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ABSTRACT
Objective: The analysis estimates projected population outcomes resulting from the introduction of 
a plant-derived influenza vaccine formulated as quadrivalent virus-like particles (QVLP) in Canada.
Methods: Using Monte Carlo simulations, the number of influenza cases, general practitioner visits, 
inpatient admissions, intensive care unit (ICU) admissions, and deaths due to influenza-associated illness 
were estimated under no vaccination, plant-derived QVLP vaccines only, or egg-derived vaccines only. The 
base case analysis examined the adult Canadian population in two subgroups: 18–64 years of age during 
the 2017/18 season and 65+ years of age during the 2018/19 season. Efficacy data were obtained from 
QVLP clinical trials. Vaccine effectiveness data for egg-derived vaccines were calculated from observa-
tional studies from the corresponding influenza seasons. Scenario analyses examined the impact of 
varying absolute vaccine effectiveness or vaccination coverage from base case inputs.
Results: In the base case analysis, plant-derived QVLP vaccines led to an additional reduction in the 
burden of influenza over egg-derived vaccines for both population subgroups. In the 18–64 subgroup, 
QVLP vaccines were associated with 2.63% (48,029; 95% credible interval [Crl]: 42,723–53,336) fewer 
influenza cases than egg-derived vaccines. In the 65+ subgroup, QVLP vaccines led to 4.82% (27,918; 95% 
Crl: 25,440–30,397) fewer influenza cases, and reductions in the number of inpatient admissions by 4.77% 
(1167; 95% CrI: 851–1483) and deaths by 4.75% (326; 95% CrI: 107–546) compared to egg-derived 
vaccines. Further reductions were observed in scenario analyses considering the potential increase in 
vaccine coverage.
Conclusion: Use of plant-derived QVLP influenza vaccines may contribute to greater reductions in 
influenza cases and influenza-related outcomes, including inpatient admissions and deaths, compared 
to egg-derived vaccines currently available in Canada.
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Introduction

Each year, approximately 5–10% of adults in Canada are 
infected with influenza A and B viruses that circulate during 
seasonal epidemics.1 The burden of seasonal influenza includes 
workplace absenteeism, emergency department (ED) visits, 
inpatient admissions, intensive care unit (ICU) admissions, 
and deaths.1–4 Influenza is associated with an average of 
12,200 inpatient admissions2 and 3500 deaths4 annually in 
Canada. Vaccination is the primary strategy to control the 
spread of seasonal influenza and prevent influenza-associated 
illness and outcomes. In Canada, vaccination against influenza 
is recommended for individuals six months of age or older.5

Vaccine-induced immunogenic response is specific to influ-
enza A and B subtypes included in the annual vaccine 
formulation.1,6 Vaccine effectiveness (VE) against seasonal 
influenza viruses varies, and is impacted, at least in part, by 
the degree of antigenic match between circulating strains and 
the vaccine formulation.6,7 Vaccine formulations may be anti-
genically mismatched due to differences between circulating 
viruses or antigenic drift, resulting in lowered VE. While the 
predominant influenza strains vary each year, since 2013, the 

prevailing strains in Canada have been A(H1N1) and A 
(H3N2).8 Lower VE against A(H3N2) viruses compared to A 
(H1N1) viruses have been documented in a number of influ-
enza seasons,6 including 2017/189 and 2018/19.10 Reduction in 
VE, particularly against A(H3N2) viruses, may result from 
mutations acquired during egg-based vaccine manufacturing, 
and have been observed in previous influenza seasons.7,11,12 

Newer methods of influenza vaccine production, including 
recombinant and cell-culture based methods, have been devel-
oped to avoid occurrence of adaptive mutations and provide 
a better genetic match against circulating viral strains.13

Plant-based production of influenza vaccines may address sev-
eral limitations of currently licensed egg-derived vaccines. 
Transient expression of virus-like particles (VLP) in Nicotiana 
benthamiana plants enables production of quadrivalent influenza 
vaccines, QVLP, comprised of hemagglutinin proteins from two 
type A and two type B influenza strains.14,15 As with other recom-
binant and cell-culture based methods, plant-based production 
avoids the introduction of undesirable VE-reducing adaptive 
mutations that could be encountered in egg-based 
production.14,15 In addition, availability of plant-derived influenza 
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vaccines may potentially increase vaccine uptake as a result of 
greater awareness of vaccine technologies and production pro-
cesses by the segment of the population who prefer plant-derived 
products due to environmental or animal welfare concerns (e.g., 
strict or occasional vegetarians or vegans).

