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Abstract  29 

OBJECTIVES: We estimated the epidemiological and economic impact of extending the 30 

French influenza vaccination programme from at-risk/elderly (≥ 65 years) only to healthy 31 

children (2-17 years). METHODS: A deterministic, age-structured, dynamic transmission 32 

model was used to simulate the transmission of influenza in the French population, using the 33 

current vaccination coverage with trivalent inactivated vaccine (TIV) in at-risk/elderly 34 

individuals (=current strategy) or gradually extending the vaccination to healthy children (aged 35 

2-17 years) with intranasal, quadrivalent live-attenuated influenza vaccine (QLAIV) from 36 

current uptake up to 50% (=evaluated strategy). Epidemiological, medical resource use and cost 37 

data were taken from international literature and country-specific information. The model was 38 

calibrated to the observed numbers of influenza-like illness visits/year. The 10-year number of 39 

symptomatic cases of confirmed influenza and direct medical costs (‘all-payer’) were calculated 40 

for the 0-17 (direct and indirect effects) and ≥18 year old (indirect effect). The incremental cost-41 

effectiveness ratio (ICER) was calculated for the total population, using a 4% discount 42 

rate/year. RESULTS: Assuming 2.3 million visits/year and 1,960 deaths/year, the model 43 

calibration yielded an all-year average basic reproduction number R0=1.27. In the population 44 

aged 0-17 years, QLAIV prevented 865,000 influenza cases/year (58.4%), preventing 10-year 45 

direct medical expenses of €374 million. In those aged ≥18 years with unchanged TIV coverage, 46 

1.2 million cases/year were averted (27.6%) via indirect effects (additionally prevented 47 

expenses: €457 million). On average, 613 influenza-related deaths were avoided annually 48 

overall. The ICER was €18,001/life-year gained. The evaluated strategy had a 98% probability 49 

of being cost-effective at a €31,000/life-year gained threshold. CONCLUSIONS: The model 50 

demonstrated strong direct and indirect benefits of protecting healthy children against influenza 51 

with QLAIV on public health and economic outcomes in France. 52 

  53 
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Key Points for Decision Makers 54 

 A simulation tool taking into account the transmission of the influenza virus among the 55 

population was used to estimate the impact of vaccinating children, on top of at-56 

risk/elderly people, against influenza in France; 57 

 When 50% of children aged 2-17 years are vaccinated with a quadrivalent live-58 

attenuated influenza vaccine, the model highlights a direct protection effect in 59 

vaccinated children and an indirect protection of older, vaccinated or unvaccinated, 60 

individuals; 61 

 The extra cost of the paediatric vaccination programme is compensated by the averted 62 

influenza burden to an acceptable extent according to commonly used cost-effectiveness 63 

thresholds.  64 

 65 

  66 
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 67 

1. Introduction 68 

Since the 2009 H1N1 influenza pandemic, public awareness and surveillance measures have 69 

strongly increased worldwide (the number of articles which refer to “influenza” as referenced 70 

in PubMed almost doubled between 2008 and 2010). Stimulated by the media, the general 71 

population has realised the risks of possible severe complications due to influenza, whether 72 

pandemic or seasonal, even in young healthy individuals [1]. Governments were, therefore, 73 

expected to take actions that would adequately protect the population against influenza. 74 

Currently, there are two distinct influenza vaccination policies: in Belgium, France and 75 

Germany, it is recommended to target at-risk persons from 6 months of age including elderly 76 

people aged ≥60 or 65 years. This aims to directly protect people who most likely develop 77 

severe complications (90% of influenza deaths occur in the elderly [2]). On the other hand, a 78 

shift towards vaccinating children has recently occurred in UK, Baltic and Nordic countries, 79 

Israel and South America: targeting the most important transmitters of influenza aims at 80 

reducing the spread of the virus and, thus, at indirectly reducing the number of cases in adults 81 

and elderly as well as in children. Using appropriately designed modelling studies [3], the 82 

positive impact of paediatric vaccination on public health outcomes has been demonstrated. 83 

Such studies have also contributed to the decision making process in countries that extended 84 

their influenza vaccination recommendations [4-8]. Analyses of surveillance data confirmed 85 

the positive impact of such programmes [9]. This move towards generalised paediatric 86 

influenza vaccination has become an incentive for some European countries and stakeholders 87 

to develop their own simulation studies, e.g. in Germany [10, 11] and Belgium [12]. However, 88 

such evaluations are not yet available in the French setting. We have therefore conducted a cost-89 

effectiveness assessment of paediatric influenza vaccination in France, using a previously 90 

published dynamic transmission model [10] which allows assessing direct and indirect 91 

vaccination effects.  92 

 93 

2. Aims and Objectives 94 

This study aimed to estimate the public health and economic impact, as well as the cost-95 

effectiveness, of extending the French influenza vaccination recommendations from at-risk 96 

individuals and elderly ≥65 years only to additionally including all children aged 2 to 17 years 97 

without severe asthma.  98 

 99 

3. Methods 100 
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3.1 Study design 101 

A deterministic, age-structured, dynamic transmission model was used to simulate the 102 

transmission of influenza in the French population, and to compare the outcomes of different 103 

vaccination strategies on average over 10 seasons. Although our focus was on vaccinating 104 

children, the whole population had to be simulated in order to capture indirect effects in the 105 

non-targeted population. Demographic changes and transmission dynamics are described by a 106 

system of 23,648 interacting differential equations. Technical details on the two-strain version 107 

of the simulation tool, previously used for Germany, were published by Rose et al. [10] and 108 

Damm et al. [11]. A Scientific Committee composed of three French experts in influenza 109 

epidemiology, paediatric influenza and pharmacoeconomics contributed to adapt the simulation 110 

tool to France (referred to as ‘expert opinion’ in this article). The model input values and 111 

references are presented in Table 1 and described below. The Consolidated Health Economic 112 

Evaluation Reporting Standards (CHEERS) were used (see completed checklist in 113 

supplementary material S1). 114 

 115 

3.2 Demographics and contact patterns 116 

The French population was clustered into one-year age cohorts which were subdivided into risk 117 

classes with regards to influenza complications. Demographic data for mainland France, as well 118 

as population projections until 2060, were retrieved from the National Institute of Statistics and 119 

Economic Studies’ (INSEE) website [13]. The proportion of individuals with a risk factor was 120 

estimated from the vaccination coverage statistics of Tuppin et al. 2009 [14]. It was estimated 121 

that 11% of children with asthma suffer from a severe form of asthma and, thus, are not eligible 122 

for vaccination with a live-attenuated vaccine [15]. Contact patterns (i.e. average age-dependent 123 

numbers of contacts per person per day) were derived from the Polymod study [16], using the 124 

contact matrix for Belgium which was believed to best capture French contact patterns because 125 

of the similarities regarding women employment and modes of child care. 126 

 127 

3.3 Natural history of influenza 128 

The simulation tool considers the concomitant and independent transmission of four influenza 129 

viruses (the two A strains A(H1N1) and A(H3N2) and the two B lineages B/Yamagata and 130 

B/Victoria). The average duration of latency in the model was 1 day, followed by an average 131 

