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ABSTRACT

Annual trivalent influenza vaccines (TIV) containing 2 A strains and one B lineage have been recommended
for the prevention of influenza in most of Latin American countries. However, the circulation of 2 B
lineages (Victoria and Yamagata) and difficulties in predicting the predominating lineage have led to the
development of quadrivalent influenza vaccines (QIV), including both B lineages. Thus, the objective was
to estimate the public health impact and influenza-related costs if QIV would have been used instead of
TIV in 3 Latin American countries. We used a static model over the seasons 2010-2014 in Brazil, 2007-2014
in Colombia and 2006-2014 in Panama, focusing on population groups targeted by local vaccination
recommendations: young children, adults with risk factors and the elderly. In Brazil, between 2010 and
2014, using QIV instead of TIV would have avoided US$ 6,200 per 100,000 person-years in societal costs,
based on 168 influenza cases, 89 consultations, 3.2 hospitalizations and 0.38 deaths per 100,000
person-years. In Colombia and Panama, these would have ranged from US$ 1,000 to 12,700 (based on
34 cases, 13-25 consultations, 0.6-8.9 hospitalizations and 0.04-1.74 deaths) and from US$ 3,000 to 33,700
(based on 113 cases, 55-82 consultations, 0.5-27.8 hospitalizations and 0.08-6.87 deaths) per 100,000
person-years, respectively. Overall, the broader protection offered by QIV would have reduced the
influenza humanistic and economic burden in the 3 countries. Despite the lack of local data leading to
several extrapolations, this study is the first to give quantitative estimates of the potential benefits of QIV
in Latin America.
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Introduction from the Victoria or Yamagata lineages), which is intended to

Influenza is an acute infectious respiratory disease caused in
humans mainly by influenza viruses A and B. For young chil-
dren, the elderly, or adults with risk factors such as people with
severe chronic conditions, an infection can lead to severe com-
plications of the underlying condition, pneumonia or even
death." Worldwide, it is estimated that the annual influenza
epidemic results in 3-5 million cases of severe illness and
between 250,000-500,000 deaths.” In Latin America, the annual
incidence of influenza-like illness per 100,000 person-years was
estimated to be 36,000, with between 4.7% and 15.4% influenza
positive specimens depending on the influenza centers.’
Vaccination remains the most effective measure for prevent-
ing influenza and its complications.“’5 As of 2014, immuniza-
tion against seasonal influenza was recommended in the public
health policies of 40 out of 45 countries and territories in the
Americas.’ In most countries, the standard vaccination proce-
dure consists of the annual administration of trivalent influenza
vaccine (TIV) containing 3 influenza strains: one A/HIN1
strain, one A/H3N2 strain and one influenza B strain (either

provide protection against influenza viruses expected to circu-
late in the upcoming influenza season. The World Health Orga-
nization (WHO) annually issues recommendations about the
strains to be included in the TIV vaccine in the next season in
the northern and southern hemispheres based on the reports
provided by influenza surveillance networks worldwide. How-
ever, over the past years, 2 distinct lineages of influenza B
(Yamagata and Victoria) have been co-circulating worldwide
with one lineage dominating the other in many of the sea-
sons.”® But, predicting which lineage will predominate in the
next season has been revealed to be challenging, with frequent
mismatches occurring between the lineage included in the TIV
and the circulating lineage.” For instance during the 2013 sea-
son in Brazil, the Yamagata lineage which was included in the
TIV showed up as a mismatch since 89% of characterized influ-
enza B viruses were from the B/Victoria lineage."

Quadrivalent influenza vaccines (QIV), which include both
B lineages, were designed to meet the challenge of the evolution
in influenza epidemiology and to provide a direct additional
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benefit by guaranteeing a similar level of protection to TIV,
whenever the circulating influenza B virus would not match the
lineage included in TIV, either because the lineage prediction
was incorrect or because both lineages co-circulated to a signifi-
cant degree.

The public health and economic impacts of the administra-
tion of QIV instead of TIV in the US have been recently esti-
mated by Reed et al.'’ and Lee et al.'* through a hypothetical
scenario where QIV would have replaced TIV over the period
1999-2008. The objective of this study was to build upon these
2 studies to estimate the additional benefit of using QIV rather
than TIV on influenza-related health outcomes and associated
costs in 3 countries of Latin America, a region with specific
characteristics in terms of influenza circulation, healthcare sys-
tems and vaccination policies. More specifically, we estimated
the additional impact of QIV in 3 countries: Brazil over 2010-
2013, Colombia over 2007-2014 and Panama over 2006-2014,
with season 2009 being excluded from the analysis due the
HIN1 pandemic, which would have biased the results.

