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The present study is the first to examine associations between area-level socio-demographic factors and
uptake of vaccination among 5-year old children throughout Australia. A public-health focused ecological
methodology was used that combined postcode-level socio-demographic variables from the 2016 Census
with postcode-level vaccination data. Analyses included one-way analysis of variance and assessment of
linear trends for each socio-demographic variable across five categories of vaccination rate; ranging from
lowest (�90%) to highest (96.1–100%), as well as using vaccination rate as a continuous variable. Multiple
regression analysis was also conducted using select indicators to predict vaccination rates in postcodes
from major cities. The results of the univariate analyses showed that communities with lower rates of
vaccination had relatively less disadvantage, and had relatively greater education and occupation status,
as measured by SEIFA (ABS [4]). When we looked at the ASGS Remoteness Areas, we saw that the vacci-
nation rates were lowest in postcodes from the major cities of Australia, and vaccination rates increased
as communities became more remote. When the community is further refined to postcodes located in the
major cities, and to the target group of parents/partners in a family with children aged 4–7, we found that
postcodes with lower vaccination rates were characterised as having a relatively greater proportion of
people with: a high education level (bachelor degree level or higher); having white-collar jobs as man-
agers; having no religion, having people in the older age category (50–54); and conversely being
unemployed.

� 2019 Published by Elsevier Ltd.
1. Introduction

Immunisation programs rely on high uptake of vaccines [53] in
order to be successful in reducing the prevalence and incidence of
vaccine preventable disease (VPD), and an aspirational vaccination
target rate of 95% in children has been set in Australia [18]). High
uptake of vaccines, with threshold levels varying by disease, from
83 to 85% for diphtheria and rubella, and 92–94% for measles
and pertussis [10], contributes to ‘‘herd immunity” [21,49],
whereby indirect protection is provided to the whole community,
including individuals who cannot be vaccinated for medical rea-
sons [41]. The National Centre for Immunisation Research and
Surveillance has shown that in the past decade Australia has
improved the overall vaccination coverage for young children
and adolescents [25]; using Government incentives to encourage
vaccination, including the No Jab, No Pay policy [30,55] requiring
children are vaccinated before parents receive Family Assistance
Payments. However, despite these gains, there have been geo-
graphic clusters with lower than average vaccination rates, as well
as clusters of recorded objection to vaccination in all States [10].
Logistical barriers to accessing vaccination, such as issues of pov-
erty or geographic isolation, are important contributors to lower
vaccination coverage [10] in Australia. However, some parents of
infants and young children are either delaying or selectively vacci-
nating (vaccine hesitancy), or are otherwise refusing to vaccinate
(vaccine refusal) for other non-access related reasons, and this is
also contributing to reduced rates of childhood vaccination in areas
of Australia, the USA, as well as other developed countries
[11,19,20,35]. This vaccine hesitancy/refusal, in turn, is leading to
a resurgence of previously controlled diseases such as pertussis
(i.e., whooping cough) and measles in some local areas
[9,12,29,40,44].

Recent literature is indicating that vaccine refusal and under-
immunisation tend to cluster geographically [34,38], and VPD out-
breaks also cluster geographically [7,44]. A study in Australia [26]
mapped vaccination coverage, including specifically conscientious
objectors, across geographic regions of the State of New South
Wales (NSW), and found a number of areas with lower than opti-
mal coverage across all age groups and all vaccines. The lowest
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1 Note, throughout this document the terms immunisation and vaccination are
considered interchangeable, but we have generally used the term vaccination. In
particular, the Australian Government refers to child immunisation rates (as outlined
in the My Healthy Communities website [6], but we will refer to the data in terms of
vaccination rates.
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coverage was found in the north coast area of NSW, and this area
also had the highest proportion of conscientious objectors. A study
in Australia of trends and patterns in vaccination objections [10]
from 2002 to 2013, compared officially recorded objections to vac-
cination in the highest and lowest deciles of socio-economic status.
The results showed that the proportion of officially recorded objec-
tions to vaccination was highest (1.9%) in the highest decile of
socio-economic status, and lowest (1.1%) in the lowest decile.
The proportion that were only partly vaccinated (for vaccines
due at 2, 4 and 6 months of age), but not affected by a recorded
objection, was however higher among those in the lowest decile,
which the authors suggest indicates logistical difficulties, and
problems of access to health services. The authors also mapped
the distribution of recorded vaccination objection and this showed
geographical clustering. Atwell and colleagues [7] investigated
non-medical vaccine exemptions in California and rates of pertus-
sis in the year 2010, and found evidence of temporal and spatial
clustering of cases of pertussis with non-medical exemptions; sug-
gesting that high rates of exemptions were related to increased
rates of pertussis.

