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Quadrivalent Versus Trivalent Inﬂuenza Vaccines: A Systematic Literature
Review
Clara R. Warmath, AB, Ismael R. Ortega-Sanchez, PhD, Lindsey M. Duca, PhD, Rachael M. Porter, MPH, Molly G. Usher, AB,
Joseph S. Bresee, MD, Kathryn E. Lafond, MPH,* William W. Davis, DrPH*,

A B S T R A C T
Objectives: Seasonal inﬂuenza vaccines protect against 3 (trivalent inﬂuenza vaccine [IIV3]) or 4 (quadrivalent inﬂuenza
vaccine [IIV4]) viruses. IIV4 costs more than IIV3, and there is a trade-off between incremental cost and protection. This is
especially the case in low- and middle-income countries (LMICs) with limited budgets; previous reviews have not
identiﬁed studies of IIV4-IIV3 comparisons in LMICs. We summarized the literature that compared health and economic
outcomes of IIV4 and IIV3, focused on LMICs.
Methods: We systematically searched 5 databases for articles published before October 6, 2021, that modeled health or
economic effects of IIV4 versus IIV3. We abstracted data and compared ﬁndings among countries and models.
Results: Thirty-eight studies ﬁt our selection criteria; 10 included LMICs. Most studies (N = 31) reported that IIV4 was costsaving or cost-effective compared with IIV3; we observed no difference in health or economic outcomes between LMICs and
other countries. Based on cost differences of inﬂuenza vaccines, only one study compared coverage of IIV3 with IIV4 and
reported that the maximum IIV4 price that would still yield greater public health impact than IIV3 was 13% to 22% higher
than IIV3.
Conclusions: When vaccination coverage with IIV4 and IIV3 is the same, IIV4 tends to be not only more effective but more
cost-effective than IIV3, even with relatively high price differences between vaccine types. Alternatively, where funding is
limited as in most LMICs, higher vaccine coverage can be achieved with IIV3 than IIV4, which could result in more
favorable health and economic outcomes.
Keywords: cost-effectiveness, inﬂuenza, quadrivalent, trivalent, vaccine.
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Introduction
Inﬂuenza is an acute viral infection that targets the respiratory
system, causing 3 to 5 million severe cases and 290 000 to 640 000
deaths per year.1,2 Most human infections are attributable to 2
subtypes of inﬂuenza A viruses, A(H1N1)pdm09 and A(H3N2), and
2 lineages of inﬂuenza B virus, B(Victoria) and B(Yamagata), or
B(Vic) and B(Yam). These viruses circulate globally, and human infections vary by time and geography.3 Nevertheless, in the past
decade, roughly 75% of human inﬂuenza virus infections have been
caused by type A viruses, and the other 25% by type B viruses.4-6
Although most inﬂuenza virus infections result in mild illness,
severe complications can occur, particularly among those at the
extremes of age or with comorbidities.7 High infection rates of
mild disease have an important public health impact,8,9 including
economic losses because of healthcare utilization and losses in

work productivity.10 In the United States, the total economic
burden of seasonal inﬂuenza each year has been estimated at $11.2
billion.11 Many countries have invested in vaccination programs to
reduce impacts of seasonal inﬂuenza.
Inﬂuenza vaccines have been in use since the 1940s, starting
with a monovalent vaccine against the only virus known to be
circulating at the time.12 Vaccine formulations were updated as
different viruses circulated and as different subtypes of viruses cocirculated.12 Currently, 2 inﬂuenza vaccines are in use globally:
trivalent inﬂuenza vaccine (IIV3), which contains 2 type A strains
of inﬂuenza and 1 type B lineage, and quadrivalent inﬂuenza
vaccine (IIV4), which contains both A subtypes and both B lineages.13 The viruses used in inﬂuenza vaccines are recommended
biannually by the World Health Organization, based on viruses
anticipated to circulate in the next inﬂuenza season. IIV4 was
developed later than IIV3 when both B lineages began co-
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circulating; it was approved for use in 2012, although IIV4 comes
at a higher cost per dose than IIV3.14,15
Due to the trade-off between the increased cost and potential
for improved protection afforded by IIV4 versus IIV3, public health
ofﬁcials must decide which type to procure. A systematic review
from 2017 examined 16 publications and found that IIV4 consistently reduced inﬂuenza-related morbidity and mortality to a
greater extent than IIV3; nevertheless, the magnitude of the effect
was highly varied.16 It also reported high variation in the costeffectiveness of IIV4 compared with IIV3, but that overall IIV4
was cost-effective. All reviewed studies included in this study
were focused on high-income countries.
The relative beneﬁt of IIV4 may be different for low- and
middle-income countries (LMICs), especially those in tropical
regions. Inﬂuenza vaccine coverage tends to be much lower in
LMICs,17 and government-subsidized inﬂuenza immunization
programs might only target high-risk groups. Furthermore,
although B virus circulation may be slightly higher in tropical
regions, mismatch of IIV3 vaccine to circulating strains occurs
less often than in temperate regions.18 Given conditions in LMICs
and limited budgets, greater coverage could be attained with
IIV3, although it is not clear if morbidity, mortality, or cost of
illness would be less than what lower coverage of IIV4 would
yield.
We reviewed the literature on economic studies to further
explore the trade-offs between IIV3 and IIV4. Since the publication
of the 2017 systematic review, 18 studies comparing IIV4 and IIV3
have been published. Ten of these 18 new studies estimated costeffectiveness in LMICs. We aimed to summarize the existing body
of literature, update the comparison of economic beneﬁts of IIV4
versus IIV3, and determine whether similar beneﬁts are achieved
in LMICs. The ﬁndings from this review would guide stakeholders
in the development of inﬂuenza vaccination programs when
deciding whether to invest in IIV4 or IIV3 vaccines.

