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ABSTRACT
We evaluated the cost-utility of replacing trivalent influenza vaccine (TIV) with quadrivalent influenza vaccine 
(QIV) in the current target populations in Uruguay. An existing decision-analytic static cost-effectiveness 
model was adapted for Uruguay. The population was stratified into age groups. Costs and outcomes were 
estimated for an average influenza season, based on observed rates from 2013 to 2019 inclusive. Introducing 
QIV instead of TIV in Uruguay would avoid around 740 additional influenza cases, 500 GP consultations, 15 
hospitalizations, and three deaths, and save around 300 workdays, for the same vaccination coverage during 
an average influenza season. Most of the influenza-related consultations and hospitalizations would be 
avoided among children ≤4 and adults ≥65 years of age. Using QIV rather than TIV would cost an additional 
~US$729,000, but this would be partially offset by savings in consultations and hospitalization costs. The 
incremental cost per quality-adjusted life-year (QALY) gained with QIV would be in the order of US$18,000 
for both the payor and societal perspectives, for all age groups, and around US$12,000 for adults ≥65 years of 
age. The main drivers influencing the incremental cost-effectiveness ratio were the vaccine efficacy against 
the B strains and the percentage of match each season with the B strain included in TIV. Probabilistic 
sensitivity analysis showed that switching to QIV would provide a favorable cost-utility ratio for 50% of 
simulations at a willingness-to-pay per QALY of US$20,000. A switch to QIV is expected to be cost-effective 
for the current target populations in Uruguay, particularly for older adults.
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Introduction

Most developed countries have an influenza vaccination pro-
gram, which may target groups at increased risk of severe 
effects from influenza or who are heavily exposed. Trivalent 
influenza vaccines (TIVs) contain antigens derived from two 
influenza type-A virus subtypes and one influenza type-B virus 
subtype (either B/Victoria or B/Yamagata lineage).1 Each year, 
the World Health Organization (WHO) informs vaccine man-
ufacturers which two influenza type-A subtypes should be 
included in their vaccines (an AH1N1-like strain and an 
AH3N2-like strain). In addition, WHO predicts which type-B 
virus is expected to be the predominant circulating B strain for 
the forthcoming influenza season. However, mismatches 
between the vaccine and the circulating viruses, or co- 
circulation of strains from both B lineages, occur. For example, 
data from the Global Influenza B Study based on over 
1.8 million influenza cases from 31 countries during 2000– 
2018 showed a lineage-level mismatch for the trivalent vaccine 
in 30% to >40% of seasons.2 In these cases, TIV effectiveness 
was shown to be reduced.1

Quadrivalent influenza vaccines (QIVs), containing strains of 
both influenza B lineages, have been developed and are already 
included alongside TIVs in the national immunization programs 

of some countries.1 The safety and efficacy of QIVs have been 
previously demonstrated in multiple trials3, 4and are recognized 
by WHO as potentially offering wider protection against influ-
enza type-B vaccines than TIVs.5 When the implementation of 
a vaccination program is being evaluated in a context of limited 
resources, health economic analysis is a useful tool to help ensure 
that resources are allocated optimally.6–9 Costeffectiveness ana-
lyses evaluate the additional costs of a particular vaccine strategy 
against the expected benefits compared with the current stan-
dard of care, using mathematical models that provide 
a simplified representation of the disease.

The benefits of QIV versus TIV will be reduced in seasons 
with a low circulation of B subtypes or a good match with the 
B strain included in the TIV vaccine, and greater in seasons 
with a high circulation of B subtypes and a poor match with the 
B strain included in the TIV vaccine. Even allowing for this 
variability, numerous health economic evaluations have sug-
gested that replacing TIV with QIV is cost-effective in eligible 
populations (generally children ≤4 years of age, adults ≥65  
years of age, other adults at high risk of influenza complica-
tions, or subgroups of these categories). The switch to QIV has 
been demonstrated to be cost-effective in a number of local 
settings around the world, as reported in a systematic 
review1and for several countries, for example Canada,10 

CONTACT Pablo Manuel Bianculli PabloManuel.Bianculli@sanofi.com Value & Access, Sanofi Pasteur, Cuyo 3532. Martínez, Buenos Aires B1640GJC, Argentina
Supplemental data for this article can be accessed on the publisher’s website at https://doi.org/10.1080/21645515.2022.2050653

