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Supplemental Methods

Generation of reassortant viruses by reverse genetics

The generation of the reassortant virus were based on the procedures previously described
(Ridenour C et al. 2015). Briefly, the hemagglutinin (HA) and neuraminidase (NA) genes derived from
A/Singapore/INFIMH-16-0019/2016 H3N2 cell-propagated virus, were respectively cloned into a reverse
genetics vector flanked by human polymerase | promoter and mouse RNA polymerase | terminator
elements. Mutagenesis encoding T160K, or D225G, or L194P substitution was engineered into the HA
gene respectively. Then, reverse genetics plasmids encoding the HA and NA surface genes of
A/Singapore/INFIMH-16-0019/2016 H3N2 cell-propagated virus, as well as plasmids containing the six
internal genes from A/Puerto Rico/8/1934 virus were transfected into 293T cells (American Type Culture
Collection) and MDCK-SIAT1 cells co-culture system. Viruses from transfected 293T and MDCK-SIAT1
co-culture cells were inoculated into MDCK-SIAT1 cells and passaged two times to prepare virus stocks.
The reassortant virus were sequenced to confirm there were no additional amino acid substitutions other
than the T160K, or D225G, or L194P introduced into the HA gene. The infectivity of reassortant virus

stocks was verified by a TCIDso assay (Gross FL et al., 2017).
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Supplemental Figure 1. Fold rise of pre-vaccination MN titer to post-vaccination MN titer across
age groups in 2016-17, 2017-18, and 2018-19 seasons. Fold rise was calculated by the ratio of
post/pre- vaccination MN titers for each individual against egg- and cell- propagated wild type A(H3N2)
vaccine virus respectively. Each dot represents individual data. Black bars are geometric mean fold rises
with 95% confidence interval. Dashed lines denote 4-fold rise. Wilcoxon matched-pairs signed rank test
was used for comparison of fold rises between egg- and cell- propagated viruses in the same age group.
P<0.05 (in red) is considered significant.
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Supplemental Figure 2. Neutralizing antibody responses in male versus female vaccinees in
2016-17. Difference in neutralizing antibody responses between male versus female vaccinees per age
group pre- and post-vaccination were compared by Mann Whitney unpaired t test. P values are indicated
on graph. P<0.05 is considered statistically significant.



2017-18 season

A <3 years B 9-17 years
20480 - P=0.05 2560 - P=0.05 P=0.05 P=0.05 HK/14 Eqg
= 10240 005 1280 . °
8 51201 B0 sa0d £ -+ om0 = =F 0 ® o HK/14 Cell
& 2560 o o 220
S 12804 e . oo B @™ oo i
E 640 - =E Bl aToe 160 -
o 320+ ® 80 e¥ ?
= 160 o
= 80 o @ 40 o T @ @
40 o % 204 o oo
20 iL 104 o o
10 o
5 & i) D O O 54
T T T T T T T T I I I I I | I I
((’0(9 (000 <<>>' Q’V Q’o 0(9 @\y <(>>' {000 000 @’V @\y 00 @00 @’VGQ’V
o o r;\P c,"p s o N N & & o
¢ 2 e e N A ) 2 2 o7 e N - RN -Y
& & F ¢ & B &F A% F & & & & & ° &
Qa@ ~ & & Qa@ s Q@@ « < {(06‘ W Qa‘o & ¥
c 18-49 years D 50-64 years
2560 FP0.05 P=0.05 2560 — P=0.05 P=0.05 P=0.05
1280 BLoE 1280 o
640 008 o 640 ‘} ‘I‘

MN GMT(95%CI)
5232
L1 1
-

o8 o
DOO
ola'®
o
5232
L1 1

i
o o
¢
o
o

00 © 20 % @ o0
104 =] 000 @® 104
5 oo 5 am
I I I I I I I I I I I I I I I I
g/o(’ @Oopz‘ypé'v L 9000@0&,\, g/o(’ @Oopz‘ypé'v L oooey&y
2D &Y Y2
F & % & YT F & % & YT
o \!‘0 & Qaé‘éa & \!‘0 & Qaé‘ééo
E > 65 years
2560 - P=0.05 P=0.05
= 1280+ Pe00s P=0.05

MN GMT(95%ClI
o
oo
1 1
o
=]

I I I
<) v O
07 O v [N o %
RN gjo od oS ,"So ’0@ &
22 o e e &
F & @ S Y
Q‘a@ < {(66‘ @Q@@

