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ABSTRACT
Yearly administration of influenza vaccine with recommendations can help control seasonal influenza 
epidemics in adults aged ≥60 years. Here, we describe the results of a prospective study observing the 
immunogenicity and persistence of induced immunity of a trivalent inactivated split-virion influenza 
vaccine (TIV) in adults aged ≥60 years during the 2018–2019 season in Taizhou City, Zhejiang Province in 
China. A total of 422 participants completed the study period. Vaccinated participants (284) received 
a single dose of TIV, but unvaccinated participants (138) didn’t receive any vaccine. Study participants 
vaccinated with TIV had significantly higher GMTs of Hemagglutination Inhibition (HI) antibodies against 
AH1N1, AH2N3, and B/Victoria strains (all p < .0001) at day 30 post-vaccination compared with unvacci-
nated participants, but the antibody response to the B/Victoria strain was the weakest. Rates of 
seroprotection and seroconversion were generally higher in the TIV-vaccinated group. At day 180 post- 
vaccination, the seroconversion rates (95%CI) in the vaccinated group were 99.6% (99.0%–100.3%), 
97.9% (96.2%–99.6%), and 68.3% (62.9%–73.8%) for antibodies against three influenza strains, respec-
tively; these rates were significantly different compared with unvaccinated group only for strains AH3N2 
and B/Victoria (p = .002 and p < .0001, respectively). These results confirm that in adults aged ≥60 years, 
a single dose of TIV can induce a protective immune response against influenza, but the protective HI 
antibody levels induced against strain B/Victoria do not persist through 6 months.
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Introduction
Influenza is a contagious, acute respiratory disease that is 
caused by influenza A and influenza B viruses in humans.1 

During seasonal influenza infections, this disease can lead to 
numerous complications, hospitalization, and even death.2 The 
World Health Organization (WHO) estimates that there are 
one billion influenza cases worldwide each year, of which three 
to five million are severe cases, resulting in 290,000–650,000 
deaths from influenza-related respiratory diseases.3 Owing to 
the prevalence of comorbidities and immunocompromised 
state increasing with age, older individuals are more vulnerable 
to serious sequelae and mortality compared with younger 
people.4 A model study on the global influenza excess mortality 
rate showed that the excess mortality rate in the 65–74-year-old 
age group is 2.9/10 million–44/10 million and that in the ≥75- 
years-old population is 17.9/10 million–223.5/10 million.3

Influenza vaccination, which can induce specific antibody 
responses in the respiratory tract, is the most effective and 
inexpensive public health strategy for the prevention of influ-
enza infection.5 In many countries, adults aged ≥60 years are 
listed as the key recommended population for influenza 
vaccination.6 There is evidence that influenza vaccine 

effectiveness is lower in adults aged ≥60 years than in those 
aged 18–64 years. According to meta-analysis results, vaccine 
effectiveness against influenza was estimated as being approxi-
mately 49% (95%CI: 33%–62%) in older adults but approxi-
mately 59% (95%CI: 51%–67%) in healthy young adults.7 

Regarding immunogenicity of influence vaccine, the influenza 
seroprotection induced by an influenza vaccine is only 29%– 
46% among those aged ≥75 years, compared with 41%–58% 
among those 60–74 years of age.8 Some earlier studies also 
reported that the immune response induced by influenza vac-
cination and the associated antibody titers decrease over time 
in older adults because of age-associated decreased immune 
competence.9 Limited data on antibody persistence after influ-
enza infection is currently available. Another meta-analysis of 
evidence on the year-round persistence of vaccine-induced 
antibody in individuals aged ≥60 years following their vaccina-
tion with a trivalent, inactivated, seasonal influenza vaccine 
found a decline from days 21–42 to 360 post-vaccination in 
the geometric mean titers (GMTs) of specific antibodies and 
the proportion of seroprotected subjects, which suggests that 
clinical protection does not persist year-round in adults aged 
≥60 years.10
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Influenza viruses are prone to immunogenic changes; thus, 
yearly administration of the influenza vaccine to those at great-
est risk, as recommended by WHO, is the main public health 
strategy in China.6 Currently, to improve vaccine accessibility 
among at-risk populations, new policies, such as free vaccina-
tion for adults aged ≥60 years, are being explored in China.11 

The trivalent inactivated split-virion influenza vaccine, which 
is generally well tolerated and highly immunogenic in Chinese 
individuals, is widely used for free annual vaccination of this 
population in China.12 However, vaccination against matched 
seasonal influenza strains protects people only from the cur-
rently circulating influenza viruses. Therefore, it is necessary to 
evaluate the immune effect induced by the seasonal influenza 
vaccine. In this context, we performed a prospective cohort 
study based on free vaccination programs to evaluate the 
immunogenicity of the trivalent influenza vaccine and the 
persistence of its induced immunity in adults aged ≥60 years 
during the 2018–2019 season.

