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ABSTRACT 

Introduction: Delay in receipt of the first vaccine dose in the primary series is one of the strongest 
and most consistent predictors of subsequent incomplete immunisation.

Aim: To describe the on-time immunisation delivery of New Zealand infant scheduled vaccines by pri-
mary care practices and identify characteristics of practices, health professionals and patients associated 
with delays in receipt of infant immunisations.

Methods: Timeliness of immunisation delivery and factors associated with timely immunisation were 
examined in 124 randomly selected primary care practices in two large regions of New Zealand.

Results: A multiple regression model of demographic, practice, nurse, doctor and caregiver associa-
tion explained 68% of the variance in immunisation timeliness between practices. Timeliness was higher 
in practices without staff shortages (ß-coefficient -0.0770, p= 0.01), where nurses believed parental apa-
thy (ß-coefficient 0.0819, p=0.008) or physicians believed parental access (ß-coefficient 0.109, p=0.002) 
was a barrier, and lower in practices with Maori governance (ß-coefficient -0.0868, p=0.05), higher social 
deprivation (ß-coefficient -0.0643, <0.001) and where caregivers received immunisation-discouraging 
information (ß-coefficient -0.0643, p=0.04).

Discussion: Interventions supporting practice teams and providers in primary care settings could 
produce significant improvements in immunisation timeliness.
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Introduction

Delivering vaccinations at the ages recommended 
in the national immunisation schedule is impor-
tant. Although achieving high coverage at two 
years of age is a valuable achievement, it fails to 
recognise several challenges: firstly the serious 
risks posed to young infants from diseases such 
as Haemophilus influenzae type b and pertus-
sis,1–5 secondly, the potential reservoir of disease 
in unvaccinated infants6,7 and, thirdly, that 
delays in receipt of scheduled immunisations are 
significantly more likely to result in lower overall 
coverage.8–10 Delayed immunisation significantly 

increases the infant risk for hospitalisation for 
pertussis and Haemophilus influenzae type b.2,3,6

Delay in receipt of the first vaccine dose in the 
primary series is one of the strongest and most 
consistent predictors of subsequent incomplete 
immunisation;8,11,12 therefore, identifying factors 
that contribute to delays and addressing them can 
ultimately reduce the vaccine-preventable disease 
burden in a population. 

The factors that determine immunisation timeli-
ness are likely to have their effect from very 
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WHAT GAP THIS FILLS

What we already know: Many factors are known to affect immunisation 
rates—socioeconomic factors, health care system factors and family and 
child factors. The relative contribution of various factors is not well estab-
lished and less is known about the factors that affect timeliness of delivery.

What this study adds: The key factors affecting timeliness of delivery 
of the childhood immunisation schedule in the primary care setting are 
demonstrated: the dominant environmental factors are social deprivation in 
the enrolled population, ethnicity and early enrolment of infants; significant 
practice systems factors are staffing stability and type of practice manage-
ment system used. Provider issues are around confidence and engagement; 
and the major parental issue is having contact with discouraging material in 
the antenatal arena.

early in the child’s life, or even before the child 
is born. There is a range of factors that contribute 
to vaccine uptake, including the knowledge and 
attitudes of caregivers,13–16 attitudes of health pro-
fessionals17,18 and aspects of health care systems 
such as cost, recall and reminders, and cost to pro-
vider.19 Little is known about the impact of these 
factors on immunisation in New Zealand, a coun-
try that has traditionally had a significant problem 
with low immunisation coverage20 and relatively 
high rates of vaccine-preventable disease.21 

Aim 

The aims of our study were to describe the 
on-time immunisation delivery of the New 
Zealand infant scheduled vaccines by primary 
care practices and to identify the characteristics 
of the practices, the health professionals and the 
patients that are associated with delays in receipt 
of infant immunisations. 

