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Objective: To ascertain the effectiveness of a home vaccination service for children behind in their vaccination
schedule.

Design: Randomised controlled trial of nurse-administered vaccination at home. Children were allocated at randon
to the intervention or the control group before any contact with the parents was made.

Setting: 10 council areas in north-west metropolitan Melbourne defined by 56 postcode zones. Six-week
intervention period from November 1996.

Participants: 405 children -- all those in the study area£ 2610) 90 days late (age 9 months) for their third
diphtheria-tetanus-pertussis/poliomyelidaemophilus influenzadype B (DTP/OPV/Hib) vaccination, or 120 days

late (age 16 months) for their measles-mumps-rubella (MMR) vaccination, according to the Australian Childhood
Immunisation Register.

Main outcome measures:Number of children completing DTP/OPV/Hib or MMR during the intervention

period, and number up to date before intervention.

Results: Verification of vaccination status with the parents revealed that 123 (60%) of the children in the
intervention group and 113 (56%) of those in the control group were up to date with their vaccinations, leaving a
study population of 81 (intervention group) and 88 (control group).

Vaccination was achieved in 46 (57%) intervention children and 24 (27%) control children (risk ratio [RR], 2.08;
95% CI, 1.4-3.1P < 0.001). For DTP/OPV/Hib, 18/32 (56%) intervention children and 12/36 (33%) control
children were vaccinate®( = 0.06). For MMR, 28/49 (57%) and 12/52 (23%) children were vaccinated,
respectivelyP < 0.001). Home vaccinations were completed with 26 families (including five siblings). The average
cost per child vaccinated as a result of the home program was $92.52.

Conclusion: Home vaccination for children behind in their immunisation schedule is an effective, acceptable and
relatively cheap method of completing recommended vaccinations. We recommend that a home vaccination prograr
be widely implemented and made available, particularly for disadvantaged families.

In Australia, incomplete immunisation of children under 2 years of age remains an important public health problem.
Many children never complete their immunisation schedule or are many months évdptake rates are lowest for
measles-mumps-rubella vaccination at age 12 months and the diphtheria-tetanus-pertussis booster at#8 months.
Being late for a primary course is predictive of being late for or missing subsequent vacciiftions.

Parents' beliefs about the seriousness of the vaccine-preventable ilinesses and the safety and efficacy of vaccines
important predictors of vaccination uptakklowever, there are other barriers to children being vaccinated -- frequent
minor childhood illnesses, parental forgetfulness, and advice from health providers to delay vac€i8tions.

A current strategy to overcome barriers to vaccination is to make vaccination more accessible, but parents are still
required to bring their children to be vaccinated. For some families, however, it may be more effective to take the
vaccination service to the child. We have explored (i) the effectiveness of offering a home vaccination service to
children at greatest risk of not completing their immunisation schedule by age 2 years; and (ii) the usefulness of the
Australian Childhood Immunisation Register (ACIR) for identifying these at-risk children.
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Method
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Participants

The Australian Childhood Immunisation Register provided identifying information for children living in 10 local
council areas in north-west metropolitan Melbourne (defined by 56 postcode zones) who were either born January
1996 and 90 days late for their third diphtheria-tetanus-pertussis/polioniylel@mophilus influenzadaype B

vaccination (DTP/OPV/Hib; 1st milestone), or born June 1995 and 120 days late for their measles-mumps-rubella
vaccination (MMR; 2nd milestone). The intervention period comprised six weeks from November 1996.

Making contact to verify vaccination status before randomisation would have in itself constituted an intervention.
Therefore, before any contact was made with the parents, the children were allocated at random (by computer) to tt
intervention or the control group.

