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ABSTRACT

Objective: To evaluate the coverage and timeliness of seasonal influenza vaccine vaccination (SIV) among
children aged 6 months to 3 years from the 2010-11 through the 2014-15 seasons. Methods: Children
registered in Zhejiang Provincial Immunization Information System (ZJIIS) and needed 2 seasonal
influenza vaccine doses in a given season from 2010-11 to 2014-15 were enrolled. Socio-economic
information and SIV records of target children were extracted from ZJIIS on 1 January 2016. Any (>1 dose)
and full (2 doses) vaccination coverage by December 1 and March 31 as well as interval between 2 doses
were calculated. Trends of coverage over time and determinants on fully vaccination coverage and
interval between 2 doses were assessed. Results: Full SIV overage by Mar 31 increased from the 2010-11
to the 2014-15 seasons (2.60% vs 2.92%). Less than 1% of children received 2 doses by December 1. The
interval between 2 doses among fully vaccinated children decreased over time (2010-11: 68.32 days;
2014-15: 49.51 days; p < 0.05). Age, socio-economic development level of resident areas were inversely
associated with full vaccination coverage and resident children had a significantly higher full vaccination
coverage. Younger age, resident children, receiving vaccination from higher service frequency clinics and
clinics with morning and afternoon sessions were positive determinants of a shorter interval between
2 doses. Conclusion: Majority of children aged 6 months to 3 years remained at risk of incomplete and
delayed SIV. The importance of the 2-dose SIV recommendation needs to be emphasized and effective
interventions needs to be implemented to improve the completeness and the timeliness of SIV.
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Introduction Zhejiang is a developed province with a large population of

Influenza virus is one of the major causes of morbidity and
mortality worldwide. It is responsible for over 3 million cases
of severe illness, including almost 500000 deaths annually.'
Young children are particular vulnerable to influenza infec-
tion, resulting in severe illness, complication, and possibly
even death.” Vaccinations have been shown to be the most
cost-effective prevention measure to reduce viral infection,
especially for young children. At present, the major strategy
for preventing influenza and its complications is seasonal
influenza vaccine vaccination (SIV), which is also recom-
mended by the World Health Organization (WHO).> As
circulating influenza virus strains can change from year to
year, one or more antigens of seasonal influenza vaccine
need to be changed to protect against influenza virus
expected to cause disease in the upcoming season every
year.” Hence, unlike other vaccinations, seasonal influenza
vaccine needs to be given yearly. Based on these theories,
Zhejiang provincial center for disease control and prevention
(ZJCDC) recommends annual SIV for young children
because of their high risk of serious complications due to
influenza resulting in hospitalization or death.

80 million located in East China. Only trivalent inactivated
seasonal influenza vaccine (TIV), which contains 3 inactivated
virus strains: type A(HINI1), type A(H3N2), and type B, is
available in Zhejiang province since 2000. TIV is a category II
(parent-pay) vaccine in China and the SIV is voluntary. To
achieve high levels of vaccine-induced antibodies and reduce
the risk of disease caused by virus strains that are antigenically
similar to those strains included in TIV, ZJCDC specifically
recommends that children aged 6 months to 3 years shall be
given 2 doses of TIV separated by at least 28 days in each
influenza season. Poor compliance with the 2-dose SIV sched-
ule has been reported in other countries,*® however, there are
few reports from China and these published data are limited to
selected ages and seasons. Therefore, a detailed description of
SIV coverage for children aged 6 months to 3 years and spans
of multiple seasons is necessary. Furthermore, the timeliness of
SIV may be particularly important for effectiveness, ideally
before the onset of influenza epidemic, while previous studies
have traditionally described coverage by the early spring rather
than the autumn.”” Additionally, it has been indicated that
migrant children are at a high risk of under or delayed
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vaccination in general,'”'! but few studies have assessed com-
pleteness and timeliness of the 2-dose SIV schedule in this vul-
nerable population.