The safety and efficacy of a plant-derived QVLP influenza 
vaccine has been investigated in two global phase 3 studies.16 

The study populations were healthy adults aged 18–64 during 
the 2017/18 season and older adults aged 65+ in the 2018/19 
season. Overall, the QVLP vaccine was well-tolerated and no 
major safety signals were identified. In the 18–64 study 
(n = 4818 QVLP; n = 4812 placebo) during a severe and 
prolonged influenza season, the absolute vaccine efficacy was 
35.1% (95% CI: 17.9, 48.7) for the prevention of respiratory 
illness caused by vaccine-matched strains and 38.8% (95% CI: 
27.8, 48.1) for the prevention of respiratory illness caused by 
any strain. In the 65+ study (n = 5996 QVLP; n = 6026 quad-
rivalent inactivated vaccine) during an even longer influenza 
season, the relative vaccine efficacy for the prevention of influ-
enza-like illness caused by any virus strain was 8.8% (−16.7, 
28.7) for the QVLP vaccine versus a quadrivalent inactivated 
vaccine (egg-based vaccine).

The objective of the current study is to simulate and com-
pare the outcomes of seasonal influenza vaccination in Canada 
under settings of no influenza vaccination, only egg-derived 
vaccines (present-day scenario), and only plant-derived QVLP 
vaccines. The analysis estimates the number of additional 
influenza cases and influenza-related outcomes that could be 
prevented by the introduction of a QVLP influenza vaccine 
option in Canada.

Methods

Methodology

Monte Carlo simulations were used to model patient flow with 
multiple possible outcomes.17 This approach was used to assess 
the impact of underlying uncertainty in input point estimates 
and to calculate the credible intervals around results. The 
conceptual framework of the model is depicted in Fig. S1. 
The simulations modeled three mutually exclusive settings 
where no influenza vaccines, only egg-derived vaccines, and 
only plant-derived QVLP vaccines were available.

The population was stratified into three groups: the suscep-
tible, the immunized, and the infected. During each week of the 
modeled influenza season, the simulation determined the 
number of new cases considering the population not infected 
in the previous week and the vaccine coverage and attack rate 
for the current week. The susceptible population was renewed 
each week by removing those previously infected and immu-
nized. The immunized population was derived from the pro-
portion of the population vaccinated as well as the modeled 
VE. New cases led to increases in each of the outcomes eval-
uated: symptomatic and asymptomatic influenza-associated 
illness (referred to as influenza cases), symptomatic influenza- 
associated illness (referred to as symptomatic cases), general 
practitioner (GP) visits, emergency department (ED) visits, 
inpatient admissions, ICU admissions, and deaths. The model 
assumed that it was not possible to become infected twice 

during the same season. This assumption was made as rates 
for reinfection for the 2017/18 and 2018/19 influenza seasons 
were not reported in the literature. A graphic representation of 
the dynamic patient flow is available in the supplementary 
material Fig. S2.

The study population included two subgroups of Canadian 
adults, specifically, those aged 18–64 years and 65+ years. 
Canadian population estimates were obtained from Statistics 
Canada for those aged 18–64 in 2018 (n = 23,532,833), and for 
those aged 65+ in 2019 (n = 6,592,611).18 Outcomes were 
further stratified by age into the following subgroups: 18–49, 
50–64, 65–74, and 75+.

In the base case and each scenario analysis, patient flow was 
computed through the mean of 5000 simulations and 95% 
credible intervals were established around the point estimates 
for prevented cases and outcomes.

Model inputs in the base case analysis

All model inputs for the base case analysis are presented in 
Table S1.

