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1 Introduction

Rates of childhood immunisation in Australia are high and have been maintained at a high level for the
past decade. Although most children are fully immunised, even small lapses in coverage can increase the
risk of highly contagious diseases like measles (Heywood et al., 2009). For these reasons, it is important
to identify potentially modifiable factors that are related to incomplete immunisation.

Information about immunisation is available for children in Growing up in Australia: the Longitudinal Study
of Australian Children (LSAC). These data were obtained from the Australian Childhood Immunisation
Register (ACIR). This provides data users with opportunities to use the demographic, social and health
information available in LSAC to examine many different issues relating to immunisation. This sort of
research will continue to inform the development of best practice for the control of vaccine preventable
diseases in Australia. This paper describes the linked data and provides guidance to data users on how
to prepare it for analysis.

1.1 The Longitudinal Study of Australian Children

LSAC is a nationally representative study of over 10,000 children. The sample consists of two cohorts of
children and their families: one cohort of 5,107 children aged 0 to 1 (the birth or “B” cohort) and another
of 4,983 children aged 4 to 5 (the Kindergarten or “K” cohort). Beginning in 2004, information has been
collected every two years on children’s physical, emotional and cognitive wellbeing, as well as family,
school and community circumstances. Information is collected from multiple sources, including resident
and non-resident parents, teachers and carers, and by direct child assessment and self-report. The study is
funded by the Australian Government Department of Social Services (DSS) and is conducted in partnership
between DSS, the Australian Institute of Family Studies (AIFS) and the Australian Bureau of Statistics (ABS).

1.2 The Australian Childhood Immunisation Register

ACIR was established on 1 January 1996. It was the first purpose-built immunisation register established
in the world. ACIR holds identification and immunisation details for all children up to 7 years old who
are enrolled in Medicare, which is 99 per cent of children by 12 months of age. Initially, ACIR was
administered by the Health Insurance Commission (HIC), and it is now administered by the Department
of Human Services.

1.3 Outline of the report

ACIR data have great potential to develop further understanding of the health and social factors related
to immunisation. However, ACIR data cannot be used ‘as is’ and need substantial reorganising to create
useful variables for analysis. Moreover, a historical understanding of the immunisation schedules that were
operating when the K and B cohort children were younger than 7 years old is essential for meaningful
preparation, analysis and interpretation of LSAC-ACIR linked data.

In Sections 2 and 3 below, we firstly describe the process by which LSAC cases were matched to ACIR
data. We also examine characteristics of cases that were not matched to ACIR, using a wide range of
variables from Wave 1 of LSAC. This is important because, if cases not matched are systematically different
to those that were matched, the cases available for research on immunisation may not be representative
of the complete LSAC sample. We also describe how to handle LSAC cases that have no ACIR records.

Section 4 describes the immunisation schedules that regulated the K and B cohorts’ immunisations up
to ages 4 to 5. Since the 1990s, there have been a number of changes in the timing, doses and types of
vaccinations that are funded for Australian children, and vaccinations recorded in the LSAC-ACIR data
must be interpreted with reference to the relevant vaccination schedules.
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Section 5 introduces milestone ages at which children’s immunisation status is assessed in Australia.
This section also outlines the criteria for full immunisation at each milestone age. Section 6 describes
the variables included in the ACIR dataset. Section 7 describes in detail how to use these variables to
determine which immunisations children have received by certain ages. It also highlights important issues
of which all data users need to be aware.

Section 8 reports immunisation coverage rates for the LSAC sample, compared to immunisation coverage
rates reported for the population. We find that the rates in the LSAC sample are a little higher than those
in the population, and we describe several possible reasons for this difference.

Section 9 concludes, and Section 10 summarises, recommendations made from all sections of the report.

Technical paperno. 17| 5
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2 ACIR linkage process

2.1 Obtaining consent

ACIR data linkage was one component of a broader process of Medicare linkage. In the Wave 1 data
collection, parents of LSAC children were asked to fill in a consent form for allowing access to their child’s
data stored in the following three Medicare databases:

m The Medicare Benefits Schedule (MBS)
m The Pharmaceutical Benefit Scheme (PBS)
m The ACIR

The consent form used is provided in Appendix A. For consent to be obtained, one of the parents or
guardians had to complete the form and sign it in the presence of a witness. If the form was incomplete,
it was considered that consent had not been given.

