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• Influenza
– Enhanced influenza vaccines for elderly adults
– 2021-22 and 2022-23 influenza VE and WHO recommendations

• COVID-19
– Autumn 2022 seroprevalence findings in BC
– Hybrid immunity and implications for booster dose recommendations 

• Future directions 
– Panel discussion and Q&A

Outline of influenza and COVID-19 update



Influenza vaccines authorized/available in Canada, 2022-23
Influenza 

vaccine (IV)
No.

Strains Dose Type Abbrev Example products Canada BC

Inactivated 
(IIV)

Trivalent 
(IIV3)

Standard (SD) 15 ug HA 
per strain per 0.5 mL

Egg-based, 
unadjuvanted IIV3 Agriflu (6+ m)

Influvac (3+ y) — —

Egg-based 
adjuvanted IIV3-Adj

FluAd (65+ y) 7% 33%

FluAd Pediatric (6-23 m) — —

Quadrivalent 
(IIV4)

Standard (SD) 15 ug HA 
per strain per 0.5 mL Egg-based, 

unadjuvanted

IIV4

Afluria Tetra (5+ y) 5% —

FluLaval Tetra (6+ m) 31% —

Fluzone Quad (6+ m) 39% 59%

Influvac Tetra (3+ y) — —

High-dose (HD) 60 ug HA 
per strain per 0.7 mL IIV4-HD Fluzone High-Dose Quadrivalent 

(65+ y) 17% 3%

Standard (SD) 15 ug HA 
per strain per 0.5 mL

Cell-culture,
unadjuvanted IIV4-CC Flucelvax Quad (2+ y) — —

Recombinant
(RIV)

45 ug HA
per strain  per 0.5 mL

Recombinant, 
unadjuvanted RIV4 Supemtek (18+ y) — —

Live 
attenuated
(LAIV)

Quadrivalent
(LAIV4)

106.5-7.5 fluorescent focus 
units per 0.2mL

Egg-based, 
unadjuvanted LAIV4 FluMist Quadrivalent

(2-59 y) <1% 4%



Interpreting relative VE (rVE) of enhanced influenza vaccines

What this means:

– If the VEStandard = 0, then the VEEnhanced = rVE

– For the same rVE (e.g. 20%)
• The higher the VEStandard , the lower the absolute gain with enhanced vaccine

– If VEStandard = 20%; VEEnhanced = 0.2 + 0.20×0.8 = 36%; marginal gain of 16% 
– If VEStandard = 80%; VEEnhanced = 0.8 + 0.20×0.2 = 84%; marginal gain of 4%

VEEnhanced = VEStandard + rVE×(1-VEStandard)



rVE: High-dose vs. standard dose IIV, RCT evidence, adults ≥65 years
Saade et al Vaccine 2022 Johansen et al NEJM Evid 2023

Design Post hoc analysis of pragmatic cluster RCT Pragmatic open-label, randomized feasibility
study [not intended to assess clinical outcomes]

Funder Sanofi Sanofi

Study population US nursing home residents ≥65 years Danish adults 65-79 years

Vaccines IIV3-HD vs IIV3-SD IIV4-HD vs IIV4-SD [all Influvac]

Season 2013-14 (H1 dominant) 2021-22 (H3 dominant)

Outcome data source Centers for Medicare/Medicaid Services 
(CMS) data claims ICD-10 clinical coding

rVE vs Hospitalization % (95%CI) [clinically coded]

Pneumonia or influenza 18 (4, 31) 64 (24, 85)

Respiratory 11 (0, 20) 40 (-2, 66)

Cardiovascular or MACE 8 (-6, 9) -1 (-39, 27)

Above two, combined 9 (0, 17) 12 (-16, 33)

All-cause — 7 (-5, 18)

rVE vs Death % (95%CI)

All-cause — 49 (12, 71)



How valid are the findings from Johansen et al likely to be? 

