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Background: Immunization services providers play a crucial role in the successful implementation of
immunization, particularly for new vaccines. Several childhood vaccinations that are important for public
health are not included in the National Immunization Programme in China, although they are available as
optional and self-paid vaccines. Their coverage remains low.
Objective: To examine the association between providers’ knowledge and recommendations of optional
vaccines, as well as other supply- and demand-side factors, and their uptake among children.
Methods: A cross-sectional study, that included an in-person questionnaire survey for parents of children
under-3 years and a self-administrative questionnaire survey for their vaccination services providers, was
conducted in 36 townships or sub-districts in three provinces of China in 2013. Using a sample of 1791
household from 30 townships or sub-districts, we applied multilevel logistic analyses to examine the fac-
tors associated with the uptake of optional vaccines based on a hierarchal framework that combined
demand-side and supply-side factors.
Results: Coverage of optional childhood vaccinations varied across small areas. Supply- and demand-side
factors were both associated with the uptake of these vaccines. Immunization services providers’ recom-
mendations and their knowledge about optional vaccination were positively and significantly associated
with uptake. Children were more likely to receive the vaccines if they lived in communities with higher
immunization worker density or larger immunization clinics. Several demand-side psychological factors
about childhood vaccination were also associated with optional vaccinations.
Conclusions: Promoting immunization services providers to conduct evidence-based recommendations
about some important childhood optional vaccinations and enhancing their knowledge regarding
optional vaccinations and communication skills are useful strategies to increase the coverage of these
vaccinations.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Immunization is critical for reducing the burden of vaccine-
preventable diseases in children [1], and it is highly cost-effective
[2]. However, although more vaccines have been made available
to protect against infections caused by Haemophilia Influenza B
(Hib), influenza, rotavirus, pneumococcus, and varicella [3], these
newer vaccines are currently underused in children in many
middle-income countries [4]. In most of these countries, including
China, traditional Expended Program on Immunization (EPI) vacci-
nes are generally well managed to the birth cohorts through
national programs, however, with a lack of financially and techni-
cally external assistance and non-eligibility for discounted pro-
curement prices, the introduction of newer vaccines in these
countries is relatively lagging behind donor-funded low-income
countries and wealthier countries [4,5]. The coverage of those vac-
cines is, therefore, limited [4].

China’s EPI was established in 1978, initially providing four
types of basic vaccines against tuberculosis, polio, measles, diph-
theria, tetanus, and pertussis [6]. The program then has expanded
to integrate hepatitis B vaccine in 2002, and to include vaccines
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against meningococcal meningitis, Japanese encephalitis, hepatitis
A, rubella and mumps in 2007 [6]. In 2005, a State Council’s guid-
ance categorized vaccines into two categories with different vacci-
nation policies [7]. EPI vaccines are belonging to the first category,
which is government purchased and provided free of charge. The
second category is vaccines not covered by EPI, which are fully paid
by families out-of-pocket and optional.

China has a birth cohort of about 18 million births each year [8],
however, as aforementioned, several newly available childhood
vaccines, including vaccines against Hib, influenza, rotavirus,
pneumococcus, and varicella-zoster virus, are not covered by the
EPI [9–12]. These vaccines are important for children’s health in
China. For example, among children under-5 years, China accounts
for 14% and 5.1% of the global burden of Hib infections and deaths,
respectively [13], and 12% and 3.6% of Streptococcus pneumoniae
infections and deaths, respectively [14]. And 40% of acute gastroen-
teritis hospitalizations in children under-5 years has been esti-
mated to attributed to rotavirus infection in China [15]. Families
can seek to purchase these vaccination services at immunization
clinics which are generally held in township hospitals (THs) in
rural areas and community health centres (CHCs) in urban areas.
THs and CHCs are China’s community platforms for public health
services delivery with easy access to most residents [16]. However,
recent reports showed the coverage of optional vaccinations is well
below optimal levels in China [10–12,17–19], even in the most
developed regions [10,17–19]. As such, a deeper understanding
of the determinants of uptake of optional vaccines in China is war-
ranted, which would help to develop strategies to promote their
use.

