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Abstract

Background: There are few estimates of vaccination-averted influenza-associated illnesses in
China.

Methods: We used a mathematical model and Monte Carlo algorithm to estimate numbers and
95% confidence intervals (Cl) of influenza-associated outcomes (hospitalization, illness, and
medically-attended (MA) illness) averted by vaccination among children aged 6-59 months in
Suzhou from October 2011-September 2016. Influenza illnesses included non-hospitalized MA
influenza illnesses and non-MA influenza illnesses. The numbers of influenza-associated
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outcomes averted by vaccination were the difference between the expected burden if there were no
vaccination given and the observed burden with vaccination. The model incorporated the disease
burden estimated based on surveillance data from Suzhou University Affiliated Children’s
Hospital (SCH) and data from health utilization surveys conducted in the catchment area of SCH,
age-specific estimates of influenza vaccination coverage in Suzhou from the Expanded Program
on Immunization database, and influenza vaccine effectiveness estimates from previous
publications. Averted influenza estimations were presented as absolute numbers and in terms of
the prevented fraction (PF). A hypothetical scenario with 50% coverage (but identical vaccine
effectiveness) over the study period was also modeled.

Results: In ~250,000 children, influenza vaccination prevented an estimated 731 (Cl: 549-960)
influenza hospitalizations (PF: 6.2% of expected, Cl: 5.8-6.6%) and 10,024 (7593-12,937)
influenza illnesses (PF:6.5%, 6.4-6.7%), of which 8342 (6338-10,768) were MA (PF: 6.6%, 6.4—
6.7%) from 2011 to 2016. The PFs declined each year along with decreasing influenza vaccination
coverage. If 50% of the study population had been vaccinated over time, the estimated numbers of
averted cases during the study period would have been 4059 (3120-5762) influenza
hospitalizations (PF: 27.2%, 26.4-27.9%) and 56,215 (42,925-78,849) influenza illnesses (PF:
28.5%, 28.3-28.7%), of which 46,596 (35,662-65,234) would be MA (PF: 28.5%, 28.3-28.7%).

Conclusion: Influenza vaccination is estimated to have averted influenza-associated illness
outcomes even with low coverage in children aged 6-59 months in Suzhou. Increasing influenza
vaccination coverage in this population could further reduce illnesses and hospitalizations.

Keywords

1.

Influenza vaccination; Children; Averted outcomes; Hospitalization; Influenza illness; Medically
attended

Introduction

Seasonal influenza causes an estimated 3-5 million severe illnesses and 290,000-650,000
deaths annually worldwide [1,2]. Young children, especially those <2 years, are at an
increased risk of requiring outpatient and inpatient medical care due to influenza virus
infection [3]. Studies conducted in Suzhou found that among children <5 years, influenza
virus was detected in 17% of influenza-like illness (ILI) in 2011-2014 [4] and 16-19% of
severe acute respiratory infections (SARI) in 2011-2016 [5]. Other studies from China have

found annual influenza outpatient visit rates ranging from 15 to 21 per 100 children <5 years

during 2011-2014 [6] and influenza hospitalization rates ranging from 20 to 23 per 1000
children <5 years during 2010-2012 [7]. Children infected with influenza can also spread
the virus to their household contacts and peers in schools and daycare centers [8].

Annual influenza vaccination is the most effective way to prevent influenza [9]. Although
the World Health Organization (WHO) and Chinese Center for Disease Control and
Prevention (China CDC) recommend that children aged 6-59 months receive an annual
seasonal influenza vaccination [9,10], vaccination coverage among children in China is sub-
optimal. Studies evaluating influenza vaccination in children aged 6 months—7 years in
China have found coverage estimates ranging from 12 to 32% during 2009-2016 [11,12].
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Currently, seasonal influenza vaccine is a non-immunization program vaccine in China,
which means it is not covered by the National Immunization Program and cost of
vaccination is paid out-of-pocket [13].

Modeling has been used to evaluate the impact of influenza vaccination on averted
influenza-associated illnesses. For example, one study showed that influenza vaccination
was estimated to prevent an approximate annual average 7700-100,000 influenza
hospitalizations, and 1.1-7.5 million influenza illnesses from 2005/06—-2018/19 influenza
seasons in the United States (U.S.) [14,15]. However, there are limited data to quantify the
number of influenza-associated illnesses averted as a result of vaccination in China [16].
Addressing this knowledge gap could be beneficial for developing evidence to inform
influenza vaccination policy in China. The objective of this study was to estimate the effect
of influenza vaccination in averting influenza-associated hospitalizations, illnesses, and
medically-attended (MA) illnesses from October 2011-September 2016 in children aged 6—
59 months in Suzhou.

