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Background: Argentina’s population was heavily affected by the 2009 influenza pandemic, particularly children, in
whom incidence of seasonal influenza is consistently high. Following the pandemic, Argentinean national
recommendations for pediatric vaccination against A/H1N1 influenza were defined for all children aged up to five
years, in line with programs implemented by national authorities elsewhere. Economic evaluations have found that
vaccination programs for this population against seasonal influenza are cost-effective, if not cost-saving in many
countries. Recently, Argentina decided to routinely vaccinate against influenza children aged 6-23 mo-old. But, the
economic value of such strategies for the country has never been assessed.

Methods: A model was developed to assess the value of four different vaccination strategies: (1) no pediatric
vaccination; (2) vaccination of 6-23 mo-old children; (3) vaccination of 6-36 mo-old children; (4) vaccination of 6 mo-5y-
old children. We first estimated community health benefits of vaccination then we evaluated the economic and quality-
of-life impact of these strategies on the population. Data used in the model come from surveillance networks, published
literature, national databases and retrospective hospital-based data.

Results: Pediatric influenza vaccination benefited not only children but also the overall community, due to decreased
disease transmission. Our results showed that the recent decision by Argentina to vaccinate 6-23 mo-old children is cost-
effective as would be the incremental vaccination of broader age groups.

Conclusions: Results from this study are consistent with previous analyses in other countries confirming that imple-
menting influenza pediatric vaccination programs can be highly cost-effective through individual- and community

protection against the disease.

Introduction

Over the last decade, pediatric vaccination against influenza
increasingly has become part of national immunization policies.
In the US, pediatric influenza vaccination was included in the
national immunization program for children aged 6 to 23 mo in
2004, expanded to all children aged six to 59 mo of age in 2006,
and then finally up to 18y In Ontario, Canada, a universal
influenza immunization program was set up in 2000, while in
Taiwan, influenza vaccination policy targeted children aged 6
to 23 mo in 2004, followed by a school-based program in 2007.
In Finland, influenza vaccination for children aged 6 to 35 mo
has been fully subsidized since 2007. In Mexico, a pediatric
influenza vaccination program was implemented gradually
between 2004 and 2006 for populations aged up to 35 mo, and
lastly a recent decision has been made in Columbia to vaccinate
children under 2y old.
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Submitted: 06/14/11; Revised: 10/23/11; Accepted: 10/30/11
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Health authorities’ decisions to implement such pediatric
vaccination programs are based upon several factors including an
estimation of the potential economic and public health benefits
for vaccinated children as well as for other community members."
The individual burden of influenza in children is not limited to
the viral infection itself but is also linked to complications of
the illness, such as otitis media, pneumonia and exacerbation
of pulmonary diseases such as bronchitis and asthma, which
frequently develop in very young children.>> Children also

46 since the contact

contribute significantly to virus transmission
patterns of children tend to be inter-generational” they tend to act
as a “backbone of transmission” in the family and, consequently,
in the general population.®

Vaccination is the most effective measure for preventing
influenza. The results of both empirical and modeling studies
have shown that pediatric vaccination programs in school and

day-care settings can reduce the influenza attack rate in families

Volume 8 Issue 3


http://dx.doi.org/10.4161/hv.18569

Table 1. Incidence of symptomatic influenza (influenza-like-iliness; ILI) in the
Argentinean population average over 2002 to 2006 seasons®

Age group of

o Incidence of ILI
general population

Min Average Max
<5y 7.47% 9.73% 12.49%
5-49y 11.64% 12.63% 15.21%
=50y 3.99% 5.61% 7.71%

of vaccinated children and in the community,*” and that vac-
cination of 50% to 70% of children could help in containing
annual influenza epidemics.'®'* Health economic evaluations
conducted previously have found influenza vaccination programs
targeting children to be at the least cost-effective and very often
cost-saving, due to disease prevention, particularly when impact
on transmission had been considered.®"?

Table 2. Demographic parameters

Population inputs Value Source

Distribution of age groups*

0-6 mo old 1% Estadisticas vitales—
6-23 mo old 30, informacion basica afo
2006. Ministerio de
2-4yold 5% salud de la nacién?'
5-10 y old 9%
11-14 y old 9%
15-18 y old 9%
19-49 y old 42%
50-64 y old 13%
65+ y old 10%

Distribution of household size (in persons)*

1 16% Estadisticas vitales—
5 21% informacion basica ano
2006. Ministerio de
3 19%  salud de la nacién®
4 19%
5 13%
6 7%
7 4%
Probability of monoparental household 0.18 22
Probability of household with children 0.08 22
and elderly
Average size of workgroups (in persons) 25 8,10
Probability of working 0.6 8,10
in a different community
Proportion of workers in the active  0.922 22

population

Proportion of high-risk individuals in each age group

0-18 y old 5% Assumptions
19-64 y old 30%
65+ y old 40%

*total does not match 100% due to rounding.