Studies of rates of vaccination are often conducted looking at
the influence of individual level socio-economic factors on rates
of vaccination, and these studies have shown contradictory results
with regard to associations between deprivation or low socio-
economic status and compliance with vaccination schedules [51].
In the field of public health, including cancer prevention, the inves-
tigation of area-based factors is commonplace, and many socio-
demographic factors or indicators (e.g., poverty, ethnicity, and edu-
cation) have been shown to influence health behaviours and health
status. However, very few studies have investigated area-based or
geographic clustering of socio-demographic factors and their rela-
tionship to vaccination rates. It is highly plausible that area-based
factors are having an impact on vaccination rates; e.g., through the
influence of social networks, cultural norms, language barriers in
ethnic minority groups, perception of risk, education levels, geo-
graphic accessibility, and access to free health programs for those
in poorer areas [24,52].

A recent study in the USA [24] was the first to study the poten-
tial influence of area-based socio-economic factors on rates of
Human papillomavirus (HPV) vaccination among boys. This study
showed that boys living in high-poverty areas were more likely
to have completed the series of HPV vaccinations (receipt of three
doses to complete immunisation) than boys in low-poverty areas.
The probability of completing the series of vaccinations was higher
for Hispanic and African-American boys in high poverty areas, and
also boys in general from areas with high population density. The
authors surmise that greater access to HPV vaccines through a pro-
gram providing free vaccines for children with little or no insur-
ance may be positively influencing the uptake of HPV vaccination
in these groups. In contrast, an ecological study in the United King-
dom [47] looking at area-level socio-economic deprivation and
compliance with the booster immunisation schedule (by age five),
found that lower immunisation coverage was associated with
higher area-level deprivation. An ecological study in England [47]
found a significant relationship between area-level socio-
economic deprivation and coverage of vaccinations (including
Tetanus, Diphtheria, Pertussis, Polio, and MMR) by age five, with
those areas of greatest deprivation having lower vaccination cover-
age. Deprivation was also a factor in explaining lack of uptake of
HPV vaccination for teenage girls across England [31]. Two other
studies in England, of the combined measles, mumps, rubella
(MMR) vaccination at age two [32] and the HPV vaccination for
young women [22], found no association between deprivation
and uptake of these specific vaccinations; however, barriers to ser-
vices (road distance to services) and adequate housing (overcrowd-
ing and affordability) were strongly related to reduced vaccination
levels. A systematic review and meta-analysis of social determi-
nants of vaccine uptake in the elderly in Europe, also looked at
area-level deprivation, finding a correlation between deprivation
and lower uptake of vaccination in the elderly [28].

A USA study by Omer and colleagues (2008) investigated the
relationship between non-medical exemptions and vaccination
within schools in the state of Michigan, looking specifically at rates
of pertussis cases by geographic area. This revealed exemption
clusters characterised by a higher percentage of 5-year old chil-
dren, a larger average family size, a higher population density,
and a higher percentage of ethnic/racial minorities. The authors
theorise that cultural and social aspects of particular communities
are playing a role in non-medical exemptions to vaccination. A
study in the USA by Lieu and colleagues [34] also investigated geo-
graphic clusters in vaccination rates in Northern California, using
spatial scan statistics to identify clusters of under-immunisation
and vaccine refusal. They found clustering by geographic areas of
under-immunisation for the varicella vaccine, and the combined
measles, mumps, rubella (MMR) vaccine, as well as for vaccine
refusal. Analyses were adjusted for ethnicity/race and neighbour-
hood income, though these demographic characteristics were not
considered major factors in clustering. A study in Ontario [43]
looked at both individual-level and regional-level factors relating
to refusal of the free-of-charge HPV vaccine, and found that at an
individual-level both the lowest and the highest incomes were
associated with refusing this vaccine. However, geographic areas
of high social and material deprivation were associated with
greater acceptance of the vaccine. It is possible that contradictory
results in both individual and area-based studies as outlined above,
are the result of for example, variations in types of vaccine studied;
whether vaccine programs are free or self-paid; the country in
which the study is undertaken; and the type of healthcare systems
available [13].

