369 11.71/0 NE (1.95, NE)
Musculoskeletal pain 18–35 mo Clinic Combined 7/728 0/339 4.07/0 NE (1.30, NE)
Musculoskeletal pain 18–35 mo Clinic 1 7/728 0/369 8.20/0 NE (1.30, NE)
Abdominal pain 1–17 yr ED Combined 14/6473 1/3216 1.11/0.16 6.94 (1.52, 73.81)
Abdominal pain 9–17 yr ED 1� 7/2704 0/1347 1.86/0 NE (1.28, NE)
Otitis media with

effusion
1–8 yr Clinic 2 49/3242 15/1600 10.86/6.73 1.61 (1.001, 2.67)

Adenitis/adenopathy 9–17 yr Clinic 1� 8/2704 0/1347 2.13/0 NE (1.49, NE)
Benign lesion 1–8 yr Clinic 1 14/3769 2/1869 3.19/0.92 3.48 (1.08, 15.42)
Elective procedure 1–8 yr Clinic 2 27/3242 6/1600 5.99/2.69 2.22 (1.08, 4.95)
Enuresis 1–17 yr Clinic Combined 15/6473 2/3216 1.18/0.32 3.72 (1.17, 16.42)
Enuresis 1–8 yr Clinic Combined 10/3769 1/1869 1.12/0.23 4.95 (1.04, 53.92)
Enuresis 1–8 yr Clinic 2 7/3242 0/1600 1.55/0 NE (1.27, NE)
Speech delay 1–17 yr Clinic 1 8/6473 0/3216 0.98/0 NE (1.49, NE)
Speech delay 1–8 yr Clinic 1 7/3769 0/1869 1.59/0 NE (1.28, NE)
UTI 9–17 yr Clinic 1� 15/2704 1/1347 3.98/0.53 7.47 (1.65, 79.06)
Seborrhea 1–17 yr Clinic Combined 6/6473 0/3216 0.47/0 NE (1.06, NE)
Otitis externa 1–8 yr Clinic 1 6/3769 0/1869 1.37/0 NE (1.06, NE)
Warts 1–17 yr Clinic Combined 57/6473 17/3216 4.50/2.71 1.66 (1.06, 2.66)

* A significantly increased risk is defined by a lower bound of the 90% CI �1.
† Analyses were performed separately by setting (clinic, ED or hospital) for all listed medical adverse events and combined across the three settings (Combined) for URI, asthma and

abdominal pain.
‡ Analyses were performed separately by dose (1 or 2) and combined across doses (combined).
§ Based on participant incidence.
¶ Numbers in parentheses, 90% CI.
� Participants 9 to 17 years of age received a 1 dose regimen.
NE, not estimable because of 0 events occurring in the placebo group; ED, Emergency Department; UTI, urinary tract infection.
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skeletal pain, otitis media with effusion and adenitis/
adenopathy. In each of these categories, the number of
events was small. When these diagnostic categories
were evaluated for a temporal relationship with vacci-
nation, no consistent time association was observed.
However, because otitis media with effusion is a
chronic disorder without an acute onset, evaluating
time association therefore is difficult.

When the children with enuresis, speech delay and
seborrhea were reviewed, each of these children had a
history of these conditions before receipt of vaccine.
The majority of children with otitis externa and uri-
nary tract infection had an etiologic agent identified.
The children hospitalized for elective procedures were
each receiving treatment for conditions identified be-
fore trial participation.

The diagnostic categories with observed decreased
risk ratios are shown in Table 5. As can be seen,
decreased relative risks were observed for 51 compar-
isons compared with 24 with elevated risk ratios. Some
of the comparisons with significantly decreased rela-
tive risks included the same diagnostic categories for
which elevated risks were observed in other compari-
sons tending to decrease the likelihood of a true causal
relationship with vaccination.

The rate of SAE was 0.2% and equally distributed
between vaccine (13 of 6473) and placebo (7 of 3216).
No SAE in vaccine recipients was judged related to
CAIV.

DISCUSSION
Several studies have evaluated the efficacy of cold-

adapted intranasal influenza vaccines in chil-
dren.12, 13, 18–22 A recent study also reported on the
safety of the CAIV in children.22 Our study was de-
signed exclusively to evaluate the safety of this vaccine
in children and adolescents. In this study there was
utilization for 170 unique diagnoses resulting in �1500
statistical analyses (Tables 4 and 5). Therefore one
would expect some observations to achieve statistical

significance by chance alone. Many of the diagnoses
that achieved significance were not thought to be
biologically plausible by the investigators.

There were six individual diagnoses that were asso-
ciated with increased risk and were believed to be
biologically plausible: asthma; URI; abdominal pain;
musculoskeletal pain; adenitis/adenopathy; and otitis
media with effusion.

We observed an increased risk of asthma in young
children 18 to 35 months of age after receipt of CAIV. It
is possible that the long period of replication, up to 21
days, observed by Vesikari et al.23 could also be asso-
ciated with an increased risk of reactive airway disease
in this age group. This increased risk of asthma with
CAIV has potential significance for the use of vaccine
in young children with a history of or who are predis-
posed to asthma. It is possible that use of vaccine in
children �3 years of age, who are more likely to be
influenza-naive, could be associated with induction of
wheezing. Additional studies in asthmatics and in
young children to evaluate a possible risk of reactive
airway disease are warranted. The CAIV vaccine has
been licensed and is now available for healthy individ-
uals 5 to 49 years of age for the 2003 to 2004 influenza
virus season. Because of the increased risk for medi-
cally attended asthma visits observed in this study in
young children, the manufacturer did not seek an
initial indication in children �5 years of age.

There was an increased risk of abdominal pain in the
vaccine group in the emergency department setting but
a decreased risk in the clinic and in the combined
settings. The lack of close temporal relationship be-
tween abdominal pain and vaccination also makes it
unlikely that the vaccine is a cause of abdominal pain.

The increased risk observed in the vaccine group for
musculoskeletal pain, adenitis/adenopathy and otitis
media with effusion were thought to be biologically
plausible. However, in each case it was reported in only
a small number of the total analyses for each diagnosis,
and the incidence of each diagnosis was low (2.13
visits/1000 person-months for adenitis/adenopathy,
8.20 visits/1000 person-months for musculoskeletal
pain and 10.86 visits/1000 person-months for otitis
media with effusion in the vaccine group for the anal-
ysis identified as at increased risk). The CAIV may be
associated with these diagnoses, but its impact appears
small.

Conjunctivitis did not appear to be at increased risk
during the 42-day observation period (RR 0.65; 90% CI
0.44 to 0.96), but on evaluation of the first 14 days
postvaccination it did appear to have an increased risk.
This evaluation was conducted because of the close
proximity of the eye to the administration site. This
risk occurred for both vaccine doses and was most
significant for younger children. The overall number of
conjunctivitis events was small: 15 of 2716 vaccine

FIG. 1. Asthma in all settings combined by day after vaccina-
tion for participants 18 to 35 months of age, all doses combined.
Note different scale for the Y axis (number of events) used to
account for 2:1 randomization ratio.
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recipients (0.55%) after the first dose in children 12 to
77 months of age; and 13 of 1244 vaccine recipients (1.0%)
after the second dose in children 12 to 47 months. All
cases of conjunctivitis were mild. Further virologic stud-
ies of this outcome would seem warranted.

Increased rates of runny nose/nasal congestion have
been reported in other CAIV trials.24 In our study of
medically attended events, there was an increased risk
of URI in only 3 of 41 analyses. URI was most frequent
for 18 to 35 month olds in the combined setting for an

incidence rate of 88.9 visits/1000 person-months in the
vaccine group vs. 68.6 visits/1000 person-months in the
placebo group. This observation in this age group is
consistent with reports by Vesikari et al.23 which
demonstrated that in contrast to the very short lived
replication of CAIV in older individuals and adults,
viral replication may continue for 1 week or more in
young children. We hypothesize that this longer repli-
cation could be associated with the URI symptoms
observed.

TABLE 5. Medical adverse events associated with statistically significantly decreased risk in CAIV recipients*

Medical Adverse Events Age Utilization
Setting† Dose‡

No. of Participants Rate/1000
Person-mo§

(CAIV/
Placebo)

Binomial Relative
Risks§CAIV

(n/N)
Placebo
(n/N)

ADD 1–8 yr Clinic 2 5/3242 7/1600 1.11/3.14 0.35 (0.13, 0.94)¶
Abdominal pain 1–8 yr Clinic 1 8/3769 11/1869 1.82/5.04 0.36 (0.16, 0.78)
Abdominal pain 1–8 yr Combined 1 10/3769 12/1869 2.28/5.50 0.41 (0.20, 0.85)
Acute gastroenteritis 1–17 yr Clinic 1 37/6473 28/3216 4.54/6.90 0.66 (0.44, 0.997)
Acute gastroenteritis 12–17 mo Clinic 1 0/171 3/90 0/28.29 0 (0, 0.61)
Acute gastroenteritis 12–17 mo Combined 1 0/171 3/90 0/28.29 0 (0, 0.61)
Behavioral disorder 1–8 yr Clinic 2 2/3242 5/1600 0.44/2.24 0.20 (0.04, 0.78)
Conjunctivitis 1–8 yr Clinic 2 42/3242 32/1600 9.31/14.36 0.65 (0.44, 0.96)
Conjunctivitis 1–8 yr Combined 2 42/3242 32/1600 9.31/14.36 0.65 (0.44, 0.96)
Constipation 1–17 yr Clinic 1 15/6473 15/3216 1.84/3.70 0.50 (0.27, 0.92)
Constipation 1–17 yr Combined 1 15/6473 15/3216 1.84/3.70 0.50 (0.27, 0.92)
Constipation 9–17 yr Clinic 1� 1/2704 6/1347 0.27/3.20 0.08 (0.01, 0.44)
Constipation 9–17 yr Combined 1� 1/2704 6/1347 0.27/3.20 0.08 (0.01, 0.44)
Contact dermatitis 1–8 yr Clinic Combined 16/3769 15/1869 1.80/3.40 0.53 (0.29, 0.96)
Cough 1–17 yr Clinic Combined 30/6473 24/3216 2.37/3.82 0.62 (0.39, 0.98)
Cough 1–17 yr Combined Combined 30/6473 24/3216 2.37/3.82 0.62 (0.39, 0.98)
Diarrhea 1–17 yr Clinic 1 6/6473 8/3216 0.74/1.97 0.37 (0.15, 0.92)
Diarrhea 1–8 yr Clinic 1 5/3769 7/1869 1.14/3.21 0.35 (0.13, 0.95)
Eczema 12–17 mo Clinic Combined 0/171 3/90 0/14.43 0 (0, 0.60)
Febrile Illness 1–17 yr Clinic Combined 9/6473 13/3216 0.71/2.07 0.34 (0.16, 0.70)
Febrile Illness 1–8 yr Clinic Combined 8/3769 12/1869 0.90/2.72 0.33 (0.15, 0.70)
Febrile Illness 1–8 yr Clinic 2 2/3242 6/1600 0.44/2.69 0.16 (0.03, 0.62)
Gingivitis 1–17 yr Clinic 1 5/6473 7/3216 0.61/1.73 0.36 (0.13, 0.95)
Gingivitis 1–17 yr Clinic Combined 6/6473 9/3216 0.47/1.43 0.33 (0.13, 0.80)
Gingivitis 1–8 yr Clinic Combined 6/3769 8/1869 0.67/1.81 0.37 (0.15, 0.92)
Gynecologic disorder 9–17 yr Clinic 1 6/2704 9/1347 1.59/4.80 0.33 (0.13, 0.80)
Migraine 9–17 yr Clinic 1 4/2704 6/1347 1.06/3.220 0.33 (0.11, 0.98)
Otitis media 1–8 yr ED 2 9/3242 10/1600 2.00/4.49 0.44 (0.20, 0.96)
Pharyngitis 1–8 yr Clinic 2 60/3242 43/1600 13.30/19.30 0.69 (0.50, 0.99)
Pharyngitis 1–8 yr Combined 2 62/3242 43/1600 13.74/19.30 0.71 (0.51, 0.99)
Pharyngitis 1–8 yr Clinic Combined 123/3769 78/1869 13.81/17.69 0.78 (0.62, 0.99)
Pharyngitis 1–8 yr Combined Combined 125/3769 79/1869 14.04/17.91 0.78 (0.62, 0.99)
Thrush 1–8 yr Clinic 2 3/3242 7/1600 0.67/3.14 0.21 (0.06, 0.66)
Thrush 1–8 yr Clinic Combined 8/3769 9/1869 0.90/2.04 0.44 (0.19, 0.997)
Tonsillitis 1–17 yr Clinic 1 1/6473 6/3216 0.12/1.48 0.08 (0.01, 0.43)
Tonsillitis 1–17 yr Combined 1 2/6473 6/3216 0.25/1.48 0.17 (0.03, 0.62)
Tonsillitis 1–17 yr Clinic Combined 2/6473 6/3216 0.16/0.95 0.17 (0.03, 0.62)
Tonsillitis 1–17 yr Combined Combined 3/6473 6/3216 0.24/0.95 0.25 (0.07, 0.80)
Tonsillitis 1–8 yr Clinic 1 1/3769 6/1869 0.23/2.75 0.08 (0.01, 0.43)
Tonsillitis 1–8 yr Combined 1 1/3769 6/1869 0.23/2.75 0.08 (0.01, 0.43)
Tonsillitis 1–8 yr Clinic Combined 2/3769 6/1869 0.22/1.36 0.17 (0.03, 0.62)
Tonsillitis 1–8 yr Combined Combined 2/3769 6/1869 0.22/1.36 0.17 (0.03, 0.62)
Trauma 1–17 yr ED Combined 73/6473 51/3216 5.76/8.12 0.71 (0.53, 0.96)
Trauma 1–17 yr ED 1 49/6473 36/3216 6.01/8.87 0.50 (0.28, 0.87)
Trauma 1–8 yr ED 1 18/3769 18/1869 4.10/8.25 0.63 (0.43, 0.93)
Trauma 1–8 yr ED Combined 42/3769 33/1869 4.72/7.48 0.73 (0.60, 0.91)
Viral syndrome 1–17 yr Clinic Combined 154/6473 104/3216 12.16/16.55 0.56 (0.40, 0.77)
Viral syndrome 1–8 yr Clinic 2 54/3242 48/1600 11.97/21.54 0.56 (0.40, 0.77)
Viral syndrome 1–8 yr Clinic Combined 115/3769 81/1869 12.91/18.37 0.70 (0.55, 0.89)
Viral syndrome 18–35 mo Clinic 2 12/622 13/317 13.84/29.42 0.47 (0.24, 0.92)
Well care/reassurance/FU 1–8 yr ED 1 4/3769 7/1869 0.91/3.21 0.28 (0.09, 0.81)

* A significantly decreased risk is defined by an upper bound of the 90% CI �1.
† Analyses were performed separately by setting (clinic, ED or hospital) for all listed medical adverse events and combined across the three settings (Combined) for URI, asthma and

abdominal pain.
‡ Analyses were performed separately by dose (1 or 2) and combined across doses (Combined).
§ Based on participant incidence.
¶ Numbers in parentheses, 90% CI.
� Participants 9 to 17 years of age received a 1-dose regimen.
ADD, attention deficit disorder; ED, Emergency Department; NE, not estimable because of 0 events occurring in the placebo group.
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Large studies such as this one, where medical visits
recorded in health care utilization databases are the
outcomes of interest, can be a very effective means of
evaluating vaccine safety. The clinical significance of
medical events with increased risk and biologic plausi-
bility for association with vaccination, however, is most
appropriately considered in the context of an assess-
ment of overall risk and benefit. In addition large
studies of this type serve to generate hypotheses for
evaluation in subsequent follow-up studies. Influenza
vaccine is the most effective strategy presently avail-
able to prevent influenza. As we try to improve our
vaccine coverage of already identified high risk groups,
target additional high risk groups and promote vacci-
nation in all segments of the population, an intranasal,
even potentially self-administered influenza vaccine
would be of great benefit. The CAIV appears to be safe
in children �3 years of age and in adolescents. The
significance of a possible increased risk of reactive
airway disease observed in our study awaits further
investigation.

REFERENCES
1. Glezen WP, Paredes A, Taber LH. Influenza in children:

relationship to other respiratory agents. JAMA 1980;243:
1345–9.

2. Neuzil KM, Mellen BG, Wright PF, Mitchel EF, Griffin MR.
The effects of influenza on hospitalization, outpatient visits,
and courses of antibiotics in children. N Engl J Med 2000;
342:225–31.

3. Izurieta HS, Thompson WW, Kramarz P, et al. Influenza and
the rates of hospitalization for respiratory disease among
infants and young children. N Engl J Med 2000;342:232–9.

4. Longini IM Jr, Koopman JS, Monto AS, Fox JP. Estimating
household and community transmission parameters for influ-
enza. Am J Epidemiol 1982;115:736–51.

5. Glezen WP, Couch RB, Interpandemic influenza in the Hous-
ton area, 1974–76. N Engl J Med 1978;298:587–92.

6. Fox JP, Cooney Mk, Hall CE, Foy HM. Influenzavirus infec-
tions in Seattle families, 1975–1979: II. Pattern of infection in
invaded households and relation of age and prior antibody to
occurrence of infection and related illness. Am J Epidemiol
1982;116:228–42.

7. Bridges CB, Fukuda K, Uyeki TM, Cox NJ, Singleton JA.
Prevention and control of influenza: recommendations of the
Advisory Committee on Immunization Practices. MMWR
Recomm Rep 2002;51:1–31.

8. Maassab HF, Heilman CA, Herlocher ML. Cold-adapted
influenza viruses for use as live vaccines for man. Adv
Biotechnol Processes 1990;14:203–42.

9. Couch RB, Advances in influenza virus vaccine research. Ann
NY Acad Sci 1993;686:803–12.

10. Clancy RL. Mucosal vaccines for the prevention of influenza.
Drugs 1995;50:587–94.

11. Belshe RB A review of attenuation of influenza viruses by
genetic manipulation. Am J Respir Crit Care Med 1995;152:
S72–5.

12. Belshe RB, Mendelman PM, Treanor J, et al. The efficacy of
live attenuated, cold-adapted, trivalent, intranasal influen-
zavirus vaccine in children. N Engl J Med 1998;338:1405–12.

13. Belshe RB, Gruber WC, Mendelman PM, et. al. Efficacy of
vaccination with live attenuated, cold-adapted, trivalent,
intranasal influenza virus vaccine against a variant (A/
Sydney) not contained in the vaccine. J Pediatr 2000;136:
168–75.

14. Maassab HF, DeBorde DC. Characterization of an influenza
A host range mutant. Virology 1983;130:342–50.

15. Maassab HF, Kendal AP, Abrams GD, Monto AS. Evaluation
of a cold-recombinant influenza virus vaccine in ferrets.
J Infect Dis 1982;146:780–90.

16. Donabedian AM, DeBorde DC, Maassab HF. Genetics of
cold-adapted B/AnnArbor/1/66 influenza virus reassortants:
the acidic polymerase (PA) protein gene confers temperature
sensitivity and attenuated virulence. Microb Pathog 1987;3:
97–108.

17. Guess HA, Lydick EG, Small RD, Miller LP. Epidemiologic
programs for computers and calculators. Exact binomial
confidence intervals for the relative risk in follow-up studies
with sparsely stratified incidence density data. Am J Epide-
miol 1987;125:340–7.

18. Clements ML, Makhene MK, Karron RA, et al. Effective
immunization with live attenuated influenza A virus can be
achieved in early infancy. J Infect Dis 1996;173:44–51.

19. Edwards KM, Dupont WD, Westrich MK, et al. A randomized
controlled trial of cold-adapted and inactivated vaccines for
the prevention of influenza A disease. J Infect Dis 1994;169:
68–76.

20. Gruber WC, Belshe RB, King JC, et al. Evaluation of live
attenuated influenza vaccines in children 6–18 months of
age: safety, immunogenicity, and efficacy. J Infect Dis 1996;
173:1313–9.

21. Swierkosz EM, Newman FK, Anderson EL, Nugent SL, Mills
GB, Belshe RB. Multidose, live attenuated, cold-recombinant,
trivalent influenza vaccine in infants and young children.
J Infect Dis 1994;169:1121–4.

22. Piedra PA, Yan L, Kotloff K, Zangwill K, et al. Safety of the
trivalent, cold-adapted influenza vaccine in preschool-aged
children. Pediatrics 2002;110:662–72.

23. Vesikari T, Karvonen A, Korhonen T, et al. A randomized,
double blind, placebo-controlled trial of the safety, transmis-
sibility and phenotype stability of a live attenuated cold-
adapted influenza virus vaccine (CAIV-T) in children attend-
ing day care [Abstract G-450]. In: 41st Interscience
Conference on Antimicrobial Agents and Chemotherapy, Chi-
cago, December 16 to 19, 2001. Washington, DC: American
Society for Microbiology, 2001.

24. Mendelman PM, Cordova J, Cho I. Safety, efficacy and
effectiveness of the influenza virus vaccine, trivalent, types A
and B, live, cold adapted (CAIV-T) in healthy children and
healthy adults. Vaccine 2001;19:2221–6.

