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ABSTRACT

The influenza vaccine is not included in China’s national immunization program. Here, we assessed
influenza vaccine coverage among Shanghai residents and estimated the impacts of the coronavirus
disease 2019 (COVID-19) epidemic and a hypothetical free vaccine strategy on the willingness of partici-
pants to receive influenza vaccines. The coverage of influenza vaccines among Shanghai residents from
2015 to 2019 was 1.4% (range: 1%-2.4%). A total of 792 adult participants (aged 19-59 years) along with
821 children and 445 older individuals were included in the analysis. The willingness of participants to
receive influenza vaccines reached 68.4% following the COVID-19 epidemic. Furthermore, if the vaccine
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was made available at no cost, 85.9% of participants were willing to be vaccinated. Our data indicated that
influenza vaccine coverage is extremely low in Shanghai but that more than two-thirds of participants
were willing to receive influenza vaccines following the COVID-19 epidemic. Making influenza vaccines

available for free could further increase coverage.

Introduction

Coronavirus disease 2019 (COVID-19) has become a global
pandemic. As the initial symptoms of influenza and COVID-19
are similar, interest in a safe and moderately effective influenza
vaccine has increased dramatically in the absence of
a COVID-19 vaccine." It was reported that seasonal influenza
among older individuals could prevent
a proportion of COVID-19 morbidity and mortality.> The
possibility of a simultaneous seasonal influenza epidemic dur-
ing the COVID-19 epidemic has made widespread influenza
vaccination more important than ever.’

vaccination

Most individuals are generally susceptible to influenza
viruses.* The World Health Organization (WHO) recom-
mends annual influenza vaccination because of the short per-
iod of vaccine-induced protective immunity and the need to
adjust vaccine antigen composition each year.* Influenza vac-
cination is not included in the national immunization program
in China and influenza vaccination coverage was extremely low
(1.5-2.2%) from 2004 to 2014.° Many factors influence will-
ingness to be vaccinated for influenza, such as knowledge of
influenza and influenza vaccines, perceived seriousness of
influenza, perceived benefits of vaccination, perceived suscept-
ibility, costs of vaccination, and receipt of prior seasonal influ-
enza vaccinations.® '’ Changes in risk perception following the
COVID-19 pandemic may also influence parents’ plans to
vaccinate their children against influenza.'' To our knowledge,
there have been no studies of the effects of the COVID-19
epidemic and vaccine costs on the willingness of Chinese

residents to receive influenza vaccination. Therefore, we con-
ducted a survey in Shanghai, China, to assess adult partici-
pants’ willingness to accept influenza vaccines for themselves,
as well as children or older individuals living with them, in the
post-COVID-19 era.

Methods

From 1 July to 20 August 2020, adults (aged 19-59 years) who
visited community health centers in Xuhui District, Shanghai
to obtain vaccination services for themselves or for their chil-
dren or older individuals in their households were asked to
complete self-administered questionnaires by scanning quick
response (QR) codes with their phones. As children and older
individuals are at high risk for influenza,* participants
responded for themselves and on behalf of any children (aged
0-18 years) or older individuals (aged >60 years) living with
them. Participants with multiple children or older individuals
living in their households responded once on behalf of all
children and once on behalf of all older individuals. The survey
included questions on influenza vaccination status during the
3 years prior to the COVID-19 epidemic and willingness to
receive influenza vaccines during the influenza season follow-
ing outbreak of the COVID-19 epidemic. When participants
indicated their willingness to receive the influenza vaccine,
they were informed that there was a fee for the vaccine. We
also listed the prices of licensed trivalent and quadrivalent
inactivated influenza vaccines in China (about 5.2 USD-10.1
USD and 18.6 USD-19.1 USD, respectively). We also
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investigated willingness to receive influenza vaccines if the
vaccines were covered by the national immunization program
(free of charge). Influenza vaccination coverage among
Shanghai residents from 2015 to 2019 was estimated based
on vaccination records in the Shanghai Immunization
Information System. Differences among groups were com-
pared using the chi-square test. Values of p < .05 were con-
sidered statistically significant. All statistical analyses were
carried out using SPSS 18.0 (SPSS Inc., Chicago, IL, USA)
and GraphPad Prism 8 (GraphPad Inc., San Diego, CA, USA)
was used to prepare histograms.