In this study, we used data from Zhejiang provincial Immu-
nization Information System (Z]IIS) to evaluate the coverage
and timeliness of SIV among children aged 6 months to 3 years
from the 2010-11 through the 2014-15 seasons. The predictors
of SIV from both socio-demographic and vaccination service
providing aspects were also explored.

Results

A total of 8551791 children fulfilled 2 eligibility criteria from
the 2010-11 to the 2014-15 seasons. The number of children
aged 6 to 35 months for each season ranged from 1553978 in
the 2010-11 season to 1837555 in the 2014-15 season. The
socio-demographic characteristics of enrolled children, the ser-
vice frequency and the service time of vaccination clinics that
these children visited were shown in Table 1.

From the 2010-11 to the 2014-15 seasons, both any and full
SIV coverage by Mar 31 increased significantly for all age
groups (Table 2). Full vaccination coverage increased from
8.34% to 10.02% among 6-12 month age group, from1.86% to
2.16% among 13-24 month age group, from 0.09% to 0.15%
among 25-36 month age group. After adjusting for age, any
SIV coverage by Mar 31 increased significantly from 13.15% to
13.77% from the 2010-11 to the 2014-15 seasons, and full SIV
coverage increased significantly from 2.59% to 2.92% in the
same period. Most of the children lacked any or full SIV by
Decl, although both also improved over time. Specifically, any
SIV coverage by Dec 1 increased significantly from 2.64% to
2.82% from the 2010-11 to the 2014-15 seasons, and full SIV
coverage increased significantly from 0.65% to 0.81% in the
same period (Fig. 1). For each season, SIV coverage was highest

among children aged 6-12 months, followed by 13-24 months
and 25-36 months (Table 2). Of children ultimately fully vacci-
nated by Mar 31, the interval between the 2 doses was signifi-
cantly decreased from 68.32 days (95%CI: 66.14-70.83) in the
2010-11 season to 49.51 days (95%CI: 46.69-51.51) in the
2014-15 season (p < 0.05).

Age of children [25-36 months of age V.S. 6-12 months of
age, AOR = 0.20(95% CI: 0.18-0.61)], socioeconomic develop-
ment level of resident areas [high V.S. low, AOR = 1.35 (95%
CIL: 1.16-2.04)] were inversely associated with full SIV coverage,
and resident children had a significantly higher full SIV cover-
age compared with migrant children [AOR = 1.87(95% CI:
1.25-2.72)]. Younger age [25-36 months of age V..
6-12 months of age, AOR = 0.70(95% CI: 0.47-0.85)], resident
children [AOR = 1.31(95% CI: 1.16-2.07)], receiving vaccina-
tion from higher service frequency clinic [>5 times per week
V.S. < 3 times per month, AOR = 1.60(95% CI: 1.29-2.17)]
and clinic with morning and afternoon sessions[AOR = 2.05
(95% CI: 1.65-2.97)] were positive determinants of a shorter
interval between the 2 doses among fully vaccinated children
(Table 3).

Discussion

Our study was the first evaluation of coverage of the 2-dose
schedule SIV since the recommendations for universal SIV
among children aged 6 months to 3 years were issued, based on
data from ZJIIS during several influenza seasons. As we
hypothesized but not verified before, the overall coverage of
SIV, including any vaccination and full vaccination, among
children aged 6 months to 3 years had significantly improved
from the 2010-11 to the 2014-15 seasons, and these findings
were consistent with trends of coverage of other vaccines
whether included in the national immunization program (NIP)

Table 1. Characteristics of enrolled children in influenza seasons from 2010-11 to 2014-15, Zhejiang province.