The goal of this current study was to investigate the relation-
ship between area-level socio-demographic indicators and compli-
ance with the National Immunisation Program (NIP) Schedule1 [8]
for children in Australia. The aim was to identify postcode-level
socio-demographic indicators that are associated with lower rates
of vaccination for 5-year old children, including:

� SEIFA Index of Relative Disadvantage; and SEIFA Index of Educa-
tion & Occupation.

� Socio-demographic indicators of parents/partners in families
with children aged between 4 and 7 (i.e., education, employ-
ment, occupation, indigenous status, language spoken at home,
religion, age, and personal income).

� The Australian Statistical Geography Standard (ASGS) [3]
Remoteness Area classifications (i.e., major cities, inner regio-
nal, outer regional, remote, and very remote areas of Australia).

Based on findings of prior studies, we expected that socio-
economic advantage within geographic regions might be related
to vaccination rates in Australia. Given the contradictory findings
in past studies, we maintained a non-directional hypothesis that
socio-economic advantage would influence vaccination in some
way (positive or negative). Moreover, the influence of other demo-
graphic factors on vaccine compliance were explored in this study
as potential predictors.
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2. Methods

2.1. Design

A public-health focused ecological methodology was used,
which combined postcode area-level socio-demographic variables
from the 2016 Census of Population and Housing [2] with postcode
area-level vaccination data made available by the Australian Insti-
tute of Health and Welfare [6]. An ecological study uses the popu-
lation or community as the unit of observation, rather than
analysis at the individual level [48].

2.2. Measures

2.2.1. Census of population and housing
The ABS regularly conduct a census of the Australian population

[2]. In this study socio-demographic variables from the 2016 Cen-
sus (the night of Tuesday, 9th of August) were analysed at the geo-
graphic level of postcode. De-identified and summary data from
the 2016 Census are publicly available on the ABS website for anal-
ysis by interested parties [2]. However, in this study a request was
made to the ABS for a data matrix of socio-demographic variables
at the postcode level; restricted to a target population of parents/-
partners in a family with at least one child aged between four and
seven years of age. This selective aggregation targeted most parents
or caregivers who would be responsible for the vaccination of chil-
dren aged five years; the age of vaccination that we are investigat-
ing as the outcome variable in this study. We note that several
concerns were raised about the implementation of the 2016 Cen-
sus, including the first time use of online forms, public issues
regarding privacy, and four denial-of-service attacks on the Census
website on the night of the Census leading to problems with filling
out online forms. However, an Independent Assurance Panel [23]
concluded that 2016 Census data could be used with confidence
and was comparable in quality to previous censuses.

2.2.1.1. Socio-Economic indexes for areas (SEIFA). SEIFA have been
developed by the ABS [4] using data from the 2016 Census to cre-
ate indexes which rank areas in Australia according to four sum-
mary measures broadly relating to advantage and disadvantage.
Note that the SEIFA in this study are computed for the whole Aus-
tralian population rather than for the target population of parents/-
partners in a family with at least one child aged between 4 and
7 years of age. Two SEIFA were selected for this study: The Index
of Relative Socio-economic Disadvantage (IRSD); and the Index of
Education and Occupation (IEO). These indexes are assigned to
geographic areas, rather than individuals, and are ordinal measures
that can be used to rank local areas by these measures. The IRSD is
a socio-economic index that summarises a range of information
from the census. Low scores indicate in general that the local area
has greater disadvantage in relation to other local areas. A high
score indicates that the local area has a relative lack of disadvan-
tage compared to other local areas. The IEO is an index that reflects
the education and occupation level of local areas. Low scores in
general indicate a relatively lower education and occupation status
of the local community compared to other local areas in Australia.
High scores indicate relatively higher education and occupation
status of the local community compared to other local areas.

2.2.1.2. Area-based Socio-demographic indicators from a target pop-
ulation. The following postcode-level socio-demographic variables
or indicators were selected for inclusion in this study, with sum-
mary data across postcodes limited to the target population of par-
ents/partners in a family with at least one child aged between 4
and 7 years of age:
� Highest Level of Education (Bachelor degree level or higher; and
completed year 10, 11, or 12).

� Labour Force Status (Unemployed - as derived by the ABS [1] via
the combination of four census questions - the standard ABS
definition of Unemployed requires that the person not be work-
ing more than 1 h the previous week, that the person is actively
looking for work, and available to start work).