www.landesbioscience.com
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Table 3. Average vaccine efficacies against influenza like illness per age
groups

Age group Vaccine efficacy against ILI Sources
Average Average
Minimum Average Maximum
0-18 y old 27.5% 39% 48.5% 33-35
19-64 y old 16.5% 30% 34.5% 28, 36
65+ y old 22.5% 41% 52.0% 36-39

Argentina was one of the countries in South America most
affected by the 2009 pandemic of A/HIN1 virus (pHIN1), with
cases seen as early as May 2009. The A/HIN1 2009 disease
burden exerted a substantial impact on the operational capacities
of local health care systems. School-aged children in Buenos Aires
and surrounding areas were affected first, with high rates of trans-
mission. Later, other populations (mainly young adults, pregnant
women and young children) were affected, and the infection
spread to the general population of the metropolitan area, the
Province of Buenos Aires and the rest of the country. A recent
study in Argentina showed that death rate due to influenza for
children during the pandemic was ten times higher than during
previous influenza seasons.'® By early 2010, six months after the
start of the pandemic spread, more than 1.4 million cases of
influenza-like illness had been officially reported.'

Before the 2009 A/HIN1 pandemic, seasonal influenza vac-
cination was recommended and funded for Argentineans from
six months of age having chronic comorbidities and the elderly
population aged 65y and over.”'® During the pandemic, the
Argentinean Ministry of Health recommended influenza vaccina-
tion for all children less than five years of age. It has been
demonstrated that improved public awareness and strong recom-
mendations are key to increasing vaccination coverage rates.'”
Accordingly, in 2010, Argentinean vaccination against influenza
is expected to increase due to greater awareness generated by the
recent pandemic.

The objective of the present study was to show if the recent
routine vaccination for children from 6 to 23 mo is cost-effective
and to evaluate the public health and economic impact of
allocating public funds to broader pediatric groups in Argentina,
taking into consideration the reduction of the transmission from
children to the general population.

Results

Results are presented for the entire 2006 Argentinean population
of 40.7 million."®

Public health impact of vaccination scenarios. The numbers
of people vaccinated, developing influenza and dying due to
influenza are reported for the different vaccination strategies in
Table5. Compared with baseline, the vaccination program
targeting the 6 mo-5y-old population was associated with a
9.39% reduction (435,569 fewer cases) in influenza cases among
the general population, compared with a 5.17% reduction
(239,844 fewer cases) for the 6-36mo-old strategy and a
2.43% (112,649 fewer cases) reduction for the 6-23 mo-old
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Table 4. Vaccine coverage rates of low- and high-risk people for each scenario

Vaccine coverage of low-risk/high-risk people

Baseline Scenario 1: 6 mo-23 mo Scenario 2: 6 mo-36 mo Scenario 3: 6 mo-5 yo

0-6 mo old 0.0%/0.0%

6-23 mo old 4.8%/12.0% 50.0%/50.0% 50.0%/50.0% 50.0%/50.0%
2-4y old 4.8%/12.0% 4.8%/12.0% 35.0%/37.3% 50.0%/50.0%
5-10 y old 0.8%/6.4% 0.8%/6.4% 0.8%/6.4% 9.0%/14.0%

11-18 y old 0.8%/6.4%

19-64 y old 9.6%/16.0%
65+ y old 31.2%/31.2%

strategy. Among the unvaccinated population, the attack rate
decreased from 11.80% (baseline) to 11.56% (6—23 mo), 11.33%
(6-36 mo) and 10.83% (6 mo-5y-old) due to herd immunity
effects simulated in the model.

Pair-wise comparisons of public health benefits linked to each
vaccination strategy, vs. the next narrowest strategy, are presented
in Table 5. In terms of influenza cases, the 6 mo—5 y-old strategy
is associated with a 4.45% reduction vs. the 6-36 mo-old strategy,
the 6-36 mo-old vaccination strategy is associated with a 2.81%
reduction vs. the 6-23 mo-old strategy and the 6-23 mo-old
strategy is associated with a 2.43% reduction vs. baseline, demon-
strating that each more extensive vaccination strategy yields fewer
cases of influenza than the narrower one.

Economic and cost-effectiveness results. Incremental QALYs,
costs and ICERs, relative to baseline, were reported for the
various vaccination strategies in Table6. Compared with the
baseline situation, investment in vaccination programs resulted in
ICERs of $1,759, $1,103 and $717 per QALY for the 6-23 mo,
6-36mo-old and 6mo-5y-old strategies, respectively. ICERs
for the three vaccination strategies were far below the threshold
of $8,100 per QALY and decreased as vaccination coverage
expanded.

