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Executive Summary 

Introduction 

Despite increasing immunisation coverage in recent years, pertussis remains a leading cause 

of immunisation preventable disease in New Zealand. The current pertussis epidemic in New 

Zealand began in August 2011 and did not show signs of abating until May 2013. The current 

New Zealand immunisation schedule recommends that the first three doses of pertussis 

vaccine be received at six weeks, three months and five months of age. These are known as 

the primary series. A delay in receiving any dose of the primary series delays the time to 

developing effective immunity. It is not known how many children in New Zealand have 

delays between doses of pertussis vaccine, nor the extent of the delays.  

The aims of this study were as follows: 

1. To provide an overview of the history of the epidemiology of pertussis as well as 

recent pertussis epidemiology in New Zealand. 

2. To describe the coverage and timeliness of the primary series of pertussis 

immunisations for New Zealand and separately for children living in the greater 

Wellington region. 

3. To detect differences in timeliness of immunisations by calendar year, socio-

demographic characteristics, and by region for New Zealand and separately for 

children living in the greater Wellington region. 

An immunisation is considered not timely if it was not received within four weeks of the age 

specified by the New Zealand immunisation schedule. The definition of timeliness according 

to age works as long as the first vaccine dose is received at six weeks of age. However, if the 

first dose is received when the infant is older than six weeks, the timing of the second and 

third dose should be adjusted to maximise antibody production. Therefore, a second 

definition of timeliness was explored. Specifically, due dates for the second and third doses 

were calculated according to the recommended interval between doses. Between doses one 

and two the interval is scheduled to be six weeks. Between doses two and three the interval is 

scheduled to be two months.  

Methods 

The study population included all children born in New Zealand between 2007 and 2012 as 

recorded on the National Immunisation Register (NIR). Children excluded from the study 

were those: whose date of death was recorded as being before their date of birth, whose 

gender was recorded as ‘unknown’ or ‘indeterminate’, who were not included in the NIR (i.e 

opted off), who were not recorded as having received at least one pertussis vaccine dose, who 

had records of more than four pertussis vaccine doses, who had records of two pertussis 

vaccine doses within four weeks of each other, who were recorded as having died before 

receiving their first pertussis vaccine dose and who were recorded as receiving a pertussis 
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vaccine dose before their date of birth. The study is a retrospective cohort study. The 

population was followed retrospectively over time to observe the occurrence of pertussis 

immunisation. Descriptive observations as well as multivariate regression analyses using ‘R’ 

were conducted.  

Results 

371,587 children recorded in the National Immunisation Register were analysed for pertussis 

immunisation occurrence and timeliness. Timeliness of dose one was 89.0% for the whole 

New Zealand population. Timeliness of dose two was 87.8% and dose three was 83.1%. 

Overall 71.2% of the population received all three doses on time. Timeliness varied within 

each of the population subgroups of ethnicity, socio-economic deprivation, calendar year of 

vaccination and regions within New Zealand.  

Children of Asian ethnicity had the highest percentage of children receive all their 

immunisations on time (83.4%), followed by European ethnicity (76.3%). Māori had the 

lowest percentage with on time vaccination across all doses and had 52.5% of children 

receive all their immunisations on time. Timeliness was significantly different across all 

ethnicities (p<0.001) and between European and Māori (p<0.001). 

Timeliness varied by deprivation level (as measured by NZDep deprivation index) for all 

doses with children living in the least deprived areas having a higher percentage receive their 

doses on time compared to those living in the most deprived areas. Children living in 

deprivation areas 1-3 (the lowest deprivation categories) had 79.8% of children receive all 

their immunisations on time, followed by deprivation areas 4-7 (75.7%) and deprivation areas 

8-10 (65.8%). Timeliness was significantly different across the three NZ Deprivation 

categories for all doses (p<0.001). 