2.2 Data linkage process

The following procedure was used to link LSAC data with ACIR data:

1. The agency that collected the Wave 1 data (I-view) sent the identifiable information from the consent
form (i.e., name, address, Medicare number) to HIC, which held the PBS, MBS and ACIR data. The
identifiable data were sent with a dummy LSAC identifier, which was different from the LSAC bicid,
the unique ID for a study child within LSAC.

2. HIC matched the identifiable data provided with the ACIR data.

3. HIC sent the Department of Families, Community Services and Indigenous Affairs (FaCSIA; now DSS)
the Medicare data with the LSAC dummy identifier. The identifiable information was not sent.

4. FaCSIA sent the data to AIFS, where it was matched to the LSAC unique ID.

This procedure ensured that none of the agencies involved in the linkage (I-view, HIC, and FaCSIA)
knew the LSAC ID, and they therefore could not match identifying information with LSAC data (in the
case of HIC) or with Medicare data (in the case of FaCSIA). Moreover, AIFS did not know the identifiable
information used in the matching and so could not match this to other LSAC datasets.

Across both cohorts, 93 per cent (9,385) of children were successfully matched to the Medicare, PBS
and ACIR datasets. Matching was not possible for 705 children. It was not possible to determine whether
non-matched cases were due to lack of consent or to matching failure.

2.3 Analysis examining characteristics of cases not matched

It is important to investigate whether children and their families who were not linked to the MBS, PBS
or ACIR data are different from those who were linked. Any significant differences should be taken into
account when interpreting results of analyses using the MBS, PBS, or ACIR data. For example, differences
between matched and unmatched children should be considered when comparing immunisation coverage
in LSAC with national estimates. We carried out a series of analyses to examine differences between
matched and unmatched children. It should be noted that the findings apply to the MBS and PBS data
as well as the ACIR data.

6|
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In the first step of the analysis, we assessed whether the percentage matched differed between the B
cohort and the K cohort. Next, we used logistic regression to examine predictors of children being
matched to Medicare data, separately for each cohort.! Only one predictor variable was in each model.
In these models, the outcome was Medicare matching, which was coded 1 if a child was matched to
Medicare data and 0 if the child was not matched. Predictor variables were all taken from Wave 1 LSAC
data. The same predictor variables were used for both cohorts.

The full list of variables included as predictors in the models is summarised in Table B1 in Appendix B.
The predictors included a wide range of demographic and socioeconomic variables. These variables were
selected because they have been used to predict LSAC non-response and because many of them have been
linked to incomplete immunisation in previous research (e.g., Haynes & Stone, 2004). Because the Medicare
data may often be used to examine health outcomes, we also included a number of variables relating to
study child health and to health services used for the study child. We also examined parent attitudes towards
immunisation and parent self-report of the study child’s immunisation status. Information was mostly derived
from the child’s primary carer, Parent 1 (P1), who in 98 per cent of cases was the child’s mother.

Results

Difference in matching between cohorts

Table 1 shows the percentage of participants matched to Medicare in each cohort. The percentage of
matched participants was 1.2 per cent higher in the B than the K cohort. Although this difference was
statistically significant, in practice, it is very small. Therefore, while interpretation of analyses utilising
both cohorts should consider that there are slightly fewer matched data for participants in the K cohort,
this difference is unlikely to bias results in any way.

Table 1:  Percentage of matched Medicare data in the B and K cohorts

Cohort Not matched (%) Matched (%) Total (%) X2 (df)
B 328 (6.4) 4,779 (93.6) 5,107 (100) 5.07 (1)*
K 377 (7.6) 4,606 (92.4) 4,983 (100)
Total 705 (7.0) 9,385(93.0) 10,090 (100)

*p <0.05

Predictors of matching in the B cohort

The results of the logistic regression model examining non-matching in the B cohort are shown in Table
B2 in Appendix B. Overall, results showed that families where children were not matched had lower
incomes and experienced slightly more disadvantage than families where children were matched. Children
were less likely to be matched if:

m parental income was in the lower quintiles (compared to the highest quintile)

m the family’s main source of income was government benefits

m the family lived in a postcode with higher levels of disadvantage

m the family lived in a postcode with a higher proportion of residents aged 4 years old and younger
m the family lived in a remote or very remote area

m the child’s primary caregiver spoke a language other than English at home.