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2022, VOL. 18, NO. 5, e2050653 (10 pages) 
https://doi.org/10.1080/21645515.2022.2050653

© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://orcid.org/0000-0002-7859-6065
https://doi.org/10.1080/21645515.2022.2050653
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2022.2050653&domain=pdf&date_stamp=2022-06-11


Italy,11 Germany,12 Spain,13 Brazil,14 China,15 South Korea,16 

and Japan.17 Benefits from switching from TIV to QIV have 
also been demonstrated in a Latin American context, for 
example in Brazil, Colombia, Panama, and Mexico.14, 18–20

The national immunization program in Uruguay 
recommends influenza vaccination for children ≤4 years 
of age, adults ≥65 years of age, healthcare professionals, 
residents and staff in nursing homes, pregnant women, 
and individuals with >1 chronic medical condition that 
place them at high risk.21 The current standard of care for 
influenza vaccination is TIV. Here we report the results of 
a model-based study we conducted to assess the cost- 
effectiveness of replacing TIV with QIV in eligible popula-
tions in Uruguay.

Materials and methods

Model structure

In order to predict influenza-related costs and outcomes 
for seasonal vaccination of eligible populations in Uruguay 
with either TIV or QIV, an existing decision-analytic 
static costeffectiveness model10was adapted for the local 
setting. The validity of the model had been previously 
assessed by an internal panel of cross-functional experts. 
The model takes into account the pathway of an indivi-
dual with influenza as presented by WHO (physician visit, 
hospitalization, workday loss, and death).22 A static model 
was chosen in line with WHO guidelines for evaluations 
in which no positive externalities such as herd effect are 
taken into account (case 7 in Figure 5 of the WHO 
guideline),9 although it was acknowledged that the results 
would underestimate the cost-effectiveness of using QIV 
in the Uruguayan context.

The model structure is shown in Figure 1 The same 
coverage rate and target population were considered for 
both TIV and QIV. The difference in outcomes was, there-
fore, driven only by the difference in vaccine effectiveness 
and cost.

The following outcomes were considered: influenza cases 
avoided; influenza-related physician consultations and hospi-
talizations avoided; deaths avoided; productivity losses due to 
illness or death; life-years gained; quality-adjusted life-years 
(QALYs) gained; and incremental costeffectiveness ratios 
(ICERs, i.e., the cost per QALY gained with QIV versus TIV).

Analyses

Base case and sensitivity analyses
We estimated cost-effectiveness in terms of cost-utility—i.e., 
we report results as ICERs. Total costs were obtained by multi-
plying each outcome by its unit cost estimate. To estimate 
QALYs, outcome data were combined with the utility values 
associated with each outcome. Costs were reported as US 
dollars. The analysis for the base case was carried out from 
the payor and societal perspectives.

ICERs were calculated by considering the incremental costs 
and the number of QALYs gained with a switch from TIV to QIV 
in an average influenza season in Uruguay, based on the seasons 
from 2013 to 2019 inclusive. The incremental cost covered both 
the difference in the cost of vaccination and potential savings in 
resource use for the healthcare system due to the prevention of 
cases. Because QIV is considered to be more effective but is also 
more expensive than TIV, the cost-effectiveness depends on the 
balance between the clinical effectiveness, additional vaccination 
costs, and disease-management savings.

For the payor perspective, the model included only esti-
mated health costs directly associated with treating, managing, 
and caring for patients with influenza. For the societal perspec-
tive, indirect costs—specifically, loss of productivity due to 
influenza among the employed population—were also consid-
ered. Premature deaths were not considered as a factor in the 
loss of productivity.