Methods

This study was part of a comprehensive project 
exploring the contributions of different health 
system factors to immunisation coverage and 
timeliness in New Zealand. These methods have 
been previously reported.22–25

The Ministry of Health definition of on-time 
immunisation was used, being receipt of the 
six-week immunisation within four weeks of due 
date and within six weeks of due date for the 
three-month, five-month and 15-month immuni-
sations.26 A delayed immunisation is, therefore, 
one that is delivered beyond this time window.

Study design and setting

A survey of primary care practices was conducted 
from 2005 to 2007 in the Auckland and Midland 
regions in New Zealand which care for approxi-
mately 50% of all New Zealand children aged 
0–4 years. Ethical approval was obtained from 
the Ministry of Health Auckland Regional Eth-
ics Committee. 

Study sample

A random sample of 124 practices was recruited 
with stratification by region. As immunisa-
tion coverage is lower among Maori27 there was 
oversampling of practices with Maori govern-
ance (practices that provide services primarily for 
Maori and that have a Maori management struc-
ture). The characteristics of the sample practices 
are described in Figure 1. 

Figure 1. Summary of study sample

124 practices enrolled 

and coverage data 

collected

PN Survey 115/118 practices

(4 practices did not have 

practice nurses, 2 nurses 

cover 2 practices in 2 groups)

GP Survey 112/122 practices

(1 GP covers 

3 practices in group)

Practice Manager Survey

123/124 practices

Caregivers recruited

111/124 practices
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Table 1. New Zealand infant immunisation schedule at time of study

DTaP-IPV Hib-HepB HepB DTaP/Hib MMR

6 weeks 6 weeks

3 months 3 months

5 months 5 months

15 months 15 months

Figure 2. Practice recruitment

* At one practice none of the immunised children were registered or enrolled

† Coverage for four Auckland and three Midland Maori governance practices were estimated as one 
practice.

Data collection and measurements

An audit was conducted of the recruited practice 
immunisation records of all children six weeks 
to 23 months. The immunisation schedule for 
children under two years of age at the time of 
this study is shown in Table 1.

Records describing immunisations received by 
each registered child and their age at registra-

tion were extracted from the Practice Manage-
ment System (PMS). Interviews with practice 
managers or senior staff collected data about the 
characteristics of the practice, including fund-
ing, co-payments and immunisation recall and 
outreach methods used. Socioeconomic status was 
measured using the New Zealand Index of Social 
Deprivation.28 

One randomly selected general practitioner and 
one nurse per practice were invited to complete 
a computer-assisted telephone interview (CATI) 
exploring their experiences, knowledge, attitudes, 
perceived barriers to immunisation, sources of 
information and perceptions of practice team-
work. The questionnaires were adapted from 
previously used tools from both the United 
Kingdom and New Zealand.29–31

Additionally, a random sample of caregivers of 
children registered at each practice was generated 
and the practice receptionist recruited to contact 
the caregivers of these children, aiming for a 
sample of 10 children per practice. Following in-
formed consent, the caregivers completed a CATI 
exploring caregivers’ education, antenatal primary 
care, and immunisation knowledge and attitudes. 
Their impression of the quality of primary care 
their child received was measured using the Gen-
eral Practice Assessment Survey.32,33 Responses 
were aggregated by practice and expressed as the 
median or predominant response per practice.

Data analysis

The proportion of children registered at each 
practice who had received their scheduled im-
munisations on time was described. The propor-
tion immunised was transformed to facilitate 
analysis using the arcsin of the square root of the 
variable. This transformation made the variance 
constant across the distribution of timeliness at 
each practice. Interaction with either region or 
practice governance for any of the variables asso-
ciated with coverage was examined. The inverse 
of the number of enrolled children was used as 
a weight.