Methods
Search Strategy
We developed a search protocol according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement19 in December 2019. We searched MEDLINE, Embase,
Cochrane Library, Scopus, and CINAHL for studies published before
October 6, 2021, that directly compared the performance or costeffectiveness of IIV4 and IIV3. Keywords used included inﬂuenza,
vaccine, quadrivalent, and trivalent. Full search strings are in the
Supplemental Materials found at https://dx.doi.org/10.1016/j.jval.2
022.11.008. The reference lists of included studies were scanned to
verify adequate literature saturation.

Selection Process
For inclusion, articles had to be an original English-language
study that included an epidemiological (reduction of morbidity
or mortality) or economic (cost-effectiveness) comparison between IIV4 and IIV3 or report outcomes for IIV4 and IIV3 that
enabled calculation of this comparison. Conference abstracts and
systematic reviews were excluded, as were articles that did not
describe the mathematical modeling approach.
After screening, we removed duplicates and then screened the
titles and abstracts; 25% of titles and abstracts were doubled
screened at this stage to ensure accuracy and reviewer agreement
(R.P. and K.E.L.). Next, articles were double screened at the fulltext stage. Discrepancies between reviewers were settled
through consultation of a third reviewer (W.D.).

Data Abstraction
Data were abstracted into Microsoft Excel (2019) by 4 reviewers (C.W., W.D., K.E.L., L.D.). General characteristics of each
study, key model inputs, and main outcomes were abstracted from
each study. A second reviewer abstracted data from select ﬁelds to
establish validity.

Synthesis and Standardization
Epidemiological outcomes were converted to single year averages per 100 000 people per year by dividing multiyear outcomes by the analytical time horizon of the model, dividing by the
total population size used and multiplying by 100.
Economic outcomes were converted to 100 000 people per
year, and cost outcomes were adjusted to 2019 price year using
national consumer price indexes as discount rates20 and converting to US dollars (USD) using country- and year-speciﬁc purchasing power parities.21 If the price year was not reported in the
study, we assumed the price year was 3 years before the year of
publication of the report, consistent with other reviews.16 Finally,
discounted costs were divided by the model-speciﬁc analytical
time horizon to ﬁnd a single year average. The single year averages
were then converted to per 100 000 people per year per above for
proper comparison across studies.
We used the Wilcoxson rank-sum test to examine differences
in health outcomes averted in LMICs versus higher-income
countries.
Three reviewers (C.W., W.D., and L.D.) used the Consolidated
Health Economic Evaluation Reporting Standards tool22 to assess
the risk of bias in our included studies. The tool is a 24-question
checklist developed to ensure standardized reporting across economic studies.

Results
A search of MEDLINE, Embase, Cochrane Library, Scopus, and
CINAHL identiﬁed 2100 studies, 1221 after removing duplicates. Of
these, 1151 were eliminated through the title and abstract
screening process. The remaining 70 studies were evaluated
through full-text screening, and 38 studies were selected for inclusion (Appendix Fig. 1 found at https://dx.doi.org/10.1016/j.jval.2
022.11.008).
The Consolidated Health Economic Evaluation Reporting
Standards analysis indicated that the quality of the studies was
acceptable; 37 studies scored 17 points or higher out of 24, and 1
study scored 16 points. Most of the studies (25 of 38) were funded
by industry, and 4 did not report funding sources. Authors in 23 of
38 studies disclosed conﬂicts of interest with pharmaceutical
companies.
Most studies (26 of 34) used inﬂuenza epidemiology, cost, and
vaccine effectiveness (VE) data from high-income countries, territories, or regions, including the United States,23-32 the United
Kingdom,33-35 Canada,31,34 Hong Kong,36,37 Korea,38-40 Japan,41
Australia,42,43 and several European Union member nations.44-50
Nine studies used data from LMICs including Turkey,51 Peru,52
Vietnam,43 Taiwan,53 China,54 Brazil,55-57 Mexico,58 Colombia,56
Panama,56 South Africa,43 and Thailand59 (Table 1; for brevity,
data from high-income countries are presented only in Appendix
Tables 1-8 in Supplemental Materials found at https://dx.doi.org/1
0.1016/j.jval.2022.11.008). Twenty-six studies included all age
groups in their models, whereas 7 models used a population of
only $ 50 years. Five studies used mixed “high-risk” populations
(eg, young, old, or people with comorbidities). Four studies
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Table 1. Characteristics of reviewed economic studies comparing the use of IIV4 with IIV3 vaccines.
Author,
year

Location Country Declared
income study type
group

Study
Currency Time
description base year horizon

Amiche
et al,
202151

Turkey

Willingnessto-pay
threshold
used for
costeffectiveness

Upper
middle

Static cohort
costeffectiveness
model

2017 I$
Average
annual
outcomes
over a 7-year
period

3 GDP per
capita

3%

24/24

Bellier et al, Peru
202152

Upper
middle

Decisionanalytic costeffectiveness
model

2020 USD 4 seasons 20 000
QALYs and
(2015-2018)
ICERs for one
season

3 GDP per
capita

3%

24/24

Crépey
et al,
202057

Brazil

Upper
middle

2017 BRL
Dynamic
Health
epidemiological outcomes
model
and costs of
inﬂuenza
over 8
seasons in all
ages, from
changing
from IIV3 to
IIV4 in
children , 5

1-3 GDP per 5%
capita

23/24

de Boer
et al,
201843

South
Africa,
Vietnam,
Australia

Upper
middle,
lower
middle,
high

Individualbased dynamic
simulation with
health
economic
analysis

2013 I$*
Range of
outcome
rates per
100 000 PYs
for 2
different
scenarios
with varying
symptomatic
attack rates
(5%, 10%)

