
SEASONAL INFLUENZA

The challenges of vaccine strain
selection
New measures of influenza virus fitness could improve vaccine strain

selection through more accurate forecasts of the evolution of the virus.
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S
cientists have known since the 1940s that

influenza vaccines that perform well one

year can be rendered ineffective after the

influenza virus mutates. However, despite deca-

des of investment in global surveillance, patho-

gen sequencing technologies and basic research

(Figure 1), vaccines for seasonal influenza have

the lowest and most variable performance of

any vaccine licensed for use in the United States

(CDC, 2016). Now, in eLife, John Huddleston of

the Fred Hutchinson Cancer Research Center

(FHCRC) and the University of Washington, Tre-

vor Bedford of the FHCRC, and colleagues in

the United States, United Kingdom, Japan, Aus-

tralia and Switzerland present an open-source

framework that synthesizes a decade’s worth of

innovations in bioinformatics and technology to

advance data-driven vaccine design

(Huddleston et al., 2020).

Influenza A and influenza B viruses cause sea-

sonal epidemics every winter. Seasonal influenza

A viruses include two different subtypes, H1N1

and H3N2, where H and N (short for hemaggluti-

nin and neuraminidase) are proteins found on

the surface of the virus. The human immune sys-

tem protects the body against influenza infection

by producing antibodies that can recognize

these proteins. However, the influenza virus

mutates frequently, including at sites that affect

the immune system’s ability to detect the virus.

This process – called ’antigenic drift’ – helps the

virus infect new hosts and spread in populations

that previously had immunity to influenza.

Indeed, antigenic drift can lead to new strains of

the virus that completely displace the currently

circulating strains in a matter of months.

To keep pace with antigenic drift, the compo-

sition of influenza vaccines must be updated

continually. Influenza vaccines contain three or

four components that protect against various

strains representing the different subtypes. Sci-

entists convene twice a year at the World Health

Organization (WHO) to predict which strains will

have the highest fitness and therefore dominate

the next year’s flu season. H3N2 viruses evolve

particularly fast and unpredictably compared to

other seasonal flu viruses. Because the composi-

tion of the vaccine has to be decided a year in

advance to allow doses to be manufactured,

H3N2 vaccine strains have failed to match natu-

rally circulating strains in six of the past fifteen

flu seasons (Figure 1).

For decades, vaccine strain selection has

been primarily informed by data from 1950s-era

serological assays, which provide a phenotypic
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measure of how immune systems exposed to

recently circulating viruses would see a novel

strain. However, the assays have certain disad-

vantages – they are labor intensive, inconsistent

across labs, not publicly available, and difficult

to interpret or scale up. This means that these

phenotypic measures are only available for a

small subset of viruses. To remedy this issue,

Huddleston et al. use a phylogenetic model

(which includes available serological data and

sequence data as inputs) to make predictions for

the thousands of strains for which serological

information is not available (Bedford et al.,

2014; Neher et al., 2016; Smith et al., 2004).

Huddleston et al. compare how antigenic

phenotypes from serological assays perform

against five newer measures of virus fitness in

forecasting future H3N2 virus populations, and

find that two of their models provide better

forecasts than WHO vaccine strain selections.

Moreover, they have now integrated their fore-

casts for H3N2 into nextstrain.org, an open-

source platform that scientists and policymakers

use to track the real-time evolution of a wide

range of pathogens (Hadfield et al., 2018;

Neher and Bedford, 2015). Nextstrain provides

a platform to make influenza vaccine strain selec-

tion more data-driven, systematic and transpar-

ent, and to allow new forecasting methods to be

integrated as they show promise.

How does one predict the fitness of an influ-

enza virus? Most mutations are harmful for influ-

enza viruses, except for a subset of beneficial

mutations that lead to antigenic drift. For deca-

des researchers have relied on a list of sites in

the genome where seemingly beneficial muta-

tions occur to measure antigenic drift and viral

fitness (Bedford et al., 2014; Bush et al., 1999;

Shih et al., 2007). However, Huddleston et al.

find that serological assays (Neher et al., 2016)

continue to be more useful than sequence-only-

based measures when making forecasts of future

virus populations. Measures of viral fitness based

on genetic sequences could not accurately pre-

dict H3N2 evolution in recent years due to the

emergence of multiple co-circulating strains and

the sudden decline of a dominant strain in 2019.

