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Abstract

Introduction—Decreased live attenuated influenza vaccine (LAIV) effectiveness in the U.S. 

prompted the Advisory Committee on Immunization Practices in August 2016 to recommend 

against this vaccine’s use. However, overall influenza uptake increases when LAIV is available 

and, unlike the U.S., LAIV has retained its effectiveness in other countries. These opposing 

countercurrents create a dilemma.

Methods—To examine the potential consequences of the decision to not recommend LAIV, 

which may result in decreased influenza vaccination coverage in the U.S. population, a Markov 

decision analysis model was used to examine influenza vaccination options in U.S. children aged 

2–8 years. Data were compiled and analyzed in 2016.

Results—Using recently observed low LAIV effectiveness values, fewer influenza cases will 

occur if LAIV is not used compared with having LAIV as a vaccine option. However, having the 

option to use LAIV may be favored if LAIV effectiveness returns to prior levels or if the absence 

of vaccine choice substantially decreases overall vaccine uptake.

Conclusions—Continued surveillance of LAIV effectiveness and influenza vaccine uptake are 

warranted given their importance in influenza vaccination policy decisions.

INTRODUCTION

The 2003 licensure of live attenuated influenza vaccine (LAIV), a nasal spray, introduced a 

new needle-sparing form of vaccine administration and led to vaccine acceptance among 
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needle-averse individuals.1,2 Having a choice among vaccines and administration modes 

may increase uptake1–5; offering a choice between LAIV and inactivated influenza vaccine 

(IIV) to adults increased uptake by 5–7 percentage points.6 However, potential positive 

effects of an LAIV option have been countermanded by changing recommendations for its 

use resulting from varying effectiveness estimates.

Effectiveness of LAIV has been highly variable in the U.S. Meta-analyses and reviews found 

LAIV more effective than IIV in children aged 2–8 years,7–10 leading the Advisory 

Committee on Immunization Practices (ACIP) to preferentially recommend LAIV for this 

age group in 2014.11 However, in the 2013–2014 and 2014–2015 seasons, LAIV was not 

effective against influenza A (H1N1) owing to heat instability.12 Consequently, ACIP 

removed the LAIV preference for the 2015–2016 season.13 The manufacturer changed the 

H1N1 construct for the 2015–2016 LAIV, but vaccine effectiveness remained low14 and 

ACIP recommended against LAIV use in 2016.15 Reasons for this continued loss of 

effectiveness in the U.S. are unclear. By contrast, LAIV effectiveness in other countries has 

been maintained.16–18

Conflicting effects between greater overall vaccine uptake with LAIV use and reduced 

LAIV effectiveness creates a dilemma. Using decision analysis, trade-offs among vaccine 

choice, uptake, and effectiveness in children aged 2–8 years were explored.

METHODS

A Markov model of influenza vaccination in children aged 2–8 years19 was modified to 

consider two strategies: one where LAIV use is eliminated and another where either vaccine 

can be used. Thus, trade-offs were examined between: (1) no longer recommending LAIV, 

with potentially decreased vaccine uptake based on preference, needle phobia, and other 

factors; and (2) offering both vaccines and maintaining prior uptake, but with low LAIV 

effectiveness that could potentially improve. The model (detailed in the Appendix), 

constructed using TreeAge Pro, version 2016, followed identical hypothetical cohorts over a 

single influenza season, with influenza vaccination and illness occurring based on the 

product of U.S. seasonal population averages and monthly relative likelihoods of those 

events.20,21 Influenza risk with or without vaccination was tracked, based on population 

attack rates, protective effectiveness of each vaccine, and vaccine uptake. Influenza illness 

and its severity, manifestations, costs, and outcomes occurred based on medical literature 

data (Appendix Table 1). The primary analytic outcome was influenza risk difference 

between strategies. A secondary analysis examined quality-adjusted life years lost and costs.

Removing LAIV, used in 38% of children aged 2–8 years, could decrease population vaccine 

uptake, which was modeled as a potential decrease in vaccination rate for the IIV-only 

strategy. When either vaccine could be used, vaccination rates were held at 2015 levels. The 

base case analysis assumed no decrease in vaccine uptake with the IIV-only strategy, but 

potential decreases in uptake were examined in sensitivity analyses. In 2015, vaccine uptake 

was 51.7% for children aged <5 years and 40.7% for those aged 5–12 years. The uptake of 

children aged <5 years was used in the base case analysis; rates of those aged 5–12 years 

were used in a sensitivity analysis. LAIV effectiveness has declined to low levels in the 
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U.S.,14 but its effectiveness in other countries has remained relatively stable,16–18 raising 

questions whether loss of effectiveness in the U.S. could be a transient phenomenon. In this 

analysis, the recently observed low LAIV effectiveness was modeled as the base case while 

examining the influence of potentially improved vaccine effectiveness in sensitivity 

analyses.