Supplemental Figure 3. Neutralizing antibody responses in male versus female vaccinees in
2017-18. Difference in neutralizing antibody responses between male versus female vaccinees per age
group pre- and post-vaccination were compared by Mann Whitney unpaired t test. P values are indicated
on graph. P<0.05 is considered statistically significant.
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Supplemental Figure 4. Neutralizing antibody responses in male versus female vaccinees in
2018-19. Difference in neutralizing antibody responses between male versus female vaccinees per age
group pre- and post-vaccination were compared by Mann Whitney unpaired t test. P values are indicated
on graph. P<0.05 is considered statistically significant.
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Supplemental Figure 5. Vaccine responses to egg- and cell- propagated wild type vaccine viruses
across age groups with stratified pre-existing MN titers in 2016-17 season. This is the same dataset
as used in Table 3. Individual MN titers to HK/14 egg virus (solid circle) and HK/14 cell virus (open circle)
were plotted for each age group stratified based on pre-existing MN titers (group A, B, and C, same
denotation as in Table 3). HKegg-Pre or Post stands for pre- or post- vaccination MN titers to HK/14 egg
virus. HKcell-Pre or Post stands for pre- or post- vaccination MN titers to HK/14 cell virus. Red bars
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Supplemental Figure 6. Vaccine responses to egg and cell -propagated wild type vaccine viruses
across age groups with stratified pre-existing MN titers in 2017-18 season. This is the same dataset
as used in Table 3. Individual MN titers to HK/14 egg virus (solid circle) and HK/14 cell virus (open circle)
were plotted for each age group stratified based on pre-existing MN titers (group A, B, and C, same
denotation as in Table 3). HKegg-Pre or Post stands for pre- or post- vaccination MN titer to HK/14 egg
virus. HKcell-Pre or Post stands for pre- or post- vaccination MN titer to HK/14 cell virus. Red bars

represent the geometric mean MN titers.
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Supplemental Figure 7. Vaccine responses to egg and cell -propagated wild type vaccine viruses
across age groups with stratified pre-existing MN titers in 2018-19 season. This is the same dataset
as used in Table 3. Individual MN titers to Singapore/16 egg virus (solid circle) and Sing/16 cell virus
(open circle) were plotted for each age group stratified based on pre-existing MN titers (group A, B, and
C, same denotation as in Table 3). Sing egg-Pre or Post stands for pre- or post- vaccination MN titer to
Singapore/16 egg virus. Sing cell-Pre or Post stands for pre- or post- vaccination MN titer to Singapore/16
cell virus. Red bars represent the geometric mean MN titers.
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Supplemental Figure 8. Neutralizing antibody responses to egg- and cell-propagated vaccine
viruses Singapore/16, RG Singapore/16 T160K and RG Singapore/16 D225G viruses in 5 age
groups in 2018-19 season. Difference in neutralizing antibody responses pre- and postvaccination were
compared by one way ANOVA. P values are indicated, p<0.05 is considered statistically significant.
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Supplemental Table 1. Adjusted influenza vaccine effectiveness (VE) based on age groups
against A(H3N2) viruses from 2016-17 to 2018-2019 seasons in the United States.

Influenza VE was estimated using a test-negative design, which compares the odds of testing positive
for influenza among vaccinated versus unvaccinated persons. VE is the relative difference in influenza
risk between vaccinated and unvaccinated participants, expressed as a percentage and calculated as
(1 - OR) x 100, where OR is the odds ratio for influenza among vaccinated compared with
unvaccinated persons, determined from logistic regression models. The 95% confidence intervals (Cls)
for VE were calculated as 1 — CIOR, where CIOR is the Cl of the OR estimates. A priori, estimates
were adjusted for network site, sex, age, race/ethnicity, self-reported general health status, interval
from illness onset to study enroliment, and biweekly interval.

2016-17 adjusted VE ! 2017-18 Adjusted VE 2 2018-19 adjusted VE 3
% (95% CI) % (95% CI) % (95% CI)

All Age groups 33 (23t041) 22 (12-31) 9 (-4 to 20)

6 months-2 years 34(-32 to 66) 51 (20 to 70) -12 (-189 to 43)

3-8 years 51 (27 to 67) 45 (22 to 61) 28 (2 to 47)

9-17 years 33 (7 to 52) 7 (-27 to 32) 3 (-30to 28)

18-49 years 13 (-11 to 32) 13 (-6 to 29) 3 (-25to 24)

50-64 years 31 (9 to 47) 22 (-4 to 41) -20 (-74 to 18)

= 65 years 21 (-15to 45) 10 (-32 to 38) 13 (-46 to 48)

Cl: confidence interval.
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