Table 5. Number of subjects vaccinated, ILI cases and ILI-related deaths for
each scenario using base case inputs and stepwise comparisons (presented
as a percentage difference®) for each vaccination strategy vs. the next
narrowest strategy

Vaccinated ILI cases ILI related death
Baseline 4,115399 4,639,133 8,430
6-23 mo 4,583,058 4,526,484 8,330
6-23 mo vs. baseline 11.36% -2.43% -1.18%
6-36 mo 5,201,181 4,399,289 8,122
6-36 mo vs. 6-23 mo 13.49% -2.81% -2.49%
6 mo-5 yo 5,807,105 4,203,563 7,778
6 mo-5y old vs. 6-36 mo  11.65% -4.45% -4.24%

Percentage difference is calculated as the difference between two numbers,
expressed as a percentage of one of the numbers. For example, for 6-23 mo
vs. baseline, percentage difference in number vaccinated (11.36%) =
[number vaccinated with the 6-23 mo strategy (4,583,058)-number
vaccinated with the baseline strategy (4,115,399)]/number vaccinated with
the baseline strategy.
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Cost-effectiveness pair-wise comparisons of each strategy are
provided in Table 7. The 6-23 mo-old strategy was less costly but
less effective than the other two strategies, the 6-36 mo-old
strategy was cost-effective vs. the 6-23 mo-old strategy (ICER of
$670 per QALY) but less costly and less effective than the 6 mo—
5y-old strategy and the 6 mo—5y-old strategy was cost-effective
vs. the two other strategies (ICERs of $458 per QALY vs. the
6 mo-23 mo-old strategy and $330 per QALY vs. the 6 mo-old—
36 mo-old strategy).

Sensitivity analyses. The most impacting variables were vaccine
effectiveness and influenza attack rates, shown in Table 6. In the
optimistic scenario (largest coverage; highest influenza incidence;
6 mo-old-5 y-old vaccination strategy) more than 20,000 QALYs
were gained at an incremental cost of $120 per QALY. Con-
versely, the pessimistic scenario (low vaccine effectiveness; low
vaccine coverage; 6-23 mo-old vaccination strategy) was associ-
ated with a gain of approximately 1,700 QALYs at an incremental
cost of $2,200 per QALY. All ICERs obtained in the DSA were
below the Argentinean yearly GDP per capita ($8,100).

Probabilistic sensitivity analysis results are presented on a cost-
effectiveness (CE) plane in Figure2. The CE plane compares the
results of 10,000 simulations with willingness-to-pay thresholds
of 1 X GDP ($8,100) and 3 X GDP ($24,300). One hundred per
cent of the simulations conducted fell below both thresholds,
demonstrating that each of the pediatric vaccination strategies
tested in this model can be considered to be very cost-effective and
that the results of the economic evaluation as robust.

Discussion

The primary objective of the present study was to estimate the
consequences of implementing pediatric vaccination programs
against influenza in Argentina, taking into account the individual
and community benefits of vaccinating children.

Three pediatric vaccination scenarios, each one simulating the
vaccination of a larger group of children, were tested and com-
pared with a strategy with no pediatric influenza vaccination
program. The benefits of each scenario were also compared
incrementally. Vaccinating children aged six months to five years
of age was associated with the lowest number of episodes of
influenza in the population but also was found to be the most
cost-effective. This strategy was associated with the lowest ICER
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Table 6. Results from cost effectiveness analysis and from deterministic sensitivity analysis varying ILI incidence and effectiveness against ILI: QALYs gained,
costs in US dollars (US$) 2009 and the ICER for each vaccination strategy in comparison with baseline

Vaccination strategy

QALYs gained

6-23 mo 2,092

6-36 mo 5,267

6 mo-5 yo 10,505
ILI incidence* Low High
6-23 mo 2,921 3,920
6-36 mo 5,665 12,310
6 mo-5 y old 9,626 21,403
Vaccine effectiveness* Low High
6-23 mo 1,672 2,628
6-36 mo 4,353 8,046
6 mo-5 y old 9,922 11,360

Differences vs. baseline

Incremental costs (USS$) ICER
$3,680,050 $1,759
$5,807,474 $1,103
$7,534,987 $717

Low High Low High
$3,591,434 $2,355,696 $1,229 $601
$5,898,280 $2,551,782 $1,041 $207
$7,735,865 $2,570,285 $804 $120

Low High Low High
$3,677,287 $2,910,060 $2,200 $1,107
$6,705,691 $4,283,312 $1,540 $532
$7,556,446 $6,423,463 $762 $565

*Low and high values for incidence and effectiveness are given in Tables 1 and 3.

vs. baseline and was always cost-effective vs. the other vaccination
strategies. It demonstrates that the more children are vaccinated,
the more population can benefit from indirect protection.

Our results show that vaccinating older age groups increases
the cost-effectiveness of the immunization strategy. This effect
can be due to a higher impact of vaccination in some older
groups but also to the nonlinear impact of indirect protection.
The more individuals are vaccinated, in this case children, the
more difficulties the virus will have to spread in the population.
Hence, unvaccinated individuals benefit also from those strategies
as shown in Figures3 and 4.

