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ABSTRACT

To control seasonal influenza epidemics in elders, a quadrivalent, inactivated, split-virion influenza vaccine
(IIV4) comprising A and B lineages is produced for young individuals and adults aged =60 years. In this
phase lll, randomized, double-blind, active-controlled trial, we compared safety and immunogenicity of
1IV4 with a licensed quadrivalent inactivated vaccine (lIV4-HL) produced by Hualan Biological Engineering
during the 2019 influenza season. Participants were randomly assigned to receive 1IV4 (n = 959) or lIV4-HL
(n = 959). Compared to IIV4-HL, geometric mean titers (GMT) of hemagglutination inhibition (HAI) titers
and seroconversion rate (SCR) of 1IV4 demonstrated better antibody responses in A lineages (HIN1 and
H3N2) (P < .01) and equivalent antibody responses in B lineages (B/Yamagata and B/Victoria) (P > .01) in
both age groups. After immunization, 1IV4 provided a satisfactory SCR and seroprotection rate (SPR) in
elders. No discernible variation in immunogenicity was observed between the two age cohorts. In both
age groups, [IV4 and [IV4-HL recipients experienced similar levels of solicited and unsolicited adverse
events (AEs), and the incidence of AEs was low in both vaccine groups. Most AEs were of mild-to-moderate
severity and no grade 3 AEs in IIV4 group, but AEs in adults aged 60-65 were little higher than in adults
over 65 years in IV4 and IIV4-HL groups (1IV4: 14.66% vs. 10.36%; 1IV4-HL:14.67% vs. 11.43%). Totally, 1IV4
was generally well tolerated and induced high antibody titers against all four influenza strains in elderly,
making it a compelling alternative for the elderly aged =60 years.

Trial registration: Clinical Trials.gov: 2015L00649-2.
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Introduction Older adults are particularly susceptible to severe influenza

outcomes, and more than 90% of influenza-related deaths
occur in adults over 65 years.” Meanwhile, influenza accounts

If influenza epidemic strains mismatch to the recommended
vaccine strains, vaccine protection is reduced, especially for

B-lineage." Compared with a trivalent vaccine, if influenza
vaccines include B lineage strains (Yamagata and Victoria), it
is expected to reduce the vaccine’s availability by approxi-
mately 25% and reduce the probability of B lineage mismatch,
indicating that quadrivalent influenza vaccines are necessary to
prevent influenza and reduce vaccine use.? Each year, World
Health Organization (WHO) determines the exact strains of
the two influenza A strains (HIN1 and H3N2) and B lineage
strains (Yamagata and Victoria) present in inactivated or
recombined quadrivalent influenza vaccines based on influenza
disease surveillance data from the previous year.’ Several quad-
rivalent influenza vaccines, including adjuvanted influenza
vaccine used in elderly or children, have completed phase IIT
clinical trials and licensed for use or are awaiting approval;
these vaccines demonstrated higher tolerability and efficacy.*™®
As the elderly population grows, the demand for suitable
influenza vaccines increases.

for nearly 30% of all disability-adjusted life years lost to infec-
tious disease.® Influenza vaccines provided substantial protec-
tion against influenza A/HIN1 and type B but reduced
protection against A/H3N2.” This is especially true during
seasons when A/H3N2 is the predominant circulating strain
when dramatic increases in hospitalization rates occur in the
population aged 65 and older. The reduced vaccine effective-
ness may be associated with an aging immune system,'® ensur-
ing that the protection of quadrivalent influenza vaccines is
essential. We have completed phase III trial to evaluate the
tolerability and efficacy of IIV4 in adults aged 3-60 years in
2017, and the results demonstrated better safety and immuno-
genicity. In 2020, IIV4 became available in China for seasonal
immunization for adults aged 3-60 years (issuance numbers:
20205325, 20205326, 20205327, and 20205329). In 2019, IIV4-
HL produced by Hualan Biological Engineering was the only
licensed quadrivalent influenza split vaccine in China (China
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Drug Approval No.: $20083016),"" with a phase IV clinical
Trials.gov Identifier of NCT01511744."> Meanwhile, ITV4 and
IIV4-HL are influenza split vaccines containing two influenza
A strains (HIN1 and H3N2) and B lineage strains (Yamagata
and Victoria) comparable to each other. We then selected
IIV4-HL for a phase III trial to investigate its safety and
immunogenicity in the elderly as a candidate influenza vaccine
for young adults and the elderly population.