For the regression analyses a base model was 
created that included region (Auckland or Mid-
land), practice governance (Maori or non-Maori), 

Auckland region

Maori governance 7†

Non-Maori governance 61

Practices in region 517

Auckland 346

Midland 171

Selected 213

Auckland 108

Midland 105

Enrolled 124 (58%)

Auckland 72 (67%)

Midland 52 (50%)

Practice coverage

estimated 118*

Midland region

Maori governance 14†

Non-Maori governance 36

Declined 81 (38%)

Auckland 33 (30%)

Midland 48 (45%)

Not Eligible 8 (4%)

Auckland 3 (3%)

Midland 5 (5%)
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socioeconomic deprivation, and the median age 
and median age at registration of the children as 
explanatory variables. Explanatory variables that 
described practice characteristics, doctors, nurses 
and caregivers were then examined after adjust-
ment for the effect on immunisation timeliness 
of these base-model variables. Multiple regression 
analyses were performed for each of these four 
areas, and then a summary analysis that com-
bined variables from all four areas.

Results

The study sample (Figure 1) and recruitment 
(Figure 2) have been described previously, and 
the sample has been demonstrated to be region-
ally and nationally representative.22,23,34 

Practice immunisation timeliness

A median (25th, 75th centile) of 56% (40%, 64%) 
of registered children at each practice were im-
munised on time. There was a wide distribution 
of timeliness across practices. Significant delay 
existed even for the first dose of DTaP-IPV and 
Hib-HepB due at six weeks of age where a median 
of 22% of registered children had delayed im-
munisation. This increased with each successive 
vaccination event (Table 2). 

Factors associated with delay in 
immunisation

Socioeconomic deprivation, practice funding and 
whether urban or rural

Immunisation timeliness varied with socioeco-
nomic deprivation of the practice population (the 
greater the deprivation the less likely that im-
munisations were delivered on time) but not with 
type of practice funding, or rurality. Practices 
with a smaller proportion of registered patients 
from socioeconomically deprived households 
delivered immunisations on time to a larger pro-
portion of children (p<0.001)—see Table 3.

Characteristics of the practice 

Timeliness decreased as age of the children at 
registration increased (p=0.03) and as the child’s 
age increased (p=0.004). Timeliness was higher 

at practices where the electronic practice man-
agement system MedTech (Medtech Limited, 
Auckland, NZ) was used rather than one of the 
three alternative electronic systems (p=0.01). 
Practice staff shortages were associated with 
less timely immunisation delivery (p=0.04)—
see Table 4.

Health professional characteristics

Immunisation delivery was more timely in prac-
tices where nurses perceived parental apathy to be 
a barrier to immunisation (p=0.008) and where 
the doctors perceived parental apathy to be a bar-
rier (p=0.002). 

Caregiver characteristics 

Practice coverage was more timely where the 
caregivers had not received discouraging infor-
mation about immunisation during the antena-
tal period (p=0.04). Coverage was also higher at 
practices where more caregivers had a tertiary 
qualification (p=0.06).

Table 2. Percentage of the registered children at each of the practices not on time for each 
immunisation*

Scheduled vaccine 
Median % of children delayed

(5th, 95th centile)

6-week immunisations

DTaP-IPV#1 22 (7, 67)

Hib-HepB #1 23 (8, 67)

3-month immunisations

DTaP-IPV#2 27 (10, 67)

Hib-HepB #2 27 (11, 67)

5-month immunisations

DTaP-IPV#3 30 (14, 73)

HepB 5M 30 (15, 77)

15-month immunisations

DTaP-Hib 42 (19, 75)

MMR#1 44 (20, 75)

*	 An immunisation was defined as delayed (not on time) if not given within four weeks of the due 
date for vaccines scheduled at age six weeks, and within six weeks of the due date for vaccines 
scheduled at three months, five months and 15 months of age.