! There were missing cases on 15 of the predictor variables in the B cohort and 17 of the predictor variables in the K cohort.
The number of missing cases ranged from fewer than 10 for parent reports of their child’s health and immunisation status, own
education and attitudes towards immunisation, to more than 800 for parent reports of the child’s health service use. Service use
data were missing because the parent did not return the survey portion at Wave 1. Multiple imputation with chained equations
was used to account for missing data, assuming data were missing at random. The imputation model included all the predictor
variables and the dependent variable. Ten datasets were imputed. Coefficients were combined using Rubin’s Rules (Sterne et
al., 2009), which adjust standard errors to account for variation between and across imputed datasets.

Technical paper no. 17| 7
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Male children were also less likely to be matched, although it is not clear what would account for this.
Finally, matching was significantly associated with the primary caregiver’s attitudes to child immunisation.
Compared to parents who agreed quite strongly or very strongly with immunisation (93.6 per cent of
parents), those who were neutral (4.6 per cent) were less likely to be matched. Those who very strongly
or quite strongly disagreed were also less likely to be matched, although this did not reach statistical
significance because of the very small number of parents who disagreed (1.8 per cent of parents). This
suggests that, in the B cohort, the ACIR data may slightly underrepresent children whose parents were
opposed to immunisation.

Predictors of matching in the K cohort

The results of the logistic regression model examining non-matching in the K cohort are shown in Table
B3 in Appendix B. Income and disadvantage-related measures continued to differ between matched and
non-matched children. Children were less likely to be matched if:

parental income was in the lowest quintile (compared to the 2nd, 3rd, and 4th quintiles)?

m the family’s main source of income was government benefits

m the family did not have private hospital insurance

m the family lived in a postcode with a lower proportion of households earning more than $1,000 a week
m the family lived in a remote or very remote area

m the child’s primary caregiver spoke a language other than English at home

m the child’s primary caregiver was born outside Australia or New Zealand

m the family was a lone mother household.

In addition, children living in public housing and with mothers who were less than 20 years old when the
child was born were less likely to be matched, although these factors did not reach statistical significance.

Conclusion

Taken together, the analyses suggest that LSAC children not linked to Medicare, PBS or ACIR data
were in families that earned less, lived in more remote areas, lived in lower-earning areas or were
dependent on government payments. Language and cultural background was also clearly an issue, with
children of parents who did not speak English at home significantly less likely to be matched. Thus,
disadvantaged, non-English-speaking families are slightly underrepresented in the LSAC-ACIR dataset.
One likely consequence of this is that rates of full immunisation are higher in the LSAC sample than in
the population. We discuss this issue in more detail in Section 8.

2 In Table B3, the reference category for income is the highest quintile. The comparisons between the highest quintile and

lower quintiles were not statistically significant; however, in reference to the lowest quintile, the 2nd, 3rd and 4th quintiles
were significantly more likely to be matched.
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3 Matched cases with no records on the ACIR

There are 151 children across both cohorts who were matched but who do not appear in the ACIR data
file. Table 2 shows the percentage of these cases in both cohorts.

Table 2:  Percentage of LSAC children linked to Medicare but with no vaccines recorded on ACIR

Cohort No vaccines recorded Vaccines recorded Total

Observations (%) Observations (%) Observations (%)
B 85 (1.8) 4,694 (98.2) 4,779 (100)
K 66 (1.4) 4,540 (98.6) 4,606 (100)
Total 151 (1.6) 9,234 (98.4) 9,385 (100)

These children do not appear in the ACIR data because they do not have any vaccines recorded. There
are five possible reasons for this, outlined below.

1. Some parents choose not to vaccinate their children

In Australia, from 1998 to 2016, parents whose child was registered with Medicare could choose to lodge
an official objection to immunisation. These individuals were registered conscientious objectors. Children
had to meet immunisation requirements for families to be eligible for some family payments. Until 2016, a
registered conscientious objection was considered a valid exemption to these requirements, meaning that
these families still received the payments (Homel & Edwards, forthcoming). However, parents could still
object to immunisation and not lodge an official objection (Hull, Dey, Menzies, Brotherton, & McIntyre,
2014). Information about conscientious objection was not retrieved from ACIR for the matched LSAC
participants. This means that it is not possible to know how many children with no vaccines recorded
had a registered conscientious objection.

However, it is possible to examine how self-reported parental attitudes to immunisation differ between
matched children who have records and matched children who do not have records. Table 3 shows
that parents of children with no vaccines recorded are much more likely to disagree with childhood
immunisation than parents of children with records. In the B cohort, 69 per cent of children with no
vaccines recorded had a parent who disagreed with immunisation, compared to less than 1 per cent in
children with vaccines recorded. In the K cohort, 42 per cent of children with no vaccines recorded had
a parent who disagreed with immunisation, compared to 1 per cent in children with vaccines recorded.