Much of the existing global literature on determinants of child-
hood vaccination only focus on demand-side factors, including par-
ents’ demographics, socioeconomic status, vaccine-related
knowledge, attitudes and beliefs, and the child’s gender, birth
order and other characteristics [20–23]. Previous studies have also
shown that supply-side factors are critical determinants of vacci-
nation coverage, such as the density of health workers, facility vac-
cine supply, immunization service providers’ recommendation
[24–30]. However, there is a lack of studies worldwide using an
ecological design to examine demand-side and supply-side influ-
ences on childhood vaccination combinedly, and there is no study
of this type in China. Therefore, using household data linked to an
assessment of immunization services providers’ performance and
other supply-side factors, the present study applied the multilevel
approach to study childhood optional vaccination determinants
based on demand- and supply-side framework.

In particular, the primary interest of this study was to explore
the relationship between immunization services providers’ recom-
mendations and knowledge about optional vaccinations and chil-
dren’s uptake of these vaccines in China. Although, at a
population level, previous studies have found that the geographical
density of health workers is a predictor of higher coverage of rou-
tine childhood immunizations [24,25], and at the individual level,
studies showed that providers’ influence increased the likelihood
of being vaccinated [26–29], to our best knowledge, this relation-
ship might not have been established yet using a multilevel study
design. The findings might be powerful to speak to policymakers in
developing interventions to promote uptake from supply-side in a
cost-effective manner.

Secondly, China has over sixty million children left behind at
home communities by their migrant worker parents [31], and evi-
dence shows the negative impact of parental migration on chil-
dren’s vaccination who are left-behind in China [32,33]. Hence,
we had an interest to conduct a subsample analysis stratified by
whether being left-behind children and to compare the results
between left-behind children and non-left-behind children. This
finding might provide some reference for tailored and targeted
interventions aiming at improving uptake among left-behind
children.
2. Methods

2.1. Design and sampling

A cross-sectional study that included an in-person question-
naire survey for parents of children under-3 years and a self-
administrative questionnaire survey for their vaccination services
providers was conducted in 36 townships or sub-districts in three
provinces of China in 2013. The survey provinces, namely Jiangsu,
Hubei and Gansu, are located in the eastern, central and western
regions of China respectively. These three provinces have different
levels of socio-economic development, with Jiangsu’s GDP per cap-
ita ranked high, Hubei’s in the middle, and Gansu’s low [34].

Within each province, we used a multistage stratified random
sampling to recruit households. We first selected two rural coun-
ties and one urban district (equivalent administrative division to
county), stratified by socio-economic development status. Second,
we randomly selected four townships in each county and sub-
districts (equivalent administrative division to township) in each
district, giving eight townships and four sub-districts in total in
each province. Third, within each township or sub-district, we
selected three villages or communities at random. Finally, in each
village or community, 20 households with a child under-3 years
were randomly selected. In total, this gave a planned sample size
of 2160 households in 108 villages or communities in 36
townships/sub-districts, with 60 households in each township or
sub-district. The actual number of sampled households was
2176. The parents or grandparents of the children in the sampled
households were interviewed face-to-face using a structured ques-
tionnaire with a focus on the youngest child. The information
about the use of optional vaccine doses was recorded by the survey
enumerators from children’s vaccination cards.

At the same time, a self-administrative questionnaire was used
to collect information about the characteristics of immunization
services providers at the 36 surveyed THs/CHCs (In China, each
township or sub-district is equipped with only one TH/CHC,
respectively. Therefore, we surveyed one THs/CHCs in each of the
36 survey townships/sub-districts). Data from a total of 150 immu-
nization services providers were included in the analyses. Institu-
tion questionnaires yielded information of THs/CHCs about
optional vaccination services, including the availability of the vac-
cines, staffing, and equipment.

All of the respondents consented to participate in the survey.
The study received ethics approval from the Institutional Review
Board of Peking University Health Science Center.

2.2. Measures

2.2.1. Outcome: self-paid vaccination status
We defined four dichotomous outcomes: (1) uptake of at least

one dose of self-paid vaccines, (2) uptake of at least one dose of
Hib vaccines, (3) uptake of at least one dose of rotavirus vaccines,
(4) uptake of one dose of varicella vaccine.