Materials and methods
Model description

We developed an age-stratified static model which allowed the
comparison of 2 different vaccination strategies: one, the actual
situation where TIV was administered over the period of analy-
sis for each country, and a second strategy where QIV would
have replaced TIV. The numbers of influenza cases, General
Practitioner (GP) consultations and associated work absentee-
ism, hospitalizations and deaths due to influenza, as well as
their associated costs were estimated for each season and for
both vaccination strategies in the 3 countries. A schematic
representation of the model is available in Fig. 1.
Mathematically, the expected influenza attack rate attributable toa
specificvirusstrainorlineagej (j = A, B/Yamagata, B/Victoria) in
a population partially vaccinated with a vaccine i (i=QIV, TIV)
for a given year was computed using the following formula:
AR;j= ARy, vac-Pj- (1 — VC.VE; /j), where ARy, vac denotes the
influenza attack rate expected without vaccination, p; the
proportion of strain j among all influenza strains, VC the vaccine

coverage rate and VE;; the effectiveness of vaccine i against strain
j. The other influenza-related outcomes were derived proportionally
from the age-specific numbers of influenza infections avoided.

The influenza-related costs avoided from the third-party
payer (TPP) perspective (defined as the medical costs of GP
consultations and hospitalizations) and the societal perspective
(defined as the sum of medical costs supported by the TPP,
including GP consultations and hospitalizations, and the loss of
productivity due to work absenteeism associated to influenza
cases requiring at least an outpatient consultation) were esti-
mated by applying corresponding unit costs to the number of
avoided events. Costs were computed in 2014 US dollars (US$)
and the local currency of each country: Brazilian reals (BRL),
Panamanian balboas (PAB) and Colombian pesos (COP)
according to the 2014 average exchange rates: US$ 1 = BRL
2.35,US$ 1 = COL 2,002 and US$ 1 = PAB 1.13.

The analysis included different time horizons for each of
the 3 countries, reflecting the availability of local influenza
circulation data and history of influenza vaccination pro-
grams. The Brazilian analysis was performed for 2010-2014,
which covered the period with the most robust data on
influenza circulation. The analysis period for Colombia and
Panama covered the period starting from the countrywide
introduction of TIV in public vaccination campaigns (2006
for Panama and 2007 for Colombia), to 2014, the most
recent year from which data on influenza circulation was
available. For both countries, season 2009 was excluded
from the scope due to the HIN1 pandemic, which rendered
the year atypical and would have biased the estimated sea-
son-specific influenza attack rates.

Furthermore, in absence of local data to estimate the influ-
enza burden in terms of GP consultations, hospitalizations and
deaths in Brazil, we considered non local, US data that were
estimated with robust methods, minimizing the reporting bias
and the effects of miscoding that arise in most databases when
estimating outcome rates due to influenza. The analysis for
Colombia and Panama was performed on 2 different sets of
inputs: one set using data from local databases and one set
using more robust Colombian data extrapolated with US data.
The two scenarios provide a range for the impact of QIV in
which the true estimate probably lies.

Population targeted by localvaccination recommendations

Estimating the attack rate by -~
year, strain, age group for both Influenza A Influenza B cases Influenza B cases
vaccination strategies cases (matchedB lineage) (mismatchedBlineage)
(TIV or QIV)
\ v )
No difference in effectiveness between TIV and QIV
Working days : b :
Estimatng avoided outcomes lost «€— GP consultations Hospitalisations Deaths
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Figure 1. Model structure, GP: General Practitioner; QIV: Quadrivalent influenza vaccine; TIV: Trivalent influenza vaccine.



Data inputs
Population

Some population groups are more likely to develop complica-
tions and even die as a result of their infection than others.
Thus, the populations of analysis in the 3 Latin American coun-
tries corresponded to the population groups with increased risks
of developing influenza complications, as defined in the most
recent vaccination recommendations in the countries’ Expanded
Programs on Immunization (EPIs). In Brazil and Panama, vacci-
nation recommendations included young children from 6 to
59 months, people aged 60 y and older, and people with risk fac-
tors;'*'> while Colombian authorities recommended vaccination
of younger children (from 6 to 23 months) in addition to people
aged 60 y and older, and people with risk factors.'® People with
risk factors were defined as pregnant women and people with
specific comorbidities, namely chronic respiratory diseases
(asthma, chronic obstructive pulmonary disorder), cardiovascular
diseases, metabolic diseases such as diabetes, chronic renal dis-
eases, and people with immunodeficiency (based on the 2005
WHO position paper'”). Local recommendations also included
other population groups such as healthcare or community
workers.