� Occupation (Managers; Professionals; Technicians and Trade
Workers; Clerical and Administrative Workers; Sales Workers;
Machinery Operators and Drivers; and Labourers).

� Indigenous Status (Aboriginal).
� Language Spoken at Home (English; Mandarin).
� Religion (No Religion; Catholic; Anglican; Buddhism; Hinduism;
and Islam).

� Age Categories (20–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50–
54).

� Weekly Personal Income (Low < $1000, $1000–2000, $2000–
3000, Very High $3000 and over).

Note, only key indicators are included in analyses to avoid
duplication, and to cover the most important variables. Some vari-
ables were excluded because of low prevalence rates. For example,
the census also includes the religions of Uniting Church, Presbyte-
rian, Baptist, and Greek Orthodox. Uniting Church was excluded as
the religions of Catholic and Anglican were considered sufficient to
cover Christian religions. The other religions were not included
because they had on average less than 2% representation across
Australia. Mandarin was selected as a language because it was
the second most common language spoken at home. The languages
Italian, Arabic, Cantonese, Greek, and Vietnamese were not
included because they had on average less than 2% representation
across the country.
2.2.2. AIHW vaccination data
The AIHW routinely analyses data from the Australian Immuni-

sation Register (AIR) which is administered by the Australian
Government Department of Human Services. This includes surveil-
lance data on rates of vaccination for children and teenagers, by
geographic area, including percentage of fully immunised or vacci-
nated 5-year old children. All people enrolled with Medicare are
included in the AIR. Also, persons who are not enrolled with Medi-
care can be added to the AIR via a supplementary number, and if
vaccinations are given overseas, this information can also be added
if it can be verified. This data is publicly available and can be
accessed through the AIHW website ‘‘My Healthy Communities”
[6]. It should be noted that The National Centre for Immunisation
Research and Surveillance [25] identifies that the ‘‘fully immu-
nised” coverage figures are likely an underestimate for a range of
reasons, including under-reporting. It should be noted that some
overseas born children may be vaccinated overseas but not have
this information recorded in the AIR. In this study vaccination rates
of 5 year olds for the financial year 2015/16 were analysed at the
geographic level of postcode. The data from both the ABS and the
AIHW sources are only made available in summary statistical for-
mat (e.g., percentage of 5-year olds fully vaccinated for each post-
code; percentage unemployed for each postcode) and no
individuals can be identified. To further ensure confidentiality,
data on location is not included in this report (only summary sta-
tistical information).
2.2.3. ASGS remoteness areas
The Australian Statistical Geography Standard (ASGS) Remote-

ness Areas, developed by the ABS [3] fall into five categories (i.e.,
major city, inner regional, outer regional, remote, and very remote
areas of Australia) and are derived by road distance to urban areas
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and population density. In this study these classifications were
applied to postcodes throughout Australia.
2.3. Data analysis

Data from the ABS and the AIHW were initially obtained in
Microsoft Excel spreadsheets. Both databases were then sorted,
matched and merged at the postcode level, in order for further
analyses to be conducted with IBM SPSS Statistics for Windows,
Version 24.0 [17]. Analyses included one-way analysis of variance
(ANOVA) for each socio-demographic variable across five cate-
gories of vaccination rate. The five categories, ranging from lowest
(�90%) to highest (96.1–100%), were derived using the 20th per-
centile to categorise data into bins of roughly equal sizes. Linear
trends were assessed using the contrast function in one-way
ANOVA. Simple linear regression was conducted for each socio-
demographic variable using vaccination rate as a continuous vari-
able to obtain standardised beta weights. Multiple regression was
also conducted, using all socio-demographic variables as predic-
tors, but due to multicollinearity issues the model resulted in
unstable beta weights. A smaller multiple regression was con-
ducted using a subset of key indicators (to reduce the effects of
multicollinearity) to predict vaccination rate of 5-year olds in the
major cities (as defined by Remoteness Areas) of Australia
(N = 897). Analysis was restricted to major cities to ensure ade-
quate representation of low prevalence variables such as Buddhist
religion (e.g., the proportion of Buddhists is less than 1 percent in
all remoteness areas, except for major cities (3% Buddhists). The
sub-group of major cities was also selected as they had the lowest
vaccination rates, as revealed in the final analysis – an assessment
of the impact of ASGS Remoteness Areas (five categories) using a
one-way ANOVA with vaccination as a continuous dependent
variable.
3. Results