Materials and methods

Setting and subjects

This was a prospective study to evaluate the immunogenicity of 
trivalent influenza split-virion vaccine (TIV) and the persis-
tence of induced immunity in adults aged ≥60 years. 
Participants were recruited from the community that relied 
on a free influenza vaccination program for individuals aged 
60 years and above in Taizhou City, Zhejiang Province in 
China from September 2018 to April 2019.

Participants were enrolled in a community health service 
center in Taizhou city in September 2018. The trained medical 
staffs performed it. The enrolled participants had all lived in 
Taizhou City for a long time, which was convenient for follow- 
up. Eligible participants were individuals older than 60 years of 
age who had not received an influenza vaccine for the present 
season. They all signed an informed consent form and volun-
teered to participate in this study. Participants were excluded if 
they: (1) had a history of allergic reactions to egg, Guillain- 
Barre syndrome from previous TIV vaccination, or severe 
allergic reactions after vaccination; (2) took aspirin presently; 
(3) had any confirmed or suspected immunosuppressive or 
immunodeficiency disease; (4) suffered from heart disease, 
respiratory disease, liver or kidney disease, mental disorder, 
or chronic infection; (5) had used glucocorticoids in the past 3  
months; or (6) had a history of major surgery.

Participants were separated into two groups, the vaccinated 
group and the unvaccinated group, according to whether they 
voluntarily choose to receive influenza vaccine. Those in the 
vaccinated group received one dose of the study vaccine. Those 
in the unvaccinated group didn’t receive any vaccine or pla-
cebo treatment.

Study vaccine

The study vaccine was trivalent inactivated split-virion 
influenza vaccine (TIV, HuaLan Biological Bacterin Inc.) 
containing HA for the following three influenza strains: A/ 
Michigan/45/2015(H1N1)pdm09-like virus, A/Singapore/ 

INFIMH-16-0019/2016(H3N2)-like virus, and B/ 
Colorado/06/2017 (Victoria strain). For vaccine adminis-
tration, a single dose of .5 ml of TIV was injected intra-
muscularly into the outer deltoid muscle of the upper arm. 
This vaccine was previously approved by the China 
Institute for Food and Drug Control.

Data collection

Individual-level information on participants, including their 
name, age, sex, and any chronic medical conditions, was col-
lected via a face-to-face interview. Serum samples for use in 
serologic analysis were collected at baseline (before vaccina-
tion) and at 30 days and 180 days after vaccination for all 
participants to assess the immunogenicity of the vaccine and 
the persistence of induced immunity.

Serum test

Serum levels of HI antibody against AH1N1, AH3N2, and B/ 
Victoria influenza strains were measured by performing 
a hemagglutination inhibition assay with 0.5% turkey erythro-
cytes following Standard Operating Procedures of National 
Influenza Center published by Chinese Center for Disease 
Control and Prevention. Serum were tested in duplicate and 
diluted 2-fold starting from 1:10. The HI titer was defined as 
the reciprocal of the maximum serum dilution with complete 
hemagglutination inhibition. The final HI titer was estimated 
as the geometric mean of duplicate samples; a value of 5 was 
used for HI < 10.

Main outcomes

The primary outcome of this study was influenza vaccine 
immunogenicity. Immune responses were followed through 
180 days post-vaccination.

Immunogenicity end points included the seroconversion 
rates, seroprotection rates, and GMTs. In accordance with the 
European Medicines Agency (EMA) criteria, the seroconver-
sion rate was defined as the percentage of people who went 
from a pre-immunization HI antibody titer of < 10 to a post- 
immunization one of ≥ 40 or who had a pre-immunization HI 
antibody titer of ≥ 10 and exhibited a ≥ 4-fold increase in this 
titer after vaccination. The seroprotection rate was defined as 
the percentage of patients with an HI antibody titer of at 
least 1:40.