5-day period of contagiousness [17]. The transmissibility of infectious individuals was assumed 132 

to vary over the year: it was 43% higher than average around Christmas and 43% lower in 133 

summer [5]. The all-year average basic reproduction number R0 was calibrated to the observed 134 
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numbers of influenza-like illness visits per year (see section on calibration). During the 135 

simulations, the whole population was assumed to be exposed to an external infection rate of 1 136 

per 1,000 susceptible person-years which also fluctuated seasonally. Following infection, 137 

immunity was assumed to last for 6 years after influenza A and 12 years after influenza B [5]. 138 

The proportion of individuals developing symptoms in case of infection was assumed to be 139 

66.9% [17]. The mean duration of illness per symptomatic influenza case was 6 days [18]. Two 140 

most frequent influenza complications were taken into account: acute otitis media (AOM) 141 

occurring frequently in children, and community-acquired pneumonia (CAP) [19]. Finally, 142 

patients who developed CAP as a complication of influenza had a specific probability to die; 143 

influenza-related CAP was the only cause of death considered in the model. 144 

 145 

3.4 Compared vaccination strategies 146 

Two strategies were compared in the base case analysis:  147 

(1) The reference strategy was the current trivalent inactivated vaccination (TIV) coverage in 148 

at-risk and elderly (aged ≥65 years) individuals; coverage rates per age and risk status were 149 

taken from the sick fund statistics [14, 20, 21].  150 

(2) The evaluated strategy was an extension of the current vaccination to all children aged 2-17 151 

years without severe asthma, using an intranasal, quadrivalent live-attenuated influenza vaccine 152 

(QLAIV) and increasing the vaccine uptake from 0 to 50% in 3 annual steps. The comparison 153 

of both strategies over ten seasons (2014/15-2023/24) followed the creation of a realistic age-154 

dependent immunity pattern, obtained after running a simulation for 20 years (1992-2013), 155 

based on the reported TIV vaccination coverage [22]. Vaccinations were performed annually 156 

from October 1st to November 30th in the model. As recommended, two doses of influenza 157 

vaccine (TIV or QLAIV) were assumed to be administered in children below 9 years who are 158 

receiving influenza vaccine for the first time. As the sick fund statistics indicated that 159 

individuals vaccinated in a given year had a higher probability of being vaccinated the following 160 

year (OR 30-60) [14], preferential re-vaccination was implemented in the simulations 161 

accordingly. 162 

 163 

3.5 Vaccination properties 164 

The average vaccine efficacy against influenza infection was determined using meta-analyses 165 

of controlled studies including both matched-strains and non-matched-strains seasons, in 166 

specific groups: in children aged 2-17 years, efficacy was assumed to be 59% with TIV and 167 

80% with QLAIV [23, 24]; in adults, the average TIV efficacy assumed in the model was 68% 168 
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(low-risk [25]) and 58% (at-risk [26]). The duration of vaccination-acquired immunity is known 169 

to wane quickly after TIV; 100% immunity loss was therefore assumed at the end of the first 170 

season [27]. There is evidence that the immunity acquired after QLAIV vaccination lasts at 171 

least until the following season (according to an Asian study, 70% of the children who were 172 

protected in the first year were also protected in the second year [28]). Accordingly, we assumed 173 

that 30% of the QLAIV-acquired immunity was lost at the end of the first season, and 100% at 174 

the end of the second.  175 

These vaccine properties are linked to the inactivated or live-attenuated type of influenza 176 

vaccine, and are not modified by the number of strains included in the vaccine: QLAIV can 177 

immunise against all four influenza strains, while TIV immunises against three. The 178 

composition of TIV was known until season 2014/15; for future years, a random choice was 179 

made annually to determine which B lineage is included in TIV. To account for the random 180 

TIV composition, model results were provided on average over 1,000 simulations.  181 

 182 

3.6 Medical resource use and cost inputs 183 

Direct medical resource use was distinguished between the treatment of symptomatic influenza, 184 

influenza-related AOM or CAP. The French literature, confirmed by experts’ opinion, allowed 185 

quantifying the frequencies of physician visits, prescriptions, self-medication and 186 

hospitalisations, specifically in children and adults, per low/at-risk status (Table 2). The 187 

corresponding unit costs (year 2014) were obtained from the official tariffs available on the 188 

French sick fund’s website [29] and from the French technical agency of information on 189 

hospitals (ATIH) [30]. An ‘all-payer’ perspective was adopted, including sick fund plus patient 190 

co-payments as recommended by the French National Authority for Health (HAS) [15]. A 191 

societal perspective, including productivity losses caused by sick leave, using the human capital 192 

method, was examined in sensitivity analysis.  193 

 194 

3.7 Model calibration 195 

The all-year average of the basic reproduction number (R0) was calibrated on the estimated 196 

number of annual influenza visits, all other demographic and epidemiologic parameters being 197 

set. The calibration target was derived from the numbers of influenza-like illness (ILI) 198 

visits/year published annually by the French institute for public health surveillance (INVS): (1) 199 

From 2005/06 to 2012/13, an average of 2,545,714 ILI visits occurred annually in France [31]; 200 

(2) we assumed that 65% of these visits occurred during the 9-week influenza epidemic window 201 

lasting from December to February; (3) during that window, we further assumed that 75% of 202 
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ILI were caused by influenza, compared to 25% during the rest of the year, excluding July and 203 

August (no influenza) as per expert opinion. Combining these data led to an annual calibration 204 

target of 2.2 million influenza visits for the seasons 2005/06 to 2012/13 i.e. 3.5% of the French 205 

population annually. A secondary calibration target was the annual number of deaths. Based on 206 

time series analysis over 10 seasons (1980-1990) in France, the number of influenza-related 207 

pneumonia deaths ranged between 1,100 and 17,100 per season in the 75+ age group only [32]. 208 

Another, more general, source, indicated that 1,500-2,000 deaths were caused by influenza 209 

every season in France [2]. To ensure a conservative number of deaths predicted by the model, 210 

this latter range was used as our secondary calibration target, by adjusting the probabilities of 211 

CAP-related deaths, we ensured that this target was reached. The probabilities were set 212 

specifically in children (<18) and adults (18+), per risk status.  213 

 214 

3.8 Model outcomes 215 

The epidemiologic and public health outcomes of interest were the numbers of symptomatic 216 

cases of confirmed influenza, AOM, CAP, influenza-related hospitalisations, deaths caused by 217 

influenza-related CAP and life-years lost during an evaluation period of 10 years. Although 218 

incidence rates are available per season, using a deterministic model implies that stochastic 219 

transmission events are smoothed out (annual incidence fluctuates less than in reality) and, 220 

consequently, results should only be interpreted as averages over 10 seasons. The economic 221 

outcomes of interest were the total vaccination costs, influenza-related treatments costs and the 222 

total direct medical costs (‘all-payer’ perspective). The costs of productivity losses were 223 

considered in a sensitivity analysis. The outcomes were first estimated for children aged below 224 

18 years, to assess the effect of the new versus the current vaccination recommendations in this 225 

targeted group. The indirect protection effect in the adult population was estimated separately. 226 

Finally, the total effect in the French population was assessed. The epidemiological and costs 227 

outcomes per strategy were first presented in a disaggregated, undiscounted way. The 228 

incremental cost-effectiveness ratio (ICER) was then calculated in Euros per life-year gained 229 

for the total population, using an annual 4% discount rate for life-years and costs [15].  230 