The counts for each outcome of interest were estimated for 
one average season. However, the model also considered the 
long-term consequences of these outcomes during that season. 
Each influenza-related death was associated with number of 

Figure 1. Structure of the cost-effectiveness model.
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life-years and QALYs lost. These effects and the associated 
costs were discounted by a 3.0% annual rate, as recommended 
by WHO guidelines.9, 23

We performed deterministic sensitivity analyses by vary-
ing key model input parameters individually within 
a plausible interval (considering one lower bound and one 
upper bound), to measure their influence on the model. 
The variations used to assess uncertainty in parameters are 
shown in Table 1. In addition, a probabilistic sensitivity 
analysis was conducted varying all the parameters together, 
each according to a defined probabilistic distribution (Suppl 
material). One thousand Monte Carlo simulations were 
performed to generate the costeffectiveness acceptability 
curve.24 

Model inputs and assumptions

Where possible, data from Uruguay were used. Where data for 
Uruguay were not available, data from other countries were 
used, as reported below.

Population and life expectancy
The number of high-risk individuals in the population in 2018 
was then calculated based on the prevalence of the conditions 
and the population size (Suppl. Table S1). The age-specific 
population size was derived from national statistics with projec-
tions for 2018 and served as a basis to calculate the percentages of 
individuals ≤4 years of age, individuals ≥65 years of age, and 
those at high risk among 5 to 64 years of age. The percentage 
of individuals categorized as high risk is the percentage of 
patients having at least one of the following conditions: human 
immunodeficiency virus (HIV)/acquired immune deficiency 
syndrome (AIDS), tuberculosis, cancers with direct immuno-
suppression, cancers with possible immunosuppression, cardio-
vascular diseases, chronic respiratory diseases, chronic liver 
diseases, obesity, diabetes mellitus, chronic kidney diseases, 
chronic neurological disorders, and sickle cell disorders. This 
percentage was estimated for Uruguay in 2018 using the Global 
Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2017 
and United Nations (UN) population estimates for 2018. Double 
counting between asthma and chronic obstructive pulmonary 
disease, and diabetes and chronic kidney disease was avoided 
using data in the source references on the overlap between these 
diseases.33, 34

The life expectancies (LEs) for each age group were 
derived from the UN website.26 The lower LEs of the 
high-risk population were calculated using values from 
the population with diabetes in Canada,35 as local data 
were not available (Suppl. Table S2). The calculations 
were adjusted for the weighted average between males 
and females. The loss in LE due to diabetes was assumed 
to be representative of all the medical conditions as dia-
betes, like other chronic diseases, contributes to years of 
life lost and this allows for a conservative simplification.

Vaccine efficacy, strain distribution, and coverage rate
Vaccine efficacy in the different age groups was derived from 
a cost-effectiveness study in the USA by Clements et al.36 in 
which clinical efficacy is assessed using other sources.25, 37–40 

These authors obtained estimates of age-specific efficacy for TIV 
primarily from metaanalyses. The authors assumed that QIV 
efficacy for influenza B was equivalent to the efficacy for 
a matched TIV, and calculated overall estimated QIV efficacies 
by applying this efficacy to the proportion of circulating influenza 
B not covered by TIV/trivalent liveattenuated influenza vaccine. 
We recalculated their vaccine efficacy values to match the 5–19- 
and 20–49-year age groups used in our study (Table 1). Vaccine 
efficacy was specific to A strain, B vaccine-matched strain and 
B vaccine-mismatched strain. The same vaccine efficacy was used 
for strains from both the A subtypes (i.e., A/H1N1 and A/H2N3). 
We conservatively assumed a 67% level of cross-protection by 
TIV against the mismatched B strain, also based on Clements 
et al.36 Proportions of A (H1N1 and H3N2) and B influenza cases 
were obtained from the FluNet database.27 For the B strains, the 
vaccine efficacy of TIV needed to be adjusted according to its 
efficacy against both the matched strain and the mismatched 
strain. The average percentage of cases caused by the B lineage 
not included in the vaccine was assumed to be a fixed value of 
50%, derived from the study by Reed et al.29

Vaccination coverage rates were derived from a report on 
influenza immunization in Uruguay (Table 1),41 and were 
assumed constant over the different seasons.

Rates of influenza-related health parameters
A set of steps were required in order to estimate the overall effects 
of TIV and QIV. The incidence rates were estimated based on 
those obtained in the placebo (unvaccinated) arm of clinical trials. 
These rates were distributed over the seasons using a season 
severity coefficient specific to Uruguay (Suppl. Material). The 
influenza-related consultation, hospitalization, and mortality 
rates were obtained by applying the probability of consultation, 
hospitalization, and death per influenza cases. Outcome rates were 
distributed depending on the strain. The rates in an unvaccinated 
population were corrected by the vaccine coverage (tested) and 
the strain-specific vaccine efficacy (A, B match, and B mismatch, 
for TIV only) to obtain rates in two scenarios: the population 
vaccinated with TIV and the population vaccinated with QIV. 
Finally, for these two scenarios, the total incidence of infection was 
calculated.