144 Vol. 23, No. 2, February 2004THE PEDIATRIC INFECTIOUS DISEASE JOURNAL



ORIGINAL STUDIES

Comparison of the Efficacy and Safety of Live Attenuated
Cold-Adapted Influenza Vaccine, Trivalent, With Trivalent

Inactivated Influenza Virus Vaccine in Children and
Adolescents With Asthma

Douglas M. Fleming, MB, ChB, PhD,* Pietro Crovari, MD,† Ulrich Wahn, MD,‡
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Background: Despite their potential for increased morbidity, 75%
to 90% of asthmatic children do not receive influenza vaccination.
Live attenuated influenza vaccine (LAIV), a cold-adapted, temper-
ature-sensitive, trivalent influenza vaccine, is approved for preven-
tion of influenza in healthy children 5 to 19 years of age. LAIV has
been studied in only a small number of children with asthma.
Methods: Children 6 to 17 years of age, with a clinical diagnosis of
asthma, received a single dose of either intranasal CAIV-T (an
investigational refrigerator-stable formulation of LAIV; n � 1114)
or injectable trivalent inactivated influenza vaccine (TIV; n � 1115)
in this randomized, open-label study during the 2002–2003 influenza
season. Participants were followed up for culture-confirmed influ-
enza illness, respiratory outcome, and safety.
Results: The incidence of community-acquired culture-confirmed
influenza illness was 4.1% (CAIV-T) versus 6.2% (TIV), demon-
strating a significantly greater relative efficacy of CAIV-T versus
TIV of 34.7% (90% confidence interval �CI� 9.4%–53.2%; 95% CI �
3.9%–56.0%). There were no significant differences between treat-

ment groups in the incidence of asthma exacerbations, mean peak
expiratory flow rate findings, asthma symptom scores, or nighttime
awakening scores. The incidence of runny nose/nasal congestion
was higher for CAIV-T (66.2%) than TIV (52.5%) recipients. Approx-
imately 70% of TIV recipients reported injection site reactions.
Conclusions: CAIV-T was well tolerated in children and adoles-
cents with asthma. There was no evidence of a significant increase
in adverse pulmonary outcomes for CAIV-T compared with TIV.
CAIV-T had a significantly greater relative efficacy of 35% com-
pared with TIV in this high-risk population.

Key Words: influenza, asthma, cold-adapted influenza vaccine,
trivalent, children

(Pediatr Infect Dis J 2006;25: 860–869)

Children with asthma are at increased risk of complica-
tions when infected with respiratory pathogens, includ-

ing influenza, and experience excess morbidity and mortality
during influenza outbreaks.1,2 Asthmatic children are also
more likely to require hospitalization for influenza3–5 and to
experience asthma exacerbations after influenza illness.6 Al-
though routine influenza vaccination is recommended in all
high-risk children,7 75% to 90% of children with asthma
remain unvaccinated.8,9

Injectable trivalent inactivated influenza vaccine (TIV)
is the only vaccine currently approved for use in high-risk
children and adolescents. Few trials have specifically evalu-
ated the efficacy of TIV in children with asthma. Reported
efficacy rates for TIV in children younger than 5 years range
from 12% to 83%.10 In an efficacy trial of TIV in children
between 2 and 14 years of age with asthma, efficacy rates of
67.5% for influenza A (H3N2) and 43.7% for influenza B
were demonstrated.11 Results of studies evaluating the effect
of TIV administration on symptoms and pulmonary function
in children with asthma have been mixed.12–18

Live attenuated influenza vaccine (LAIV, FluMist;
MedImmune, Gaithersburg, MD) is a cold-adapted, temper-
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ature-sensitive, trivalent influenza vaccine currently approved
for prevention of influenza in healthy children between 5 and
19 years of age.19–21 To date, the safety of LAIV has been
studied in only a small number of children with asthma.22 A
potential association between LAIV administration and in-
creased risk of asthma has been observed.23,24

The objective of the present study was to compare the
safety and efficacy of a single dose of CAIV-T, an investi-
gational refrigerator-stable formulation of LAIV, with TIV
during a single influenza season in children and adolescents
aged 6 to 17 years with asthma.

MATERIALS AND METHODS
Vaccines. CAIV-T (lot no. 7-6169-003A) was supplied by
Wyeth (Marietta, PA) and consisted of 3 cold-adapted attenu-
ated reassortant strains, representing the hemagglutinin (HA)
and neuraminidase antigens of the A/New Caledonia/20/99
(H1N1), A/Panama/2007/99 (H3N2), and B/Hong Kong/330/01
influenza strains. The HA and neuraminidase antigens of the
wild-type influenza strains used to generate the CAIV-T reas-
sortants were antigenically representative of viruses recom-
mended by the World Health Organization for the 2002–2003
influenza season: A/New Caledonia/20/99-like, A/Moscow/10/
99-like (A/Panama/2007/99), and B/Hong Kong/330/01-like
strains. Each dose was formulated to contain approximately 107

fluorescent focus units of the three 6:2 influenza reassortant virus
strains in 0.2 mL. After manufacture, the vaccine was stored
frozen and shipped to the study sites at 2°C to 8°C, where it was
stored at that temperature until just before intranasal administra-
tion using a spray applicator (0.1 mL into each nostril).

Licensed TIV, types A and B, split virion (lot no.
W06431), was obtained from Aventis Pasteur (Lyon, France)
and contained antigens identical to or antigenically representa-
tive of the World Health Organization recommendations for the
2002–2003 influenza season, specifically A/New Caledonia/20/
99–IVR-116, 15 �g HA per one 0.5-mL dose; A/Panama/2007/
99–RESVIR-17, 15 �g HA per 1 0.5-mL dose; and B/Shang-
dong/7/97 (B/Hong Kong/330/01-like strain), 15 �g HA per 1
0.5-mL dose. TIV was administered by intramuscular injection
according to the manufacturer’s dosing instructions.
Subjects. Children 6 to 17 years of age with a clinical
diagnosis of asthma were eligible for enrollment. Asthma was
defined as an International Classification of Diseases, Ninth
Revision diagnosis code of 493 plus 1 or more prescriptions
for asthma medication that were administered within the
previous 12 months. Asthma medication was defined as
inhaled and oral � agonists; theophylline; inhaled, oral, and
injected steroids; cromolyn; other unclassified asthma medi-
cations; and antibiotics used for treatment of respiratory
illness associated with a wheezing episode.

Exclusion criteria included serious chronic disease (in-
cluding progressive neurologic disease) and known or sus-
pected disease of the immune system or current receipt of
immunosuppressive therapy, including high-dose systemic
corticosteroids. Subjects receiving high doses of systemic
corticosteroids given daily or on alternate days, for 14 days or
more, were excluded from vaccination until corticosteroid
therapy was discontinued for at least 1 month. High doses

were defined as 2 mg/kg per day or more of prednisolone or
its equivalent, or 20 mg or more daily if the subject weighed
more than 10 kg.
Study Design. This phase III, randomized, open-label, active-
controlled study was conducted at 145 study sites in Belgium,
Finland, Germany, Greece, Israel, Italy, the Netherlands,
Norway, Poland, Portugal, Spain, Switzerland, and the
United Kingdom from October 4, 2002, to May 31, 2003. The
study was conducted in accordance with the International
Conference on Harmonisation Harmonised Tripartite Guide-
line for Good Clinical Practice, the Declaration of Helsinki,
and national and local laws. The protocol was approved by
the independent ethics committee at each site, and written
informed consent was obtained from each subject or his or
her parent or guardian. Enrollment took place over a period of
6 weeks, commencing on October 4, 2002.

All subjects underwent a screening period of at least 7
days, during which baseline asthma parameters were assessed
(Fig. 1). Subjects were then randomized 1:1 to receive a
single intranasal dose of CAIV-T or an intramuscular injec-
tion of licensed TIV. Randomization was accomplished using
an automated interactive voice response system.

During the screening period and for 15 days postvac-
cination, subjects were monitored daily by their parents or
guardians, and information was recorded using diary cards as
follows: peak expiratory flow rate (PEFR) was measured 3
times each morning, before any asthma medication was
received. Daily asthma symptom scores were assessed in the
evening before the subject went to sleep and were based on a
4-point scale on which 0 � no symptoms, 1 � occasional
symptoms, 2 � frequent symptoms, and 3 � continuous
symptoms. Nighttime awakening scores were assessed each
morning. The subject, parents, or guardians described the
frequency of asthma-related nighttime awakenings using the
following 4-point scale: 0 � fine; 1 � slept well, slight
wheeze or cough; 2 � awake 2 to 3 times, wheeze or cough;
3 � bad night, awake most of the time. Any asthma medi-
cations used were also recorded. In addition, symptoms of
asthma exacerbations were collected during surveillance for
influenza-like symptoms.

During the surveillance phase, from day 14 after vac-
cination until approximately May 31, 2003, subject(s)/par-
ent(s)/legal guardian(s) were contacted weekly to determine
whether the subject met the criteria for an illness visit and
nasal swab as defined in the protocol. Surveillance for influ-
enza-like symptoms consisted of telephone contacts, clinic
visits, or home visits, as applicable. Nasal swab viral culture
was required if subjects exhibited fever (�38°C oral temper-
ature), pulmonary congestion, pneumonia, or ear infection
(acute otitis media, suspected or diagnosed). Nasal swab viral
cultures were also required if subjects showed 2 or more of
the following: shortness of breath, runny nose or nasal con-
gestion (rhinorrhea), sore throat (pharyngitis), cough, muscle
aches, chills, headache, irritability, decreased activity, vom-
iting, increase in wheezing or increased use of medication to
treat wheezing. Cultures could also be obtained at the inves-
tigators’ clinical discretion. Subjects who met the criteria for
nasal swab viral culture were to have a clinic or home visit
within 4 days after the onset of the illness. Specimens were
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cultured, typed, and subtyped by specific primary testing
laboratories throughout Europe. Virus-positive specimens
were shipped to the sponsor (Wyeth Vaccines Research, Pearl
River, NY) for further identification. Influenza isolates were
identified using HA inhibition assay and polymerase chain
reaction (PCR) sequencing methods similar to those previ-
ously described for influenza H3N2 and B viruses.25,26 If the
2 methods yielded different results, the PCR sequence was
used to determine antigenic similarity to the vaccine.

Adverse events (AEs) were recorded on the diary card
and were defined for this study as any clinically significant
event (following administration of the vaccine dose), includ-
ing but not limited to the following events: (1) those that
required prescription or nonprescription medication within 15
days postvaccination (days 0–14), (2) those that required an
unscheduled healthcare provider visit or consultation within
28 days of vaccination, (3) those that resulted in study
termination, or (4) any other clinically significant event
occurring at any point during the study period. Serious AEs
(SAEs) were monitored through completion of the surveil-
lance phase (May 31, 2003) and included events that resulted
in death, were life threatening, resulted in subject hospital-
ization or prolongation of existing hospitalization, resulted in
persistent or significant disability or incapacity, resulted in can-
cer, or resulted in congenital anomaly or birth defect (in the
offspring of a vaccine recipient). Additionally, important
medical events that may not have resulted in death, were not
life threatening, or did not require hospitalization could have
been considered SAEs when, according to appropriate med-
ical judgment, they jeopardized the patient or subject and
required medical or surgical intervention to prevent one of the
outcomes listed above.

Reactogenicity events—predefined events that could
occur after vaccine administration—were recorded for 15
consecutive days after study vaccination. Events to be re-
corded were fever (oral temperature �38°C), runny nose/

nasal congestion, sore throat, cough, wheeze, vomiting,
change in activity level, appetite change, irritability, abdom-
inal pain/stomachache, headache, chills, and muscle aches.
For subjects receiving TIV, the presence or absence of red-
ness, swelling, and/or pain around the injection site was also
recorded. Reactogenicity events that met the criteria for an
AE or SAE as described above were also recorded as such.
Study End Points. The primary efficacy end point was the
incidence of culture-confirmed influenza illness caused by a
community-acquired subtype antigenically similar (as deter-
mined by serologic methods and/or PCR sequencing) to that
in the vaccine. Secondary end points were the incidence of
culture-confirmed influenza illness caused by any influenza
virus subtype, the use of any prescribed medication or anti-
biotics, incidence of unscheduled healthcare provider visits,
incidence of hospitalizations, and number of days missed
from school or work.

The primary safety end point was the incidence of
asthma exacerbation, defined as acute wheezing illness asso-
ciated with hospitalization, any unscheduled clinical visit, or
any new prescription (including rescue medication). This
information was collected on the diary card and/or from
telephone contacts during the surveillance phase. Secondary
safety end points were (1) recurrent episodes during the
surveillance period of acute wheezing illness associated with
hospitalization, unscheduled clinical visit, or increased or
new asthma medication use (medically required increase in
daily dosage of currently prescribed asthma medication or
newly prescribed asthma medication); (2) the first asthma
exacerbation episode within 42 days; (3) PEFR scores; (4)
nighttime awakenings (or sleep scores); and (5) asthma symp-
tom scores. The PEFR values, sleep scores, and asthma
scores were recorded on the diary card for at least 7 consec-
utive days before vaccination and for 15 days after vaccina-
tion. Asthma exacerbations were defined as acute wheezing
illness associated with hospitalization, unscheduled clinic

FIGURE 1. Study design. CAIV-T indi-
cates cold-adapted influenza vaccine,
trivalent; TIV, trivalent inactivated in-
fluenza vaccine.
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visits, or new prescriptions. New prescriptions were defined
as medically required increases in daily dosage of currently
prescribed asthma medication or medically required newly
prescribed asthma medications.
Statistical Analysis. The study, with a sample size of 1760
subjects (880 per study group), was designed to have at least
80% power to reject a hypothesis of clinical nonequivalence
for the incidence of asthma exacerbation during the surveil-
lance period and 90% power to demonstrate noninferiority for
the primary efficacy end point of the noninferiority test
(CAIV-T versus TIV). The standards for noninferiority were
that the lower bound of a 90% confidence interval (CI) for
efficacy was higher than �0.5, and the bounds for a 90% CI
for the rate difference for safety were within �5%. For
superiority, a 95% CI was used.

For efficacy analysis, 2 populations were defined: intent
to treat (all subjects who received a vaccination) and per
protocol (subjects who received vaccination as randomized,
with no major protocol violations). Efficacy estimates for
influenza were based on illness episodes that occurred from
15 days after vaccination until the end of the surveillance
period (approximately May 31, 2003). Efficacy of CAIV-T
relative to TIV was defined in terms of incidence rates as 1 �
IC/IT, where IC is the case incidence rate for the CAIV-T
group and IT is similarly defined for the TIV group. Exact,
2-sided 90% (for noninferiority) and 95% (for superiority)
CIs were constructed using the binomial distribution condi-
tional on the total number of cases observed. Efficacy against
the pharmacoeconomic end points was assessed by similar
methods for noninferiority.

The safety population consisted of all subjects who
received at least 1 dose of study vaccine and was divided by
treatment group (CAIV-T versus TIV) according to vaccine
actually received. For safety, the noninferiority of CAIV-T
relative to TIV was assessed using 2 analyses of incidence of
asthma exacerbation.

The first analysis determined the difference in inci-
dence of asthma exacerbation between treatment groups us-
ing 2-sided 90% CIs. CIs at the 95% level for assessing
superiority of 1 treatment over the other were calculated as
exploratory analyses. If the bounds of the 2-sided 90% CI
were within the equivalence criterion of �5%, the effects of
the 2 vaccines on asthma exacerbation were judged equiva-
lent. If the bounds of the 2-sided 95% CI did not include 0,
the effects were considered different. Assessments of inci-
dence of asthma exacerbation within a limited period of 42
days after vaccination were exploratory and were performed
to allow comparison with other studies.

The second analysis was an exploratory analysis of
incidence of asthma exacerbation using the proportional haz-
ard model of survival analysis to account for the duration
from the start of surveillance until the first episode of asthma
exacerbation. This was calculated for CAIV-T relative to TIV
as 1 minus relative risk.

The difference in incidence rates of asthma exacerba-
tion for the 2 treatment groups was estimated by exact
methods, using Chen’s method in StatXact (Cytel, Inc., Cam-
bridge, MA). Other analyses used the proportional hazard
model of survival analysis to take into account the duration

from the start of surveillance until the first episode or between
episodes. If the bounds of a 2-sided 90% CI were within the
equivalence criterion of �5%, the effects of the vaccines on
asthma exacerbation were judged equivalent. If the bounds of
a 2-sided 95% CI did not include 0, the effects were consid-
ered different. The result of the analysis of all episodes of
asthma exacerbation was expressed similarly for CAIV-T
relative to TIV as 1 minus relative risk, using the Andersen-
Gill model for multiplicative hazards of recurrent events.

Several summary measures of PEFR were compared,
with adjustment for baseline for the 2 treatment groups.
Ninety percent CIs were computed by either Student t test or
Chen’s method. For nighttime awakenings, the frequencies of
scores by day and treatment were tabulated. The incidences
of subjects with at least 1 bad night in the 2 treatment groups
were compared by Chen’s method. For daily asthma scores,
the frequencies of scores by day and treatment were tabu-
lated. The incidences of subjects with at least 1 day of
continuous asthma symptoms in the 2 treatment groups were
compared by Chen’s method. The incidence of fever, sys-
temic reactions, and AEs was analyzed using a Fisher exact
test.

RESULTS
A total of 2311 subjects were screened, 2229 of whom

were randomized to treatment and make up the intent-to-treat
population (CAIV-T, n � 1114; TIV, n � 1115; Fig. 1).
Baseline characteristics for the intent-to-treat population, in-
cluding asthma history, are summarized in Table 1. The
groups were balanced for demographic variables (sex, age,
and ethnic origin) and asthma history (age at diagnosis,
hospitalizations for asthma, previous use of corticosteroids
for asthma, and current asthma medications). The per-proto-
col efficacy population consisted of 2211 subjects (99.2%)
who received treatment as randomized without major proto-
col violations: 1109 in the CAIV-T group and 1102 in the
TIV group.
Influenza Illness and Pharmacoeconomic End Points. There
were 2450 illness visits documented during the study period:
1255 in CAIV-T recipients and 1195 in TIV recipients.
During these visits, 2353 nasal swabs were collected (1201
from CAIV-T recipients, 1152 from TIV recipients, repre-
senting 95.7% and 96.4% of illness visits in each group,
respectively); 99.2% of these yielded conclusive results for
each group. Overall, 129 positive cultures were obtained from
128 swabs; 1 swab from a TIV recipient was positive for both
influenza AH3N2 and B virus. Serotype could be identified
by PCR for 95.3% of positive cultures and by serology for
63.6% of positive cultures. Distribution of culture-confirmed
influenza by week and treatment is summarized in Figure 2.
The surveillance period for influenza infection began 14 days
after vaccine administration (per protocol). However, 4 sub-
jects presenting with respiratory symptoms within 14 days of
vaccination were cultured. No wild-type influenza virus was
recovered. H1N1 and B vaccine virus was recovered from 1
subject each; both of these were CAIV-T recipients.

The incidence of influenza caused by strains antigeni-
cally similar to vaccine strains in the per-protocol population
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was 46 (4.1%) of 1109 subjects in the CAIV-T group and 70
(6.4%) of 1102 subjects in the TIV group (Table 2). Strains
isolated during surveillance included A/New Caledonia/20/
99-like (H1N1), A/Panama/2007/99-like (H3N2), B/Hong
Kong/1351/02-like, and B/Hong Kong/330/01-like, all of
which were considered identical to or antigenically similar to
the vaccine strains and A/Fujian/411/2002-like (H3N2). The
overall relative efficacy of CAIV-T versus TIV was 34.7%
(90% CI � 9.4%–53.2%; 95% CI � 3.9%–56.0%), indicat-
ing that CAIV-T was significantly more effective than TIV.
Type B virus predominated during this study. Individually,
greater efficacy for CAIV-T compared with TIV was sug-
gested for the A/H1 and B strains but not for the A/H3 strains;
there was a similar incidence of A/H3 in both treatment
groups. Similar results were seen for efficacy against any
influenza subtype; overall efficacy of CAIV-T was 31.9%
greater than TIV (90% CI � 6.6%–50.6%) (Table 2).

CAIV-T and TIV showed no demonstrable difference
in efficacy against pharmacoeconomic end points related to
respiratory illness, as summarized in Table 3. The small

number of subjects who required hospitalization precludes an
assessment of efficacy using number of hospitalizations as an
end point.
Asthma Events. No significant difference between the
CAIV-T and TIV groups was observed in the incidence of
asthma exacerbations after vaccination. The observed inci-
dence of asthma exacerbation during the entire study period
was 31.2% for CAIV-T and 29.6% for TIV (90% CI � �1.6
to 4.8; 95% CI � �2.2 to 5.4). The incidence of asthma
exacerbation occurring within 42 days after vaccination was
also comparable for both treatment groups, with an estimate
of the percentage point difference in incidence of �0.1 (90%
CI � �2.4 to 2.2; 95% CI � �2.8 to 2.6). Similar results
were observed for all episodes of asthma exacerbation, with
a difference in rate per 100 subjects of �11.7 (90% CI �
�27.2 to 1.9; 95% CI �30.4 to 4.3). In the majority of
subjects, asthma exacerbation episodes were associated with
unscheduled clinic visits and new prescriptions rather than
hospitalizations (Fig. 3).

No significant differences were observed between treat-
ment groups in mean PEFR findings, asthma symptom scores,
or nighttime awakening scores. The majority of subjects in
both groups reported no asthma symptoms (score 0) during
screening and through 15 days postvaccination, with similar
proportions of subjects in each group having a score of 0.
Reactogenicity Events and AEs. The incidence of reactoge-
nicity events for CAIV-T and TIV is shown in Table 4.
Overall, 84.2% of CAIV-T recipients and 78.9% of TIV
recipients reported at least 1 reactogenicity event within 15
days after vaccination. The percentage of subjects experienc-
ing each event was similar between treatment groups, except
for runny nose/nasal congestion (66.2% CAIV-T versus
52.5% TIV; P � 0.001) and wheeze (19.5% CAIV-T versus
23.8% TIV; P � 0.020) (Table 4). A total of 70.8% of TIV
recipients experienced some type of local reaction at the
injection site within 15 days after vaccination; 59.8% of TIV
recipients experienced injection site pain.