 231 

3.9 Sensitivity and scenario analyses 232 

A tornado diagram was produced to show the impact of univariate variations of key model 233 

parameters on the number of averted cases of confirmed symptomatic influenza. The included 234 

parameters were the basic reproduction number R0, the vaccine efficacy of QLAIV, the 235 

immunity duration after infection or vaccination, respectively, the percentage of the population 236 
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with risk factors, the proportion of infected individuals developing symptoms, the duration of 237 

the evaluation period and discount rates.  238 

A probabilistic sensitivity analysis (PSA) was performed whereby the cost-effectiveness plane 239 

represents the incremental cost as a function of the incremental life-years gained. Variations of 240 

+/-25% around the central estimate were generally used to determine the PSA distributions’ 241 

parameters (see supplementary material S4). 242 

Finally, the following scenario analyses were presented: (1) inclusion of indirect costs (societal 243 

perspective); (2) comparison QLAIV vs. trivalent live-attenuated influenza vaccine (TLAIV) 244 

to assess the added value of having both B strains (B/Victoria, B/Yamagata) in the live vaccine; 245 

(3) comparison QLAIV vs. quadrivalent inactivated vaccine (QIV) to assess the added value of 246 

the live over the inactivated influenza vaccine; (4) targeting the age group 2-6 years with 247 

coverage rates varying from 10 to 90%; (5) ICER re-estimation assuming that all influenza-248 

related CAP deaths occurred in the 65+ age group. 249 

 250 

4. Results 251 

4.1 Calibration 252 

Model calibration led to 2.3 million influenza visits/year and 1,960 influenza-related CAP 253 

deaths/year when using a mean R0 of 1.27 (the deviation from the calibration target was less 254 

than 10%). Most deaths (88%) occurred in adults at higher risk of severe complications and 255 

elderly aged above 65, and other death cases occurred in at-risk children aged 0-17. 256 

 257 

4.2 Epidemiologic and public health impact 258 

QLAIV vaccination coverage of 50% among children aged 2 to 17 years prevented a total of 259 

20.2 million symptomatic cases of confirmed influenza within the 10-year evaluation period as 260 

a result of direct and indirect protection (Table 3). The highest number of averted cases was 261 

found among adults (≥18 years) for which the vaccination coverage remained unchanged: 11.6 262 

million cases (28% of the cases which occur under the current strategy) were avoided in this 263 

group via indirect protection effects obtained by vaccinating children. In the targeted paediatric 264 

population, 8.6 million cases (58%) of confirmed influenza were averted in the 10-year 265 

evaluation period. Overall, the attack rate for symptomatic influenza cases dropped from 8.6% 266 

annually with the current strategy to 5.6% with the evaluated strategy. In the total population, 267 

the relative reductions of influenza-related events ranged from 31% (613 averted CAP-related 268 

deaths/season, 77% thereof in at-risk adults) to 50% (108,000 AOM cases averted/season, 89% 269 

thereof in those aged 0-17 years). This range of percent reductions reflects the higher relative 270 
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reduction of influenza cases in children in which most of the AOM cases are found, while deaths 271 

occur mainly in the elderly/at-risk individuals. 272 

Influenza infection dynamics over time with both current and evaluated strategies is shown in 273 

supplementary material S2. 274 

 275 

4.3 Economic and cost-effectiveness analysis 276 

Adopting the new vaccination strategy saved €831 million in influenza-related medical 277 

treatments within 10 years in total (Table 3). The highest savings occurred in the population not 278 

targeted by the new vaccination strategy (€457 million in adults aged ≥18 years vs. €374 million 279 

in children aged <18 years). The avoided costs of sick leave prescriptions in adults were more 280 

than three times as high as the avoided costs of “sick-children days-off” (€1,702 vs. €510 281 

million). The evaluated vaccination strategy was cost-effective from both the ‘all-payer’ (ICER 282 

€18,001/life-year gained) and the societal perspective (€1,596/life-year gained). 283 

 284 

4.4 Sensitivity analyses 285 

The factor that had the largest impact on the number of averted influenza cases was the duration 286 

of immunity after influenza A infection (Figure 1). Decreasing the duration of natural immunity 287 

against influenza A to 2 years instead of 6 years yielded twice as many averted cases, both in 288 

adults and in children. The immunity duration after influenza B infection is also among the 289 

main influential factors, with approximately 20% more cases averted if the immunity duration 290 

is limited to 6 years (base case: 12 years). Comparatively, further increasing the natural 291 

immunity duration had a smaller impact on the averted cases (-15%). 292 

The second most influential factor was the basic reproduction number R0. Using an extreme 293 

value of R0 =2.5 led to more averted cases in the targeted paediatric population (Figure 1a), but 294 

less averted cases in the adult group (Figure 1b). This non-linear pattern reflects the complexity 295 

of the relationships between the dynamic transmission parameters.  296 

As expected, the total number of averted cases increased with the time horizon (+/- 50% averted 297 

paediatric cases and -30% to +21% averted adult cases with an evaluation period of 5 to 15 298 

years; see influenza infection dynamics over 15 years in supplementary material S3). With 299 

variation of +/- 10% around the base case value (66.9%), the proportion of infected individuals 300 

developing symptoms led to variations of +/- 10% around the base case number of averted 301 

cases.  302 

The above-described parameters were also driving the cost-effectiveness results: the ICER 303 

ranged from €7,202 to €22,889 per life-year gained for natural immunity durations after 304 
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influenza A infection from 2 to 12 years (base case 6 years) (Figure 1c). Smaller values of the 305 

discount rate improved the ICER.  306 

Other tested factors (QLAIV vaccine efficacy, QLAIV immunity loss after 1 season, percentage 307 

of at-risk children) had a less than 10% impact on the results.  308 

Based on a PSA with 5,000 simulations, and assuming a willingness-to-pay threshold of 309 

€31,000/life-year gained (French GDP/capita), a coverage of 50% in children aged 2-17 years 310 

with QLAIV was cost-effective in 98% of the simulations (Figure 2). The central 95% of 311 

ICER values ranged from €12,201 to €29,662/life-year gained (base case €18,001). 312 

 313 

4.5 Scenario analyses 314 

Assuming a maximum coverage of 50% in children aged 2-17 years, the 10-year number of 315 

symptomatic cases was 44.8 million when using QIV and 43.7 million when using TLAIV, 316 

while it was 36.5 million when using QLAIV (compared to 56.7 million cases in the reference 317 

scenario). The average number of prevented cases per year in the total population dropped from 318 

2.0 million with QLAIV to 1.3 million when using TLAIV (-35%) and 1.2 million when using 319 

QIV (-42%).  320 

 321 

In terms of prevented symptomatic cases, the benefit of using the live-attenuated instead of the 322 

inactivated influenza vaccine (QLAIV vs. QIV) seemed therefore slightly higher than the 323 

benefit of using the quadrivalent instead of the trivalent version of the live vaccine (QLAIV vs. 324 

TLAIV).  325 

 326 

Restricting QLAIV vaccination to children aged 2-6 years (instead of those aged 2-17 years) 327 

would avert between 0.9 million (coverage rate 10%) and 7.2 million (coverage rate 90%) 328 

symptomatic cases over 10 years. The situation is less cost-effective than the strategy targeting 329 

all children aged 2-17 years (ICER between €29,000 and €40,000/life-year gained when varying 330 

the coverage rate from 10% to 90%), as the indirect protection does not reach the same 331 

magnitude. 332 

According to the model developed, a programme vaccinating 90% of children aged 2-17 years 333 

with QLAIV achieves a 57% reduction of symptomatic cases overall (48% reduction of adult 334 

cases) compared to the reference scenario, while remaining cost-effective (ICER €22,885/life-335 

year gained; Figure 3) according to the commonly used willingness-to-pay thresholds. 336 