Vaccine effectiveness

A frequentist indirect treatment comparison19 was conducted to 
compare the effectiveness of plant-derived QVLP and egg- 
derived vaccines using data obtained from QVLP randomized- 
controlled trials (RCTs) and real-world evidence (RWE) studies, 
respectively. Vaccine efficacy data obtained from an RCT was 
assumed to be equivalent to vaccine effectiveness (VE), where 
VE equaled the reduction in the risk of infection with the 
vaccine. In the absence of head-to-head VE data for each vaccine 
option versus placebo during the modeled influenza seasons, the 
analysis utilized RWE data for currently licensed egg-derived 
vaccines. RWE data were utilized from the same influenza sea-
son as the respective RCT to ensure that vaccine formulations 
and circulating strains had the greatest comparability. This 
approach was taken to account for the annual variation in 
circulating virus strains and differences in VE that would be 
consequently expected.

VE of the QVLP vaccine in the population aged 18–64 was 
sourced from a placebo-controlled, phase 3 RCT (CP-PRO- 
QVLP-012; NCT03301051) conducted during the 2017/18 
season.16 VE of egg-derived vaccines was obtained from 
a Centers for Disease Control & Prevention (CDC) RWE 
study, which examined the 2017/18 influenza season in the 
United States (US) using a test-negative design.9 VE estimates 
for the US were used as a proxy for VE of egg-derived vaccines 
as only interim data was available for the 2017/18 season in 
Canada.20 It was considered important to use end of season 
data due to the potential effects of intraseasonal waning immu-
nity of egg-derived vaccines, which has been documented in 
previous seasons.21

For the 65+ subgroup, VE of the QVLP vaccine was sourced 
from an active-comparator-controlled, phase 3 RCT (CP-PRO- 
QVLP-014; NCT03739112) conducted during the 2018/19 
season.16 VE of egg-derived vaccines was calculated using 
data from a CDC study that examined the 2018/19 influenza 
season in the US, and used a test-negative design.10
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Vaccine coverage

Vaccine coverage (VC) represented the total proportion of the 
Canadian population who were vaccinated during the course of 
the simulated influenza season. Base case VC was derived using 
data available from the PHAC for the 2017/18 influenza season, 
which was stratified for the 18–49 and 65+ subgroups.1

Influenza case distribution and attack rates

The distribution of influenza cases in Canada was available 
from FluWatch for the population aged 18–64 in the 2017/18 
season and for the population aged 65+ in the 2018/19 season, 
and correspond to the number of laboratory-confirmed influ-
enza cases based on laboratory reporting.22,23 The baseline 
attack rates used in the analysis for the 18–49 and 50–64 
subgroups were computed from the placebo arm of the CP- 
PRO-QVLP-012 RCT. The attack rate for the 65+ population 
was assumed to be equal to the attack rate of the 50–64 sub-
group as CP-PRO-QVLP-014 was not a placebo-controlled 
trial.

Conditional probabilities of influenza-related outcomes

Conditional probabilities of GP visits, ED visits, inpatient 
admissions, and ICU admissions due to influenza were used 
to calculate model outcomes. These conditional probabilities 
were published by Molinari et al.,24 with the exception of ICU 
admissions, which was sourced from Reed et al.25

Model inputs in the scenario analyses

To understand how VC may be impacted by the introduction 
of the QVLP vaccine, an online survey was conducted to 
identify potential differences in willingness to be vaccinated 
with different influenza vaccine production technologies 
among the general adult population in the provinces of 
Alberta, British Columbia, Ontario, and Quebec (n = 802) in 
December 2019. This survey projected a 6.73% increase in VC 

with the introduction of plant-derived vaccines compared with 
currently available egg-derived vaccines with increased aware-
ness of vaccine technologies and production [see supplemen-
tary material for survey questions). To model the impact of 
greater vaccine uptake, absolute VC was increased by 3%, 5%, 
or 6.73% over the base case inputs for the plant-derived QVLP 
vaccine only. In addition, scenarios considered the impact of 
varying absolute VE from base case inputs as well as using 
attack rates obtained from a RWE study by Molinari et al.24

All scenarios are described in detail in Table 1.

Results

Base case analysis

Results of the base case analysis are presented in Table 2 for the 
Canadian population aged 18–64 and 65+. Full results stratified 
by age are presented in Tables S2–S4. In the base case analysis, 
outcomes with the egg-derived and plant-derived QVLP vac-
cines reflected differences in VE only, as all other variables 
were held constant (e.g., VC, attack rates). Plant-derived 
QVLP vaccines outperformed egg-derived vaccines in prevent-
ing influenza cases and influenza-related outcomes due to 
higher VE in both the 18–64 and 65+ subgroups.