2. Methods

2.1. Study site and population

Suzhou is a major city located in eastern China with a population of approximately 10.7
million residents, of whom about 65% are registered residents, and a Gross Domestic
Product (GDP) per capita up to 24,000 U.S. dollars in 2017 [17].

Suzhou University Affiliated Children’s Hospital (SCH) is a 1400-bed hospital that has an
estimated 1.5 million outpatient and 42,000 inpatient visits annually [18]. SCH is the only
tertiary hospital for children in Suzhou. We defined five municipal districts (Gusu,
Wuzhong, Hugiu, Xiangcheng, Gongyeyuan) of Suzhou as SCH’s catchment area. From 1
October 2011-30 September 2016, we conducted year-round ILI and SARI surveillance
among children in the outpatient clinics and the respiratory inpatient wards. We defined an
influenza season as 1 October in one year to 30 September in the following year.

2.2. Outcome definitions

Three influenza-associated outcomes were included to estimate the impact of influenza
vaccination in this study: hospitalization, illness, and MA illness. Influenza hospitalizations
were defined as laboratory-confirmed influenza cases identified through SARI (hospitalized
individual with ILI symptoms) surveillance. Influenza illnesses were defined as laboratory-
confirmed influenza cases in any non-hospitalized individual with ILI symptoms (axillary
temperature =38°C with fever and cough or sore throat/inflamed or red pharynx in the
preceding 7 days), including MA influenza illnesses and individuals who did not seek
medical care. MA influenza illnesses, a subset of all influenza illnesses, were defined as
cases with laboratory-confirmed influenza cases with ILI who sought medical care in the
outpatient department or emergency room.
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2.3. Data sources

2.3.1. Rates of influenza hospitalizations, influenza ilinesses, and MA
influenza illnesses—Methods for estimating influenza burden among children <5 years
in Suzhou using enhanced SARI and ILI surveillance at SCH and health utilization surveys
(HUS) in SCH’s catchment area have been previously described [5,6]. In brief, we reviewed
the residence records for enrolled SCH patients. For hospitalizations, this included records
from 2011 to 2013, and for outpatient visits, this included records from 2011 to 2014. We
found 67% of SARI cases and 85% of ILI cases who sought care at SCH resided in five
municipal districts, which we defined as SCH’s catchment area. We then conducted HUS
within this catchment area. In brief, we conducted 7 random telephone survey among
community children <5 years within the catchment area from 2011 to 2014 [19] to
understand whether and where they seek care after getting influenza-like illness. We further
identified the proportion of SARI and ILI patients who sought care at SCH.

We extrapolated the total number of influenza hospitalizations and MA influenza illnesses in
the catchment area based on the number of cases we observed in SCH and then calculated
the population incidence of influenza hospitalization and MA influenza illness using the
proportion of care seeking at SCH (67.7% of SARI cases and 43.6% of ILI) and the positive
rates of laboratory-confirmed influenza test results. Suzhou Center for Disease Control and
Prevention tested the respiratory samples from the ILI and SARI cases by using real time
reverse-transcription polymerase chain reaction (RT-PCR) for influenza virus [20,21]. We
divided the study population into three age groups: 6-23 months, 24—35 months and 36-59
months (m).

In addition, we used HUS results to determine the proportion of ILI that was medically
attended at any health facility within the catchment area (86.0%, 79.5% and 81.6% for
children aged 6-23 m, 24-35 m and 36-59 m respectively). We then calculated influenza
illnesses as the number of MA influenza illnesses divided by the proportion of those seeking
care at any health facility.

2.3.2. Influenza vaccination coverage and population size—We defined the
vaccination coverage (VVC) for influenza as the incident proportion of the starting population
vaccinated during the month. Monthly VC estimates by age group and the age specific
population size were both obtained from the Suzhou Expanded Program on Immunization
(EPI) information system. The Suzhou EPI information system has complete electronic
vaccination records for >99% of all children living in Suzhou, including non-permanent and
permanent residents.