 337 
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Our last scenario analysis concerned the age-distribution of CAP-related deaths in the model. 338 

In our base case, about half (48%) of the prevented deaths occurred in the 65+ age group. The 339 

corresponding life-years saved (from the averted deaths in the 65+ group only) were 43,831 340 

(undiscounted) and 24,665 (discounted). If the other half of the prevented deaths would have 341 

occurred in the 65+ as well instead of occurring in the younger age group, a total of 87,662 342 

undiscounted life-years (base case 246,087) or 49,331 discounted life-years (base case 82,117) 343 

would have been saved. The ICER re-calculated with the newly estimated number of life-years 344 

was €29,965 per life-year gained (base case €18,001), which is still smaller than the French 345 

GDP per capita.  346 

 347 

5. Discussion 348 

Our simulation studies demonstrated strong positive direct and indirect impact for public health 349 

and economic outcomes in France when routine vaccination with QLAIV is implemented in 350 

healthy children aged 2-17 years. A vaccination strategy targeting this population with QLAIV 351 

(accompanied by the current TIV vaccination for the rest of the population) is estimated to be 352 

a cost-effective strategy compared to the current coverage of the at-risk/elderly population. The 353 

magnitude of these results is in line with findings using the Belgian version of the model [33] 354 

and with a previously published German simulation study [10, 11], based on an older version 355 

of the same simulation tool which did not yet use four influenza strains, but only distinguished 356 

between influenza A and B. The effects of generalised paediatric vaccination was less 357 

promising in our simulation studies than in the UK studies [5, 6, 8] which reported up to 84% 358 

of averted cases in the total population when vaccinating 50% of children aged 2-17 years with 359 

LAIV as compared to the current policy. The positive effects in these studies may have mostly 360 

derived from assuming that a single vaccination (TIV or LAIV) prevented influenza A and B 361 

infections for 6 and 12 years, respectively. A Belgian model reported about 12-24% averted 362 

cases with 30-80% QLAIV uptake in children aged 2-17 years [12]. The latter transmission 363 

model had specific features regarding the key epidemiologic parameters (number of strains, 364 

seasonal fluctuations, immunity duration, basic reproduction number R0), and was using a 365 

global search algorithm to estimate the best fitting set of input values. Distinct programming 366 

approaches of dynamic transmission models are expected to lead to a wide range of results; 367 

however, all models quoted above lead to compatible conclusions with regard to paediatric 368 

influenza vaccination, from very cost-effective with an ICER as low as £251 per QALY in the 369 

UK [7] to borderline cost-effective (€45,000 per QALY) in Belgium [12]. Our base case ICER 370 

expressed in cost per QALY gained falls in between the previous estimates: €8,522 per QALY 371 
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from the ‘all-payer’ perspective, and €755 per QALY from the societal perspective, assuming 372 

0.007 QALY lost per influenza episode [34]. 373 

Our last scenario analysis assuming that all deaths occur in the 65+ age group highlighted the 374 

critical impact of the age-distribution of influenza-related deaths on the total life-years gained, 375 

and thus on the ICER (increasing from €18,001 to €29,965 per life-year gained in our scenario, 376 

and from €8,522 to €30,306 per QALY gained). The age distribution of mortality was earlier 377 

reported as an influential factor when evaluating new influenza vaccination strategies [12] [35]. 378 

Despite very conservative assumptions (1,500-2,000 deaths per year in the 65+ and no deaths 379 

in 0-64 year-old), our evaluated strategy remained cost-effective according to a generally 380 

accepted (informal) threshold (ICERs per life-year and QALY gained lower than €31,000, the 381 

French GDP per capita).  382 

Our main reasons for reporting ‘cost per life-year gained’ rather than ‘cost per QALY gained’ 383 

ratios in the main analysis were the absence of French studies providing influenza-related utility 384 

data and the difficulty to estimate QALY losses during an acute event –such as influenza- 385 

generally with no sequelae. In addition, the number of deaths remains the main clinical outcome 386 

of influenza vaccination policy in France.   387 

 388 

The model was calibrated to the average number of symptomatic confirmed cases registered by 389 

the French national influenza surveillance network. As per the deterministic nature of our 390 

simulation tool, it was outside the model scope to make predictions of how future individual 391 

influenza seasons will look like, or how seasons’ variability would be modified by QLAIV 392 

vaccination. Similarly, the variability in the circulating respiratory viruses within and across 393 

seasons were not included in the model 10-year average results.  394 

 395 

Further benchmarks were used to ensure model validity however: the population size and 396 

structure followed the French national statistics and predictions between 1992 and 2024, and 397 

the average number of hospitalisations (27,500/year) was in line with a recent analysis of 398 

French hospital records, reporting an average of 65,399 hospital admissions/year with a 399 

diagnosis of confirmed influenza or pneumonia (CAP) [36]. Finally, the average attack rate of 400 

symptomatic influenza over 10 years was 8.6% in the current strategy, which is within the range 401 

of national statistics [2], despite important uncertainty regarding the distribution of influenza 402 

cases and flu positivity rates during and outside the epidemic period. 403 

 404 
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Our choice of parameter values has been considered by experts to be highly conservative, 405 

especially regarding the rate of events in at-risk individuals. Furthermore, although influenza-406 

related mortality was only linked to CAP in our model, it was more important to us to predict a 407 

conservative number of deaths than accurately predicting the number of influenza deaths that 408 

are due to CAP. The range of 1,500-2,000 deaths per year on which our model was calibrated 409 

can be extrapolated to an excess mortality of about 8,000 deaths per influenza season: according 410 

to several studies, the ratio between the direct mortality and indirect mortality (fatal influenza-411 

related complications caused by pre-existing cardiovascular or neurologic conditions) is 412 

comprised between 2 and 8 [31, 32, 37].  413 

 414 

The duration of immunity, be it after infection or after vaccination, is still a source of debate. 415 

As these durations have not yet been measured in appropriate studies, we used previously 416 

published assumptions on naturally-acquired immunity [5] derived from the Tecumseh study 417 

[38]. The average immunity duration after influenza A had a large impact on our results, and 418 

although B-epidemics only occur once or twice every 10 years, the immunity duration after 419 

influenza B sensibly impacted the results. The impact of QLAIV acquired immunity duration 420 

was limited because the same individuals tend to be vaccinated every year. To account for a 421 

higher uncertainty, extreme values around the central estimates of immunity durations were 422 

tested in sensitivity analyses, i.e. beyond the +/-25% variation used for other parameters. To 423 

not excessively increase the complexity of the analyses, partial immunity and genetic drift were 424 

not modelled.  425 

 426 

Children exposed yearly to new influenza strains tend to be infected more easily than adults 427 

and might develop symptoms more often once infected; in our model, we used a common value 428 

across age classes (66.9%) in absence of more specific studies. The use of challenge studies is 429 

not appropriate in children or at-risk persons for safety and ethical reasons. Contact patterns 430 

may change when individuals become sick [39], yet our model uses the same contact matrix 431 

throughout the season, independent of the health status of the individuals. Noteworthy, a contact 432 

matrix developed specifically for the French population has been released after we performed 433 

our analyses [40]. The impact of using a non-French matrix from the Polymod study on our 434 

results is likely to be attenuated given the similarities between both studies, and the fact that the 435 

highest number of contact was always concentrated on children and teenagers. Finally, vaccine-436 

related adverse events were not taken into account as they were generally mild and not different 437 

between TIV and LAIV used in their respective indications. 438 
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 439 