DTaP-IPV—diphtheria, tetanus, acellular pertussis, inactivated polio vaccine

Hib-HepB—Haemophilus influenzae type B, hepatitis B

MMR—measles, mumps and rubella	
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Multivariable model including practice, 
health professional and caregiver 
characteristics 

The multivariable model explained 68% of the 
variance in immunisation timeliness between 
practices. In this multiple regression model of 
demographic, practice, nurse, doctor and caregiver 
associations with practice on-time immunisation, 
timeliness was higher in practices where there 
were no staff shortages (p=0.01), and that en-
rolled children at a younger age (p=0.02), where 
the nurse believed parental apathy to be a barrier 
(p=0.008), where the physician believed paren-
tal access was a barrier (p=0.002), and lower in 
practices with Maori governance (p=0.05), higher 
social deprivation (p<0.001) and where caregiv-
ers received information discouraging them from 
immunising (p=0.04)—see Table 5.

Discussion 

There are many factors that contribute to timeli-
ness of immunisation delivery. However, the 

relative contribution of each of these has not 
been explored previously. This study provides in-
formation on general practice characteristics and 
systems, health professional and caregiver factors 
and their relative contribution to the timeliness 
of immunisation delivery in children under two 
years in two major regions in New Zealand. It 
demonstrates the strong influence of social dep-
rivation on practice immunisation delivery, but 
shows that independent of this effect there are 
practice, health professional and caregiver-specific 
issues that determine how well an individual 
practice delivers immunisations to its population.

The three major contributors to incomplete im-
munisation documented to date are socioeconomic 
factors, health care system factors and family and 
child factors.35

Immunisation timeliness has neither received as 
much focused attention nor been measured as 
intensely as absolute coverage. Additionally, most 
studies examining this issue in developed coun-
tries have been conducted in the United States. 

Table 3. Practice immunisation timeliness by socioeconomic deprivation, practice funding and whether an urban or rural practice

Variable (number of practices)
Median % of children at each practice with immunisations on time 

(25th, 75th centile)

p value*Region Auckland Midland

Governance Maori Non-Maori Maori Non-Maori

Number of practices n=7 n=61 n=14 n=36

Percentage of registered patients in most 
socioeconomically deprived quintile† (118)

Less than 30% (86) 39 (30, 47) 60 (47, 68) 62 (9, 64) 59 (47, 63) < 0.001‡

30% or more (32) 32 (23, 42) 50 (20, 61) 40 (25, 47) 61 (27, 64)

Access funding§ (118)

No (72) || 60 (47, 68) 64 (64, 64) 59 (47, 63) 0.59¶

Yes (46) 32 (23, 47) 56 (33, 64) 40 (25, 47) 60 (47, 62)

Urban or rural practice** (110)

Urban (90) 37 (25, 45) 61 (46, 68) 36 (25, 62) 59 (50, 65)

Rural (20) 23 (23, 23) 49 (47, 57) 46 (45, 47) 60 (27, 63) 0.43¶

*	 Analysis adjusted for region and governance

†	 Percentage in most socioeconomically deprived quintile included in model as a continuous variable

‡	 Based on the NZDep2001 index of deprivation; a small area-based measure that combines nine variables from the 2001 census which reflect aspects of material and 
social deprivation28

§	 A practice is eligible for access funding if 50% of enrolled patients are from high-deprivation communities or are of Maori or Pacific ethnicities 

||	N o practices in this category

¶ 	 Adjusted for region, practice governance and socioeconomic deprivation of the registered population

**	 As defined by a national rural ranking scale49 
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Table 4. Practice immunisation timeliness by characteristics of registered children and of the practice

Variable (number of practices)
Median % of children at each practice with no delayed 

immunisations (25th, 75th centile)

p value*Region Auckland Midland

Governance Maori Non-Maori Maori Non-Maori

Number of practices n=7 n=61 n=14 n=36

Characteristics of the registered children  
<2 years old

Median age of children (118)

Less than 13 months (48) 38 (30, 46) 62 (56, 66) 49 (44, 57) 62 (57, 64) 0.004

13 months or older (70) 32 (23, 42) 49 (38, 67) 31 (25, 47) 55 (42, 61)

Median age of children at registration† (118)

Less than 3 months (72) –‡ 61 (45, 68) 25 (13, 52) 59 (47, 63) 0.03

3 months or older (46) 32 (23, 46) 55 (44, 62) 43 (31, 47) 58 (47, 63)