The Southern region had the highest percentage of children receive all their immunisations on 

time (78.9%) followed by Central (73.3%) and Northern (70.1%). Midland had the lowest 

percentage with on time immunisation across all doses and had 63.8% of children receive all 

their immunisations on time. Timeliness was significantly different between all regions and 

across all doses (p<0.001). 

There were 39,293 children in the greater Wellington region (Wairarapa, Hutt Valley and 

Capital and Coast District Health Boards). Timeliness of dose one was 90.3% for the 

Wellington region. Timeliness of dose two was 90.3% and dose three was 87.0%. 76.0% 

received all three doses on time. The Wellington region had a higher total percentage of 

children receiving dose one on time and intervals one and two on time compared to the rest of 

the country. Similar trends and patterns of results were seen in the greater Wellington region 

when compared to the whole of New Zealand. There was a significant difference in 

timeliness percentages between all District Health Boards (DHBs) with Hutt Valley DHB 

having the highest percentage of children receiving all their doses on time (76.1%) followed 

by Capital and Coast (76.0%) and Wairarapa (75.4%) DHBs. There was a significant 

difference in timeliness percentages between all DHBs (p<0.001). 
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Discussion and conclusions 

This study found that only 71.2% of infants received all three pertussis doses on time leaving 

them vulnerable to infection themselves, and also acting as a source of infection for others.   

This immunisation deficiency may be contributing to pertussis remaining a poorly controlled 

disease in New Zealand with recurring epidemics resulting in large numbers of cases, 

hospitalisations and occasional deaths. 

On time immunisation varied across population groups and regions showing that there is 

work to be done to reduce these inequalities. There were significant differences between 

Māori and Pacific People and those living in areas of high socio-economic deprivation in 

particular. Policy concerning immunisation coverage and timeliness in New Zealand 

currently targets these populations and these results confirm that focus should remain on 

these groups if immunisation timeliness is to improve and rates of pertussis disease are to go 

down.  

This study shows that those who do not receive their first pertussis immunisation on time are 

more likely to have subsequent delays. This is an important finding which could guide 

interventions aimed at improving immunisation timeliness. Immunisation provides an ideal 

opportunity to connect with the parents or caregivers of the child, and educate them on the 

importance of immunisation timeliness to ensure that subsequent doses are received on time. 

Many primary care facilities in New Zealand have a system in place to contact parents and 

caregivers when their child is due for an immunisation, either by phone or mail. However, 

this contact can be easily forgotten when medical centres and other facilities become too busy 

or there are staff shortages. One solution may be to employ a dedicated nurse administrator, 

who is responsible for contacting parents to remind them that their child is due for an 

immunisation and to discuss with them the importance of timeliness. 

This is the first study in New Zealand to provide a comprehensive estimate of pertussis 

immunisation timeliness. Future research into whether the results from this study on 

immunisation timeliness correspond with rates of pertussis disease and hospitalisation would 

improve the understanding of the relationship between pertussis immunisation timeliness and 

disease occurrence.  

 

 

 

 

 

 

 



v 
 

Table of Contents 

List of Tables ......................................................................................................................... viii 

List of Figures ........................................................................................................................... ix 

Chapter One Introduction .......................................................................................................... 1 

Aims ....................................................................................................................................... 1 

Objectives ............................................................................................................................... 2 

Significance of Study ............................................................................................................. 3 

Background ............................................................................................................................ 3 

Structure of Thesis ................................................................................................................. 3 

Chapter Two Literature Review................................................................................................. 5 

Pertussis .................................................................................................................................. 5 

What is pertussis? ............................................................................................................... 5 

Method of transmission ...................................................................................................... 5 

Symptoms ........................................................................................................................... 5 

Diagnosis and Treatment .................................................................................................... 6 

Prognosis ............................................................................................................................ 6 

Prevention ........................................................................................................................... 6 

Public health significance ................................................................................................... 7 

Pertussis Immunisation .......................................................................................................... 7 

How immunisation works ................................................................................................... 7 

Whole cell vs. acellular ...................................................................................................... 9 