Seasons

Variables 2010-11 2011-12 2012-13 2013-14 2014-15 Total
No. of children 1553978 1623741 1705401 1831116 1837555 8551791
Gender (%)

Male 50.28 50.65 50.84 50.48 50.59 50.57

Female 49.72 49.35 49.16 49.52 49.41 49.43
Age (%)

6-12 months 21.50 20.20 19.91 20.01 19.87 20.27

13-24 months 40.79 40.55 40.20 39.74 40.12 40.26

25-36 months 37.71 39.25 39.89 40.25 40.01 39.48
Children’s immigration status (%)

Migrant 30.85 32.58 33.12 31.52 31.17 31.84

Resident 69.15 67.42 66.88 68.48 68.83 68.16
Socioeconomic development level of resident areas” (%)

Low 26.67 26.20 26.76 26.65 29.07 27.11

Middle 3251 32.28 32.02 33.14 31.52 32.29

High 40.82 41.52 41.22 40.21 3941 40.60
Frequency of vaccination service (%)

< 3 times per month 56.94 48.8 45.56 43.12 38.29 46.16

1-4 times per week 27.58 33.94 35.85 383 4227 35.89

>5 times per week 15.48 17.26 18.59 18.58 19.44 17.95
Vaccination service time (%)

Morning session 67.77 60.58 57.42 54.57 52.32 58.19

Morning & afternoon sessions 32.23 39.42 42.58 4543 47.68 41.81

*HZ, NB, ZS were classified as high socioeconomic development areas; SX, JX, JH were classified as middle socioeconomic development areas; TZ, QZ, LS, WZ were

classified as low socioeconomic development areas.



HUMAN VACCINES & IMMUNOTHERAPEUTICS e 77

Table 2. Any (>1 dose) and full (2 doses) SIV vaccination coverage by Mar 31 for influenza seasons from 2010-11 to 2014-15, Zhejiang province.

Vaccination coverage, %(95%C/)

6-12 months of age 13-24 months of age 25-36 months of age Total
Seasons Birthday range No. of children Any Full Any Full Any Full Any Full
2010-11 1/11/2007-1/4/2010 1553978 30.72(£0.16)  8.34(%+0.09) 14.10(£0.09) 1.86(+0.03) 1.92(+0.03) 0.09(£0.01) 13.15(+0.05) 2.59(%0.02)
2011-12 1/11/2008-1/4/2011 1623741 29.88(+0.16)  8.25(+0.09) 14.28(+0.08) 1.92(£0.03) 1.98(£+0.03) 0.10(+0.01) 12.63(£0.05) 2.48(1-0.02)
2012-13 1/11/2009-1/4/2012 1705401 31.62(£0.16)  8.82(£0.10) 13.50(£0.08) 2.04(£0.03) 2.10(£0.04) 0.13(£0.01) 12.49(£0.05) 2.63(£0.02)
2013-14 1/11/2010-1/4/2013 1831116 34.08(+0.15) 9.81(+0.10) 15.48(1+0.08) 2.10(40.03) 2.04(+0.03) 0.14(£0.01) 13.77(40.05) 2.85(+0.02)
2014-15 1/11/2011-1/4/2014 1837555 33.48(+0.16) 10.02(+0.10) 15.24(1+0.08) 2.16(1+0.03) 2.16(4+0.03) 0.15(+0.01) 13.63(40.05) 2.92(+0.02)

Values in bold signify p < 0.05, x? test, season of interest vs. 201011 season.

or not."” Our study revealed that less than 3% of eligible chil-
dren had received full SIV by the end of each season, which
was lower than that from other countries including the United
States. For example, the coverage of SIV among children aged
6-23 months was 74.2%, 78.2% for the 2011-12 season and the
2012-13 seasons in the United States, respectively.'> Moreover,
we found missed opportunity of the second dose of TIV was
relatively common as the coverage of partial SIV was over 10%.
That meant the second dose was not received by roughly four-
fifths of children who received an initial dose by each season.
Based on previous studies and our analysis on potential
predictors, there were probably several reasons for under or
incomplete SIV observed here. First, the complexity of SIV
schedule may make it difficult for vaccination providers to
identity which children need to receive 2 doses in each season.
One investigation found that 40% vaccination nurses did not
know that children should be administrated 2 doses of TIV."
Second, the knowledge on the importance and necessity of SIV
is limited among parents. Shuler'® noted that parents might
not know the importance and appropriate time for the second
dose of TIV. Another evidence suggested that parents from
lower socio-economic development areas would be less likely
to know the recommendations of SIV while be more likely to
question the effectiveness and concern the safety of vaccine.'®
Our previous study in Zhejiang province found that children