One limitation of this study was the lack of Argentina-specific
data. Medical and demographic differences could have an impact
on factors such as the likelihood of receiving medical treatment
for influenza or to being admitted to hospital, and some of the
assumptions on resource use were derived from international
sources. In particular, no Argentinean specific data on health care
consumption and health care performance were available, which
could affect the probability of visiting a GP for influenza or even
the probability of dying from influenza. The decrease of quality
of life during an influenza episode is also a very uncertain para-
meter which could vary from country to country. A wide range of
estimates of this score have been published in the literature.'” The
estimate we use is in agreement with more recently published

Table 7. Cost-effectiveness incremental comparisons of each vaccination
strategy

Vaccination Compared with:
strategy
Baseline 6-23 mo 6-36 mo 6 mo-5y old
6-23 mo $1,759 - Less costly, Less costly,
less effective less effective
6-36 mo $1,103 $670 - Less costly,
less effective
6 mo-5 y old $717 $458 $330 -

www.landesbioscience.com

ones® but slightly more conservative since the associated quality
of life decrease is lower. Furthermore, although the yearly variabi-
lity of influenza circulation was partly considered in the current
model by averaging influenza attack rates over several years, it is
worth noting that the benefit of one vaccination program will also
vary with the pathogenicity and the contagiousness of the
circulating virus strain as well as the concordance with the strains
contained in the vaccine (predicted by WHO). Because of lack of
laboratory confirmed influenza surveillance data, we had to rely
on influenza-like-illness reported cases. Influenza-like-illnesses are
generally a good approximation of influenza epidemic trend but
they are due to a wide range of sources of infection. However it
was accounted for in the vaccine efficacy data we used and should
not bias our results. Deterministic and probabilistic sensitivity
analysis produced results consistent with the conclusions from the
base case results. More specifically, it showed that a high influenza
incidence combined with high vaccine effectiveness give better
cost-effectiveness ratios than low incidence and low vaccine
effectiveness. No simulated ICERs, for any vaccination strategy,
were above $8,100 per QALY threshold; all three strategies were
very cost-effective in 100% of the simulations conducted. Our
assumptions are relatively conservative compared with other cost
effectiveness analysis of pediatric influenza vaccination. For
example, Dayan et al.> used a vaccine effectiveness of 70% and
an attack rate of 25%.

Consequently we think that our results are also more con-
servative that previous results obtained from various pediatric
studies. A recent review'’ showed that 9 out of 10 studies showed
that pediatric vaccination was cost saving. In our analysis,
although we do not show cost saving ratios, we demonstrate
that pediatric vaccination is very cost effective and that a step
by step approach in terms of targeted population, may be a
viable approach as it has been done in other countries (US,
Canada, Mexico...). Incrementally expanding the vaccination
range has the advantage of easing the logistical implementation
and the funding process. We showed in our study that each
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recommendation expansion is cost-effective compared with the
previous one.

Conclusion

In conclusion, expanded vaccination strategies in pediatrics repre-
sent a cost-effective use of healthcare resources in Argentina. In
terms of both clinical and cost-effectiveness targeting the 6 mo—
5y-old for vaccination, even with a step by step approach,
represents the best use of public funding, in that it yields the
lowest ICER and the lowest incidence of influenza infections.
The current decision of vaccinating children from 6 mo-old to
2y-old seems to be a step in the right direction.

Materials and Methods

We developed a model which combines: (1) an epidemiological
simulation estimating public health benefits in terms of influenza
cases and deaths prevented by pediatric vaccination; (2) a cost-
effectiveness simulation balancing vaccination costs with savings
and improvements in quality-of-life due to disease averted.
Epidemiological modeling. We used the stochastic model
introduced by Halloran and colleagues'' to study influenza
transmission and influenza disease prevention strategies within a
synthetic population. We defined the simulated population to
be representative of a typical Argentinean community in terms
of age distribution®' and household composition”* Halloran’s

° who

model was based on work by Elveback and colleagues,’
originally developed a structured population model to analyze
person to person influenza transmission during epidemics. As
in previous studies, our model simulates daily interactions at
different levels between persons living in the same household,
persons belonging to different activity groups according to age,
and persons living in the same neighborhood and community.
The model has a hierarchical structure, in which individuals
belong to households located in a neighborhood. A community
is composed of four neighborhoods and five communities live
along one another and share common workplaces. Upon that
structure, the model simulates the spread of influenza infection
and cases in the overall population through the computation
of individual probabilities of infection depending on the number
of infected individuals in the different groups. Influenza is
introduced into the population by a small number of “initial
infectives,” who spread the infection in the population. Based on
their infection status, individuals can be in one the following
states: susceptible, exposed, infectious (symptomatic or asympto-
matic), or immune. Probabilities of transition from a susceptible
to an exposed individual are computed in the model based on
the number of infected in contact with the individual in its
household and in its activity groups. Duration of stay in the
exposed and infectious states is stochastically computed based on
data from previous studies'®!" Infection probabilities are derived
from real data generated in the Monto et al. study.” Individuals
who become infected as a result of contact with an infective may
themselves spread the disease to other susceptible persons among
their contacts and so on (Fig. 1A).
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With reference to the activity groups, toddlers (6-23 mo)
attend day-care centers or stay at home; all children of pre-school
age (24-59 mo) attend either a small playgroup or large day-care
center; school-aged children (5-18y) attend a school. Working
adults are assigned to workplaces where they can mix with other
adults belonging to other communities. During the simulation,
all persons in the population come into contact, on a daily basis,
with members of their households and of the various activity
or social groups to which they belong (i.e., playgroup, day-care
center, school, workplace, neighborhood and community)
(Fig. 1B).