Materials and methods
Subjects and study design

This a phase III, randomized, double-blind, controlled trial
comparing 1IV4 (lot: 201808004) and licensed ITV4-HL (lot:
201809B033) in the elderly was performed at two centers in
China from April 28, 2019 to November 21, 2019
(ClinicalTrials.gov identifier: 2015L00649-2). All participants
provided a written informed consent form (ICF) before any
trial procedures. Before this study, IIV4 had already completed
phase III clinical trial in young adults and proved to have good
safety and immunogenicity in 2017 (ClinicalTrials.gov identi-
fier: 2015L00649).

The primary objective was to describe the treatment-
emergent adverse event (TEAE) (injection-site and systemic
adverse events) of each vaccine during 28 days following vac-
cination and serious adverse events (SAEs) for six months in all
participants. Secondary objectives included evaluating SCRs
and geometric mean titers (GMTSs) of IIV4 on 28th day after
inoculation.

The trial was approved by National Medical Products
Administration (NMPA) and monitored by Guangdong
Provincial Centers for Disease Control and Prevention
(CDC). It was conducted following principles of the
Declaration of Helsinki, Good Clinical Practice (GCP) of
China, and International Conference on Harmonization of
Technical Requirements for Registration of Pharmaceuticals
for Human Use (ICH).

Participants

Healthy subjects aged 60 years or above without influenza
vaccination in the previous three years were recruited and
stratified by age (60-65 years vs. 265 years) and randomly
assigned to receive a single dose of either IIV4 or 1IV4-HL.
They were excluded from study if they: had influenza or flu-like
symptoms within three months (fever <armpit temperature
238 °C, accompanied by cough or sore throat); had systemic
hypersensitivity to any of vaccine components; blood pressure
>150/100 mmHg after drug control; currently suffer from
allergic diseases, such as urticaria and angioedema; suffer
from autoimmune disease or immune function deficiency;
received immunosuppressive therapy.

Vaccination

IIV4 (quadrivalent, split-virion influenza vaccine) contained
60 pg (15 pg of each strain) of HA antigen produced using
standard techniques for inactivating and purifying influenza

vaccine strains grown in embryonated chicken eggs. The four
influenza vaccine strains were recommended by WHO and
approved by NMPA for 2019/2020 season (HINI lineage:
influenza infectious virus IVR-190 from A/Brisbane/02/2018;
H3N2 lineage: NYMC X-327 reassortant derived from A/
Kansas/14/2017; B/Victoria lineage: NYMC BX-69A reassor-
tant derived from B/Maryland/15/2016; and B/Yamagata line-
age: BVR-1B reassortant derived from B/Phuket/3073/2013).
The licensed IIV4-HL (Influenza Vaccine, Split Virion,
Inactivated) contains some seasonally circulating influenza
A and B strains. IIV4 was provided in a prefilled 0.5-mL vial,
and IIV4-HL was provided in syringe according to
Pharmacopoeia of the People’s Republic of China 2015
(Volume IIT) and was administered intramuscularly.

Participants (60-65 years vs. 265 years) were randomized
1:1 to receive I1IV4 and IIV4-HL. Randomization was per-
formed using the permuted block method with stratification
according to random codes (1-1920) generated by SAS statis-
tical software. In addition, vaccines were assigned using ran-
dom codes (1-1920) generated by SAS statistical software,
confirming that investigators and participants were blinded
to the vaccine administered. All participants received one
vaccination.