Table 3: Parental attitude to childhood immunisation among matched children with and without

ACIR records

Cohort No vaccines recorded Vaccines recorded
Parental attitude Observations (%) Observations (%)
B Agree 16 (18.82) 4,468 (95.29)
Neutral 10 (11.76) 181  (3.86)
Disagree 59 (69.41) 40 (0.85)
Total 85 (100) 4,689 (100)
K Agree 32 (48.48) 4,285 (94.42)
Neutral 6 (9.09) 203 (4.47)
Disagree 28 (42.42) 50  (1.1)
Total 66 (100) 4,538 (100)

Technical paperno. 17| 9
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2. Medical exemptions (contraindications) to vaccinations

A contraindication to vaccination is a rare condition in a recipient that increases the risk for a serious
adverse reaction (World Health Organisation, http://vaccine-safety-training.org). Most contraindications
are temporary. Contraindications applicable to all vaccines are extremely rare. For example, in 2012,
the rate of adverse events in children under 7 years old following vaccinations (where a vaccine was
suspected of involvement) was 23.5 per 100,000 (Mahajan et al,, 2015). In Australia, parents may register
an Immunisation Exemption Medical Contraindication for some or all scheduled vaccines. Data on
registered contraindications are not available in the ACIR matched data. Parents often delay vaccinations
because of health concerns that are not contraindications, such as minor colds; however, this would be
unlikely to account for complete lack of records. Therefore, we conclude that medical contraindications
are not a major contributor to the number of children with no vaccines recorded.

3. Overseas vaccinations not transferred to the ACIR

Since 2001, vaccines received overseas can be submitted to the ACIR if proof of the vaccinations is
provided and the application is endorsed by an Australian immunisation provider such as a GP (National
Health Performance Authority, 2013). In the B cohort, only 17 matched children were born overseas, and
all of these had vaccines recorded (Table 4). However, in the K cohort, 187 matched children were born
overseas. Of the 66 K cohort children with no vaccines recorded, 11 (17 per cent) were born overseas.
It is possible that these children received vaccines overseas but that these were not submitted to the
ACIR. A study of children with no records in Western Australia (Gibbs, Hoskins, & Effler, 2015) found
that the largest contributing factor to apparent non-immunisation was inaccurate records for children
born overseas.

Table 4:  Proportion of children born overseas with and without vaccines recorded

Cohort No vaccines recorded Vaccines recorded
Place of birth Observations (%) Observations (%)
B Australia 85 (100) 4,677 (99.64)
Overseas 0 17 (0.36)
Total 85 (100) 4,694 (100)
K Australia 55 (83.33) 4,364 (96.12)
Overseas 11 (16.67) 176 (3.88)
Total 66 (100) 4,540 (100)

4. Provider under-reporting of vaccinations

There were problems with provider under-reporting to the ACIR in the first few years after it was
established in 1996. A study of children born in 1998 and 1999 (Hull, Lawrence, MacIntyre, & Mclntyre,
2003b) concluded that provider under-reporting led to the ACIR underestimating immunisation coverage
by about 5 per cent. However, provider notifications improved substantially after provider incentives
were introduced in 1998 and have continued to improve as notifications are increasingly made online
(Hull, Deeks, & Mclntyre, 2009). Given this history, it is likely that the K cohort would be more affected
by provider under-reporting than the B cohort. Under-reporting may account for a few of the instances
in which children had no vaccines recorded in the K cohort.

5. Access issues

Parents may have difficulties accessing immunisations for a wide range of practical and logistic reasons.
These could be the focus of research with the matched data.

10 |
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Recommendation for data users #1

It is important to take into account the matched cases with no vaccinations recorded when carrying
out analyses that involve assessing whether children are immunised or not. The missing cases should
not be dropped, but included in the dataset. These cases should be included because they include
some parents who, for one reason or another, have not immunised their children. This includes
some who object to vaccination on principle, who may or may not be registered conscientious
objectors. The group may also include families who had difficulty accessing immunisations. These
are important topics for research. Note that these cases have been included in the available
dataset that includes LSAC-derived immunisation variables (see Section 6).
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4 Vaccination schedules for children in LSAC