Vaccination data were available for analysis from 1490 different
postcodes. The mean rate of fully vaccinated 5-year olds across
postcodes in 2016 was 92.5% (Md = 93.20%; Mo = 100%;
SD = 4.35), with 70.4% of postcodes having vaccination rates less
than or equal to Australia’s national aspirational coverage target
of 95% [18]; and 21.0% of postcodes having vaccination rates less
than or equal to 90%. Table 1 displays the standardised beta
weights for each socio-demographic variable using vaccination as
a continuous variable; and the mean of each socio-demographic
variable across vaccination levels (postcodes with the lowest
through highest level of vaccination), linear trends, and effect sizes.
The results show that there were significant linear trends for all
variables, except the age category 35–39.
3.1. SEIFA: Disadvantage (IRSD); and education and occupation (IEO)

The IRSD was higher (relatively less disadvantaged) in those
areas with the lowest vaccination rates and lower (more disadvan-
taged) in those areas with the highest vaccination rates. The IEO
was also higher (relatively more education and occupation status)
in those areas with the lowest vaccination rates and lower (rela-
tively less education and occupation status) in those areas with
the highest vaccination rates.
3.2. Area-based socio-demographic variables for the target population

Those postcodes with relatively lower vaccination rates were
characterised as having, on average, more of the target population:
� with a Bachelor degree level or higher as their highest level of
education;

� being unemployed;
� having an occupation as a Manager;
� having an occupation as a Professional;
� speaking Mandarin at home;
� having no religion, so described;
� with the religion Buddhism;
� with the religion Hinduism;
� with the religion Islam;
� in the older age categories (40–44, 45–49, 50–54);
� with a weekly income of $2000–3000;
� with a very high personal weekly income ($3000 and over).

Those postcodes with relatively higher vaccination rates were
characterised as having, on average, more of the target population:

� having only completed year 10, 11, or 12 as their highest level of
education;

� with an occupation as Technicians and Trade Workers;
� with an occupation as Community and Personal Service
Workers;

� with an occupation as Clerical and Administrative Workers;
� with an occupation as Sales Workers;
� with an occupation as Machinery Operators and Drivers;
� with an occupation as Labourers;
� being Aboriginal;
� speaking English at home;
� with the religion Catholic;
� with the religion Anglican;
� in the younger age categories (20–24; 25–29; 30–34);
� with a lower personal weekly income (<$1000; and $1000–
2000).

Table 2 displays the results of a multiple linear regression anal-
ysis conducted on a sub-set of data restricted to postcodes from
major cities of Australia (N = 897) as defined by the ASGS Remote-
ness areas [3]. The dependent variable in this multiple regression
was vaccination rate among 5-year olds in postcodes from major
cities of Australia. The predictors were a subset of key indicators
from each variable grouping (e.g., Highest Level of Education)
including: Bachelor Degree level or Higher; Being Unemployed;
Occupation of Manager; Being Aboriginal; Speaking Mandarin at
home; having No Religion; Religions - Catholic, Buddhism, Hin-
duism, and Islam; $2000–3000, and $3000 and over weekly per-
sonal income, and Ages 40–44, 45–49, and 50–54. The results of
the multiple regression indicated the 15 predictors explained
30.0% of the variance (R2 = 0.30, F(15,896) = 24.66, p < .001). Vari-
ables that significantly predicted a lower vaccination rate included
having a bachelor degree level or higher; being unemployed; hav-
ing an occupation as Manager; having no religion; and being aged
50–54. Variables that significantly predicted a higher vaccination
rate included being Aboriginal, having the religion Catholic, and
having a weekly personal income $2000–3000.

3.3. ASGS remoteness areas

The mean vaccination rate decreased proportionately as post-
codes became more urban, as defined by ASGS Remoteness Areas:
Very Remote: M = 95.43; SD = 2.74; N = 19; Remote: M = 94.94;
SD = 3.70; N = 27; Outer Regional: M = 93.73; SD = 4.24; N = 171;
Inner Regional: M = 93.09; SD = 4.68; N = 334; and Major Cities:
M = 91.98; SD = 3.91; N = 897. A one-way ANOVA revealed a signif-
icant effect of Remoteness Area on vaccination rates (F(4,1443)
= 17.61, p < .001). There was a significant linear trend (R2 = 0.04, F
(1,1443) = 17.61, p < .001) indicating that vaccination rates



Table 1
Standardized beta weights, means for each socio-demographic indicator across vaccination levels (postcodes with lowest through highest vaccination levels), linear trends, and
effect size for each socio-demographic variable.