TABLE 1. Baseline Characteristics (All Randomized
Subjects)

Characteristic

Treatment Group

CAIV-T,
n � 1114

TIV,
n � 1115

Sex, n (%)
Girls 420 (37.7) 392 (35.2)
Boys 694 (62.3) 723 (64.8)

Age at vaccination, yr
Mean (SD) 11.1 (2.9) 10.9 (3.0)
Range 6.0–17.8 6.0–17.9

Ethnic origin, n (%)
White 1091 (97.9) 1089 (97.7)
Black 9 (0.8) 8 (0.7)
Asian 3 (0.3) 4 (0.4)
Indian subcontinent 7 (0.6) 2 (0.2)
Other 4 (0.4) 12 (1.1)

Asthma history
Age at diagnosis, yr

Mean (SD) 4.7 (3.2) 4.8 (3.2)
Range 0.0–16.0 0.0–16.0
Subjects ever hospitalized for

asthma, n (%)
340 (31) 349 (31)

Subjects ever using corticosteroids
for asthma, n (%)

485 (44) 481 (43)

Subjects currently taking
medications for asthma, n (%)

Inhaled or oral � agonist (short
acting)

793 (71.2) 790 (70.9)

Inhaled or oral � agonist (long
acting)

356 (32.0) 361 (32.4)

Theophylline 14 (1.3) 10 (0.9)
Inhaled corticosteroids 772 (69.3) 767 (68.8)

With an inhaled or oral �
agonist (long acting) or
theophylline or a leukotriene
receptor antagonist

394 (35.4) 401 (36.0)

Leukotriene receptor antagonist 157 (14.1) 179 (16.1)
Systemic corticosteroids 21 (1.9) 14 (1.3)
Cromoglycate and related

products
98 (8.8) 102 (9.1)

Unclassified asthma medication 48 (4.3) 58 (5.2)
Antibiotics used for treatment of

respiratory illness*
16 (1.4) 16 (1.4)

SD, standard deviation.
*Associated with a wheezing episode.

FIGURE 2. Number of episodes of culture-confirmed influ-
enza (per-protocol population). CAIV-T indicates cold-
adapted influenza vaccine, trivalent; TIV, trivalent inactivated
influenza vaccine.
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The difference between treatment groups for the inci-
dence of AEs through 15 days and 28 days postvaccination
was less than 1 percentage point, except for rhinitis and
headache. Both of these events had a higher incidence among
CAIV-T recipients than among TIV recipients through 15
days postvaccination (7.4% versus 3.9% for rhinitis; 6.5%
versus 4.2% for headache), with similar trends noted for both
events through 28 days postvaccination (Table 5). The inci-
dence of central nervous system AEs other than headache was
low (�0.3% in either group) through both 15 and 28 days
postvaccination.

Only 1.8% of CAIV-T recipients and 1.7% of TIV
recipients experienced SAEs. The most common SAEs re-
ported were respiratory, with a 0.9% incidence in both treat-
ment groups. A total of 4 SAEs were reported as probably
related to study vaccine by a study investigator or medical
monitor. These included 3 events in CAIV-T recipients:
pneumonia associated with a severe asthma attack (2 days
postvaccination), acute pansinusitis (93 days postvaccina-

tion), and a painful gland behind the left ear (43 days
postvaccination). The other related SAE was hyperglycemia
with nausea, which occurred in a TIV recipient 3 hours after
vaccination.

DISCUSSION
This is the first study to compare directly a single dose

of inactivated injectable (TIV) and an investigational formu-
lation of live intranasal (CAIV-T) vaccination in preventing
culture-confirmed influenza among asthmatic children. In this
study, the relative efficacy of CAIV-T was significantly
greater compared with TIV: 35% for influenza strains anti-
genically similar to those in the vaccine and 32% for all
influenza strains. These results are consistent with data from
a study comparing CAIV-T and TIV in a younger population

TABLE 2. Efficacy Against Community-Acquired Culture-Confirmed Influenza Illness

Influenza Subtype

Subjects With Culture-
Confirmed Illness, n

(%)
Efficacy

CAIV-T TIV % (90% CI)* (95% CI)*

Antigenically similar to those in
the vaccine

Per-protocol population
Any strain 46 (4.1) 70 (6.4) 34.7 (9.4–53.2) (3.9–56.0)
A/H1 0 (0.0) 5 (0.5) 100.0 (18.5–100.0) (�8.4 to 100.0)
A/H3 12 (1.1) 12 (1.1) 0.6 (�111.7 to 53.4) (�141.8 to 59.2)
B 34 (3.1) 53 (4.8) 36.3 (6.6–56.8) (0.1–59.8)

Intent-to-treat population
Any strain 46 (4.1) 70 (6.3) 34.2 (8.7–52.9) (3.2–55.7)

Any community-acquired subtypes
Per-protocol population

Any strain 50 (4.5) 73 (6.6) 31.9 (6.6–50.6) (1.1–53.5)
A/H1 0 (0.0) 6 (0.5) 100.0 (35.7–100.0) (15.6–100.0)
A/H3 17 (1.5) 13 (1.2) �29.9 (�157.2 to 33.3) (�190.9 to 40.6)
B 35 (3.2) 55 (5.0) 36.8 (8.0–56.9) (1.6–59.8)

Intent-to-treat population
Any strain 50 (4.5) 74 (6.6) 32.4 (7.3–50.9) (1.9–53.7)

*Exact CI conditioned on the total number of cases.

TABLE 3. Vaccine Efficacy Against Pharmacoeconomic
End Points Related to Respiratory Illness

End Point

Treatment Group
% Efficacy
(90% CI)†CAIV-T,

n (%)*
TIV,

n (%)*

Use of any
medications or
antibiotics

303 (27.3) 297 (27.0) �1.3 (�16.2 to 11.7)

Unscheduled
healthcare
provider visits

607 (0.7) 599 (0.7) �0.6 (�10.8 to 8.6)

Hospitalizations 0 (0.0) 2 (0.2) 100.0 (�244.7 to 100.0)
Days off school/work 1178 (1.4) 1075 (1.3) �9.2 (�17.2 to �0.8)

*Number of incidents or number of days with the event. Correspondingly, percent-
ages are based on the number of subjects or total surveillance days.

†Exact CI conditional on the total number of incidents or number of days.

FIGURE 3. Asthma exacerbations occurring within 42 days
of vaccination. CAIV-T indicates cold-adapted influenza vac-
cine, trivalent; TIV, trivalent inactivated influenza vaccine.
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of children (aged 6–71 months) with a history of recurrent
respiratory tract illnesses, in which a statistically significant
relative efficacy of 53% was observed for CAIV-T over
TIV.27 Although the reasons for higher observed relative
efficacy for CAIV-T were not evaluated in these trials,
induction of innate and specific mucosal immunity, as well as
other factors, may play a role.

Because there was no placebo group in the current
study, the absolute efficacy of each vaccine cannot be calcu-
lated. Absolute rates have been reported in previous placebo-
controlled trials of TIV,10,11,28,29 live intranasal vaccine
(LAIV, FluMist),30,31 and the investigational refrigerator-
stable formulation CAIV-T32,33 in various populations. A
relative efficacy advantage for CAIV-T and LAIV compared
with placebo was observed both for influenza strains matched
to the vaccine and for all community-acquired strains. In the
current trial, the majority of influenza cases were caused by
type B viruses, and thus relative efficacy against these viruses
predominated.

Overall, both vaccines appeared safe and well tolerated
in the study population. Reactogenicity events and AEs
reported in the current study were as expected, according to
previous LAIV and TIV data in children10,34: there was an
increase in runny nose/nasal congestion noted for LAIV
recipients (66% versus 53%), and injection site reactions
were noted for the majority (71%) of TIV recipients.

Children with asthma have a high rate of complications
associated with influenza infection, including hospitalization
and exacerbation of their underlying disease.1–6 Although the
risk of asthma exacerbations after inactivated influenza vac-
cination has been studied in several large trials,12–18 little is
known about the risk after vaccination with live attenuated
vaccine. In a large-scale safety trial in healthy children and
adolescents, administration of the frozen formulation of
LAIV was reportedly associated with an increased risk of
asthma/reactive airways disease in children aged 18 to 35
months and with a significantly reduced risk in children 5
years of age and older.23,24 The study was designed initially
to include only healthy children and was not prospectively
designed to address the issue of asthma/wheezing exacerba-
tion; a number of questions about the issue thus remained. A
small, randomized, double-blind, placebo-controlled trial in
children with moderate to severe asthma (N � 48) found no
significant difference in asthma measures (eg, forced expira-
tory volume in 1 second, PEFR, use of medications, and
clinical scores) with CAIV-T compared with placebo.22 In a
large, open-label, community-based study in which almost
19,000 doses of LAIV were administered to more than 11,000
children 18 months to 18 years of age, 10% of whom had a
history of mild intermittent asthma, reactive airway disease,
or wheezing illness, LAIV was found to be well tolerated by
all age groups.35 In this study, 190 comparisons were made
without adjustment for multiple comparisons. No increased
relative risk of asthma was observed in any age group in the
period 0 to 14 days after LAIV vaccination. An increased
relative risk for asthma events compared with a prevaccina-
tion reference period was reported in year 1 in children 18
months to 4 years of age 15 to 42 days postvaccination
(relative risk, 2.85; 95% CI � 1.01–8.03). No increase was

TABLE 5. Adverse Events Reported in �1% of Vaccine
Recipients (All Randomized Subjects)

AE

Incidence, n (%)

P Value*CAIV-T
(n � 1115)

TIV
(n � 1114)

�15 d after vaccination
Any AE 283 (25.4) 222 (19.9) 0.002

Respiratory AEs
Any 189 (17.0) 146 (13.1) 0.013
Rhinitis 82 (7.4) 43 (3.9) 0.000
Coughing 40 (3.6) 40 (3.6) 1.000
URTI 39 (3.5) 31 (2.8) 0.395
Pharyngitis 37 (3.3) 34 (3.1) 0.810
Bronchospasm 31 (2.8) 30 (2.7) 1.000

AEs � 2
Fever 26 (2.3) 27 (2.4) 0.891
Headache 72 (6.5) 47 (4.2) 0.023
Abdominal pain 19 (1.7) 14 (1.3) 0.484

�28 d after vaccination
Any event 369 (33.1) 307 (27.6) 0.005

Respiratory AEs
Any 253 (22.7) 211 (18.9) 0.032
Rhinitis 103 (9.2) 61 (5.5) 0.001
URTI 63 (5.7) 56 (5.0) 0.572
Coughing 62 (5.6) 57 (5.1) 0.706
Pharyngitis 49 (4.4) 47 (4.2) 0.917
Bronchospasm 44 (3.9) 48 (4.3) 0.672
Bronchitis 11 (1.0) 8 (0.7) 0.646

Nonrespiratory Aes
Abdominal pain 20 (1.8) 15 (1.3) 0.496
Gastroenteritis 12 (1.1) 4 (0.4) 0.076
Headache 80 (7.2) 55 (4.9) 0.033
Vomiting 14 (1.3) 6 (0.5) 0.114
Fever 35 (3.1) 37 (3.3) 0.812
Otitis media 12 (1.1) 5 (0.4) 0.142

URTI, upper respiratory tract infection.
*Two-sided Fisher exact test.

TABLE 4. Number (%) of Subjects Reporting Systemic
Reactogenicity Events Within 15 Days After Vaccination

Reactogenicity
Event

Treatment Group

P Value†CAIV-T
(n � 940–1086),

n (%)*

TIV
(n � 936–1071),

n (%)*

Fever‡ �38°C 60 (6.3) 55 (5.8) 0.701
Fever‡ �39.1°C 7 (0.7) 10 (1.1) 0.477
Fever‡ �40.0°C 1 (0.1) 0 (0.0) 1.000
Runny nose or nasal

congestion
719 (66.2) 562 (52.5) 0.000

Sore throat 322 (30.4) 285 (27.3) 0.124
Cough 474 (44.3) 497 (46.9) 0.240
Vomiting 72 (6.9) 63 (6.1) 0.533
Decreased activity 247 (23.1) 228 (21.8) 0.498
Decreased appetite 178 (16.8) 180 (17.3) 0.817
Wheeze 206 (19.5) 249 (23.8) 0.020
Irritability 158 (14.9) 131 (12.7) 0.145
Headache 429 (40.1) 391 (37.0) 0.154
Stomachache 266 (25.3) 230 (22.2) 0.100
Chills 158 (14.9) 134 (13.0) 0.207
Muscle ache 184 (17.4) 202 (19.7) 0.176
Medication to

prevent fever
76 (7.5) 83 (8.3) 0.563

Medication to treat
fever

78 (7.7) 71 (7.1) 0.671

Any event§ 904 (84.2) 828 (78.9) 0.002

*n, Number of subjects with known values.
†Two-sided Fisher exact test.
‡Oral temperature.
§Does not include the administration of fever medication.
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observed in asthma relative risk in children 18 months to 4
years of age in the subsequent 3 vaccine years.

The current study described in this paper was large and
included only children with asthma (aged 6–18 years). Ap-
proximately 70% of study participants were taking inhaled
steroids, more than 40% had a history of systemic steroid
treatment, and 31% previously required hospitalization for
asthma. A major finding was that no significant differences
were observed in asthma exacerbations, mean PEFR, asthma
symptom scores, or nighttime awakening scores between
CAIV-T and TIV. Although the forced expiratory volume in
1 second is considered a more reliable measure than PEFR,
the PEFR results in this study were consistent with other
clinical outcome measures and with an earlier safety study of
CAIV-T in children and adolescents with moderate to severe
asthma.22 Because certain upper respiratory tract infections
such as rhinovirus infections are a known cause of asthma
exacerbations,36 evaluation of the risk of LAIV and asthma
exacerbation is an important aspect of the risk/benefit of the
vaccine. Although the sample size of the current trial cannot
exclude any risk of asthma/wheezing exacerbation after
CAIV-T in children with asthma, exacerbations are likely to
be no more frequent than those after TIV, which is currently
recommended for influenza immunization of children with
asthma. Findings are also consistent with the above men-
tioned study comparing CAIV-T and TIV in a younger
population of children (aged 6–71 months) with a history of
recurrent respiratory tract illnesses; no differences were ob-
served in wheezing illness between vaccine groups in this
population of younger children.27 In conclusion, this study
demonstrated that CAIV-T was well tolerated in children
with asthma. There was no evidence of significant increase in
pulmonary outcomes for CAIV-T compared with TIV.
CAIV-T had a significantly greater relative efficacy of 35%
compared with TIV in this high-risk population.
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ABSTRACT 

Background: This study was designed to evaluate the efficacy and safety of cold-adapted 

influenza vaccine, trivalent (CAIV-T) against culture-confirmed influenza in children 12 to <36 

months of age during 2 consecutive influenza seasons at multiple sites in Asia. 

Methods: In year one, 3174 children 12 to <36 months of age were randomized to receive 2 

doses of CAIV-T (n=1900) or placebo (n=1274) intranasally ≥28 days apart. In year two, 2947 

subjects were re-randomized to receive 1 dose of CAIV-T or placebo.  

Results: Mean age at enrollment was 23.5±7.4 months. In year 1, efficacy of CAIV-T compared 

with placebo was 72.9% (95% confidence interval [CI]: 62.8%, 80.5%) against antigenically 

similar influenza subtypes, and 70.1% (95% CI: 60.9%, 77.3%) against any strain. In year 2, 

revaccination with CAIV-T demonstrated significant efficacy against antigenically similar 

(84.3%; 95% CI: 70.1%, 92.4%) and any (64.2%; 95% CI: 44.2%, 77.3%) influenza strains. In 

year 1, fever, runny nose/nasal congestion, decreased activity and appetite, and use of fever 

medication were more frequent with CAIV-T after dose 1. Runny nose/nasal congestion after 

dose 2 (year 1) and dose 3 (year 2) and use of fever medication after dose 3 (year 2) were the 

only other events reported significantly more frequently in CAIV-T recipients. 

Conclusions: CAIV-T was well tolerated and effective in preventing culture-confirmed 

influenza illness over multiple and complex influenza seasons in young children in Asia.
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INTRODUCTION  

Young children are a very high-risk group for influenza infection and related complications as 

well as being a viral reservoir during an influenza season.1-6 Despite the variable efficacy of 

trivalent, inactivated influenza vaccine (TIV) observed in children,7-9 especially younger, 

immunologically naïve children,10 the Advisory Committee on Immunization Practices of the 

United States Centers for Disease Control and Prevention has recommended that children 6 

months to 5 years of age be routinely vaccinated against influenza.11  

While the burden of influenza among children in tropical Asia appears similar to that 

elsewhere,12-14 a recent report on influenza-related hospitalization rates in children in Hong Kong 

demonstrated higher disease rates, exceeding those for temperate regions.15 Other unique 

characteristics in the region present considerable challenges to the development and effective 

implementation of an influenza vaccination policy in children.16 These include significant annual 

variability in both influenza seasonality and circulating influenza viruses. In addition, influenza 

appears to be endemic in some Asian areas with year-round infections as compared to temperate 

regions where the disease occurs as distinct seasonal outbreaks.17,18 With 2 of the past 3 

pandemics originating in the region, the need to reduce the burden of circulating influenza is of 

major global public health significance.19 However, even among adults, TIV has not 

demonstrated significant protection against antigenically drifted influenza viruses.20 This 

represents a significant challenge to the use of TIV in an environment of diverse circulating 

strains and potentially limits its effectiveness as a public health intervention among children in 

this region. Currently, the World Health Organization (WHO) makes no specific 

recommendations for strain composition of TIV for use in tropical Asia.21  

4 
  



Live attenuated intranasal influenza vaccines have been shown to elicit broad protective immune 

responses to influenza virus strains, including both systemic and specific mucosal antibodies.22 A 

frozen formulation of live attenuated influenza virus vaccine (LAIV; FluMist®, MedImmune, 

Gaithersburg, MD) has demonstrated protection against antigenically-drifted influenza in young 

children,23,24 and may offer in this region a more appropriate alternative for this age group. 

Therefore, the purpose of the trial reported here was to evaluate the efficacy of the refrigerated 

formulation of LAIV (cold-adapted influenza vaccine, trivalent; CAIV-T) against culture-

confirmed influenza in young children residing in South, Southeast, and East Asia during 

multiple influenza seasons over 2 years and to determine the durability and breadth of that 

protection. 

MATERIALS AND METHODS 

Design 

This prospective, randomized, double-blind, placebo-controlled, multicenter, crossover trial was 

conducted during 2 consecutive years at 16 sites in 8 countries (China, Hong Kong, India, 

Malaysia, the Philippines, Singapore, Taiwan, and Thailand) between September 30, 2000, and 

May 31, 2003. The study was conducted in accordance with the principles of Good Clinical 

Practice and the Declaration of Helsinki. Approvals for the original study protocol and all 

subsequent amendments were obtained from all Human Ethics Committees, Institutional Review 

Boards, and any regional or national Ethics Committees at participating centers as applicable, 

before the commencement of any protocol-related activities. Written informed consent was 

obtained from the parents or legal guardians of all infants prior to enrollment into the study.  
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Participants 

Children aged 12 to <36 months at enrollment who were in good health as determined by 

medical history, physical examination, and clinical judgment were eligible. Subjects with serious 

chronic disease, including progressive neurologic disease, Down’s syndrome or other 

cytogenetic disorder, or known or suspected disease of the immune system, and those with 

documented history of hypersensitivity to egg or egg protein were excluded. All subjects who 

completed the primary series of CAIV-T or placebo in year 1 and who continued to be free of 

exclusion criteria were eligible for re-randomization in year 2. 

Vaccine and Placebo 

CAIV-T reassortant vaccine strains were supplied by MedImmune Vaccines (Mountain View, 

CA). The refrigerated formulation of CAIV-T vaccine was manufactured and released by Wyeth 

(Marietta, PA). Each 0.2-mL dose contained approximately 107 median tissue culture infectious 

doses or equivalent fluorescent focus units of each 6:2 reassortant virus strain. The vaccine 

viruses were grown in specific pathogen-free eggs, purified, and formulated with sucrose-

phosphate-glutamate, acid-hydrolyzed porcine gelatin, and arginine as stabilizers. The vaccine 

contained no preservatives. Placebo consisted of sterile physiological saline manufactured by 

Wyeth (Marietta, PA). Vaccine and placebo were frozen and shipped to the study sites, where 

they were stored at 2ºC to 8ºC until just before intranasal administration using a spray applicator 

(approximately 0.1 mL in each nostril). Both CAIV-T and placebo were supplied in identically 

packaged sprayers; neither the study subjects, their parent(s)/guardian(s), or the clinical 

personnel were aware of the treatment being administered. 
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Vaccine composition was planned to be antigenically representative of the WHO 

recommendations for the Northern Hemisphere for each year. However, in year 1, due to 

industry-wide technical problems in the production of the A/H3N2/Moscow/10/99-like virus, 

A/H3N2/Panama/2007/99 vaccine virus, the recommended strain was replaced with 

A/H3N2/Sydney/05/97.25 This decision was based on the antigenic similarity of the 

hemagglutinin (HA) antigens, a WHO report indicating that A/H3N2/Sydney/05/97-like viruses 

were circulating prior to the 2000–2001 season,26 and previous clinical trials with the frozen 

formulation of LAIV that had demonstrated efficacy against mismatched influenza A/H3N2 

virus.23  

 

In year 2, because of delays in manufacture, the recommended B vaccine component, 

B/Victoria/504/2000 (B/Sichuan/379/99-like, Yamagata lineage), was replaced with 

B/Yamanashi/166/98 (Victoria lineage). Therefore, the B component of the second-year vaccine 

formulation was not antigenically representative of the B/Victoria/504/2000 (B/Sichuan/379/99-

like) virus recommended by the WHO for the upcoming influenza season. 

