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ABSTRACT

Background: To investigate the validity of parent reported influenza vaccination and provider reporting
to the Australian Immunisation Register (AIR) in children with special risk medical conditions (SRMC).
Methods: Cross-sectional survey with parents of children with a SRMC aged > 6 months and <18 years
attending the Women’s and Children’s Hospital, Adelaide, Australia from September 2015 to
February 2016. Children aged <7 years provided data to assess provider-AIR reporting. Influenza
vaccination status was ascertained from the child’s parent, immunisation provider and the AIR.
Concordance was made using the Kappa index and the sensitivity, specificity, positive predictive value
and negative predictive value were calculated.

Results: 389 and 395 parent-provider influenza vaccination records were available for 2014 and 2015
respectively. 78% of parent reported vaccinations were substantiated by a provider with the kappa
indicating good (k = 0.677) to very good agreement (k = 0.814) for 2014 and 2015 respectively.
Discordance was higher in 2014, largely attributable to parents over reporting vaccination. More fathers
over reported compared to mothers (Fisher's exact = 0.052). There were 241 provider-AIR influenza
vaccination records. Sensitivity of the AIR to reflect a child’s influenza immunisation status was low
(32.6%).

Conclusions: Parental report over estimates confirmed influenza vaccination status and is affected by
time and relationship to the child. Only a third of influenza vaccinations were reported to the AIR. Timely
accurate data is critical to facilitate vaccination and evaluate program coverage.
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Background immunisation providers include, general medical practitioners
(GPs) (family physicians) and practice nurses who administer
the vaccines in general medical practices (78.8%), government
community immunisation clinics (8.9%) and community chil-
dren’s health clinics or Aboriginal Health Services (7.5%).°
Australia’s National Seasonal Influenza Vaccination Program
(NSIVP) generally commences in the first month of autumn
each year. Under the NSIVP, the vaccine is free to eligible people,
but GPs may charge a consultation fee for the visit with non-
eligible people able to obtain the vaccine privately. The influenza
vaccine is widely available at general medical practices, commu-
nity immunisation clinics, hospitals, community children’s

Many countries recommend the seasonal influenza vac-
cine to children with special risk medical conditions
(SRMC).' > SRMCs include severe asthma, lung or heart
disease, low immunity or diabetes and increase an indi-
vidual’s risk of influenza complications or severity. In
Australia, SRMCs who are at increased risk for inferior
influenza outcomes are defined as per the Australian
Immunisation Handbook® which is approved by the
National Health and Medical Research Council and for
which the Australian Technical Advisory Group on
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inmd?:ilgll:;tslovrxlrithSpSeRCll\f[lézuyinclrzfi?r?lm;nifjrenvalclcal\?eattoer;.n health clinics and Aboriginal health centres. Additionally, travel
funded  under Austra[lia’s Na%ional Ir;lmunisation clinics may also provide the vaccine and in South Australia, since

early 2015, pharmacists, working in pharmacies (drug stores)
can administer influenza vaccine to people over the age of 16 at
a cost. Unlike for children’s routinely scheduled vaccines there is
no information available on the distribution of provider types
who administer the influenza vaccine from Australia. However,
it is thought few parents would seek alternatives beyond

Program (NIP) to receive the vaccine since 2010°

Under the NIP, vaccines are routinely scheduled at specific
ages and additionally for people at special risk or requiring
catch-up according to the program and eligibility. While other
vaccines may be recommended, all vaccines listed under the NIP
are free. Of those routinely given to children, traditional NIP
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traditional NIP immunisation providers due to the cost implica-
tions and age restrictions.

In South Australia (as in many states of Australia),
legislation requires immunisation encounters to be both
recorded by the provider and a handheld record given to
the patient. However, there is no requirement for immu-
nisation providers to report immunisations to the per-
son’s primary healthcare provider (HCP), and while this
is encouraged from those outside of the traditional health
care delivery system, such as pharmacists, this also
requires patient consent.