While no method predicts the right vaccine

strain every time, serology-based methods

appear to outperform other approaches.

Over time, alternative approaches to measur-

ing virus fitness will continue to be refined and

Figure 1. Advances in influenza research and vaccine effectiveness (for A/H3N2) from the 2004/05 flu season onwards. The effectiveness of vaccines

for seasonal influenza (A/H3N2) is highly variable and has been less than 10% in some years (teal bars). The H3N2 vaccine strain is shown for seasons

when it was changed from the previous season. Black stars indicate seasons where the vaccine strain mismatched circulating H3N2 viruses (https://www.

cdc.gov/flu/season/past-flu-seasons.htm); yellow stars indicate seasons in which H3N2 vaccine strains acquired mutations during passage in eggs.

Research advances are listed at the top of the figures and are color coded as follows: surveillance in red; experimental approaches in blue; sequencing

approaches in purple; computational approaches in green. Advances in understanding the structure of hemagglutinin (Knossow et al., 1984;

Wiley and Skehel, 1987) and predicting the evolution of H3 (Bush et al., 1999) occurred before the period shown in the figure. Point estimates of

vaccine effectiveness are taken from the following references: Skowronski et al., 2005 (04/05); Skowronski et al., 2007 (05/06); Skowronski et al.,

2009 (06/07); Belongia et al., 2011 (07/08); Skowronski et al., 2010 (08/09); Treanor et al., 2012 (10/11); Ohmit et al., 2014 (11/12); McLean et al.,

2015 (12/13);; Gaglani et al., 2016 (13/14); Flannery et al., 2016 (14/15); Jackson et al., 2017 (15/16); Flannery et al., 2019 (16/17); Rolfes et al.,

2019 (17/18); Flannery et al., 2020 (18/19); estimates were not available during the 2009/10 A/H1N1 pandemic.
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may become integrated into vaccine strain selec-

tion. For example, Huddleston et al. could not

include a new serological assay based on virus

neutralization in their framework as data from

this assay were only available over a short period

of time, but it could be integrated as data

accrue. Other incremental improvements could

be beneficial when used in combination with

serological data. For example, how fast a strain

is spreading globally can be measured from

branching patterns in the phylogenetic tree

(Neher et al., 2014). ’Mutational load’ (that is,

the total number of mutations in sites unrelated

to immune detection) provides a simple inverse

measure of viral fitness (Luksza and Lässig,

2014), while a technique called deep mutational

scanning measures whether experimentally

induced mutations have beneficial or harmful

effects (Lee et al., 2018), However, as with

other sequence-based approaches, the fact that

mutations have different effects in different

genetic backgrounds may be a disadvantage.

