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ABSTRACT
Objectives: To evaluate the initiation and completion and timeliness of inactivated hepatitis A vaccine
(HAV-I) series, to identify the missed opportunities for HAV-I series, and to examine determinants
associated with the completion of HAV-I.
Methods: Children born from 1 January 2005 to 31 December 2014 and registered in Zhejiang provincial
immunization information system (ZJIIS), were enrolled in this study. Descriptive statistics were used to
describe the initiation and completion, the timeliness and the missed opportunities for HAV-I. Logistic
regression analysis was applied to explore the determinants of the completeness of HAV-I.
Results: The initiation rate of HAV-I increased from 8.1% for the 2005 birth cohort to 13.2% for the 2014
birth cohort. The completion rate of HAV-I increased from 4.2% for the 2005 birth cohort to 7.8% for the
2014 birth cohort. The timeliness rate of the 1st dose of HAV-I increased from 38.2% for the 2005 birth
cohort to 57.9% for the 2014 birth cohort. The timeliness rate the 2nd dose of HAV-I increased from 17.3%
for the 2005 birth cohort to 35.3% for the 2014 birth cohort. 78.3% of the children who did not initiated
any hepatitis A vaccine, had at least one immunization clinic visit after their 18th month of age. 36.0% of
the children who received the 1st dose of HAV-I but did not receive the 2nd dose, had at least one
immunization clinic visit after 6 months from the date of receiving the 1st dose of HAV-I. The determinants
including year of birth, socio-economic development level of municipals, place of delivery, receipt of
MMR/VarV were associated with the completion of HAV-I series.
Conclusion: Although the initiation and completion of HAV-I series had improved in recent years, these
indicators were still lower than those for other vaccines scheduled at the similar age. It is important for
providers to identify every opportunity for HAV-I vaccination and to assure that children get protection
from this vaccine-preventable disease.

KEYWORDS
completion; children;
inactivated hepatitis
A vaccine; initiation;
vaccination

Introduction

Hepatitis A infection is an acute illness, typically caused by the
hepatitis A virus, which is transmitted through the contami-
nated water or food or from person-to-person by the fecal-oral
route. Children are high risk group of infection, and they are
often asymptomatic while still play an important role in trans-
mission.1 Infection in adolescent or adult can lead to a symp-
tomatic illness characterized by an abrupt onset of fever,
malaise, nausea, abnormal discomfort and jaundice.2

Hepatitis A can be prevented through vaccination. There are
two types of hepatitis A vaccine available in Zhejiang province.
One is live attenuated hepatitis A vaccine (HAV-L), which has
been licensed in 1990s and has been included in Chinese
expanded program on immunization (CEPI) as a category I
vaccine since 2008, with the schedule of one dose administrated
for free at 18 months of age. The other is inactivated hepatitis A
vaccine (HAV-I), which has been licensed in 2002 as a category
II (parent-pay) vaccine. HAV-I is voluntary and considered as
an alternative of HAV-L. Since 2004, Chinese advisory commit-
tee of immunization practice (CACIP) has recommended a
2-doses HAV-I schedule with the 1st dose administrated at

18 months of age and the 2nd dose at 24 months of age. CACIP
recommends that the two doses of HAV-I should be given with
a minimal interval of 6 months. Furthermore, CACIP stipulates
that children need to be vaccinated with two doses of HAV-I to
replace the HAV-L. If parents can’t afford the 2nd dose of
HAV-I, an additional dose of the HAV-L would be given
instead. Actually, CACIP suggests vaccination providers should
clearly inform the total price of the full series of HAV-I before
they make decisions to choose HAV-I to avoid that situation.