Results

A total of 1,456 individuals accessed the questionnaire by
scanning the QR code during the study period. Only 794
valid questionnaires were obtained, yielding an overall
response rate of 54.5%. Two participants who had no knowl-
edge of COVID-19 were excluded from the analysis. Of the
remaining 792 participants, the average (+ standard deviation)
age was 33.3 + 7.1 years and the majority were female (77.5%).
In addition, 821 children and 445 older individuals living with
the 792 participants were included in analyses of willingness to
be vaccinated against influenza.

Sixty-three participants (8.0%) reported that they had been
vaccinated at least once against seasonal influenza during the
3 years prior to the COVID-19 epidemic. Participants also
reported that 64.8% of children and 31.2% of older individuals
had received influenza vaccines in the last 3 years (Figure 1).
The estimated 5-year average influenza vaccination coverage
among Shanghai residents from 2015 to 2019 was 1.4% (range:
1.0-2.4%). Coverage among children, older individuals, and
adults was 5.5% (37,153/677,158), 1.3% (20,554/1,504,081), and
0.3% (6,684/2,424,458), respectively.

Following the COVID-19 epidemic, the willingness of partici-
pants to receive influenza vaccines during the coming influenza
season reached 68.4%, higher than self-reported coverage before
the COVID-19 epidemic (68.4% vs. 35.2%, chi-square = 467.9,
p <.001). Compared with the pre-epidemic period, willingness to
receive influenza vaccines increased significantly following the
COVID-19 epidemic among participants (57.8% vs. 8.0%, chi-
square = 446.3, p < .001), their children (78.4% vs. 64.8%, chi-
square = 37.6, p < .001), and older individuals in their households
(73.0% vs. 31.2%, chi-square = 155.8, p < .001) (Figure 1).
Furthermore, if influenza vaccines were made available at no
cost, the willingness of participants, their children and older adults
living with them, to become vaccinated further increased to
85.9%. This represented a significant increase compared with
vaccination in the absence of such a strategy (85.9% vs. 68.4%, chi-
square = 187.5, p < .001).

Discussion

COVID-19 is still a global pandemic, but the local epidemic in
Shanghai has been brought under control by strong preventive
and control measures in China.'> Perhaps because no
COVID-19 vaccine is yet available, 68.4% of participants were
willing to receive an influenza vaccine in the season following
the COVID-19 epidemic in Shanghai, China. Willingness to
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Figure 1. Comparison between self-reported influenza vaccination status before
the coronavirus disease 2019 (COVID-19) epidemic and willingness to receive
influenza vaccines after the COVID-19 epidemic or under a hypothetical free
vaccine strategy among four groups of residents in Shanghai, China. Three
asterisks (***) indicates a statistically significant difference between two groups
(p < .001). T Influenza vaccination status before the COVID-19 epidemic and
willingness to receive influenza vaccines were reported on the behalf of these
groups by study participants.



receive influenza vaccination increased further to 85.9% if the
vaccine was included in the national immunization program.

