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Abstract

Background: Data are limited on the economic burden of seasonal influenza in China. We
estimated the cost due to influenza illness among children < 5-year-old in Suzhou, China.

Methods: This study adopted a societal perspective to estimate direct medical cost, direct
non-medical cost, and indirect cost related to lost productivity. Data to calculate costs and

rates of three influenza illness outcomes (non-medically attended, outpatient and hospitalization)
were collected from prospective community-based cohort studies and hospital-based enhanced
laboratory-confirmed influenza surveillance in Suzhou during the 2011/12 to 2016/17 influenza
seasons. We used mean cost-per-episode, annual incidence rates of episodes of each outcome, and
annual population size to estimate the total annual economic burden of influenza ilinesses among
children < 5-year-old for Suzhou. All costs were reported in 2017 U.S. dollars.

Results: The mean cost-per-episode (standard deviation) was $9.92 (13.26) for non-medically
attended influenza, $161.05 (176.98) for influenza outpatient illnesses, and $1425.95 (603.59)
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for influenza hospitalizations. By applying the annual incidence rates to the population size,

we estimated an annual total of 4,919 episodes of non-medically attended influenza, 21,994
influenza outpatient, and 2,633 influenza hospitalization. Total annual economic burden of
influenza to society among children < 5-year-old in Suzhou was $7.37 (95% confidence interval,
6.9-7.8) million, with estimated costs for non-medically attended influenza of $49,000 (46,000-
52,000), influenza outpatients $3.5 (3.3-3.8) million, and influenza hospitalizations $3.8 (3.6-3.9)
million. Among outpatients, the indirect cost was 36.3% ($1.3 million) of total economic burden,
accounting for 21,994 days of lost productivity annually. Among inpatients, the indirect cost was
22.1% ($829,000), accounting for 18,431 days of lost productivity annually.

Conclusions: Our findings show that influenza in children < 5-year-oldcauses substantial
societal economic burden in Suzhou, China. Assessing the potential economic benefit of
increasing influenza vaccination coverage in this population is warranted.
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1. Introduction

Annual influenza epidemics result in 3-22 million cases of severe illness worldwide [1].
During seasonal influenza epidemics, excess pneumonia and influenza hospitalizations of
3-4 per 1,000 children in the United States of America (U.S.) and excess cardiopulmonary
outpatient visits of 6-15 per 100 children in children < 5-years-old in China have been
observed annually [2-4]. Laboratory-confirmed influenza surveillance in the U.S. and China
suggests hospitalization rates in children < 5-year-old ranged from 3 to 23 per 1,000 children
annually, which is comparable to that in elderly populations [5,6].

Studies have shown that influenza infection in children carries significant direct medical
costs but also results in significant indirect economic costs due to loss of productivity among
caregivers [7-10]. However, data on the economic burden of influenza among children
<5-year-old in China are limited. Previous studies which focused on outpatient and/or
hospitalization did not include non-medically attended influenza [11] nor did they report
indirect cost outcomes [12-15]. Understanding economic burden of influenza is important
for understanding the cost effectiveness and economic benefit of influenza vaccination
programs. In part, the lack of these data in China limits the expansion of influenza
vaccination programs in children < 5 years such that influenza vaccination coverage in

this population was estimated at < 30% from 2009 to 2016 [16,17]. We estimated the
economic burden of seasonal influenza among children < 5-years during the 2011/12 to
2016/17 influenza seasons in Suzhou, China—a city of approximately 10 million population
in eastern China.

2. Methods

2.1. Influenza surveillance

Laboratory-confirmed influenza surveillance was conducted at Suzhou University Affiliated
Children’s Hospital (SCH), the only tertiary hospital for children in Suzhou. SCH is a
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1400-bed hospital that has estimated 1.5 million outpatient and 42,000 inpatient visits
annually [18]. The hospital is accessible to all children regardless of Suzhou residency
status, and based on previous studies, the catchment area for SCH has been defined as the
five municipal districts in Suzhou [19].

From 1 October 2011-30 September 2017, we conducted year-round influenza-like
illness(IL1) and severe acute respiratory illness (SARI) surveillance among children in the
outpatient clinics and inpatient wards at SCH. Methods for surveillance at SCH have been
previously described [19,20]. In brief, all children < 5-year-old who resided in the catchment
area for longer than 6 months who presented to SCH within 7 days of symptom onset

were eligible for enrollment. Respiratory specimens were collected from all eligible children
who presented to the designated physicians within 3 days of symptom onset. Viral RNA
was extracted using high pure viral RNA kits (Roche, Shanghai, China). Real-time reverse
transcription polymerase chain reaction (rtRT-PCR) was employed to test for influenza
using influenza virus dual fluorescent quantitative RT-PCR kits (Bio Perfectus Technology
Co., Jiangsu, China) as described previously [19,20]. We defined an influenza season as 1
October in one year to 30 September in the following year [21].