In the 18–64 subgroup, the number of cases prevented with 
egg-derived vaccines versus no vaccination was 178,969 (95% CrI: 
173,912–184,026), representing an 8.9% reduction (Figure 1(a)). 
With plant-derived QVLP vaccines, an 11.3% reduction was 
observed, and 226,998 (95% CrI: 221,372–232,625) cases were 
prevented compared to no vaccination. Somewhat greater propor-
tions of ED visits (9.6% vs 8.6%), inpatient admissions (9.6% vs 
8.5%), and deaths (8.9% vs 8.4%) were prevented with plant- 
derived QVLP vaccines versus egg-derived vaccines.

For the 65+ subgroup, the number of cases prevented with 
egg-derived vaccines versus no vaccination was 59,771 (Crl 
95% 57,620–61,922), representing a 9.6% reduction (Figure 1 
(b)). With plant-derived QVLP vaccines, a 13.6% reduction 
was observed, and 87,689 (Crl 95% 85,637–89,742) cases were 
prevented compared to no vaccination. Plant-derived QVLP 

Table 1. Description of scenario analyses.

Description of scenario Scenario number

Variation in VE: To account for seasonal variation in the effectiveness of 
influenza vaccines, two scenarios considered variation in VE from base case 
inputs for the plant-derived QVLP and egg-derived vaccines.

Scenario 1: 5% absolute decrease in VE
Scenario 2: 5% absolute increase in VE

Variation in VC: An online survey among the general adult population in the 
provinces of Alberta, British Columbia, Ontario, and Quebec (n = 802) was 
conducted in December 2019 and projected a 6.73% increase in VC with the 
introduction of plant-derived vaccines versus currently available egg-derived 
vaccines. Four scenarios considered the impact of greater vaccine uptake from 
base case inputs with the plant-derived QVLP vaccine option only.

Scenario 3: 3% absolute increase in VC
Scenario 4: 5% absolute increase in VC
Scenario 5: 6.73% absolute increase in VC
Scenario 6: For the 18–64 population only; absolute increase of 3% in VC applied 

proportionally among those aged 18–49 and 50–64 based on projections from 
the online survey, to account for the likelihood that VC increases would vary by 
age group

Simultaneous variation in VE and VC: Seasonal influenza vaccines had 
relatively low VE during the 2017/18 and 2018/19 seasons (CDC 2020).34 To 
simulate the impact of increased VC during seasons when VE is not particularly 
low, two scenarios examined simultaneous variation in VC and VE from base 
case inputs.

Scenario 7: VE of plant-derived QVLP vaccines assumed to be equal to that of 
egg-derived vaccines and an absolute increase in VC of 3% applied to plant- 
derived QVLP vaccines only

Scenario 8: 5% absolute increase in VE applied to the both plant-derived QVLP 
and egg-derived vaccines, and a 3% absolute increase in VC applied to plant- 
derived QVLP vaccines only

Variation in attack rates: A scenario analysis considered attack rates sourced 
from Molinari et al.24 This study estimated baseline attack rates in the adult 
population using data for multiple influenza seasons spanning 1983–1989 and 
1998–1999.

Scenario 9: Attack rate inputs of 7% among the population aged 18–64 years 
and 9% among those aged 65+ years

QVLP: quadrivalent virus-like particle; VC: vaccine coverage; VE: vaccine effectiveness.
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vaccines were associated with substantially greater numbers of 
prevented ED visits (13.7% vs 9.3%), inpatient admissions 
(13.7% vs 9.4%), and deaths (13.7% vs 9.4%) compared to egg- 
derived vaccines.

In the analysis stratified further by age, the majority of the 
cases prevented arose from the 18–49 subgroup (Figure 2(a)). 
The greatest proportion of prevented inpatient admissions 
(Figure 2(b)) and prevented deaths (Figure 2(c)) occurred in 
the 65–74 subgroup. Overall, the 65+ subgroup represented 
approximately 65% of inpatient admissions and 91% of influ-
enza deaths prevented with plant-derived QVLP vaccines com-
pared to no vaccination.