10 seasons Used range of Used range 3%
(2003-2013) thresholds
of thresholds

24/24

Jamotte
et al,
201756

Panama, Upper
middle
Brazil,
Columbia

Static model

2014 BRL,
Average
COP or
annual
PAB
outcomes
over a 5-year
period per
100 000 PYs

8 seasons NR
(2006-2014;
2009
excluded
from
analysis)

Jiang et al,
201954

China

Decisionanalytic model

Reductions in 2019 USD 1 season
outcome
rates over a
single season

Kittikraisak Thailand Upper
et al,
middle
201659

Not speciﬁed

RuizPalacios
et al,
202058

Upper
middle

Upper
middle

Mexico

Van
Brazil
Bellinghen
et al,
201855

Upper
middle

7 seasons I$83 802
(2010-2017)

Deﬁnition Discount CHEERS
of
rate
score
willingnessto-pay
threshold

8 years
R$32 747(2010-2017) R$98 241

NR

NR

21/24

$29 580 USD
per QALY
saved

3 GDP per
capita

3%

23/24

2013 USD 6 seasons
Average
annual
outcomes
over a 6-year
period

NR

NR

NR

17/18

Static model

2017 MXN 6 seasons
Average
and USD
annual
outcomes
over a 5-year
period

NR

NR

NR

22/24

Decision tree
model and
lifetime
multicohort
model

2015 BRL
Range of
results from
single season
decision tree
model and
the ﬁrst year
of 2 lifetime
model with
similar inputs

NR

NR

5%

23/24

Lifetime
(100
seasons)

CHEERS indicates Consolidated Health Economic Evaluation Reporting Standards; GDP, gross domestic product; ICER, incremental cost-effectiveness ratio; IIV3, trivalent
inﬂuenza vaccine; IIV4, quadrivalent inﬂuenza vaccine; NR, not reported; PY, person-year; QALY, quality-adjusted life-year.
*International dollars (I$) have the same purchasing power parity as one U.S. dollar has in the U.S. for the same year.
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Table 2. Model inputs: efﬁcacy rates, coverage by age, and cost per dose by type of vaccine used in reviewed economic studies.
Study

Location Vaccine efﬁcacy

Adjusted cost per
dose

Matched Mismatched IIV3
B
B

IIV4

Vaccine coverage

IIV4:IIV3 , 18 years
cost
ratio

18-64 years

651 years

Amiche
et al51

Turkey

66%-77%

0%

$16.70 $25.54

1.53

0.50%

9.60%

12.40%

Bellier
et al52

Peru

66%-77%

0%

$3.39 $5.83

1.73

6.5%-52.4%

7.2%-18.6%

18.60%

Crépey
et al57

Brazil

49.2%80.0%

34.4%-56.0%

$8.71 $19.49

2.24

0%-86%

0%-83.2%

73.2%-83.2%

South
Africa

65%; 55%
for age
651

0%

$10.92 $16.37

1.5

4.4%-5.3%

5.3%-26.2%

89.15%

Vietnam

65%; 55%
for age
651

0%

$3.28 $4.92

1.5

0%-100%

0.3%-2.3%

100%

66%-77%

44%-52%

de Boer et al43

Jamotte et al56
Brazil

17.3%-23.5%
91.2%
(children 6-59 (high risk 18-59
years)
months)

87.0% (601 years)

Columbia

28.0% (high risk
67.4%
(children 6-23 18-59 years)
months)

28.0% (601 years)

Panama

97.4% (high risk
49.9%
(children 6-59 18-59 years)
months)

76.7% (601 years)

Jiang et al54 China

Relative risk of vaccine
effectiveness of IIV4 vs
IIV3 = 1.16

$11.00 $24.20

2.2

Kittikraisak Thailand 25%-58%
et al59
RuizPalacios
et al58

Mexico

Van
Brazil
Bellinghen
et al55

26.7% (69 years or mean age
of Chinese elderly . 60 years)
3%-12%

3%-12%

3%-12%

66%-77%

44%-52%

$7.29 $7.29

1

56%-67.9%

56%

62.40%

66%-77%

44%-52%

$13.94 $15.79

1.13

0%-88.48%

6.26%-88.48%

74.41%-86.07%

IIV3 indicates trivalent inﬂuenza vaccine; IIV4, quadrivalent inﬂuenza vaccine.

compared the economic and epidemiological impact of IIV4 in
multiple countries.
Modeling approach was highly variable across studies. Nine
studies used dynamic transmission models, which accounted for
both direct and indirect effects of vaccination, that is, herd immunity effects.30,32,34,41,43,45,48,49,60 Three41,48,49 of these studies
used the same individual-based dynamic model, 4Flu, developed
by Eichner et al.48 The remaining 25 studies used variations of
static models. Six studies26,31,37,42,44,61 used approaches based on
the model developed by Reed et al.23 Three studies33,35,47 chose to
use the Markov modeling approach developed by van Bellinghen
et al.33
Key inputs used in each model are presented in Tables 2-4.
Several models used common sources of input values. All models
assumed that IIV3 and IIV4 would have equal VE against inﬂuenza
type A viruses. Meta-analyses published by Tricco et al29 and Jefferson et al62 were common sources of VE and cross-protection data
across models; VE for matched B strains ranged from 25% to 80%. VE

for mismatched B strains ranged from 0% to 56%, although it was
always lower than VE for the matched strain in the same study.
When available, vaccine coverage data were mostly sourced from
country-speciﬁc national surveillance and ranged from 0% to 100%
in all age groups. Models for countries with a lack of vaccine
coverage data used multiple sources and assumptions. The study in
Thailand used the number of imported vaccines along with vaccine
wastage rates to estimate approximate coverage levels.59 A study in
Vietnam, South Africa, and Australia assumed coverage was 15% of
the population, which consisted of prioritized risk groups such as
those with human immunodeﬁciency virus, those older than 65
years, and those younger than 5 years.43 All other studies except
223,59 assumed the same coverage rates of IIV3 and IIV4 in each
model. Cost per dose was typically obtained from national vaccine
price lists or wholesale vaccine data. IIV3 and IIV4 costs were reported in 22 studies; the IIV3:IIV4 cost ratio ranged from 1 to 2.2,
with a median of 1.5. Six studies30,31,33,49-51 reported results of
sensitivity analyses with different costs for IIV4.
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Table 3. Inﬂuenza disease inputs: rates of infection, hospitalization, and mortality used in reviewed economic studies by age.
Study