Number of registered children† (118)

Less than 150 (71) 31 (27, 39) 61 (45, 68) 42 (25, 50) 59 (46, 65) 0.64

150 or more (47) 42 (17, 47) 57 (44, 65) 47 (31, 62) 59 (50, 62)

Characteristics of the practice p value§

Medtech is patient management system used (117)

Yes (89) 36 (23, 46) 62 (50, 67) 44 (31, 52) 59 (50, 63) 0.01

No (28) 32 (32, 32) 45 (33, 61) 19 (11, 46) 47 (42, 63)

Practice charges for appointments for registered 
children (117)

No (86) 32 (23, 46) 55 (40, 67) 40 (25, 47) 58 (46, 65) 0.24

Yes (31) –‡ 62 (59, 68) 64 (64, 64) 60 (57, 62)

>15% of registered patients at the practice owed 
money† (116)

Yes (43) 37 (30 46) 49 (43, 64) 42 (30, 62) 53 (39, 64) 0.18

No (73) 23 (23 23) 62 (49, 70) 36 (17, 50) 60 (49, 63)

Practice has specific immunisation clinics or 
appointments (119)

Yes (41) 30 (23, 46) 60 (46, 67) 40 (31, 62) 55 (47, 63) 0.43

No (78) 37 (25, 45) 55 (44, 67) 43 (25, 52) 59 (47, 63)

Practice has staff shortages (117)

Yes (76) 36 (23, 46) 57 (44, 66) 40 (25, 47) 58 (47, 63) 0.04

No (41) 32 (32, 32) 61 (46, 67) 62 (9, 64) 61 (57, 65)

*	 Adjusted for region, practice governance and socioeconomic deprivation of the registered population

†	 Entered into model as continuous variable 

‡	N o practices in this category

§	 Adjusted for region, practice governance and socioeconomic deprivation of the registered population, age and registration age of children <2 years old

With the potential to eradicate or better control 
diseases such as Haemophilus influenzae type B 
and pertussis it is necessary to shift the goal 
posts from coverage to timely coverage. Immu-
nisation Registers make the regular monitoring 
and reporting of immunisation timeliness along 
with coverage more feasible. In order to be able 
to make use of this data to improve practice im-

munisation delivery it is necessary to determine 
what the features are of practices that achieve 
timelier immunisation delivery.

After adjustment for region, Maori governance, 
social deprivation and age of the child we found 
several other important determinants. Within 
the practice, staff shortages and the type of 
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practice management system influenced cover-
age. Maintaining stable practice staff and, to a 
lesser extent, the type of management system 
that facilitates the systematic management of 
immunisation data and recalls appear to result 
in more timely immunisation delivery. Prac-
tices which registered their population of child 
patients at a younger age achieved more timely 
immunisation. While this appears intuitive, it 
is an important issue in New Zealand where the 
majority of antenatal primary care is provided 
by midwives, and it is necessary for the mother 
of a newborn child to then identify a family 
practice for Well Child care. Prompt transition 
between these two components of the primary 
care system is clearly necessary to achieve a 
good start to the immunisation components of 
this Well Child care. 

Both the practice nurse and physician perception 
of caregiver barriers was associated with more 
timely immunisation delivery by the practice. 
This could be an indirect measure of a type 

Table 5. Combined analysis of practice, child, health professional and caregiver associations with practice immunisation timeliness

Variable* Direction of effect on timeliness ß-coefficient p value

Demographics

Governance More timely in non-Maori than Maori governance practices -0.0868 0.05

Socioeconomic deprivation Less timely with increased socioeconomic deprivation -0.0025 < 0.001

Practice

Age of children at registration Less timely with increasing age at registration -0.0009 0.02

Staff shortages More timely in practices that did not have staff shortages -0.0770 0.01