Scenario analyses

For each scenario, the number of influenza cases prevented 
with each vaccine option versus no vaccination was computed. 
These results are presented in Figure 3(a,b) for the 18–64 and 
65+ subgroups, respectively. Results reported as positive values 
denote a higher number of prevented influenza cases compared 
to the base case analysis, while negative values denote fewer 
prevented cases. Complete results of scenario analyses are 
available in Tables S5–S7 and Tables S8–S10 for the 18–64 
and 65+ subgroups, respectively.

VE can vary with each influenza season based on factors 
such as the degree of match between the seasonal vaccine 
formulation and circulating influenza viruses.6,7 Scenario 1 
examined the impact of a more severe influenza season with 
reduced vaccine protection by modeling a 5% absolute reduc-
tion in VE. In this scenario, the number of prevented cases with 
plant-derived QVLP vaccines were expectedly reduced from 
the base case by 12.10% (27,459; 95% CrI: 20,239–34,731) and 
21.99% (19,279; 95% CrI: 16,362–22,196) for the 18–64 and 65 
+ subgroups, respectively. Scenario 2 modeled a 5% absolute 
increase in VE, which may be encountered in a season with 
greater degree of vaccine-virus matching. This translated to 
11.76% (26,691; 95% Crl: 19,388–33,971) and 22.85% (20,038; 
95% Crl: 17,161–22,914) fewer influenza cases with plant- 
derived QVLP vaccines over the base case for the 18–64 and 
65+ subgroups, respectively.

An online survey among Canadian adults (n = 802; 
≥18 years of age) identified a 6.73% absolute increase in will-
ingness to get vaccinated with plant-derived vaccines among 
participants exposed to different influenza vaccine options 
potentially available (i.e., egg-derived, animal/mammalian cell- 
derived, insect cell-derived, and plant-derived), without 
detailed explanations about each (survey questionnaire and 
results are included in the supplementary material). The ana-
lysis explored more conservative increases in absolute VC of 
3% (scenario 3) and 5% (scenario 4), in addition to 6.73% 
(scenario 5), with the plant-derived QVLP vaccine option in 
the two populations. For the 18–64 population, an additional 
scenario was tested where a 3% increase in VC was distributed 
proportionally for the age groups 18–49 and 50–64 based on 
the online survey findings (scenario 6). For scenarios 3–6, 
reductions in the number of influenza cases in the 18–64 
subgroup ranged from 9.82% (22,281; 95% CrI: 15,087–29,414) 
with a 3% absolute increase in VC weighted by age to 20.28% Ta
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(46,035; 95% Crl: 38,916–53,071) with a 6.73% absolute 
increase in VC. Scenarios 3–5 in the 65+ subgroup resulted 
in 5.13% (4500; 95% CrI: 1563–7437) to 11.49% (10,074; 95% 
CrI: 7129–13,020) fewer cases and 5.48% (56; 95% CrI: −73 to 
186) to 11.68% (120; 95% Crl: −8 to 249) fewer deaths.

Overall, scenario analyses revealed that VE had a greater 
impact than VC on the number of influenza cases prevented 
with the plant-derived QVLP vaccine option for the population 
aged 65+. The number of prevented influenza cases was nota-
bly reduced from the base case in scenario 7 where absolute VE 
was equal for plant-derived QVLP and egg-derived vaccines, 
and absolute VC was increased by 3% for only plant-derived 
QVLP vaccines. Furthermore, a 5% absolute VE increase led to 
greater reduction in influenza cases (relative to no vaccination) 
when compared to a 5% absolute increase in VC for the 65–74 
and 75+ subgroups (16.8% vs 14.4% and 16.8% vs 14.7%, 
respectively) (Figs. S3 and S4). In contrast, VC had somewhat 
greater impact than VE on the number of influenza cases 
prevented with plant-derived QVLP vaccines for those aged 

18–64. An absolute VC increase of 5% translated to a higher 
number of prevented cases (relative to no vaccination) than an 
absolute VE increase of 5% in the 18–49 subgroup (15.6% vs 
14.7%) and the 50–64 subgroup (9.9% vs 9.8%) (Figs. S3 
and S4).