Once the outcome rates were calculated for each strain, they 
were aggregated to obtain the overall rates for each outcome. 
Outcome rates for TIV and QIV were then multiplied by the 
population size to obtain the number of influenza-related physi-
cian visits, hospitalizations, deaths, and workdays lost (Suppl. 
Tables S3 and S4).

Costs and outcomes were estimated for an average season, 
based on the average outcome rates observed in Uruguay in the 
seasons from 2013 − 2019 inclusive. Seven years were considered 
to cover fluctuations in influenza attack rates between influenza 
seasons, dominant strains, and TIV mismatch with the predomi-
nant circulating B lineage.

Resource use and costs
The costs of vaccines, medical visits, hospitalizations and 
over-the-counter or GP-prescribed medications are shown 
in Table 1.30, 31, 42 The costs of a GP consultation and of 
hospitalization were derived from the CINVE Consultora 
de Salud report.30 The costs were converted into US dollars 
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Table 1. Input values used in the model and, where applicable, ranges used in the sensitivity analyses.

Input Value DSA range

ICER

PSA distribution SourceLower Higher

Discount rate 3% [0–6%] 14689.84 16627.39 Beta

Aspects related to the vaccine

B strain distribution:a  

2013  
2014  
2015  
2016  
2017  
2018  
2019

38.8% 
23.4% 
36.6% 
32.1% 
38.5% 
19.0% 
10.7%

±20% Beta FluNet Network25

Match levelb 50% [20–80%] 9510.03 41,564.84 Beta Based on Reed 201234

Vaccine efficacy against A  
≤4  
5–19 high-risk  
20–49 high-risk  
50–64 high-risk  
≥65

0.59 
0.61 
0.61 
0.61 
0.58

[.41, .74] 
[.47, .70] 
[.48, .70] 
[.48, .70] 
[.38, .72]

15,921.00 15,921.00 Ranges are the 95% CI reported 
in Clements et al.(2014)26

Vaccine efficacy against 
matched B  
≤4  
5–19 high-risk  
20–49 high-risk  
50–64 high-risk  
≥65

0.66 
0.77 
0.77 
0.73 
0.69

[.12, .94] 
[.17, .94] 
[.18, .94] 
[.18, .96] 
[.16; .99]

Ranges are the 95% CI reported 
in Clements et al. (2014)26

Vaccine efficacy against 
mismatched B  
≤4  
5–19 high-risk  
20–49 high-risk  
50–64 high-risk  
≥65

0.44 
0.52 
0.52 
0.49 
0.47

NAc

Cross-protection 67% [54%–81%] 11,066.67 28,317.82 Ranges were calculated based 
on Clements et al. (2014)26

Vaccination coverage:  
≤4  
5–19 high-risk  
20–49 high-risk  
50–64 high-risk  
≥65

23.0% 
10.2% 
10.2% 
10.2% 
29.3%

±20% 15,921.00 15,921.00 Beta Ministry of Health, Uruguay27

Medical visits and direct costs

Influenza-attributable  
GP consultation rates

Specific by age and season 
(see Suppl. Table S4)

±20% 17,808.75 14,360.16 Based on Molinari et al. (2007)28

Influenza-attributable  
hospitalization rates

15,956.45 15,885.54

Influenza-attributable mortality 17,792.84 14,405.50
Number of non-consulting 

cases per consulting case  
≤4  
5–19 high-risk  
20–49 high-risk  
50–64 high-risk  
≥65

0.46 
0.58 
0.60 
0.60 
0.39

±20% 16,721.89 15,193.31 Beta (applied on the 
probability of consultation 
per case)

Based on Molinari et al. (2007)28

TIV price US$2.65 +/- 20% 19,559.88 12,282.11 PAHO Revolving Fund, Vaccines 
Price 201937

QIV price US$5.14 +/- 20% 8862.93 22979.06 PAHO Revolving Fund, Vaccines 
Price 201937