Amiche et al

Location Measure of Hospitalization
inﬂuenza
, 18 years
18-64 years
disease*
51

Bellier et al52

Death

3.2 (20-49
years), 20.0
(60-64 years)
per 100 000
high risk

651 years

, 18 years

22.2 per
100 000

0.1 per 100 000 1.2 (20-49
high risk
years), 5.6 (5064 years), per
100 000 high
risk

18-64 years

651 years
4.1 per 100 000

Turkey

22.5 per
100 000 (. 5
years); 9.7 per
100 000 1-19
high risk

Peru

0.65-175.3 per 0.77-29.3 per
1000 person- 1000 personyears
years

29.3 per 1000 0.1 to 2.5 per
person-years 1000 personyears

0.5 to 37.9 per
1000 personyears

37.9 per 1000
person-years

0.0003-0.007

0.0006-0.091

0.091

0.00006930.0001054

0.00010540.0003888

0.0112

5.00%

0.06%-1.02%

0.08%-0.26%

0.33%

0.01%-0.15%

0.01%-0.29%

0.30%

5.00%

0.35%-2.98%

0.22%-0.70%

5.75%

0.01%-0.02%

0.01%-0.02%

0.81%

Brazil

14.1 per 1000
ﬂu infections
(age 6-59
months)

4.2-19.3 per
1000 ﬂu
infections
(18-59 years)

34.7 per 1000 0.04 per 1000
ﬂu infections ﬂu infections
(children 6-59
(601 years)
months)

0.09-1.34 per
1000 ﬂu
infections
(18-59 years)

8.32 per 1000
ﬂu infections
(601 years)

Columbia

25.2-214.8 per
1000 ﬂu
infections
(children 6-23
months)

2.0-294.1 per
1000 ﬂu
infections
(18-59 years)

13.1-529.5 per
1000 ﬂu
infections
(601 years)

0.11-1.05 per
1000 ﬂu
infections
(children 6-23
months)

0.14-35.04 per
1000 ﬂu
infections
(18-59 years)

4.12-218.63 per
1000 ﬂu
infections
(601 years)

Panama

3.7-214.8 per
1000 ﬂu
infections
(children 6-59
months)

0.08-294.1 per
1000 ﬂu
infections
(18-59 years)

9.5-536.3 per
1000 ﬂu
infections
(601 years)

0.15-1.24 per
1000 ﬂu
infections
(children 6-59
months)

0.08-41.48 per
1000 ﬂu
infections
(18-59 years)

2.66-265.08 per
1000 ﬂu
infections
(601 years)

Crépey et al57 Brazil
de Boer et al43
South
Africa
Vietnam
Jamotte et al56

3.6%-18.8%

Jiang et al54

China

6.2%-8.0%

Kittikraisak
et al59

Thailand

1.541%5.487%

Ruiz-Palacios
et al58

Mexico

1.9%-30.3%

0-4 years,
0.0141; 5-17
years, 0.0006

3.57%-48.9%

0.56-2.44% (of 0.75-4.41% (of 3.51-15.16%
(of inﬂuenza
inﬂuenza
inﬂuenza
cases)
cases)
cases)

Van Bellinghen Brazil
et al55

12.0% (death
metric of
inpatient care,
69 years or
mean age of
Chinese elderly
. 60 years)

Low risk,
8.98%; high
risk, 39.34%
(69 years or
mean age of
Chinese
elderly . 60
years)

18-49 years,
0.0042; 50-64
years, 0.0193

$ 65 years,
0.0421

0-4 years,
0.00004; 5-17
years, 0.00001

18-49 years,
0.00009; 50-64
years, 0.00134

$ 65 years,
0.00390

3.77-4.34% (of 27.79% (of
.28-1.14% (of
inﬂuenza
inﬂuenza
inﬂuenza
hospitalizations) hospitalizations) hospitalizations)

*Attack rate if not otherwise speciﬁed; or R0 or probability of seeing a general practitioner.

Epidemiological and economic impacts both varied considerably
across studies (Tables 5 and 6). Although the magnitude of the
epidemiological impact differed, IIV4 consistently resulted in
fewer cases, fewer inﬂuenza-related hospitalizations, and fewer
inﬂuenza-related deaths than IIV3. Illnesses and deaths averted
were lowest in the Thailand study with 5.5 more averted cases and
0.0016 more deaths averted per 100 000 with IIV4 than IIV3,59 and
highest in a study in Germany with 1097 more averted cases and
1.039 more averted deaths per 100 000 people using IIV4 compared
with IIV3.49 Economic impact was estimated using payer and societal perspectives using incremental cost-effectiveness ratio (ICER).