Our simulation tool was able to reproduce a credible, conservative outcome with the current 440 

vaccination strategy and TIV coverage rate, and showed both direct and indirect benefits of 441 

additionally protecting healthy children against influenza with a live-attenuated quadrivalent 442 

influenza vaccine specifically developed for a paediatric population. In the French context, the 443 

paediatric influenza vaccination with QLAIV appears to be cost-effective. 444 

 445 
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Tables and Figures (to be submitted as separate files): 477 

 478 

Table 1: Epidemiological model input values and sources 479 

Table 2: Medical resources and unit cost input values and sources 480 

Table 3: Base case epidemiology, public health and economic results over 10 years in 481 

mainland France 482 

 483 

Figure 1: Tornado diagrams (univariate sensitivity analysis): 484 

a) Number of averted cases of confirmed influenza in children aged 0-17 years 485 

(combining direct and indirect effects) 486 

b) Number of averted cases of confirmed influenza in adults aged ≥18 years (indirect 487 

effect) 488 

c) Incremental cost-effectiveness ratio (ICER), ‘all-payer’ perspective 489 

VE: vaccine efficacy; (Q)LAIV: (quadrivalent) live-attenuated influenza vaccine; pct: percent; R0: basic 490 
reproduction number; durations are in years. 1,000 simulations were performed with each tested value (low and high). 491 

Because of the stochasticity caused by the random composition of the trivalent inactivated vaccine 492 

(TIV), the results of univariate sensitivity analyses are given as averages over several simulation runs 493 

(N=1,000). 494 

The range of averted cases obtained with R0 values around the base case value of 1.27 does not contain 495 

the base case number of averted cases. This might happen when studying the indirect effect, given the 496 

non-linear association between the different parameters. 497 

 498 

Figure 2: Cost-effectiveness plane of the evaluated versus the current strategy 499 

Current strategy: vaccination of at-risk individuals and elderly (aged ≥65 years) with trivalent 500 

inactivated vaccine. 501 

Evaluated strategy: vaccination of 50% of children aged 2-17 years with quadrivalent live-attenuated 502 

influenza vaccine, add-on to the current vaccination strategy.  503 

The red dotted line indicates a willingness-to-pay (WTP) threshold of €31,000 per life-year gained 504 

(LYG): 98.5% of the simulations are acceptable. 505 

5,000 simulations were performed per vaccination strategy. 506 

Information on parameters and distributions used are available in supplementary material S4. 507 
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 508 

Figure 3: Scenario analyses on quadrivalent live-attenuated influenza vaccine coverage 509 

rate and targeted age: 510 

a) Percentage of averted cases in adults aged ≥18 years depending on the coverage scenario 511 

(indirect effect) 512 

b) Percentage of averted cases in the total population depending on the coverage scenario 513 

c) Incremental cost-effectiveness ratio (ICER) in € per life-year gained depending on the 514 

coverage scenario 515 

1,000 simulations were performed per vaccination strategy. 516 

 517 

 518 
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 519 

Table 1: Epidemiologic model inputs values and sources 520 

Parameter s Age (years) Value base case Source 

Population  

mainland France 

All ages 2014: 63.9 million 

2024: 67.0 million 
[13] 

 2-17 2014: 22.0% of the population; 2024: 21.2% [13] 

Risk factor for severe 

influenza 

complications 

0-9 

10-17 

18-44 

45-64 

6.2% (at-risk, without severe asthma) 

4.4% (at-risk, without severe asthma) 

5.4% 

10.2% 

[14] 

0-9 

10-17 

0.7% (at-risk, with severe asthma) 

0.5% (at-risk, with severe asthma) 
[15] 

Transmission 

dynamics 

5y age groups Number of contacts between individuals, per day 

‘Polymod’ contact matrix, ‘all reported contacts’, Belgium 
[16] 

All ages Basic reproduction number R0 = 1.27 (annual average) Calibration 

All ages Infection introduction rate, per patient per year: 1/1,000 Assumption 

Natural history of 

influenza 

All ages Proportion of infected individuals developing symptoms: 66.9% [17] 

All ages Duration of latency: 1 day [17] 

All ages Duration of contagiousness: 5 days [17] 

All ages Duration of symptoms: 6 days [18] 

All ages Duration of naturally-acquired immunity after infection: 

Influenza A: 6 years; Influenza B: 12 years 
[5] 

Complications of 

symptomatic 

influenza 

0-1 

2-8 

9-17 

<18 at-risk 

≥18 at-risk 

39.7% 

19.6% 

4.4% 

19.6% 

1.1% 

Acute otitis media (AOM) 

[19], [37] 

 

0-1 

2-8 

2.8% 

2.5% 

 

 

[19], [37] 

, expert opinion 
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9-17 

18-64 no risk 

<18 at-risk 

≥18 at-risk 

1.0% 

0.4% 

6.0% 

2.5% 

Community-acquired pneumonia (CAP) 

No risk 

<18 at-risk 

≥18 at-risk 

0.02% 

5.00% 

10.00% 

Probability of dying in case of CAP Calibration 

Calibration  All ages 2.2 million influenza visits/year: [31], expert opinion 

All ages 

At-risk 

1,500-2,000 influenza-related deaths/year 

90% of influenza deaths occurring in at-risk adults 
[2] 

Vaccination coverage  Current 

strategy 
Evaluated strategy 

 

 TIV TIV QLAIV [21] 

<2, no risk 3.4% 3.4% 0%  

2-8, no risk 3.4% 0% From 3.4% to 50%*  

9-17, no risk 8.0% 0% From 8.0% to 50%  

18-34, no risk 7.0% 7.0% 0%  

35-49, no risk 10.0% 10.0% 0%  

50-64, no risk 21.0% 21.0% 0%  

<2, at-risk 17.3% 17.3% 0%  

2-8, at-risk 17.3% 0% From 17.3% to 50%  

9-17, at-risk 19.5% 0% From 19.5% to 50%  

18-64, at-risk 31.9% 31.9% 0%  

65+, at-risk 54.0% 54.0% 0%  

<2, severe asthma 17.3% 17.3% 0%  

2-8, severe asthma 17.3% From 17.3% to 50% 0%  

9-17, severe asthma 19.5% From 19.5% to 50% 0%  
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Vaccine efficacy  TIV QLAIV  

1 11% NA [41] 

2-17 59% 80% [23, 24] 

>18, no risk 68% NA [25] 

>18, at-risk 58% NA [26] 

Immunity duration All ages 100% immunity lost at end of 1st season 

% lost at end of : 

1st season: 30% 

2nd season: 100% 

[23, 24], [27] 

Re-vaccination factor All Ages RR=6.0 of being vaccinated, when vaccinated in previous year [14] 

Time horizon Initialisation period: 1994/95-2008/09  

(time to build up immunity status, arbitrary) 

 

Transition period: 2009/10-2013/14  

(to adjust coverage rates post-pandemia) 

 