To reflect local vaccination recommendations and heteroge-
neity in the influenza burden, the model was stratified into
4 population groups: young children (6-59 months for Brazil
and Panama, 6-23 months for Colombia), adults aged from 18
to 49 y with risk factors, adults aged from 50 to 59 y with risk
factors and the elderly (60 y and older). Children with risk fac-
tors (5-17 y for Brazil and Panama, 2-17 y for Colombia), were
not included in the scope of the study due to a lack of data,
while other population groups for which vaccination was also
recommended such as healthcare workers have not been
included in the scope of the study as vaccination of these
groups is primarily intended to prevent the disease from
spreading in the population at risk, which was difficult to take
into account in a static model.

For each country, the proportion of the adult population
presenting at least one risk factor was estimated using
prevalence data of the considered risk factors taken from
local health surveys, official country statistics and published
literature. These estimates were corrected to limit double
counting of people with multiple risk factors.'®?° Popula-
tion size estimates were based on 2014 country official
statistics*'>* (see Table 1).

Influenza circulation

Estimation of the seasonal influenza attack rate is generally not
straightforward,*® and influenza surveillance data in Latin
American countries were scarce. Thus in order to generate a
strain- and lineage-specific attack rate by season for each of the
3 countries, we adopted the same, stepped method for each of
the 3 countries.

First, age-specific average annual attack rates in unvacci-
nated populations were retrieved from the influenza inci-
dence rates in pooled control arms of clinical trials
presented in 3 Cochrane reviews for healthy children,
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healthy adults and the elderly (Table 1).>>*” These rates
were then distributed across seasons for each country using
the following formula: AReason.group = ARgroupX Bseason / (Ave
rage(Bseason)> Where ARgeason, group denotes the age- and sea-
son-specific influenza attack rate, AR,y denotes the average
attack rate for the given age group and B,,,,,, denotes the sea-
son-specific intensity coefficient. This coefficient was defined
differently for the 3 countries. On the one hand, intensity
coefficients for Brazil were defined as the number of influenza
specimens which were tested positive as reported by influenza
surveillances programs in Sao Paulo state,”®*” which was con-
sidered to have the more robust data in Brazil in terms of
influenza surveillance and on the other hand, intensity coeffi-
cients for Colombia and Panama were defined as the propor-
tion of positive influenza specimens among all specimens
reported for each country in the FluNet database.”

Second, the season-specific attack rates were split according
to the influenza strain distribution (strains A vs B) in each
country and in each season. The proportions of strain A among
all influenza strains were derived from the number of influenza
specimens reported in the same sources used for the season-
specific intensity coefficients.

Third, the attack rate attributable to the B strain was further
split according to the influenza B lineage distribution (Yamagata
or Victoria). Data on distribution of B lineages among all B strains
were scarce, and we identified data from characterized influenza
specimens analyzed in the Sao Paulo state during the period
2002-2014"%" to be the most reliable source for distribution of B
lineage in the 3 countries. As a consequence, the distribution of B
lineages (Victoria versus Yamagata) among all B strains was
assumed to be similar for the 3 countries except for 2014 when
local FluNet data were available for Colombia and Panama
(Table 2). The year 2014 was thus the only point of comparison
between the 3 countries, during which the Yamagata lineage rep-
resented 93%, 40% and 100% of the characterized B strains in
Brazil, Colombia and Panama, respectively.

Vaccine coverage and effectiveness

Age-specific vaccine effectiveness of TIV against matched B
lineage and mismatched B lineage was approximated by the
vaccine efficacy of inactivated TIV, as reported in Clements
et al.”> The estimates considered by Clements et al. were extrap-
olated from a meta-analysis® in which B lineage cross-protec-
tion was found to be approximately 68% of the effectiveness
against the matched B lineage in adults (vaccine efficacy was
found to be 77% against matched B lineage and 52% against
mismatched B lineage), which is in line with the conclusions of
a review on the efficacy of influenza vaccines by Diaz Granados,
Denis and Plotkins.”* A more recent study’> estimated that the
vaccine effectiveness of TIV when the Yamagata lineage was
included, was overall 66% (95%CI: 58-73%) against Yamagata
lineage, vs. 51% against Victoria (95%CI: 36-63%). However,
these data were estimated on a single influenza season and do
not dramatically differ from the estimates used in Clements
et al.*> Moreover, the range of estimates observed in the litera-
ture is covered in the sensitivity analyses.

QIV efficacies for both B lineages were assumed to be the same
as the inactivated TIV efficacy against the matched B lineage
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(Table 1). B lineages contained each year in the TIV and corre-
sponding to the southern hemisphere formulation for the 3 coun-
tries were retrieved from the WHO annual recommendations.™
Coverage rates for the population groups of each country
were estimated from local sources. Brazilian coverage rates
were retrieved from the DATASUS database® as an average of
years 2013 and 2014. Colombian rates were retrieved from
2013 data provided by the Colombian Ministry of Health and
Social Protection. Due to a lack of data, Colombian adults with
risk factors were assumed to have the same coverage rate as the
elderly. Finally, Panamanian coverage rates were computed as
the average coverage rates for the years 2010 to 2013, retrieved
from data published by the Panamanian Ministry of health.