 

In year 1, subjects were randomized 3:2 (CAIV-T:placebo) to receive 2 doses of CAIV-T or 2 

doses of placebo at least 28 days apart using a randomization schedule generated by Wyeth. In 

year 2, subjects were re-randomized in a 1:1 ratio to receive a single dose of CAIV-T or placebo 

without consideration of their group assignment in the first year. A schematic representation of 

the study design (Figure S1) is presented in the web-only supplementary materials available at 

the journal’s web site. 
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Surveillance for Influenza Illness  

Surveillance for influenza-like illness was based on weekly telephone contacts, clinic visits, or 

home visits, beginning on the eleventh day after receipt of the first dose of study treatment and 

continued for 2 years until the end of the study. A nasal swab sample was obtained if subjects 

exhibited any predefined symptoms considered associated with an influenza-like illness.27  

Influenza seasons were defined by (1) the first and last positive cultures of the influenza season if 

there were sufficient number of cases of culture-confirmed influenza in a given country to 

identify a seasonal pattern, with random isolates occurring outside of this window being 

excluded, or (2) if no pattern was evident using influenza cultures, country-specific data from 

government sources or WHO surveillance data were used.   

Influenza-positive specimens obtained by culture were identified by the Centers for Disease 

Control and Prevention (Atlanta, GA). Additional strain and serotype identification was 

performed by Wyeth (Pearl River, NY) using virus genotype (years 1 and 2) and virus sequence 

(year 2) methods.28,29 

Efficacy estimates were based on illness episodes occurring during the influenza seasons as 

defined for each country during blind review and based on the weekly number of episodes of 

culture-confirmed influenza. 

Immunogenicity 

A subset of 111 subjects at 5 sites participated in an immunogenicity evaluation. The same 

subjects did not necessarily participate in the cohort in both years. Blood samples were obtained 

before and after the second vaccination in year 1, and before and after vaccination in year 2. 
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Samples were assayed for antibodies to influenza A/H1N1, A/H3N2, and B strains by 

hemagglutination inhibition assay (HAI). Reference viruses used for year 1 samples were A/New 

Caledonia/20/99 (H1), A/Sydney/5/97 (H3), and B/Yamanashi/166/98 and for year 2 samples 

were A/New Caledonia/20/99 (H1), A/Sydney/5/97 (H3), and B/Victoria/2/87. Seroconversion 

was defined as a ≥4-fold increase in antibody titer.30,31 

Safety Assessment  

Following administration of CAIV-T or placebo, parent(s)/legal guardian(s) recorded prompted 

postvaccination daily symptom information for 11 consecutive days including the day of 

administration. Other adverse events (AEs) occurring within 11 days following any study dose 

administration were also collected. 

An AE was defined as any clinically significant event, including but not limited to (1) events 

requiring prescription or nonprescription medication within 11 days of vaccination, (2) any event 

requiring an unscheduled healthcare provider visit and/or consultation within 11 days of 

vaccination, (3) events resulting in study termination, and (4) any other clinically significant 

event occurring at any time during the course of the study. Serious adverse events (SAEs), 

including hospitalizations, were monitored from enrollment until the end of the study. 

 

Statistical Analysis  

The sample size calculation assumed rates of culture-confirmed influenza in the placebo and 

CAIV-T groups (12% and 3% respectively) as previously reported,23 and a subject 

discontinuation rate of 60% or less over 2 years. A sample size of 3000 subjects (1800 in the 
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CAIV-T group and 1200 in the placebo group) permitted at least 90% power to demonstrate 45% 

efficacy at the 0.05 significance level.  

The randomization schedule for each year was generated by Wyeth Vaccines Research. In year 

1, vaccine and placebo were labeled with 1 of 5 treatment codes, 3 of which corresponded to 

CAIV-T treatment and 2 to placebo, to ensure blinding with a 3:2 ratio. At enrollment, each 

subject was assigned the next sequential subject number and received study product of the 

treatment code assigned to that subject number according to a preprinted randomization 

allocation list. In year 2, randomization at each site was accomplished using an interactive voice 

response system (IVRS). Trial personnel telephoned the IVRS system to obtain a 6-digit vaccine 

identification number corresponding to nasal sprays mailed to that site and numbered according 

to a predetermined randomization list.  

The per protocol (PP) population in year 1 included all randomized subjects who received all 

doses of assigned treatment and who remained in the study for at least 15 days after receiving the 

second dose of CAIV-T or placebo. The PP population in year 2 included all re-randomized 

subjects who received their assigned treatment and remained in the study for at least 15 days 

after vaccination in year 2. The intent-to-treat (ITT) population in year 1 included all subjects 

who were enrolled in the study and received at least 1 dose of study treatment. The year 2 ITT 

population included all subjects re-randomized in year 2.  

The primary efficacy end point was the first episode of culture-confirmed influenza illness 

caused by a subtype antigenically similar to that in the vaccine after receipt of the second dose of 

study vaccine or placebo during year 1 in the PP population. Secondary efficacy end points 

included the first episode of culture-confirmed influenza illness caused by any influenza virus 
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subtype after receipt of the second dose of study vaccine or placebo during year 1 and the first 

episode of culture-confirmed influenza caused by subtypes antigenically similar to vaccine 

components after completion of a primary series in year 1 and a single dose in year 2. An 

additional proposed secondary end point was to evaluate all episodes of clinically defined AOM, 

febrile AOM, and influenza-associated AOM. However, there were too few cases to provide 

adequate analysis. Immunologic seroconversion as measured by serum HAI was also evaluated. 

Geometric mean fold rise (GMFR) is defined as the relative increase in geometric antibody titers 

after vaccination over corresponding prevaccination titers. 

Vaccine efficacy against culture-confirmed influenza was defined as 1 – IV/IC, where IV is the 

case incidence for the CAIV-T group, and IC is similarly defined for the placebo group. For each 

estimate of vaccine efficacy, 95% confidence intervals (CI) were determined using the binomial 

distribution conditional on the total number of cases observed.  

All subjects who received ≥1 dose of study vaccine were evaluated for safety. Reactogenicity 

events were summarized for each dose and compared using a 2-sided Fisher exact test without 

adjustment for multiple comparisons. AEs within 11 days after dose administration were 

summarized. 

RESULTS 

Study Participants  

Enrollment occurred during a 10-week period beginning September 30, 2000; 3174 subjects 

(CAIV-T, n=1900; placebo, n=1274) were randomized. Participant flow is summarized in 
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Figure 1. The year 1 PP efficacy population consisted of 2764 subjects (1653 CAIV-T, 1111 

placebo). Demographic characteristics of this population are presented in Table 1.  

In year two, 2947 subjects were re-randomized to receive either a single dose of CAIV-T or 

placebo (Figure 1), administered during a 4- to 6-week period beginning November 9, 2001. The 

year 2 PP efficacy population consisted of 2527 subjects. An additional 69 subjects from year 1 

were not randomized in year 2 but were followed-up for safety and influenza surveillance 

throughout year 2. A more detailed summary of participant flow, including reasons for exclusion 

from the PP analysis in years 1 and 2 is presented in the web-only supplementary materials 

(Figure S2) available at the journal’s web site. 

 

Culture-Confirmed Influenza  

The pattern of influenza seasons in participating countries during the 2-year period from October 

2000 through October 2002 is summarized in Figure 2.  

Circulating Strain Variants 

A high percentage (29.2%) of year 1 influenza B viruses were considered antigenically distinct 

from the vaccine, while 99.2% of circulating influenza A/H1N1 viruses were antigenically 

similar to those in the vaccine. All B cultures in year 1 that were classified as antigenically 

similar were identified by the Centers for Disease Control and Prevention as being similar to 

B/Sichuan/379/99, a strain that is related but antigenically distinguishable from the year 1 

vaccine strain, B/Yamanashi. Over 77% of year 2 influenza B viruses were antigenically distinct 

from those of the vaccine. Circulating strains isolated from participating subjects at all sites by 

month are summarized in the lower panel of Figure 2. 
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Vaccine Efficacy: Year 1 

Per-protocol vaccine efficacy against culture-confirmed influenza in year 1 is summarized in 

Table 2. The incidence of influenza caused by strains antigenically similar to vaccine was 3.4% 

and 12.5% in the CAIV-T and placebo groups, respectively. Overall efficacy of CAIV-T against 

influenza viruses antigenically similar to those in the vaccine was 72.9% (95% CI: 62.8%, 

80.5%). Statistically significant vaccine efficacy was observed against all 3 circulating viruses 

antigenically similar to the vaccine, influenza A/H1N1 (80.9%) and AH3N2 (90.0%), and B 

(44.3%). Overall, vaccine efficacy against any influenza strain was 70.1% (95% CI: 60.9%, 

77.3%), with vaccine efficacy against any A/H1N1, A/H3N2, or B strain being similar to that 

against viruses antigenically similar to the vaccine (81.1%, 84.3% and 43.1% respectively). Only 

0.8% of CAIV-T recipients had confirmed cases of influenza caused by drifted strains (n=14 

cases, all influenza B) and 1.6% of placebo recipients (n=18 cases, 17 B and 1 A/H1). Although 

it did not achieve statistical significance, vaccine efficacy against all influenza strains that were 

confirmed to be antigenically dissimilar to the vaccine was 47.7% (95% CI: –11.2%, 75.9%).  

Durability of Protection  

Malaysia and the Philippines experienced late influenza outbreaks in year 1. Malaysia 

experienced an initial influenza outbreak of primarily A/H3N2 and B strains between October 

26, 2000 and March 1, 2001; this outbreak was then followed by an outbreak of A/H1N1 

between August 7, 2001 and November 16, 2001. This second outbreak occurred 7.5 to 12.5 

months after the second vaccine dose in year 1 and vaccine efficacy was 85.1% (95% CI: 28.2, 

98.4) against antigenically similar strains. In the Philippines, there was 1 week between 

November 13, 2000 and November 20, 2000 in which there were no cases of influenza in the PP 
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population. Subsequently, an A/H1N1, A/H3N2, and B outbreak occurred between June 7, 2001 

and November 26, 2001. This outbreak occurred 5.5 to 13 months following the second dose and 

vaccine efficacy was 69.4% (95% CI: 42.4, 84.5) against antigenically similar strains. A 

combined analysis of these 2 seasons in Malaysia and the Philippines yielded a vaccine efficacy 

of 72.9% (95% CI: 51.5, 85.5).  

Vaccine Efficacy: Year 2 

Pair-wise comparisons of the 4 study groups were performed to highlight the effects of different 

vaccination regimens on vaccine efficacy against antigenically similar and any influenza viruses 

in year 2 (Table 3).  

Efficacy of 2 Doses 

In the United States, a 2-dose regimen of the frozen formulation of CAIV-T (FluMist®, 

MedImmune) is indicated for previously-unvaccinated children 5 through 8 years of age, and a 

single dose is indicated in subsequent years. In the current study of Asian children 12 to <36 

months of age at enrollment, annual vaccination during 2 successive years (2 doses of CAIV-T in 

year 1 and 1 dose of CAIV-T in year 2) provided significant efficacy against both antigenically 

similar (84.3%; 95% CI: 70.1%, 92.4%) and any (64.2%; 95% CI: 44.2%, 77.3%) influenza 

strain compared with no vaccination (2 doses of placebo in year 1 and 1 dose of placebo in year 

2). Efficacy against antigenically similar A/H3N2 influenza strains was 86.3% (95% CI: 71.4%, 

94.1%). There were insufficient cases to accurately assess and draw conclusions for efficacy 

against antigenically similar or any A/H1 and B subtypes.  
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Revaccination in the second year (CAIV-T/CAIV-T) yielded greater efficacy against 

antigenically similar influenza strains than vaccination in the first year only (CAIV-T/placebo). 

The estimated efficacy benefit of a second year revaccination against antigenically similar strains 

compared with vaccination in the first year only was 64.2% (95% CI: 28.9%, 83.2%).  

Durability of Protection 

The persistence of protection afforded by 2 doses of CAIV-T was demonstrated comparing the 

CAIV-T /placebo and placebo/placebo groups. The overall efficacy of 56.2% (95% CI: 30.5%, 

72.7%) against antigenically similar strains indicates that a primary series of 2 doses of CAIV-T 

elicits an immune response capable of protecting against influenza for 2 years in many but not all 

children. 

Efficacy of a Single Dose 

A full series of vaccinations over 2 years (CAIV-T/CAIV-T) was more protective than a single 

dose of CAIV-T in year 2 (placebo/CAIV-T). Relative efficacy against culture-confirmed 

influenza subtypes antigenically similar to the vaccine was 60.9% (95% CI: 15.9%, 82.6%). 

However, a single dose of CAIV-T in year 2 (placebo/CAIV-T) was superior to no vaccination at 

all (placebo/placebo) with an efficacy of 59.9% (95% CI: 31.3%, 77.4%) against antigenically 

similar strains. 

Immunogenicity Assessment  

The immunogenicity results are presented in Table 4. After 2 doses in year 1, CAIV-T elicited 

significant anti-influenza antibody responses compared with placebo. Seroconversion rates were 

higher among seronegative subjects for all influenza strains. 
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For year 2, the seroconversion rates and fold-increases in geometric mean titers (GMTs) were 

statistically significant only for treatment groups that received CAIV-T in year 2 (Table 5), 

irrespective of serologic status before vaccination or the vaccination received in year 1. 

Seronegative subjects receiving CAIV-T and tested for antibody in year 2 had statistically 

significant fold-increases in GMTs for all virus subtypes.  

 

Safety Evaluation  

Reactogenicity events are summarized in Table 6. There was a significantly higher frequency of 

fever ≥37.5°C (22.0% vs 17.6%; P=0.004), runny nose/nasal congestion (62.0% vs 52.0%; 

P<0.001), decreased activity (13.4% vs 10.7%; P=0.026), decreased appetite (24.2% vs 19.7%; 

P=0.003), and use of fever medication (21.3% vs 18.4%; P=0.044) following the first dose of 

CAIV-T in year 1, when compared with placebo. There was no significant difference between 

treatment groups for fever ≥38.6%. Following dose 2 in year 1, runny nose/nasal congestion was 

the only event that was reported by a significantly higher (P=0.030) proportion of CAIV-T 

(49.8%) than placebo recipients (45.6%).  

Similar results were observed after vaccination in year 2, with a higher incidence of runny 

nose/nasal congestion (62.0% vs 55.4%, P=0.001) and use of fever medication (P=0.019) in 

CAIV-T recipients.  

Among AEs occurring within 11 days after vaccination, only fever was reported more frequently 

(P=0.003) in year 1 after the first dose of CAIV-T than placebo (15.4% vs 11.7%). There were 

no differences in AEs reported after the second dose. After dose 1 in year 2, fever was again the 

only event more common in CAIV-T recipients (12.7% vs 9.8%, P=0.017). 
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In year 1, SAEs were uncommon in both treatment groups, with no significant differences 

between the CAIV-T and placebo groups (P=0.516). The most frequently reported year 1 SAEs 

were bronchospasm (7 CAIV-T, 3 placebo), bronchitis (3 CAIV-T, 2 placebo), and rhinitis (3 

CAIV-T, 0 placebo). There was only 1 reported SAE in year 2 in a child who was hospitalized 

with pneumonia 6 days after receiving CAIV-T. Only 1 subject discontinued because of a safety-

related event: a 20-month-old female developed fever that persisted for 3 days and was judged to 

be possibly related to study medication, 2 days after receiving the first dose of CAIV-T in year 1. 

There were 2 deaths in the study, both in year 1. One child died of an unknown cause after a 

brief illness approximately 4 months after receiving the second dose of placebo. The second 

child died from an accidental drowning 15 days after receipt of the first dose of CAIV-T. Neither 

death was considered related to study vaccine.   

 

DISCUSSION 

This clinical trial is a comprehensive evaluation of the efficacy of live attenuated influenza 

vaccine in young children. The trial has established that the rates of culture-confirmed influenza 

in young children across the region are similar to those reported in the United States using the 

same illness criteria,23,27 and is the first demonstration for any influenza vaccine of efficacy  

against all 3 influenza virus subtypes (A/H1N1, A/H3N2, and B) circulating during the same 

influenza season. Further, in 2 countries, 2 doses of CAIV-T administered in year 1 conferred 

protection against antigenically similar A/H1N1, A/H3N2, and B strains that was comparable to 

the efficacy seen in the overall study, despite the fact that the outbreaks occurred 5.5 to 13 

months after the second vaccine dose. Additionally, significant protection was demonstrated 

against antigenically similar influenza A/H3N2 virus over a second year of the trial (up to 23 
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months after the second dose). However, the decline in the level of protection over time, and the 

beneficial effect of another dose in the second year, clearly supports the value of annual 

vaccination. 

Although CAIV-T demonstrated efficacy against all community-acquired influenza strains, this 

study was not designed to specifically evaluate efficacy against antigenically drifted strains. 

Indeed, statistical significance was not achieved for efficacy against influenza caused by viral 

strains that were confirmed to be dissimilar to the vaccine perhaps because of the small number 

of cases in this study. However, other studies have shown efficacy against mismatched influenza 

strains.23,32 

As observed with the frozen formulation of CAIV-T in older children, the refrigerated 

formulation of CAIV-T was highly effective in eliciting serum antibody responses as measured 

by HAI, with the strongest responses detected in children considered seronegative for influenza. 

After vaccination in year 2, increased seroconversion and HA titers to A/H1N1 and B strains 

were observed only in CAIV-T recipients. Increases observed in subjects who were seropositive 

in year 2 before vaccination, illustrate the ability of CAIV-T to provide an immune boost on 

subsequent immunization and confirm that the ability to develop an immune response is not 

adversely affected by prior vaccination with that strain.  

Administration of multiple doses of CAIV-T to children 12 to <36 months of age was safe and 

well tolerated. After the first dose in year 1, the incidence of reactogenicity events such as runny 

nose/nasal congestion, decreased appetite, decreased activity, and the use of fever medications 

were statistically greater in CAIV-T recipients than the background rates reported by placebo 

recipients. However, the relative differences in incidence were low, ranging from 10% for nasal 
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congestion to 2.7% for decreased activity. SAEs were infrequent and similar between CAIV-T 

and placebo recipients.  

Our findings are consistent with other reports of the efficacy and safety of  CAIV-T in young 

children.33-35 In a placebo-controlled trial of healthy children 6 to <36 months of age attending 

day care at sites throughout Europe and Israel, CAIV-T reduced the incidence of influenza 

caused by antigenically similar influenza strains by 85% after 2 doses of vaccine in year 1 and by 

89% after a single dose of vaccine in year 2.33 In a comparative study with TIV in children 6 to 

71 months of age with a history of recurrent respiratory tract infections, CAIV-T resulted in 

52.7% fewer cases of influenza caused by strains antigenically similar to the vaccine than did 

TIV.35 CAIV-T was well tolerated in both of these studies and runny nose/nasal discharge was 

the only reactogenicity event that occurred significantly more frequently with CAIV-T than 

placebo. In large studies in young children, CAIV-T was associated with statistically increased 

rates of wheezing and, in certain subsets, with increased rates of all-cause hospitalization.36,37 In 

the present study the incidence of wheezing and of serious adverse events including 

hospitalization was rare and similar among recipients of CAIV-T or placebo. In other studies 

specifically conducted in children with asthma or a history of respiratory tract infections, no 

significant increase in wheezing or other serious adverse outcomes was observed.34,35 

The diversity of seasonality and circulating strains in Asia, the absence of clear guidance on 

vaccine composition for the region, and the variable efficacy of TIV in this age group suggests 

the need for an influenza vaccine that can be easily administered and provide broad protection 

against circulating influenza viruses over more than 1 year. CAIV-T was demonstrated to be a 

versatile, durable, and highly efficacious intervention in the control of influenza among young 

children in tropical and temperate regions in Asia.  
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Legends to Figures 

 

Figure 1. Summary of study design and patient distribution.  

 

Figure 2. Seasonality of influenza in Asian countries during a 2-year period. Bars represent 

periods of high influenza activity in countries where the study was conducted with the number of 

positive nasal swabs for each subtype (H1, H3, B) during that interval shown within the bar. The 

lower panel lists the virus strains identified during the study and their temporal distribution by 

month.  Virus strains in the lower panel represented with shaded text are antigenically distinct 

from vaccine strains.  

 

Figure S1. Study design. Subjects were randomized 3:2 (CAIV-T:placebo) to receive 2 doses of 

CAIV-T or 2 doses of placebo in year 1. In year 2, subjects were re-randomized in a 1:1 ratio to 

receive a single dose of CAIV-T or placebo without consideration of their group assignment in 

the first year. 

 

Figure S2. Participant flow, including reasons for exclusion from the per protocol analysis. 