Ascertaining coverage of this recommendation assists
in program planning and monitoring of influenza vacci-
nation uptake over time, in line with strategic priority
areas of Australia’s National Immunisation Strategy,
2013-2018.” At the population level, a number of meth-
ods are available to determine coverage including data
from healthcare providers, health insurance records,
population surveys, as well as administrative and registry
data.® Population surveys can include a representative
sample of the population specific target groups but rely
on self-report as a proxy for the true vaccination record.
Parent reported influenza vaccination status of children is
thought to overestimate vaccination’'? with suggestion
that this is greater in children with SRMC.'"'>!*

The use of a population registry with accurate data
removes the need for data validation with multiple immunisa-
tion providers. Registry data has a use in epidemiological
research and health service planning and also a role in exam-
ining vaccine effectiveness.'>™"”

Established in 1996, the Australian Childhood
Immunisation Register (ACIR) was the first purpose-
built immunisation register in the world."® With the
exception of influenza, until 2016, the ACIR routinely
recorded universal and targeted vaccines given under the
NIP for all children aged < 7 years of age.*'" In
September 2016, the registry became the Australian
Immunisation Register (AIR) with the capability of cap-
turing all NIP and most privately purchased vaccines,
given to people of all ages.”” The AIR is linked to the
Medicare enrolment register, and given approximately
99 per cent of children are registered with Medicare by
12 months of age and the AIR is ‘opt-out’ it is intended
to constitute a nearly complete population register.'**°

However, as influenza is not required to be recorded
on the AIR, and it does not currently attract notification
payments for providers, as is the case for other childhood
vaccines, concerns about the completeness and validity of
AIR data have restricted its use in evaluating uptake of
the vaccine.”' Particularly so for children with medical
conditions, Indigenous children and those aged under
five years for whom it is currently provided in all states
in Australia.*

Given the current limitations of the AIR to identify chil-
dren with SRMC, determining parent reported validity would
assist in evaluation of the NIP program’s coverage in this
priority group. Determining immunisation provider- AIR
reporting would also provide much needed information. The
aim of this study was to investigate the validity of parent-

provider report and determine the accuracy of the AIR for
recording provider reported influenza vaccination.

Results

A total of 443 surveys were completed; approximately 10% of
those approached did not participate (Figure 1). Validation of
risk status was determined for all participants with three
participants included without a current SRMC.

Parent-provider record

A total of 389 parent-provider influenza vaccination records
with complete data were available in 2014 and 395 in 2015
(Figure 1). Reasons for provider non-confirmation included:
not the child’s current HCP, incorrect clinic details, immuni-
sation provider did not respond to request or would not
release information, not having a GP, and mother (nurse)
administered influenza vaccine.

Provider-AIR reporting

Complete data were available for 241 provider-AIR influenza
vaccination records from 138 children (2014: 130 records;
2015:111 records) (Figure 1). By using the first day of the
NSIVP to calculate a child’s age at that time-point, no data
were included from children aged >7 years at the time of vacci-
nation in either year; nor were data excluded from children aged
<7 years at the time of vaccination. Reasons for provider non-
confirmation were not current HCP, incorrect clinic details,
immunisation provider did not respond to request or not having
a GP. All eligible children had an AIR record.

Characteristics of study participants

Of the 398 children with parent-provider vaccination data,
age at the time of the survey ranged from 10 months to
17.9 years (median 11.2 years) (Table 1).

Parents interviewed were predominately the child’s mother
(83%). Six children were inpatients at the time of enrolment, but
all had previously had outpatient appointments at the hospital.

Of the 138 children contributing provider-AIR reporting
data, ages at the time of vaccination ranged from 10 months
to 6.9 years (median 4.1 years) in 2014 and from 7 months to
6.3 years (median 3.6 years) in 2015.

Parent reported influenza vaccination uptake

Parent reported uptake of the influenza vaccine was 54.5%
(212/389) for 2014 and 53% (209/395) for 2015 (Table 2).
Across both years, the majority of influenza vaccinations
were confirmed with the Women’s and Children’s Hospital
(WCH) database (n = 162; 48%) or a medical practice
(n = 164; 49%) (Table 3).