It should be noted that although 35.2% of participants self-
reported having received at least one dose of influenza vaccina-
tion within the last 3 years, the estimated 5-year average cover-
age of influenza vaccination among Shanghai residents was
only 1.4%. This discrepancy may have at least three explana-
tions. First, because influenza vaccines need to be formulated
annually, self-reported coverage included any individual who
received even one dose during the 3-year period. Second, recall
bias may act to inflate vaccine coverage. Third, the high influ-
enza vaccination coverage self-reported among participants
may have reflected a biased sample; our study was not popula-
tion-based, and only included individuals who visited commu-
nity health centers as well as children and older adults living
with them. Influenza vaccination coverage among Shanghai
residents was similar to the national level,” but significantly
lower than coverage in Beijing (20.6%) where influenza vac-
cines are included in local immunization procedures."
Influenza vaccine coverage in our study was lower than that
in countries of two WHO regions (EURO and AMRO:
112-271 doses distributed per 1000 population in 2015)."> It
was reported that only 5% of influenza vaccine doses were
distributed to 50% of the world’s population, including
China."® However, following the COVID-19 epidemic, will-
ingness to receive influenza vaccines among participants in
our study was only slightly lower than in Australia (68.4% vs.
76.5%), where the influenza vaccine is included in the national
immunization program.'* Therefore, rapidly increasing will-
ingness to receive influenza vaccines may pose challenges for
influenza vaccine manufacturers, vaccine cold-chain transpor-
tation, and vaccinators. Fortunately, China has experience of
working to vaccinate large numbers of people in a short period.
Examples include the HIN1 vaccination campaign in 2009"
and the measles vaccination campaign in 2010."

In China, the effectiveness of inactivated influenza vaccines
against influenza-like illness was about 42-47%.* Therefore,
the benefit of influenza vaccination during the COVID-19
epidemic is to enable a proportion of individuals to avoid
influenza infection, thereby reducing risk of contracting
COVID-19 in hospitals by decreasing the number of medical
visits. In addition, vaccination may reduce the psychological
burden associated with development of nonspecific febrile
symptoms during the COVID-19 epidemic. With increased
vaccine coverage, hospitals could also significantly reduce the
numbers of patients with influenza-like illnesses that need to be
screened for COVID-19, improving the specificity of
COVID-19 surveillance. Therefore, it is recommended that
the influenza vaccine be made available to residents free of
charge to increase coverage, especially among older individuals
who are at high risk for both influenza and COVID-19.>*
Fortunately, our study found that although older people were
slightly less likely to be vaccinated against influenza following
the COVID-19 epidemic than children (73.0% vs. 78.4%), they
were significantly more likely to be vaccinated than adults
(73.0% vs. 57.8%). This finding is in line with trends in influ-
enza vaccine coverage among children, older individuals and
adults in Shanghai: children have the highest coverage (5.5%),
followed by the elderly (1.3%) and then by adults (0.3%). The
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results of our study will help guide government departments in
making influenza vaccination decisions, especially in three
WHO regions (EMRO, AFRO and SEARO) where the supply
of influenza vaccines only accounted for about 5% of global
distribution."

Our study had several limitations. First, the participants
sampled here may have represented a biased subset of
Shanghai residents. Analysis of vaccination coverage and vac-
cination strategy suggested that our observations might be
difficult to generalize to other countries or regions, especially
WHO regions with much higher vaccine distribution and
uptake (AMRO, EURO and WPRO)."? Second, participants
responded on their willingness to receive influenza vaccines
for their children or older individuals living in their house-
holds, which may not provide a true reflection of the will-
ingness of children and older adults to be vaccinated. Third,
participants’ self-reported coverage was significantly higher
than the estimated 5-year average coverage among Shanghai
residents in this study, and thus our results may have over-
estimated willingness to be vaccinated. Fourth, our study only
evaluated the impact of the COVID-19 epidemic and vaccine
costs on willingness to receive influenza vaccines and did not
consider other factors. However, our data contribute novel and
timely evidence of the need for influenza vaccination following
the COVID-19 epidemic. There are very limited data on this
topic.

In conclusion, nearly two-thirds of participants in our study
were willing to receive influenza vaccines following the
COVID-19 epidemic. If this finding is representative of
Shanghai as a whole, demand for influenza vaccines will pose
a significant challenge for manufacturers, vaccine cold-chain
transportation, and vaccinators owing to the currently low
coverage of influenza vaccination among Shanghai residents.
It is recommended that a free vaccination strategy should be
implemented among residents, especially older individuals and
children, which would also significantly increase influenza
vaccine coverage.
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