Selected children and adults in the model are designated at
“high-risk” of complications (vs. “low-risk”). The proportion of
high-risk individuals is the estimated percentage of persons
within an age group with chronic co-morbidities (e.g., cardiac,
respiratory or metabolic) that could render them more susceptible
to influenza-related complications than the general healthy
population.

Vaccination is considered to have been implemented prior to
the start of the influenza season. Infectiousness of an infected
individual depends upon his/her vaccination status, whether the
infection is in a latent or infective stage, and whether clinical
illness has developed. An individual’s susceptibility to infection
depends only upon vaccination status. Vaccination, therefore, is
observed to have a direct epidemiological effect in reducing

A Natural history of the disease
[ ]
: R
R — N Symptomatic\
Susceptible Exposed 2 Protected
Asymptomatic
B Influenza transmission in the population

P

Activity groups

Figure 1. (A) natural history of influenza in the model. Individuals are in
various health states. From susceptible, they become exposed, then they
develop symptoms or remain asymptomatic, and finally they become
immune to the disease. (B) Influenza transmission in the population.
Arrows pointing to an individual stand for probabilities of infection
which depend on the number of infectious individuals in his/her activity
group, household, neighborhood and community.
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Figure 2. Cost-effectiveness plane of PSA. All vaccination scenarios are below cost-effectiveness thresholds of $8,100 (US) and $24,300 (US) per QALY.

susceptibility to infection among vaccinated individuals and an
indirect effect on influenza transmission by reducing the number
of infective individuals in the community, thus reducing the
epidemic attack rate.

The model is calibrated to reflect the average influenza-like
illness (ILI) attack rate observed in Argentina by the syndromic
influenza surveillance network over several influenza seasons
(Table 1).>*> Consequently, we used in our computations vaccine

effectiveness against ILI and not against laboratory confirmed
influenza (Table3). Details of the calibration are given in
Appendix 2.

Cost-effectiveness analysis. Each case of influenza identified
in the epidemiological part of the model is attributed a specific
probability of:

4.7E+06
A
g Reference
=  4.5E+06 -
)
=
§  4.3E+06 -
S Q
] (7]
S ©
(8]
€ ° 416406 -
K -12.4% ]
é 3.9E+06 I A3.7%  4.4%
’ B
2
3.7E+06 - ‘ ‘ :
Baseline  vaccinating vaccinating vaccinating

50% of 6mo 50% of 6mo 50% of 6mo
to 23mo to 36mo to 5yo

scenario

Figure 3. Number of cases in unvaccinated individuals. Compared to
the baseline scenario, all pediatric vaccination scenarios show a
reduction in the number of cases in unvaccinated individuals in

the general population.
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_g_g.% 4.5% - ——basecase
- = o/ |
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~ 0.0% : : ; : \ ; ‘ ;
0 10 20 30 40 50
Days

Figure 4. Temporal evolution of the number of infected individuals.
For the four different situations, we averaged epidemic curves over 1000
simulations. We can notice the impact of pediatric vaccination on

the course of the epidemic. However our model is not able to
differentiate the temporal impact of the different pediatric strategies
over the period of time considered.
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Appendix 1. Values and sources used for the cost-effectiveness model. Costs are in US dollars (USS$) 2009

Main model
parameters

0-5 mo
2-4y old
5-10y old

11-14 y old
15-18 y old
19-49 y old
50-64 y old
65 + y old

Average duration
of one influenza
episode

0-5 mo

6-23 mo

2-4y old

5-10 y old

11-14 y old

15-49 y old

50-64 y old

65 + y old

0-14 y old
15-49 y old
50-64 y old
65 +y old

318

Base case

7440
72.52
68.16
63.26
59.33
42.55
22.16

8.40

4.10

0.90

0.70

0.50

0.28

0.24

0.09

0.09

033

0.01
0.0002
0.0004

0.01

value

Low-risk  High-risk

1.80

1.40

1.00

0.56

0.48

0.18

0.18

0.65

Low-risk  High-risk

0.04
0.0037
0.0044

0.03

Source Sensitivity analysis value Source

Demographic characteristics
Life expectancies® (years)