ICERs are the difference in total net costs between IIV4 and IIV3
divided by the difference in quality-adjusted life-years (QALYs)
saved by each type of vaccine; thus, higher ICERs mean higher cost
per QALY saved using IIV4 than IIV3. Countries may set their own
thresholds for ICERs for policy-making decisions or follow cutoffs
established by the World Health Organization.63 There were no
differences in averted inﬂuenza cases (P = .9), general practitioner
visits (P = .1), hospitalizations (P = .4), or deaths (P = .9) between
LMICs and other countries.
Studies that did not account for the increased cost of vaccination associated with IIV4 reported cost-savings compared with
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Table 4. Economic inputs: costs per case used in reviewed economic studies by level of healthcare and age group.
Study

Location Cost inputs
Cost per outpatient case
, 18 years

Amiche et al

51

18-64 years

Cost per inpatient case
651 years

, 18 years

18-64 years

651 years

Turkey

I$15.35

I$15.35

I$15.35

I$1233- I$2132

I$873- I$2400

I$3839

Peru

$5.61

$5.61

$5.61

$25.59

$25.59

$25.59

Crépey et al57 Brazil

R$10.00-R$58.16

R$59.08-R$299.32 R$59.08-R$299.32 R$652.09R$776.31

R$732.83R$832.36

R$816.61

de Boer et al43 South
Africa
Vietnam

I$22.80

I$22.81

I$1324

I$1325
I$438

Bellier et al52

I$15.10

I$22.82

I$1323

I$15.11

I$15.12

I$436

I$437

R$10 (unit cost,
children 6-59
months)
Columbia COP54 978 (unit
cost, children 6-23
months)

R$10 (unit cost,
18-59 years)

R$10 (unit cost,
601 years)

R$1069 (unit cost,
children 6-59
months)
COP1 095 349
(unit cost, children
6-23 months)

R$909-1640 (unit R$1432 (unit cost,
cost, 18-59 years) 601 years)

Panama

PAB12 (unit cost,
18-59 years)

Jamotte et al56 Brazil

Jiang et al54

China

Kittikraisak
et al59

Thailand

Ruiz-Palacios
et al58

Mexico

Van
Bellinghen
et al55

Brazil

PAB12 (unit cost,
children 6-59
months)

COP45 923COP84 549 (unit
COP59 986 (unit
cost, 601 years)
cost, 18-59 years)
PAB12 (unit cost,
601 years)

COP2 666 209COP3 517 367
(unit cost, 18-59
years)
PAB755 (unit cost, PAB973-PAB1191
(unit cost, 18-59
children 6-59
years)
months)

Children , 5
years, R$31.64;
5-17 years,
R$47.08

Not reported

Not reported

Not reported

Not reported

MXN674.00 (not
agedisaggregated)

# 4 years,
MXN31 200.80;
5-17 years,
MXN42 084.00

18-49 years,
MXN42 084.00;
50-59 years,
MXN54 420.00

$ 60 years,
MXN58 773.00

R$73.31

R$73.31

R$670.90R$981.66

R$492.66R$1597.74

IIV3; these studies were done in Australia and Europe.42,44,45,58 It
was more common for IIV4 to result in an increase in costs
because of vaccine price, but most studies concluded that it was
cost-effective and even cost-saving compared with IIV3 (Appendix
Table 1 in Supplemental Materials found at https://dx.doi.org/10.1
016/j.jval.2022.11.008). Adjusted ICERs from a payer perspective
ranged from a low of 2$5944 per QALY gained (ie, cost-saving) in
the entire US population32 to a high of $149 949 per QALY gained
in people aged $ 65 years in the United States; ICERs averaged
$43 515 per QALY gained (Table 6). Kim et al39 found that costeffectiveness varied signiﬁcantly by age group in Korea with an
ICER of $431750 per QALY gained for children aged 6 to 59 months
and cost-savings for those older than 65 years. There was no
difference in ICERs between studies in the general population and
at-risk populations or among countries in different income categories (Appendix Table 1 in Supplemental Materials found at
https://dx.doi.org/10.1016/j.jval.2022.11.008).
Several studies performed sensitivity analyses to assess stability of base-case results. Generally, as protection of IIV3
approached that of IIV4, health outcomes became similar and the

PAB1332 (unit
cost, 601 years)
direct medical
costs (low risk,
$1489; high risk,
$2944), direct
non-medical
costs: $254,
indirect cost: $226
(69 years or mean
age of Chinese
elderly . 60 years)

direct medical
costs (low risk,
$63.60; high risk,
$55.60), direct
non-medical
costs: $11.10,
indirect cost:
$63.90 (69 years
or mean age of
Chinese elderly .
60 years)
Not reported

COP4 004 381
(unit cost, 601
years)

Not reported

R$556.80R$1863.62

cost difference of IIV4 and IIV3 drove outcomes. One study32
found that at low attack rates of inﬂuenza infectivity, IIV4 was
not cost-saving compared with IIV3. Several studies found that
increased VE of IIV3,25,39 increased cross-protection to the unmatched B virus from IIV3,25,38,46,56,58 and higher homology between the B viruses circulating and those in the vaccine38,58 could
result in fewer inﬂuenza infections with IIV3; thus, health and
economic outcomes were more similar to those attained by IIV4.
Cost differences of IIV4 and IIV3 also affected cost-effectiveness,25,38,43,58 with increases in IIV4 price resulting in decreased
ICERs.
Six studies30,31,33,49-51 reported sensitivity analyses with the
cost differences of IIV3 and IIV4. Chit et al31 found that IIV4 was
cost-neutral at prices up to 11% higher than IIV3 and that the ICER
remained under CAD150 000/QALY (2019 USD $134 201/QALY)
saved (the estimated willingness-to-pay threshold for costeffectiveness) at IIV4 priced up to 51% higher than IIV3. de Boer
et al30 reported that when the IIV4 cost was 25% higher than the
IIV3-based vaccination strategy, this resulted in an ICER of 2013
USD $40 991/QALY (2019 USD $44 985/QALY) saved for a IIV4-
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Table 5. Incremental inﬂuenza-related disease outcomes averted with IIV4 vaccination compared with IIV3 by type of outcome and
study.
Author

Location Targeted group or
population

Amiche
et al51

Turkey

Bellier
et al52

Description of health
outcomes

Averted
inﬂuenza
cases (per
100 000
persons)