from a relative lower socio-economic development area tended
to experience more drop outs for diphtheria-tetanus-pertussis
combined vaccine.'” These evidence might well explain the
reason for a lower coverage of full SIV found in children from
low socio-economic development areas. Third, parents may
not be able or willing to overcome barriers, like missing work
or school, for their children’s SIV. According to our previous
study,'” we assumed this phenomenon would be more signifi-
cant among migrant children, whose parents had not enough
time for primary healthcare and were less aware of the informa-
tion on vaccination. Furthermore, the poorer education level of
migrant parents would also influence their awareness and
capacity to seek and take advantage of vaccination service and
other public health service.'"® Fourth, TIV is still a non-NIP
vaccine and needs an out of pocket expense. Lower family
income, especially for migrant family or family from low
economic development areas, may restrict the expense on
parent-pay vaccines including TIV. Blank' had verified the
importance of free of charge policy when setting for goals of
high vaccination coverage. We assume that a high SIV coverage
will be expected if TIV is included in NIP. Fifth, system based
factors like well-child visit and schedule of NIP vaccines may
have an impact on SIV coverage. These factors disproportion-
ately affect elder children as they had fewer health facility visits
than the youngers. The elder children sometimes need a

Figure 1. Any (>1 dose) and full (2 doses) SIV vaccination coverage by Mar 31/ Dec 1 for influenza seasons from 2010-11 to 2014-15, Zhejiang province.
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Table 3. Determinants associated with full SIV vaccination by Mar 31 and interval between two doses in the 2014-15 influenza season, Zhejiang province.

Full SIV vaccination

Proportion of fully vaccinated children
with an interval of 28 days

Variables n(N = 1837555) % AOR(95%Cl) n(N =53611) % AOR(95%Cl)
Gender

Male 929619 292 1.00 27108 13.00 1.00

Female 907936 2.92 1.03(0.93-1.21) 26503 12.98 1.05(0.97-1.19)
Age

6-12 months 365122 10.02 1.00 36585 15.26 1.00

13-24 months 737227 2.16 0.57(0.32-0.66)" 15924 8.07 0.77(0.54-0.92)"

25-36 months 735206 0.15 0.20(0.18-0.61)" 1102 8.71 0.70(0.47-0.85)"
Children’s immigration status

Migrant 572766 1.86 1.00 10653 9.05 1.00

Resident 1264789 3.40 1.87(1.25-2.72)* 42958 13.96 1.31(1.16-2.07)"
Socioeconomic development level of resident areas”

Low 534177 1.80 1.00 9615 12.90 1.00

Middle 579197 2.40 1.09(0.90-1.33)" 13901 13.43 1.07(0.88-1.20)

High 724180 4.16 1.35(1.16-2.04)" 30095 12.81 1.11(0.91-1.83)
Frequency of vaccination service

< 3 times per month 703600 292 1.00 19771 8.73 1.00

1-4 times per week 776734 291 0.92(0.83-1.12) 22525 13.27 1.38(1.13-1.92)"

>5 times per week 357221 294 1.02(0.94-1.15) 11315 19.86 1.60(1.29-2.17)"
Vaccination service time

Morning session 961409 2.90 1.00 23698 9.53 1.00

Morning & afternoon sessions 876146 293 1.08(0.96-1.15) 29913 15.73 2.05(1.65-2.97)"

#HZ, NB, ZS were classified as high socioeconomic development areas; SX, JX, JH were classified as middle socioeconomic development areas; TZ, QZ, LS, WZ were classi-

fied as low socioeconomic development areas.