2.2.2. Providers’ recommendation, knowledge, and other supply-side
variables

THs/CHCs are the primary community platforms for children to
receive both EPI and optional vaccinations in China. We con-
structed a range of supply-side factors linking to characteristics
of THs/CHCs, including knowledge and recommendation practices
about optional vaccinations among immunization services provi-
ders at THs/CHCs, the physical space of immunization clinic that
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held at THs/CHCs and staffing at THs/CHCs, and local economic
development level (operationalized as the percentage of house-
holds above the national average disposable income per capita in
each township/sub-district).

Immunization services providers’ knowledge and usual practice
on recommending optional vaccinations were measured using the
questionnaire administered to staff affiliated to the surveyed THs/
CHCs. A synthetic index of knowledge about optional vaccinations
was produced from the responses to 12 questions (see Supplemen-
tary 1) and coded 1–12, with a high value indicating better knowl-
edge. The frequency with which immunization services providers
recommended optional vaccinations to caregivers was measured
by a question ‘‘How often do you recommend some optional vacci-
nes to parents when they were taking their children to uptake EPI
vaccines?” The answer options are as follows: 1 = Never, 2 = Sel-
dom, 3 = Occasionally, 4 = Often, 5 = Always. We calculated the
means of the two measures at township or sub-district level.

2.2.3. Demand-side variables
Besides parental education level, household affordability of

optional vaccines, and the child’s characteristics (age, gender,
whether they had siblings, whether they are left-behind children),
we considered a set of measures of parental concern about optional
vaccinations, which have been shown to be important psychologi-
cal influencing factors in parental vaccination decisions [20–
22,35]. Concerns about the monetary costs, needle pain, and safety
of optional vaccinations were measured by one question respec-
tively: ‘‘To what extent do you feel the vaccine prices are generally
too high/vaccination is painful/vaccination is unsafe, and you do
not want to vaccinate your child with an optional vaccine?”, with
a five-point Likert-type scale response (1 = Not at all, 2 = A little,
3 = A moderate amount, 4 = Somewhat large, 5 = Very large). Par-
ental attitude towards providers’ recommendation was measured
by the question ‘‘To what degree do you agree with the statement
— I’m willing to accept provider’s recommendation about optional
vaccination?” with a five-point response scale (1 = Strongly dis-
agree, 2 = Disagree, 3 = Unsure, 4 = Agree, 5 = Strongly agree). In
addition, the household affordability of optional vaccines

2.3. Statistical analyses

In the analysis, we firstly excluded a total of 361 (16.7%) sam-
pled children and information from 18 immunization providers
from six rural townships in Gansu Province. Because the THs in
these six townships were not equipped to provide any optional
vaccines and have no previous experience of providing these vacci-
nes at the time of the survey. And then we removed 9 children’s
information due to data about covariates were missing. In the
remaining sample, we further removed the data of 15 children
aged below 2 months because the first possible dose of a self-
paid vaccine is administered at the age of 2 months in China, like
the first dose of Hib vaccine and rotavirus vaccine [36,37]. Thus
the analyses for the outcome (1), (2) and (3) were confined to chil-
dren of 2–36 months old. The analyses for the outcome (4)—receipt
of varicella vaccine—were further restricted to children of 12–
36 months old, because the first dose of varicella vaccine is recom-
mended for children aged above12 months [38]. To compare the
levels of self-paid vaccination across districts, we calculated the
age-adjusted proportions with 95% confidence intervals for the
four outcomes at township or sub-district level.

We linked supply-side data to demand-side data. This matching
was performed at township/sub-district level. To assess both
demand- and supply-side determinants of optional vaccination
while accounting for the hierarchical nature of the data, we con-
structed 2-level mixed-effect logistic regressions (random inter-
cept approach) to model the probability of the four dichotomous
optional vaccination outcomes, with demand-side variables at
the individual level and supply-side variables at township/sub-
district-level. We clustered standard errors at township/sub-
district level. To control for any changes over time cross
townships/sub-districts, we included a fixed-effect interaction
term of child’s age and the identification variable of townships/
sub-districts in the regressions. Estimated coefficients were pre-
sented as odds ratios (ORs) with 95% confident intervals for inter-
pretation. All analyses were performed with Stata 14.0 (StataCorp
LP, College Station, TX).
3. Results

The final sample included in multi-level analysis comprised
1791 households. Samples from the six rural townships of Gansu
Province that did not have the capability to provide optional vacci-
nes were excluded from the analytical part. Table 1 shows the
descriptive statistics for the sample used for multi-level analyses.
Of a total of 1791 under-3-year children with an average age of
1.14 years (standard deviation (SD): 1.43), 57.7% were boys, and
22.5% were left-behind children whose parents were both migrant
workers. The average household annual income of this analyzed
sample was 72849.8 China Yuan (SD: 126190.9).