Sample size calculation

The sample size calculation was performed by PASS15 
software. The total power was set to be .85. Since there 
were three virus types, the probability of type II errors in 
each test should be (1–0.85)/3 = .05, that was, the power of 
each comparison was .95; the control group rate p2 was 
taken as .10, and the difference D1 of the positive conver-
sion rate between the vaccinated group and the control 
group was taken as .40; The vaccinated group and the 
control group were designed according to 2:1; the test 
statistic was Z Test with Continuity Correction. 200 
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participants in the vaccinated group and 100 participants 
in the control group were calculated. The drop-off rate 
was estimated at 15%, then the vaccinated group and the 
control group needed 240 participants and 120 partici-
pants respectively. Based on the above results, 300 parti-
cipants in the vaccinated group and 150 participants in the 
control group were determined.

Statistical analysis of data

The study data were entered in duplicate using EpiData3.2.2 
Software and were organized and analyzed using Microsoft 
Excel 2010 and SPSS 24.0 statistical software. GraphPad 
Prism 9 was used to generate graphs.

The demographics of participants in the vaccinated and 
unvaccinated groups were compared. Chi-squared tests 
were used to analyze categorical outcomes. GMTs for HI 
antibodies against each influenza strain were calculated via 
a log10 transformation of the HI antibody titers. GMTs and 
their corresponding 95% confidence intervals (95%CIs) 
were calculated based on the standard normal distribution 
of log 10-transformed HI antibody titers. Seroconversion 
and seroprotection rates and their corresponding 95%CI 
derived from a binomial distribution were evaluated using 
a chi-squared test or Fisher’$3 test. All statistical tests were 
two-sided, and differences with a p-value of <.05 were 
considered significant.

Ethics approval

The study was approved by the ethics committee of the 
Zhejiang Provincial Center for Disease Control and 
Prevention (T-043-R). A signed informed consent was 
required from each participant.

Results

Subjects

A total of 461 participants aged ≥60 years were enrolled in the 
study, 309 (67.0%) of whom were given the influenza TIV 
(vaccinated group) and 152 (33.0%) who did not receive this 
vaccine (unvaccinated). Of the 461 enrolled participants, 422 
completed the study (provided data on days 0–180); their mean 
age was 67.8 years old. The most common reason for with-
drawal was participant unwillingness to continue (Figure 1).

The two study groups differed in some of their baseline 
characteristics (Table 1). The sex distributions of the partici-
pants were very similar, with male patients accounting for 
approximately half of the participants in each group. In con-
trast, the mean ages and age distributions were not similar 
between the two groups; the unvaccinated group skewed 
older. Over half of the participants in the unvaccinated group 
had a chronic illness, whereas less than half of the participants 
in the vaccinated group had a chronic illness.

Immunogenicity

The immunogenicity analysis was conducted on the 422 parti-
cipants who completed the whole follow-up for the study.

Table 2 shows the seroconversion proportions of the vacci-
nated and unvaccinated groups at the follow-up timepoints 
(Table 2). At 30 days after vaccination, the seroconversion 
rates (95%CI) for the vaccinated group were 72.5% (63.7%– 
77.9%), 71.1% (65.8%–76.4%), and 47.2% (41.3%–53.0%) for 
influenza strains AH1N1, AH3N2, and B/Victoria respectively, 
and the seroconversion rates (95%CI) for the unvaccinated 
group were 45.7% (37.2%–54.1%), 13.0% (7.4%–18.7%), and 
11.6% (6.2%–17.0%); these seroconversion rates differed sig-
nificantly between the vaccinated and unvaccinated groups for 
all three influenza strains (all p < .001). At 180 days after 

Figure 1. Flow chart of study participants and their follow-up schedule.
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vaccination, the seroconversion rates (95%CI) for the vacci-
nated group were 69.4% (64.0%–74.8%), 71.1% (65.8%–76.4%), 
and 28.5% (23.2%–33.8%) for influenza strains AH1N1, 
AH3N2, and B/Victoria, respectively, and the corresponding 
seroconversion rates (95%CI) for the unvaccinated group were 
65.2% (57.2%–73.3%), 63.8% (55.6%–71.9%), and 4.3% (.9%– 
7.8%). At this timepoint, only the seroconversion rate for strain 
B/Victoria was significantly different between the two groups 
(p < .001).