2.3.3. Influenza vaccine effectiveness (VE)—For 2011/12 influenza season, we used
VE calculated in our previously published hospital-based test-negative case-control study
conducted in Suzhou [22]. For the 2012/13 to 2014/15 influenza seasons, we used VE data
from Guangzhou [23,24], since data from Suzhou were unavailable. For 2015/16 influenza
season, we used VE from a Suzhou community-based quasi-experimental influenza
vaccination evaluation study [25]. If age group specific VE estimates were unavailable from
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the literature, we assumed the VE estimation for that age group was equivalent to the
reported VE for an age group that was inclusive of the population (Supplemental Table 1).

2.4. Averted outcome estimation model

We used the data described above to estimate the direct effect of influenza vaccination on the
averted number of influenza-associated hospitalizations, illnesses, and MA illnesses using a
month time-scale applying the method 2 model from Tokars et al. [26]. In general, we
calculated the number of averted outcomes as the difference between the expected burden if
there were no vaccination given and the observed burden with vaccination [14].

We started the model with the total population of children aged 6-59 months of Suzhou,
who were unvaccinated and susceptible to influenza. Among the susceptible population
during each month, we estimated how many became observed cases of the target influenza-
associated hospitalizations, illnesses and MA illnesses for each age group using the
surveillance and population data described above, how many were effectively vaccinated
using vaccination coverage and effectiveness data described above, and how many remained
susceptible to infection.

Each month we estimated the rates of each outcome in each age group by dividing the
monthly number of cases in each outcome by the prior month’s susceptible population.
Using these rates among the susceptible population, we estimated the expected humber of
outcomes that would have occurred in the same population in the absence of vaccination. To
estimate the health outcomes averted by influenza vaccination, we calculated the difference
between the expected number of outcomes without vaccination and the observed number of
outcomes with vaccination.

Finally, as a hypothetical scenario to model the effect of increased vaccination coverage, we
used the methods described above to estimate the number of cases that would have been
averted with 50% coverage (but identical vaccine effectiveness) among children aged 6-59
months in Suzhou.

2.5. Estimating the prevented fraction (PF)

Although the number of averted influenza-associated hospitalizations, illnesses and MA
illnesses each season depends on that season’s vaccination coverage and vaccine
effectiveness, it is also influenced by the influenza attack rate, which means that seasons
with high attack rates will result in a higher number of averted outcomes assuming the same
vaccination coverage and effectiveness. Therefore, averted influenza estimations were
presented as absolute numbers and in terms of the PF. The prevented fraction was calculated
as the proportion of averted outcomes out of the expected outcomes in the absence of
vaccination.

We used a Monte Carlo method [27] with 5000 simulations to estimate the number of
averted outcomes and 95% confidence intervals (Cls). We assumed normal distribution for
vaccine effectiveness of each age group. VE was truncated at O if the lower limit of 95% CI
was <0. We assumed Poisson distribution for the monthly count of reported hospitalizations,
illnesses, MA illnesses for each age group. Population of children aged 6-59 m in Suzhou
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and vaccine coverage estimate considered constant. Considering that the VE in 2012/13-
2014/15 influenza seasons used in this study came from other cities in China, we also
performed a sensitivity analysis where VE was assumed to be 10% lower and 10% greater in
each season to reflect the uncertainty of the estimated numbers. Data analysis was
performed using R version 3.2.3 (R Foundation for Statistical Computing, Vienna, Austria).

This study was approved by the Institutional Review Board (IRB) of the School of Public
Health, Fudan University, and received a non-engaged determination from the U.S. Centers
for Disease Control and Prevention (CDC).

3. Results

3.1. Observed numbers of three influenza-associated outcomes

3.2.

During the study period, 11,065(ClI: 10,859-11,269) influenza hospitalizations, 143,585(Cl:
142,864-144,321) influenza illnesses, and 118,888(Cl: 118,228-119,571) MA influenza
illnesses were observed among children aged 6-59 months in Suzhou (Table 1).

Influenza vaccination coverage and effectiveness

From the 2011/12-2015/16 influenza seasons, vaccination coverage declined from a high of
20.0% to 5.7%; the average coverage was 9.3% (Fig. 1). In the earlier study seasons,
children aged 6—23 months had the highest influenza vaccination coverage, at22.8% in
2011/12, 14.9% in 2012/13 and 7.1% in 2013/14. In later years, children aged 36-59 months
had the highest influenza vaccination coverage of all the age groups, at 7.5% in the 2014/15
season and 7.3% in the 2015/16 season (Fig. 1). VE estimates used in this study varied over
the influenza seasons and differed by age group (Supplementary Table 1).