In the sample used for multi-level analysis, 59.4% [1063/1791]
of children aged 2–36 months had received at least one type of
optional vaccination. Only 36.2% [648/1791] and 20.3%
[364/1791] of children aged 2–36 months had received at least
one dose of Hib and rotavirus vaccine, and 42.9% [429/1001] of
children aged 12–36 months had been immunized against vari-
cella. Among the 150 immunization workers at THs and CHCs,
the mean recommendation frequency score was 3.19 (SD: 0.68),
and the mean knowledge score was 7.94 (SD: 1.88). Regarding par-
ental psychological measures, the mean score for concern about
the price, concern about needle pain, concern about vaccination
safety, and attitude towards recommendation were 1.88 (SD:
1.12), 1.27 (SD: 0.63), 1.74 (SD: 1.04), and 3.88 (SD: 1.02),
respectively.

Fig. 1 shows the age-adjusted coverage for the uptake of at least
one optional vaccine and uptake of at least one dose of vaccine
against Hib, rotavirus, and varicella across the thirty townships
and sub-districts. There was substantial variation in coverage, from
0% in some districts in Gansu Province to over 90% in some districts
in Hubei Province.

Table 2 shows the results of the multivariate regression analy-
ses. Immunization services providers’ recommendation frequency
was significantly associated with vaccination status in all four
models with considerable effect size (at least one dose of vaccine
OR = 4.29 p < 0.0001; Hib vaccine OR = 3.08 p < 0.0001; rotavirus
vaccine OR = 3.56 p < 0.0001; varicella vaccine OR = 1.78
p = 0.0091). Providers’ knowledge was also a significant predictor
of uptake of at least one dose of optional vaccines and Hib vaccine
(at least one dose of optional vaccine OR = 1.31 p = 0.0417; Hib
vaccine OR = 1.22 p = 0.0738; rotavirus vaccine OR = 1.13
p = 0.0293; varicella vaccine OR = 1.16, p = 0.0698). The density of
immunization worker and the physical space of the immunization
clinics were also associated with vaccination status. In our sample
for analysis, the likelihood of uptake of the rotavirus vaccine
among children living in urban areas was significantly lower than
the counterparts of rural areas. Several demand-side factors, such
as parental concern about vaccine price, and attitude towards pro-
viders’ recommendations, were significantly associated with vacci-
nation uptake. Left-behind children were less likely to be
vaccinated against Hib and rotavirus. When the analysis was strat-
ified according to whether the child is left-behind children, the
results were generally consistent (see Table S1 in Supplementary



Table 1
Summary statistics of the sample used for analyses.

Supply- and demand-side characteristics Measurements Number and
Percentage

Mean (SD)

No. %

Supply-side (Community and THs/CHCs) characteristics(n = 30)
Immunization providers’ average recommendation frequency score at THs/CHCs Continuous NA NA 3.19 (0.68)
Immunization providers’ average knowledge score about optional vaccination at THs/CHCs Continuous NA NA 7.94 (1.88)
Space of vaccination clinics (square metres) Continuous NA NA 139.73 (108.49)
Staffing of immunization workers
More than 1 immunization workers per 10,000 population in the township/sub-district 1 = Yes, 0 = No 16 53.33 NA
Less than 1 immunization workers per 10,000 population in the township/sub-district 1 = Yes, 0 = No 14 46.67 NA

Urban/rural status NA
Urban areas 1 = Yes, 0 = No 12 40.00 NA
Rural areas 1 = Yes, 0 = No 18 60.00 NA

Percentage of households above the national average disposable income per capitaa Continuous NA NA 28.63 (28.67)

Demand-side (Household- and individual-level) characteristics (n = 1791)
Mother’s education
<Junior high school 1 = Yes, 0 = No 192 10.72 NA
Junior high school or senior high school 1 = Yes, 0 = No 1093 61.03 NA
>Senior high school 1 = Yes, 0 = No 506 28.25 NA