Immunogenicity

Hemagglutination inhibition (HAI) titers were measured at
baseline (day 0) and day 28 after vaccination. The lower limit
of quantitation was set at the reciprocal of the lowest dilution
used in the assay (5) and the upper limit of quantitation at the
highest dilution (20,480). Seroprotection was defined as an
HAI titer >40. Seroconversion was defined as having HAI
titer <10 on day 0 and HAI titer 240 measured 28 days after
vaccination, or having HAI titer 210 on day 0 and 4-fold
increase from baseline in HAI titer 28 days after vaccination.

HALI assays were performed following Standard Operating
Procedures of National Influenza Center published by Chinese
Center for Disease Control and Prevention. Chicken red blood
cells were provided by Hubei Yukou Poultry Industry Co., Ltd,
China, and HA antigens of egg origin were bought from
National Institute for Biological Standards and Control,
London, United Kingdom. Serum samples were diluted 1:5
with receptor destroying enzyme (Cholera filtrate, Sigma-
Aldrich, USA) and diluted twofold serially. HAI titers are
defined as the inverse of the maximum serum dilution that
totally suppresses hemagglutination.

Safety

After vaccination, participants were kept under observation for
30 min. Reports of local (pain, redness, and swelling) and
systemic reactogenicity (fever, fatigue, headache, gastrointest-
inal symptoms, etc.) were solicited using memory aids (e.g.,
diary cards) during the week after vaccination. The unsolicited
adverse events were also reported by subjects automatically up
to 28 days with contact cards, and serious or medically
attended adverse events were recorded via a telephone inter-
view from day 29 to 6 months after vaccination.



The intensity of AEs was graded on a standard scale (0-4):
grade 1 and 2 symptoms were defined as those that did not
interfere with normal activities, whereas grade 3 and 4 symp-
toms were defined as those that prevented normal activities
(grade 3 redness and swelling: diameter >100 mm; grade 3
fever: temperature >39°C).

Statistical analysis

The target sample size was estimated using a step-down strat-
egy to control the total type I error, based on the power to
evaluate non-inferior immunogenicity of IIV4 versus IIV4-HL
for shared strains, considering the drop-off rate of about 20%.
Finally, 1920 subjects were determined using PASS15 software.

Non-inferior immunogenicity was tested by comparing
GMTs, SCRs, and SPRs, according to the “Clinical Data
Needed to Support the Licensure of Seasonal Inactivated
Influenza Vaccines” supporting the Licensure of Seasonal
Inactivated Influenza Vaccines in the elderly, which was issued
by the Center for Biologics Evaluation and Research (CBER) of
Food and Drug Administration (FDA) in 2007. A strain was
considered non-inferior if the lower limit of the two-sided 95%
confidence interval (CI) around GMT ratio of IIV4 group to
IIV4-HL group (new vaccine/registered vaccine) exceeds 0.67;
the lower limit of 2-sided 95% CI is around the difference of
SCR = -10%. Meanwhile, the regulatory criterion for IIV4
acceptability for accelerated approval was a lower limit of
95% CI for SCR > 30% and SPR = 60% in people aged
60 years and above.

Superiority immunogenicity was determined by evaluating
whether the lower limit of the two-sided 95% CI on GMT ratio
(ITV4/11V4-HL) should meet or exceed 1.5. Meanwhile, the
lower limit of the two-sided 95% CI of the difference between
SCR ratios should meet or exceed 10%.

Fisher exact probability test was used for statistical analysis
of AEs incidence in all participants who received a study vac-
cine. Analysis of covariance (ANCOVA) model was employed
to analyze the adjusted GMT ratio fitted on logl0 transformed
post-vaccination HALI titer. The 95% CI was calculated using
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the Clopper-Pearson method, and the difference was analyzed
using the chi-square or Fisher exact probability tests using SAS
software.

Results
Participants

Between April 28, 2019 and November 21, 2019, 1920 partici-
pants were enrolled and randomized. Among them, 959 were
vaccinated with IIV4 (457 adults aged 60-65 years and 502 over
65 years) and 959 with IIV4-HL (443 adults aged 60-65 years
and 516 over 65 years). After 6-month post-vaccination follow-
up was completed, and due to the lack of main efficacy indica-
tors of small number of subjects and the overdue blood sam-
pling affecting the immunogenicity assessment, 1918 safety
indicators (959 1IV4 and 959 IIV4-HL) and 1884 serological
indicators (938 I1IV4 and 946 IIV4-HL) were obtained
(Figure 1).