3.3. Cases averted with existing vaccination coverage

From 2011 to 2016, influenza vaccination prevented an estimated 731 (Cl: 549-960)
influenza hospitalizations (PF: 6.2% of expected, Cl: 5.8-6.6%) and 10,024 (7593-12,937)
influenza illnesses (PF: 6.5%, 6.4—6.7%), of which 8342 (6338-10,768) were MA (PF:
6.6%, 6.4—6.7%) (Table 2).

Over the period, the highest number of cases were prevented in the 2011/12 influenza season
when vaccination coverage was highest (20.0%) and VE was estimated at 71.9% for children
6-35 months and 50% for children 36-59 months. During the 2011/12 influenza season, 538
(361-763) cases of influenza hospitalizations were averted (PF: 11.5%, 10.5-12.4%) and
7931 (5560-10,824) cases of influenza illnesses were averted (PF: 11.3%,11.1-11.6%), of
which 6604 (4636-8990) were MA (PF: 11.4%,11.1-11.7%) (Table 2). The fewest cases
were prevented in the 2015/16 influenza season when vaccination coverage was lowest
(5.7%) and VE was estimated at 16% for children 6-59 months. There were 16 (0-44) cases
of influenza hospitalizations averted (PF: 0.9%, 0.5-1.4%) and 175 (1-508) cases of
influenza illnesses averted (PF: 0.9%, 0.8-1.0%), of which 145 (1-420) were MA (PF:0.9%,
0.7-1.0%).

Among three age groups, the highest PF of influenza illnesses was in children aged 6-23
months (PF: 8.2%, 7.9-8.4%), and the lowest was children aged 36-59 months (PF: 4.3%,
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4.1-4.5%). The prevented fractions of influenza hospitalization were similar for children
aged 6-23 months and children aged 24-35 months, at6.7% (6.0-7.3%) and 7.1% (6.1-
8.2%) respectively. And that children aged 36—59 months remained fewer than all other age
groups, at5.0% (4.3-5.7%) (Table 2).

3.4. Cases averted with assumed vaccination coverage 50%

If 50% of children aged 6-59 months in Suzhou had been vaccinated for each season, the
estimated numbers of averted cases during the study period would have been 4059 (3120-
5762) influenza hospitalizations (PF: 27.2% of expected, 26.4-27.9%) and 56,215 (42,925-
78,849) influenza illnesses (PF: 28.5%, 28.3—-28.7%), of which 46,596 (35,662—65,234)
would be MA (PF: 28.5%, 28.3-28.7%) (Table 3).

3.5. Sensitivity analysis

Under the current influenza vaccination program in Suzhou, when VE decreased by 10%
compared with the current VE, the PF decrease varied from 0.3-1.8% depending on the
influenza season. When VE increased by 10% compared with the current VE, the PF
increase varied from 0.4-1.8% depending on the influenza season. When the influenza
vaccination coverage was assumed to be 50% and the VE was 10% higher than the current
VE, the PF increase varied from 4.3-5.2% depending on the influenza season (Supplemental
Table 2 and Supplemental Table 3).

4. Discussion

From 2011 to 2016, influenza vaccination averted an estimated ~6% of expected
hospitalizations and ~7% of influenza illnesses in children 6-59 months in Suzhou when
influenza vaccination coverage averaged ~9%. Over the course of the study period influenza
vaccination coverage declined in this population. This led to a decline in the estimated
prevented fraction of influenza hospitalization and influenza illnesses over the study period,
from around 12% in the 2011/12 influenza season to around 1% in 2015/16.

Unlike other studies on averted outcomes in settings where influenza vaccination coverage is
higher [14,16,27-29], we describe estimates of averted outcomes in a low coverage setting.
Despite the comparatively low coverage, we demonstrated that influenza vaccination can
still be beneficial in preventing hospitalizations and influenza illnesses. Our findings from a
setting with an average vaccination coverage of ~9% underscore a meaningful population
level impact on averting influenza hospitalizations and influenza illnesses. Since our vaccine
effectiveness estimates were similar to those of other studies, the difference in observed
prevented fractions was likely associated with differences in the vaccination coverage [29].
This finding was observed in our own data when comparing the 2011/12 influenza season to
2012/13 and 2013/14 influenza seasons.