Most participants already met the criteria for seroprotection 
(i.e., an HI antibody titer of at least 1:40) at baseline (Table 3). 
At 30 days after vaccination, the seroprotection rates (95%CI) 
for the vaccinated group were 88.4% (84.6%–92.1%), 73.2% 
(68.1%–78.4%), and 47.9% (42.0%–53.7%) for influenza strains 
AH1N1, AH3N2, and B/Victoria, respectively, and the sero-
protection rates (95%CI) for the unvaccinated group were 
89.9% (84.8%–95.0%), 82.6% (76.2%–89.0%), and 43.5% 
(35.1%–51.9%). At 180 days after vaccination, the seroconver-
sion rates (95%CI) for the vaccinated group were 99.6% 
(99.0%–100.3%), 97.9% (96.2%–99.6%), and 68.3% (62.9%– 
73.8%) for influenza strains AH1N1, AH3N2, and B/Victoria, 
respectively, and the seroconversion rates (95%CI) for the 
unvaccinated group were 100% (100%–100%), 91.3% (86.5%– 
96.1%), and 13.8% (7.9%–19.6%). The seroprotection rates 
differed significantly between the vaccinated and unvaccinated 

groups for influenza strains AH3N2 and B/Victoria at both 30  
days and 180 days post-vaccination (all p < .005). In contrast, 
there was no significance in the seroprotection rate for strain 
AH1N1 between the vaccinated and unvaccinated groups at 
either of these timepoints.

The trends in the levels of antibodies against seasonal influ-
enza strains AH1N1, AH3N2, and B/Victoria, as assessed by 
GMT, were determined over three timepoints (Figure 2). The 
HI antibody GMT at baseline was the lowest for strain B/ 
Victoria, while the other two studied strains had similar HI 
antibody GMTs (Table 4). In the vaccinated group, immuniza-
tion with a TIV induced the serum HI antibody GMT (95%CI) 
for all the vaccine component strains to peak at 30 days post- 
vaccination; the baseline GMTs of 360.7 (325.2–400.0) for 
AH1N1, 263.2 (231.7–299.0) for AH3N2, and 73.8 (68.2– 
79.9) for B/Victoria increased by approximately 5.4-fold, 
5.4-fold, and 2.7-fold, respectively, at 30 days post- 
vaccination (Table 4). By 180 days post-vaccination, the HI 
antibody titer decreased to GMT (95%CI) of 324.7 (301.2– 
350.1) for AH1N1, 255.6 (229.3–285.0) for AH3N2, and 44.6 
(40.4–49.4) for B/Victoria, which are reductions in the titer of 
approximately .9-fold, 1.0-fold, and .6-fold, respectively 
(Table 4). In the unvaccinated group, the HI antibody GMT 
increased at 30 days and 180 days post-vaccination by approxi-
mately 2.8-fold and 1.5-fold, respectively, against AH1N1 and 
by approximately 1.2-fold and 3.2-fold, respectively, against 
AH3N2, whereas the GMT for HI antibody against B/ 
Victoria increased by approximately 1.3-fold at 30 days post- 
vaccination and then decreased by approximately .5-fold at 
180 days post-vaccination. The HI antibody GMTs for all 
three influenza strains were all higher significantly in the vac-
cinated group than in the unvaccinated group at both 30 and 
180 days post-vaccination (all p < .0001), except for the GMT 
of HI antibody against AH3N2, for which there was no differ-
ence between the vaccinated and unvaccinated groups at 180  
days post-vaccination (p = .6444) (Figure 3).

Discussion

Infections with influenza virus occur annually worldwide, and 
these viruses are susceptible to mutation owing to their anti-
genicity. Mainly because of a waning immune system, indivi-
duals aged ≥60 years are among those at highest risk for serious 
complications. The WHO and European Center for Disease 
and Control agree that targeting those aged ≥60 years is 

Table 1. Participants characteristics at baseline (n = 422).

Variable
Total 

Number (%)
Vaccinated 

N (%)
Unvaccinated 

N (%) χ2 P value

Age
Mean (range) 67.8(60–88)

Age group
60-years 274 (64.9) 194 (68.3) 80 (58.0) 6.8 0.034
70-years 121 (28.7) 77 (27.1) 44 (31.9)
80-years 27 (6.4) 13 (4.6) 14 (10.1)

Gender
Female 224 (53.1) 152 (53.5) 72 (53.1) 0.1 0.795
Male 198 (46.9) 132 (46.5) 66 (46.9)

Chronic illness 4
Hypertension 181 (42.9) 106 (37.3) 75 (54.3) 11.0 0.001
Diabetes 45 (10.7) 25 (8.8) 20 (14.5) 3.2 0.076
Chronic 
bronchitis

9 (2.1) 7 (2.5) 2 (1.4) - 0.724

Coronary heart 
disease

5 (1.2) 4 (1.4) 1 (0.7) 0.4 0.543

Chronic 
emphysema

2 (0.5) 2 (0.7) 0 (0.0) - 1.000

P-values result from a comparison between the two groups using two-sided χ2 

tests for categorical data.