Nurse

Nurse perceives parental apathy as 
barrier to immunisation

More timely in practices where nurse had this perception 0.0819 0.008

Doctor

Doctor perceives parental access 
difficulties as a barrier

More timely in practices where doctor had this perception 0.1090 0.002

Caregiver

Received discouraging information about 
immunisation antenatally

Lower at practices where caregivers received discouraging 
information

-0.0643 0.04

*	 Other variables in model for which associations with coverage were not significant: 

	 •	 region (p=0.96)

	 •	 age of registered child (p=0.30)

	 •	 patient management system used (p=0.12)

	 •	 nurse to child ratio (p=0.73)

	 •	 doctor perceives parental apathy as a barrier (p=0.18)

	 •	 caregiver has a tertiary qualification (p=0.06)

of health professional who is more interested 
and engaged with immunisation issues at their 
practice and also more aware of the issues facing 
the populations they serve. It has been previously 
shown that confident, engaged providers support 
improved immunisation coverage.12,36

Anti-immunisation material from various sources 
discouraging caregivers from immunising their 
children has frequently been shown to affect 
coverage.37–39 Of all caregiver variables measured 
in this study, receipt of discouraging informa-
tion in the antenatal period was the only one to 
remain significant after controlling for all likely 
confounders. This emphasises the importance of 
the antenatal period as a time when promotion of 
immunisation must occur as well as limiting the 
exposure to anti-immunisation material.40

Relationship to international literature

Most studies reporting timeliness have been 
conducted in the US41–44 as well as surveys of 
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Australian clinical records using national reg-
ister data45 and well-baby records in Sweden.46 
A comparison of international studies reported 
a range in delay in infant programmes from 6% 
(US)43 to 75% (Australia).45 There is a range of 
factors associated with timeliness reported in 
these studies.

Delay in commencing immunisation is associ-
ated with delay for later doses and incomplete 
immunisation.36 We found that the increasing 
age of child at enrolment was inversely associated 
with coverage. Delay in enrolment at the general 
practice could lead to delay in uptake of the first 
vaccination.

Ethnicity, area of residence16,47,48 and, in Sweden, 
negative media coverage was associated with 
delay in MMR vaccination.46 Consistent with 
these findings, we specifically determined that 
region and social deprivation were important fac-
tors in determining coverage. Also, coverage was 
lower at practices where caregivers had received 
discouraging information.

Strengths and limitations

A strength of this study is that it involved a 
large population of 26 000 children under two 
years of age in a regionally representative sample 
of practices including urban and rural, serving 
a wide socioeconomic and ethnic spectrum. Im-
munisation data was obtained by an electronic 
audit of individual child immunisation data and 
so is, to the best of our knowledge, the most 
accurate measure of practice immunisation avail-
able. A comprehensive range of factors likely to 
impact upon practice immunisation delivery was 
measured, allowing the description of a complete 
picture of practice immunisation delivery. 

Limitations include a practice decline rate of 
38%. However, the sample is both regionally and 
nationally representative. We were limited to 
interviewing one GP and one nurse from each 
practice whose responses may not have been rep-
resentative of all GPs and nurses at the practice. 
Seeking to interview multiple GPs and nurses 
would have been an unacceptably high respond-
ent burden and would likely have resulted in a 
higher decline rate. 

Implications and recommendations

A variety of factors at the primary care and 
health professional level contribute significantly 
to immunisation timeliness and, unlike most car-
egiver characteristics, are under greater control 
by the practice. This study has identified those 
practice characteristics that contribute most 
significantly to timely immunisation uptake.

Interventions that promote early enrolment of 
infants at a primary health care practice, suf-
ficient stable staffing, committed and confident 
providers and a practice management system 
capable of managing immunisation information 
could facilitate improvements in the timeliness of 
immunisation uptake. Monitoring and managing 
anti-immunisation activity in the antenatal period 
could also mitigate the effects of discouraging 
information affecting immunisation uptake. Our 
study suggests that significant improvements in 
immunisation timeliness can be made within the 
primary care setting. 
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