Household affordability of optional vaccinesb NA
Affordable 1 = Yes, 0 = No 1625 90.73 NA
Unaffordable 1 = Yes, 0 = No 166 9.27 NA
Left-behind children status NA
Being left-behind children 1 = Yes, 0 = No 403 22.50 NA

Not being left-behind children 1 = Yes, 0 = No 1388 77.50 NA
Gender of the child Continuous NA
Boy 1 = Yes, 0 = No 1034 57.73 NA
Girl 1 = Yes, 0 = No 757 42.27 NA

Whether have siblings NA
Being only child 1 = Yes, 0 = No 1191 66.50 NA
Not being only child 1 = Yes, 0 = No 600 33.50 NA

Age of the child (year) Continuous NA NA 1.14 (1.43)

Notes:
SD = standard deviation. NA = not applicable.

a The national average annual disposable income per capita in 2013 was 18310.8 China Yuan, according to China Statistical Yearbook 2014 [Available from: http://www.
stats.gov.cn/tjsj/ndsj/2014/zk/html/Z0601e.htm].

b The household affordability of the optional vaccines was operationalized as whether the price of one dose of Hib vaccine accounted for less than 10% of the monthly
income of a surveyed household. According to the authors’ data, Hib vaccines were the most commonly used optional vaccines at the time of our survey in 2013, and the
uptake price across different regions in China is about 125 China Yuan for one dose in 2013. The cut-off value of 10% was chosen referred to previous drug affordability
studies.
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2). And we found a larger effect size of provider’s recommendation
on the uptake of the three specific types of optional vaccines
among left-behind children, as opposed to the non-left-behind
group.
4. Discussion

We revealed large disparities in childhood optional vaccination
coverage cross areas in China. We found that immunization ser-
vices providers’ knowledge and recommendations were signifi-
cantly associated with increased optional vaccinations among
children. This result was robust to a wide range of controls from
both demand- and supply-side based on a hierarchical structure,
and held across specific vaccinations (against Hib, rotavirus, and
varicella) and stratified groups (left-behind children and non-
left-behind children). Meanwhile, several demand-side psycholog-
ical factors about childhood vaccination were associated with
optional vaccinations, which is consistent with previous studies
[20–23,35].

The study is uniquely valuable. Although recent studies using
the multilevel approach have examined some regional level and
supply-side determinants of vaccination coverage, such as regional
socioeconomic and religious background [39,40], availability of
health centres and health workers [39], and types of health person-
nel in vaccination services [41], none of these has explored the
effects of more specific indicators of service quality—such as
knowledge and recommendation practices of immunization work-
ers, availability of specific vaccines, the infrastructure of immu-
nization clinics—on vaccination coverage. Moreover, as most
implementation research focused on vaccines that incorporated
in EPI or other public-funded programs, few of them have focused
on optional and self-paid childhood vaccinations. Given that many
important childhood vaccines are optional and self-paid in many
middle-income countries [4,5]. We believe that the policy implica-
tion of the current work is valuable for China, and might also be
useful for other countries with a similar situation.

Childhood vaccinations require interaction between immuniza-
tion services providers and parents. Our finding regarding the asso-
ciation between providers’ recommendation and children’s
vaccination status supports the theory of health belief model
[27,42], which suggests that a cue to action, such as professional’s
recommendation, could trigger the adoption of health behaviours.
This is also in agreement with previous studies which showed
respondents who reported that healthcare providers had recom-
mended were more likely to have been immunized [26–28]. The
positive association between providers’ knowledge about optional
vaccinations and coverage of these vaccinations is in line with pre-
vious research that found immunization services providers’
vaccine-related attitudes and beliefs may influence parents’ corre-
sponding attitudes [43]. As in many other countries [26,43],
healthcare providers are the main source of vaccine-related infor-
mation for parents in China—in our survey, around 90% of respon-
dents used them for information about optional vaccinations,

http://www.stats.gov.cn/tjsj/ndsj/2014/zk/html/Z0601e.htm
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 (2) Uptake of Haemophilus Type B conjugate vaccines
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 (3) Uptake of varicella vaccines