 

27 
  



Tables 

Table 1. Demographic Characteristics of the Year 1 Per-Protocol Population 
 

Treatment Group 

Characteristic 

CAIV-T 

n=1653 

Placebo 

n=1111 

Total 

N=2764 

Sex, n (%)     

   Girls  773 (46.8) 523 (47.1) 1296 (46.9) 

   Boys 880 (53.2) 588 (52.9) 1468 (53.1) 

Ethnic origin, n (%)     

   Indian subcontinent 112 (6.8) 83 (7.5) 195 (7.1) 

   Chinese  602 (36.4) 396 (35.6) 998 (36.1) 

   Filipino  433 (26.2) 300 (27.0) 733 (26.5) 

   Thai  492 (29.8) 321 (28.9) 813 (29.4) 

   Malay  1 (0.1) 1 (0.1) 2 (0.1) 

   European  1 (0.1) 1 (0.1) 2 (0.1) 

   Other  12 (0.7) 9 (0.8) 21 (0.8) 

Age at first vaccination (mo)     

   Mean (SD)  23.6 (7.4) 23.4 (7.3) 23.5 (7.4) 

   Median 23.3 23.4 23.3 
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Treatment Group 

Characteristic 

CAIV-T 

n=1653 

Placebo 

n=1111 

Total 

N=2764 

   Range 12.0–35.9 12.0–35.9 12.0–35.9 

Age group (mo), n (%)    

   12 to <18  469 (28.4) 343 (30.9) 812 (29.4) 

   18 to <24  402 (24.3) 233 (21.0) 635 (23.0) 

   24 to <30 357 (21.6) 266 (23.9) 623 (22.5) 

   30 to <36 425 (25.7) 269 (24.2) 694 (25.1) 

CAIV-T=cold-adapted influenza vaccine, trivalent; SD=standard deviation. 

 

 



Table 2. Efficacy of CAIV-T Against Culture-Confirmed Influenza in Year 1 

Treatment Group 

CAIV-T Placebo 

  

Influenza Subtype  

No. of 

Subjects in 

Population 

No. (%) With 

Culture-Confirmed 

Influenza 

No. of Subjects 

in Population 

No. (%) With 

Culture-Confirmed 

Influenza 

Efficacy,  

% (95% CI) 

Subtypes antigenically similar to the vaccine 

Per protocol population 

Any antigenically 

similar strain 

1653 56 (3.4) 1111 139 (12.5) 72.9 (62.8, 80.5) 

   A/H1N1 1653 23 (1.4) 1111 81 (7.3) 80.9 (69.4, 88.5) 

   A/H3N2  1653 4 (0.2) 1111 27 (2.4) 90.0 (71.4, 97.5) 

   B  1653 29 (1.8) 1111 35 (3.2) 44.3 (6.2, 67.2) 

Intent-to-treat population 
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Treatment Group 

CAIV-T Placebo 

  

Influenza Subtype  

No. of 

Subjects in 

Population 

No. (%) With 

Culture-Confirmed 

Influenza 

No. of Subjects 

in Population 

No. (%) With 

Culture-Confirmed 

Influenza 

Efficacy,  

% (95% CI) 

Any antigenically 

similar strain 

1900 70 (3.7) 1274 157 (12.3) 70.1 (60.1, 77.8) 

Any subtypes    

Per protocol population    

   Any strain  1653 81 (4.9) 1111 182 (16.4) 70.1 (60.9, 77.3) 

   A/H1N1 1653 23 (1.4) 1111 82 (7.4) 81.1 (69.8, 88.7) 

   A/H3N2  1653 14 (0.8) 1111 60 (5.4) 84.3 (71.6, 91.9) 

   B  1653 44 (2.7) 1111 52 (4.7) 43.1 (13.4, 62.8) 

Intent-to-treat population      
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Treatment Group 

CAIV-T Placebo 

  

Influenza Subtype  

No. of 

Subjects in 

Population 

No. (%) With 

Culture-Confirmed 

Influenza 

No. of Subjects 

in Population 

No. (%) With 

Culture-Confirmed 

Influenza 

Efficacy,  

% (95% CI) 

   Any strain 1900 98 (5.2) 1274 204 (16.0) 67.8 (58.8, 74.9) 

CAIV-T=cold-adapted influenza vaccine, trivalent; CI=confidence interval. 
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Table 3. Efficacy of CAIV-T Against Culture-Confirmed Influenza in Year 2: Comparison of Treatment Groups (Per-Protocol 

Efficacy Population)   

 Antigenically Similar Strain
 

Any Strain

Treatment Comparison*  

(Year 1 Treatment/Year 2 

Treatment) 

Influenza Cases/ 

Comparison 

Populations Efficacy, % (95% CI) 

Influenza Cases/ 

Comparison 

Populations Efficacy, % (95% CI) 

CAIV-T/CAIV-T vs placebo/placebo 12/771 vs 49/494 84.3 (70.1, 92.4) 33/771 vs 59/494 64.2 (44.2, 77.3) 

CAIV-T/placebo vs placebo/placebo 33/759 vs 49/494 56.2 (30.5, 72.7) 70/759 vs 59/494 44.8 (18.2, 62.9) 

CAIV-T/CAIV-T vs CAIV-T/placebo 12/771 vs 33/759 64.2 (28.9, 83.2) 33/771 vs 50/759 35.0 (–2.9, 59.5) 

CAIV-T/CAIV-T vs placebo/CAIV-T 12/771 vs 20/503 60.9 (15.9, 82.6) 33/771 vs 26/503 17.2 (–44.2, 52.0) 

placebo/CAIV-T vs placebo/placebo 20/503 vs 49/494 59.9 (31.3, 77.4) 26/503 vs 59/494 56.7 (30.3, 73.8) 

CAIV-T=cold-adapted influenza vaccine, trivalent; CI=confidence interval. 

*Subjects randomized to CAIV-T in year 1 received 2 doses of CAIV-T in year 1. Subjects re-randomized to CAIV-T in year 2 

received a single dose of CAIV-T. 
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Table 4. Serum HAI Assay Seroconversion Rate and Geometric Mean Antibody Titer Fold-Rise Following 2 Doses in Year 1 

HAI Assay 

Virus Type/ 

Subtype 

Serologic Status 

Before 

Vaccination 

Treatment 

Group 
n 

Seroconversion Rate,       

n (%)* 

GMFR†       

(95% CI‡) 
P Value§ 

A/H1N1    All  CAIV-T 

Placebo 

111 

75 

67 (60.4) 

8 (10.7) 

5.0 (3.9, 6.5) 

1.2 (1.0, 1.5) 

<0.001 

0.045 

   

    

   

Seronegative|| CAIV-T

Placebo 

71 

52 

60 (84.5) 

7 (13.5) 

9.6 (7.2, 12.8) 

1.4 (1.1, 1.8) 

<0.001 

0.015 

A/H3N2 All CAIV-T

Placebo 

111 

75 

68 (61.3) 

3 (4.0) 

17.0 (11.0, 26.4) 

1.1 (1.0, 1.4) 

<0.001 

0.141 

Seronegative|| CAIV-T

Placebo 

61 

47 

58 (95.1) 

1 (2.1) 

91.0 (64.0, 129.6) 

1.2 (0.9, 1.5) 

<0.001 

0.229 

B All  CAIV-T 111 63 (56.8) 6.8 (4.9, 9.4) <0.001 
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Placebo 75 3 (4.0) 1.0 (0.9, 1.2) 0.526 

   Seronegative|| CAIV-T

Placebo 

82 

63 

61 (74.4) 

3 (4.8) 

11.7 (8.1, 16.8) 

1.1 (0.9, 1.3) 

<0.001 

0.349 

CAIV-T=cold-adapted influenza vaccine, trivalent; CI=confidence interval; GMFR=geometric mean fold-rise; HAI=hemagglutination 

inhibition. 

*P<0.001 for all serologic status comparisons. No adjustment was made for multiple comparisons. 

†Calculated for those subjects with pre- and postvaccination HAI assay values for that particular strain. The starting dilution was 1:4. 

‡Confidence limits are back transforms of a CI based on Student t distribution for the mean logarithm of the titers. 

§P value for the null hypothesis that the mean logarithm of the fold-rise within subject was 0 and was derived by a 2-sided, 1-sample 

Student t test on the logarithms. No adjustment was made for multiple comparisons. 

||Subjects with a baseline HAI antibody titer ≤1:4 to that particular influenza virus strain. 
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Table 5. Serum Seroconversion Rate and Geometric Mean Antibody Titer Fold-Rise Following 1 Dose in Year 2 

   HAI Assay 

Virus 

Type/ 

Subtype 

Serologic Status 

Before 

Vaccination Treatment Group n 

Seroconversion Rate 

n (%)* GMFR† (95% CI‡) P Value§ 

A/H1N1       All  Group 1 (C/C;C) 

Group 2 (C/C;P) 

Group 3 (P/P;C) 

Group 4 (P/P;P) 

50 

50 

45 

26 

14 (28.0) 

2 (4.0) 

9 (20) 

1 (3.8) 

2.1 (1.5, 2.8) 

1.1 (0.9, 1.2) 

1.5 (1.0, 2.2) 

1.3 (0.8, 1.9) 

<0.001 

0.280 

0.033 

0.249 

 Seronegative|| Group 1 (C/C;C) 

Group 2 (C/C;P) 

Group 3 (P/P;C) 

Group 4 (P/P;P) 

11 

11 

22 

15 

9 (81.8) 

1 (9.1) 

7 (31.8) 

1 (6.7) 

9.7 (4.5, 20.5) 

1.1 (0.8, 1.5) 

2.4 (1.4, 4.1) 

1.5 (0.8, 3.0) 

<0.001 

0.676 

0.003 

0.219 

A/H3N2 All  Group 1 (C/C;C) 

Group 2 (C/C;P) 

50 

50 

16 (32.0) 

0 (0.0) 

1.9 (1.3, 2.8) 

0.9 (0.7, 1.1) 

<0.001 

0.151 
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Group 3 (P/P;C) 

Group 4 (P/P;P) 

45 

26 

17 (37.8) 

3 (11.5) 

3.0 (2.0, 4.6) 

1.1 (0.7, 1.7) 

<0.001 

0.733 

 

 

Seronegative|| Group 1 (C/C;C) 

Group 2 (C/C;P) 

Group 3 (P/P;C) 

Group 4 (P/P;P) 

4 

6 

16 

11 

3 (75.0) 

0 (0.0) 

12 (75.0) 

2 (18.2) 

8.0 (1.1, 59.9) 

1.3 (0.9, 1.8) 

8.0 (3.6, 17.8) 

1.8 (0.8, 3.7) 

0.046 

0.175 

<0.001 

0.121 

B All  Group 1 (C/C;C) 

Group 2 (C/C;P) 

Group 3 (P/P;C) 

Group 4 (P/P;P) 

50 

50 

45 

26 

13 (26.0) 

1 (2.0) 

14 (31.1) 

3 (11.5) 

1.8 (1.2, 2.7) 

0.9 (0.7, 1.0) 

2.6 (1.7, 3.9) 

1.3 (0.9, 2.0) 

0.005 

0.105 

<0.001 

0.195 

Seronegative|| Group 1 (C/C;C) 

Group 2 (C/C;P) 

Group 3 (P/P;C) 

Group 4 (P/P;P) 

21 

24 

32 

21 

11 (52.4) 

1 (4.2) 

13 (40.6) 

2 (9.5) 

4.1 (2.2, 7.7) 

1.0 (0.8, 1.1) 

3.4 (1.9, 6.0) 

1.3 (0.9, 1.8) 

<0.001 

0.714 

<0.001 

0.119 

C=Cold-adapted influenza vaccine, trivalent; CI=confidence interval; GMFR=geometric mean fold-rise; HAI=hemagglutination 

inhibition; P=placebo. 
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*For GMFR calculations, n was derived from only those subjects who had known HAI assay values for both pre- and postvaccination 

blood draws for that particular strain. 

†P value between treatment groups in each serologic status comparison was <0.001. No adjustment was made for multiple 

comparisons. 

‡Confidence limits are back transforms of a CI based on Student t distribution for the mean logarithm of the titers. 

§P-value for the null hypothesis that the mean logarithm of the fold-rise within subject was 0 and was derived by a 2-sided, 1-sample 

Student t test on the logarithms. No adjustment was made for multiple comparisons. 

||Serologic status before vaccination. Seronegative subjects were defined as those with a baseline HAI antibody titer ≤1:4 to that 

particular influenza virus strain. 
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Table 6. Reactogenicity Events Reported on Subject Diary Cards Occurring in the First 11 Days Following Each Dose of 

CAIV-T or Placebo 

   Year 1 Year 2 

   Dose 1 Dose 2 Dose 1* 

 

Event 

CAIV-T 

n=1764–

1857† 

No. (%) 

Placebo 

n=1182–

1246† 

No. (%) 

‡P Value CAIV-T 

n=1579–

1661† 

No. (%) 

Placebo 

n=1088–

1119† 

No. (%) 

‡P Value CAIV-T 

n=1345–

1352† 

No. (%) 

Placebo 

n=1327–

1340† 

No. (%) 

‡P Value 

§Fever 37.5°C 393 (22.0) 209 (17.6) 0.004 241 (15.2) 164 (15.0) 0.956 242 (18.0) 218 (16.4) 0.305 

§Fever 38.6°C 87 (4.9) 48 (4.1) 0.323 64 (4.0) 41 (3.8) 0.762 62 (4.6) 67 (5.0) 0.652 

§Fever 40.0°C 5 (0.3) 2 (0.2) 0.709 5 (0.3) 4 (0.4) >0.99 4 (0.3) 6 (0.5) 0.545 

Runny nose or 

nasal discharge 

1151 (62.0) 647 (52.0) <0.001 827 (49.8) 510 (45.6) 0.030 838 (62.0) 743 (55.4) 0.001 

Cough 630 (34.1) 481 (38.6) 0.010 568 (34.3) 374 (33.5) 0.683 567 (42.0) 543 (40.6) 0.481 

Vomiting 282 (15.3) 212 (17.1) 0.193 195 (11.8) 127 (11.4) 0.763 210 (15.6) 187 (14.0) 0.254 

Decreased activity 248 (13.4) 133 (10.7) 0.026 133 (8.0) 96 (8.6) 0.623 134 (9.9) 120 (9.0) 0.429 

Decreased appetite 448 (24.2) 245 (19.7) 0.003 275 (16.6) 214 (19.1) 0.094 295 (21.9) 268 (20.0) 0.255 
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Irritability 445 (24.1) 265 (21.3) 0.081 260 (15.7) 167 (15.0) 0.629 228 (16.9) 208 (15.6) 0.374 

Stomach ache NC NC — NC NC — 146 (10.8) 142 (10.6) 0.901 

Use of fever 

medication  

395 (21.3) 228 (18.4) 0.044 231 (14.0) 163 (14.6) 0.658 246 (18.2) 198 (14.8) 0.019 

||Any event 1397 (76.0) 851 (69.5) <0.001 1030 (63.5) 657 (59.2) 0.025 999 (73.9) 936 (70.1) 0.032 

CAIV-T=cold-adapted influenza vaccine, trivalent; NC=not collected in year 1 because not all children were old enough to verbalize 

this symptom. 

*Subjects who received CAIV-T in year 2 only were not analyzed separately from those who received CAIV-T in both years. 

†n represents the number of subjects with known values. 

‡Two-sided Fisher exact test. No adjustment was made for multiple comparisons. 

§Axillary temperature (equivalent fever cut off points are used for temperatures obtained orally or rectally). 

||Any event does not include the administration of fever medication. 
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Figures 

Figure 1.  
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Figure 2. 
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Tx not as Rand: 1 (0.2%)
Live Vaccine in 28 d: 3 (0.5%)
Protocol Violation y 1: 47 (7.9%)
No Vaccination y 2: 64 (10.8%)
2 Vaccinations y 2: 0

Per Protocol Year 2
n=771

Per Protocol Year 2
n=503

Per Protocol Year 2
n=494

Per Protocol Year 2
n=759

B. Year 2

ITT population

Rerandomized
n=2947

CAIV-T Year 1 
Randomized to 

CAIV-T in Year 2
n=881

CAIV-T Year 1 
Randomized to 

Placebo in Year 2
n=876

Placebo Year 1 
Randomized to 

CAIV-T in Year 2
n=596

Placebo Year 1 
Randomized to 

Placebo in Year 2
n=594

Subjects Withdrawn (n=43)

Lost to Follow-up: 29 (3.3%)
Parent/Guardian Req: 13 (1.5%)
Protocol Violation: 0 (0.0%)
Investigator Decision: 1 (0.1%)
Other: 0 (0.0%)

Subjects Excluded*

Tx not as Rand: 0
Live Vaccine in 28 d: 0
Protocol Violation y 1: 61 (6.9%)
No Vaccination y 2: 66 (7.5%)
2 Vaccinations y 2: 0

Subjects Withdrawn (n=44)

Lost to Follow-up: 25 (2.9%)
Parent/Guardian Req: 18 (2.1%)
Protocol Violation: 0 (0.0%)
Investigator Decision: 1 (0.1%)
Other: 0 (0.0%)

Subjects Excluded*

Tx not as Rand: 1 (0.1%)
Live Vaccine in 28 d: 3 (0.3%)
Protocol Violation y 1: 63 (7.2%)
No Vaccination y 2: 64 (7.3%)
2 Vaccinations y 2: 1 (0.1%)

Subjects Withdrawn (n=40)

Lost to Follow-up: 20 (3.4%)
Parent/Guardian Req: 18 (3.0%)
Protocol Violation: 1 (0.2%)
Investigator Decision: 0 (0.0%)
Other: 1 (0.2%)

Subjects Excluded*

Tx not as Rand: 1 (0.2%)
Live Vaccine in 28 d: 2 (0.3%)
Protocol Violation y 1: 45 (7.6%)
No Vaccination y 2: 58 (9.7%)
2 Vaccinations y 2: 0

Subjects Withdrawn (n=45)

Lost to Follow-up: 26 (4.4%)
Parent/Guardian Req: 15 (2.5%)
Protocol Violation: 2 (0.3%)
Investigator Decision: 1 (0.2%)
Other: 1 (0.2%)

Subjects Excluded*

Tx not as Rand: 1 (0.2%)
Live Vaccine in 28 d: 3 (0.5%)
Protocol Violation y 1: 47 (7.9%)
No Vaccination y 2: 64 (10.8%)
2 Vaccinations y 2: 0

Per Protocol Year 2
n=771

Per Protocol Year 2
n=503

Per Protocol Year 2
n=494

Per Protocol Year 2
n=759

B. Year 2

ITT population

44 
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ABSTRACT

OBJECTIVE. The goal was to evaluate the safety, tolerability, and efficacy of an inves-
tigational, refrigerator-stable formulation of live attenuated influenza vaccine
(cold-adapted influenza vaccine-trivalent) against culture-confirmed influenza,
acute otitis media, and effectiveness outcomes in young children in day care over
2 consecutive influenza seasons.

METHODS.Children 6 to �36 months of age who were attending day care were
assigned randomly in year 1 to receive 2 doses of vaccine or placebo intranasally,
35 � 7 days apart. In year 2, subjects received 1 dose of the same treatment as in
year 1.

RESULTS.A total of 1616 subjects (vaccine: 951 subjects; placebo: 665 subjects) in
year 1 and 1090 subjects (vaccine: 640 subjects; placebo: 450 subjects) in year 2
were able to be evaluated for efficacy. The mean age at first vaccination was 23.4
� 7.9 months. In year 1, the overall efficacy of the vaccine against influenza
subtypes similar to the vaccine was 85.4%; efficacy was 91.8% against A/H1N1
and 72.6% against B. In year 2, the overall efficacy was 88.7%; efficacy was 90.0%
against H1N1, 90.3% against A/H3N2, and 81.7% against B. Efficacy against all
episodes of acute otitis media associated with culture-confirmed influenza was
90.6% in year 1 and 97.0% in year 2. Runny nose or nasal discharge after dose 1
in year 1 was the only reactogenicity event that was significantly more frequent
with cold-adapted influenza vaccine-trivalent (82.3%) than placebo (75.4%).

CONCLUSIONS.Cold-adapted influenza vaccine-trivalent was well tolerated and effec-
tive in preventing culture-confirmed influenza illness in children as young as 6
months of age who attended day care.
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INFLUENZA IS A major cause of serious respiratory ill-
ness and acute otitis media (AOM) in young children

and is associated with significant public health and so-
cioeconomic burdens through excess hospitalizations,
clinic and outpatient visits, antibiotic prescriptions, and
lost parental workdays.1–6 Influenza-associated hospital-
ization rates for children �2 years of age are comparable
to those seen for elderly persons and adults at high risk
for complications of influenza.7–13 During an influenza
season, up to 33% of emergency department visits for
children �12 months of age8 and 20% of excess hospi-
talizations for children �3 years of age12 have been
attributed to influenza infection.

High influenza attack rates and the propensity to shed
larger amounts of influenza virus for longer periods than
older children and adults indicate that young children
are significant reservoirs of influenza in the communi-
ty.14–17 Children attending day care frequently experi-
ence the highest influenza attack rates2,18; however, in-
fluenza is underdiagnosed frequently in this age group.19

Routine immunization of young children may provide
communitywide benefits by reducing the transmission
of influenza to susceptible populations, decreasing the
overall community disease burden, and reducing the
overall economic burden of influenza.20,21

Inactivated trivalent influenza vaccine (TIV) is recom-
mended in the United States for use in children 6
months to �5 years of age.22 Few efficacy studies using
TIV in young children have been published. Estimates of
TIV efficacy against influenza illness range from 12% to
83% and vary according to age, circulating influenza
virus strains, level of disease burden, and other vari-
ables.23 Variability in TIV efficacy and effectiveness
against AOM has also been observed.23–27

The frozen formulation of live attenuated influenza
vaccine (LAIV) (FluMist; MedImmune, Gaithersburg,
MD) was approved in the United States in 2003 for
healthy persons 5 to 49 years of age. A new, refrigerator-
stable formulation of LAIV, referred to as cold-adapted
influenza vaccine-trivalent (CAIV-T), is currently in de-
velopment. The clinical trial described here evaluated
the safety, tolerability, and efficacy of CAIV-T against
culture-confirmed influenza, during 2 consecutive influ-
enza seasons, in children 6 to �36 months of age who
were attending day care. Vaccine efficacy against AOM
and certain effectiveness outcomes were also deter-
mined.