Cost of physician visit US$82.05 +/- 20% 16115.48 15726.51 Log Normal CINVE Consultora de Salud36

Cost of hospitalization US$499.650 +/- 20% 15956.45 15885.54 Log Normal CINVE Consultora de Salud36

Prescribed drug cost—GP visits 
and OTC

+/- 20% 15921.00 15921.00 Log Normal Uruguay Pharmacy Center38

≤4 US$1.34
Other age groups US$2.68

Indirect costs

Workdays lost +/- 20% 15921.00 15921.00 Log Normal Aiko et al. (2000)39

Quality of life
Utility norms NA
<4 0.9720
5–19 high-risk 0.8213
20–49 high-risk 0.7962
50–59 high-risk 0.7929
≥60 0.9300

(Continued)
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from Uruguayan pesos using an exchange rate of 32.406 
Uruguayan pesos to 1 US dollar and were adjusted to 2019 
values using inflation rates for each year as recommended 
by the Central Bank of Uruguay. We assumed the same 
cost for all age groups. To obtain the cost of vaccination 
with each strategy, the unit cost of TIV or QIV was multi-
plied by the size of the vaccinated population.

Indirect costs resulting from productivity losses due to ill-
ness and to early death were estimated based on the human 
capital approach. This takes into consideration the value of 
time lost to an individual, household, or society due to mor-
bidity, premature mortality, providing care, or accessing vac-
cination. Value is determined according to an individual’s 
gross earnings.43 As no local data were available, the average 
number of workdays lost due to influenza-related sick leave 
was estimated based on a study undertaken in 14 countries in 
Europe and North America, which assumed a value of 3.28.44 

The number of days lost per age group in our study (Table 1) 
was calculated based on employment patterns in Uruguay. 
Employment rates by age group were derived from the 
National Institute of Statistics of Uruguay.45 It was assumed 
that the minimum age to start a professional activity was 14  
years. The weighted average national minimum wage in the 
private sector was used to provide a conservative estimate of 
daily wages by age group.46

Health-related quality of life
In order to calculate QALYs lost, utility norms (i.e., utility values 
for the different age groups without influenza) were needed, as it 
could not be assumed that the populations were in perfect health. 
For the age groups ≤4 years and ≥65 years, the age-specific utility 
norms for the Uruguayan population as reported in Augustovski 
et al.47 were used (Table 1). For the high-risk groups, utility 
norms were obtained from Arrospide 2019, Van Wilder 2019, 
Yang 2014, and Tran 201228, 32, 48, 49for the following chronic 
medical conditions; metabolic diseases, respiratory diseases, car-
diovascular disease, HIV/AIDS, renal disease, cancer. The utili-
ties were weighted by the prevalence of chronic conditions in 
Uruguay. The values shown reflect the presence of at least one 
chronic condition.

The loss in QALYs attributable to an influenza infection could 
then be applied to these norms. These were derived from Sander 
et al.,50 and recalculated to match the age distribution in the 

current study (Table 1). As Sander et al. estimated the quality-of- 
life outcomes for overall influenza-like illness, the estimates are 
assumed to capture influenza complications.

Results

Health outcomes

The central trend numbers of each health outcome with TIV and 
QIV are shown in Table 2. The uncertainty of them is addressed 
through deterministic and probabilistic sensitivity analysis (DSA 
& PSA) and described later in the text.

Switching from QIV to TIV in Uruguay would avoid around 
700 additional influenza cases, 500 GP consultations, 15 hospita-
lizations, and three deaths, for the same vaccination coverage 
during an average influenza season (Table 2). These would trans-
late into ~300 additional workdays saved, 24 life-years gained, and 
37 QALYs gained in an average season with QIV compared 
with TIV.

Most of the influenza-related consultations and hospitaliza-
tions would be avoided among children ≤4 years of age and 
adults ≥65 years of age: 41% and 31% of avoided influenza 
cases, 41% and 33% of avoided GP consultations, and 28% and 
64% of avoided hospitalizations, respectively, were in these two 
age groups. All the avoided deaths were in the age group ≥65  
years.