2.2. Study perspective

This study adopted a societal perspective, including direct medical and non-medical costs
and indirect costs, and we considered cost burden associated with three influenza illness
outcomes: non-medically attended illness, outpatient illness, and hospitalization.

2.3. Cost calculation

Direct medical costs included any applicable items for each illness outcome from cost
categories of over the counter (OTC) medications and for outpatient illnesses and
hospitalizations, charged costs of diagnostic, therapeutic, supplies/room and physician
services incurred during a visit to clinic or hospital.

Direct non-medical costs included any applicable items for each illness outcome from

cost categories of food, transportation, caregiver’s lodging and nutrition supplementation
incurred as a result of the influenza illness. The cost of food, lodging and nutrition
supplementation were provided directly by caregiver interviews. For transportation, if the
respondents could not recall the exact costs, we used the drive distance in kilometers from
home to hospital obtained from Baidu Map and applied an estimated unit cost of 9.02 USD
per 100 km, assuming fuel consumption of 7.5L/100 km and fuel price at 1.2 USD/L.

Indirect costs were associated with lost productivity of family members to care for the

sick child. We used the human capital method to estimate the cost of lost productivity. If
caregivers were members of the labor force, lost wages were calculated by the number of
days absent from work multiplied by the average daily wage in Suzhou (Supplemental Table
1) [23]. If caregivers were not members of the labor force (retired or unemployed), lost
wages were calculated by the number of days caring sick child multiplied by the average
daily wages of nanny labor in Suzhou (Supplemental Table 1) [23].
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All costs were reported in 2017 U.S. dollars (1 USD = 6.65 RMB), adjusted for inflation
using the price index of medical service [24].

2.4. Estimation of cost-per- episode of non-medically attended influenza

2.5.

For non-medically attended influenza, only direct costs from the purchase of over the
counter (OTC) medications were considered. Data on OTC drug cost were collected

from prospective cohort studies of children 6-59 months enrolled in public and private
nursery schools from different locations throughout Suzhou during the 2014/15 and 2016/17
influenza seasons [22,25]. The school teachers screened all students each school day for ILI
symptoms (measured axillary temperature = 38°C and cough or sore throat/inflamed or red
pharynx in the preceding 7 days). For all ILI cases, parents were contacted by telephone
related to health-seeking behaviors. For non-medically attended ILI cases, the cost of OTC
medications was collected. For this analysis, we assumed no difference in costs between
influenza- and non-influenza associated IL1 and that the OTC drug cost for children < 6
months was equivalent to the OTC drug cost for children 6-59 months.

Estimation of cost-per-episode of outpatient influenza

The direct medical costs were obtained from the hospital information system (HIS) from
laboratory-confirmed influenza outpatients. The direct non-medical costs and the number
of days lost due to childcare and employment status of caregivers (indirect costs) were
collected through caregiver telephone interviews within one week of clinic visit.

2.6. Estimation of cost-per-episode of hospitalization

2.7.

We used the same methods to collect direct medical, direct non-medical, and indirect
costs for laboratory-confirmed influenza hospitalizations as we did for collecting influenza
outpatient cost data.

Estimation of number of influenza illness outcomes

We estimated the average annual rate of influenza outpatient and influenza hospitalization
based on the observed number of laboratory-confirmed influenza ILI and influenza SARI
and the healthcare seeking behavior of ILI case in SCH catchment area as described
previously [19,20]. The total numbers of influenza outpatient and influenza hospitalization
events in Suzhou were calculated through multiplying rates of influenza outpatient and
influenza hospitalization by the size of population of children < 5-year-old in the expanded
immunization program database which includes all children living in Suzhou (Supplemental
Table 1).