Evaluation period: 2014/15-2023/24  

Perspective Base case analysis: ‘all-payer’, direct medical costs only 

(sick fund + patient co-payments) 

[15] 

Scenario analysis: Societal  

(‘all-payer’ + costs of productivity losses) 

[15] 

Discounting Disaggregated outcomes: undiscounted [15] 

ICER calculation: 4% per year (costs, effects) [15] 

ILI: influenza-like illness; INSEE: institut national de la statistique et de l’évaluation économique (http://www.insee.fr/fr/ ); NA: not applicable; 521 

OR: odds ratio; QLAIV: quadrivalent live-attenuated influenza vaccine; RR: relative risk; TIV: trivalent inactivated vaccine 522 

*Maximum coverage reached in 3 years 523 

 524 
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Table 2: Medical resources and unit costs inputs values and sources 

Treatments CH1 CH2 CH3 CH4 OHA ARA ARC Source 

Symptomatic influenza         

Physician consultation 

given symptomatic flu 
70.0% 70.0% 52.5% 35.0% 35.0% 52.5% 90.0% [42], expert opinion 

Drug prescriptions given 

consultation: 
       

 

Antivirals (oseltamivir) 5.0% 5.0% 5.0% 5.0% 5.0% 45.0% 45.0% [43-44]  

of which experiencing a 

beneficial effect:  
50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 

Assumption: median 1 day 

reduction of symptoms duration 

Antibiotics 23.7% 15.6% 15.6% 5.0% 5.8% 33.7% 33.7% [19], [45-47] 

Analgesics and 

antipyretics 
90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 

[45-47] 

Antitussives 43.9% 43.9% 43.9% 43.9% 3.6% 51.2% 51.2% [45-47]  

Self-medication (OTC) 75.0% 75.0% 75.0% 75.0% 75.0% 75.0% 75.0% [45-47] 

Hospitalisation (influenza) 0.05% 0.05% 0.05% 0.05% 0.05% 0.35% 0.35% [48], calibration 

AOM         

Antibiotic therapy 80.0% 80.0% 25.0% 25.0% 25.0% 80.0% 80.0% [49], expert opinion 

Analgesics and 

antipyretics  
90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 

[45-47] 

Nasal spray  16.2% 16.2% 16.2% 16.2% 14.0% 24.4% 24.4% [45-47] 

CAP         

Antibiotic therapy 95.0% 95.0% 80.0% 80.0% 80.0% 95.0% 95.0% [49], expert opinion 

Analgesics and 

antipyretics 
90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 

[45-47] 

Antitussives 43.9% 43.9% 43.9% 43.9% 3.60% 51.2% 51.2% [45-47] 

Outpatient chest x‐ray 80.0% 80.0% 80.0% 80.0% 80.0% 80.0% 80.0% [50] 
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Hospitalisation (CAP ) 50.0% 25.0% 25.0% 25.0% 25.0% 50.0% 90.0% Expert opinion, calibration 

Productivity loss         

% of employed with sick 

leave given symptomatic 

influenza* 

25.0% 25.0% 25.0% 25.0% 70.0% 70.0% 25.0% [44] 

Average duration (days) 3.0 3.0 3.0 3.0 4.8 4.8 3.0  

Employment rate* 81.6% 81.6% 81.6% 81.6% 

18-24y: 29.9% 

25-49 y: 81.6% 

50-64 y: 54.8% 

81.6% [13] 

Unit cost (2014; in €),  

‘all-payer’ 
CH1 CH2 CH3 CH4 OHA ARA ARC Source 

TIV dose 6.14 6.14 6.14 6.14 6.14 6.14 6.14 [29] BdM_IT 

QLAIV dose NA 30.37 30.37 30.37 NA NA 30.37 Public Price (manufacturer) 

Vaccine administration 25 23 23 23 23 23 23 
[29] (CH1: paediatrician, else GP 

tariff) 

Chest X-ray, outpatient 21.28 21.28 21.28 21.28 21.28 21.28 21.28 [29], procedure ZBQK002 

Hospitalisation         

Influenza 4467 4467 4467 4467 4467 4467 4467 [30], GHM 04M25 

CAP 2357 2357 2357 2357 5414 5414 2357 [30], GHM 04M04, 04M05 

Medications        [29] BdM_IT 

Antivirals 12.40 12.40 18.34 24.27 24.27 24.27 24.27  

Antibiotics (influenza) 2.20 5.24 5.24 5.24 5.24 5.24 5.24  

Antibiotics (AOM, CAP) 8.99 8.99 8.99 8.99 9.03 9.03 9.03  

Analgesics, antipyretics 2.02 2.02 2.02 2.02 2.08 2.08 2.08  

Antitussives 2.89 2.89 2.89 2.89 2.89 2.89 2.89  

Nasal spray 5.09 5.09 5.09 5.09 4.95 4.95 4.95  

Self-medication 10.00 10.00 10.00 10.00 10.00 10.00 10.00 Assumption 
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Indirect costs 142.5 142.5 142.5 142.5 142.5 142.5 142.5 [13] 

* CH1-4, ARC: assuming parents aged 25-49 years 

AOM: acute otitis media; ATIH: agence technique de l’information sur l’hospitalisation (technical agency for hospital information); BdM_IT: 

base des médicaments et informations tarifaires (medication and costs database); CAP: community-acquired pneumonia; GHM: groupe 

homogène de maladies (diagnosis related group); OTC: over-the-counter medication; T2A: tarification à l’activité (fee-per-service); CH1: 

children without risk factors, aged 0-1 year; CH2: children without risk factors, aged 2-6 years; CH3: children without risk factors, aged 7-8 

years; CH4: children without risk factors, aged 9-17 years; OHA: otherwise healthy adults; ARA: at-risk adults, including elderly aged ≥65 

years; ARC: at-risk children, including children with severe asthma, aged 0-17 years. 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



25 
 

Table 3: Base case epidemiology, public health and economic results over 10 years in mainland France 

Outcome Current strategy Evaluated strategy 

Difference Evaluated – 

Current (absolute 

numbers) 

Difference Evaluated – 

Current (%) 

Aged <18 years (N=14.1 million) 

Epidemiology N (attack rate) N (attack rate) N (attack rate) Relative change 

Infections (A + B) 22,146,156 (15.7%) 9,222,177 (6.5%) -12,923,979 (-9.1%) -58.4% 

Symptomatic cases 14,815,778 (10.5%) 6,169,636 (4.4%)) -8,646,142 (-6.1%) -58.4% 

Influenza complications 
N  

(rate /100,000 /year) 

N  

(rate /100,000 /year) 

N  

(rate /100,000 /year) 
Relative change 

AOM 1,742,660 (1,233.6) 783,975 (554.9) -958,684 (-678.6) -55.0% 

CAP 271,002 (191.8) 116,132 (82.2) -154,869 (-109.6) -57.1% 

Antibiotics courses 2,257,205 (1597.8) 1,025,027 (725.6) -1,232,178 (-872.2) -54.6% 