Cost-Utility

The central trend figures of the additional vaccination costs and 
total incremental costs of replacing TIV with QIV are shown by 
age in Table 3 and their uncertainty is addressed through DSA & 
PSA and described later in the text.

Using QIV rather than TIV would lead to an additional 
vaccination cost of ~US$729,000 due to the higher cost of 
QIV. However, this would be partially offset by savings in con-
sultation and hospitalization costs. Taking these savings into 
account, the total incremental cost would be ~US$679,000 
from a payor perspective and ~US$673,600 from a societal 
perspective.

The costs saved from the improved healthcare and produc-
tivity outcomes due to switching to QIV, and the resultant 
ICERs, are shown in Table 4. The incremental cost per QALY 
gained when using QIV over TIV would be US$18,368 (payor 

Table 1. (Continued).

Input Value DSA range

ICER

PSA distribution SourceLower Higher

QALY losses due to influenza +/- 20% Beta Sander et al. (2010)47

≤4 0.0146
5–19 high-risk 0.0146
20–49 high-risk 0.0173
50–64 high-risk 0.0173
≥65 0.0293

aB strains as a percentage of all reported cases. 
bPercentage match between the B subtype in the TIV vaccine and the dominant serotype during a season. 
cVaccine efficacy against mismatched B is calculated from efficacy against matched B and degree of cross-protection. As both of these were included in the sensitivity 

analysis, there was no need to include vaccine efficacy against mismatched B in the sensitivity analysis. 
Details on the calculations for the parameters used in the PSA distribution are included in the supplemental material. 
DSA, deterministic sensitivity analysis; GP, general practitioner; NA, not applicable; OTC, over-the-counter; PAHO, Pan American Health Organization; PSA, probabilistic 

sensitivity analysis; QALY, quality-adjusted life-year; QIV, quadrivalent influenza vaccine; TIV, trivalent influenza vaccine.
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perspective) and US$18,224 (societal perspective) (Table 4). The 
ICERs were lower for the ≥65 years age group (US$12,291 and 
US$12,259, for a payor and societal perspective, respectively) due 
to the greater burden of influenza, and thus the potential for 
greater benefits, in this age group relative to the others.

Sensitivity analyses

In the deterministic sensitivity analysis, the main drivers influen-
cing the ICER appeared to be the vaccine efficacy against the 
B strains and the percentage of match (Figure 2). The degree of 
cross-protection and costs of the vaccines also impacted the 
results.

Probabilistic sensitivity analysis confirmed that switching from 
TIV to QIV has a 50% probability to be cost-effective at 
a willingness-to-pay per QALY gained of US$20,000 (i.e., around 
one gross domestic product [GDP] per capita) (Suppl. Figure S1). 
Considering a willingness to pay per QALY gained of $40,000 (~2 
GDP per capita), switching to QIV has a probability of 87.7% to be 
a cost-effective strategy and at $60,000 willingness to pay per 
QALY (~3 GDP per capita), a probability of 94.9% to be cost- 
effective.

Discussion

Our cost-utility model shows that switching from TIV to QIV in 
Uruguay is cost-effective from both a payor and a societal per-
spective. Although no national threshold level for cost- 
effectiveness has been explicitly defined for Uruguay, the ICER 

estimates (US$18,368 from the payor perspective and US$18,244 
from the societal perspective) were around one GDP per capita, 
which is considered acceptable in many countries around the 
world. Switching to QIV would be cost-effective because the 
additional cost of vaccination would be partly offset by 
a reduction in the number of influenza-related GP consultations, 
hospitalizations, and deaths compared with TIV. Decision- 
makers will of course need to consider other competing alterna-
tives before implementing a switch. The results from our study are 
in line with those reported from other countries.10–17

Switching to QIV showed the greatest impact in the ≥65-year- 
old age group. People in the ≥65-year-old age group are known 
to be the population most likely to experience poor outcomes 
from influenza; thus, there is greater scope for benefits from 
a more effective vaccine to be apparent. The switch would also 
have a great impact among young children and those 5–19 years 
of age. The benefit in these groups is likely to be even greater 
than suggested by our estimates, as we did not account for herd 
immunity in our static model, although children are traditionally 
an important vector of transmission. The use of a static model 
was deemed acceptable because no negative externalities were 
expected from the strategy, but not accounting for positive 
externalities would underestimate the benefit of the vaccine 
(providing the vaccine coverage was high enough to result in 
a herd effect). Therefore, the modeled population focused on the 
populations at risk of developing severe forms of influenza rather 
than on the vector.