For both the 18–64 and 65+ subgroups, the most optimistic 
scenario for the plant-derived QVLP vaccine option was 
related to a simultaneous increase in absolute VC of 3% and 
absolute VE of 5% (scenario 8). In this scenario, 24.84% 
(56,397; 95% CrI: 49,169–63,596) and 28.12% (24,657; 95% 
CrI: 21,734–27,580) fewer influenza cases occurred for the 
18–64 and 65+ subgroups, respectively. Stratified further by 
age, the greatest impacts were seen in the 65–74 and 75+ 
subgroups (Fig. S3); in each case, the number of influenza 
cases (relative to no vaccination) was reduced by 17.5%.

A less optimistic scenario resulted from modeling the 
impact of lower influenza attack rates reported in literature 
versus the base case rates observed in RCTs (scenario 9). The 
total number of cases was reduced from the base case by 

Figure 1. Number of prevented influenza cases and influenza-related outcomes with plant-derived QVLP and egg-derived vaccines versus no vaccination in the base 
case analysis among the Canadian population (a) aged 18–64; and (b) aged 65+. ED: emergency department; GP: general practitioner; ICU: intensive care unit. Results 
represent the mean of 5000 simulations. Influenza cases refers to the total number of symptomatic and asymptomatic influenza cases combined. Symptomatic cases 
refers to the total number of symptomatic influenza cases only.

Figure 2. Number of (a) prevented cases, (b) prevented inpatient admissions, and (c) prevented deaths with plant-derived QVLP and egg-derived vaccines versus no 
vaccination in the base case analysis among the adult Canadian population stratified by age. Results represent the mean of 5000 simulations. Prevented influenza cases 
refers to the total number of symptomatic and asymptomatic influenza cases combined.
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19.36% (43,941; 95% CrI: 37,457–50,509) for the 18–64 sub-
group and by 17.29% (15,165; 95% CrI: 12,504–17,825) for the 
65+ subgroup.

Discussion

This study simulated the population benefits resulting from the 
introduction of a plant-derived QVLP influenza vaccine option in 
Canada for adults 18–64 and 65+ years of age. The model exam-
ined three mutually exclusive settings. Each vaccine option (egg- 
derived and plant-derived QVLP) was assumed to take up 100% 
of the total market share in their respective setting. In reality, the 
population outcomes resulting from the introduction of plant- 
derived QVLP vaccines would be related to the market share 
captured from egg-derived vaccine products available in Canada.

As expected, in the base case analysis, plant-derived QVLP 
vaccines outperformed egg-derived vaccines in preventing influ-
enza cases and influenza-related outcomes due to greater VE. 
For the 18–64 subgroup, 2.63% more influenza cases were pre-
vented with the plant-derived QVLP vaccines versus egg-derived 
vaccines over no vaccination. The majority of influenza-related 
outcomes prevented occurred in the 65+ age group. An esti-
mated 4.82% more cases of influenza were prevented with the 
plant-derived QVLP vaccines over egg-derived vaccines in the 
base case analysis, leading to reductions in the number of inpa-
tient admissions by approximately 1100 (4.77%) and deaths by 
300 (4.75%). This result was expected as the elderly are more 
vulnerable to influenza-related morbidity and mortality.1,26 

Overall findings suggest that plant-derived QVLP influenza vac-
cines may provide additional protection against seasonal influ-
enza and influenza-associated outcomes compared to currently 
available egg-derived vaccines among the adult Canadian 

population. The introduction of plant-derived QVLP vaccines 
may therefore contribute to a further reduction in the overall 
burden of seasonal influenza in Canada.