Recommended versus Mandatory immunisation ............................................................. 10 

Waning Vaccine immunity ............................................................................................... 11 

Immunising adults ............................................................................................................ 12 

Determinants of immunisation coverage and timeliness ...................................................... 13 

Coverage in New Zealand ................................................................................................ 13 

Characteristics associated with Immunisation Coverage ................................................. 14 



vi 
 

Attitudes towards Immunisation ....................................................................................... 14 

Timeliness in New Zealand .............................................................................................. 15 

Systematic Review ............................................................................................................... 17 

Aims/Objectives ............................................................................................................... 17 

Methods ............................................................................................................................ 17 

Literature Search............................................................................................................... 17 

Inclusion and exclusion criteria ........................................................................................ 18 

Analysis ............................................................................................................................ 18 

Results .............................................................................................................................. 18 

Definition of timeliness ........................................................................................................ 26 

Factors associated with timeliness or delay ......................................................................... 26 

Socio-demographic factors ................................................................................................... 26 

Combination vaccines .......................................................................................................... 27 

Child’s health ....................................................................................................................... 28 

Interventions ......................................................................................................................... 28 

Other factors ......................................................................................................................... 29 

New Zealand Research ......................................................................................................... 30 

Chapter Summary ................................................................................................................. 30 

Chapter Three Overview of New Zealand Epidemiology .................................................... 32 

History of Pertussis in New Zealand ................................................................................ 32 

Recent Pertussis Epidemiology in New Zealand .............................................................. 33 

Chapter Four Methods ............................................................................................................. 36 

Ethics .................................................................................................................................... 36 

Introduction .......................................................................................................................... 36 

Study population/participants ............................................................................................... 37 

Study design and definition of timeliness ............................................................................ 37 

Data sources and elements ................................................................................................... 38 



vii 
 

Data cleaning and formatting ............................................................................................... 39 

Data analysis ........................................................................................................................ 43 

Statistical tests ...................................................................................................................... 43 

Statistical significance .......................................................................................................... 44 

Presentation of results .......................................................................................................... 44 

Chapter Summary ................................................................................................................. 44 

Chapter Five Results ................................................................................................................ 46 

Introduction .......................................................................................................................... 46 

New Zealand study population ............................................................................................. 46 

Coverage and timeliness of primary series .......................................................................... 46 

Wellington study population ................................................................................................ 56 

Coverage and timeliness of primary series .......................................................................... 56 

Summary of chapter ............................................................................................................. 63 

Chapter Six Discussion ............................................................................................................ 64 

Introduction .......................................................................................................................... 64 

Discussion of results............................................................................................................. 64 

Comparison between Wellington and rest of New Zealand ................................................. 66 

Implications and significance of findings ............................................................................ 67 

Strengths and Limitations of study....................................................................................... 68 

Recommendations and Conclusions..................................................................................... 69 

Acknowledgements .............................................................................................................. 70 

References ................................................................................................................................ 71 

Appendix .................................................................................................................................. 78 

 

 

 

 



viii 
 

List of Tables 

Table 1. Summary of studies including factors associated with immunisation timeliness ...... 20 

Table 2. Percentage of children with on time immunisation and confidence intervals by 

ethnicity, sex, region, calendar year and NZDep 2006 ............................................................ 47 

Table 3. Percentage of children who were not timely for interval one and interval two if 

previous doses were not timely by ethnicity, sex, region, calendar year and NZDep 2006 .... 49 

Table 4. Odds ratios and 95% confidence intervals for receiving untimely immunisations by 

ethnicity, NZDep 2006, sex, region and calendar year ............................................................ 50 

Table 5. 95% Confidence intervals for proportion of children receiving dose one on time by 

ethnicity.................................................................................................................................... 52 

Table 6. 95% Confidence intervals for proportion of children receiving dose one on time by 

region ....................................................................................................................................... 53 

Table 7. 95% Confidence intervals for proportion of children receiving dose one on time by 