The height, weight, and ethnic group of study participants
were well balanced between the two vaccine groups (Table 1).
Sex ratios were nearly equivalent in IIV4 and IIV4-HL groups
of 60-65 years old; however, the adults in IIV4 group con-
tained fewer women (44.84%) than men, and those in IIV4-HL
group contained 40.45% over 65 years old. The baseline char-
acteristics and coexisting conditions of participants in the two
vaccine groups were similar (Table 1).

Immunogenicity

Within each age group, pre-vaccination HAI antibody titers
were similar for participants receiving IIV4 and ITV4-HL, and
both groups increased HAI antibody titer by vaccination day
28 (Table 2).

For the four strains (A/H1N1, A/H3N2, B/Brisbane, and B/
Yamagata), post-vaccination HAI antibody responses induced
within each age group by IIV4 were comparable to IIV4-HL-
induced responses. Adults over 65 years old were less likely to
generate higher antibody titers of A/HIN1, B/Yamagata, and

Total Randomly Assigned

Enrolled 60-65 years old cohort N=1920 >65 years old
] . v
. 1Iv4 1IV4-HL 1v4 1IV4-HL
Randomined N=457 N=444 N=503 N=516
Voluntary withdrawal | N=1 N=1 |
. 11vV4 IIV4-HL 1v4 1IV4-HL
Vaccinated day(0) N=457 N=443 N=502 N=516
. . ) . . )
Missin: Discontinued N(%) Discontinued N(%) Discontinued N(%) Discontinued N(%)
g , , VWe 3(0.60) VWe 1(0.19)
fFici VWe 2(0.44) VW* 4(0.91)
efficiency Other® 7(1.53) Other® 3(0.68) SAE 1(0.20) SAE 1(0.19)
indicator : : Other® 8(1.59) Other® 4(0.78)
I [ I I
1v4 1IV4-HL 1v4 1IV4-HL
Comleted study N(%) 448(98.02) N(% )436(98.20) N(%) 490(97.42) N(%) 510(98.84)

Figure 1. Study participant disposition. A total of 1920 elders (=60 y) were enrolled, and 1918 received IIV4 or 1IV4-HL randomly. Two participants withdrew before
vaccination and four after vaccination; all the participants who withdrew were not due to vaccine-related AEs (VRAEs). A total of 1918 participants entered Safety Set
(SS), and 1884 older people entered Per Protocol Set (PPS). VW: voluntary withdrawal. bOther: lack of the main efficacy indicators and overdue blood sampling.
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Table 1. Baseline demographic and coexisting conditions of 1IV4 and 1IV4-HL vaccine groups.