Influenza outcomes

In the absence of relevant data sources regarding the healthcare
resource use and outcomes associated with an influenza infection
for Brazil, we decided to consider data from a US cost of illness
study®® for the probabilities of outpatient visits, hospitalizations
and deaths following influenza infection (see Table 1). Hospitali-
zation and death rates were calculated based on excess rates of
hospitalizations and deaths that were reported to be due to respi-
ratory and circulatory conditions, using peri-seasonal risk-differ-
ence models.”® Although the methods of estimation of these US
rates were robust, considering the US hospitalization rates might
lead to overestimate the Brazilian rates in the case where health
care access would be lower for influenza related outcomes in
Brazil. In absence of local data, this choice was found reasonable
and rates were varied in sensitivity analyses.

In Colombia and Panama, we considered 2 sets of inputs for
the rates of GP consultations, hospitalizations and deaths
attributable to influenza which corresponded to low and high
estimates of the influenza burden.

The inputs for the first scenarios were estimated using local
databases. In Colombia, rates of outpatient visits, hospitaliza-
tions and deaths related to influenza were collected using 2013
data from an insurance claims database of a Colombian Health
Promotion Agency (EPS)*® representing more than 3 million
affiliates. In Panama, GP visit rates were computed from 2010
to 2013 by considering the influenza-coded consultations in an
ambulatory database.*® Hospitalization rates were derived for
2011-2013 from an inpatient database*' where all hospitaliza-
tions coded as influenza and pneumonia were considered, and
assuming that 8.6%"” of these hospitalizations were attributable
to influenza. A similar approach was taken for mortality rates
where we considered that 8.5%* of deaths retrieved from
annual mortality reports** from 2007 to 2013 and coded as due
to influenza or pneumonia were really attributable to influenza.
Although these correction factors come from US studies, we
preferred using robust US data that were obtained using peri-
seasonal risk difference models rather than other extrapolations
such as correcting by the proportion of influenza positive speci-
men from influenza circulation data which would certainly
overestimate the influenza burden.

In the second scenario, we took values for GP consultation,
hospitalization and mortality rates from 2 Colombian studies,*>*®
which were extrapolated to the age groups of analysis using US
data from Molinari et al.*®

For the 3 countries and for all scenarios, the GP consultation
rates for adults with risk factors were assumed to be twice as
high as the rates for the standard risk population, just as in
Molinari et al.*® It was not possible to differentiate hospitaliza-
tions and mortality rates by risk status in the general adult pop-
ulation, which underestimated the influenza burden for adults
with risk factors. Lastly, we considered that patients who con-
sulted a GP due to an influenza infection would be associated
with productivity loss due to work absenteeism. For children,
the number of working days lost by the caregivers was taken
into account. The age-specific number of working days lost per
GP consultation was retrieved from Molinari et al. and adjusted
with the country-specific employment rates.*”*’

Economic inputs

We considered the public costs of GP consultations and hospi-
talizations estimated from a cost database for Brazil’”** while
Colombian unit costs were retrieved from the same insurance
claims database that was used to estimate the influenza-related
outcome rates.” In the absence of recent data sources for esti-
mating Panamanian costs, we considered the WHO 2008 unit
costs”' of GP consultations and hospitalizations which are not
specific to influenza. We adjusted the latter with the influenza-
related cost of hospitalization in the elderly derived from Chit
et al,”® and combined it with the number of hospitalization
days by age group from Thompson et al.** All unit costs were
calculated in 2014 local currencies and were inflated using the
health component of the Consumer Price Index when needed.
The productivity loss associated with a working day lost in
each of the 3 countries was valued as the average daily wage in
2014 retrieved from official statistics, assuming an average of
22 workdays in a month. Furthermore, we conservatively
assumed that deaths were not associated with any cost.

Sensitivity analyses

In order to explore the impact of uncertainty in the input
parameters on the additional influenza burden that could be
avoided by QIV, we conducted deterministic sensitivity analyses
on the additional number of influenza cases avoided and associ-
ated societal costs avoided in Brazil over the period 2010-2014.
The list of parameters included in the sensitivity analyses and
their tested values are presented in Supplementary file 1.

Given that the key parameters were the same for Colombia
and Panama, we might expect similar variations in the results.
However, as there was already high uncertainty in the influenza
outcomes, influenced by 2 separate sets of inputs, we did not
present additional sensitivity analyses for these 2 countries.