NZDep 2006............................................................................................................................. 54 

Table 8. 95% Confidence intervals for proportion of children receiving dose one on time by 

calendar year ............................................................................................................................ 55 

Table 9. Percentage of Wellington children with on time immunisation by ethnicity, sex, 

DHB, calendar year and NZDep 2006 ..................................................................................... 57 

Table 10. Percentage of Wellington children who were not timely for interval one and 

interval two if previous doses were not timely by ethnicity, sex, DHB, calendar year and 

NZDep 2006............................................................................................................................. 58 

Table 11. Odds ratios and 95% confidence intervals for Wellington children receiving 

untimely immunisations by ethnicity, NZDep 2006, sex, DHB and calendar year ................. 59 

Table 12. 95% Confidence intervals for proportion of Wellington children receiving dose one 

on time by ethnicity ................................................................................................................. 60 

Table 13. 95% Confidence intervals for proportion of Wellington children receiving dose one 

on time by NZDep 2006 .......................................................................................................... 61 

Table 14. 95% Confidence intervals for proportion of Wellington children receiving dose one 

on time by calendar year .......................................................................................................... 62 



ix 
 

 List of Figures 

Figure 1 Flow diagram of steps in systematic review.............................................................. 19 

Figure 2. Flow diagram of exclusion criteria ........................................................................... 39 

Figure 3. Kaplan-Meier estimates for dose one by days since birth and ethnicity .................. 52 

Figure 4. Kaplan-Meier estimates for dose one by days since birth and region ...................... 53 

Figure 5. Kaplan-Meier estimates for dose one by days since birth and NZDep 2006 ........... 54 

Figure 6. Kaplan-Meier estimates for dose one by days since birth and Calendar year .......... 55 

Figure 7. Kaplan-Meier estimates for dose one for Wellington children by days since birth 

and ethnicity ............................................................................................................................. 60 

Figure 8. Kaplan-Meier estimates for dose one for Wellington children by days since birth 

and NZDep 2006 ...................................................................................................................... 61 

Figure 9. Kaplan-Meier estimates for dose one for Wellington children by days since birth 

and Calendar year .................................................................................................................... 62 

 



  

 

1 

 

Chapter One Introduction 

Aims 

It is not known how many children in New Zealand have delays between doses of pertussis 

immunisations, nor the extent of the delays. This study sets out to determine what pertussis 

immunisation timeliness looks like in New Zealand and what, if any, differences there are in 

pertussis immunisation timeliness within population groups. The following aims will guide 

the study to answer these questions: 

1. To provide an overview of the history of the epidemiology of pertussis as well as 

recent pertussis epidemiology in New Zealand. 

2. To describe the coverage and timeliness of the primary series of pertussis 

immunisations by calendar year, and demographic characteristics, and by region in 

New Zealand and separately for children living in the greater Wellington region.  

3. To detect differences in timeliness of immunisations by calendar year, and 

demographic characteristics, and by region in New Zealand and separately for 

children living in the greater Wellington region. 

This study used the following data sources: pertussis notifications (EpiSurv) and 

immunisation coverage (National Immunisation Register – NIR). The NIR dataset was 

analysed for residents of New Zealand and, separately, for residents of the greater Wellington 

region which allowed comparisons to be made. By identifying demographic factors that 

contribute to delays we can address them and ultimately reduce the vaccine-preventable 

disease burden of pertussis in New Zealand. 

Hypotheses: 

1. It is predicted that European children will have more on-time immunisations 

compared to Māori and Pacific children. 

2. It is predicted that those children living in areas of higher socio-economic deprivation 

will have poorer on-time immunisation compared to children living in areas of low 

socio-economic deprivation. 

3. It is predicted that as pertussis vaccine doses accumulate, delays will become more 

common. 
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4. It is predicted that those children who are delayed for their first dose are likely to be 

delayed for their second dose and so on.  