60-65y >65y Total
1IV4 1IV4-HL 1IV4 1IV4-HL V4 1IV4-HL
Charateristic (N = 457) (N = 443) (N =502) (N =516) (N =959) (N =959)
Agey
Mean(SD?) 62.41(1.34) 62.23(1.37) 70.91(5.04) 71.08(5.09) 66.86(5.68) 67.04(5.82)
Range 50-65 50-65 65-91 65-92 60-91 60-92
Female sex,n(%) 221(49.33) 228(52.29) 225(44.82) 209(40.50) 452(47.13) 443(45.99)
Ethnic group(Han Chinese),n(%) 457(100) 441(99.54) 498(99.20) 515(99.81) 934(99.57) 943(99.68)
Height Mean(SD?) 159.5(7.7) 159.5(8.0) 157.9(8.6) 158.6(8.4) 158.7(8.2) 159.0(8.3)
Weight Mean(SD?) 58.32(9.76) 58.62(9.64) 55.68(9.88) 55.93(9.55) 56.94(9.90) 57.17(9.68)
History of respiratory disease n(%) 5(1.09) 5(1.13) 12(2.39) 14 (2.71) 17(1.77) 19(1.98)
History of serious disease n(%) 24(5.25) 22(4.97) 22(4.38) 25(4.84) 46(4.80) 47(4.90)
Coexisting disease n(%) 46(10.07) 38(8.58) 58(11.55) 36(6.98) 104(10.84) 74(7.72)
The condition of medication/vaccination in the past month n(%) 62(13.57) 52(11.74) 71(14.14) 62(12.02) 133(13.87) 114(11.89)
The characteristics of subjects in the vaccinated cohort, SD; standard deviation.
Table 2. Inmunogenicity GMTs stratified by age cohort: day 28s post-vaccination.
No. (%) Subjects
60-65y >65y Total
1IvV4 1IV4-HL 1IvV4 1IV4-HL 1IvV4 1IV4-HL
Antigen (N = 448) (N = 436) (N = 490) (N =510) (N =938) (N = 946)
H1N1
GMT (95%Cl) DO 92.57(81.17,105.57) 85.82(75.17,97.98) 89.48(76.21,105.05) 97.79(84.64,112,97) 91.26(82.36,101.12) 91.55(83.04,100.93)
GMT (95%Cl) D28 537.34(482.30,598.67) 188.47(160.99,220.63) 374.94(329.71,426.36) 143.13(122.50,167.23) 445.25(408.84,484.91) 162.48(145.39,181.58)
Growth factor 29.25(25.53,33.51) 10.04(8.74,11.54) 26.21(23.07,29.78) 9.10(7.97,10.39) 22.03(19.24,24.76) 11.76(10.52,13.11)
GMT ratio(95%) 2.88(2.43,3.42) 2.78(2.34,3.31) 2.83(2.50,3.20)
H3N2
GMT (95%Cl) DO 53.44(47.84,59.70) 60.77(52.38,70.51) 60.25(51.44,70.57) 63.65(56.24,72.04) 56.72(51.55,62.40) 62.54(56.91,68.72)
GMT (95%Cl) D28 161.49(144.66,180.29)  89.56(80.64,99.47)  165.25(149.77,182.34)  92.17(83.70,101.50)  161.43(149.96,173.77)  92.08(85.63,99.03)
Growth factor 14.45(12.75,16.36) 7.76(6.91,8.72) 14.51(12.96,16.25) 7.24(6.48,8.10) 10.31(9.33,11.39) 5.76(5.26,6.30)
GMT ratio(95%) 1.82(1.57,2.11) 1.79(1.56,2.06) 1.80(1.63,1.99)
BY
GMT (95%Cl) DO 65.73(61.62,70.12) 66.03(61.81,70.53) 62.75(58.87,66.89) 64.90(60.95,69.09) 64.16(61.32,67.14) 65.44(62.54,68.47)
GMT (95%Cl) D28 252.95(234.30,273.06) 247.74(229.50,257.42)  228.2(210.68,247.18)  227.51(209.96,246.52) 239.70(226.76,253.37) 236.62(223.78,250.19)
Growth factor 5.81(5.30,6.37) 4.91(4.52,5.34) 5.53(5.06,6.04) 4.94(4.55,5.36) 5.57(5.23,5.93) 4.90(4.63,5.19)
GMT ratio(95%) 1.07(0.97,1.19) 1.05(0.95,1.17) 1.06(0.99,1.14)
BV
GMT (95%Cl) DO 50.78(47.21,54.61) 51.64(47.76,55.83) 51.29(47.34,55.57) 52.82(49.33,56.56) 51.05(48.36,53.88) 52.30(49.70,55.05)
GMT (95%Cl) D28 173.14(158.09,188.90) 158.99(146.05,173.07) 162.28(148.63,177.19) 172.89(159.68,187.19) 167.38(159.68,187.19) 166.34(156.97,176.26)
Growth factor 9.30(8.42,10.26) 7.55(6.93,8.24) 9.06(8.23,9.97) 7.85(7.21,8.55) 8.05(7.51,8.64) 7.50(7.05,7.99)

GMT ratio(95%) 1.14(1.02,1.28)

1.02(0.91,1.14) 1.07(0.99,1.16)

The immunogenicity was assessed by measuring HlI titers pre-vaccination (day 0) and post-vaccination (28 days after immunization).
3GMT factor was calculated by dividing the post-vaccination GMT over pre-vaccination GMT.
PGMT ratio was calculated by dividing the post-vaccination GMT of IIV4 over post-vaccination GMT of IIV4-HL.