Vaccination Rate Linear Trend Effect Size

Lowest Highest
(�90%) (90.1–92%) (92.1–94%) (94.1–96%) (96.1–100%)

Socio-Demographic Variables Standardised
Beta Weights

M M M M M F(1,1443) p R2

(N = 305) (N = 245) (N = 326) (N = 315 (N = 257)

Socio Economic Indexes for Areas (SEIFA):
IRSD (Disadvantage) �0.11 6.25 6.27 6.07 5.73 5.21 21.88 <.001 0.02
IEO (Education & Occupation) �0.25 6.75 6.26 5.98 5.24 4.5 96.44 <.001 0.06
Highest Level of Education
Bachelor Degree or higher �0.29 41.17 38.51 36.1 30.07 24.25 144.11 <.001 0.09
Year 10, 11, and 12 0.24 21.96 23.13 23.81 26.28 28.17 91.96 <.001 0.06
Labour Force Status
Unemployed �0.1 4.3 3.95 3.83 3.77 3.64 17.76 <.001 0.01
Occupation
Managers �0.16 17.79 16.01 16.17 15.06 15.43 24.16 <.001 0.02
Professionals �0.27 30.3 28.53 27.22 24.12 20.71 118.82 <.001 0.08
Technicians/Trade Workers 0.23 12.47 13.78 13.89 15.19 16.09 73 <.001 0.05
Community/Personal Service Workers 0.15 8.91 9.11 9.22 9.94 10.73 36.46 <.001 0.03
Clerical/Administrative Workers 0.21 11.75 12.85 13.35 13.72 13.36 54.36 <.001 0.06
Sales Workers 0.09 5.76 6.15 6.12 6.51 6.23 11.05 <.01 0.01
Machinery Operators/Drivers 0.22 4.78 5.51 5.79 6.35 7.53 54.24 <.001 0.04
Labourers 0.12 6.81 6.67 6.94 7.59 8.42 23.13 <.001 0.02
Indigenous Status
Aboriginal 0.14 2.3 1.58 2.61 4 5.65 39.54 <.001 0.03
Language Spoken at Home
English 0.18 74.8 71.8 74.53 80.8 86.77 68.65 <.001 0.06
Mandarin �0.22 3.05 2.93 2.43 1.67 0.61 65.3 <.001 0.05
Religion
No religion �0.18 37.46 34.06 33.5 33.9 31.5 33.5 <.001 0.03
Catholic 0.27 20.88 21.94 23.17 24.72 26.22 117.66 <.001 0.08
Anglican 0.26 11.03 10.75 11.74 13.71 17.16 146.51 <.001 0.11
Buddhism �0.21 2.67 2.95 2.5 1.84 1.14 60.66 <.001 0.05
Hinduism �0.16 2.87 3.11 2.4 1.89 1.11 38.54 <.001 0.03
Islam �0.07 3.46 4.92 4.08 2.35 1.5 9.59 <.001 0.03
Age Categories
20–24 0.16 1.12 1.08 1.27 1.58 1.9 45.11 <.001 0.03
25–29 0.23 6.3 6.43 7.09 8.55 9.66 84.77 <.001 0.06
30–34 0.25 18.19 19.38 19.56 21.38 21.36 98.22 <.001 0.07
35–39 �0.01 30.14 31.32 30.82 30.6 30.17 0.67 .41 0.01
40–44 �0.23 27.17 26.53 25.97 24.17 21.96 93.9 <.001 0.07
45–49 �0.29 11.91 10.86 10.82 9.55 8.55 131.5 <.001 0.09
50–54 �0.27 3.11 2.7 2.66 2.37 2.29 78.66 <.001 0.06
Weekly Personal Income
Low (<$1000) 0.08 45.74 46.28 45.68 46.92 48.13 10.34 <.01 0.01
$1000–2000 0.18 27.44 29.38 29.62 30.31 30.08 32.58 <.001 0.03
$2000–3000 �0.06 8.92 9.49 9.32 8.85 8.05 6.32 <.05 0.01
Very High ($3000 and over) �0.22 9.05 7.22 7.12 4.91 4.04 74.11 <.001 0.05
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decreased proportionately, from the highest rates in postcodes
from Very Remote locations, to the lowest rates in postcodes from
Major Cities.
4. Discussion