Parent-provider record

A total of 78% (328/421) of parent reported vaccinations were
confirmed by a provider. There was higher agreement for
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443 Parent — child pairs recruited

Parent — provider valldlty Parent — AIR validity

>>1<;|uded bfoth ::ar;) Excluded (both years)
years of age (n=! "
Sibling (n=1) >18 years of age (n=5)

Sibling (n=1)
Duplicate child entry (n=3) Duplicate child entry (n=3)
Parent answered 'Don't know' to receiving
the vaccine ever or in the last two years

{n=10}) Excluded only 2014
T Age <6mo at Dec 31st 2014 (n=7)
2014 excluded Age >7 years at March 15t 2014 (n=298)
Age <6mo at Dec 31st

v

2014 (n=7) Excluded only 2015
Age >7 years at April 20" 2015 (n=318)

Missing data
Unable to confirm

Missing data
Unable to confirm

Influenza vaccination Influenza vaccination
status with provider status with provider
2014: n=28 2014: n=11
2015: n=29 2015:n=10
v v v v

Eligible with complete data Eligible with complete data
for 2014 for 2015

Eligible with complete data Eligible with complete data
for 2014 for 2015
N=130 N=111

N=389 N=395

Total Parent — provider influenza Provider- AIR influenza
vaccination records available for this vaccination records available
study N=784 (398 children) for this study

N=241 (138 children)

Figure 1. Study sample.

Table 1. Characteristics of study participants.

Parental report Provider — AIR reporting
Eligible Complete data Eligible Complete data
Characteristic Level N = 424 n =398 N = 148 n =138
Age of parent 18-30 30 (7.1) 25 (6.3) 25 (16.9) 20 (14.5)
31-40 149 (35.1) 137 (34.4) 86 (58.1) 82 (59.4)
41-50 206 (48.6) 200 (50.3) 37 (25) 36 (26.1)
>50 39 (9.2) 36 (9) - -
Place of residence Metro 316 (74.5) 298 (74.9) 104 (70.3) 97 (70.3)
Rural® 108 (25.5) 100 (25.1) 44 (29.7) 41 (29.7)
Relationship to child Mother 350 (82.5) 329 (82.7) 124 (83.8) 116 (84.1)
Father 66 (15.6) 61 (15.3) 22 (14.9) 20 (14.5)
Legal Guardian 8 (1.9) 8(2) 2(1.4) 2(1.4)
Parent’s highest education level High school or less 147 (34.7) 138 (34.7) 43 (29.1) 40 (29)
Certificate or Diploma 160 (37.7) 151 (37.9) 55 (37.2) 53 (38.4)
Bachelor 82 (19.3) 77 (19.3) 33 (223) 30 (21.7)
Postgraduate 35 (8.3) 32 (8) 17 (11.5) 15 (10.9)
Parents work status Full time employed 129 (30.4) 119 (29.9) 37 (25) 34 (24.6)
Part time employed 113 (26.7) 109 (27.4) 40 (27) 39 (28.3)
Casual 45 (10.6) 42 (10.6) 17 (11.5) 16 (11.6)
Not working 137 (32.3) 128 (32.2) 54 (36.5) 49 (35.5)
Born in Australia 355 (83.7) 335 (84.2) 126 (85.1) 119 (86.2)
English is first language 397 (93.6) 374 (94) 138 (93.2) 130 (94.2)
Gender of child Male 225 (53.1) 209 (52.5) 82 (55.4) 75 (54.3)
Child is of Indigenous decent ° 23 (5.4) 19 (4.8) 8 (5.4) 7 (5.1)
Child had specified GP* No GP 35 (8.4) 30 (7.6) 14 (9.5) 10 (7.3)
Specified GP 258 (61.6) 250 (63.1) 87 (59.2) 84 (61.3)
Non - Specific GPY 126 (30.1) 116 (29.3) 46 (31.3) 43 (31.4)
Age at survey median (IQR) 11.2 (6.7-14.9) 11.2 (6.7-14.9) 5.7 (3.6-6.8) 5.7 (3.6-6.8)

Footnote: a: postcodes were in defined rural areas of South Australia, New South Wales, Victoria and the Northern Territory; b: Of the eligible participants 1
participant declined to answer; c: data were missing for 1 participant; d: child was a patient of a medical practice but did not see a specific doctor at the practice;
GP: general practitioner; IQR: inter quartile range.
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Table 3. Children’s nominated and confirmed providers of influenza vaccination in 2014 and 2015.