Fig. 1. Age-adjusted coverage rates for optional vaccination coverage by townships/sub-districts. (1) uptake of at least one dose of optional vaccines, (2) uptake of at least of
one dose of Hib vaccines, (3) uptake of at least one dose of rotavirus vaccines, (4) uptake of varicella vaccine, across 36 surveyed towns/streets. The dots represent estimates of
coverage rates, and the horizontal bars around the dots represent 95% confidence interval. Urban areas in Gansu Province includes RML, WXL, GYL, FZY. Rural areas in Gansu
Province includes TY, YX. Urban areas in Hubei Province includes ZT, CW, YF, EQ. Rural areas in Hubei Province includes HJD GPT, YT, CG, DQP, YZ, MS, JN. Urban areas in
Jiangsu Province includes HWL, RJL, YYH, SMK. Rural areas in Hubei Province includes MC, SX, QX, SC, CQ, GX, XK, MD.
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trusted them, and were willing to follow their recommendations
[35]. Providers with better knowledge and correct attitudes and
beliefs about optional vaccinations might pass more relevant infor-
mation to parents and therefore be a positive influence on their
decision-making.

The results point to the opportunity to increase optional vacci-
nation coverage by encouraging immunization services providers
to recommend these vaccinations. It is also important that provi-
ders should be trained to communicate effectively with parents,
because research shows that improving the quality of provider-
parent communication in discussions about vaccines plays a criti-
cal role in the success of childhood vaccination programs [44], par-
ticularly for new vaccines [45].

The subsample analyses generally suggested a provider’s rec-
ommendation has a larger effect on the three specific types of
optional vaccination status in the left-behind children. Given left-
behind children are mostly taken care by grandparents [31], who
are generally lower educated with lesser health literacy as com-
pared with the younger parents, our finding implied that an exter-
nal motivator, such as a health professional’s suggestion, might
play a stronger role on them, while the influence might be compar-
atively weaker in China’s younger and better-educated parents. In
a background that Chinese parents’ vaccine confidence is at stake
due to several vaccine safety events in more recent years
[46–48], the result suggests that evidence-based risk and benefit
communication should be regarded as an essential skill for all
immunization workers in communities, which could be helpful
for them to educate parents about sensible attitudes on childhood
vaccination. This requires not only communication skill, but also
sufficient expertise. Hence, training aiming at enhancing immu-
nization workers’ knowledge level is extremely warranted at a
national level.

Of the demand-side factors, we found parental attitudes
towards providers’ recommendations were significantly and posi-
tively associated with uptake, which echoed with the supply-side
results discussed above. We also found that parental concern about
the cost was significantly and negatively associated with uptake,
which is consistent with previous studies conducted in China
[35,49].

When comparing uptake across different regions, the optional
vaccines coverage rates of townships/sub-districts in Gansu, a
western province, were much lower than the rates of surveyed
communities from comparatively wealthier areas (central and
eastern regions). This huge gap in optional vaccination coverage
is much larger than the difference in EPI vaccination among
regions. China’s 5th National Health Service Survey (NHSS) [50]
shows the basic EPI vaccination coverage in children had generally
reached universal across eastern, central, and western China in
2013 (see supplementary 3). Although there were still slight differ-
ences in the coverage percentage across regions in the 5th NHSS,
which might reflect large disparities in the number of unimmu-
nized children given China’s large birth cohort, a clear trend



Table 2
Supply- and demand-side factors associated with the uptake of optional vaccinations.

Multivariable, multilevel regressions estimates presented as odds ratio (95% confidence interval)

(1) Any optional vaccines (2) Hib vaccines (3) Rotavirus vaccines (4) Varicella vaccines

Supply-side variables
Immunization providers’ average frequency of

recommendation at the TH/CHC
4.29 (2.25–8.19)*** 3.08 (1.87–5.08)*** 3.56 (2.20–5.75)*** 1.78 (1.16–2.75)***

Immunization providers’ average knowledge about
optional vaccination at the TH/CHC

1.31 (1.01–1.69)** 1.22 (0.98–1.52)* 1.13 (1.01–1.26)** 1.16 (0.99–1.35)*

Space of vaccination clinics# 2.02 (0.97–4.20)* 1.44 (0.84–2.47) 1.43 (0.93–2.20) 1.30 (0.91–1.86)
Immunization worker density## 1.91 (0.72–5.03) 1.54 (0.73–3.25) 2.53 (1.26–5.10)*** 1.89 (1.15–3.12)**