B/Victoria compared to those of 60-65 years, but not of H3N2
strain. GMTs for these four strains increased by 5.57-22.03 fold
with IIV4 and 4.90-11.76 fold with IIV4-HL in the two age
groups. As expected for HIN1 and H3N2, GMTs increased to
a greater extent with IIV4 than with IIV4-HL, both in 60-65
age group (29.25 and 14.45 fold for IIV4 vs. 10.04 and 7.76 fold
for IIV4-HL) and in age group over 65 (26.21 and 14.51 fold for
1IV4 vs. 9.10 and 7.24 fold for IIV4-HL). GMT ratios (95% CI)
of ITV4/IIV4-HL were 2.83 (2.50, 3.20), 1.80 (1.63, 1.99), 1.06
(0.99, 1.14) and 1.07 (0.99, 1.16), respectively, and were similar
for both age group. The lower limit of two-sided 95% CI of
GMTs ratios was >2 for HIN1 and H3N2 strain in each age
group, and > 0.67 for influenza B strains, which meet super-
iority standards for A strains and noninferiority standards for
B strains, indicating that, through GMT comparison, 1IV4
immunogenicity was non-inferior to that of IIV4-HL.

IIV4 met all CBER criteria for older vaccine recipients.
Comparing SCR of IIV4 and IIV4-HL, SCR of IIV4 was from
76.84% to 89.55%, and the lower limit of the two-sided 95% CI of
SCR was >30% for the two trial vaccine groups in two age stages.

SCR difference (95% CI) (IIV4-1IV4-HL) of A/HIN1, A/H3N2,
B/Yamagata, and B/Victoria strains was 21.58 (18.02, 25.15),
15.72 (11.95, 19.48), 4.77 (0.84, 8.70) and 3.06 (-0.10, 6.24), and
the lower limit of the two-sided 95% CI of SCR difference of
influenza A(H1N1 and H3N2) was >10% and of B(Yamagata and
Victoria) was >-10% for all the participants, indicating that IITV4
being superior for influenza A(HIN1 and H3N2) and non super-
ior for influenza B(Yamagata and Victoria). In addition, SCR
difference was similar in both age cohorts (Figure 2a, b and ¢).
In the participants, post-vaccination SPRs (pre-vaccination
(day 0) HAI titer <10) were = 75% (88.18 for HIN1, 86.85 for
H3N2, 77.78 for B/Yamagata, and 86.72 for B/Victoria)
(Figure 3a), while post-vaccination SPRs (pre-vaccination
(day 0) HAI titer 210) were 98.18, 89.70, 99.06, and 97.36)
(Figure 3b). The lower limit of the two-sided 95% CI of SRPs in
IIV4 group was >-60% (Figure 3a, b, ¢, d). Post-vaccination
SPRs of HIN1 and H3N2 in IIV4 were higher than in IIV4-HL,
especially when pre-vaccination (day 0) HAI titers <10 or 40
were used, but no statistically significant difference was
observed in B/Yamagata and B/Victoria (Figure 3a, c).
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Figure 2. SCR by age cohort in the two vaccine groups. (a). SCRs (left) and SCR difference (right) of participants aged 60-65 years (left), (b). SCRs (left) and SCR difference
(right) in participants over 65 years old. (c). SCRs (left) and SCR difference (right) in the participants over 60 years. Clopper-Pearson indicates the 95% Cls, and statistical
comparisons were performed using chi-square or Fisher exact probability tests.’SCR is defined as values that thepercent of participants in each group who either
seroconverted or had a significant increase in Hl titer. Pre-vaccination (day 0) HI titer <10 and post-vaccination (day 28) HI titer >40. Pre-vaccination (day 0) Hl titer =10
but post-vaccination (day 28) Hl titer/pre-vaccination (day 0) Hl titer ratio >4.°SCR difference is defined as IIV4-HL subtracting |1V4.