The WHO has highlighted the importance of both individual-
level and regional-level factors in the analysis of vaccine hesitancy
and refusal [33], including those factors of an environmental and
socio-cultural nature. However, most studies have focused on
individual-level variables, rather than area-based factors. This cur-
rent study is the first of its kind in Australia to research area-based
indicators associated with lower vaccination rates for children
throughout the country. It is evident that, except for the unem-
ployed indicator, postcodes with lower vaccination rates were
characterised by indicators of high socio-economic status (e.g.,
high levels of education, and white-collar occupations); as well
as higher levels of the older age groups (50–54); and lower levels
of indicators of disadvantage (e.g., SEIFA Index of Relative Disad-
vantage, and being Aboriginal). Not identifying with formal reli-
gions (i.e., no religion, so described) was associated with
postcodes having lower rates of vaccination. Levels of vaccination
were also clearly related to Remoteness Areas, with the mean vac-
cination rate decreasing proportionately as communities become
more urban, with Major Cities having the lowest vaccination rates.

Area-level deprivation has long been associated with negative
health behaviours and health outcomes [37,46], so it is counter-
intuitive to expect indicators of high socio-economic status to be
associated with vaccine hesitancy and refusal. However some stud-
ies have shown that indicators of high socio-economic status are
associated with lower rates of vaccination [24,28,50]. A study in
California [36] clearly showed that affluence was associated with
a greater prevalence of personal belief exemptions (PBEs) to immu-
nisation requirements for private kindergartens. The study also
showed that those private kindergartens with higher fees had a
greater proportion of students admitted without being fully
vaccinated. Another California study of PBEs from mandatory



Table 2
Summary of multiple regression analysis for select indicators predicting rate of vaccination in major cities (n = 897) of Australia.

B SE B b p

Constant 97.109 1.537 <.001
Highest Level of Education
Bachelor degree or Higher �0.068 0.019 �0.339 <.001
Labour Force Status
Unemployed �0.62 0.094 �0.263 <.001
Occupation
Managers �0.151 0.044 �0.241 <.01
Indigenous Status
Aboriginal 0.272 0.098 0.107 <.01
Language Spoken at Home
Mandarin �0.004 0.032 �0.005 ns
Religion
No Religion �0.053 0.021 �0.149 <.05
Catholic 0.067 0.026 0.109 <.01
Buddhism �0.023 0.043 �0.019 ns
Hinduism �0.047 0.038 �0.058 ns
Islam 0.025 0.021 0.056 ns
Age Categories
40–44 0.077 0.04 0.141 ns
45–49 �0.052 0.065 �0.054 ns
50–54 �0.571 0.13 �0.166 <.001
Weekly Personal Income
$2000–3000 0.252 0.046 0.307 <.001
Very High ($3000 and over) 0.01 0.032 0.022 ns

Note: R2 = 0.30; B = unstandardized beta; SE B = standard error of unstandardized beta; b = standardized beta.
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vaccination, using regional models, showed that exemptions were
more common in areas with a higher percentage of higher median
household income, private school type, and white race; but no
effect was found for educational attainment [54]. A qualitative
analysis [42] showed a close relationship between PBEs and the
concept of ‘‘privilege” at a socio-economic level; identifying issues
of choice against vaccination in relation to class, gender, and social
responsibility. Interviews with 25 mothers who were vaccine refu-
sers by choice, rather than because of issues of access, identified
narratives relating to intensive mothering practices (e.g., around
feeding, natural living, and nutrition - which they perceive incor-
rectly as a superior form of support for immunity and disease pre-
vention than vaccination), drawing on access to resources and
privilege, to employ choice. They often rejected the notion that
their choices against vaccination adversely affected the health of
children in the general community. Reich’s study highlights under-
lying themes of natural living which relate to those found with the
use of complementary and alternative medicine (CAM). Indeed, our
previous research found a close relationship between the use of
CAM and anti-vaccination attitudes [16,45], tied together via an
underlying worldview which embraced magical health beliefs,
and to a lesser extent holistic health beliefs.