The Immunise Australia program was introduced in 1997. Arising from the 1993 National Immunisation
Strategy, the program was designed to improve immunisation coverage and to align vaccination funding
and practice across states and territories (Ruff, Taylor, & Nolan, 2012). Under the program, children in
Australia receive vaccinations according to schedules developed by the Australian Technical Advisory
Group on Immunisation (ATAGD and approved by the National Health and Medical Research Council
(NHMRO). Schedules are updated at various times when new vaccines become recommended or funded,
when recommendations for timing and number of doses change, or when recommendations for at-risk
groups change. The schedules have been published in a series of Immunisation Handbooks (NHMRC 1997,
2000, 2003, 2008, 2013), which also include detailed clinical information about vaccines and guidelines
for safe and effective procedures for practitioners. At the time of writing, the current Handbook was the
10th edition (July 2013, updated June 2015) and was available from the Immunise Australia website.

The vaccinations that children in LSAC K cohort should have received were published in the 1997
Handbook (6th edition). The vaccinations that children in the B cohort should have received were
published in both the 2000 (7th edition) and 2003 (8th edition) Handbooks. We describe these schedules
below. Because older handbooks are not readily accessible online, we present the 1997, 2000 and 2003
schedules in tables and note some changes that occurred prior to the 9th edition. Other very useful
resources for information on the years when the LSAC cohorts were aged 7 or younger include the
National Centre for Immunisation Research and Surveillance (NCIRS) National Surveillance Reports (20003,
2002a, 2004a, 2007, 2010) jointly covering the period 1993-2007.

4.1 Vaccination schedule for the K cohort

Table 5 shows the schedule from the 1997 (6th edition) of the Immunisation Handbook. Points to note
about this schedule include:

m  Haemophilus influenzae type b (Hib) schedule
- If Hib vaccine HbOC is used, doses are given at 2, 4, 6 and 18 months for a total of four doses.
- If Hib vaccine PRP-OMP is used, doses are given at 2, 4 and 12 months for a total of three doses.

m  In July 1998, a second dose of MMR (measles, mumps, rubella) at 10 to 14 years was rescheduled to
4 to 5 years old (NCIRS, 2010).

m In March 2000, the 5th dose of DTPa and 2nd dose of MMR at 4 to 5 years were rescheduled to
4 years of age (NCIRS, 2010).
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Table 5:  Australian Standard Vaccination Schedule for the K cohort (born March 1999 to February

2000) from birth to school entry

Age Disease Vaccine
2 months Diphtheria, tetanus, pertussis DTPW!
Poliomyelitis OPV-Sabin vaccine?
Haemophilus influenzae type b (Hib) HbOC3 or PRP-OMP*
4 months Diphtheria, tetanus, pertussis DTPw
Poliomyelitis OPV-Sabin vaccine
Haemophilus influenzae type b (Hib) HbOC? or PRP-OMP*
6 months Diphtheria, tetanus, pertussis DTPw
Poliomyelitis OPV-Sabine vaccine
Haemophilus influenzae type b (Hib) (HbOC schedule only) HbOC
12 months Measles, mumps, rubella MMR?

Haemophilus influenzae type b (Hib) (PRP-OMP schedule only) PRP-OMP

18 months Diphtheria, tetanus, pertussis DTPw
Haemophilus influenzae type b (Hib) (HbOC schedule only) HbOC

Prior to school entry— Diphtheria, tetanus, pertussis DTPa® or DTPw

4105 years® Poliomyelitis OPV-Sabin vaccine
Measles, mumps, rubella MMR?

Notes: 'Combination diphtheria-tetanus-whole-cell pertussis vaccine. ?Live attenuated oral polio vaccine. *Hib vaccine "HibTITER'. *Hib
vaccine ‘PedvaxHIB'. *Combination measles-mumps-rubella vaccine. *Combination diphtheria-tetanus-acellular pertussis vaccine.
’From July 1998. 8DTPa and MMR rescheduled to 4 years old from March 2000.

Source: National Health and Medical Research Council. (1997). The Australian Immunisation Handbook (6th edition). Canberra: NHMRC.

4.2 Vaccination schedule for the B cohort

The schedule is more complicated for the B cohort because a new edition of the Handbook was published
during the year in which the cohort was born. For B cohort children born from March 2003 to August
2003, the relevant schedule is from the 7th edition of the Handbook, published in March 2000. For B
cohort children born from September 2003 to February 2004, the schedule from the 8th edition of the
Handbook, published in September 2003, is most applicable. The new schedule replaced the old schedule;
however, it is likely that, during the transition period, some B cohort children born after September 2003
may have been vaccinated