Community socioeconomic status### 1.76 (0.30–10.20) 0.66 (0.12–3.60) 1.17 (0.37–3.72) 1.24 (0.44–3.50)
Urban areas 0.38 (0.10–1.38) 0.34 (0.11–1.09)* 0.20 (0.08–0.49)*** 1.53 (0.62–3.81)

Demand-side variables
Parental concern about the cost 0.85 (0.77–0.94)*** 0.87 (0.75–1.00)** 0.89 (0.75–1.04) 0.82 (0.72–0.92)***

Parental concern about needle pain 1.05 (0.86–1.28) 1.05 (0.86–1.29) 1.10 (0.82–1.47) 1.02 (0.83–1.26)
Parental concern about vaccine safety 0.98 (0.86–1.12) 1.00 (0.86–1.17) 0.97 (0.80–1.16) 1.07 (0.90–1.26)
Parental attitude towards recommendation 1.35 (1.18–1.55)*** 1.20 (1.03–1.40)** 1.08 (0.90–1.30) 1.03 (0.90–1.19)
Mother’s educational attainment
<Junior high school
Junior high school or senior high school 1.14 (0.66–1.97) 1.22 (0.84–1.77) 1.02 (0.74–1.40) 1.14 (0.73–1.77)
> Senior high school 0.94 (0.51–1.72) 1.01 (0.58–1.77) 0.69 (0.38–1.26) 0.93 (0.47–1.81)
Household affordability of optional vaccines 0.99 (0.62–1.59) 1.35 (0.95–1.91)* 1.59 (0.93–2.73)* 1.18 (0.58–2.38)
Boy child 1.05 (0.84–1.32) 0.86 (0.69–1.08) 1.13 (0.87–1.46) 1.40 (1.04–1.88)**

Child age (year) 4.92 (2.37–10.22)*** 1.98 (0.89–4.44)* 2.59 (1.91–3.52)*** 1.78 (1.15–2.75)***

Only child without siblings 1.16 (0.78–1.74) 1.06 (0.78–1.44) 1.51 (1.09–2.09)** 1.19 (0.76–1.84)
Left-behind children 0.81 (0.51–1.30) 0.62 (0.41–0.96)** 0.55 (0.40–0.76)*** 1.08 (0.75–1.56)

Interaction term between child age and
community identifier variable

0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.00) 1.00 (1.00–1.01)

Observations 1791 1791 1791 1001
Number of groups 30 30 30 30
Community-level variance 27.81% 19.63% 14.30% 5.55%
Individual-level variance 72.19% 80.37% 85.70% 94.45%

Notes:
# Physical space of vaccination clinics measured in square metres was log-transformed.

## Density of immunization workers was dichotomized into more than 1 immunization workers per 10,000 population versus less than 1 immunization workers per 10,000
population.
### Operationalized and measured as the percentage of surveyed households above the national average disposable income per capita in a township/sub-district.

* Significance level: p < 0.1.
** Significance level: p < 0.05.
*** Significance level: p < 0.01.
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towards lower EPI vaccination coverage in western China, as
shown in previous waves of NHSS [51], had been no longer observ-
able. This comparison of regional disparities between optional vac-
cination coverage and EPI vaccination coverage also points to the
needed efforts in further lowering the inequality in children’s
healthcare utilization across different regions in China.

This study had several limitations. First, in the analyses on Hib
and rotavirus vaccinations, we only studied the uptake of at least of
one dose, instead of full vaccination, because we didn’t further col-
lect information of uptake doses for the optional vaccines required
multiple doses during our survey. Second, the current study was
not designed to determine any causality, and further studies with
an experimental design would be needed for this.

5. Conclusions

We found that the large variations in coverage of optional child-
hood vaccinations across regions could be attributed to both
supply- and demand-side factors. The immunization services pro-
viders’ knowledge and recommendations about optional vaccina-
tions also play a key role. Therefore, besides strategies such as to
improve availability of optional vaccines at community immuniza-
tion platforms, to remove the economic barriers, and to educate
parents, promoting immunization services providers to conduct
evidence-based recommendations about some important child-
hood optional vaccinations and enhancing their communication
skills and knowledge regarding optional vaccinations are also use-
ful strategies to increase the coverage of these vaccinations.
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