Table 2. Percentage of group with seroconversiona at each of two timepoints.

30 days % 
(seropositive/total)

180 days % 
(seropositive/total)

Virus type Group Seroconversion rates 95%CI χ2 P value seroconversion rates 95%CI χ2 P value

AH1N1 Vaccinated 72.5 (206/284) 63.7–77.9% 29.0 <.001 69.4 (197/284) 64.0–74.8% 0.7 0.391
Unvaccinated 45.7 (63/138) 37.2–54.1% 65.2 (90/138) 57.2–73.3%

AH3N2 Vaccinated 71.1 (202/284) 65.8–76.4% 125.6 <.001 71.1 (202/284) 65.8–76.4% 2.3 0.126
Unvaccinated 13.0 (18/138) 7.4–18.7% 63.8 (88/138) 55.6–71.9%

B/Victoria Vaccinated 47.2 (134/284) 41.3–53.0% 51.3 <.001 28.5 (81/284) 23.2–33.8% 31.1 <.001
Unvaccinated 11.6 (16/138) 6.2–17.0% 4.3 (6/138) 0.9–7.8%

P-values result from a comparison between the two groups using two-sided chi-squared tests for categorical data. 
*Using an adjusted chi-squared test. **using a Fisher’s exact test. CI = confidence interval. 
Seroconversion was defined as a pre-immunization HI antibody titer of < 10 to a post-immunization one of ≥ 40 or a pre-immunization HI antibody titer of ≥ 10 and 

exhibited a ≥ 4 -fold increase.
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a sound strategy for preventing adverse outcomes from 
influenza.13,14 Many studies have reported that an influenza 
vaccine can provide significant protection against influenza 
infection in individuals aged ≥60 years. Primary prevention 
via immunization is effective for reducing the burden of influ-
enza illness among this population.4 The immune effect 
induced by the influenza vaccine is also influenced by various 
factors. Therefore, it is necessary to carry out an evaluation of 
the immune effect induced by the annual administration of an 
influenza vaccine in each target population to provide 
a scientific basis for strategies to prevent and control influenza.

In the present study, we evaluated the immunogenicity of 
TIV influenza vaccine, which met the requirements for an 
influenza vaccine.15 The short-term (day 0–day 30 post- 
vaccination) influenza-specific immune status of the vacci-
nated group was superior to that of the unvaccinated group 
for the three vaccine-matched influenza strains. After vaccina-
tion with TIV, the resulting seroconversion rates and seropro-
tection rates for each influenza strain are similar to those 
previously reported.16,17 However, the GMTs are much higher 
than those found in a previous study conducted in Shenzhen 
City and Changzhou City.17 In terms of immunogenicity, the 
two influenza A strains outperformed the influenza B strain; in 
other words, the participants exhibited a lower antibody 
response to the B strain influenza.

In terms of immunity persistence, the GMTs of serum HI 
antibody against AH1N1 and AH3N2 increased with time (day 
0–day 180) in both the vaccinated and unvaccinated groups. 
The observed increase in HI antibody GMTs in the 

unvaccinated group indicates that there may have been an 
influenza epidemic that occurred during our study period. 
Therefore, we unfortunately cannot draw conclusions about 
the persistence of immunity induced by the tested vaccine for 
influenza strains AH1N1 and AH3N2 from this study. 
However, the antibody response to influenza vaccination for 
the B/Victoria strain, which may not have been prevalent 
during the study period, was lower to as compared with that 
for the other two strains, and it declined by nearly half in the 
vaccinated group at 180 days post-vaccination. This means 
protective that the HI antibody levels induced by TIV against 
strain B/Victoria did not persist through 6 months in adults 
aged ≥60 years. Buxton et al.18 reported that in a community- 
based study of 1-dose versus 2-dose vaccination of individuals 
aged ≥60 years, the GMTs against H3N2 and H1N1 at 6, 18, 
and 24 weeks after the administration of a single vaccine dose 
were >2-fold above baseline, whereas the GMTs against the 
influenza B component of the vaccine never rose by 2-fold, not 
even initially; these findings are similar to those of the present 
study.