Hospitalisations 115,217 (81.6) 50,714 (35.9) -64,503 (-45.7) -56.0% 

Deaths 2,505 (1.8) 1,091 (0.8) -1,414 (-1.0) -56.5% 

Life-years lost 204,570 (144.8) 89,402 (63.3) -115,168 (-81.5) -56.3% 

Health economics € € € Relative change 

Vaccination costs 312,004,074 3,136,288,658 2,824,284,584 905.2% 

Influenza treatments costs 656,994,058 283,423,078 -373,570,980 -56.9% 

Outpatient visits and procedures 172,338,741 73,465,479 -98,873,262 -57.4% 

Medication 165,520,617 69,924,636 -95,595,981 -57.8% 

Hospitalisation 319,134,700 140,032,963 -179,101,737 -56.1% 

Total direct costs 968,998,131 3,419,711,736 2,450,713,604 252.9% 

Indirect costs 872,996,713 363,022,476 -509,974,237 -58.4% 

Total society costs 1,841,994,844 3,782,734,212 1,940,739,368 105.4% 
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Aged ≥ 18 years (N=51.6 million) 

Epidemiology N (attack rate) N (attack rate) N (attack rate) Relative change 

Infections (A + B) 62,597,202 (12.1%) 45,332,446 (8.8%) -17,264,757 (-3.3%) -27.6% 

Symptomatic cases 41,877,528 (8.1%) 30,327,406 (5.9%) -11,550,122 (-2.2%) -27.6% 

Influenza complications 
N  

(rate /100,000 /year) 

N  

(rate /100,000 /year) 

N  

(rate /100,000 /year) 
Relative change 

AOM 439,714 (85.2) 318,438 (61.7) -121,276 (-23.5) -27.6% 

CAP 303,868 (58.9) 220,068 (42.6) -83,800 (-16.2) -27.6% 

Antibiotics courses 2,337,449 (452.8) 1,692,841 (327.9) -644,607 (-124.9) -27.6% 

Hospitalisations 160,056 (31.0) 115,917 (22.5) -44,138 (-8.6) -27.6% 

Deaths 17,094 (3.3) 12,381 (2.4) -4,714 (-0.9) -27.6% 

Life-years lost 471,645 (91.4) 340,727 (66.0) -130,919 (-25.4) -27.8% 

Health economics € € € Relative change 

Vaccination costs 3,715,337,163 3,715,337,162 0 0.0% 

Influenza treatments costs 1,658,586,189 1,201,175,803 -457,410,386 -27.6% 

Outpatient visits and procedures 369,765,975 267,783,734 -101,982,242 -27.6% 

Medication 420,198,241 304,307,750 -115,890,492 -27.6% 

Hospitalisation 868,621,972 629,084,320 -239,537,652 -27.6% 

Total direct costs 5,373,923,352 4,916,512,966 -457,410,386 -8.5% 

Indirect costs 4,343,631,701 3,151,427,197 -1,192,204,504 -27.4% 

Total societal costs 9,717,555,052 8,067,940,162 -1,649,614,890 -17.0% 

Total population (N=65.8 million) 

Epidemiology N (attack rate) N (attack rate) N (attack rate) Relative change 

Infections (A + B) 84,743,359 (12.9%) 54,554,623 (8.3%) -30,188,736 (-4.6%) -35.6% 

Symptomatic cases 56,693,307 (8.6%) 36,497,043 (5.6%) -20,196,264 (-3.1%) -35.6% 
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Influenza complications 
N  

(rate /100,000 /year) 

N  

(rate /100,000 /year) 

N  

(rate /100,000 /year) 
Relative change 

AOM 2,182,374 (331.9) 1,102,413 (167.7) -1,079,961 (-164.2) -49.5% 

CAP 574,869 (87.4) 336,200 (51.1) -238,669 (-36.3) -41.5% 

Deaths 19,599 (3.0) 13,471 (2.1) -6,128 (-0.9) -31.3% 

Life-years lost 676,216 (102.8) 430,129 (65.4) -246,087 (-37.4) -36.4% 

Antibiotics courses 4,594,653 (698.8) 2,717,868 (413.3) -1,876,785 (-285.4) -40.8% 

Hospitalisations 275,273 (41.9) 166,631 (25.3) -108,642 (-16.5) -39.5% 

Health economics € € € Relative change 

Vaccination costs 4,027,341,236 6,851,625,820 2,824,284,584 70.1% 

Influenza treatments costs 2,315,580,247 1,484,598,881 -830,981,365 -35.9% 

Outpatient visits and procedures 542,104,716 341,249,213 -200,855,504 -37.1% 

Medication 585,718,858 374,232,386 -211,486,473 -36.1% 

Hospitalisation 1,187,756,672 769,117,283 -418,639,389 -35.2% 

Total direct costs 6,342,921,483 8,336,224,701 1,993,303,219 31.4% 

Indirect costs 5,216,628,414 3,514,449,673 -1,702,178,741 -32.6% 

Total societal costs 11,559,549,897 11,850,674,374 291,124,478 2.5% 

Cost-effectiveness     

Discounted life-years lost 242,210 160,092 -82,117  

Discounted total direct costs €4,934,088,196 €6,412,265,983 €1,478,177,787  

ICER, ‘all-payer’ perspective €18,001 per life-year gained 

Discounted total societal costs €9,001,073,262 €9,132,103,178 €131,029,916  

ICER, societal perspective €1,596 per life-year gained 

AOM: acute otitis media; CAP: community acquired pneumonia; ICER: incremental cost-effectiveness ratio. 

N: mainland France population size on average over 2014-2023; results were averaged over 1,000 simulations. 
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Current strategy: vaccination of at-risk individuals and elderly (aged ≥65 years) with trivalent inactivated vaccine. 

Evaluated strategy: vaccination of 50% of children aged 2-17 years with quadrivalent live-attenuated influenza vaccine, add-on to the current 

vaccination strategy.  
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S1 Consolidated Health Economic Evaluation Reporting Standards (‘CHEERS’) 

checklist 
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a: Detailed method description of the model used, including model structure chart, was published 

earlier (Damm et al 2014, Rose et al 2014). 

b: No quality-adjusted life-years (QALYs) were used in our model; incremental cost-effectiveness 

ratio (ICER) was based on life-years gained. 

 

Reference: Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, 

Augustovski F, Briggs AH, Mauskopf J, Loder E; ISPOR Health Economic Evaluation 

Publication Guidelines-CHEERS Good Reporting Practices Task Force. Consolidated Health 

Economic Evaluation Reporting Standards (CHEERS)--explanation and elaboration: a report 

of the ISPOR Health Economic Evaluation Publication Guidelines Good Reporting Practices 

Task Force. Value Health. 2013 Mar-Apr;16(2):231-50. doi: 10.1016/j.jval.2013.02.002. 
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S2 Comparison of influenza A+B incidence with current and evaluated strategies in a 

single randomly selected simulation (10-year time horizon) 

 

Blue curve: Current strategy (vaccination of at-risk individuals and elderly [aged ≥65 years] 

with trivalent inactivated vaccine; current vaccination coverage)  

Red curve: Evaluated strategy (vaccination of 50% of children aged 2-17 years with 

quadrivalent live-attenuated influenza vaccine, add-on to the current vaccination strategy). 
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S3 Comparison of influenza A+B incidence with current and evaluated strategies in a 

single randomly selected simulation (15-year time horizon) 

 

Blue curve: Current strategy (vaccination of at-risk individuals and elderly [aged ≥65 years] 

with trivalent inactivated vaccine; current vaccination coverage)  

Red curve: Evaluated strategy (vaccination of 50% of children aged 2-17 years with 

quadrivalent live-attenuated influenza vaccine, add-on to the current vaccination strategy). 