Zhejiang is a province located in east China, with 70 million
inhabitants living in 11 municipals. Zhejiang has an annual
birth cohort of approximately 700,000 newborns in recent
years. The incidence of hepatitis A infection of Zhejiang prov-
ince was estimated to be 0.6 cases per 100000 in 2016, with a
total of 465 cases reported. In general, the risk of hepatitis A
infection has become lower due to the improvement on sanita-
tion and hygiene, especially in elder susceptible adults. For
example, the incidence of hepatitis A infection among adults
� 20 years has decreased from 120.7 cases per 100000 in 1988
to 0.2 cases per 100000 in 2016 in Zhejiang province. However,
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the hepatitis A outbreaks still occurred and the control meas-
ures were difficult, which required the rigorous public health
efforts with the significant direct or indirect costs to society.3

In Zhejiang province, two types of hepatitis A vaccine
were available since the time points of their license.
Although, almost 20% of the age-appropriate children chose
the self-paid HAV-I to replace HAV-L in Zhejiang province
in recent years, the completion of the 2-doses series of
HAV-I among children aged � 2 years was lower than other
childhood vaccines that needed multiple doses. Low comple-
tion rate of HAV-I could be partially due to the relatively
recent introduction as well as it needed the out of pocket fee.
Similarly, high levels of missed opportunities for immuniza-
tion including HAV-I had been reported in other settings,
where the missed opportunities of vaccination might contrib-
uted to the under immunization.4,5 However, little is known
specifically on the missed opportunities for the completion
of HAV-I in Zhejiang province by now.

As such, we used the vaccination records from Zhejiang pro-
vincial immunization information system (ZJIIS) to evaluated
the rates of the HAV-I series initiation and completion among
children aged � 2 years who chose the HAV-I. Furthermore,
we also explored the determinants of the completion of HAV-I
from the demographic and socio-economic variables as well as
the vaccination status of the other vaccine doses scheduled at
the similar age points.

Results

A total of 5722735 children born from 1 January 2005 to 31
December 2014 were enrolled in this study. Of the enrolled
children, 51.1% were male, 35.9% were migrant, and 35.2%
were from the high socio-economic development municipals.
The majority of those children were Han race and were deliv-
ered in hospital. Among the enrolled children, the coverage
rates of MMR and VarV were 96.1% and 75.3%, respectively
(Table 1).

The initiation rate of hepatitis A vaccine series was 64.0% for
birth cohorts from 2005 to 2014, with 52.5% for HAV-L and
11.5% for HAV-I, respectively. The initiation rate of HAV-I
increased from 8.1% for the 2005 birth cohort to 13.2% for the
2014 birth cohort. The completion rate of HAV-I series was
6.4% for birth cohorts from 2005 to 2014, with an increase
from 4.2% for the 2005 birth cohort to 7.8% for the 2014 birth
cohort (Fig. 1).

There were 660576 children received at least one dose of
HAV-I, 51.7% of which were vaccinated the 1st dose of HAV-I
in a timely manner. The coverage of timeliness increased from
38.2% for the 2005 birth cohort to 57.9% for the 2014 birth
cohort. There were 368050 children received two doses of
HAV-I, 30.8% of which were vaccinated the 2nd dose of HAV-I
in a timely manner. The coverage of timeliness increased from
17.3% for the 2005 birth cohort to 35.3% for the 2014 birth
cohort (Fig. 2).

There were 2059667(36.0%) enrolled children who did not
initiate any vaccination of hepatitis A vaccine. Of these chil-
dren, 78.3% had at least one immunization clinic visit after the
age 18 months. There were 660576 (36.0%) enrolled children
who had received the 1st dose of HAV-I but had not received

the 2nd dose. Of these children, 61.5% had at least one immuni-
zation clinic visit after 6 months from the date of receiving the
1st dose of HAV-I (Table 2).

Children born from 2011 to 2014 were likely to com-
plete the 2-doses schedule of HAV-I. Children from high
socio-economic municipals, born in hospital were signifi-
cantly associated with the completion of HAV-I series.
Receipt of MMR/VarV were independent determinants
positively associated with the completion of HAV-I series
(Table 3).

Table 1. Characteristics of the study subjects.