2014 2015
Confirmed
Parent reported (N = 212) (N = 156) Parent reported (N = 209 Confirmed (N = 180)

Provider type n (%) n (%) n (%) n (%)
General medical practice 116 (54.7) 67 (43) 109 (52.2) 81 (45)
Current HCP* - 6 (3.8) - 10 (5.6)
Women'’s and Children’s Hospital 88 (41.5) 80 (51.3) 90 (43) 82 (45.6)
Other Hospital 1(0.5) - 1(0.5) 1 (0.6)
Community immunisation clinic 6 (2.8) 2 (1.3) 4 (1.9) 4 (2.2)
Pharmacy/drug store - - 4 (1.9) 2(1.1)
Travel health clinic 1 (0.5) 1 (0.6) 1 (0.5) -

Footnote: *: were general medical practitioners (family physicians) nominated as a

proportion of influenza vaccinations given at medical prac-
tices (48.6%; 17/35) compared to the WCH (23.1%; 12/52)
were reported to the AIR (y*= 6.12; p = 0.013).

While there was no difference between years (2014-2015)
in the proportion of vaccinations reported to the AIR by
medical practices (range reported, 41.2-55.6%), significantly
less vaccinations administered at the WCH were reported to
the AIR in 2015 (4.3%; 1/23) compared to 2014 (38%; 11/29)
(Fisher’s exact p = 0.007).

Discussion

At the population level, accurate influenza vaccination data
are required to determine coverage, as well as guide and
evaluate future programs. For children in special risk groups,
such as those with underlying medical conditions, an accurate
vaccination status has a role in the provision of healthcare at
the individual level. Our data suggests that in children with
SRMC, parents tend to over report influenza vaccination with
15-26% of vaccinations unconfirmed. AIR coverage is also
not an accurate reflection of a child’s influenza vaccination
status, with almost 70% of encounters in our study not
reported to the AIR. Our finding of parental over reporting
of influenza vaccination status is consistent with previous
studies of children and adolescents, both of children in gen-
eral (specificity range: 86— 92%)>'? and in those with SRMCs,
where specificity ranged from 68 to 82.3%.'"'>'* We found
two characteristics to be associated with over reporting: time
and parental relationship. In regards to parental relationship,
we speculate that it is not fathers solely who over report but
any ‘parent’ who is not the child’s primary carer, particularly
when children may have complex medical conditions and
multiple appointments. The misclassification (parental over
reporting) could also be due to the fact that in addition to
multiple medical treatments, parents can confuse the many
different vaccines offered to children in general and are likely
to be influenced by social desirability bias if they can’t recall.
The finding that between 15 to 26% of parents over report
influenza vaccination is important as it identifies that
a proportion of parents incorrectly believe their child is pro-
tected against influenza when they are not. The effect of time
on recall has previously been demonstrated in a study of self-
reported influenza vaccination in healthcare workers that
found accuracy decreased with increasing time since
vaccination.*”

—~ | U

child’s current healthcare provider (HCP).

While the accuracy of the AIR to capture additional NIP
vaccines has previously been highlighted and under reporting
suspected,'®*"*> to our knowledge this is the first study to
investigate the AIR in terms of accurate reporting on influ-
enza for children. Of the two major providers, there was low
reporting (WCH: 18%; medical practices: 35%) of influenza
vaccination encounters suggesting that barriers to reporting
are likely to be common across all provider types. As children
may see multiple medical practitioners including specialists,
and as influenza vaccines become more available outside of
traditional settings, such as in pharmacies and travel health
clinics, the requirement for reporting to a centralised register
(the AIR) becomes paramount.

Unlike the national Danish and Norwegian vaccination
registers and some state based registers in the USA in which
reporting of all vaccines is mandatory,”* >® the AIR relies on
the passive reporting for some NIP vaccines, particularly
those used for targeted programs. While provider incentives
have previously been shown to improve reporting and data
accuracy, this method requires ongoing financial support.'”**
The methods used to report to the AIR have changed over
time with increasing numbers electronically reporting®"** and
taking advantage of Medical Practice Management Software
(PMS) that directly uploads to the AIR.