 

The maximum effect of the new vaccination strategy is seen during the fourth season: first, it 

takes three seasons for the new coverage to reach 50%. Second, the rather long-lasting natural 

immunity acquired by the large annual infection incidence during the previous seasons still 

persists during the first years of the evaluation period, but as influenza transmission declines 

following QLAIV vaccination, the acquisition of natural immunity also diminishes, and the 

number of susceptible individuals increases again after a transitory phase of maximum 

immunity (caused by the combination of old natural immunity and new vaccination-derived 

immunity). This phenomenon has also been called the “honeymoon period” as described 

elsewhere (Scherer and McLean 2002). 
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S4 Parameter values and distributions used in the probabilistic sensitivity analysis 

Parameter Distribution Parameter 1 Parameter 2 Mean SD Low High 

Basic reproduction number R0 Lognormal 0.24 0.19 1.27 0.31 1.10 2.30 

Duration of contagiousness Lognormal 1.61 0.13 5.00 0.64 3.75 6.25 

Proportion of infected developing symptoms Beta 66.90 33.10 66.90 8.53 50.18 83.63 

Duration of naturally-acquired immunity, after inf A Lognormal 1.79 0.13 6.00 0.77 4.50 7.50 

Duration of naturally-acquired immunity, after inf B Lognormal 2.48 0.13 12.00 1.53 9.00 15.00 

Duration of vaccination-acquired immunity QLAIV  

(% immunity lost after first season) 
Beta 30.00 70.00 30.00 11.48 15.00 60.00 

Vaccine efficacy TIV, aged 0-1 year Beta 11.00 89.00 11.00 0.56 9.90 12.10 

Vaccine efficacy TIV, aged 2-17 years Beta 59.00 41.00 59.00 3.01 53.10 64.90 

Vaccine efficacy TIV, aged 18-64 years, low risk Beta 68.00 32.00 68.00 3.47 61.20 74.80 

Vaccine efficacy TIV, high risk Beta 58.00 42.00 58.00 2.96 52.20 63.80 

Vaccine efficacy QLAIV, aged 2-17 years Beta 80.00 20.00 80.00 4.08 72.00 88.00 

Proportion of symptomatic visiting GP, CH1 Beta 70.00 30.00 70.00 8.93 52.50 87.50 

Proportion of symptomatic visiting GP, CH2 Beta 70.00 30.00 70.00 8.93 52.50 87.50 

Proportion of symptomatic visiting GP, CH3 Beta 52.50 47.50 52.50 6.70 39.38 65.63 

Proportion of symptomatic visiting GP, CH4 Beta 35.00 65.00 35.00 4.46 26.25 43.75 

Proportion of symptomatic visiting GP, OHA Beta 35.00 65.00 35.00 4.46 26.25 43.75 

Proportion of symptomatic visiting GP, ARA Beta 52.50 47.50 52.50 6.70 39.38 65.63 

Proportion of symptomatic visiting GP, ARC Beta 90.00 10.00 90.00 11.48 67.50 112.50 

Proportion of symptomatic developing AOM, CH1 Beta 39.70 60.30 39.70 5.06 29.78 49.63 

Proportion of symptomatic developing AOM, CH2 Beta 19.60 80.40 19.60 2.50 14.70 24.50 

Proportion of symptomatic developing AOM, CH3 Beta 19.60 80.40 19.60 2.50 14.70 24.50 

Proportion of symptomatic developing AOM, CH4 Beta 4.40 95.60 4.40 0.56 3.30 5.50 

Proportion of symptomatic developing AOM, ARC Beta 19.60 80.40 19.60 2.50 14.70 24.50 

Proportion of symptomatic developing CAP, CH1 Beta 28.00 972.00 2.80 0.36 2.10 3.50 

Proportion of symptomatic developing CAP, CH2 Beta 25.00 975.00 2.50 0.32 1.88 3.13 

Proportion of symptomatic developing CAP, CH3 Beta 25.00 975.00 2.50 0.32 1.88 3.13 

Proportion of symptomatic developing CAP, CH4 Beta 10.00 990.00 1.00 0.13 0.75 1.25 

Proportion of symptomatic developing CAP, OHA Beta 4.00 996.00 0.40 0.05 0.30 0.50 
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Proportion of symptomatic developing CAP, ARA Beta 25.00 975.00 2.50 0.32 1.88 3.13 

Proportion of symptomatic developing CAP, ARC Beta 60.00 940.00 6.00 0.77 4.50 7.50 

Cost of hospitalisation for influenza (Public) Gamma 61.47 44.97 2764.00 352.55 2073.00 3455.00 

Cost of hospitalisation for influenza (Patient) Gamma 61.47 27.71 1703.00 217.22 1277.25 2128.75 

Cost of hospitalisation for CAP, regular, aged <18 years (Public) Gamma 61.47 34.28 2107.00 268.75 1580.25 2633.75 

Cost of hospitalisation for CAP, regular, aged <18 years (Patient) Gamma 61.47 4.07 250.00 31.89 187.50 312.50 

Cost of hospitalisation for CAP, regular, aged ≥18 years (Public) Gamma 61.47 60.34 3709.00 473.09 2781.75 4636.25 

Cost of hospitalisation for CAP, regular, aged ≥18 years (Patient) Gamma 61.47 27.74 1705.00 217.47 1278.75 2131.25 

Cost of hospitalisation for CAP, ICU, aged <18 years (Public) Gamma 61.47 65.86 4048.00 516.33 3036.00 5060.00 

Cost of hospitalisation for CAP, ICU, aged <18 years (Patient) Gamma 61.47 11.96 250.00 31.89 187.50 312.50 

Cost of hospitalisation for CAP, ICU, aged ≥18 years (Public) Gamma 61.47 91.92 3709.00 473.09 2781.75 4636.25 

Cost of hospitalisation for CAP, ICU, aged ≥18 years (Patient) Gamma 61.47 35.63 2190.00 279.34 1642.50 2737.50 

AOM: acute otitis media; CAP: community acquired pneumonia; CH1: children without risk factors, aged 0-1 year; CH2: children without risk factors, aged 2-

5 years; CH3: children without risk factors, aged 6-11 years; CH4: children without risk factors, aged 12-17 years; GP: general practitioner; HRA: high-risk 

adults; OHA: otherwise healthy adults; ARA: at-risk adults, including elderly aged ≥65 years; ARC: at-risk children, including children with severe asthma, aged 

0-17 years; TIV: trivalent inactivated vaccine QLAIV: quadrivalent live-attenuated influenza vaccine.

The parameters 1 and 2 presented in the table below are depending on the chosen distribution, respectively: 

-Lognormal: log(mean) and Standard error (SE) of the log(mean). Used for the basic reproduction number R0 and durations.

-Beta: alpha and beta. Used for probabilities; alpha being estimated as the number of events and beta the number of “non-events”, assuming a sample size

of 100 or 1,000 in case of probabilities <5%.

-Gamma: alpha and beta. Used for costs.

Low and high values were obtained by applying variations around the central estimates of -/+ 10% for vaccine efficacy values or -/+25% for durations, for 

probabilities of developing symptoms, of requiring a GP visit and of complications and for costs. Larger variations encompassing clinically relevant values 

were used for basic reproduction number (1.1-2.5) and for loss of QLAIV-induced immunity after 1 season (15%-60%). 