• Feasibility study – not primarily designed/powered to assess actual outcomes

• rVE = 49% means risk of death due to any cause reduced by about half among those given high-dose 
versus standard dose IIV
– Study spanned 7 months: 

• Oct 1, 2021 – May 31, 2022 (epi-weeks 39, 2021 to 22, 2022)
• Denmark experienced a late 2021-22 influenza A(H3N2) epidemic (peak mid-March, 2022) 
• Lots of other respiratory viruses: notably COVID-19 during that period
• Denmark reported 2021-22 influenza IIV4-SD VE against laboratory-confirmed influenza A

illness, both hospitalized and non-hospitalized, was zero

• IF VEStandard = 0, the VEEnhanced = rVE [for severe outcomes]

• IF  VEEnhanced = rVE = 49% against all cause mortality
– Suggests high-dose IIV alone prevented half of all deaths due to any cause in adults 65-79 years in Denmark during 

the 7 month follow-up period (e.g. deaths due to trauma, cancer, cardiovascular disease, renal disease, influenza, 
other respiratory ailments, including COVID-19 etc) 

– Do you think this is possible?

https://en.ssi.dk/surveillance-and-preparedness/surveillance-in-denmark/annual-reports-on-disease-incidence/influenza-season-2021-2022 and
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2022.27.15.2200278

https://en.ssi.dk/surveillance-and-preparedness/surveillance-in-denmark/annual-reports-on-disease-incidence/influenza-season-2021-2022
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2022.27.15.2200278


rVE: High-dose vs. standard dose IIV, Observational evidence

Outcome rVE % (95% CI)

Probable/laboratory-confirmed ILIa 16 (4, 26)

Hospitalization (clinically coded)

Influenza codedb 12 (6, 18)

Pneumonia codeda,c,d 27 (15, 38)

Pneumonia or influenza coded 13 (7, 19)

Cardiorespiratory coded 18 (15, 21)

All-cause 8 (6, 11)

Mortality (clinically coded)

Influenza codedf 22 (-18, 49)

Pneumonia or influenza codedf 40 (19, 56)

Cardiorespiratory coded 28 (13, 32)

All-cause 3 (-5, 10)

• Lee et al, Vaccine 2021 [meta-analysis]: Adults ≥65 years, studies span 2009-10 to 2018-19
– Funded by Sanofi

a. Includes DiazGranados RCTs (2009-10, 2011-12, 2012-13)
b. ICD-9-CM 487 coded hospitalizations)

c. Includes Gravenstein cluster RCT in nursing home residents (2013-14)
d. ICD-9-CM 480-486 coded hospitalizations

e. ICD-9-CM 480-488 coded hospitalizations
f. A single study



rVE: Adjuvanted vaccine vs standard or high-dose IIV, observational evidence
• Adjuvanted vs. standard IIV, adults ≥65 years

– Coleman et al, IORV 2021 [meta-analysis]  Funded by Sequiris
• Studies span 2006-07 to 2018-19
• Against influenza-coded hospitalization, emergency department or outpatient care: 14% 

(95%CI: 4, 24)

– McConeghy et al. Clin Infect Dis 2021 [pragmatic, cluster RCT] Funded by Sequiris
• Nursing home residents, 2016-2017
• Against pneumonia or influenza hospitalization: 21% (95%CI: 4, 35)
• Against respiratory illness hospitalization: 9% (95%CI: -2, 19)
• Against all cause hospitalization: 6% (95%CI: 0, 11)

• Adjuvanted vs. high-dose IIV, adults ≥65 years
– Domnich et al, Int J Infect Dis 2022 [meta-analysis]  Funded by Sequiris

• Studies span 2016-17 to 2019-20; used non-specific (clinically-coded) outcomes
• Small and inconsistent differences against inpatient/outpatient outcomes ranging -14% to +10%

– Industry-sponsored studies use less specific outcomes and tend to report larger VEs (in direction of sponsor)



Observational comparison of multiple vaccines simultaneously

• Izurieta et al, Clin Infect Dis 2021 [Retro cohort]: Adults ≥65 years (half ≥75 years), 2019-2020 season
– Medicare fee-for-service (FFS) database
– Outcome: administrative coding for Influenza emergency room visits and hospitalizations
– Season dominated by influenza B(Victoria) [included in vaccine], followed by A(H1N1)pdm09, paucity of H3N2 
– Funded by FDA