*Significantly lower or higher coverage than the comparing group in the logistic regression models (p< 0.05).

CI: confidence interval; AOR: adjusted odds ratio.

separate, special visit for SIV, while the younger children can
get SIV at the same time of a well-child visit or receiving other
vaccines. We assumed this was one of the possible reasons for a
higher coverage of SIV observed in younger children. Lastly,
the frequency of sessions and the service time of vaccination
clinic also play important roles in SIV. Our previous study®
had demonstrated that frequent sessions and extending service
time were the most beneficial interventions to working mothers
and could improve the mothers’ compliance with the vaccina-
tion schedule and allow for better coverage rates.

In this study, we found that the second dose was usually
delayed far beyond the recommended interval of 28 days
among fully vaccinated children. Furthermore, we found few
children finished the 2-dose schedule before 1 Dec in each
season, which was the shortest time to get adequate immunity
against influenza. We also found age of children, frequency of
session and service time of vaccination clinic were determi-
nants for long interval of 2 doses of TIV. Plausible explanations
for these findings might be similar to the reasons for fully SIV
mentioned above. Compared with elder children, younger
children had more opportunities to visit health facilities for
public health service including vaccination. Besides, frequent
session schedule and extending service time also made parents
more convenient to bring their children for administering
vaccines.

Our findings were particular concerning because high vacci-
nation coverage and complete SIV were pivotal for establishing
an adequate herd immunity and reducing incidence of influ-
enza in community, especially among children who were at
greater risk of infection and transmission compared with other
subsets of population. Moreover, it was indicated that a high
SIV coverage among children could prevent infections among

household contacts and even reduce incidence rates among
older individuals.”® Continuously monitoring SIV coverage, in
addition to full vaccination coverage, is an efficient measure to
evaluate the success of SIV program and to provide evidence
for policy making or taking interventions. As such, we suggest
that provincial and local health departments, vaccination
clinics take actions as followed. First, increasing the vaccination
provider’s awareness on the importance and necessity of
administering 2 doses of TIV to adequately protect children
from influenza is needed. It is also important to improve the
provider’s capacity of identifying eligible children for 2-dose
schedule of TIV through training. Second, improving provider-
parent communication on efficacy, safety, and 2-dose schedule
of TIV may be valuable. Since people believe that vaccination
providers are an authoritative source of information and their
explanation is a good opportunity to correct misinformation
and misunderstanding, eliminating suspicion about the quality
and effectiveness of the vaccines, providers can make more
informed decisions and more precise recommendations on a
case-by-case basis for parents when necessary.”' Third, effective
interventions such as appointment at a more appropriate time,
walk-in vaccination clinics, standing orders, extending service
hours need to be implemented to improve timely completion
of SIV. Using reminder-recall system supported by ZJIIS
can promote timely receipt of TIV.** Reminder-recall system
can remind providers about the number and timing of recom-
mended doses based on the vaccination history, and generate
reminder text messages for children who are due or overdue
for vaccination. Fourth, as a recent study indicated that school
vaccination clinics resulted in 88% of eligible children received
2 doses of TIV in the 2011-12 season,”” an optimal SIV cover-
age might be anticipated in alternative vaccination settings.



This study had several limitations. First, our results were
based on 10 cities and could not be generalized to the entire
population of Zhejiang province. Second, since children not
registered in ZJIIS were not enrolled in this study and they
might have a lower coverage, we could have overestimated the
coverage of SIV. Third, we did not evaluate the potential influ-
ence from the vaccine supply as these data were unavailable.
Also, we could not explore other predictors for incomplete or
delayed SIV mentioned in the previous studies as the limited
demographic information extracted from ZJIIS.

Conclusion

This study illustrated incomplete and delayed SIV coverage for
the majority of children aged 6 months to 3 years, leaving them
susceptible to influenza infection. Steps should be taken to
emphasize the importance of the 2-dose SIV recommendation
to both providers and parents. Effective interventions such as
extending service time, reminder-recall strategy, should also be
implemented to maximize all opportunities to fully and timely
vaccinate children against influenza.