Reactogenicity and safety

The most commonly reported AEs and vaccine-related AEs
occurred between 30 min and 7 days after vaccination, with
similar frequency in both vaccine groups (Figure 4a, b). No
difference was observed between the two groups in unrelated
AEs between 30 min and 28 days (Figure 4b). Most AEs were
mild or moderate in severity between the vaccine groups
(Figure 4c). As for the solicited AEs, almost all injection-site
and systemic reactions were transient and self-limiting with-
out a clinically meaningful difference (Table 3). Myalgia was
the most common solicited injection-site reaction, whereas
fever and headache were the most common solicited systemic
reactions. No severe AEs were found among study partici-
pants, and no types of grade 3 reactions were reported in IIV4
recipients, but grade 3 AEs (one nausea, two diarrhea, one

fatigue, and one erythema) of no more than 0.52% of IIV4-HL
recipients were reported. The incidence of AEs in the elderly
aged 60-65 years old was slightly higher than in those aged
over 65 years old (14.66 vs. 10.36 for IIV4, 14.67 vs. 11.43 for
IIV4-HL).

The frequencies of solicited AEs and unsolicited AEs
were also similar for both vaccines (Figure 5a). The most
frequently reported unsolicited AEs related to vaccination
were dizziness (0.94% for 1IV4 and 0.83% for IIV4-HL) and
respiratory disease (0.31%) in both IIV4 and IIV4-HL
groups.

As for SAEs, 16 SAEs cases (0.83%) were observed six months
post-vaccination, including two deaths, one for IIV4 group and
one for ITV4-HL group because of tumor and cerebral infarction.
All SAEs were unrelated to the studied vaccines.
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Table 3. Reactogenicity: solicited injection-site and systemic reactions in the two vaccine groups.

No. (%) Subjects

60-65y >65y Total
1v4 1IV4-HL V4 1IV4-HL V4 1IV4-HL

AEs (N = 457) (N = 443) (N =502) (N=516) (N =959) (N =959)
Subjected with =1 AEs 67(14.66) 65 (14.67) 52 (10.36) 59(11.43) 119(12.41) 124(12.93)
Solicited 62 (13.57) 64 (14.22) 47 (9.36) 49 (9.5) 109 (11.37) 113 (11.78)
Unsolicited 10 (2.19) 9 (2.03) 8 (1.59) 13 (2.52) 18 (1.88) 22(2.29)
Injection-site

Myalgia 9(1.97) 20(4.51) 11(2.19) 13(2.63) 20(2.09) 33(3.44)

Erythema 4(0.88) 3(0.68) 1(0.20) 2(0.45) 5(0.52) 5(0.52)

Swelling 2(0.44) 4(0.90) 1(0.20) 3(0.58) 3(0.31) 7(0.73)

Itching 2(0.44) 2(0.45) 2(0.44) 2(0.45) 4(0.42) 4(0.42)
System reactions

Fatigue 4(0.88) 11(2.48) 3(0.60) 4(0.78) 7(0.73) 15(1.56)

Fever 29(6.35) 31(7) 28(5.58) 26(5.04) 57(5.94) 57(5.94)

Headache 8(1.75) 6(1.35) 4(0.8) 5(0.97) 12(1.25) 11(1.15)

Dizziness 5(1.09) 3(0.68) 3(0.6) 6(0.60) 8(0.83) 9(0.94)

Nausea 2(0.44) 3(0.68) 1(0.2) 0 3(0.31) 3(0.31)

Cough 2(0.44) 3(0.68) 3(0.60) 5(0.97) 5(0.52) 8(0.83)

Allergy 1(0.22) 1(0.23) 1(0.22) 1(0.19) 2(0.21) 2(0.21)