The results of this analysis are consistent with a US mathe-
matical model of the high-severity 2017/18 season, which pro-
jected substantial reductions in the number of influenza-related 
illnesses and hospitalizations with modest increases in VE or 
VC.26 Among the adult population aged 18–49, a 5% absolute 
increase in VE was estimated to reduce the number of illnesses 
due to influenza by 173,000, compared to 213,000 with a 5% 
absolute increase in VC. Among adults aged 65+, a 5% absolute 
increase in VE was estimated to reduce the number of influenza- 
related hospitalizations by 19,000, compared to 5500 with a 5% 
absolute increase in VC. Similar findings were reached in the 
current analysis for the QVLP vaccine. Reductions in influenza- 
related outcomes were driven primarily by VE for the segment of 
the population aged 65+ and by VC in the population aged 
18–64 (see Fig. S4). An absolute 5% increase in VE, as compared 
with an absolute 5% increase in VC, resulted in a greater number 
of prevented influenza cases (22.85% vs 8.47%) and inpatient 
admissions (22.92% vs 7.67%) for adults aged 65+. For the 
population aged 18–64, a 5% absolute increase in VE, as com-
pared with a 5% absolute increase in VC, resulted in a lower 
number of prevented influenza cases (14.54% vs 15.40%) and 
inpatient admissions (8.23% vs 12.82%).

Improving VE is an important goal in preventing influenza- 
related outcomes. A(H3N2) viruses have been shown to be 
susceptible to antigenic change and undergo egg-adaptive 
mutations that reduce VE.7,11,12 In a systematic review that 
covered influenza seasons between 2009 and 2016, pooled VE 
against A(H3N2) among those aged 65+ was estimated to be 
43% in seasons with antigenic match between circulating and 

Figure 3. Difference in the number of prevented influenza cases with plant-derived QVLP and egg-derived vaccines in scenario analyses relative to respective base case 
results among the Canadian population (a) aged 18–64a,b and (b) aged 65+.a–c NA: not applicable; VE: vaccine effectiveness; VC: vaccine coverage. aVariations in VE and 
VC are reported relative to the base case analyses input parameters; Scenario 6 was only performed for the 18–64 population. bBase case attack rate obtained from the 
RCT was 8% and 11% in those aged 18–49 and 50–64, respectively. cBase case attack rate was assumed to be 11% in those aged 65+. Results represent the mean of 
5000 simulations. The numbers of cases prevented with egg-derived vaccines in scenarios 3–6 converge around zero (i.e., do not equal zero) due to the underlying 
uncertainty in input point estimates, as a full simulation was run for each set of results.
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vaccine strains and 14% in seasons with antigenic mismatch.27 

Reduced VE against A(H3N2) viruses have been associated 
with increased number of influenza cases and outcomes 
among the elderly.10 Plant-based influenza vaccine production 
entails transient expression of VLPs based on the genetic 
sequence of circulating viruses and avoids passaging in eggs. 
The likelihood of random egg-adaptive mutations is reduced 
with plant-derived QVLP vaccines as with other recombinant 
and cell-culture influenza vaccine production methods. As 
a result, QVLP vaccines and other recombinant or cell- based 
vaccines may offer greater protection in seasons where A 
(H3N2) viruses dominate.

Higher VC among the general population is another poten-
tial impact of QVLP influenza vaccine availability. Greater 
awareness of QVLP vaccine properties and advantages of 
plant-based vaccine production methods may potentially 
improve influenza vaccine uptake by a segment of the popula-
tion. The analysis considered the impact of increased VC with 
the plant-derived QVLP vaccine on the proportion of pre-
vented influenza-related outcomes. Previous analyses have 
identified the importance of increasing VC among younger 
adults for reducing the overall burden of influenza-associated 
illness and outcomes.26,28 Even with low VE, typical rates of 
vaccination among the general population have been projected 
to substantially reduce infections and influenza-related 
outcomes.28 One analysis from the US perspective estimated 
that 21 million influenza infections could be prevented with 
a VE of 20% and VC of 43% compared to no vaccination.28 The 
age-structured model showed greater sensitivity to VC than VE 
whereby increasing coverage among those aged 5–19 years and 
30–39 years led to the greatest reduction in the burden of 
influenza when VE was low. In this analysis, a conservative 
absolute VC increase of 3% for plant-derived QVLP vaccines 
translated to 10.37% and 5.13% fewer influenza cases in the 
population aged 18–64 and 65+, respectively. Overall, results of 
this analysis agree with previous reports whereby an incremen-
tal increase in VE, supplemented by an increase in VC, led to 
a substantial reduction in the burden of seasonal influenza, 
especially among the population aged 65+.