Results
Base case

In Brazil over the period 2010-2014, the replacement of TIV by
QIV for the whole population included in the analysis (n =
73,089,440) was estimated to prevent more than 615,000 addi-
tional influenza cases, associated with a reduction of 326,500
GP consultations, 11,730 hospitalizations and 1,385 deaths
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Table 3. Total influenza-related events and associated costs (in 2014 local currencies) avoided by using QIV instead of TIV in the population of analysis over the study

period.
Brazil (2010-2014) Colombia™ (2007-2014, Panama™ (2006-2014,
2009 excluded) 2009 excluded)
Outcomes
Influenza cases avoided 615,040 29,665 11,582
GP consultations avoided 326,494 11,204-21,607 5,650-8,424
Lost working days avoided 389,380 13,235-26,487 7,318-11,416
Hospitalizations avoided 11,732 511-7,775 47-2,861
Deaths avoided 1,385 34-1,524 8-706
Influenza-associated costs
GP consultation costs avoided BRL 3,264,939 COP 624-1,325 million PAB 66,827-99,645
Hospitalization costs avoided BRL 14,715,777 COP 841-20,307 million PAB 50,177-3,067,384
Direct costs avoided (Third-Party Payer perspective) BRL 17,980,716 COP 1,465-21,631 million PAB 117,004-3,167,029
Productivity loss BRL 35,265,257 COP 272-544 million PAB 191,123-298,149
Total costs avoided (Societal perspective) BRL 53,245,973 COP 1,737-22,175 million PAB 308,127-3,465,178

GP: General practitioner

*Colombia and Panama: results are presented as a range using the 2 sets of values presented in Table 1.

(see Table 3). The public health impact would have been associ-
ated with TPP influenza-related cost offsets of 18 million Bra-
zilian reals while productivity loss would have accounted for 2
thirds of the BRL 53 million of societal costs avoided (equiva-
lent to US$ 23 million or US$ 6,200 per 100,000 person-years).
Young children would have benefited the most from the QIV
introduction in terms of influenza cases, GP consultations and
hospitalizations avoided, with 599 cases, 287 consultations and
8.4 hospitalizations avoided per 100,000 person-years (see
Table 4). The elderly would have also benefited substantially
from the introduction of QIV with 4.9 hospitalizations and
1.17 deaths avoided per 100,000 person-years. Adults with risk
factors would have had fewer benefits over the period with 25
and 33 influenza cases avoided per 100,000 person years for
18-49 y old and 50-59 y old, respectively. In Colombia,
between the introduction of influenza vaccination in 2007, and
the year 2014 (2009 excluded), it was estimated that using QIV
instead of TIV would have avoided about 29,700 additional
influenza cases in the total population of interest, leading to a
potential reduction of between 11.2 and 21.6 thousand GP con-
sultations, between 510 and 7,775 hospitalizations, and between
34 and 1,524 deaths. Economically, QIV was estimated to lead
to societal cost offsets of between COP 1.7 billion and COP
22.2 billion over the period 2007-2014 (between US$ 868,000
and US$ 11,077,000, or between US$ 1000 to US$ 12,700 per
100,000 person-years), mostly driven by direct medical costs
which represented 84% to 98% of total costs. The costs avoided
were highest for young children (US$ 5,100 to US$ 25,100 in
additional costs avoided per 100,000 person-years).

In Panama over the period 2006-2014 (2009 excluded), it
was estimated on average that QIV would have prevented
11,600 influenza cases, between 47 and 2,860 hospitalizations,
and between 8 and 706 deaths. This would have translated into
total costs avoided of between PAB 308,000 and PAB 3,465,000
from the societal perspective. In the low case scenario, esti-
mated costs offsets were mostly due to productivity loss (62%)
while 92% of societal costs were due to hospitalization costs in
the high case scenario.

For instance in 2013, QIV would have reduced the number
of B cases by 22% (out of a total number of B cases of more
than 2.4 million) in Brazil and by 13% (out of 36 thousand B
cases) in Colombia with an absence of B circulation in Panama

during this year (see Fig. 2). QIV would have had the most
impact in 2013 in Brazil, with 528,000 additional influenza
cases avoided, 2014 in Colombia with more than 15,500 addi-
tional cases avoided and in 2012 in Panama with 8,000 cases
avoided. Overall, seasons 2010 and 2012 would have associated
with substantial QIV benefits for the 3 countries with a reduc-
tion in the number of B cases ranging from 8.2% (Colombia,
2012) to 23.3% (Brazil, 2010), compared with TIV.