Going forward, the COVID-19 pandemic

could disrupt the ecology of flu viruses in the

years ahead, and it will be interesting to observe

how predictive models fare in a highly perturbed

system with no historical precedent. SARS-CoV-

2 viruses may also experience post-pandemic

strain turnover that requires periodic updates to

any COVID-19 vaccine, and it should be possible

to adapt platforms built for influenza forecasting

to make forecasts for SARS-CoV-2 and other

pathogens.
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Luksza M, Lässig M. 2014. A predictive fitness model
for influenza. Nature 507:57–61. DOI: https://doi.org/
10.1038/nature13087, PMID: 24572367
McLean HQ, Thompson MG, Sundaram ME, Kieke BA,
Gaglani M, Murthy K, Piedra PA, Zimmerman RK,
Nowalk MP, Raviotta JM, Jackson ML, Jackson L,
Ohmit SE, Petrie JG, Monto AS, Meece JK, Thaker SN,
Clippard JR, Spencer SM, Fry AM, et al. 2015.
Influenza vaccine effectiveness in the United States
during 2012-2013: variable protection by age and virus
type. Journal of Infectious Diseases 211:1529–1540.
DOI: https://doi.org/10.1093/infdis/jiu647,
PMID: 25406334
Neher RA, Russell CA, Shraiman BI. 2014. Predicting
evolution from the shape of genealogical trees. eLife
3:e03568. DOI: https://doi.org/10.7554/eLife.03568
Neher RA, Bedford T, Daniels RS, Russell CA,
Shraiman BI. 2016. Prediction, dynamics, and
visualization of antigenic phenotypes of seasonal
influenza viruses. PNAS 113:E1701–E1709.
DOI: https://doi.org/10.1073/pnas.1525578113,
PMID: 26951657
Neher RA, Bedford T. 2015. Nextflu: real-time
tracking of seasonal influenza virus evolution in
humans. Bioinformatics 31:3546–3548. DOI: https://
doi.org/10.1093/bioinformatics/btv381
Ohmit SE, Thompson MG, Petrie JG, Thaker SN,
Jackson ML, Belongia EA, Zimmerman RK, Gaglani M,
Lamerato L, Spencer SM, Jackson L, Meece JK,
Nowalk MP, Song J, Zervos M, Cheng PY, Rinaldo CR,
Clipper L, Shay DK, Piedra P, et al. 2014. Influenza
vaccine effectiveness in the 2011-2012 season:
protection against each circulating virus and the effect
of prior vaccination on estimates. Clinical Infectious
Diseases 58:319–327. DOI: https://doi.org/10.1093/
cid/cit736, PMID: 24235265
Rolfes MA, Flannery B, Chung JR, O’Halloran A, Garg
S, Belongia EA, Gaglani M, Zimmerman RK, Jackson

ML, Monto AS, Alden NB, Anderson E, Bennett NM,
Billing L, Eckel S, Kirley PD, Lynfield R, Monroe ML,
Spencer M, Spina N, et al. 2019. Effects of influenza
vaccination in the United States during the 2017-2018
influenza season. Clinical Infectious Diseases 69:1845–
1853. DOI: https://doi.org/10.1093/cid/ciz075,
PMID: 30715278
Shih AC, Hsiao TC, Ho MS, Li WH. 2007. Simultaneous
amino acid substitutions at antigenic sites drive
influenza A hemagglutinin evolution. PNAS 104:6283–
6288. DOI: https://doi.org/10.1073/pnas.0701396104,
PMID: 17395716
Skowronski D, Gilbert M, Tweed S, Petric M, Li Y,
Mak A, McNabb G, De Serres G. 2005. Effectiveness
of vaccine against medical consultation due to
laboratory-confirmed influenza: results from a sentinel
physician pilot project in british Columbia, 2004-2005.
Canada Communicable Disease Report 31:161–168.
Skowronski DM, Masaro C, Kwindt TL, Mak A, Petric
M, Li Y, Sebastian R, Chong M, Tam T, De Serres G.
2007. Estimating vaccine effectiveness against
laboratory-confirmed influenza using a sentinel
physician network: results from the 2005-2006 season
of dual A and B vaccine mismatch in Canada. Vaccine
25:2842–2851. DOI: https://doi.org/10.1016/j.vaccine.
2006.10.002, PMID: 17081662
Skowronski DM, De Serres G, Dickinson J, Petric M,
Mak A, Fonseca K, Kwindt TL, Chan T, Bastien N,
Charest H, Li Y. 2009. Component-specific
effectiveness of trivalent influenza vaccine as
monitored through a sentinel surveillance network in
Canada, 2006-2007. The Journal of Infectious Diseases
199:168–179. DOI: https://doi.org/10.1086/595862,
PMID: 19086914
Skowronski DM, De Serres G, Crowcroft NS, Janjua
NZ, Boulianne N, Hottes TS, Rosella LC, Dickinson JA,
Gilca R, Sethi P, Ouhoummane N, Willison DJ, Rouleau
I, Petric M, Fonseca K, Drews SJ, Rebbapragada A,
Charest H, Hamelin ME, Boivin G, et al. 2010.
Association between the 2008-09 seasonal influenza
vaccine and pandemic H1N1 illness during Spring-
Summer 2009: four observational studies from Canada.
PLOS Medicine 7:e1000258. DOI: https://doi.org/10.
1371/journal.pmed.1000258, PMID: 20386731
Smith DJ, Lapedes AS, de Jong JC, Bestebroer TM,
Rimmelzwaan GF, Osterhaus AD, Fouchier RA. 2004.
Mapping the antigenic and genetic evolution of
influenza virus. Science 305:371–376. DOI: https://doi.
org/10.1126/science.1097211, PMID: 15218094
Treanor JJ, Talbot HK, Ohmit SE, Coleman LA,
Thompson MG, Cheng PY, Petrie JG, Lofthus G,
Meece JK, Williams JV, Berman L, Breese Hall C,
Monto AS, Griffin MR, Belongia E, Shay DK, US Flu-VE
Network. 2012. Effectiveness of seasonal influenza
vaccines in the United States during a season with
circulation of all three vaccine strains. Clinical
Infectious Diseases 55:951–959. DOI: https://doi.org/
10.1093/cid/cis574, PMID: 22843783
Wiley DC, Skehel JJ. 1987. The structure and function
of the hemagglutinin membrane glycoprotein of
influenza virus. Annual Review of Biochemistry 56:365–
394. DOI: https://doi.org/10.1146/annurev.bi.56.
070187.002053, PMID: 3304138