METHODS

Design
This prospective, randomized, double-blind, placebo-
controlled, multicenter trial was conducted over 2 con-
secutive influenza seasons at 70 clinical centers located
in Belgium, Finland, Israel, Spain, and the United King-
dom, between October 2, 2000, and May 31, 2002. The

study was conducted in accordance with the principles
of Good Clinical Practice and the Declaration of Helsinki.
The study protocol and all subsequent amendments
were approved by the human ethics committees, insti-
tutional review boards, and any regional or national
ethics committees at participating centers.

Participants
Eligible subjects were children who were 6 to �36
months of age at the time of enrollment and who were
in good health, as determined by medical history and
physical examination. Children were required to be at-
tending day care for a minimum of 12 hours/week.
Eligibility to participate in the second year of the trial
required continued good health and completion of the
primary dosing series and surveillance in year 1. Written
informed consent was obtained from the parent or
guardian of each child. Exclusion criteria for both years
included any serious chronic disease, Down syndrome or
other cytogenetic disorders, immunosuppression or a
household member with immunosuppression, receipt of
immunoglobulin in the previous 6-month period, re-
ceipt of any investigational vaccine or agent 1 month
before enrollment or any influenza treatment within the
2 weeks before enrollment, documented history of hy-
persensitivity to egg or egg protein, clinically confirmed
respiratory illness with wheezing within 2 weeks before
enrollment, receipt of aspirin within 2 weeks before
enrollment, receipt of any live virus vaccine within 1
month before enrollment, and previous influenza vacci-
nation (year 1) or off-protocol influenza vaccination
(year 2).

Vaccine and Placebo
CAIV-T was manufactured and release-tested by Wyeth
Vaccines Research (Marietta, PA) and consisted of 3
cold-adapted, attenuated, reassortant strains, represent-
ing the hemagglutinin and neuraminidase antigens of
the A/New Caledonia/20/99 (H1N1), A/Sydney/05/97
(H3N2), and B/Yamanashi/166/98 influenza strains for
the first year of the study and the hemagglutinin and
neuraminidase antigens of the A/New Caledonia/20/99
(H1N1), A/Panama/2007/99 (H3N2), and B/Victoria/
504/2000 influenza strains for the second year of the
study. Each 0.2-mL dose of CAIV-T was formulated to
contain �107 median tissue culture dose (or equivalent
fluorescent units in year 2) of each of the 6:2 influenza
reassortant virus strains. After manufacture, the vaccine
was stored frozen and then shipped to the study sites at
2°C to 8°C, at which temperature it was stored until just
before administration.

The hemagglutinin and neuraminidase antigens of
the wild-type influenza strains used to generate the type
A/H1N1 and type B vaccine reassortants for the year 1
CAIV-T formulation were antigenically representative of
virus recommended by the World Health Organization
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for the 2000/2001 influenza season in the Northern
Hemisphere. Because of industrywide technical prob-
lems encountered in the production of the recom-
mended H3N2 A/Panama/2007/99 (A/Moscow/10/99-
like) vaccine strain,28 a decision was made to use the
H3N2 vaccine strain (A/Sydney/05/97) recommended
for the previous 1999/2000 season in the year 1 CAIV-T
formulation. This decision was based on the antigenic
similarity of the hemagglutinin antigen with that of
A/Panama/2007/99, the circulation of A/Sydney/05/97-
like viruses before the 2000/2001 season,29 and previous
clinical trials with a frozen formulation of CAIV-T that
demonstrated both cross-reactive antibody development
(as measured with a hemagglutinin-inhibiting antibody
assay) and efficacy against mismatched influenza
A/H3N2 virus.30 The A/Sydney/05/97 antigens matched
the antigens used in commercial TIV for that season. The
vaccine composition for year 2 consisted of vaccine
strains that were antigenically representative of the
World Health Organization 2001/2002 Northern Hemi-
sphere composition recommendations.31 Placebo con-
sisted of sterile physiologic saline solution manufactured
by Wyeth Vaccines Research.

In year 1, subjects were assigned randomly to receive
a primary series of 2 doses of either CAIV-T or placebo,
in a 3:2 ratio, 35 � 7 days apart. In year 2, all subjects
received a single dose of either CAIV-T or placebo ac-
cording to their year 1 treatment assignments. In both
years, study subjects, their parents or guardians, and the
clinical personnel were unaware of the treatment being
administered. CAIV-T and placebo were supplied in sin-
gle-dose, identically packaged sprayers labeled with the
codes to which subjects were assigned. The total single-
dose volume of 0.2 mL (�0.1 mL into each nostril) of
vaccine or placebo was administered intranasally with
the spray applicator intended for commercial use. The
first dose of the primary series was administered on
study day 0, after informed consent had been obtained.

Surveillance for Influenza Illness
Surveillance for influenza-like illness was based on reg-
ular telephone contacts, clinic visits, or home visits (as
applicable). In both years, contact started 11 days after
receipt of the first study dose (day 0) and continued
weekly through completion of the first (May 31, 2001)
or second (May 31, 2002) season surveillance period.

A nasal swab sample was required if subjects exhib-
ited fever (rectal temperature of �38°C or axillary tem-
perature of �37.5°C), wheezing, shortness of breath,
pulmonary congestion, pneumonia, or ear infection
(suspected or diagnosed AOM). A nasal swab sample
was also required if subjects showed �2 of the following:
runny nose or nasal congestion (rhinorrhea), sore throat
(pharyngitis), cough, muscle aches, chills, headache, ir-
ritability, decreased activity, or vomiting. A viral culture
was also obtained at the investigators’ discretion.

Nasal specimens were cultured in Madin-Darby ca-
nine kidney monolayer cultures, and typing was deter-
mined by immunostaining positive cultures with influ-
enza type A-specific and type B-specific monoclonal
antibodies. Nasal specimens were cultured and typed in
the Department of Virology at the University of Turku
(Turku, Finland). Positive specimens were shipped to
Wyeth Vaccines Research (Pearl River, NY) for addi-
tional identification. Subtype identification and anti-
genic characterization were performed for 78.3% of all
influenza-positive isolates in year 1, by the Centers for
Disease Control and Prevention (Atlanta, GA), with se-
rologic techniques. In year 2, identification assays, in-
cluding polymerase chain reaction (PCR) assays and se-
quencing of HA1 gene fragments, were performed by
Wyeth Vaccines Research with methods similar to those
described previously for H3N2 and B viruses.32,33 In the
second season, wild-type B/Hong Kong/1351/02 strain
cocirculated32,34 and was associated with difficulties in
serotyping. PCR analyses and HA1 sequencing methods
were used for subtype identification and antigenic char-
acterization of 99.0% of all influenza-positive isolates in
year 2, whereas only 87.6% of isolates were identifiable
with serologic testing. All strain-specific efficacy analyses
in year 2 were based on PCR analyses, with serotyping
confirmation when possible. Influenza-positive speci-
mens obtained within 28 days after any vaccine dose
were tested to determine whether they were CAIV-T-
like or wild-type (community acquired).

AOM
An ear examination was performed if the subject devel-
oped symptoms suggesting AOM. AOM was defined as a
visually abnormal tympanic membrane (with regard to
color, position, and/or mobility) suggesting an effusion
in the middle ear cavity, concomitant with �1 of the
following signs and/or symptoms of acute infection: fe-
ver (rectal temperature of �38°C or axillary temperature
of �37.5°C), earache, irritability, diarrhea, vomiting,
acute otorrhea not caused by external otitis, or other
symptoms of respiratory infection.35,36 An episode of fe-
brile otitis media was defined as an episode of AOM in a
child with a documented fever (rectal temperature of
�38°C or axillary temperature of �37.5°C), and an ep-
isode of influenza-associated AOM was defined as an
episode of AOM in a child with a positive culture for
influenza virus. An episode of AOM in a study partici-
pant was included in the efficacy analysis if it complied
with the definition of AOM given above, occurred �15
days after receipt of the first dose of vaccine or placebo,
and occurred during the period in which influenza virus
was isolated in each country.

Effectiveness Outcomes
The ability of CAIV-T, relative to placebo, to reduce the
burden of respiratory illness in children attending day
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care was determined by evaluating the reduction in the
following predefined end points during the influenza
season: (1) the incidence of a parent or guardian taking
time off from paid work at least once to care for the child
during the current influenza-like illness, (2) the total
number of days of paid work missed for parents or
guardians, (3) the total number of days missed from day
care as a result of influenza-like illness, (4) the incidence
of �1 outpatient or emergency department visit because
of acute febrile and/or respiratory illness, (5) the inci-
dence of �1 prescription of antibiotics as a result of
influenza-like illness, and (6) the number of days of
treatment with an antibiotic prescribed as a result of the
influenza-like illness.

Safety Assessment
After each study vaccination, parents and legal guard-
ians were asked to record information on a diary card
regarding axillary or rectal temperature, runny nose/
nasal congestion, sore throat, cough, vomiting, activity
level, appetite, irritability, headache, chills, muscle pain,
and the use of antipyretic medications (for prophylaxis
or treatment), as well as any unscheduled physician
visits and medications, for 11 consecutive days, includ-
ing the day of vaccination (day 0). An adverse event
(AE) was defined as any clinically significant event, in-
cluding but not limited to (1) events that required any
prescription or nonprescription medication within 11
days after vaccination, (2) events that required an un-
scheduled health care provider visit and/or health care
provider consultation within 11 days after vaccination,
(3) events that resulted in study termination, or (4) any
other clinically significant event that occurred at any
time during the course of the study. Serious AEs, includ-
ing hospitalizations, were monitored and collected
through the end of the influenza season in each year of
the study.

Statistical Analyses
Sample size estimates were based on assumed attack
rates of culture-confirmed influenza in the placebo and
CAIV-T groups of 12% and 3%, respectively (as ob-
served in a previous trial of LAIV in older children30) and
a subject discontinuation rate of �25%. A sample size of
1100 children that were able to be evaluated (with 3:2
randomization) permitted �90% power that the lower
limit of the 95% confidence interval (CI) of efficacy over
the first season would be �45%. The planned sample
size for this study provided �80% power to detect fre-
quency differences between the CAIV-T and placebo
groups ranging from 4.3% to 8.2%.

The randomization schedule was generated by Wyeth
Vaccines Research. Study product for year 1 was labeled
with 1 of 5 letter codes, namely, A, H, or M (CAIV-T) or
B or K (placebo). Each subject was assigned the next
sequential number by the study site investigator and

received study product for the treatment assigned to that
subject number, according to a preprinted randomiza-
tion allocation list provided to the study site by Wyeth
Vaccines Research. The number sequence was concealed
until interventions were assigned. Two efficacy popula-
tions were defined for both seasons, that is, the intent-
to-treat population (all subjects who received �1 dose of
study vaccine or placebo in year 1 or who received a
single dose of study vaccine or placebo at the start of year
2) and the per-protocol (PP) population (subjects who
received both vaccinations, or a single vaccination in
year 2, to which they were assigned; who received no
live viral vaccine within 28 days of any study vaccina-
tion; and who had no major protocol violations).

The primary efficacy end point was the efficacy of a
primary series of 2 doses of CAIV-T, relative to placebo,
against culture-confirmed influenza caused by subtypes
antigenically similar to those contained in the vaccine in
the first season. Secondary efficacy end points included
the efficacy of 2 doses of CAIV-T against culture-con-
firmed influenza caused by any community-acquired
subtypes in season 1; efficacy of CAIV-T against culture-
confirmed influenza caused by subtypes antigenically
similar to those contained in the vaccine and against any
subtype in year 2; efficacy against all episodes of AOM,
febrile AOM (first and all episodes), and influenza-asso-
ciated AOM (first and all episodes) in both years; and
improvement in effectiveness outcomes.

Vaccine efficacy was estimated as vaccine efficacy �
1 � (C/NC)/(P/NP), where NC is the number of subjects
who received CAIV-T, C is the number of CAIV-T sub-
jects who were case subjects, NP �is the number of
subjects who received placebo, and P is the number of
placebo subjects who were case subjects. For these esti-
mates, conditional on the total number of cases, 95% CIs
were obtained from the binomial distribution. For the
purpose of estimating efficacy, only the first episode of
each kind of illness for each subject was taken into
account, unless otherwise indicated.

An episode of AOM was defined as one in which �30
days had passed since the onset of the previous episode.
Estimates of efficacy (with 95% CIs) of CAIV-T, relative
to placebo, against first episodes of AOM associated with
a positive culture for influenza virus antigenically similar
to virus contained in the vaccine and AOM associated
with fever were calculated for the PP population. Esti-
mates of efficacy of CAIV-T, relative to placebo, against
all episodes of AOM, all febrile AOM, and all influenza-
associated AOM were based on the hazard ratio esti-
mated from the Andersen-Gill model for multiplicative
hazards of recurrent events, with treatment as the only
effect.

For effectiveness end points, relative effectiveness
was defined in the same manner as for vaccine efficacy
against influenza, that is, relative effectiveness � 1 �
IC/IP, where IC and IP are incidence rates for CAIV-T and
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placebo, respectively, in the PP population. For the vari-
ables that were not defined as incidence variables, the
rates IC and IP were defined as the quotient of the total
number of days of missed work or days of antibiotic
treatment, as appropriate, divided by the total number of
days of surveillance. CIs at the 95% level for relative
effectiveness were computed from the binomial distri-
bution, as for vaccine efficacy.

Because the circulation of influenza and its resulting
impact on the community vary according to region, the
analyses of efficacy for effectiveness end points were
conducted with events that occurred during the influ-
enza season of each country, for more accurate assess-
ment of the true impact of the vaccine on these end
points. The influenza season within each country was
defined as the period from the time of isolation of the
first wild-type influenza-positive culture among study
participants after vaccination through the time of the last
identification of an influenza-positive culture in that
country.

All subjects who received any dose of study vaccine
were included in the analysis of safety. For the analysis
of safety according to dose, subjects were analyzed ac-
cording to the vaccine that they actually received (as
treated), CAIV-T or placebo. For analyses of the safety
population that included �1 dose, subjects who received
�1 dose of CAIV-T were classified as “CAIV-T” and
subjects who received only placebo were classified as
“placebo.” For AEs within 11 days after vaccination, the
incidence rates for each body system and for each event
for the 2 treatment groups were compared by using

Fisher’s exact test (2-sided). For the summary of reacto-
genicity events, P values were obtained by using Fisher’s
exact test. Mild, moderate, and severe fevers were de-
fined with axillary temperatures of �37.5°C, �38.6°C,
and �40.0°C, respectively. These cutoff points were con-
sidered equivalent to rectal temperatures of �38.0°C,
�39.1°C, and �40.0°C, respectively. Subjects whose
temperature was measured orally were analyzed with
the same fever cutoff points as for rectal temperature
measurements. Subjects whose temperature was mea-
sured aurally or whose method of measurement was
unknown were analyzed with the most conservative
fever cutoff points (ie, those for axillary temperature
measurements). These conversions were similar to those
used in a previously published efficacy trial of LAIV.37

RESULTS

Subjects
Enrollment began on October 2, 2000, before the start of
the first influenza season, and was completed on No-
vember 18, 2000. A total of 1784 subjects, at 70 sites,
prospectively underwent random assignment to 1 of 2
study groups, in a 3:2 ratio (CAIV-T/placebo). All doses
of CAIV-T or placebo in the primary series were admin-
istered by December 29, 2000. Participant flow, includ-
ing withdrawals and reasons for exclusion from the ef-
ficacy analysis during year 1, is summarized in Fig 1.

A total of 1735 subjects (97.3%) completed year 1; of
the 49 subjects (2.7%) who withdrew during year 1,
most did so at parental request (1.2%) or were lost to

FIGURE 1
Participant flow, including reasons for withdrawal and ex-
clusion from the PP analysis in year 1. ITT indicates intent to
treat. a Subjects might have been excluded for�1 reason.
b In year 2, 1119 subjects who had received both doses of
study vaccine or placebo received a single dose of the
same treatment they had received in year 1.
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follow-up monitoring (1.0%). Four subjects (2 in the
CAIV-T group and 2 in the placebo group) withdrew
during year 1 because of AEs; 3 of these AEs were judged
to be not related to study medication, and 1 (idiopathic
thrombocytopenic purpura in a placebo recipient) was
judged to be probably not related to study medication.

In year 2, 1119 subjects, at 62 sites, who completed
year 1 successfully (ie, received both doses of study
vaccine according to the protocol) received a single dose
of the same treatment they had received in year 1.
Clinical supply of CAIV-T for year 2 was not available
until the end of November in 2001; all vaccine doses in
year 2 were administered between December 3 and De-
cember 21, 2001. A total of 1112 subjects (99.4%) com-
pleted the study; 7 subjects (1 in the CAIV-T group and
6 in the placebo group) were lost to follow-up monitor-
ing during year 2. No subjects withdrew from the study
in year 2 because of AEs. An additional 22 subjects (17 in
the CAIV-T group and 5 in the placebo group) were
excluded from the PP efficacy analysis in year 2 because
of major protocol violations.

A total of 1616 subjects (90.6%), including 951
CAIV-T recipients (89.8%) and 665 placebo recipients
(91.7%), were included in the primary analysis of effi-
cacy in season 1 (2000/2001). Baseline demographic
characteristics for the PP efficacy population are pre-
sented in Table 1. A total of 4210 nasal swabs were
collected during 4717 illness visits in season 1, and con-
clusive culture results (whether positive or negative for
influenza) were obtained for 98.7% of the swabs. Fifty-
six samples failed to yield results, primarily because of
culture contamination by fungus or other agents. During
the first season, an average of 2.34 and 2.38 swabs per
subject were collected from CAIV-T and placebo recipi-
ents, respectively. In season 2, 1537 nasal swabs were
collected during 1651 illness visits; conclusive results

were obtained for 98.4% of swabs, of which 12.8% were
determined to be positive for influenza. Swab rates in
season 2 were 1.33 and 1.44 swabs per subject for
CAIV-T and placebo recipients, respectively.

Culture-Confirmed Influenza
Influenza strains that were circulating in the community
during the 2 seasons are summarized in Table 2. During
the first season, all circulating influenza strains matched
the vaccine strains, and most illnesses were caused by
influenza A/H1N1 and influenza B strains. During the
second season (2001/2002), a variety of influenza strains
were circulating in the community, with clinical disease
being caused by all 3 of the vaccine-like strains of influ-
enza (A/H1N1, A/H3N2, and B). In addition, illness was
caused by 2 influenza B strains that emerged from a
different influenza B lineage and were antigenically dis-
tinct from the influenza B vaccine virus.

Vaccine efficacy against culture-confirmed influenza
is summarized in Table 3. In year 1, the overall efficacy
of CAIV-T against community-acquired subtypes of in-
fluenza virus antigenically similar to those in the vaccine
was 85.4% (95% CI: 74.3%–92.2%), with efficacy for
individual vaccine strains of 91.8% (95% CI: 80.8%–
97.1%) against A/New Caledonia/20/99-like (H1N1) vi-
ruses and 72.6% (95% CI: 38.6%–88.9%) against B/
Sichuan/379/99-like viruses. In year 1, only 1 case of
A/Panama/2007/99-like (H3N2) virus was detected in a
placebo recipient; therefore, efficacy could not be as-
sessed. The vaccine also provided similar protection in
year 1 against all wild-type influenza strains, regardless
of antigenic similarity to the vaccine, with efficacy of
85.9% (95% CI: 76.4%–92.0%). In a posthoc analysis,
efficacy against any antigenically similar strain was
90.8% (95% CI: 69.6%–98.2%) and 83.6% (95% CI:
66.9%–92.6%) for subjects 12 to 23 months and �24

TABLE 1 Demographic Characteristics of Subjects in Years 1 and 2 (PP Efficacy Population)

Year 1 Year 2

CAIV-T
(n � 951)

Placebo
(n � 665)

Total
(n � 1616)

CAIV-T
(n � 640)

Placebo
(n � 450)

Total
(n � 1090)

Gender, n (%)
Girls 455 (47.8) 328 (49.3) 783 (48.5) 299 (46.7) 231 (51.3) 530 (48.6)
Boys 496 (52.2) 337 (50.7) 833 (51.5) 341 (53.3) 219 (48.7) 560 (51.4)

Ethnic origin, n (%)
White 918 (96.5) 644 (96.8) 1562 (96.7) 623 (97.3) 440 (97.8) 1063 (97.5)
Black 8 (0.8) 4 (0.6) 12 (0.7) 7 (1.1) 2 (0.4) 9 (0.8)
Other 25 (2.6) 17 (2.6) 42 (2.6) 10 (1.6) 8 (1.8) 18 (1.7)

Age at first vaccination in year 1, mo
Mean � SD 23.3� 8.0 23.5� 7.8 23.4� 7.9 23.5� 7.9 23.7� 7.8 23.6� 7.9
Median 24.3 24.7 24.5 24.6 25.1 24.7
Range 6.0–35.9 6.0–35.9 6.0–35.9 6.0–35.9 6.0–35.9 6.0–35.9

Age according to subgroup, n (%)
6 to �12 mo 110 (11.6) 64 (9.6) 174 (10.8) ND ND ND
12 to 23 mo 351 (36.9) 247 (37.1) 598 (37.0) ND ND ND
�24 mo 490 (52.5) 354 (53.2) 844 (52.2) ND ND ND

ND indicates not determined.
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months of age, respectively. For subjects 6 to �12
months of age, the numbers of influenza cases were too
small (2 CAIV-T recipients and 5 placebo recipients) to
allow reliable evaluation of efficacy against antigenically
similar strains; however, significant efficacy was demon-
strated against any influenza strain in this age group
(83.4%; 95% CI: 12.7%–98.3%).