21 Not varied in sensitivity analysis

Influenza clinical consequences

8 PSA: Gamma distribution, from 3 to 6 days
SE = 1.51

Average number of GP consultations®

Low-risk High-risk
DSA: 0.5-1.0 DSA: -2.0 Low-risk:
PSA: Triangular distribution PSA: Triangular distribution Lower bound: 27
SE =0.13 SE = 0.26 Upper bound: 2
DSA: 0.5-1.0 DSA: -2.0 High-risk: 2 x low-risk
PSA: Triangular distribution PSA: Triangular distribution rates according to 27
SE=0.13 SE = 0.26
DSA: 0.47-1.0 DSA: 0.94-2.0
PSA: Triangular distribution PSA: Triangular distribution
SE=0.14 SE = 0.27
DSA: 0.28-1.0 DSA: 0.56-2.0
PSA: Triangular distribution PSA: Triangular distribution
SE =0.18 SE = 0.37
DSA: 0.24-1.0 DSA: 0.48-2.0
PSA: Triangular distribution PSA: Triangular distribution
SE =0.19 SE = 0.39
DSA: 0.09-0.28 DSA: 0.18-0.28 Low-risk:
PSA: Triangular distribution PSA: Triangular distribution Lower bound: 26
SE = 0.05 SE = 0.03 Upper bound: 28
DSA: 0.09-0.28 DSA: 0.18-0.28 horiske 2 x low-risk
PSA: Triangular distribution PSA: Triangular distribution g 2 X ow-ris
SE = 0.05 SE = 003 rates according to 29
DSA: 0.33-0.65 DSA: 0.65-1.30 Low-risk:
PSA: Triangular distribution PSA: Triangular distribution Lower bound: 28
SE = 0.08 SE =0.17 Upper bound: 2 x lower

bound (assumption)

High-risk: High-risk:
2 x low-risk rates
according to 29

Probability of hospitalizations®
Low-risk High-risk

2 Not varied in sensitivity analysis
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Appendix 1. Values and sources used for the cost-effectiveness model. Costs are in US dollars (USS$) 2009 (continued)

Main model Base case value Source Sensitivity analysis value Source
parameters
Demographic characteristics
Probability of death
Low-risk  High-risk Low-risk High-risk
0-49 y old 0.0001 0.0001 30 Not varied in sensitivity analysis
50-64 y old 0.0047 0.01
65 +y old 0.01 0.01
Economic parameters (costs in US$)
Vaccination costs®
6-23 mo $10.19 40 and private Not varied in sensitivity analysis
communication from Not varied in sensitivity analysis
2-4y old $6.47 Al M'msmf (_)f Not varied in sensitivity analysis
Health, Vaccine division
5yold + $6.29 Not varied in sensitivity analysis
GP consultation® $5.25 41 Not varied in sensitivity analysis
Prescription drugs’ $1.83 Argentina market share DSA: $1.56-$2.10 (+/- 15%) Assumption
data from IMS PSA: Gamma distribution SE = 0.14
OTC drugsf $2.70 Argentina market share DSA: $2.30-%$3.11 (+/- 15%) Assumption
data from IMS PSA: Triangular distribution SE = .21
Hospitalization cost?
Low-risk  High-risk Low-risk High-risk
0-18 y old $1,387.05 $2,075.19 IRA database from DSA: $1,178.99-$1,595.11  DSA: $1,763.91-$2,386.47 Assumption
Hospital de Ninos Ricardo (+/- 15%) (+/- 15%)
Gutierrez & Nomenclador = PSA: Gamma distribution PSA: Gamma distribution
de prestacioned de salud SE = 106.15 SE = 158.82
19-49yold  $1,257.69 $1,257.69 dela i{,“dad de Buenos  poa. 41,069.04-51,446.34  DSA: $1,069.04-$1,446.34
163 (2] (+/- 15%) (+/- 15%)
PSA: Gamma distribution ~ PSA: Gamma distribution
SE = 96.25 SE = 96.25
50-64 y old £1,437.36 $1,437.36 DSA: $1,221.76-$1,652.96  DSA: $1,221.76-$1,652.96
(+/- 15%) (+/- 15%)
PSA: Gamma distribution ~ PSA: Gamma distribution
SE = 110.00 SE = 110.00
65 + y old $1,886.54 $1,886.54 DSA: $1,603.55-$2,169.52  DSA: $1,603.55-%$2,169.52
(+/- 15%) (+/- 15%)
PSA: Gamma distribution ~ PSA: Gamma distribution
SE = 144.38 SE = 144.38
Utilities
Utilities for general population
0-5 mo 0.89 32 Not varied in sensitivity analysis
6-23 mo 0.89
2-4y old 0.89
5-10 y old 0.89
11-14 y old 0.89
15-18 y old 0.89
19-49 y old 0.82
50-64 y old 0.92
65 +y old 0.70
Utilities in case of 0.25 31 Not varied in sensitivity analysis
influenza
Utilities in case of 0.20 31 Not varied in sensitivity analysis