Discussion

Comparing HAI antibody responses of a candidate IIV4 versus
a standard dose, licensed quadrivalent inactivated vaccine ITV4-
HL demonstrated that ITV4 was non-inferior for influenza B (B/

Victoria and B/Yamagata) strains and superior for influenza

A (HIN1 and H3N2) strains than IIV4-HL in both age cohorts.
ITV4 had an acceptable reactogenicity and safety profile com-
pared with IIV4-HL in two age cohorts.
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Because of age-related declines in immune function, older
adults exhibited lower antibody response to influenza vaccina-
tion, especially to B strains.'>'* The correlation between HAI
titer and protection is weaker in elders, requiring high HAI titers
to achieve the protective effect.'” In phase III clinical trials for the
elderly, all the immunogenicity indicators of IIV4 reached the
standard of protective effect. Meanwhile, reactogenicity and tol-
erability of IIV4 with a standard dose of 15 pg of HA were non-
inferior to IIV4-HL and fulfilled CBER immunogenicity accep-
tance criteria in elderly strata.' In this research, A strains out-
performed B strains in terms of immunogenicity (GMT, SCRs,
and SPRs). The lower limit of the two-sided 95% CI of GMT
ratio for ITV4 vs. IIV4-HL was>0.9, beyond the required value of
0.66. According to SCRs and SPRs, IIV4 demonstrated positive
results even compared with the high dose (60 pg) of quadrivalent
influenza vaccine in elders.'” For the two age subgroups, the
immunogenicity studies for the two trial vaccines are similar,
providing more detailed and robust data to use 1IV4 in elders.

Both age groups well tolerated both vaccines. Most solicited
local and systemic reactions with either vaccine were mild to
moderate in severity and resolved within one week. No grade 3
AEs related to vaccines were reported for IIV4. Compared with
other seasonal split-virion influenza clinical results, the quad-
rivalent, inactivated, split-virion influenza is well tolerated and
could improve protection against influenza .'>'®

In the subgroup analysis by age, AEs were generally
higher for subjects aged 60-65 years than those aged
265 years, mainly due to the decline in the function of
inflammatory cells with age.'” HAI titers induced by A/
H1Nland B lineages were higher in individuals aged 60-
65 years than in elders over 65 years old, while those
induced by A/H3N2 were lower, making it challenging to
evaluate the level of antibody titers induced by IIV4 in the
two age subgroups. Another study found that producing
influenza antibodies decreases with age,”® which contradicts
our results. This could be due to the small age gap between
the two age subgroups in our study.

IIV4 contains both B lineages influenza strain antigens, which
could be employed to prevent unpredictable B lineages circulation
or co-circulation. In addition, IIV4 contains viral surface protein
(HA and NA) and internal proteins (matrix protein and nucleo-
protein) to increase immunogenicity.”' In China, the influenza
vaccine coverage remains low, mainly because of vaccine supply
shortage.”**>** 1IV4 provides better immunogenicity and safety,
so it can be used to improve influenza vaccine coverage in China.

The advantages of this study, including the trial design,
randomized controlled, and prospective phase III trial, are
sufficient to meet the primary endpoint. We thoroughly con-
sidered participants’ complexity and excluded the factors
affecting vaccination, making the participant population
more representative. We divided the participants into two age
groups and evaluated safety and immunogenicity of IIV4 and
IIV4-HL to make the results more detailed and reliable.
However, our study had some potential limitations. First, vac-
cine immunogenicity is not equivalent to “clinical protection.”
Second, no epidemiologic surveillance is found to infer abso-
lute efficacy, though some case-control study or test-negative
design of influenza vaccines have estimated the effectiveness in
elderly in the real world.***> Third, vaccination of a single
influenza season makes it challenging to evaluate the efficacy
against various influenza types and subtypes.

In conclusion, IIV4 demonstrated non-inferior immuno-
genicity and tolerability compared to licensed IIV4-HL in
adults aged 60 years and over. The results indicate that IIV4
can be used as a candidate vaccine against seasonal influenza in
elderly adults aged 60 years or older.
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