Limitations

The current analysis has several limitations to note. In the absence 
of head-to-head VE data for each vaccine option versus placebo, 
the analysis utilized RWE data for currently licensed egg-derived 
vaccines. This limitation was addressed by sourcing RWE data 
from the same influenza season as the QVLP RCTs to ensure that 
the vaccine formulations and circulating strains had the greatest 
comparability, and therefore allowed for a more accurate compar-
ison of plant-derived QVLP and egg-derived vaccines. However, 
model inputs for VE of egg-derived vaccines relied on RWE data 
from the US as end-of-season Canadian RWE data were not 
available; this introduced several biases.

The predominant circulating strains differed in the 2018/19 
season between the two countries, where the predominant 
strain was A(H1N1) in Canada and A(H3N2) in the US. As 
egg-derived influenza vaccines are typically less effective 
against A(H3N2),10 the analysis could have overestimated the 
prevented outcomes with plant-derived QVLP vaccines in the 

65+ age group. The model also used US data to estimate 
conditional probabilities of influenza-related outcomes in the 
absence of Canadian data, which may have introduced bias due 
to differences in healthcare systems or coding of admissions.

Next, the utilization of egg-derived vaccine options differed 
in Canada and the US for the two influenza seasons considered. 
During the 2017/18 season, 97% of the vaccinated population 
under 65 received a quadrivalent vaccine in the US,9 while in 
Canada an estimated 29% of administered vaccines were quad-
rivalent (based on data available for publicly-funded influenza 
vaccine doses purchased in provinces participating in the 
Canadian Sentinel Practitioner Surveillance Network).29 This 
difference may bias VE and result in the overestimation of 
prevented outcomes with egg-derived vaccines in the 18–64 
population. During the 2018/19 influenza season, an estimated 
51% of vaccinated adults aged 65+ received the high dose 
inactivated trivalent vaccine (IIV3-HD) in the US.10 In con-
trast, the active comparator in the RCT CP-PRO-QVLP-014 
was the standard dose quadrivalent inactivated influenza vac-
cine (IIV4). The IIV3-HD vaccine has demonstrated greater 
efficacy and effectiveness against symptomatic influenza than 
the standard trivalent inactivated vaccine during the 2011/12 
and the 2012/13 seasons,30,31 although no direct head-to head 
comparison has been carried out during the 2018/19 season or 
against the IIV4 vaccine during any influenza season. 
Considering these factors, the analysis could have overesti-
mated prevented outcomes with egg-derived and plant- 
derived QVLP vaccines among the 65+ population. The ana-
lysis did not consider other recombinant or cell-culture based 
influenza vaccine options as these products were not available 
in Canada during the modeled influenza seasons of 2017/18 
and 2018/19. However, a cell-based influenza vaccine option 
has since been approved by Health Canada.32

In the analysis, the proportion of the population vaccinated 
each month was sourced from a survey;1 this could have 
introduced bias if timing of vaccinations were misreported by 
participants. Influenza-related outcomes were modeled sepa-
rately for the 18–64 and 65+ populations. As a result, the model 
did not consider the risk of influenza transmission between age 
subgroups or protection from seasonal influenza with vaccina-
tion through decreased exposure to infected individuals. 
Finally, Monte Carlo models do not account for indirect pro-
tection from herd immunity generated by vaccines. The incre-
mental benefits of herd immunity increase with increasing 
vaccine-derived immunity, especially for an infectious disease 
such as influenza with a relatively low basic reproduction 
number.33 This analysis may therefore underestimate the ben-
efits of incremental increases in VC and VE.

Conclusion

In summary, this analysis estimated the number of prevented 
influenza cases and influenza-related outcomes that could 
result from the introduction of a plant-derived QVLP influenza 
vaccine option in Canada. In the base case analysis, plant- 
derived QVLP vaccines were associated with greater reductions 
in influenza cases and influenza-related outcomes compared to 
currently available egg-derived vaccines for the two modeled 
populations of adults aged 18–64 and 65+. In scenario analyses, 

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3649



reductions in influenza-related outcomes with QVLP vaccines 
were driven primarily by improvements in VC for the 18–64 
subgroup and by improvements in VE for the 65+ subgroup. 
The findings suggest that the introduction of plant-derived 
QVLP vaccines could substantially reduce the burden of sea-
sonal influenza in Canada through a combination of improved 
VE and increased vaccine uptake.
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