Averted
GP visits
(per
100 000
persons)

Averted
hospitalization
(per 100 000
persons)

Averted
deaths per
(per 100 000
persons)

Average annual outcomes over a 50.4
Individuals , 5 and
$ 65 years (all); other 7-year period
ages high risk only

21.1

0.3

0.4

Peru

All ages

41.43

0.17

0.07

Crépey
et al57

Brazil

195.57
All ages; intervention Health outcomes and costs of
in individuals 0-5 years inﬂuenza over 8 seasons in all
ages, from changing from IIV3 to
only
IIV4 in children , 5

73.51

5.45

0.19

de Boer
et al43

South
Africa

Range of outcome rates per
100 000 PYs for 2 different
scenarios with varying
symptomatic attack rates (5%,
10%)
15% of pop vaccinated, Range of outcome rates per
100 000 PYs for 2 different
prioritized to HIV1,
scenarios with varying
adults 651 years,
symptomatic attack rates (5%,
children , 5 years
10%)

47-103

2-4.6

0.31-0.71

48-70

5.3-8.1

0.24-0.41

Average annual outcomes over a 168
5-year period per 100 000 PYs

89

3.2

0.38

Average annual outcomes over a 34
7-year period per 100 000 PYs

13-25

0.6-8.9

0.04-1.74

Average annual outcomes over a 113
8-year period per 100 000 PYs

55-82

0.5-27.8

0.08-6.87

Vietnam

Jamotte
et al56

15% of pop vaccinated,
prioritized to HIV1,
adults 651 years,
children , 5 years

Brazil

young children, adults
with risk factors,
elderly
Columbia young children, adults
with risk factors,
elderly
Panama young children, adults
with risk factors,
elderly

Jiang et al54 China

QALYs and ICERs for one season 88.91

Adults 651 years

Reductions in outcome rates
over a single season

Kittikraisak Thailand All ages
et al59

Average annual outcomes over a 5.47
6-year period

0

0.17

0

RuizPalacios
et al58

All ages

Average annual outcomes over a 116.41
5-year period

43.88

1.43

0.13

All ages

71.59-79.55
Range of results from single
season decision tree model and
the ﬁrst year of 2 lifetime model
with similar inputs

36.75-41.68 2.43-2.49

Mexico

Van
Brazil
Bellinghen
55
et al

0.47-0.49

ICER indicates incremental cost-effectiveness ratio; GP, general practitioner; HIV, human immunodeﬁciency virus; IIV3, trivalent inﬂuenza vaccine; IIV4, quadrivalent
inﬂuenza vaccine; PY, person-year; QALY, quality-adjusted life-year.

based vaccination strategy, below the willingness-to-pay
threshold of 2013 USD $50 000/QALY (2019 USD $54 872). Dolk
et al49 reported that the ICER was below the V50 000 (2019 USD
$70 221) willingness-to-pay threshold per QALY if the price difference between IIV4 and IIV3 was # V11.20 (2019 USD $15.73).
Van Bellinghen33 reported that when IIV4 cost is 72% higher than
IIV3, the ICER for IIV4 was £28 443/QALY (2019 USD $47 519/
QALY), just below the willingness-to-pay threshold of £20-£30
000/QALY (2019 USD $33 414-$50 120) saved. Similarly, Amiche51
reported that IIV4 remained societally cost-effective at prices
ranging from I$26.50 to I$37.70 per dose (2019 USD $20.13-$28.64
per dose) (IIV4:IIV3 cost ratios of 1.2 and 1.7) from willingness-topay thresholds of 1 and 3 times gross domestic product per capita.
Zeevat50 determined that IIV4 remained cost-effective in The

Netherlands at an incremental price of V3.81 (2019 USD $5.16)
higher than IIV3; they used willingness-to-pay threshold of V20
000/QALY (2019 USD $27 089), which is commonly used in that
country.
Only 2 studies examined different rates of coverage between
IIV4 and IIV3. Reed et al23 assumed that low amounts of IIV4
would be produced in the years after regulatory approval, because
of delays in production capacity. They note that, during these
seasons, reduced coverage of IIV4 led to more inﬂuenza-related
illnesses, hospitalizations, and deaths than with higher coverage
of IIV3. Nevertheless, for 2 seasons in which IIV3 was mismatched
to the circulating B virus, inﬂuenza-related illnesses, hospitalizations, and deaths decreased with IIV4 compared with IIV3, despite
lower coverage of IIV4.
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Table 6. Economic outcomes: incremental QALYs saved, costs averted, and incremental cost per QALY saved with IIV4 vaccination
compared with IIV3.
Author

Location Population

Amiche
et al51

Turkey

Individuals , 5
and $ 65 years
(all); other ages
high risk only

Incremental
QALYs saved
(per 100 000
persons)

Adjusted
payer
cost in
2019 US
dollars

Adjusted
payer
cost in
2019 US
dollars
(per
100 000
persons)

Adjusted
societal
cost in
2019 US
dollars

Adjusted
societal
costs (per
100 000
persons)

Payer
ICER per
QALY
saved in
currency
as
reported

Adjusted
payer
ICER per
QALY
saved in
2019 US
dollars

Variables
reported
as
inﬂuential
in
sensitivity
analysis

1.47

333 289

1113

504 350

1684

I$56 009

$42 545

VE, B strain
mismatch,
number of
inﬂuenza clinic
visits

499 215

1614

2 562 660

8285

16 649

$16 451

VE against B
viruses, B
strain
mismatch,
price of
vaccines,
proportion of
cases
attributable to
B viruses,
degree of
crossprotection of
IIV3 against B
lineage not in
vaccine