High ICER values were observed in those considered at high 
risk in the 20–49 and 50–64 years of age categories. As such, the 
health outcomes avoided in these groups by vaccinating them 
with QIV do not compensate for the additional costs to the 
same extent as in other age groups.

The cost-effectiveness of QIV was shown to depend heavily 
on vaccine efficacy against the B strain, the degree of matching 
between the circulating B lineage and the B lineage strain 
included in TIV, the degree of cross-protection of TIV against 
the strain not included in the vaccine, and the cost of the 
vaccines (Figure 2). The model results can vary widely depend-
ing on these input values. For example, the sensitivity analyses 
used a very broad range of values for vaccine efficacy against 
the B strain. A lower efficacy of QIV against the B strain 
included in TIV would reduce the overall benefit of QIV. 
Alternatively, if fewer cases in a particular season were due to 

Table 2. Health outcomes during an average influenza season (base case), number avoided with QIV vs TIV, and life-years and QALYs gained.

Total influenza cases GP consultations Hospitalizations Deaths Workdays lost

Total number
With TIV 106,851 70,972 1,605 246 56,754
With QIV 106,107 70,467 1,590 243 56,452
Number avoided with QIV vs TIV Life-years gained QALYs gained
Age group (years)
≤4 304 208 4 0 0 0 5
5–19 high-risk 112 71 0 0 42 0 2
20–49 high-risk 60 37 0 0 96 0 1
50–64 high-risk 36 23 1 0 51 1 1
≥65 232 167 10 3 113 23 28
Totala 744 505 15 3 303 24 37

aTotals may differ by 1 from the sum of the components due to rounding of results to whole numbers. 
GP, general practitioner; QALY, quality-adjusted life-year; QIV, quadrivalent influenza vaccine; TIV, trivalent influenza vaccine.

Table 3. Additional vaccination cost and total incremental cost for switching from 
TIV to QIV (base case).

Age (years)

Additional 
vaccination cost 

(USD)

Total incremental cost: 
Payor perspective 

(USD)

Total incremental 
cost: 

societal perspec-
tive (USD)

≤4 $130,802 $111,336 $111,206
5–19 high-risk $46,994 $40,933 $40,700
20–49 high- 

risk
$113,389 $110,110 $107,454

50–59 high- 
risk

$72,855 $70,584 $69,169

≥60 $365,054 $346,025 $345,138
Total $729,095 $678,989 $673,667

QIV, quadrivalent influenza vaccine; TIV, trivalent influenza vaccine.
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the strain included in TIV—i.e., there was a lower level of 
B strain match—this would increase the relative benefit of 
QIV and, therefore, increase the costs saved with QIV. 
A higher degree of cross-protection and a higher cost of QIV 
would both reduce the benefits seen with QIV and increase the 
ICER values.

As mentioned above, our base case ICER estimates of US 
$18,368 (payor perspective) and US$18,244 (societal perspective) 
were approximately one GDP per capita. It is worth noting that an 
informal suggestion by WHO that ICERs of up to three times the 
GDP per capita of a country could be considered cost-effective has 
not found general acceptance.23, 51, 52 WHO itself has since dis-
missed this suggestion, and recommends that each country should 
use cost-effectiveness information alongside other country- 

specific considerations, such as budget impact and feasibility, in 
deciding on the use of medical interventions.23 Also of note, the 
difference between the payor and societal perspective is small 
compared with that typically reported for high-income countries, 
e.g., Italy, Germany, and Spain.11–13 This is explained by the fact 
that the average wage considered for the productivity losses in 
Uruguay is quite low in comparison with international standards, 
yielding savings in this regard of approximately US$5,000 for the 
average year, while the incremental investment is more significant. 
Furthermore, focusing only on 1 year (instead of longer horizons 
as in standard cost-effectiveness analyses) narrows the potential 
for savings with QIV. Additionally, influenza cases are concen-
trated in the ≤4 and ≥65 age groups which, due to the methodol-
ogy, have reduced the impact of productivity loss due to 

Table 4. Costs saved by switching from TIV to QIV for the targeted population in Uruguay during an average influenza season and ICERs (base case)..