To estimate the number of non-medically attended influenza illnesses, we multiplied the
number of outpatient influenza illnesses by the ratio of non-medically attended influenza
to outpatient ILI. The ratio used was derived from previously published health utilization
surveys conducted in 2012/13 to 2013/14 influenza seasons among community-dwelling
children <5-year-old in Suzhou [19]. We assumed that influenza-associated ILI and non-
influenza-associated ILI would result in similar health utilization behaviors.
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2.8. Estimation of total economic burden in Suzhou

Total influenza-associated direct costs in Suzhou were calculated from the estimated annual
number of outcomes (e.g. annual number of influenza outpatient) multiplied by the cost-
perepisode (e.g. cost-per-influenza outpatient). Total influenza associated indirect costs in
Suzhou were calculated by the estimated total days of lost work for care of a sick child
multiplied by the value of lost time based on the human capital approach [24].

2.9. Statistical analysis

We estimated the mean cost-per-episode [26] using simulation mean of bootstrap samples
with 10,000 replications and calculated the standard deviation (SD) of the bootstrap samples.
All cost estimations were divided into four age groups: 0-5 months, 6-23 months, 24-35
months and 36-59 months. We compared the cost of each outcome by age group, Suzhou
Hukou (a household registration record, which identifies a person as a permanent resident
and establishes eligibility for social programs including local government insurance),
comorbidity (including congenital heart disease, asthma and other chronic lung disease,
neuromuscular disease, kidney disease, blood dyspraxia and HIV) and influenza season
using the Kruskall-Wallis Test. The 95% confidence interval (Cl) of the estimated number of
outcomes and the total cost was estimated by bootstrapping with 10,000 replications. 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 was reviewed by the U.S. Centers for Disease Control and
Prevention (CDC).

3. Results

3.1. Characteristics of participants of cost surveys

We included 2,171 children aged 6-59 months who had non-medically attended influenza
(Supplemental Figure). Of those, 52.3% were male, 72.0% were aged 36-59 months, 44.1%
had a Suzhou Hukou, and 1.4% had comorbidity (Table 1).

We identified a total of 836 children < 5-year-old with laboratory-confirmed influenza at
outpatient clinics and 799 contributed data to estimate the cost-per-influenza outpatient
(Supplemental Figure). Of the 799, 58.3% were male, 39.2% were aged 6-23 months,
63.7% had Suzhou Hukou, and 4.0% had comorbidity. The median number of lost
productivity days of the caregiver was 0 day (IQR 0-2) (Table 1).

We identified a total of 440 children < 5-year-old hospitalized with laboratory-confirmed
influenza and 436 contributed data to estimate the cost-per-influenza hospitalization
(Supplemental Figure). Of the 436, 62.4% were male, 43.8% were aged 6—23 months,
72.0% had Suzhou Hukou, and 8.7% had comorbidity. The median length of hospitalization
was 7 days (IQR 6-8), and the median number of lost productivity days of the caregivers
was 7 days (IQR 6-9) (Table 1).
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3.2. Cost-per-episode by influenza illness outcomes

The mean direct cost (OTC) was $9.92 (SD 13.26). No differences in cost-per-non-medically
attended influenza were found based on age group or Hukou status. Children with
comorbidities had higher cost-per-episode than those without ($13.95 vs. $9.74, p = 0.009)
(Table 2).

The cost-per-influenza outpatient was $161.05 (176.98). The most expensive cost category
was indirect medical cost at $58.49 (62.38), following by direct medical cost at $47.90
(54.81). There were statistically significant differences among different age groups in
direct cost. Direct costs were higher in children with Suzhou Hukou compared to those
without Suzhou Hukou and were higher in children with comorbidities compared to those
with comorbidities. All cost categories of influenza outpatient varied by influenza seasons
significantly (Table 2).

The cost-per-influenza hospitalization was $1425.95 (603.59). The direct medical cost

was the largest category at $1000.89 (419.20), followed by indirect cost at $314.99
(272.31). Direct costs were higher in children with comorbidities compared to those
without comorbidities. Children without Suzhou Hukou had a higher direct cost for
influenza hospitalization than children with Suzhou Hukou. All cost categories of influenza
hospitalization varied significantly by influenza seasons (Table 2).

Additional detail on the categories of the costs were shown in the Supplemental Table 3.

3.3. Number of influenza illness outcomes

The average incidence rate per 100 person-years (95% CI) was 1.67 (1.66-1.69) for non-
medically attended influenza, 7.49 (7.45-7.53) for influenza outpatient, and 0.90 (0.88—
0.91) for influenza hospitalization. Applying the rates to the population, we estimated that,
among children < 5-year-old in Suzhou, there were 4,919 (4,864-4,975) non-medically
attended influenza, 21,994 (21,880-22,108) influenza outpatient and 2,633 (2,592-2,674)
influenza hospitalization outcomes annually (Table 3).