hospitalizations
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Appendix 1. (continued) *Calculated from Argentinean mortality rates. "Rates for low-risk 0-3 y old come from expert opinion; 3-65+ y old come from
literature: 3-17 y old;*” 18-64 y old;*® 65+y old.”® High-risk were calculated as 2 x low-risk rates as from literature.*0-14 y old come from literature.? 15-64 y
old were calculated from literature.”® Low-risk: mean of 0.44% for 65-74 y old and 1.13% for 75+ y old. High-risk: mean of 2.4% for 65-74 y old and 4.08%
for 75+ y old. “Including vaccine cost and vaccine administration costs based on the following assumptions for vaccine schedule: children aged 6-18 mo
receive two doses of 0.25 ml; children aged 19-36 mo receive one dose of 0.25 ml; those aged 36 mo+ receive one dose of 0.50 ml. Public GP consultation
at the hospital is $5.25. As a minority of patients has private visits, only the public value is considered in the model. ‘Weighted average hospital
(prescription)/private (OTC) costs of ibuprofen, dipirona and paracetamol, based upon Argentinean market share data from IMS 2009. “Hospitalization cost =
average number of hospitalized x daily hospitalization costs. For 0-18 y olds, mean number of hospitalized days come from Hospital de Nifos Ricardo
Gutiérrez IRA database (2002-2007) and was 7.72 for the low-risk and 11.55 days for the high-risk. For other age groups experts assume an average of 7 days
for 18-50y old, 8 days for 50-64 and 10.5 days for the 65+. Daily hospitalization cost of $179.67 comes from “Nomenclador de prestaciones de salud de la

ciudad de Buenos Aires” (2008).

* consuming ambulatory medical resources for treating
influenza or its complications

* being hospitalized for treating influenza or its complications

* dying due to influenza

Decreases in quality-adjusted life-years (QALYs) due to influ-
enza, influenza complications or premature deaths, are subse-
quently estimated for each individual. Life years and future costs
were discounted at a rate of 3% per year.

The following vaccination scenarios were explored:

(1) Baseline scenario: no specific public funding allocated
to pediatric vaccination, which corresponds to the pre-2009-
pandemic situation,

(2) Public vaccination program covering 50% of children six
months old to 23 mo old (6-23 mo), which corresponds to the
2011 recommendation,

(3) Public vaccination program covering 50% of children six
months old to 36 mo old (6-36 mo),

(4) Public vaccination program covering 50% of children six
months old to five years old (6 mo-old-5 y old).

For each vaccination program, the economic metric considers
(1) public investment for pediatric influenza vaccination (vaccine
purchase, vaccine administration costs and costs of adverse
events); (2) Direct medical outpatient (drug- and physician
visit-related costs) and inpatient costs related to the treatment
of the remaining cases of influenza in the whole population.
Indirect costs were not considered in this analysis.

Outputs. The model estimates the public health and economic
consequences linked to each tested vaccination program. To com-
pare the consequences of the four different strategies, the model
calculates their incremental cost-effectiveness ratios (ICERs), i.e.,
the investment needed to gain one additional QALY relative to
the current situation. Each vaccination scenario is also compared
with the two others, assuming extension of recommendations
from 6-23 mo-old to 6 mo—5y-old (the 6 mo—5 y-old strategy is
compared with the 6-36 mo-old strategy, the 6-36 mo-old is
compared with the 6-23 mo-old strategy and the 6-23 mo-old
strategy is compared with baseline).

ICERs were compared with the annual Argentinean GDP per
capita® and to three times this amount ($24,300), which is the
willingness-to-pay threshold proposed by the World Health
Organization (WHO) when no other acceptability threshold is
defined locally. We used the 2008 estimate from the World Bank
which gives a GDP per capita of US $8,100.

Input data. Data were obtained from literature reviews and
official reports from the Argentinean Ministry of Health. When
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no sources could be identified, the authors made assumptions
based upon data in other countries or personal experience. Within
each age group, most data were stratified according to the pre-
sence of chronic comorbidities (i.e., according to the risk group).

Parameters related to the epidemiological model. A detailed list of
inputs related to population parameters used in the model is
provided in Table 2. Population structure parameters were taken
from Argentinean demographic data. Other inputs concerning
workgroup characteristics not available specifically for Argentina
are general assumptions from previously published modeling
studies.*' The proportion of high-risk individuals in the
Argentinean population is an estimate based on a previous
study specific to high-risk groups for the 0-18 y old age group
and are assumptions for the other age groups.

Vaccination program. Vaccine efficacies were determined from
the literature, taking into account the fact that influenza attack
rates used to calibrate the model were estimated from sympto-
matic cases of influenza (influenza-like illness; ILI) collected
through the Argentinean sentinel network.”” Vaccine efficacies
against ILI for each age group are provided in Table3. Vaccine
coverage rates of high- and low-risk individuals are listed in
Table 4. In the model, current seasonal influenza vaccine coverage
rates were assumed to be 5% of those aged 0-4y (12% for high
risk people), 1% of those aged 5-18'y (6% for high risk people),
10% of those aged 19-64y (16% for high risk people) and 31%
of those aged 65y and over. It was assumed that the organization
of a pediatric vaccination program would allow vaccination of
50% of targeted children.