Age group 
(years)

Physician 
consultations Hospitalizations

Prescribed 
drugs

OTC 
drugs

Productivity losses due to 
illness

Productivity losses due to 
death

ICER (cost per QALY)*

Payor 
perspective

Societal 
perspective

≤4 $17,044 $2,144 $278 $129 NA NA $23,461 $23,434
5–19 high-risk $5,809 $62 $190 $110 $124 $0 $24,320 $24,181
20–49 high- 

risk
$3,054 $125 $100 $60 $2,587 $10 $97,256 $94,909

50–64 high- 
risk

$1,860 $350 $61 $36 $1,302 $77 $56,368 $55,238

≥65 $13,702 $4,879 $448 $174 $493 $220 $12,291 $12,259
Total $41,470 $7,560 $1,076 $509 $4,505 $307 $18,368 $18,224

ICER, incremental cost-effectiveness ratio; NA, not applicable; OTC, over-the-counter; QALY, quality-adjusted life-year. 
*All costs are shown as USD.

Figure 2. Deterministic sensitivity analysis (societal perspective).
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absenteeism to the societal perspective. The impact of premature 
deaths in the ≥65 age group on productivity loss is also reduced 
compared with younger age groups and may have contributed to 
a reduced societal perspective. Other potential contributors to the 
small difference between the two figures were the increased impact 
of vaccination in the elderly, where productivity losses are not 
considered, and low USD salaries in Uruguay. Uruguay operates 
a social security scheme in healthcare funded by payroll contribu-
tions, with premiums potentially being required in some cases. 
Citizens not covered by this scheme are eligible for a publicly 
funded scheme which is primarily used by the poorer subset of 
the population. Private health insurance is also available and used 
by richer subsets of the population.53

Our study has a number of strengths. The assumptions used 
for inputs to the model were based on the strongest evidence 
available. The efficacy of the vaccines has been widely studied, and 
the values we used were obtained from a meta-analysis of pub-
lished values.11–13The average level of B lineage match over the 
last seven seasons in Uruguay was 65.6%, varying from 5.7% to 
100%. Given the variability and non-predictability of influenza 
strain circulation, we assumed that a 50% match was a fair 
assumption, and varied it from 20% to 80% in sensitivity analyses. 
The degree of cross-protection of TIV against the mismatched 
B strain is not very well understood;1 as there is no consensus, we 
conservatively assumed a level of cross-protection of 67% based 
on the same study as the one used to derive the vaccine efficacy.36 

Influenza-related health parameters such as the attack rate and 
hospitalizations were estimated separately for each of the years 
2013–2019 inclusive, thus accounting for seasonal variability. 
Inputs to the model were adapted to the Uruguayan context 
using national data. Finally, our costs are reported in US dollars, 
which facilitates comparison with other studies.

The model also has some limitations. As a static model, it did 
not account for herd immunity. According to WHO guidelines 
for the economic evaluation of immunization programs, the use 
of static models is appropriate for evaluations of influenza vacci-
nation of groups that do not contribute heavily to transmission, 
such as the elderly. However, as the results from static models are 
generally more conservative than those from dynamic models, our 
study would underestimate rather than overestimate effectiveness. 
A further limitation was the need to use inputs from other 
countries where Uruguay-specific data from official sources were 
not available, and the uncertainties associated with calculated 
estimates due to this limitation; the sensitivity of all analyses 
would be improved with more local data.1

Conclusion

The findings from this health economic model indicate that in 
Uruguay, switching from TIV to QIV in the national influenza 
immunization program is likely to be cost-effective in the eligible 
populations overall due to predicted reductions in influenza- 
related consultations, hospitalizations, and deaths. Probabilistic 
sensitivity analysis confirmed that switching from TIV to QIV 
would be cost-effective for 50% of simulations at a willingness-to- 
pay per QALY gained of US$20,000. These findings suggest that 
using a vaccine that includes a strain from both B lineages is 
worthwhile for the eligible population in Uruguay and is 

particularly cost-effective for older adults. Further studies using 
country-specific data are required to confirm the sensitivity of 
these results.
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