RESULTS

In the base case analysis, where vaccine uptake was identical for both strategies, the model 

estimated that 20.9% of children aged 2–8 years had influenza illness if only IIV were used, 

compared with 23.5% if both vaccines continued to be used (and LAIV has low 

effectiveness). In one-way sensitivity analyses, the IIV-only strategy prevented fewer cases 

than a choice between vaccines if LAIV effectiveness is >63% (base case, 3%) or if the 

absolute decrease in population vaccine uptake resulting from the absence of an LAIV 

option was >18.7% (base case, 0%). Individual variation of all other parameters, including 

influenza attack rates, through ranges listed in Appendix Table 1, did not change strategy 

favorability.

Figure 1 shows results when varying both sensitive parameters simultaneously in a two-way 

sensitivity analysis. When baseline influenza vaccination uptake was 51.7% (top panel), 

having both vaccines available prevented more influenza cases than the IIV-only strategy if 

overall vaccination uptake decreased by 5 percentage points and LAIV effectiveness was 

>46.5%, or if vaccine uptake decreased by 10 percentage points and LAIV effectiveness was 

>30.4%. When baseline vaccine uptake was set at 40.7% (bottom panel), having both 

vaccines available was favored if LAIV effectiveness was >42.1% or >21.8% and the IIV-

only strategy decreased vaccination by 5 or 10 percentage points, respectively.

A secondary cost-effectiveness analysis compared costs and quality-adjusted life years 

between strategies. In the base case, which assumes unchanged vaccination rates, the IIV-

only strategy was less costly and more effective than a strategy where either vaccine could 

be used (Appendix Table 2). Two-way sensitivity analyses varying LAIV effectiveness and 

potential decreased vaccine uptake showed somewhat greater ranges where IIV-only was 

favored (compared with Figure 1) when a $100,000 per quality-adjusted life year gained 

threshold was used (Appendix Figure 2); that area decreased when higher thresholds were 

used.

DISCUSSION

This analysis generally supports the ACIP decision to recommend against LAIV use, while 

showing how changes in overall vaccine uptake or LAIV effectiveness could undermine that 

decision. Decreased influenza vaccine uptake that could result from LAIV unavailability 

leads to higher disease burden, as does continuing to offer a low-effectiveness LAIV. 

Complicating the decision is the possibility of future improved LAIV effectiveness.

Although it is unlikely that a substantial change in just one of these parameters’ values will 

occur and lead to continued LAIV use being favored, smaller changes in each parameter 

occurring jointly could plausibly lead to more illness under the new ACIP recommendations. 
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In any case, this analysis highlights the importance of timely vaccine effectiveness estimates 

via influenza surveillance, as well as the usefulness of examining reasons for vaccine 

acceptance or refusal and the effects of policy choices on vaccine uptake. In addition, this 

analysis shows the potential value of decision analytic techniques, along with surveillance 

data, in informing and assisting policy deliberations.

This analysis did not account for herd immunity, likely an important component of LAIV 

effectiveness.18,22 However, this omission’s effect is probably low when LAIV effectiveness 

is low and when herd immunity can occur with IIV use. Absence of LAIV options in other 

age groups, which was not accounted for in this analysis, could have greater or lesser effects 

than those observed in children aged 2–8 years. Use of cohort simulation limits the ability to 

account for population heterogeneity. It is felt that the most likely cause of poor LAIV 

protection is reduced replicative effectiveness of H1N1 strains in LAIV,25 but definitive 

reasons for regional effectiveness differences are not yet available. Decision analysis models 

depend on parameter estimates; this analysis was based on a published model19 

incorporating vaccine effectiveness data from the same data source that informed Centers for 

Disease Control and Prevention recommendations.14 Continued surveillance of LAIV 

effectiveness and influenza vaccine uptake is warranted, given their importance and 

influence in future influenza vaccination policy choices.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Two-way sensitivity analysis.

Notes: Varying LAIV effectiveness (x-axis) and the absolute decrease in vaccination rates 

when LAIV is not used (y-axis) for prior population vaccination rates of 51.7% (observed 

influenza vaccine uptake for children aged <5years, top panel) and 40.7% (uptake for 

children aged 5–12 years, bottom). Within each panel, areas depict where strategies are 

favored due to fewer influenza cases compared to the other strategy. The option to use either 

vaccine was favored when LAIV effectiveness is high or when the decrease in vaccination 

rate is high after LAIV is no longer an option. At the base case LAIV effectiveness of 3%, 

the vaccination rate would have to decrease by almost 19% (top) or 15% (bottom) as a result 

of removing LAIV for the both vaccines option to be favored.

LAIV, live attenuated influenza vaccine; IIV, inactivated influenza vaccine
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Table 1

Key Parameter Values Examined in the Model

Parameter Base case (range) Source

Relative likelihood of LAIV use (vs. IIV) 38% (0–50%) 23

Vaccination likelihood

 Base case (6 months–4 years) 51.7% (+/− 6.1%) 24

 Alternative case (5–12 years) 40.7% (+/− 3.6% 24

Vaccine effectiveness – Age 2–17 years

 LAIV 3% (0–70%) 14

 IIV 63% (40–80%) 14

LAIV, live attenuated influenza vaccine; IIV, inactivated influenza vaccine
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