Because of age-related declines in immune function, 
older adults exhibit lower antibody responses to influenza 
vaccination, especially for influenza B strains, compared 
with younger adults.19,20 A recent review of antibody 
responses in 31 influenza vaccine studies conducted from 
1986 to 2002 concluded that adults aged ≥60 years were 2– 
4 times less likely to seroconvert or achieve protective HI 
antibody titers after influenza vaccination, compared with 
young adults.21 Traditional inactivated influenza vaccines 

Figure 2. Time course of HI antibody GMTs in vaccinated and unvaccinated participants. Influenza hemagglutination inhibiting (HI) antibody geometric mean titers 
(GMTs) between the vaccinated and unvaccinated groups by strain at day 0, day 30, and day 180 post-vaccination. AH1N1 vac: GMT of HI antibody to AH1N1 in the 
vaccinated group; AH1N1 unvac: GMT of HI antibody to AH1N1 in the unvaccinated group; AH3N2 vac: GMT of HI antibody to AH3N2 in the vaccinated group; AH3N2 
unvac: GMT of HI antibody to AH3N2 in the unvaccinated group; BV vac: GMT of HI antibody to B/Victoria in the vaccinated group; BV unvac: GMT of HI antibody to B/ 
Victoria in the unvaccinated group.
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are often only modestly immunogenic. Therefore, indivi-
duals aged ≥60 years are recommended to be vaccinated 
annually or be vaccinated with high-dose or adjuvanted 
inactivated influenza vaccine to rapidly induce high titers 
of a broad range of anti-influenza antibodies.22,23

There are several limitations to our study. First of all, 
participants in our study had higher levels of preexisting 
antibody against the three tested influenza strains. The 
inclusion of non-susceptible participants may have affected 
the observed HI antibody seroconversion and seroprotec-
tion rates.24 Owing to the geographical location and climate 
of Taizhou City, it has year-round circulation of seasonal 
influenza, which likely impacts the influenza exposure of 
residents; consequently, the high pre-vaccination HI anti-
body titers we observed in our study participants were 
likely due to natural exposure. Additionally, previous his-
tory of influenza vaccination, which also affects preexisting 
antibody levels, was probably high in our study population 
because of the free influenza vaccination policy that has 
been implemented in Taizhou City. But in this study, par-
ticipants’ prior influenza infection and vaccination history 

was not collected. Second, mean ages and age distributions 
were not similar between the two groups and the unvacci-
nated group skewed older. In this study, age of subjects is 
an important factor. The unvaccinated group skewed older 
which might show lower immunogenicity. The difference of 
age in two groups may have skewed the results. Third, 
because this study took place during winter, it overlapped 
with the annual seasonal influenza epidemic, which may 
have affected the results of our immunogenicity evaluation; 
notably, we included a control group to exclude this inter-
ference. Moreover, the matching degree between vaccine 
strain and epidemic strains may not be high. A decrease 
in vaccine effectiveness during the winter season has been 
reported from surveillance studies in some countries, and 
the observed decline in effectiveness was most significant in 
adults aged ≥65 years.25,26 Therefore, the vaccine immuno-
genicity accessed here is not equivalent to “clinical protec-
tion”. Another limitation in the study was the lack of 
control adults aged <60 years old to compare the difference 
of immunogenicity and immune persistence in different age 
groups. The comparison of different age groups can provide 

Figure 3. Influenza-Specific hemagglutination inhibiting antibody geometric mean titers (GMTs) between two vaccinated and unvaccinated groups by strain at day 
0, day 30, and day 180 post-vaccination. GMT of HI antibody against AH1N1 (a), AH3N2 (b), or B/Victoria (BV) (c). GMT is shown above each bar. Error bars indicate 95% 
CIs. Unvaccinated participants did not receive the study vaccine (n = 138). Vaccinated participants received one dose of the study vaccine (n = 284). P-values result from 
a comparison between the two groups (vaccinated group versus unvaccinated group).
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a more comprehensive assessment of the immunogenicity 
of the vaccine. Lastly, we collected samples to measure the 
persistence of antibodies for only 6 months after vaccina-
tion, even though the influenza vaccine is administered 
annually; ideally, the observation period should have con-
tinued for a full year.

In summary, a single dose of inactivated influenza vaccine 
can induce a protective immune response against influenza 
in adults aged ≥60 years. A lower antibody response to the 
B strain influenza was observed. For immunity persistence, 
the protective HI antibody levels induced against strain B/ 
Victoria do not persist through 6 months.
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