91 904 760

44 220

48 501 005

23 336

R$18 480

$10 630

probability of
visiting a
general
practitioner

$3.53-$4.27
per person

$353 000$427 000

$0.29-$0.54
per person

$29 000$54 000

Bellier et al52 Peru

All ages

Crépey
et al57

Brazil

All ages

de Boer
et al43

Agincourt,
15% of pop
95-213
South Africa vaccinated,
prioritized to HIV1,
adults 651 years,
children , 5 years
15% of pop
91-120
Thai
vaccinated
Nguyen,
prioritized to HIV1,
Vietnam
adults 651 years,
children , 5 years

Jamotte
et al56

Brazil

Population groups
targeted by local
vaccination
recommendations
(young children,
adults with risk
factors, elderly)

2$1247 per 21247
100 000 PYs

Columbia

Population groups
targeted by local
vaccination
recommendations
(young children,
adults with risk
factors, elderly)
Population groups
targeted by local
vaccination
recommendations
(young children,
adults with risk
factors, elderly)

2$1 to 2$11 2$1 to 2$11 2$1 to 2$11 2$1 to 2$11
per 100 000
per 100 000
PYs
PYs

Panama

Jiang et al54

3.03

China

Adults 651 years

Vaccine price

2$3693 per 23693
100 000 PYs

Level of crossprotection of
IIV3 against
mismatched B
virus,
uncertainty in
circulation
parameters
and cost
because of
working days
lost

2$3235
2$1229
2$3235
2$1229
to 2$33 256 to 2$33 256 to 2$36 387 to 2$36 387
per 100 000
per 100 000
PYs
PYs

30

$2.01 per
person

201 000

6700

6700

Relative risk of
VE of IIV4 vs
IIV3
continued on next page
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Table 6. Continued
Author

Location Population

Kittikraisak
et al59

Thailand

Adjusted
payer
cost in
2019 US
dollars

Adjusted
payer
cost in
2019 US
dollars
(per
100 000
persons)

Adjusted
societal
cost in
2019 US
dollars

Adjusted
societal
costs (per
100 000
persons)

Payer
ICER per
QALY
saved in
currency
as
reported

Adjusted
payer
ICER per
QALY
saved in
2019 US
dollars

All ages

Ruiz-Palacios Mexico
et al58

All ages

Van
Bellinghen
et al55

All ages

Brazil

Incremental
QALYs saved
(per 100 000
persons)

Variables
reported
as
inﬂuential
in
sensitivity
analysis
incidence of
inﬂuenzaassociated
illness,
assuming VE
of 0 for
mismatched
B, vaccine
wastage rates
in public
sector

25 020 641

3.37

210 799

$73 769 159- $36 381$75 692 872 $37 330

26 118 143

213 160

distribution of
inﬂuenza A vs
B cases, IIV3
VE against
mismatched B
strain
R$19 909R$20 428

11 079

not reported

ICER, incremental cost-effectiveness ratio; IIV3, trivalent inﬂuenza vaccine; IIV4, quadrivalent inﬂuenza vaccine; PY, person-year; QALY, quality-adjusted life-year; VE,
vaccine effectiveness.

A study in Thailand by Kittikraisak et al59 included an exploratory analysis in which the total budget for immunization was
ﬁxed, and thus, coverage of IIV4 and IIV3 varied by the cost of each
vaccine. When they assumed 75% cross-protection for the mismatched B lineage of IIV3, they found that a maximum price of
IIV4 resulting in greater public health impact than IIV3 (ie,
reduced morbidity and mortality) should not be 9% higher than
the IIV3 price. Likewise, assuming 0% to 30% cross-protection of
IIV3, they found that the maximum IIV4 price that would yield
greater public health impact than IIV3 should not be 13% to 22%
higher than IIV3.

Discussion
This is the ﬁrst systematic review of IIV4 versus IIV3 since 2017
and, importantly, the ﬁrst to also focus on studies from LMICs.
Across all studies this review found that IIV4 resulted in a greater
reduction in morbidity and mortality and was cost-effective and in
a few cases cost-saving, compared with IIV3. The magnitude of
cost-effectiveness was highly variable, with ICERs ranging
from 2$5944 (eg, cost-saving) to $149 949 per QALY gained. This
variability was driven by changing cost differences between IIV4
and IIV3, which B viruses were circulating during the time covered
by each study, and the effective rate of cross-protection afforded
by IIV3 to mismatched B viruses. There was no difference in ICERs
by income status of country or population studied. These ﬁndings
are consistent with ﬁndings from the 2017 review.16
Circulation of B viruses was a driver of economic outcomes
between IIV3 and IIV4. Inﬂuenza B viruses comprised 23.4% of
detected human inﬂuenza virus infections in 31 countries between 2000 and 2018, although this proportion varied
geographically, according to a recent study.6 In particular, B(Yam)
viruses tended to circulate in temperate regions and B(Vic) in