In year 2, CAIV-T demonstrated protective efficacy
similar to that in year 1, including against the A/New
Caledonia/20/99-like virus, against which subjects had
received 2 doses in year 1. In year 2, efficacy against
influenza illness caused by influenza strains antigeni-
cally similar to those in the vaccine was 88.7% (95% CI:
82.0%–93.2%). In contrast to year 1, circulation of wild-
type A/H3N2 influenza virus was more prevalent in year
2, as evidenced by the high attack rate among placebo
recipients. In year 2, efficacy of CAIV-T against each of
the individual vaccine strains was found to be 90.0%
(95% CI: 56.3%–98.9%), 90.3% (95% CI: 82.9%–
94.9%), and 81.7% (95% CI: 53.7%–93.9%) for the
H1N1 A/New Caledonia/20/99-like viruses, H3N2
A/Panama/2007/99-like viruses, and B/Victoria/504/00-
like viruses, respectively.

Influenza seasons according to country began as early
as December 1, 2000 (Israel), and ended as late as May
31, 2001 (Spain), in year 1. In year 2, influenza seasons
began on December 14, 2001 (Spain), and ended on
April 18, 2002 (Finland and Israel). Table 4 summarizes
efficacy against culture-confirmed influenza in both sea-
sons according to country. In year 1, statistically signif-
icant efficacy against influenza strains antigenically sim-
ilar to those in the vaccine was observed on a country
basis in Israel, Finland, and the United Kingdom. Each of
these countries had a placebo attack rate of �16%. In
Belgium and Spain, much lower attack rates were ob-
served, and vaccine efficacy could not be determined.

In the second season (2001/2002), a much more sig-
nificant influenza epidemic occurred, with high placebo

attack rates of �30% being seen in Belgium, Israel, and
Spain and with substantial attack rates also being ob-
served in Finland (16.3%) and the United Kingdom
(18.6%). Statistically significant efficacy was observed in
all countries in year 2. Overall, strain-specific attack
rates were 3.1% (A/H1N1), 22.4% (A/H3N2), and 7.3%
(B). In year 2, all A/H1N1 and A/H3N2 virus isolates
were identified as antigenically similar to the vaccine.
However, only 29 (62%) of 47 influenza B isolates were
identified as antigenically similar to the vaccine; 17
(36%) were identified as antigenically not similar to the
vaccine, and the antigenic relatedness of 1 remaining
isolate (from a CAIV-T recipient) could not be deter-
mined. Twelve (67%) of these 18 isolates came from
children in Israel, and most were B/Hong Kong/1351/
02-like. The emergence of these divergent strains was
reflected in a lower efficacy estimate against any com-
munity-acquired strains, particularly in Israel. The attack
rates for these 17 identified divergent strains were 1.1%
and 2.2% in CAIV-T and placebo recipients, respectively;
however, efficacy did not achieve statistical significance
(50.8%; 95% CI: �43.0% to 84.1%).

AOM
Efficacy of CAIV-T against all AOM end points is sum-
marized in Table 5. The efficacy of CAIV-T against all
episodes of influenza-associated AOM was high (90.6%
and 97.0% reduction in incidence in years 1 and 2,
respectively). However, no difference between groups in
the incidence of all episodes of AOM, first episode of
febrile AOM, or all episodes of febrile AOM in either year
was seen.

Effectiveness Outcomes
Effectiveness of CAIV-T against socioeconomic end
points was most apparent in year 2, when the overall
placebo attack rate for influenza was 30.9%. CAIV-T was
effective against all socioeconomic end points in year 2
and effective against some in year 1, despite the lower
influenza attack rate in placebo recipients (Table 6).
During season 2 (2001/2002), CAIV-T reduced signifi-
cantly the need for a parent or guardian to take time off
from work by 45.1%, days of work lost by 47.5%, days
of missed day care by 36.3%, and days of antibiotic use
for influenza illness by 24.0%. Furthermore, the results
demonstrated the substantial effect of vaccination with
CAIV-T on severe disease, as reflected by a 35.1% re-
duction in the number of subjects with �1 emergency
department visit during the second season.

Safety Evaluation
Reactogenicity events are summarized in Table 7. Runny
nose or nasal discharge was observed in a marginally but
statistically significantly greater proportion of CAIV-T
recipients (82.3%), compared with placebo recipients
(75.4%), after the first dose in year 1 (P � 0.001). No

TABLE 2 Strains of Community-Acquired Influenza Virus

Circulating Wild-Type
Influenza Strains

Antigenically Matched
to Vaccine Strains

Year 1 (2000/2001)
A/New Caledonia/20/99-like (H1N1) Yes
A/Panama/2007/99-like (H3N2) Yes
B/Sichuan/379/99-likea Yes

Year 2 (2001/2002)
A/New Caledonia/20/99-like (H1N1) Yes
A/Panama/2007/99-like (H3N2) Yes
B/Hong Kong/330/01-like Nob

B/Hong Kong/1351/02-like Nob

B/Victoria/504/00-like Yes
a The Centers for Disease Control and Prevention reported that the B/Yamanashi/168/99 vac-
cine strain used in the year 1 CAIV-T formulationproducedhigh titers of cross-reacting antibody
for the World Health Organization-recommended B/Sichuan/379/99-like virus.49
b The B/Hong Kong/330/01-like and B/Hong Kong/1351/02-like isolates were members of the
B/Victoria/2/87 lineage, a virus lineage that is antigenically distinct from the B/Yamagata/16/88
lineage, of which the B/Victoria/504/00 vaccine strain is a member.
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other significant differences in reactogenicity events af-
ter any dose in either year were observed, although the
CAIV-T group had greater incidence of headache (15.0%
vs 8.9%; P � .070) and fever of �37.5°C (32.0% vs
27.8%; P � .098) after the first dose in year 1. For
children �24 months of age, chills were reported less
frequently by CAIV-T recipients than placebo recipients
after dose 1 in year 1 (0% vs 16.7%; P � .029), and
runny nose or nasal discharge was more frequent in
CAIV-T recipients after dose 2 (81.3% vs 74.6%; P �
.035). No other significant differences in reactogenicity
events in children �24 months of age were observed.

Similar proportions of subjects in the CAIV-T (36.4%)
and placebo (35.4%) groups (P � .688) reported �1 AE
within 11 days after the first vaccination in year 1, and
the proportions reporting AEs within each body system
were also similar. AEs reported most frequently among
CAIV-T and placebo recipients after the first study dose
included fever (8.7% and 7.2%, respectively), rhinitis
(8.2% and 8.0%), cough (6.4% and 7.9%), otitis media
(5.8% and 4.0%), and upper respiratory tract infection
(4.3% and 4.6%). The AEs reported most frequently
after dose 1 among CAIV-T and placebo recipients 6 to
�12 months of age were diarrhea (5.6% and 2.9%,
respectively), bronchospasm (0% and 5.7%), cough
(5.6% and 4.3%), rhinitis (9.6% and 4.3%), upper re-
spiratory tract infection (9.6% and 7.1%), fever (15.2%
and 11.4%), and otitis media (9.6% and 5.7%). Similar
AE profiles were observed within 11 days after the sec-

ond vaccination in year 1 and the single vaccination in
year 2. With the exception of bronchospasm after the
second vaccination (P � .016), there were no statistically
significant differences in the proportions of subjects in
each treatment group who experienced each of these
events (all P � .10). Lower respiratory tract illnesses
reported as AEs were infrequent and were similar be-
tween treatment groups after the first (pneumonia: 3
CAIV-T recipients and 2 placebo recipients; bronchitis: 5
CAIV-T recipients and 5 placebo recipients; bronchiolitis:
4 CAIV-T recipients and 2 placebo recipients; bronchos-
pasm: 7 CAIV-T recipients and 11 placebo recipients)
and second (pneumonia: 6 CAIV-T recipients and 4 pla-
cebo recipients; bronchitis: 13 CAIV-T recipients and 15
placebo recipients; bronchiolitis: 2 CAIV-T recipients and
4 placebo recipients; bronchospasm: 8 CAIV-T recipients
and 7 placebo recipients; LRI: 1 CAIV-T recipient and 0
placebo recipients) vaccine doses.

Lower respiratory tract illnesses reported as serious
AEs from receipt of the first dose of study medication
through the end of the first influenza surveillance period
were also similar between treatment groups (pneumo-
nia: 11 CAIV-T recipients and 9 placebo recipients; bron-
chitis: 3 CAIV-T recipients and 1 placebo recipient; bron-
chospasm: 2 CAIV-T recipients and 2 placebo recipients;
bronchiolitis: 1 CAIV-T recipient and 2 placebo recipi-
ents). In subjects 6 to �12 months of age, lower respi-
ratory tract infections reported as serious AEs were
pneumonia (2 CAIV-T recipients and 1 placebo recipi-

TABLE 7 Reactogenicity Events ReportedWithin the First 11 Days After Each Dose of CAIV-T or Placebo

Year 1 Year 2 Dose

Dose 1 Dose 2

No. (%) Pb No. (%) Pb No. (%) Pb

CAIV-T
(n � 222–1021)a

Placebo
(n � 163–682)

CAIV-T
(n � 242–905)

Placebo
(n � 162–608)

CAIV-T
(n � 569–631)

Placebo
(n � 387–437)

Fever of �37.5°Cc 294 (32.0) 167 (27.8) .098 257 (31.2) 180 (32.5) .637 133 (22.6) 86 (21.8) .815
Fever of �38.6°Cc 65 (7.3) 42 (7.3) 1.000 89 (11.0) 58 (10.8) .929 48 (8.4) 29 (7.5) .631
Fever of �40.0°Cc 8 (0.9) 2 (0.4) .332 4 (0.5) 3 (0.6) 1.000 2 (0.3) 5 (1.3) .125
Runny nose or nasal discharge 840 (82.3) 514 (75.4) .001 659 (72.8) 428 (70.4) .322 423 (67.0) 268 (61.3) .059
Sore throatd 98 (11.2) 72 (11.8) .741 92 (11.4) 65 (11.9) .796 72 (12.0) 56 (13.2) .566
Cough 541 (56.1) 373 (56.9) .759 498 (56.7) 334 (55.9) .789 306 (48.6) 196 (45.3) .288
Vomiting 153 (16.6) 109 (17.2) .731 112 (13.6) 77 (13.6) 1.000 65 (10.6) 47 (11.1) .839
Decreased activity 224 (24.1) 132 (20.6) .111 202 (24.0) 140 (24.6) .849 124 (20.4) 80 (18.8) .579
Decreased appetite 358 (37.7) 234 (36.4) .598 293 (34.2) 196 (33.7) .865 174 (28.3) 117 (27.5) .779
Irritability 371 (40.1) 242 (38.1) .460 266 (31.5) 178 (31.5) 1.000 139 (23.1) 100 (24.1) .708
Headached 36 (15.0) 15 (8.9) .070 28 (11.2) 20 (11.9) .876 NR NR NR
Chills 16 (7.0) 19 (11.2) .155 23 (9.3) 15 (8.9) 1.000 NR NR NR
Muscle pain 22 (9.9) 12 (7.4) .468 19 (7.9) 11 (6.8) .847 NR NR NR
Prophylactic antipyretic therapy 146 (17.8) 105 (18.4) .832 138 (17.6) 99 (19.1) .509 91 (15.8) 49 (12.3) .137
Antipyretic treatment 224 (26.7) 134 (23.5) .191 213 (26.8) 147 (28.5) .486 112 (19.7) 69 (17.6) .450
Any evente 933 (97.1) 596 (96.8) .764 764 (95.5) 504 (95.3) .894 500 (80.5) 338 (79.0) .583

NR indicates not recorded.
a n represents the number of subjects with known values.
b Two-sided Fisher exact test.
c Axillary temperature (equivalent fever cutoff points were used for temperatures obtained orally or rectally).
d Not all children were old enough to verbalize this symptom.
e Does not include the administration of fever medication.
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ent), bronchitis (2 CAIV-T recipients and 0 placebo re-
cipients), and bronchospasm (1 CAIV-T recipient and 0
placebo recipients). Serious AEs judged to be possibly,
probably, or definitely related to study vaccination were
reported for 9 CAIV-T recipients (pneumonia and AOM,
2 recipients; bronchopneumonia, 2 recipients; pneumo-
nia, 1 recipient; bronchiolitis, 1 recipient; bronchitis and
AOM, 1 recipient; idiopathic thrombocytopenic purpura,
1 recipient; and fever, acute respiratory tract infection,
dehydration, and AOM, 1 recipient) and 5 placebo re-
cipients (1 each for pneumonia and constipation; cough,
wheeze, and lung consolidation; pneumonia; idiopathic
thrombocytopenic purpura; and hypersensitivity, ery-
thema, and periorbital edema). There were no statisti-
cally significant differences in serious AEs between treat-
ment groups during the second influenza surveillance
period. Six lower respiratory tract illnesses were re-
ported, all among CAIV-T recipients (5 cases of pneu-
monia and 1 of bronchospasm). Two cases of pneumonia
were judged to be possibly, probably, or definitely re-
lated to study vaccination. A total of 4 subjects (2
CAIV-T recipients and 2 placebo recipients) were with-
drawn from the study because of AEs. No deaths oc-
curred during the study period.

DISCUSSION
In the current trial, vaccination of children 6 to �36
months of age (mean age: 23 months) with CAIV-T over
2 consecutive influenza seasons was safe, well tolerated,
and highly efficacious against culture-confirmed influ-
enza illness. The frozen formulation of LAIV was studied
previously over 2 seasons by using similar nasal swab
criteria and was shown to be highly effective in year 1
against vaccine-matched A/H3N2 virus (95%; 95% CI:
88%–97%) and B virus (91%; 95% CI: 79%–96%) and
in year 2 against a mismatched A/H3N2 virus (86%;
95% CI: 75%–92%).30,37 Children in that study had a
mean age of �40 months, and few children �2 years of
age were enrolled. Data from the current trial demon-
strated high efficacy rates in children with a mean age of
23 months.

This study demonstrated the efficacy of CAIV-T
against all 3 A/H1, A/H3, and B strains circulating in the
same season. Because Centers for Disease Control and
Prevention subtyping and full antigenic characterization
of isolates were unsuccessful for 22% of isolates in year
1, influenza viruses that could not be matched to vaccine
antigen in that year might have been a mixture of vac-
cine-like and unmatched viruses. PCR assays in year 2
allowed subtyping and antigenic characterization of
99% of isolates and therefore dramatically improved the
ability to distinguish isolates as vaccine-like or un-
matched. The efficacy against a related but drifted influ-
enza B virus in the second season was not surprising,
given previous observations with the frozen formulation
of CAIV-T among older children,30 which demonstrated

protection between strains of considerably less antigenic
similarity. In the current trial, the point estimates of
efficacy against antigenically similar influenza B strains
in years 1 and 2 were lower than those for influenza A
strains. However, because the CIs for these point esti-
mates overlapped, conclusions regarding relative effi-
cacy against matched A or B strains could not be drawn.
In the current trial, 36% of influenza B isolates in year 2
were not antigenically similar to the vaccine strain; al-
though the point estimate of efficacy against these un-
matched B viruses was 50.8%, this did not achieve sta-
tistical significance.

In previous trials, the 2-dose primary series of LAIV
was administered at intervals of 60 � 14 days.37 In the
current study, doses were planned to be given at a
reduced interval of 35 � 7 days. Despite an actual mean
dosing interval of 33 days in a much younger popula-
tion, vaccine efficacy was high and comparable to that
reported among older children.

In this trial, CAIV-T demonstrated a high level of
efficacy against episodes of AOM that were associated
with a positive influenza nasal swab. This was not sur-
prising, given the high efficacy against culture-con-
firmed influenza. For this trial, a case definition for AOM
that had been published previously and was used in
previous trials involving other pediatric vaccines in this
age range35,36 was used. As also seen in clinical trials with
pneumococcal conjugate vaccine35 and TIV,26 CAIV-T
was not able to reduce significantly all episodes of AOM
from any cause during the influenza season. TIV was
shown to reduce AOM rates for children attending day
care,24,38 but a study conducted in younger children did
not support those findings.26 Influenza viruses might
represent a smaller fraction of the pathogens associated
with AOM in younger children, limiting the impact of
influenza vaccine in preventing this illness.

The impact of CAIV-T vaccination on effectiveness
outcomes was most apparent when influenza attack
rates for children were high. Vaccine effectiveness was
statistically significant for all parameters measured in the
second year of the trial. In that year, CAIV-T reduced
significantly the proportion of households with a parent
taking time off from work to care for a child, the number
of days lost from day care, the number of days of paren-
tal work loss, the number of antibiotic prescriptions writ-
ten, the number of days of antibiotic use, the use of
outpatient clinics and emergency departments, and the
use of nonprescription medications for respiratory ill-
ness. Vaccinating children had effects on equivalent pa-
rameters that were comparable to those of directly im-
munizing healthy adults with CAIV-T.39 Although this
study was not designed to address the community im-
pact of vaccinating children, other studies showed that
vaccinating school-aged children decreases significantly
health care utilization and school and work days
missed.40–43 In addition, an economic analysis of LAIV
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vaccination of children 15 to 71 months of age demon-
strated that vaccination is cost-effective from societal
and third-party payer perspectives and that the greatest
benefits occur when children are vaccinated in a group
setting and when only 1 dose is required for protection.44

With respect to safety and tolerability events reported
by parents or legal guardians that occurred in the first 11
days after each dose, CAIV-T, when administered to this
much-younger pediatric population, had fewer signifi-
cant reactogenicity and tolerability findings than re-
ported for older children.30,37 Although previous reports
indicated statistically significant increases of fever, runny
nose or nasal congestion, abdominal pain, and vomiting
among CAIV-T recipients, only runny nose or nasal con-
gestion achieved statistical significance in this trial of
younger children and only in the first year, after the first
dose. No statistically significant increases in rates of fever
were observed for placebo or CAIV-T recipients after any
dose in either year.

Furthermore, no significant safety events were ob-
served in the 2 study groups during the influenza season.
A large-scale clinical trial showed an increase in asthma
episodes in children 18 to 35 months of age who were
given the frozen formulation of CAIV-T.45 No such ob-
servations were found in this clinical trial; however, this
trial was not powered to detect small differences in such
events among CAIV-T versus placebo recipients. In a
large study of children 6 to 59 months of age who were
assigned randomly to receive CAIV-T or TIV, there was a
small but significant increase in medically significant
wheezing in previously unvaccinated children 6 to 23
months of age who received CAIV-T.46 However, in a
similar study in children 6 to 71 months of age with a
history of recurrent respiratory tract infections, there
was no difference between treatment groups in the in-
cidence of wheezing.47 Similar findings were seen in a
trial comparing TIV and CAIV-T in children and adoles-
cents 6 to 17 years of age with asthma; there was no
difference between treatment groups in pulmonary out-
comes, including asthma exacerbations.48

This clinical trial of an intranasally delivered liquid
formulation of LAIV in children 6 to �36 months of
age demonstrated conclusively efficacy against culture-
confirmed influenza illness over 2 consecutive seasons,
including efficacy against all 3 vaccine-like influenza
viruses. Significant vaccine effectiveness was also ob-
served. Other than a previously observed increase in
runny nose or nasal congestion, no significant tolerabil-
ity or safety findings were observed. CAIV-T represents a
valuable public health intervention for reducing influ-
enza illness in young children.
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Safety and efficacy of trivalent inactivated
influenza vaccine in young children: a
summary for the new era of routine vaccination
KENNETH M. ZANGWILL, MD AND ROBERT B. BELSHE, MD

Increasing use of influenza vaccine in children
is expected as this important virus becomes more
widely recognized as a major cause of morbidity
in young children. Clinicians and third party
payers must consider the implications of na-
tional vaccine use recommendations, with their
current focus on young children, on their prac-
tices and on the community at large. Two influ-
enza vaccines are available in the United States,
an inactivated, trivalent intramuscular formula-
tion (TIV) which is approved for use among chil-
dren >6 months of age; and a live, attenuated
intranasal trivalent preparation (LAIV) indi-
cated for healthy persons 5 to 49 years of age.
This review summarizes available data regard-
ing the safety and efficacy of TIV, in comparison
with LAIV, with particular attention to children
<9 years of age, the population for whom two
doses of vaccine are recommended for first time
vaccination. It is apparent that relatively few
data are available on the safety of TIV in young

children, that important age-specific differences
in TIV vaccine efficacy exist and that LAIV ap-
pears similar to TIV with regard to safety and
efficacy in younger children, but no head-to-head
comparison of these two licensed products is
available.

LEARNING OBJECTIVES

1. To describe the relatively few available data on the
safety and efficacy of contemporary formulations of
trivalent inactivated influenza vaccine (TIV) in
healthy young children, particularly those 6 to 23
months of age for whom vaccine is now recom-
mended.

2. To explain that use of TIV does not frequently result
in serious adverse events and that vaccine efficacy
appears to increase with age.

3. To compare published/presented data on the safety
and efficacy of TIV with the live, attenuated influ-
enza vaccine (LAIV).