Sensitivity analyses

Results of the sensitivity analyses for Brazil over 2010-2014 are
presented in Fig. 3. The level of cross protection of TIV against
mismatched B lineage was identified as the parameter with the
greatest impact on the number of influenza cases avoided with
between 365,000 and 865,000 influenza cases avoided when
varying the degree of cross protection by £ 20%. Uncertainty
in influenza circulation parameters had also substantial impact
on the number of additional influenza cases avoided, prevent-
ing from 433,000 cases when considering low proportions of
mismatch B lineage to 821,000 cases when considering the
higher bound of the average annual influenza attack rate. The
level of cross-protection also translated to high uncertainty in
terms of influenza-related societal costs avoided with estimated
costs avoided ranging from US$ 13 to 32 million. The associ-
ated societal costs were also sensitive to the number of working
days lost per influenza consultation with up to US$ 39 million
of societal costs avoided when considering the high case values.
For most parameters, uncertainty around parameters led to
additional societal costs avoided ranging between US$ 16 to
US$ 30 million over the period 2010-2014.

Discussion

In recent years the interest in quadrivalent influenza vaccines
has grown as TIV only matches the predominantly circulating
B lineage while predicting which of the 2 B lineages will be cir-
culating remains a challenge. We modeled the impact of QIV
compared with TIV vaccination in 3 Latin American countries
over a number of past influenza seasons based on the same
approach as Reed et al.'' and Lee et al.'* In our study, we
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Table 4. Average influenza-related events and associated costs (in 2014 US$) avoided by using QIV instead of TIV over the study period, per 100,000 person-years.

Brazil (2010-2014)

Young children Adults 18-49y Adults 50-59 y Elderly (60 y
(6-59 months) with RF with RF and older) Total
Outcomes
Influenza cases avoided 599 25 33 141 168
GP consultations avoided 287 16 20 89 89
Lost working days avoided 244 21 56 148 107
Hospitalizations avoided 84 0.1 0.6 49 3.2
Deaths avoided 0.02 0.00 0.04 117 0.38
Influenza-associated costs
Direct costs avoided (Third-Party Payer perspective) $5,065 $108 $527 $3,353 $2,094
Productivity loss $7,529 $654 $2,319 $6,955 $4,106
Total costs avoided (Societal perspective) $12,594 $761 $2,845 $10,308 $6,200
Colombia (2007-2014, 2009 excluded)
Young children Adults 18-49 y Adults 50-59 y Elderly (60 y
(6-23 months) with RF with RF and older) Total
Outcomes
Influenza cases avoided 178 16 16 18 34
GP consultations avoided 72-112 9-13 7-13 3-16 13-25
Lost working days avoided 63-99 12-19 20-38 4-21 15-30
Hospitalizations avoided 4.5-383 0.0-1.0 0.1-4.6 0.2-9.7 0.6-8.9
Deaths avoided 0.02-0.19 0.00-0.04 0.04-0.55 0.08-4.00 0.04-1.74
Influenza-associated costs
Direct costs avoided (Third-Party Payer perspective) $4,445-524,067 $248-51,699 $305-$8,477 $601-$20,027 $837-%$12,355
Productivity loss $651-$1,014 $128-$192 $208-$389 $40-$217 $155-$311
Total costs avoided (Societal perspective) $5,096-$25,081 $376-51,891 $513-$8,866 $641-520,245 $992-$12,666

Panama (2006-2014, 2009 excluded)

Young children Adults 18-49y Adults 50-59 y Elderly (60 y
(6-59 months) with RF with RF and older) Total

Outcomes

Influenza cases avoided 201 86 83 77 113

GP consultations avoided 100-124 40-70 39-67 38-65 55-82

Lost working days avoided 90-111 57-99 113-192 59-101 71-111

Hospitalizations avoided 0.7-42.2 0.1-5.4 0.1-23.8 0.7-40.1 0.5-27.8

Deaths avoided 0.03-0.24 0.01-0.23 0.02-3.36 0.20-19.82 0.08-6.87
Influenza-associated costs

Direct costs avoided (Third-Party Payer perspective) $1,744-$33,353 $538-5$6,075 $638-$29,156 $1,401-$54,162 $1,138-$30,795

Productivity loss
Total costs avoided (Societal perspective)

$2,349-$2,896
$4,093-$36,250

$1,479-52,580
$2,017-5$8,655

$2,956-$5,009
$3,593-$34,165

$1,542-52,629
$2,942-556,791

$1,858-$2,899
$2,996-$33,694

RF: Risk factor

*Colombia and Panama: results are presented as a range using the 2 sets of values presented in Table 1.

estimated that the use of QIV instead of TIV would have
reduced the clinical burden of influenza, avoiding between 13
to 89 GP consultations, 0.5 to 27.8 hospitalizations and 0.04 to
6.87 deaths per 100,000 person-years over the study population,
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depending on the country. The public health benefits brought
by QIV would have been equivalent to between US$ 1,000 and
US$ 34,000 in societal costs per 100,000 person-years. Consid-
ering the most conservative parameter values from the