Influenza vaccination coverage in China is generally low, estimated at around 2% for the
general population [30]. The reasons for the low coverage rate are multifactorial, including
issues related to lack of confidence in the overall vaccination system and influenza
vaccination’s designation as a non-immunization program [30,31]. However, compared to
the general population, influenza vaccination coverage in younger children in China is

Vaccine. Author manuscript; available in PMC 2021 December 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zhang et al.

Page 8

higher [11,12,32]. In the 2011/12 influenza season, we found that the coverage for children
6-59 months was 20%. Despite a higher coverage in 2011/12, influenza vaccination
coverage declined every year through 2015/16 in children 6-59 months in Suzhou. Although
factors such as waning interest for influenza vaccine following the 2009 pandemic may have
contributed to reduced vaccination, this decline likely occurred because after the 2011/12
influenza season, a policy was enacted which disallowed points of vaccination from setting
prices for non-immunization program vaccination services [13]. This policy reduced the
amount of service fees collected by vaccination sites and likely disincentivized vaccination
sites from providing certain services such as influenza vaccination. Thus, influenza
vaccination coverage levels can be particularly sensitive to policies related to the
management of non-immunization program vaccinations since the government is not a
guaranteed purchaser of services for these vaccinations. Any increase of influenza
vaccination coverage in China will require an understanding of the incentives of vaccine
purchase and distribution stakeholders.

In our hypothetical scenario where 50% influenza vaccination coverage was achieved for
each year within our study period, vaccination would have averted an estimated ~27% of
expected influenza hospitalizations and ~29% of influenza illnesses compared to ~6% of
hospitalizations and ~7% of influenza illnesses. This finding is comparable to the median
prevented fraction of 31% (median vaccination coverage: 55.0%) of expected influenza
cases from 2010/11 to 2016/17 influenza seasons in the United States [26]. Thus, improving
influenza vaccination coverage in Suzhou could have substantial impact in reducing
influenza-associated morbidity in children 6-59 months each influenza season.

The methods used in this study have been used routinely in the United States to evaluate the
impact of influenza vaccination on averted outcomes [14,15,26-28,33]; however, this is the
first study to apply these methods to estimating the impact of influenza vaccination in China.
Results from this study can be particularly useful in a country such as China that is currently
developing influenza vaccination policy. Despite China CDC recommendations since 2014
for vaccinating children 6-59 months [10], we found that vaccination coverage in Suzhou
decreased continuously even after the recommendations were issued. Providing easily
interpretable evidence on the benefits of public health recommendations can be helpful for
increasing support and compliance among policy makers and the general public. Our results
demonstrate how multiple data sources can be applied to produce an easily interpretable
result using local evidence that highlight the benefits of increasing influenza vaccination
coverage to reduce influenza-associated morbidity.

Our study is subject to several limitations. First, we could not stratify VE estimates by
clinical severity (e.g., ILI, SARI) given the declining influenza vaccination coverage over
the study period. Second, although we selected Suzhou’s only tertiary care children’s
hospital as our surveillance site to estimate influenza hospitalizations and MA influenza
illnesses, there are other general hospitals in Suzhou which provide inpatient and outpatient
care to pediatric patients. We also assumed that the positive rate of influenza in persons with
influenza ILI who do not seek care was the same as that in MA influenza illnesses, which
may overestimate the number of influenza illnesses. It is possible that the health seeking
behaviors, baseline risk of influenza, vaccination coverage, and outcomes may vary among
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children seeking care at these hospitals from those at our study site and vary between
children seeking care and not seeking care, which would limit the generalizability of our
findings. Third, our Monte Carlo method did not account for uncertainty in the point
estimate of the number of cases. Fourth, we did not have VE data by month and we did not
have VE data specifically for Suzhou for all seasons. VE data from other locations in China
were applied for certain seasons. Finally, although we considered average influenza activity
level, vaccine effectiveness and vaccine coverage in the model, we have no individual level
confounding factors which might influence the averted number estimation.

5. Conclusion

Even with low and decreasing coverage, influenza vaccination is estimated to have averted
influenza-associated illness outcomes in children 6-59 months in Suzhou. Finding solutions
to increase influenza vaccination coverage in children could substantially reduce influenza-
associated illness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Influenza vaccine coverage of children aged 6-59 months in Suzhou, 2011/12-2015/16
influenza seasons (%).
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