4. To cite specific areas of ongoing clinical research
regarding influenza vaccination of children.

Influenza virus continues to be an important global
cause of morbidity and mortality. In the United States
�10 to 20% of adults and 15 to 40% of children
experience symptomatic influenza each year resulting
in 30 000 to 70 000 excess deaths, 100 000 to 150 000
hospitalizations and up to 3 billion dollars in direct
medical costs including diagnostic evaluation and an-
timicrobial therapy.1, 2 Among children �5 years old,
influenza-related hospitalization rates are highest in
those �1 year of age and comparable with rates for
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adults �65 years of age.3, 4 Illness in pediatric popula-
tions also results in substantial lost productive work
time among adult contacts who care for ill children and
may lead to secondary illnesses such as otitis media or
bacterial pneumonia among others. In addition school
age children are particularly important for the dissem-
ination and maintenance of influenza virus in house-
holds and communities.5 Because vaccination remains
the most efficient means for influenza prevention and
control, efforts to vaccinate young children therefore
might not only provide individual protection but also be
expected to impact on community spread.6, 7

INFLUENZA VACCINE RECOMMENDATION
Inactivated influenza vaccine was first shown to be

potentially efficacious in preventing human disease
during World War II8 and has been recommended since
at least 19609 for individuals at high risk of morbidity
and death after infection. A trivalent preparation is
currently produced by Evans Vaccines, Ltd. (Liverpool,
UK) and Aventis Pasteur, Inc. (Swiftwater, PA). In
June 2003 a live, attenuated influenza vaccine (LAIV;
MedImmune, Inc., Gaithersburg, MD) was licensed for
use in healthy persons 5 to 49 years of age by the US
Food and Drug Administration. The US Public Health
Service Advisory Committee on Immunization Prac-
tices (ACIP) guidelines for its use published in Septem-
ber 2003.10 In anticipation of licensure of this vaccine
and beginning with the 2002 to 2003 influenza season,
ACIP “encouraged” routine vaccination of all healthy
children 6 to 23 months of age.1 This was updated in
October 2003 with a full recommendation for vaccina-
tion of all children 6 to 23 months of age.11 Questions
remain, however, regarding (1) the limited nature of
the data on the safety and efficacy of trivalent inacti-
vated influenza vaccine (TIV) in the youngest age
groups and (2) various logistic implications for individ-
ual clinical practices to implement seasonal vaccina-
tion of large numbers of children. To this end more data
will be collected in coming years, which is necessary to
critically evaluate current policies for influenza vacci-
nation of young children.

Clinicians and third party payers continue discus-
sions as to how and whether to apply the ACIP’s
recommendation for vaccination of young children; it
is important for these groups to be apprised of
available data to assist in their decision-making.
This review attempts to summarize these data re-
garding the safety and efficacy of TIV with attention
to healthy children under the age of 9 years, the
group for whom two doses of vaccine are recom-
mended if the child has not previously received
vaccine. We reviewed the English literature for pub-
lished studies of TIV that included 15-�g/ml
amounts of each hemagglutinin antigen (as in the
current formulations) and LAIV for comparison pur-

poses. We have included selected data that have been
presented in public scientific or advisory meetings
and made note of monovalent and bivalent prepara-
tions of these vaccines when appropriate.

SAFETY OF TIV IN YOUNG CHILDREN
It is generally known that TIV vaccination of adults

can result in predictable local reactions such as those
associated with all injectable vaccines, including sore-
ness, redness or swelling at the injection site, usually
within 24 h of vaccination. The occurrence of systemic
signs and symptoms such as fever, malaise, headache
and lethargy, however, although not likely to occur
with greater frequency among vaccinees than among
randomized adult controls, has led many parents/
caregivers and clinicians to avoid vaccination of young
children.12, 13 In some cases these clinical findings,
rather than being caused by the vaccine, may be the
result of an incubating viral infection already present
before vaccination. This is not unexpected given that
influenza vaccination is usually performed just before
or during the peak of winter respiratory virus activity.
Other serious complications after influenza vaccina-
tion, such as neuritis and cranial nerve palsies, have
been reported on rare occasions, but only Guillain-
Barré syndrome has been shown to be clearly associ-
ated with vaccination, and then only among adults who
received the 1976 formulation.14

A paucity of prospective data is available to precisely
quantify the likelihood of adverse reactions in pediatric
patients who receive contemporary formulations of
TIV. TIV was recommended for use in children based
primarily on studies of monovalent (subtype A) vaccine
performed in the 1960s and 1970s, and mainly among
older children.15–18 These studies noted that: (1) reac-
tions in children were greater than noted in adults
without significant differences noted by age among
children between 3 and 12 years of age; (2) reactions
associated with whole virus vaccines (as low as 3 to 6
�g of antigen per dose) were more common than those
seen with split virus vaccines (up to 60 �g of antigen
per dose); (3) systemic reactions diminished in fre-
quency with the second dose, as did overall differences
between split virus and whole virus vaccine prepara-
tions in the likelihood of reactions; and (4) local reac-
tions with the bivalent vaccine preparations did not
substantially vary between high risk and “normal”
vaccine recipients. These studies included �1300 high
risk children and 2600 healthy children and led to the
general belief that influenza vaccine would likely be
safe when given to large numbers of children. None of
these studies included formulations currently in use.

Prospectively collected data on the safety of TIV
among healthy children �9 years of age are sparse and
often uncontrolled. We identified only 5 such studies
that used formulations with the same antigenic con-
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tent as that in use today, 4 of which evaluated local
reactions (Table 1).19–24 All 4 of these studies were
randomized, were blinded and included a control
group, although one study provided a monovalent in-
fluenza vaccine control rather than placebo. Overall
only 231 vaccinations of children �6 years of age and
�900 children �18 years of age were evaluated. No
study reported serious reactions after vaccination. The
largest trial included 635 vaccinees, 200 of whom were
�6 years of age; this was also the only trial that
reported age-specific reaction rates.22 In this study 3 to
6% of vaccinated children reported a local reaction, and
systemic signs/symptoms occurred in 4 to 16%, with
coryza and fever being the most common. Fever was
2-fold more likely in children �6 years of age than
among older groups. Only one trial specifically evalu-
ated local reactions among children �24 months of age;
it included only 12 vaccinees.20 No raw data were
reported to assess reactogenicity among individual
children who received repeated dosing in successive
years, although one study noted that subsequent dos-
ing was not associated with an increase in reactogenic-
ity.22 In view of the limited number of studies and the
small number of children evaluated, we believe the
collection of additional prospective data is necessary to
more completely describe the spectrum and severity of
adverse events associated with TIV use in young chil-
dren.

Although not the focus of this review, TIV safety has
been evaluated in a small number of children with high
risk conditions including asthma, bronchopulmonary
dysplasia and congenital heart disease, all of which

reported safety profiles similar to those seen in healthy
children as noted above.25, 26

We were not able to identify any published postlicen-
sure studies of the safety of TIV in healthy children. A
large, health maintenance organization- and popula-
tion-based retrospective cohort screening study was
presented to the ACIP in 2002.27 This study utilized
data from the Vaccine Safety Datalink Project28 to
evaluate the safety of TIV among �250 000 children
�18 years of age who had received �430 000 doses of
TIV. It included nearly 9000 children 6 to 23 months of
age; 23% of all enrolled children were in the high risk
category targeted for TIV.

This study did not identify any serious adverse
events after TIV vaccination compared with predefined
control periods before and after immunization. These
data are reassuring in that if a child had a serious
adverse event after TIV, s/he would likely have come to
care in the study health maintenance organizations
with a population of prepaid health care subscribers.
Data were not prospectively collected at the time of
vaccination, however, and common but relatively mi-
nor adverse events may therefore not have been de-
tected. A follow-up study to collect more data for
children 6 to �24 months of age is in progress.

SAFETY OF LAIV IN YOUNG CHILDREN
Previous work regarding the safety of LAIV in chil-

dren is briefly summarized for comparison to TIV.
LAIV has been administered to �20 000 children and
adults in prelicensure studies and appears to be gen-
erally safe and well-tolerated.10 In individual studies

TABLE 1. Published, prospective studies that reported safety of TIV in healthy US children �9 years of age

Study/yr Design N (TIV/Placebo
Recipients), Age

HA Dose
(�g/Strain)

Vaccine
Type Results

Gruber et al.,19 1990 Randomized, double blinded,
placebo-controlled

19/27, 3–5 yr 15 Subvirion Local reactions noted in 20% of vaccines
and 19% of controls. No age-specific data
available

26/28, 6–9 yr
9/22, 10–18 yr

Piedra et al.,20 1993 Randomized, blinded,
placebo-controlled

12/6, 6–32 mo 15 Split One vaccinee with fever to 38.2°C

Khan et al.,21 1996 Randomized, blinded,
placebo-controlled

168/87, 9–12 yr 15 Split Fever up to 37.4°C in 9% of vaccines (some
with sc vaccination), 1.1% controls; local
reactions in 27% of vaccines (93%,
erythema at the site)

Neuzil et al.,22 2001,
and Edwards et al.,23

1994

Randomized, double blinded,
controlled

200, 1–�6 yr* 15 Split 3–7% with redness or induration; 4–16%
with fever, cough, coryza or sore throat.
Reaction rates not worse with repeated
dosing

259, 6–�11 yr
176, 11–15 yr

Hoberman et al.,24 2003 Randomized, double blinded,
placebo-controlled

525/262, 6–24 mo 15 Split Local reactions not assessed. No serious
adverse events likely caused by vaccine;
no difference in all cause hospitalization
between groups

* This study was a multiyear study, and children were enrolled and followed for up to 4 years. A total of 277 children �16 years of age received TIV during the study, and children
were multiply vaccinated over time. Therefore, the number of children represents all those who ever received TIV, in the age group noted.
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certain signs and symptoms occurred significantly
more often among immunized children than among
controls, including nasal congestion, fever �37.8°C
and, much less commonly, vomiting, abdominal pain or
muscle aches. In young children the absolute difference
in the rate of these events between immunized children
and placebo recipients was �12% (Table 2).29 In the
majority of studies, no statistically significant differ-
ences were noted between vaccine and placebo recipi-
ents.30 As with TIV reactogenicity of LAIV is usually
self-limited and often noted only with the first dose. No
published data specifically addressed the issue of age-
related differences in reactogenicity, although one
study evaluating children as young as 12 months of age
demonstrated that the type and likelihood of reactions
in this age group did not differ from those seen in
studies of older children.31

Safety data from a large, prospective, randomized,
double blind, placebo-controlled trial of LAIV has been
presented.32, 33 This study enrolled 9689 children 1 to
17 years of age who were members of the Northern
California Kaiser Permanente Health Care Plan. The
primary endpoint was medically attended events in the
clinic, hospital or emergency department ascertained
through automated data. The authors noted many
events to be either at increased or at decreased risk of
occurrence in the LAIV group compared with placebo.
The most important adverse event noted was a dis-
charge diagnosis of asthma, which was statistically
more common among LAIV vaccinees than among
placebo recipients for children 18 to 35 months of age
only (relative risk, 4; P � 0.02). Although it is biologi-
cally plausible that LAIV may precipitate reactive
airway symptoms resulting in a visit to a health care
provider, its significance in this study is unclear. The
analysis included �1500 statistical comparisons with-
out adjustment for multiplicity, utilized a conservative
P value definition of 0.10 and included visits that were
not clustered in a consistent time period postvaccina-
tion. No serious adverse events were noted with LAIV

vaccination. Reductions in acute gastrointestinal
events, cough, febrile illness, pharyngitis, tonsillitis
and viral syndrome were noted in the vaccine group.
These data ultimately led the manufacturer to not seek
an indication in children �5 years of age. Clearly,
adverse events noted in this study should be carefully
monitored in LAIV postlicensure studies.

Because LAIV is a live (albeit attenuated) vaccine, it
can theoretically be transmitted from a vaccinee to a
close contact. With the exception of one event in an
unpublished Finnish study, however, transmission of
virus to susceptible contacts has not been documented.
The Finnish study evaluated 98 vaccinated and 99
unvaccinated children 8 to 36 months of age in a day
care setting. Eight percent of LAIV recipients shed
vaccine virus, and the mean duration of shedding was
7.6 days. One placebo recipient acquired LAIV virus
from a vaccine recipient, and this child shed virus for 1
day.34

The genetic composition of LAIV strains have been
extensively studied by the manufacturer and CDC
using laboratory and clinical trial isolates, and no
reversion to wild-type or more virulent phenotypes has
been demonstrated to date.35 It is considered highly
unlikely that such an event will be seen in the future;
several genetic mutations must take place simulta-
neously for viral reversion to occur. Clearly this issue
will need to be reconsidered as LAIV use begins postli-
censure and the potential for recombination with wild-
type influenza viruses becomes increasingly promi-
nent.

EFFICACY OF TIV IN YOUNG CHILDREN
We identified 7 randomized, controlled trials that

reported efficacy data for children �9 years of age
(Table 3).19, 21–24, 36–40 Only 1 study, designed to eval-
uate the impact of TIV on prevention of acute otitis
media, specifically assessed children 6 to 24 months of
age, the age for which vaccination is now “recom-
mended.”24 The published data include �1020 TIV

TABLE 2. Symptoms associated with LAIV between Day 0 and Day 10 after vaccination among children 15 to 71 months of
age enrolled in a prospective trial

Symptom/Sign

% with Symptom or Sign, Any Occurrence from Day 0–10 Postvaccination

Yr 1, Dose 1
(N � 1070 LAIV/532 placebo)

Yr 1, Dose 2
(N � 881 LAIV/433 placebo)

Yr 2
(N � 917 LAIV/441 placebo)

Runny nose/congestion 59, 48*† 36, 33 24, 25
Sore throat 10, 8 6, 7 10, 8
Cough 28, 29 36, 33 24, 25
Vomiting 6, 4* 7, 5 5, 4
Muscle ache 5, 3* 3, 2 3, 4
Headache 8, 6 5, 6 9, 7
Chills 4, 3 3, 3 3, 3
Decreased activity 16, 13 13, 13 11, 13
Irritability 26, 26 17, 19 14, 16
Fever �38.3°C orally 7, 6 5, 6 6, 3

* P � 0.05 for Fisher’s exact test.
† As reported in Reference 29, significant only on Days 2, 3, 8 and 9 after adjustment for age of child, month of vaccination, and child care attendance.
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vaccinees �5 years of age; 5 of 7 studies included �50
children and only 1 presented reliable data for more
than 1 influenza season. No study is available that
provides efficacy estimates against homotypic (non-
drifted) influenza strains over a range of age groups. In
addition methodologic differences make direct compar-
isons of vaccine efficacy results between studies prob-
lematic. The most important of these include: the
endpoint under study (infection vs. illness); the manner
in which the endpoint was ascertained (seroconversion,
culture, other surveillance method); the possibility that
the circulating strain is the same (homotypic) or differ-
ent (heterotypic) from that which is included in the
study vaccine; and the number of doses received/child
(1 vs. 2).

To more fully clarify TIV vaccine efficacy, we pooled
results from five studies that included only children �9
years of age who received two doses of vaccine in the
first year of vaccination and clearly reported culture
positivity or antigen detection as the clinical end-
point.19, 24, 36,38 Determination of vaccine efficacy is
most reliable when direct evidence of viral illness
during an acute clinical illness is the clinical standard.
Use of seroconversion (only) may overestimate efficacy
because such studies usually obtain serologies only
before and after a given influenza season, potentially
including those who were not overtly symptomatic.
Culture-based studies include prospectively identified
ill children with known concurrent influenza infection.
A test for heterogeneity (based on Cochran’s Q statis-
tic) of these studies was found to be not significant
(indicating a lack of statistical heterogeneity), and the
pooled vaccine efficacy was 63% [95% confidence inter-
val (95% CI), 45, 70] with a fixed effects model. Al-
though this estimate includes data from all English
language published studies of young children given
TIV as recommended by the ACIP, it is not a formal
metaanalysis. We did not attempt to identify unpub-
lished data or select those patients from serology-based
studies who may have also had cultures obtained.

Despite limitations in the data noted above, some
general conclusions can be made. (1) Studies with
age-specific data suggest that protective efficacy in-
creases with age in children. This may result from
acquisition of preexisting functional antibody over time
and/or immunologic priming or other biologic differ-
ences. Age specificity is also noted in adult populations
among whom TIV protective efficacy against illness
and hospitalization appear to decrease with age, par-
ticularly those �65 years among whom immune senes-
cence may play a role. (2) The range of efficacy among
children �5 years of age is quite broad (12 to 83%) and
limited by the small number of studies. Only one study
specifically evaluated and reported data for children 6
to 23 months of age; efficacy was 66% (95% CI 34, 82)
in the first study year in which the influenza virus

attack rate was high and –7% (95% CI –247, 67) in the
second study year in which a low attack rate was
noted.24 Another study included children 1 to �6 years
of age and demonstrated efficacy of 44 to 49% depend-
ing on viral strain.22 3) Three studies explicitly docu-
ment only poor to moderate heterotypic protection from
inactivated vaccine.19, 36, 37 In a fourth trial, in which
two of the four study years included heterotypic circu-
lating strains, protection by year was not described.22

(4) Overall vaccine efficacy in children, reported in
many textbooks to be 70 to 90%, seems overly optimis-
tic and needs to be considered more specifically by age
group, particularly in the context of the ACIP recom-
mendation for general usage in healthy young infants
and children �6 months of age.

EFFICACY OF LAIV IN YOUNG CHILDREN
The protective efficacy of LAIV in children against

serologic and/or culture-confirmed influenza infection
has been extensively reviewed elsewhere.30, 41 Table 4
lists selected placebo-controlled trials which include a
mix of spray and drop delivery systems and bi- and
trivalent formulations.23, 36, 37, 42 The largest trial eval-
uated the licensed formulation and reported 95 and
91% efficacy against homotypic type A/H3N2 and B
strains, respectively, among 1070 vaccinated children
15 to 71 months of age.42 In the second year of the
study, 86% protection against a heterotypic A/H3N2
strain was noted.43 Field data for H1N1 were not
available in this trial, but the rate of protection after
subsequent nasal challenge with A/H1N1 vaccine was
83% against viral shedding.44

No head-to-head comparison of TIV and LAIV using
the US-licensed spray formulation has been published.
Studies from Texas and Tennessee compared TIV and
bivalent LAIV in the same pediatric population during
the same years, and no significant differences between
vaccines were noted.22, 23, 36, 37 The only published trial
that compared trivalent LAIV and TIV was conducted
by CDC investigators in Russia using a trivalent LAIV
manufactured in Russia and TIV produced in this
country by Wyeth-Ayerst.21 This trial included chil-
dren 9 to 12 years of age; TIV efficacy against infection
demonstrated by seroconversion was 72% for LAIV and
94% for TIV. The master strain to create the Russian
LAIV is different from the licensed US product, and the
validity of comparison of these two vaccines is therefore
unclear.

EFFECTIVENESS OF INFLUENZA VACCINES
The effectiveness of both TIV and LAIV against

various clinical endpoints has been clearly demon-
strated in healthy children and adults. These studies
generally show a significant impact of influenza vac-
cine on influenza-like illnesses, hospitalization because
of cardiopulmonary conditions, visits to health care
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providers, utilization of healthcare resources, incidence
of concomitant otitis media, work productivity and
school and work absenteeism.45–48 Population-based
studies in Japan and the US have also convincingly
shown that use of TIV in young children can have a
beneficial impact on the community at large across all
age groups despite targeting vaccination to young chil-
dren only, highlighting the impact of this age group on
maintenance and spread of influenza to household and
community contacts.6, 7 Lastly the potential cost effec-
tiveness of influenza vaccination of children has been
shown to be comparable with or better than several
currently recommended pediatric vaccinations, al-
though this is dependent in large part on the cost of the
vaccine.49

IMPLICATIONS
We have attempted to concisely summarize the

available controlled data regarding the safety and
efficacy of TIV in comparison with LAIV with specific
attention to young children, the group for which the
ACIP now recommend vaccination. Our review indi-
cates that: (1) relatively few data are available to
completely assess the safety and efficacy of contempo-
rary TIV formulations in young children; (2) no alarm-
ing serious adverse events appear to frequently occur
in young children after TIV; (3) important age-specific
differences in TIV efficacy are apparent, with older
children benefiting the most from vaccination; and (4)
LAIV appears similar to TIV with regard to safety and
efficacy in younger children. This review also high-
lights some important questions and areas of research
that remain. These include: (1) safety of TIV in the
youngest children for whom it is currently being con-
sidered as a routine vaccination (�24 months of age);
(2) a need for continued study of increased respiratory
events after LAIV administration in children �5 years
of age; (3) direct comparison of the efficacy of trivalent
LAIV and TIV; and (4) a clear need for systematic
assessment of the emergence of rare adverse events
potentially associated with TIV and/or LAIV after each
is used with greater efficiency in coming years.

Implementation of the ACIP recommendation to vac-
cinate all children 6 to 23 months of age remains
difficult for clinicians, given the practical realities of
office-based vaccination of a large number of children
in a relatively short (seasonal) time frame.50 Many
practices are not equipped to handle such campaigns as
compared with provider or health maintenance organi-
zations, which may have a built-in infrastructure for
such programs. The potential benefit of influenza vac-
cination to individuals and communities, however, is
clear, and it remains our most timely and effective
intervention against this disease. No population-based
data are available on vaccine coverage among healthy
children, but coverage is only 9 to 25% among children
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with asthma, the largest at risk pediatric group.51

Weighing the relative risks and benefits of vaccination
with TIV for children �6 months of age and LAIV for
children �5 years of age remains the responsibility of
all who provide health care to children.
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