IIV3-Adj

IIV3-HD

IIV4-CC

RIV4

rVE % (95%CI)



• No additional RCTs to assess enhanced vaccines against laboratory-confirmed influenza
• No head-to-head RCTs comparing enhanced vaccine efficacies directly

• Observational studies: Compared to standard products, enhanced vaccines give some relative improvement
– 10-25% against influenza illness
– 10-25% against hospitalization (as much as 60%); 5-49% against mortality 
– Signals that caution require in the interpretation:

• Reported reductions in severe outcomes sometimes very surprisingly high
• Higher against non-specific versus specific outcomes also unexpected

• Observational studies: Compared to each other, small and inconsistent differences b/w enhanced products
– Important determinant of differences: use of non-specific outcome and who sponsored the study

• Conclusion:
– Socioeconomic decision whether the marginal gains warrant the increased cost of enhanced vaccines
– Insufficient evidence to prefer one enhanced vaccine over the other
– Need better products that get at the root cause of recurrently suboptimal influenza vaccine performance

Summary 



Update on 2021-22 and 2022-23 influenza VE



Vaccine strain = A/Cambodia/e0826360/2020
Vaccine clade = 3C.2a1b.2a.1 
Circulating clade = 3C.2a1b.2a.2 (antigenic mismatch)

A(H3N2) 
estimate

N 
Total

A(H3N2) Cases 
Vaccinated/Total 
(% vaccinated)

Controls
Vaccinated/Total
(% vaccinated)

Adjusted 
A(H3N2) VE

(95% CI)

Overall 327 15/42 (36) 155/285 (54) 36 (-38, 71)



et al

A(H3N2) 
estimate N 

Total

A(H3N2) Cases 
Vaccinated/Total 
(% vaccinated)

Controls
Vaccinated/Total
(% vaccinated)

Adjusted 
A(H3N2) 

VE
(95% CI)

Overall 11, 201 227/1595 (14) 1724/9606 (18) 29 (12, 42)

A(H3N2) 
estimate

N 
Total

A(H3N2) Cases 
Vaccinated/Total 
(% vaccinated)

Controls
Vaccinated/Total
(% vaccinated)

Adjusted
A(H3N2) 

VE
(95% CI)

Overall 4,284 182/440 (41) 2265/3844 (59) 36 (20, 49)

2021-22 VE estimates against A(H3N2) similar in Europe (29%) & US (36%)



Vaccine strain = A/Darwin/9/2021
Vaccine clade =      3C.2a1b.2a.2 
Circulating clade = 3C.2a1b.2a.2 (antigenic match)

A(H3N2) 
estimate

N 
Total

A(H3N2) Cases 
Vaccinated/Total 
(% vaccinated)

Controls
Vaccinated/Total
(% vaccinated)

Adjusted 
A(H3N2) VE

(95% CI)

Overall 1,451 75/471 (16) 361/980 (37) 54 (38, 66)

1-19 years 528 25/216 (12) 81/312 (26) 47 (11, 69)

20-64 years 704 29/212 (14) 155/492 (32) 58 (33, 73)

65+ years 219 21/43 (49) 125/176 (71) 59 (15, 80)





50% vs. <5% 
BC vs other SPSN 
provinces. 

More than 85% of this variant (compared to 50-60% of other variants) were 
found in people <25 years.