Aside from countries that link national or state-wide registers
to health data,””*® evaluating the uptake of influenza vaccination
in at risk groups is a problem worldwide, with considerable gaps
in monitoring coverage. In a recent report into seasonal influ-
enza vaccination recommendations and coverage in Europe,
only 9 of 32 European Member States were able to provide
data on uptake in people with chronic medical conditions; with
a previous report indicating even less reliability for children.>*

Whilst in 2016, the AIR transitioned to a registry that
captures all age groups, identifying priority groups targeted
for influenza vaccination with the current socio-demographic
data collected remains a considerable obstacle that limits the
evaluation of all current NIP programs. Establishing a way
that target groups can be identified on the AIR would enable
timely estimates of coverage and enhance program planning
for these special vaccination groups.

In our study, the influenza vaccine was predominately
delivered through medical practices or hospitals and less fre-
quently by pharmacies/drug stores and community or travel
health clinics. In comparison with delivery of the routinely
scheduled NIP vaccines in which the majority (78%) (nation-
ally) are received in medical practices, less of our study
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participants received them in this way (49%)° However, this is
likely to reflect the SRMC status of these children and avail-
ability of the vaccine in their specialist treatment cen-
tre (WCH).

One of the strengths of this study was the comprehensive
method used to determine vaccination status. A child’s influ-
enza vaccine status was initially confirmed with the child’s
nominated provider. If this was negative other health care
providers, (current HCP, WCH) were contacted to determine
whether influenza vaccine had been administered and the
date. We accept the possibility that some parents may not
have accurately supplied immunisation provider details to us
and these children could be incorrectly classified. However,
we expect that only small numbers would be vaccinated out-
side of the traditional influenza vaccination delivery system
and so being able to contact each child’s current HCP was
a strength of the study.

Our study also identified an issue with recommendations
in relation to immunisation providers and age restrictions for
administering vaccines. In particular, all children (n = 4)
reported to have received the vaccine at a pharmacy/drug
store in 2015 were aged <14 years. Two children’s vaccina-
tions were confirmed at separate pharmacies, with their age at
administration below recommended practice (216 years for
administration in a pharmacy in South Australia).
Additionally, these children or their parents would have
needed to pay for the vaccine, rather than receive it free as
per recommendations.

There are several limitations to our study. In regards to
parental report, individual years were analysed separately
because of the difference in discordance. However, we
acknowledge the fact that parents may report similarly from
one year to the next, although if this were the case we would
have expected similar discordance between years. We also did
not account for the fact that some children attended the same
medical practice each year or that multiple children attended
the same medical practice when examining provider-AIR
reporting; yet this is reflective of real world immunisation
practice and we accept that our sample may limit generaliz-
ability to all immunisation providers. Our study data limited
exploration of possible reasons for low reporting at the provi-
der level. As these data came from a parent-based survey,
possible confounders at the provider level were not collected,
such as method of reporting to the AIR (PMS, Medicare
Australia website or paper encounter forms) and size of the
practice. Additionally, as almost all children in our study had
a SRMC and were eligible for funded influenza vaccine, this
may have prompted a higher level of provider reporting to the
AIR compared to children not eligible. However, we cannot see
any reason this would occur, given those who administer the
vaccine are often different to those who oversee practice report-
ing. Whilst only undertaken in one Australian jurisdiction
(South Australia), we believe the results would be applicable
to other regions of Australia as the AIR is a national database.

Conclusion

Fundamental to having a vaccination program targeting chil-
dren at increased risk of severe influenza is the ability to

evaluate it. Parental report overestimates provider confirmed
influenza vaccination status and this should be taken into
account if using parental report as a proxy in population
surveys. Influenza vaccination is significantly underreported
to the AIR. Besides encouraging and potentially funding pro-
viders to report influenza vaccinations to the AIR, future
research should focus on investigating provider level barriers
in order to address them.

Methods
Study design

We report study findings for an observational cross-sectional
study with consideration of the STROBE statement.”

Study setting

The study population was recruited from September 2015 to
February 2016 at a paediatric hospital in Adelaide. The
Women’s and Children’s Hospital (WCH) is the major pro-
vider of tertiary healthcare services for children with acute
and chronic conditions in South Australia.