Contact

We made initial contact with the intervention group by letter, then by telephone one to three weeks later to verify
vaccination status, to organise an appointment, and to administer a pre-vaccination health check as recommended'

the National Health and Medical Research Counil'stralian immunisation handboak! This health check was to
ensure that the child did not require special medical attention and could be vaccinated at home. If no telephone cont
could be made, two follow-up letters were sent. As local councils and maternal and child health nurses provide a
substantial number of childhood vaccinations in Victoria and maintain vaccination records, we checked these
(possible) providers for vaccination details if parents could not be contacted.

Children were confirmed as either overdue for vaccination or up to date with vaccination if parents, the local council
or the maternal and child health nurse provided a record of the vaccination.

Intervention

The study was approved by the Royal Children's Hospital Ethics in Human Research Committee. Parents signed &
consent form to participate in the study and a standard State Government vaccination consent form.

A nurse administered vaccination in the child's home at a time convenient to the parents. Siblings were also
vaccinated if they were due for vaccination.

The nurse providing the vaccination had completed a standard Victorian Government Department of Human Service
immunisation course. A resuscitation kit (including adrenalin) was taken on each home visit, and the cold chain was
maintained by transporting vaccines in a temperature-monitored car refrigerator.

Before vaccination, the nurse administered a pre-vaccination health chéolliginfirm the child's medical history,
as obtained during the initial telephone contact, and to assess the child's health on the day of vaccination. Vaccines
that were due were verified from the parent-held Child Health Record. The child's temperature was taken if he or sk

was hot or appeared unwell (a temperature > 38.58c precludes vacéfaBanacetamol was offered to all children
before vaccination. The nurse remained with the family for more than 20 minutes after vaccination. The visits
included time for parents to complete questionnaires about immunisation service use, reasons for the delay in
vaccination, education level, family size and whether the family had a Health Care Card. (A Health Care Card is a
Federal Government card available to low income families, including those receiving government pensions, to obtai
concessions for health and medical expenses; ie, it is an indicator of disadvantage or poverty.)

Neither written consent nor sociodemographic information was obtained from parents who chose to have their child
vaccinated by another provider, or whose child was up to date with immunisation, or who refused to take advantag
of the home service.

Follow-up of control children

Two months after the intervention period, and based on updated information from the Australian Childhood
Immunisation Register, we sent letters to parents of control children for whom neither the Register nor local council:
had recorded a third DTP/OPV/Hib or an MMR vaccination. We followed the letters with a telephone call to verify
vaccination status and to offer, in this case, vaccination at the Royal Children's Hospital. Parents of control childrer
were also informed of local vaccination services offered by the maternal and child health nurse or of the schedules «
mobile vaccination vans provided by local councils. No sociodemographic information was collected from the
parents of control children.

Cost analysis

Costs included travel, estimated at $0.50 per kilometre, nursing time at $25 per hour, consumables (excluding
vaccines) as charged by the Royal Children's Hospital and clerical work at $17 per hour for 18 days.

Statistical analysis
Sample size was estimated assuming that 35% of intervention children would accept vaccination and 6% of control

children would be immunised. This would require 30 in each group, with a set at 0.05 and statistical power 80%.
Statistical associations were assessed with chi-squared tests. Confidence intervals and risk ratios were calculated \

the STATA program2
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Subjects

There were 2610 children born in June 1995 or January 1996 in the study area and registered with the Australian
Childhood Immunisation Register. Of these, 416 children (16%) were identified by the Register as overdue for their
third DTP/OPV/Hib or MMR. Thé-igureshows the number of children on the Register meeting the study criteria,

the number excluded and the vaccination status of the children in the intervention and control groups at the time of
contact. On verification of vaccination status with parents, 123 (60%) of the intervention children and 113 (56%) of
the control children were confirmed as being up to date with their immunisation schedule, and therefore were
ineligible for the intervention, leaving 81 children in the intervention group and 88 control children. Those whose
status could not be verified were assumed for analysis to be unvaccinated.

In total, 2430 (93%) children were up to date with their vaccinations at the beginning of the study period: 1219 (95%
95% confidence interval [Cl], 93.6%-96.0%) 9-month-old children and 1211 (92%; 95% CI; 90.8%- 93.8%)
16-month-old children.