(like
vaccine)



A(H1N1)pdm09 A(H3N2) B/Victoria B/Yamagata

Recommended Strain, 
2022-23 A/Victoria/2570/2019* A/Darwin/9/2021 B/Austria/1359417/2021 B/Phuket/3073/2013

Clade, 2022-23 6B.1A.5a.2
“5a.2”

3C.2a1b.2a.2
“2a”

V1A.3a.2
“3a.2” Y3

Recommended Strain, 
2023-24 A/Victoria/4897/2022** — — —

Clade, 2023-24 6B.1A.5a.2a.1
“5a.2a.1”*** — — —

World Health Organization 2023-24 influenza vaccine components
https://www.who.int/news/item/24-02-2023-recommendations-announced-for-influenza-vaccine-
composition-for-the-2023-2024-northern-hemisphere-influenza-season

* Recommended cell culture version, 2022-23: A/Wisconsin/588/2019 
**Recommended cell culture version, 2023-24: A/Wisconsin/67/2022 (H1N1)pdm09
***Different from Southern Hemisphere upcoming 2023 vaccine: A/Sydney/5/2021 (clade 6B.1A.5a.2a or “5a.2a”) [all other components same as 2023 SH vaccine]

https://www.who.int/news/item/24-02-2023-recommendations-announced-for-influenza-vaccine-composition-for-the-2023-2024-northern-hemisphere-influenza-season


IMPACT pediatric hospitalizations, weeks 35-52

12% 22% 17% 18%



Influenza A test-positivity by single year of age and season, BC

N cases= 2,840 (15%)
N negatives= 16,138
Total= 18,978

N cases= 1,756 (9%)
N negatives= 17,338
Total= 19,094

N cases= 3,874 (15%)
N negatives= 22,343
Total= 26,217

N cases= 1,774 (8%)
N negatives= 19,942
Total= 21,716

N cases= 3,961 (16%)
N negatives= 21,342
Total= 25,303

N cases= 3,443 (6%)
N negatives= 56,820
Total= 60,263

N cases= 20 (0.06%)
N negatives= 29,868
Total= 29,888

N cases= 739 (0.9%)
N negatives= 78,818
Total= 79,557

N cases= 2,515 (8%)
N negatives= 30,621
Total= 33,136

Figure & analyses courtesy: Shinhye Kim, BCCDC; with thanks to Yin Chang, BCCDC PHL for data support
a. Epi-weeks 35-34 each season except 2022-23 (epi-weeks 35-4)
b. VPP test sites: Vancouver Coastal, Providence Healthcare, PHSA test sites



a. Epi-weeks 35-34 each season except 2022-23 (epi-weeks 35-4)
b. VPP test sites: Vancouver Coastal, Providence Healthcare, PHSA test sites

RSV test-positivity by single year of age and season, BC

N cases= 1,824 (10%)
N negatives= 17,089
Total= 18,913

N cases= 1,062 (5%)
N negatives= 18,249
Total= 19,311

N cases= 2,593 (10%)
N negatives= 24,468
Total= 27,061

N cases= 1,192 (5%)
N negatives= 23,021
Total=24,213

N cases= 1,277 (5%)
N negatives= 24,291
Total=25,568

N cases= 1,595 (3%)
N negatives= 59,375
Total=60,970

N cases= 16 (0.05%)
N negatives= 31,335
Total= 31,351

N cases= 4,331 (5%)
N negatives= 75,294
Total= 79,625

N cases= 2,382 (7%)
N negatives= 30,760
Total= 33,142

Figure & analyses courtesy: Shinhye Kim, BCCDC; with thanks to Yin Chang, BCCDC PHL for data support



https://www.medrxiv.org/content/10.1101/2022.11.18.22282477v1.full.pdf

https://www.medrxiv.org/content/10.1101/2022.11.18.22282477v1.full.pdf


Why more respiratory illness in children in 2021-22 and 2022-23?

• Most likely explanation is a temporary, non-specific cohort effect
– While COVID-19 mitigation measures were in place respiratory virus circulation was paused

– During those years, children were spared infections they would have normally got earlier in life
• Accumulation of several cohorts of children remaining susceptible  
• Typically those infections (and reinfections) would have occurred over a longer and staggered period 
• With reopening a large pool of susceptible children fueled simultaneous infections
• Applied to multiple different respiratory viruses at the same time
• Accompanied by a shift in the age distribution toward older children

– It doesn’t mean the viruses became more virulent or we became weaker
• Even with the same low per case risk of severe outcome, when there are more cases it means more severe 

outcomes also (and strain on health care systems)
Total number of severe outcomes = number of cases x per case risk of severe outcome