Study recruitment

Parents or guardians, referred to hereafter as parents, were
approached at the outpatient’s department or in hospital
wards at the WCH. Exclusion criteria for this study included:
age < 6 months or > 18 years on the day of recruitment or
children without a SRMC as defined by the AIH;* parent
unable to provide written informed consent or understand
English without a translator. If multiple children of the same
family were eligible, the eldest child was enrolled. For both
analyses, parental validity and AIR reporting, a child’s data
were ineligible in a given year if they were aged <6 months’
old (prior to December 31st in that year). Additionally, the
provider-AIR analyses were restricted to a subset of children
from the parental validity analyses. This was due to the
limited capability of the ACIR at the time of the study to
record only the vaccinations of children aged less than 7 years
at the time of vaccination. In order to capture those children
aged less than 7 years at the time of vaccination (due to the
capability of the ACIR at the time of the study), we used the
first day of the National Seasonal Influenza Vaccination
Program (NSIVP) in each year. A child’s data were ineligible
in a given year if they were >7 years old on the first day of the
NSIVP. In 2014, this was March 15th, while in 2015 this was
April 20th, due to a delay in vaccine availability as a result of
multiple strain changes in the vaccine.’

Parental survey questionnaire

Following parental consent, data were collected using
a predominately closed-ended questionnaire in a face-to-face
interview. Parents were asked questions related to influenza
vaccination, including vaccination in 2014 and 2015. More
specifically, we asked, “Has your child ever received a seasonal
influenza vaccine?” If yes, “Have they received a seasonal



influenza vaccine in the last two years?” If yes, this was
followed by, “Has your child received the vaccine this year?”
and “Did your child receive the vaccine last year? (2014)” with
additional questions asked to extract reasons for receipt/non-
receipt of the vaccine in either or both years. To confirm
vaccination status we collected the child’s immunisation pro-
vider for each year along with details of their current primary
HCP. For some participants this was the name of the medical
practice only, while others provided the details of a specific
general medical practitioner (GP) within the practice. The
questionnaire was completed in the waiting area of the out-
patient clinic or hospital ward. Medical case notes were
reviewed to confirm risk status.

Influenza vaccination status

Provider report of influenza vaccination was defined as
receipt of at least one dose of the vaccine verified by the
child’s nominated immunisation provider, current HCP or
WCH immunisation database. Nominated immunisation pro-
viders included general medical practitioners/medical prac-
tices, pharmacies (drug stores), community immunisation
clinics, travel health clinics and hospitals. While the purpose
of this study was not to consider a “gold standard”, we
considered that if their nominated provider had vaccinated
a child, then in keeping with relevant legislation they (the
nominated immunisation provider) should be able to verify
a child’s immunisation record. When contacting the child’s
nominated immunisation provider four attempts were made
to establish contact with the provider before recording as
unable to confirm and if we could not verify receipt of the
vaccine elsewhere (current HCP, WCH) then these cases were
excluded. The AIR was used to confirm influenza vaccination
status for 2014 and 2015. Additionally, since children aged
6 months to <9 years receiving influenza vaccine for the first
time are recommended to receive 2 doses® we examined
provider and AIR record of a 2nd dose. In line with AIR
coverage calculations, we allowed a minimum 3-month delay
for late notification of influenza vaccinations to the AIR.*?

Statistical analysis

The sample for both analyses was derived from the
recruited sample. Influenza vaccination status from par-
ent-provider record and provider-AIR record were com-
pared in each year. The Kappa was used to measure
the percent agreement between reporting.”> We inter-
preted Kappa wusing the classification proposed by
Altman,*® where a kappa coefficient of 0.81-1.0 is consid-
ered to be very good; 0.61-0.80 good; 0.41-0.60 moderate;
0.21-0.40 fair and <0.20 poor. We examined the sensitiv-
ity, specificity, positive predictive value (PPV) and nega-
tive predictive value (NPV). Concordance of parent-
provider record was investigated and discordant unvacci-
nated cases further examined, by year and demographic
characteristics. Additionally, the effect of year and provi-
der type on provider-AIR reporting was investigated. Stata
(Version 14.1) was used for all statistical analyses
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(StataCorp, Texas, USA). The study was approved by the
Women’s and Children’s Health Network Human
Research Ethics Committee.

Abbreviations

AIR Australian Immunisation Register
HCP healthcare provider
GP general practitioner

NIP National Immunisation Program

NPV negative predictive value

NSIVP National Seasonal Influenza Vaccination Program
PPV positive predictive value

SRMC  special risk medical condition

WCH  Women’s and Children’s Hospital
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