Variable Value %

Year of Birtha 2005(443523) 7.8
2006(456209) 8.0
2007(501126) 8.8
2008(519361) 9.1
2009(532126) 9.3
2010(543753) 9.5
2011(619650) 10.8
2012(684232) 12.0
2013(705528) 12.3
2014(717227) 12.5

Gender Male 51.1
Female 48.9

Socio-economic stratab Low (5 municipals) 29.9
Middle (3 municipals) 34.9
High (3 municipals) 35.2

Immigration status of children Resident 64.1
Migrant 35.9

Race Han 93.7
Other minorities 6.3

Place of delivery Home 4.2
Hospital 95.8

Receipt of MMR No 3.9
Yes 96.1

Receipt of VarV No 24.7
Yes 75.3

Note: a: the number of children for each birth cohort was listed.
b: All of the 11 municipals were divided into 3 socio-economic strata (high, middle,
and low) by Gross Domestic Product (GDP) per capita level according to the 2016
statistics of Zhejiang province. Hangzhou, Ningbo and Zhoushan were classified
as high socio-economic development areas for GDP per capita>15000 USD.
Shaoxing, Jiaxing and Huzhou were classified as middle socio-economic develop-
ment areas for GDP per capita between 10000 and 15000 USD. Wenzhou, Taizhou,
Jinhua, Quzhou and lishui were classified as low socio-economic development
areas for GDP per capita< 10000 USD

Figure 1. The coverage of HAV-L and the coverage of initiation and completeness
of HAV-I for birth cohorts from 2005 to 2014 in Zhejiang province Note: The left Y
axis was for the HAV-L coverage and the proportion of non-immunization and the
right Y axis was for the HAV-I coverage.
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Discussion

In this study, we found that the young birth cohorts were more
likely to initiate and complete the HAV-I series. This increased
trend might be a result of the better acceptance of the recom-
mendation of HAV-I vaccination. However, the coverage of
HAV-I still lagged behind the CEPI vaccines and some other
non-CEPI vaccines, such as MMR or VarV. This finding was
similar to our previous report from Yiwu city,6 where the cov-
erage for CEPI vaccines ranged between 87.9% and 100.0% but
the coverage for non-CEPI vaccines ranged between 0% and
74.8%. The main reason for lower initiation and completion
rates among non-CEPI vaccines is its out-of pocket fee of vacci-
nation. As we known, the fee of non-CEPI vaccine is sometimes
expensive, which may impede the utilization of non-CEPI vac-
cinations among children from households with low incomes.
The difference in coverage among non-CEPI vaccines may be
as a result of the difference in the year of its license or introduc-
tion. Our previous study indicated that the public perception
and training of physician required additional time since new
vaccines were licensed or introduced in the market.6 For non-
CEPI vaccines, this issue may be more prominent, because the
existing public health resources was limited and the majority of
these resources were restricted into the CEPI vaccines.

A poor adherence of HAV-I schedule was observed in this
study. As we known, the significant implication of untimely
vaccination is that a pool of children with delayed vaccinations
is at an unnecessary risk of infection. With the presence of such
a pool of susceptible children, outbreaks can probably occur
when the epidemic threshold is exceeded and it may occur
much faster when the delayed immunization is coupled with
the low coverage rate.7–9 Although it was difficult to identify
the risk factors of untimely vaccination of both two HAV-I

doses as there was a proportion of children administrated with
HAV-L, we strongly suggested that the timeliness or up-to-date
coverage be considered as another important indicator of the
performance of vaccination service.

Our results indicated that there were numerous opportuni-
ties to administer either HAV-L or HAV-I when children were
age-appropriate, but they were not being capitalized upon.
Missed opportunities for the 1st dose of HAV or for the 2nd

dose of HAV-I highlighted the gaps in the ability to timely and
fully protect these children against the hepatitis A infection.
The CACIP has set a target coverage of 90% for HAV-L, or full
series of HAV-I as an alternative, since the HAV-L included in
CEPI. However, the aggregate coverage of both HAV-L and
HAV-I was around 80% in 2014. If the providers are unable to
decrease the number of missed opportunities for the vaccina-
tion of hepatitis A vaccine, the CEPI’s goal will be unattainable.
Furthermore, many children in our study were observed with
the opportunities for immunization clinic visits, but they did
not receive any hepatitis A vaccines.