201
=Panama

Figure 2. Reduction in B influenza cases associated to QIV compared with TIV by year and country of analysis., The number of B cases occurring in the TIV scenario (in
thousands of cases) is displayed at the top of each bar. There was no impact of QIV in 2011 as the source used for B lineage distribution did not allow for a precise esti-
mate (only one specimen was tested which corresponded to the lineage included in TIV). Interpretation: In 2012 in Panama, there were 52,600 cases of influenza B cases
despite the use of TIV while there were 15% less influenza B cases with QIV., QIV: Quadrivalent influenza vaccine; TIV: Trivalent influenza vaccine.
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Figure 3. Deterministic sensitivity analyses results performed on Brazil for the total recommended population over the period 2010-2014 on A) Influenza cases avoided
and B) total influenza-related societal costs avoided (in USS$), GP: General Practitioner; QIV: Quadrivalent influenza vaccine; TIV: Trivalent influenza vaccine.

sensitivity analyses, it was estimated that QIV would have pre-
vented 365,000 influenza cases over 5 y with associated cost off-
sets equivalent to US$ 13.3 million in Brazil.

In Brazil, it was estimated that the young children and the
elderly would have been the subgroups that would have
benefited the most from QIV introduction, this could be
explained by a substantially lower vaccine coverage rate (18-
26%) for these groups compared with young children (91%)
and the elderly (87%), a lower average influenza attack rate in
these age groups, and by undifferentiated hospitalization and
mortality rates relative to their risk status.

In Colombia, there was substantial variation between the
estimates of the numbers of hospitalizations, and deaths
avoided, due to high uncertainty in the probability of hospitali-
zation and death following influenza infection, with the true
impact of QIV being likely to lie within this range. Further-
more, due to a lower vaccine coverage rate in people older than
60 y compared with the 2 other countries, the benefits of QIV
for the elderly compared with young children were significantly
lower for Colombia than for Brazil and Panama.

Although the degree of mismatch across influenza seasons
was considered identical for the 3 countries for most of the sea-
sons, the impact of QIV by year varied between countries due
to differences in coverage rates and the intensity of each season.
In 2011, there was no impact of QIV estimated as there was
only one characterized influenza B specimen which had its line-
age tested for this season, leading to a 100% match. Before the
season 2010, impact of QIV would have been limited in Colom-
bia and Panama due to low B circulation and mismatch.

Compared to the studies by Reed et al.'' and Lee et al.'?
2 enhancements were made to the model. First, our analysis

accounted for the efficacy of TIV against mismatched B lineage,
which was assumed to be null by Reed et al. Secondly, the pop-
ulation was stratified into 3 groups among those at the highest
risk of influenza complications so as to better reflect the differ-
ences in vaccination coverage, vaccine effectiveness and risks of
complications between groups. The stratification was important
especially because the vaccine effectiveness is lower among the
elderly, who also have a higher risk of complications compared
with other population groups.

In the US, Reed et al. estimated that 0.72 hospitalizations per
100,000 person-years would have been avoided during the sea-
sons 1999/2000 to 2008/2009. This estimate is included in the
estimated range for Colombia and Panama, which is lower
than the rate estimated for Brazil (3.3 hospitalizations per
100,000 person years). This difference can be explained by sev-
eral factors. Among which are: that the population included in
our study was more susceptible to influenza complications than
the general US population since we did not take into account
people with low risk of influenza complications; in terms of the
economic consequences of the introduction of QIV, Lee et al.
included lifetime productivity loss associated with influenza
mortality; combined with the fact that our analysis was per-
formed in countries with lower healthcare costs and lower
wages than in the US. This explains the substantially higher
costs avoided estimated by Lee et al., compared with our esti-
mates: about US$ 110,000 per 100,000 persons from the societal
perspective in the US, vs. US$ 380 to US$ 56,800 in our study,
depending on subgroup and country.

Our analysis suffers from several limitations. There were
data gaps regarding the circulation of the 2 B lineages and the
burden of influenza in Latin American countries. Estimates of
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the Sao Paulo state were used to inform the B lineage circula-
tion in the 3 countries. Although these estimates come from a
region with a well performing surveillance system and that sim-
ilar distributions were found when using other sources in
Brazil” the number of tested specimens remained low, translat-
ing into high statistical uncertainty. Furthermore, by using Bra-
zilian data, we implicitly assumed a similar influenza
circulation between the 3 countries, which was considered rea-
sonable since Brazil and Colombia belong to the “Temperate
South America” influenza transmission zone while Panama is
located just outside of the frontier of this transmission zone.
The potential impact of the uncertainty around influenza B cir-
culation was tested in the deterministic sensitivity analyses
through a broad range of inputs. Although there was uncer-
tainty around the B lineage distribution in the 3 countries, 2
specificities of our analysis reduces the potential effects on the
estimated impact of QIV: the proportion of A strain among all
strains were taken from local sources in the 3 countries, limit-
ing the uncertainty to the number of B cases, and performing
the analysis on several years (5 for Brazil, 8 for Panama, 7 for
Colombia) limited the risk of substantially underestimating or
overestimating the overall B mismatch in these countries by
reflecting the variations in influenza circulation from one sea-
son to another.