Perofsky and Nelson. eLife 2020;9:e62955. DOI: https://doi.org/10.7554/eLife.62955 4 of 4

Insight Seasonal Influenza The challenges of vaccine strain selection

https://doi.org/10.7554/eLife.60067
http://www.ncbi.nlm.nih.gov/pubmed/32876050
https://doi.org/10.1056/NEJMoa1700153
https://doi.org/10.1056/NEJMoa1700153
http://www.ncbi.nlm.nih.gov/pubmed/28792867
https://doi.org/10.1038/311678a0
http://www.ncbi.nlm.nih.gov/pubmed/6207440
https://doi.org/10.1073/pnas.1806133115
https://doi.org/10.1073/pnas.1806133115
http://www.ncbi.nlm.nih.gov/pubmed/30104379
https://doi.org/10.1038/nature13087
https://doi.org/10.1038/nature13087
http://www.ncbi.nlm.nih.gov/pubmed/24572367
https://doi.org/10.1093/infdis/jiu647
http://www.ncbi.nlm.nih.gov/pubmed/25406334
https://doi.org/10.7554/eLife.03568
https://doi.org/10.1073/pnas.1525578113
http://www.ncbi.nlm.nih.gov/pubmed/26951657
https://doi.org/10.1093/bioinformatics/btv381
https://doi.org/10.1093/bioinformatics/btv381
https://doi.org/10.1093/cid/cit736
https://doi.org/10.1093/cid/cit736
http://www.ncbi.nlm.nih.gov/pubmed/24235265
https://doi.org/10.1093/cid/ciz075
http://www.ncbi.nlm.nih.gov/pubmed/30715278
https://doi.org/10.1073/pnas.0701396104
http://www.ncbi.nlm.nih.gov/pubmed/17395716
https://doi.org/10.1016/j.vaccine.2006.10.002
https://doi.org/10.1016/j.vaccine.2006.10.002
http://www.ncbi.nlm.nih.gov/pubmed/17081662
https://doi.org/10.1086/595862
http://www.ncbi.nlm.nih.gov/pubmed/19086914
https://doi.org/10.1371/journal.pmed.1000258
https://doi.org/10.1371/journal.pmed.1000258
http://www.ncbi.nlm.nih.gov/pubmed/20386731
https://doi.org/10.1126/science.1097211
https://doi.org/10.1126/science.1097211
http://www.ncbi.nlm.nih.gov/pubmed/15218094
https://doi.org/10.1093/cid/cis574
https://doi.org/10.1093/cid/cis574
http://www.ncbi.nlm.nih.gov/pubmed/22843783
https://doi.org/10.1146/annurev.bi.56.070187.002053
https://doi.org/10.1146/annurev.bi.56.070187.002053
http://www.ncbi.nlm.nih.gov/pubmed/3304138
https://doi.org/10.7554/eLife.62955