3.4. Total economic burden in Suzhou

The total annual economic burden of influenza in Suzhou was $7.3 (95% CI: 6.9-7.8)
million including $49,000 (46,000-52,000) for non-medically attended influenza, $3.5 (3.3
3.8) million for influenza outpatient, and $3.8 (3.6—-3.9) million for influenza hospitalization
outcomes. Among outpatients, the indirect cost accounted for 36.3% ($1.3 million) of the
total economic burden, as a result of 21,994 days of lost caregiver productivity annually,
followed by the direct medical cost (29.8%, $1.1 million). Among inpatients, direct medical
costs accounted for 70.2% ($2.6 million) of total economic burden, followed by the indirect
cost (22.1%, $0.8 million), as a result of 18,431 days of lost caregiver productivity annually.
The indirect cost share was highest among children aged 0-5 months, with 43.3% ($0.06
million) in outpatient and 24.1% ($0.15 million) in inpatient outcomes (Table 4).
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4. Discussion

Our study provides a comprehensive estimate of the economic impact of medically and non-
medially attended influenza among children < 5-year-old 5 in Suzhou China. We estimated
that the mean cost-per-episode was $9.92 for non-medically attended influenza, $161.05 for
outpatient visits, and $1425.95 for hospitalizations. Total annual economic burden among
children < 5-year-old in Suzhou associated with influenza was $7.3 million, of which $3.5
million was for outpatient visits and $3.8 million was for influenza hospitalizations. The
indirect cost share accounted for ~ 22—-36% of the total annual economic burden for inpatient
and outpatient visits.

The mean cost-per-episode for influenza hospitalization was eight times as high as for an
outpatient visit. Similar observations of inpatient and outpatient costs have been reported
among children in other countries, such as Kenya (US$114 vs. US$21) [27], Thailand
(US$232-318 vs. US$22-25) [28], and the U.S. (US$6,415 vs. US$128) [29]. As expected,
the high frequency of outpatient visits increased the overall share of those events to the
annual economic burden relative to the less frequent hospitalization episodes. Overall, the
mean cost-per-episode in Suzhou was higher compared to that in other low and middle
income countries such as Kenya and Thailand, but lower than developed countries like U.S.
and Italy, which is likely attributable to differentials in healthcare pricing in those settings
[27-30].

The indirect cost related to lost productivity days for caregivers account for ~ 22% total
inpatient costs and ~ 36% total outpatient costs annually, and this indirect cost was as high
as ~ 24% and ~ 43% of the total cost in the children aged 0-5 months. The indirect cost
fraction in our study population was lower than another report from Kenya which reported
indirect costs fractions of 65% in outpatients and 34% in inpatients [27]. One possibility
for this difference is that in China, children are often cared for by retired grandparents, thus
reducing the need for working parents to provide care during their children’s illness.

Overall, a single episode of hospitalization represents 200% and outpatient represents 27%
of per-capita disposable monthly income in Suzhou (US$600). Per local insurance policies
for covered services, up to 25% hospitalization costs and 40% of outpatient costs would

be borne by the household and the remainder by the government [31]. However, eligibility
for local insurance is related to having a Suzhou Hukou. This system may create added
burdens for families of children without a Suzhou Hukou especially for expensive inpatient
encounters since these healthcare costs would have to be paid out of pocket thus raising the
family costs for influenza illness in a system stratified by residency status. Additionally, our
estimates demonstrate that influenza in children <5-year-old in Suzhou has a large economic
burden for society. Indeed, we found that the direct medical costs (1.1 million for outpatients
and 2.6 million for inpatients) in children < 5-year-oldmay account for ~ 10% of Suzhou’s
$35.5 million healthcare expenditures for that population in 2017 [31]. Given the differences
in insurance coverage by Hukou status, the negative economic effects of a child infected
with influenza could be particularly grim for a socioeconomically disadvantaged family.
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Our cost-per-episode of influenza among children < 5-year-old differs from those found in
other studies in China. Using a telephone survey of 266 pediatric influenza patients, Yang et
al found a cost per episode of influenza of $214 for outpatient visits and $1644 for influenza
hospitalizations in 2017 dollars, which was higher than our estimates [11]. Unlike in Yang
et al which relied on data from a single influenza season and asked participants to recall
medical costs from the previous 12 months [11], our results are strengthened because they
represent data collected prospectively across multiple influenza seasons and avoided recall
bias by collecting medical cost information from HIS records and other cost information
within one week of the patient encounter. Zhou et al estimated that the cost-per-influenza
outpatient visit was $11.28 and inpatient visit was $284.44 in children aged 6 months to