Intervention

Table 1 shows the number of children vaccinated during the intervention period. To estimate the effect of the
intervention on uptake for the full cohort, the cohort was divided into two equal groapd805 each). The

number of children immunised in the group with the intervention children increased from 1220 (93.5%) before
intervention to 1266 (97%) after intervention. The group with the control children increased from 1210 (93%) to
1234 (95%). Using similar logic, but dividing for type of vaccine, in the group with intervention children the rate for
1st milestone vaccination increased to 98% and for 2nd milestone to 97%, whereas the rates for the group with
control children increased to 96% and 94%, respectively.

1: Vaccination of children in the intervention and control groups

Percentage
clifference Rizk ratio
Intervention Contral maes Ch (oL I =
Total a=81 g=88
Waccinated 46 (BB 24 (27.5%) 29.5% 2.08 <0004
Mot vaccinated® 35(43.2% 64(72.7.8%) (15.3% 43.8%) (1.4, 3.1)
DTRMOPY MHib a=32 A=oF
Waccinated 18(56.3%) 12(33.5%; 23.0% 1.649 0.057
Mot vaccinated® 14 (43.8%° 24 (BE.7%’ (- 1.6%, 46%) (0.97,2.8)
MR a=449 g=52
Warcinated 280571% 12(231% 41 % 248 <0004

Mot vaccinated® 21 (42.8%  40(76.8%  (16.1% 52%) (1.43 4.3)

*|Includes children corfirrmed 2= not up to daste with waccinations and those who could not be
contacted. I = corfidence interwal.
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The mean (SD) age for DTP/ OPV/Hib vaccination for intervention and control children was 10 (0.2) months and
11.5 (0.3) months, respectively (which was significantly diffefént 0.001), compared with 7 (1.3) months for
children having DTP vaccination before study commencement. The mean (SD) age for MMR vaccination for
intervention and control children was 17.2 (0.1) months and 19 (0.3) méntkd)(001), compared with 14 (1.7)
months for those having MMR vaccination before study commencement.

In the intervention group 26 children were immunised by the study nurse and 19 by their doctor or local council
service. One child who had a severe egg allergy was vaccinated at the Royal Children's Hospital Immunisation
Adverse Events Clinic. Ten children due for MMR were also given their 18-month DTP/Hib boosters and five
siblings were brought up to date with their vaccination schedule. In all, 82 vaccines were administered to study
children and siblings.

On the day of vaccination 13 children had colds or were taking antibiotics; none had a fever. All were vaccinated as
arranged. Two families refused the service because they were against immunisation and 22 families preferred to us
their own doctor. As mentioned, 19 did so within the study period. One mother changed her mind about home
vaccination because of concern about her child's egg intolerance. The child was vaccinated a month after the
intervention by her doctor.

Table 2 summarises the demographic information of those immunised at home and major reasons given by parents
for delayed vaccinations.

2: Sociodemographic characteristics
of families receiving home
vaccination and main reasons
given for delaying vaccination

(7=267)
Education level (= “ear 11}
Mot 17 (63%)
Father 10740%)
Farnily type
Single parent 1 (4%
= 2 children in farmily 15 (B0%)
Hawe a Health Care Card 13 (413
Renting their home B )
Mot in paid ermployrnent
Mother 20693
Father B19%)
Irnrrunisation provider
Loc al doctor 17 (B1%)
Fieasons for delayT
Child unwell ¥ 17 (61%)
Forgot 518%)
Warl: corrmitrments 3 10%)
Dther (including lahguage 4 15%)
cifficulties, stresstul farmily
events)

* Percentages based on walid responses.

T adds to more than 100% a5 more than one
rezponse allowed.