It is important to note that logistical and access barriers are still
playing a significant role in the ability of parents to vaccinate their
children. A longitudinal study of Australian children [39] found
that the majority of mothers of children who were incompletely
immunised, did not disagree with vaccination, but rather had diffi-
culty overcoming a range of access barriers. Our data showed that
postcodes with higher percentages of unemployed parents had sig-
nificantly lower levels of vaccination, thus providing some evi-
dence that access issues are still important. Australians who live
in rural and remote areas of the country have poorer health out-
comes, including lower life expectancy, higher rates of injury and
disease, and reduced access to the range of health services avail-
able to residents in cities [5]. However, our study has shown that
rates of vaccination among children were lower in the major cities
than in the rural and remote areas of Australia. It is likely that this
finding is a result of non-access related issues, such as the promul-
gation of anti-vaccination attitudes via social and parenting net-
works, cultural norms, and language and other barriers among
ethnic minorities who often live in the cities [24,52]. Finally, local
areas with a larger proportion of the community having no religion
(as categorised in the 2016 Census) had relatively lower rates of
vaccination. It is possible that personal worldviews that are under-
pinned by beliefs in spirituality, rather than formal religion, may be
key to these results. Our previous research has shown that people
who do not identify with major religions, may have a belief in spir-
itual and metaphysical ideas which lie outside formal religions
[14]; and we have shown [15] that psychosocial factors including
endorsement of spirituality as a source of knowledge predict neg-
ative attitudes to vaccination.

The results of this current study provide important evidence to
inform public health interventions to increase participation in the
Australian National Immunisation Program in local areas with
lower rates of vaccination. The disproportionate under-
vaccination of children from affluent and well educated families
in the major cities of Australia has significant implications in terms
of increased clusters of unvaccinated children; reduced herd
immunity; the spread of vaccine hesitancy/refusal [27]; the spread
of VPDs and the undermining of public health policy. These find-
ings highlight a concern that less privileged Australians are shoul-
dering a disproportionate burden of responsibility for reducing
VPDs at the population or public health level. This issue is of such
a complex nature that multiple intervention strategies will be
required to increase vaccination coverage. Australia links immuni-
sation status with eligibility for welfare and benefits to ‘encourage’
full vaccination of children [55]. However, these types of financial
incentives or punishments have minimal impact on the more afflu-
ent members of society who do not receive these types of benefits,
and who have greater resources available to justify (from their per-
spective) the opting out from vaccination programs (e.g., access to
private health care; better nutrition; access to CAM). Legislation
has its place in increasing rates of vaccination, but it is important
to develop a far greater understanding of the motivations and rea-
soning behind vaccine hesitancy and refusal, particularly among
the more urban and privileged groups of Australians, as well as
those with more alternative worldviews regarding the place of
science in healthcare. Public health interventions that rely on per-
suasive messaging targeting specific groups and their worldviews
would be a useful adjunct to existing legislative approaches.
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5. Limitations

The main limitation of this study is the ecological nature of the
methodology, which means characteristics of individuals cannot be
directly linked to their vaccination behaviours (as would be the
case in survey data). Therefore, any inferences arising from the
results must be applied to groups of people at the postcode level,
rather than individuals. Inferences applied to individuals is
referred to as ‘the ecological fallacy’ [48]. It is also noted that the
census data is collected in August 2016, which is just outside the
collection time period for vaccination data (the 2015/16 financial
year). However, given that the target group includes parents/part-
ners with children of the age range from 4 to 7, we feel that the
data adequately captures the necessary groups and timeframes.

6. Future research

Future research would benefit from more detailed study into
the characteristics of local communities identified as having lower
vaccination levels, particularly those more affluent postcodes in
the major cities of Australia. These studies could include in-depth
qualitative interviews with parents who refuse or are hesitant
about letting their children receive the recommended vaccinations.
Further research is also required to clarify the results regarding
groups who do not identify with formal religion (no religion),
and the unemployed, to ascertain possible reasons for lower rates
of vaccination in postcodes with significant proportions of these
people.

7. Conclusion

This study identified characteristics of communities, at the
postcode level, that were associated with lower rates of vaccina-
tion. These communities had relatively less disadvantage, and
had greater education and occupation status, as measured by two
SEIFA’s [4] – IRSD and IEO. When we looked at the ASGS Remote-
ness Areas, we saw that the vaccination rates were lowest in post-
codes from the major cities of Australia, and vaccination rates
increased as communities became more remote. When the com-
munity is further refined to postcodes located in the major cities,
and to the target group of parents/partners in a family with chil-
dren aged 4–7, we found that postcodes with lower vaccination
rates were characterised as having a relatively greater proportion
of people with: a high education level (bachelor degree level or
higher); having white-collar jobs as managers; having no religion,
having people in the older age category (50–54); and conversely
being unemployed.
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