Results of the multivariate analysis found some determi-
nants of the completion of HAV-I, from the utilization side of
the vaccination. First, children from low socio-economic
municipals were likely to have incompleteness of HAV-I series,
which showed a relation between poverty and hindered utiliza-
tion of HAV-I vaccinations. It was probably due to the poor
accessibility caused by the indirect costs (like transport cost or

Figure 2. The timeliness of the 1st and 2nd dose of HAV-I for birth cohorts from
2005 to 2014 in Zhejiang province Note: the timeliness of the 1st dose of HAV-I
was obtained from 660576 children who received at least one dose of HAV-I, while
the timeliness of the 2nd dose of HAV-I was obtained from368050 children who
completed the HAV-I series.

Table 2. Missed opportunity of the 1st dose of HAV and the 2nd dose of HAV-I.

Number of immunization
clinic visits

Number of target children 0 1 �2
% of missed opportunity for the 1st dose of HAV (among children never vaccinated with HAV-L or HAV-I) 2059667 21.7 52.6 25.7
% of missed opportunity for the 2nd dose of HAV-I (among children only vaccinated the 1st dose of HAV-I) 292526 38.5 48.9 12.6

Table 3. Determinants associated with the completion of HAV-I series.

Determinants associated with
the completion of HAV-I series

Variable Value COR(95% CI) AOR(95% CI)

Year of Birth 2005-2007 Ref Ref
2008–2010 0.7(0.5–1.1) 0.8(0.7–1.0)
2011–2014 1.2(1.0–1.3)# 1.5(1.3–1.7)*

Gender Male Ref —
Female 1.1(0.8–1.3) —

Socio-economic strata Low (5 municipals) Ref Ref
Middle (3 municipals) 1.2(1.1–1.4)# 1.0(0.8–1.1)
High (3 municipals) 1.6(1.3–2.0)# 1.4(1.2–1.7)*

Immigration status of
children

Resident Ref Ref
Migrant 0.8(0.7–0.9)# 0.9(0.8–1.2)

Race Han Ref —
Other minorities 0.8(0.7–1.3) —

Place of delivery Home Ref Ref
Hospital 2.2(1.9–2.4)# 2.6(2.3–3.0)*

Receipt of MMR No Ref Ref
Yes 2.7(2.3–3.3)# 2.9(2.4–3.5)*

Receipt of VarV No Ref Ref
Yes 3.8(3.2–4.1)# 4.1(3.9–4.3)*

Note: CORD crude OR, AORD Adjusted OR;
#: P < 0.10,
�: P < 0.05.
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medication for non-serious adverse events) or the deducting
wages for work leave for children’s vaccination.10 Second, chil-
dren delivered at hospitals were more likely to complete the
HAV-I series. It was possible that mothers who delivered their
babies at health facilities would use the health services more
frequently,11 including the childhood vaccination service. The
administration of the 1st dose of hepatitis B vaccine at birth in
the obstetric hospitals might partly account for a better timeli-
ness of the subsequent vaccinations. Third, a high completion
rate was observed among children if they had received either
MMR or VarV. It suggested that the recommendations, reser-
vation and administration of those vaccines were successful in
inducing the broad uptake of HAV-I. A previous study had
reported that one of the primary reasons of missed opportuni-
ties for immunization was fail to review children’s vaccination
records completely and carefully, and could not recognize the
opportunities for immunization.12 As such, it is important for
vaccination providers to verify whether children are current on
all recommended vaccinations when they are brought for an
immunization clinic visit. Future studies on developing meth-
ods applied by providers are necessary to make sure that child-
ren’s vaccinations are up to date. Another effective intervention
to improve the initiation and completeness of HAV-I is to
implement the vaccination requirements on the daycare and
school entry, which have been demonstrated as an effective
method to improve the coverage and reduce heterogenicity
within the different sub-populations.13-15

There was a limitation for this study. We evaluated the asso-
ciation between HAV-I completeness and the variables only
obtained from ZJIIS. There might be other risk factors from
providers or parents that would confound the associations
observed. For example, parental refusal might be a variable of
interest as the levels of vaccine hesitancy had increased in
recent years.16 Future research is needed to focus on this aspect,
especially with regard to its association with the missed oppor-
tunities for HAV-I vaccination.