• Should be a temporary cohort effect 
– Should subside once susceptible cohorts get the infections they missed out on during the 

pandemic



Update: COVID-19 sero-prevalence &
implications for booster dose recommendations



Updated seroprevalence estimates, Lower Mainland, BC, Dec 2022

By end of the 3rd pandemic year:
— In addition to high vaccine 

coverage in all but the very young:
• Three quarters have evidence of 

prior infection
– >80% of children & young adults
– Gradual decrease by age
– <50% of older adults ≥80 years

Figure & analyses courtesy: Samantha Kaweski



The risk of new infection has become more similar by age

Risk of new infection, by age group, between serosurveys

Figure & analyses courtesy: Samantha Kaweski

Highest vs lowest age group:

Oct 2021 – March 2022: 9-fold difference
March – Aug 2022: 6-fold difference 
Aug – Dec 2022: <3-fold difference



The risk of new infection has become more similar by age

Risk of new infection, by age group, between serosurveys Older adults ≥70 years are 12% of the population,
but 60-75% of all the SARS-CoV-2 hospitalizations

Hospitalization data courtesy: Hannah Caird
Figure courtesy: Samantha KaweskiFigure & analyses courtesy: Samantha Kaweski

Highest vs lowest age group:

Oct 2021 – March 2022: 9-fold difference
March – Aug 2022: 6-fold difference 
Aug – Dec 2022: <3-fold difference



Preliminary estimates: hospitalization risk (for COVID-19) by age

Figure & analyses courtesy: Samantha Kaweski

*Correction factors, personal communication Dr. Kate Smolina, Interim Scientific Director, Data & Analytic Services and Knowledge Translation, BCCDC. These were estimated March to August 2022, and 
were applied to each period. Potential variation by period could influence findings.

- Age-specific correction “for” (vs. with) COVID-19*
- Attributes all hospitalizations to new infections
- Does not stratify by vaccination status
- Includes LTCF residents



Figure & analyses courtesy: Samantha Kaweski

*Correction factors, personal communication Dr. Kate Smolina, Interim Scientific Director, Data & Analytic Services and Knowledge Translation, BCCDC. These were estimated March to August 2022, and 
were applied to each period. Potential variation by period could influence findings.

- Age-specific correction “for” (vs. with) COVID-19*
- Attributes all hospitalizations to new infections
- Does not stratify by vaccination status
- Includes LTCF residents

Contribution of BQ.1 during autumn 2022?

Genomic data courtesy: Dr. Hind Sbihi
Figure courtesy: Samantha Kaweski

Preliminary estimates: hospitalization risk (for COVID-19) by age



Publications spanning Jan 1, 2020 to June 6, 2022; pre-Omicron vs. BA.1 or BA.2

Presenter
Presentation Notes





https://www.medrxiv.org/content/10.1101/2022.12.21.22283740v1

Protection against BA.4/BA.5 hospitalization in older adults, by prior vaccine and/or infection status

https://www.medrxiv.org/content/10.1101/2022.12.21.22283740v1


https://www.medrxiv.org/content/10.1101/2022.12.21.22283740v1

Prior (pre-Omicron or Omicron) infection and/or vaccine-induced protection against BA.4/BA.5

https://www.medrxiv.org/content/10.1101/2022.12.21.22283740v1


Summary, COVID-19 seroprevalence & hybrid immunity

• Three years into the pandemic, most British Columbians have been vaccinated and most 
also have serological evidence of prior infection

• Accumulating evidence shows those who have received the primary vaccines series and 
have a history of prior infection have strong and long-lasting protection against severe 
COVID-19 outcomes

• Additional vaccine doses should be prioritized toward high-risk individuals without a 
history of prior SARS-CoV-2 infection 
– Older adults remain least likely to have acquired infection and at greatest risk of severe outcome

• Consider lessons learned from influenza 
– Avoid making assumptions, projections or premature recommendations beyond what is clearly 

indicated or that the evidence can support 
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