For vaccinated individuals, the probability of vaccine adverse
events is 1%;> and adverse events are always assumed to require
consultation with a physician.

Influenza-related resource use (details in Appendix 1). For those
who contract influenza, probabilities of GP consultations were
based upon published literature: for low-risk patients, they were
taken from three articles according to age group.”*>® For high-risk
patients, probabilities of GP consultations were calculated as twice
those for low-risk patients.”

Duration of a single influenza episode was estimated to be
4.1 d.® It was assumed that 100% of patients suffering from
influenza would make at least one purchase of over-the-counter
medication and that a physician consultation for influenza would
lead to the prescription of at least one pharmaceutical treatment.

For those who develop complicated influenza, probabilities
of hospitalization for subjects aged 0-14y were taken from an
economic evaluation of influenza vaccination in children in
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Appendix 2. Contact rates and probability of infection estimation
Probability of infection per group Base case value

probability of infection from an activity group

0-6 mo 3.77E-04
6-23 mo 3.77E-04
2-4y old 3.77E-04
5-10 y old 8.81E-04
11-14 y old 8.81E-04
15-18 y old 8.81E-04
19-49 y old 8.81E-04
50-64 y old 1.15E-03
65+ y old 1.15E-03
probability of infection from the neighborhood
0-6 mo 8.83E-05
6-23 mo 8.83E-05
2-4y old 8.83E-05
5-10y old 2.06E-04
11-14 y old 2.06E-04
15-18 y old 2.06E-04
19-49 y old 2.06E-04
50-64 y old 2.70E-04
65+ y old 2.70E-04
probability of infection from the community
0-6 mo 1.91E-07
6-23 mo 1.91E-07
2-4y old 1.91E-07
5-10 y old 4.47E-07
11-14 y old 4.47E-07
15-18 y old 4.47E-07
19-49 y old 4.47E-07
50-64 y old 5.85E-07
65+ y old 5.85E-07
probability of infection in the household
child to child 7.40E-02
child to adult 9.14E-02
adult to child 9.14E-02
adult to adult 9.35E-02

Contact rates and probability of infection given a contact are aggregated
in our model in a set of parameters called probabilities of infection per
group. These parameters are estimated for each age-group in activity
groups, neighborhood, community, and in households using incidence
per age observed in Argentina. More precisely, we used a simplex Nelder-
Mead algorithm*? to explore the sets of possible parameters. The quantity
to minimize was the sum of squared differences between observed
and predicted incidence rates. Additional estimations were performed
when influenza incidences were decreased or increased in the sensitivity
analysis.

www.landesbioscience.com

Argentina.” Probabilities for all other age-groups were taken from
studies reported by Turner et al. in 2003.%

In the absence location-specific data, probabilities of death due
to influenza were taken from a published economic evaluation of
influenza vaccination in the European Union.”

Costs. All costs used in the model are in 2009 US dollars
($).7°* Details of the unit costs used in the analysis are provided
in Appendix 1.

Utilities. Quality-of-life was assumed to decrease during an
influenza episode or during complications of influenza. The utility
scores for influenza or influenza hospitalizations were taken from a
US study of the management of influenza symptoms in healthy
adults.”’ Quality-of-life was set to “0” for subjects dying due to
influenza. Years of life lost were quality-weighted according to the
mean valuations of health for each age category, obtained from a
EuroQol study in Argentina.’” Those aged less than 18 y were not
included in the EuroQol study so, in the absence of other data,
the utility score for those aged 19-49y was conservatively applied
to this age group in the model.

Sensitivity analysis. Deterministic and probabilistic sensitivity
analyses were conducted to identify the sources of uncertainty in
the set of parameters. Probabilistic sensitivity analysis (PSA)
simulations were run 10,000 times for each vaccination strategy
to assess the impact of parameter uncertainty on the model out-
comes. A deterministic sensitivity analysis (DSA) was specifically
performed to assess the impact of vaccine effectiveness and yearly
variations of influenza attack rates on the model outcomes. The
lowest and highest values of attack rates observed among the five
year-period considered to estimate Argentinean ILI incidence
(2002-2006; sce Table 1) were used as lower and upper bounds
for the DSA. Lower and upper DSA values for vaccine effective-
ness were given by averaging lower and upper bounds of con-
fidence intervals provided in the publications from which
influenza vaccine effectiveness was estimated (see Table 3). For
both incidence and effectiveness DSA, the probabilities of infec-
tion in the epidemiological model were specifically calibrated to
match the observed baseline under the new assumptions given by
the scenario. The calibration process used an implementation of
the simplex algorithm to estimate the right set of probabilities
(source code available upon request). Details about remaining
parameter values used in DSA and PSA are provided in Appendix 1.
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