Methods
Data source

Appropriately anonymized individual records of children, includ-
ing SIV records were extracted from ZJIIS on 1 Jan 2016. ZJIIS is
a computerized, population-based vaccination registration
system, containing demographic information and vaccination
records for children aged < 7 years living in Zhejiang prov-
ince.**** All vaccination clinics in Zhejiang province (except for
Huzhou city) are included in ZJIIS. ZJIIS consists of client
software deployed at each vaccination clinic and database
deployed in ZJCDC. ZJIIS consolidates data from different
vaccination clinics through the Internet and provides a tool for
monitoring and evaluating the immunization program. Once
any vaccination clinic in Zhejiang is visited for the first time,
child will be registered in ZJIIS with a unique identification
number. Demographic information (such as name, date of birth,
gender, family address, phone number, immigration status) and
vaccination records (including historical immunization records
for migrant children) are collected by ZJIIS and these informa-
tion will be updated in real time if there is any change.

Study areas

This study was performed in 10 cities (total of 11cities in Zhejiang
Province) and the other city (Huzhou) was not included in this
study as vaccination clinics in Huzhou did not participate in ZJIIS.
These 10 cities were divided into 3 socio-economic strata (high,
middle, and low) by Gross Domestic Product (GDP) per capita
according to 2015 statistics from Zhejiang provincial bureau of
statistics. Hangzhou (HZ), Ningbo (NB), Zhoushan (ZS) were
classified as high level for GDP per capita >15000 USD; Shaoxing
(SX), Jinhua (JH), Jiaxing (JX) were classified as middle level for
GDP per capita between 10000 and 15000 USD; Taizhou (TZ),
Quzhou (QZ), Lishui (LS), Wenzhou (WZ) were classified as low
level for GDP per capita <10000 USD.
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Target population

Influenza season was defined from Oct 1 through Mar 31 of the
next year. For each season assessed (2010-11 through 2014-15),
children were eligible for inclusion if they 1) were 6-35 months
of age as of Oct 1 to ensure every child had opportunity to finish
the 2-dose SIV schedule (for example, children born from 1 Nov
2007 to 1 Apr 2010 were eligible for inclusion of the 2010-11
season); and 2) registered in ZJIIS and not designated as ‘perma-
nently inactive’ (ie., deceased) or ‘moved or gone elsewhere’.
Children could be included repeatedly in all the study seasons if
they met these 2 criteria.

Definitions and outcomes

The coverage was defined as the proportion of vaccinated
children among the target population. Doses of TIV were
considered invalid if they 1) were administered earlier than
4 days prior to 6 months of age, or 2) were administered
<28 days from the previous SIV. Invalid doses were excluded
from the analysis.

Primary outcomes were any (>1 dose) and full (2 doses) SIV
coverage by Mar 31 for each study season. Additional outcomes
included any and full SIV coverage by Dec 1 (given the
minimum time period of receiving 2 doses of TIV), and the
interval between 2 doses for fully vaccinated children by Mar 31.

Statistical analysis

The coverage rates of any and full SIV by Dec 1 and Mar 31 of
the next year, along with 95% confidence interval (CI), were
calculated for the 2010-11 through the 2014-15 seasons. Chi-
square test was used to examine whether there was any
difference in coverage during different seasons. For children
fully vaccinated by Mar 31 of the next year, the means and 95%
CI were calculated for interval between the 2 doses. Logistic
regression model was used to explore the predictors of full SIV
coverage by Mar 31, as well as its interval between the 2 doses,
from both socio-demographic and vaccination service provid-
ing aspects in the 2014-15 season. Adjusted odds ratio (AOR)
with 95% CI for each variable was also calculated. We
performed all analysis with SAS (SAS Institute, Inc., Cary, NC,
version 9.3) and at a significance level of 0.05.
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