Conclusion

Although the initiation and completion of HAV-I series had
improved in recent years, these indicators were still lower
than those for other vaccines scheduled at the similar age.
Reducing missed opportunities can leverage to increase both
initiation and completion of HAV-I. It is important for pro-
viders to identify every opportunity for HAV-I vaccination
and to assure that children get protection from this vaccine-
preventable disease.

Methods

Data sources

The database of this study was obtained from ZJIIS, which was
established in 2004 by Zhejiang provincial center for disease
control. The main functions of ZJIIS can be found elsewhere.17

ZJIIS covers all immunization clinics in Zhejiang province and
it includes the demographic information and vaccination
records of children born from 1999 to present, with approxi-
mately 12 million individual records collected.

Study subjects

Children born from 1 January 2005 to 31 December 2014 and
registered in ZJIIS, were enrolled in this study. Appropriately
anonymized individual records of the target children with their
information on hepatitis A vaccine vaccination (including
HAV-L and HAV-I) were extracted from ZJIIS on 31 Decem-
ber 2016. Children who were designated in ZJIIS as perma-
nently inactive (i.e., deceased) or “moved or gone elsewhere”
were excluded. The range of birth date was decided based on
the schedule of HAV-I as a follow-up period of 2 years would
captured this full range.

Measurements

HAV-I series initiation rate was defined as the proportion of
eligible children who received at least 1 dose of HAV-I. HAV-I
series completion rate was defined as the proportion of children
who received at least 2 doses of HAV-I, among the eligible chil-
dren who received the 1st dose of HAV-I before. The HAV-I
series initiation rate and the HAV-I series completion rate were
stratified by the demographic variables, the socio-economic
variables, and the vaccination status of measles-mumps-rubella
combined vaccine (MMR, CEPI vaccine) and varicella vaccine
(VarV, category II vaccine), as these two vaccines were sched-
uled within the similar age range as HAV-I.

For children who received at least 1 dose of HAV-I, the
timeliness of the 1st dose of HAV-I was evaluated and the
administration within the 18th month of age was defined as
timely. For children who received 2 doses of HAV-I, the timeli-
ness of the 2nd dose of HAV-I was evaluated and the adminis-
tration within the 24th month of age was defined as timely.

Among children who did not initiate any hepatitis A vac-
cine, we checked the missed opportunities by measuring the
number of immunization clinic visit after 18 months of age.
For children who received the 1st dose but did not receive the
2nd dose, we examined missed opportunities by measuring
number of immunization clinic visit after 6 months from the
date of receiving the 1st dose of HAV-I. Immunization clinic
visit was defined as a visit at which children received vaccina-
tions rather than HAV-I or HAV-L. Missed opportunities of
vaccinations were tallied, and categorized into 3 groups: 0, 1,
and �2.

Data analysis

Descriptive statistics were used to describe the characteristics and
study measurements. Both univariate analysis and multivariate
analysis were applied to explore the determinants of the comple-
tion of HAV-I series among children who received the 1st dose of
HAV-I before. In the univariate analysis, we cross-tabulated each
explanatory variables with the completion of HAV-I series. x2

test was used to obtain P values and crude odds ratio (COR) with
95% confidence interval (CI) was calculated. In the multivariate
analysis, variables associated with the completion of HAV-I with
P-value < 0.10 were entered into the multivariate model. Logistic
regression analysis was adopted to obtain adjusted odds ratio
(AOR) with 95% CI. All statistical analyses were performed using
statistics package for socio science software, version 13.0(SPSS
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Inc, Chicago, IL, USA). Statistical significance was defined as a
two-tailed P-value of 0.05.
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