tropical ones, and there is a tendency, although not statistically
signiﬁcant, for B circulation to be higher overall in tropical regions.
Co-circulation of B(Yam) and B(Vic) occurred in 24% of seasons.
B(Yam) cases were older than the B(Vic) cases, possibly because of
residual immune imprinting of previous B(Yam) circulation.18
Circulating B virus lineages were mismatched to IIV3 in 40% of
inﬂuenza seasons in temperate climates and 30% of seasons in
tropical ones.
IIV3 can protect against mismatched B viruses, possibly
because although the 2 lineages are antigenically distinct, there is
high (. 90%) homology between their amino acid sequences.64 A
study in Canada found that IIV3 was mismatched against B viruses
in 5 of 11 seasons and that VE of IIV3 against the mismatched
strains ranged from 21% to 78%.65 The systematic review and
meta-analysis used by many of the studies in this review reported
that of 8 VE studies of IIV3 to mismatched B viruses, the pooled VE
was 52% (95% conﬁdence interval 19-72), also suggesting that IIV3
is protective against mismatched B viruses.29 The same metaanalysis estimated VE for matched B strains at 65% (95% conﬁdence interval 54-73).
All studies reported that IIV4 was more beneﬁcial than IIV3
when these vaccines were delivered with equal coverage, and only
2 studies considered the trade-off between lower protection and
higher coverage. In high-income countries, coverage may be ﬁxed
at a maximum level attainable because of vaccine hesitancy and
contraindications. Nevertheless, in lower-income settings,
coverage may be driven by resource limitations. Practically, in
resource-limited settings, greater coverage could be achieved with
IIV3 than with IIV4 because it is cheaper to buy: the cost ratio of
IIV3:IIV4 in the studies reviewed ranged from 1 to 2.3. The study
by Reed et al23 found that when IIV3 had greater coverage than
IIV4, IIV3 reduced morbidity and mortality in years when the
vaccine was well matched to the circulating B virus, and IIV4
yielded better health outcomes in years when IIV3 was poorly
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matched. The other study, by Kittikraisak et al,59 more closely
examined the trade-off between coverage and protection. Their
model suggested that, with a conservative assumption of 0% crossprotection of IIV3, the trade-off between IIV3 and IIV4 in terms of
public health impact favors IIV3 when the cost of IIV4 reaches $
22% higher than that of IIV3—in other words, when the IIV3:IIV4
cost ratio is $ 1.22. In 19 of 26 studies (73%) in this review
(including 6 from LMICs) that reported vaccine cost, the cost ratio
of IIV3:IIV4 was . 1.22.
Although models and inputs differ, additional analyses may
indicate IIV3 has greater potential for public health impact than
many of these studies suggest. In particular, the Kittikraisak
study59 suggests that the point at which higher coverage of IIV3
outweighs greater protection from IIV4 is when IIV4 costs 9% to
22% more than IIV3, which is much lower than what most other
models assumed based on real-life costs. Six studies in this review
determined the maximum percent price difference at which IIV4
was still cost-effective over IIV3; these prices ranged from 25% to
72% higher than IIV3; these thresholds were all higher than the
threshold at which Kittikraisak determined higher coverage of
IIV3 would outweigh greater protection from IIV4. Except in one
study, ICER calculations in the studies did not account for the
possibility of increasing coverage of IIV3 and the potential incremental reduction in morbidity and mortality and, consequently, its
associated impact on IIV3 cost-effectiveness. In addition to
determining ICERs, economic comparisons of IIV4 and IIV3 should
also consider the potential to achieve greater coverage of IIV3 for
the same cost as IIV4.
Policy decisions should also consider the impact of B virus
infection on children, which might be more common than in
adults. Previous studies suggest that children are more likely to be
infected4,6,66 and hospitalized67 with B viruses than adults,
possibly because of the slower mutation rate of B viruses and the
likelihood that adults had previous exposures and therefore
greater immunity to B viruses than children.6,66 Nevertheless, a
recent study found no difference in severity between A and B
infections in hospitalized children.68 If IIV3 is used, there may be
additional risks for infection in children from less protection from
B viruses. Countries, especially in low-resource settings, should
consider these additional consequences in the trade-off between
coverage and protection.
It is important to note that B(Yam) was last detected by global
sentinel surveillance in April 2020, and some experts speculate
that it may become extinct.69 This would have implications for
future vaccine formulations and cost-effectiveness estimates.
Nevertheless, it is possible that 2 H3 viruses could be added to
future seasonal vaccines; if this happens, then similar trade-offs
between population coverage and VE should be considered. Severe acute respiratory syndrome coronavirus 2 circulation might
affect inﬂuenza circulation through viral interference,70 implementation of nonpharmaceutical interventions,71 or other unknown mechanisms. It is unclear what the impacts of severe acute
respiratory syndrome coronavirus 2 on inﬂuenza circulation will
be (if anything) and similarly unclear how this would affect costeffectiveness of inﬂuenza vaccines.
The primary strength of this systematic review was the
comprehensiveness of the literature search; we thoroughly
searched 5 databases and screened 1221 abstracts. In addition, our
review included economic evaluations of IIV4 and studies quantifying the epidemiological impact of IIV4 compared with IIV3.
Although the heterogeneity of models presented a signiﬁcant
challenge when synthesizing our ﬁndings, we adjusted epidemiological outcomes to comparable person-year ratios and converted economic outcomes to the same currency and base year to
improve comparability across studies.

This study has several limitations. We searched for studies
published in English language only and thus are missing studies
from the analysis. We did not consider live attenuated, high dose,
or adjuvanted vaccines in our comparisons. These vaccines add
more dimensions to cost, coverage, and protection trade-offs. Our
literature search revealed few studies from LMICs and few from
tropical countries, which made it difﬁcult to identify trends between groups of countries. This might be important considering
that B virus circulation and vaccine mismatch is a driver of ICERs,
and vaccine mismatch is slightly less in tropical climates.

Conclusions
When vaccination coverage with IIV4 and IIV3 is the same, IIV4
tends to be not only more effective but also cost-effective even
with relatively high price differences between vaccine types.
Alternatively, where funding is limited as in most LMICs, higher
vaccine coverage can be achieved with IIV3 compared with IIV4,
which could result in more favorable health and economic outcomes, although more evidence is needed. Evidence gaps also
persist in nonindustry-funded studies in LMICs: only 3 of 9 studies
in these countries declared no industry funding. Countries looking
to optimize the health and economic impacts from inﬂuenza
vaccination should not only consider the type of vaccine but also
the coverage differences achievable with each vaccine, given their
resource constraints.

Supplemental Material
Supplementary data associated with this article can be found in the
online version at https://dx.doi.org/10.1016/j.jval.2022.11.008.
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