* Includes colds, ear infections, chickenpos,
measzles, asthma, allergies, and genaral health
COnsEr NS,

Costs

The mean cost per child vaccinated in the intervention group was $92.52, and the mean cost per visit per vaccine w
$52. These costs excluded cost of visits to the general practitioner by those being vaccinated by their own doctor.
Fifty-one per cent of the cost was attributable to clerical time needed to verify vaccination status. Travel costs were
12% of total costs and 33% of nurses' costs.
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We have shown that offering home vaccination is an effective method of bringing children (and their siblings) up to
date with their immunisation schedule. Importantly, we used information from a population-based register, and thus
provided vaccinations for children in socially disadvantaged families. Such families have been identified previously

by the Australian Bureau of Statiséésnd other¥* as being most at risk of not completing the scheduled childhood
immunisations.

A major finding of this study was the unexpectedly high proportion of children already vaccinated at the
commencement of the study. This proportion was substantially higher than expected from previous statewide

estimates -- 95% v. 84% for 1st milestone vaccination and 92% v. 78% for 2nd milestone vaécination

exceptionally high given that our study was conducted in a socially disadvantaged area. Data for our study on
children's vaccination status were from Australian Childhood Immunisation Register enrolments, which are derived
from Medicare data and miss about 2% of children; however, this would have had a minimal impact on these
vaccination estimates. It is also unlikely that substantial misclassification of vaccination status occurred. While we di
not formally cross-check vaccination dates, when dates were obtained from two sources 85% matched. When date
differed it cannot be assumed that Register dates were correct. In some cases vaccinations reported to the Registe
us were incorrectly recorded or missing. Thus, we found the usefulness of the Australian Childhood Immunisation
Register as a source of accurate information to be limited. However, our study was undertaken in the first year of tr
Register's existence and it is expected that accuracy of the Register will improve.

Limitations of this study arise from the need to randomise the population sample before verification of immunisation
status. This has the potential to introduce bias because of the possibility of differences in response between the
intervention and control groups. Another limitation was the number of children in each group with whom no contact
was made. However, these limitations are unlikely to have caused substantial bias. In both groups a similar numbe
of control (56%) and intervention children (60%) were excluded because they were up to date with vaccinations, an
likewise the proportion of control (15%) and intervention children (14%) who could not be contacted to determine
immunisation status was similar. There is also no reason to suppose that any differences in vaccination rates betwe
these two uncontacted groups would be sufficient to bias the estimate of the intervention effect. Assuming that 50%
of the children in each group who could not be contacted were vaccinated, the risk ratio for vaccination would be
1.67 (95% ClI, 1.3-2.22 < 0.001).

ltinerancy is a risk factor for incomplete and late vaccinatibhmaking it not surprising that a considerable number
considered overdue for vaccination could not be contacted. We have shown that those who can be contacted can b
vaccinated. A similar program that accesses vaccination information at a local level may be more efficient at targetin
families who move frequently.

It is obvious that a home service will cost more than mass vaccination programs. The cost per vaccine, taking into
account only nurses' time and travel costs, was about $23, which compares favourably with the £8 reported by an

outreach program in the United KingdéfiThe costs of the service would be reduced with improved accuracy of
Australian Childhood Immunisation Register information (clerical costs would be reduced by 50%), by offering a
local rather than a centralised service (travelling costs would be reduced by 30%), and by incorporating the
vaccination service into a broader home visiting program to promote child health and support disadvantaged familie:
in this endeavour.

As indicated by many studié$;22a barrier to age-appropriate immunisation is often not parental unwillingness to
have their child vaccinated, but immunisation providers failing to provide a service. About a third of the parents of
children behind in their vaccinations reported having recently consulted a doctor. In almost all these cases the child
could have been vaccinated at that time.

To prevent diseases such as measles, immunisation rates need to excéeB@5%he high uptake rates found at
the commencement of our study are below this level. Innovative and proactive methods are necessary to attain thes

high levels and have been found to be effecti!
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