14 years [14,15]. While these costs were lower than the ones we described, Zhou et al’s
analysis did not account for patient co-payments, direct non-medical costs, and indirect
costs due to lost productivity. As was shown in our study, the indirect cost due to lost
caregiver productivity was high when accounting for annual economic burden of influenza
in children < 5-year-old. Data on the economic burden of infectious diseases in China are
limited; however, the cost-per-influenza hospitalization was higher than the cost-per-measles
hospitalization of $450 when adjusted to 2017 USD [32]. Understanding these estimates is
critical and the full spectrum of economic burden is essential for developing an economic
justification for an influenza vaccination program.

Similar to other areas in China, the vaccination coverage in Suzhou among children aged
6-59 months was low [17,33]. In fact, in Suzhou, during our study period vaccination
coverage decreased from 20% in 2011/12 to 6% in 2015/16 in children 6-59 months [33],
which was likely related to a policy change that disallowed points of vaccination from
setting prices for non-immunization program vaccination services thus reducing the amount
of service fees collected from providing those types of vaccination including influenza
vaccination [34]. A study in Suzhou among children 6-59 months by Zhang et al found that
even with an average influenza vaccination coverage of 9%, approximately 7% of expected
influenza illnesses and 6% of expected influenza hospitalizations would have been prevented
[33]. In sensitivity analysis, if vaccination coverage increased to 50%, approximately 29%
of influenza illnesses and 27% of influenza hospitalizations would have been prevented
[33]. Based on these findings of averted illnesses due to influenza vaccination, increasing
influenza vaccination coverage in children 6-59 months would be expected to reduce the
total cost burden attributable to influenza in this population in Suzhou.

Our study has several limitations. First, the disease and economic burden may be
underestimated, as the secondary infections caused by influenza virus were not captured
by disease burden surveillance. Additionally, our estimations of the economic burden of
non-medically attended illnesses may have been affected because our use of ILI may not
have included the full spectrum of respiratory and non-respiratory influenza illnesses [36].
Second, our results are from Suzhou only. The economic burden in other areas of China may
differ depending upon the patient’s health-seeking and health provider’s behavior. Third,
our data on direct medical charges reflects hospital charges, and our data did not allow

us to differentiate costs paid by health insurance versus by the patient. Fourth, the study
was not designed to explain what drove the differences in unit cost by age, comorbidity

or season. Fifth, we used the human capital approach to estimate the cost of productivity
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which may overestimate the indirect cost compared to other methods. Finally, we did not
have data on the costs of non-medically attended illness in children 0-5 months and made
our calculations by assuming that their OTC medication costs would be equivalent to that of
non-medically attended influenza in children 6-59 months.

In conclusion, our findings show that influenza in children < 5-year-old causes substantial
societal economic burden in Suzhou, China. Assessing the potential economic benefit of
influenza vaccination program in this population is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 3
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Influenza ilness incidence rates and number of outcomes among children < 5-year-old in Suzhou, China,
2011/12 to 2016/17 influenza seasons.

Incidence rate, per 100 person-years (95% CI)

Number of outcomes per year (95% CI)

Non-medically attended
0-5m

6-23 m
24-35m
36-59 m
Outpatient
0-5m
6-23m
24-35 m
36-59 m
Hospitalization
0-5m

6-23 m
24-35m
36-59 m

1.67 (1.66,1.69)
2.10 (2.03,2.17)
1.56 (1.53,1.60)
2.04(2.00,2.09)
1.45 (1.42,1.48)
7.49 (7.45,7.53)
3.98 (3.89,4.08)
9.61 (9.53,9.68)
7.93 (7.84,8.02)
6.44 (6.38,6.50)
0.90 (0.88,0.91)
1.76 (1.70,1.83)
1.12 (1.09,1.15)
0.65 (0.62,0.67)
0.65 (0.63,0.67)

4919 (4864,4975)
580 (561,599)
1412 (1382,1442)
1255 (1227,1283)
1661 (1628,1693)
21994 (21880,22108)
1101 (1075,1127)
8673 (8602,8744)
4867 (4813,4920)
7365 (7298,7431)
2633 (2592,2674)
487 (469,504)
1011 (986,1036)
398 (382,414)
742 (720,764)

Cl: Confidence interval.
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