In the absence of reliable data for the influenza burden in
Brazil, we used robust foreign data from a US study. This
choice had inherent limitations since the characteristics of the
Brazilian healthcare system and population are different from
those of the US. For instance, the mean number of doctor con-
sultations was estimated to be 4.1 per capita in the US as
against 2.7 per capita in Brazil.>> This variation in the propen-
sity for consulting a doctor was also tested in sensitivity analy-
ses. Another approach was taken for Colombia and Panama by
considering 2 scenarios using local data and other sources. This
led to a high uncertainty in the influenza burden avoided in
these countries, with the true impact of QIV likely to lie within
this range. Further developments in influenza surveillance sys-
tems as well as in healthcare databases would be needed to
assess the true impact of influenza more accurately, and thus
the impact of QIV in Latin America.

Another limitation of the influenza models is that the influ-
enza distributions were not considered to be age-specific. Thus,
although we considered age-specific attack rates and despite
the fact that influenza B places a disease burden on all age
groups, its incidence relative to influenza A appears to be high-
est among older children and young adults,” a population with
a lower risk of complications. There was no distinction made
between the severity of A and B strains either, because so far
the literature has not shown significant differences in the clini-
cal burden between influenza A and influenza B.>*

From an economic stance, estimated influenza-related costs
avoided estimated did not reflect the entire economic burden
avoided. Medical costs of death, transportation costs as well as
potential differences in costs based on the setting (private/pub-
lic) were not taken into account, as well as productivity loss
associated with premature deaths and hospitalizations. These
choices were made to provide conservative estimates of the
impact of QIV in a context of high uncertainty around the
healthcare costs of influenza.

Although uncertainty around the distribution of B lineage
and the true influenza burden was high in Latin America, we
think the results of this study is an essential step for the estima-
tion of the benefits of QIV. First, to date, there are no published
studies assessing quantitatively the impact of the introduction
of QIV in Latin America. Recently, 2 studies, Barros et al.” and
Arlant and Bricks,”® summarized evidence corroborating our
data collection on the circulation of B lineage. Our study is thus
the first one to provide quantitative estimates of the benefits of
vaccination with QIV instead of TIV. Second, we considered
several points to reduce the impact of uncertainty around
results. We estimated the impact of QIV using data circulation
from several seasons which allowed taking into account differ-
ences in influenza circulation from year to year. We also used
robust local data from the FluNet surveillance network which
contained hundreds of analyzed specimens for most of the
years included in the analysis to estimate the distribution
between A and B strains, which mechanically reduced the
uncertainty around the influenza B burden. Last, if influenza
burden attributable to each B lineage for a particular year might
differ from the reality due to data uncertainty, the aggregated
burden over several years is likely to be close to the true burden.
Indeed, published studies exploring influenza circulation in
many parts of the world showed similar trends as what was
seen in our study. For instance, Caini et al.,”® using data from
the period 2000-2013 in 26 countries, showed that 20-30% of
influenza cases were from the B strains, a number similar to
our study (12% in Colombia, 17% in Brazil, 21% in Colombia).
Furthermore, the same study showed B lineages co-circulated
in a large proportion of seasons, with Victoria predominating
more often than Yamagata (64% against 36%), similarly to our
study.

Finally, some additional analyses and improvements of the
model should be considered in future research. Firstly, vaccina-
tion costs were not taken into account in our study because we
focused mainly on the medical costs and loss of productivity
related to influenza. A cost-effectiveness analysis could be con-
ducted by taking into consideration the vaccination costs asso-
ciated with QIV and TIV. Secondly, because of the scarcity of
local data, we used a static model to estimate the impact of
QIV. Static models are unable to account for changes in the
force of infection arising from the reduction in the prevalence
of infectious individuals that can be brought by vaccination or
acquired immunity.”” These models are only able to capture
the impact of direct protection at the very start of an influenza
season, resulting potentially, in the underestimation of the ben-
efits of vaccination, compared with dynamic models. In addi-
tion, static models do not take into account different contact
rates between individuals according to their age or social char-
acteristics, which have an impact on the transmission of influ-
enza strains across population groups. However, as dynamic
modeling is a complex approach which requires extensive data,
subject to data availability, a further step could be to refine the
estimation of QIV benefits using a dynamic model.
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