Objectives 

The first objective of this study is to use previously published research that has analysed data 

from the National Minimum Dataset (NMDS) and EpiSurv to describe the epidemiology of 

pertussis in New Zealand. Epidemiology will be described as rates of notifications and 

hospitalisations by District Health Board (DHB), age group, ethnicity (European ethnicity, 

Māori, Pacific Peoples, and others) and socio-economic deprivation. A descriptive analysis of 

the pertussis epidemic will use a standard time, place, person framework. It will include a 

detailed analysis for DHBs in the Wellington region.  

The next objective will be a descriptive analysis of the data including means (average time 

from immunisation due date to actually receiving immunisation), frequency tables and 

percentages of children registered in the NIR receiving their immunisations on time. 

Immunisations are generally considered timely if they are received within four weeks, i.e. +/- 

four weeks either side of the age specified by the New Zealand immunisation schedule. This 

definition of timeliness according to age works as long as the first vaccine dose is received at 

six weeks of age. However, if the first dose is received when the infant is older than six 

weeks, the timing of the second and third dose should be adjusted to maximise antibody 

production. Therefore, a second definition of timeliness was explored. Specifically, due dates 

for the second and third doses were calculated according to the recommended interval 

between doses. Between doses one and two the interval is scheduled to be six weeks. 

Between doses two and three the interval is scheduled to be two months. Therefore for this 

study the first pertussis dose was considered timely if it was received within ten weeks from 

birth, the second dose was timely if it was received within ten weeks from when the first 

immunisation was received and the third dose was timely if it was received within 12 weeks 

from when the second immunisation was received.  

The third aim will be addressed by analysing the timeliness of pertussis immunisation for 

important subgroups based on calendar year, socio-demographic characteristics (sex, 

ethnicity, NZ Dep) and region. Multivariate analysis (logistic regression) will be used to 

identify the independents associations between timely (and delayed) immunisation and these 

characteristics. Kaplan-Meier survival curves will also be generated to analyse the temporal 
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distribution of the event of interest, in this study receiving an immunisation on time or not, 

according to these key covariates. 

Significance of Study 

The patterns of pertussis immunisation timeliness have been previously described in the 

literature as well as there being public access to NIR reports and coverage surveys. This study 

aims to extend what is already known on the topic by providing a comprehensive estimate of 

pertussis immunisation in New Zealand. The literature, as well as NIR reports and 

immunisation coverage surveys which appertain to pertussis immunisation timeliness are 

detailed in the literature review. Understanding the factors associated with timeliness in a 

defined region will help inform local strategies and focus resources to target poor timeliness. 

This may mean developing and implementing interventions or strategies in particular DHBs 

or by target demographic characteristics (such as ethnicity) if these are found to be factors in 

timeliness. This analysis will also contribute to future research to determine the number of 

notifications and hospitalisations of pertussis which may be prevented by improving the 

timeliness of pertussis immunisation.  

Background 

Despite increasing immunisation coverage in recent years, pertussis remains a leading cause 

of immunisation preventable disease in New Zealand (1). The current pertussis epidemic in 

the greater Wellington region (Capital and Coast DHB, Hutt Valley DHB and Wairarapa 

DHB regions) began in August 2011 and did not show signs of abating until May 2013. The 

current New Zealand immunisation schedule recommends that the first three doses of 

pertussis vaccine be received at six weeks, three months and five months of age. These are 

known as the primary series. A delay in receiving any dose of the primary series delays the 

time to developing effective immunity.  

Structure of Thesis 

This first chapter has outlined the purpose, aims and objectives of this study. It has provided 

background information regarding pertussis immunisation and the current situation in New 

Zealand. The significance this study will have on informing policy concerning immunisation 

in New Zealand was outlined.  
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Chapter two begins with a literature review of the relevant studies in the area of pertussis, 

pertussis immunisation and the pertussis vaccine. Research on the disease itself and the 

vaccine used to prevent it are presented as background to this study. An overview of the 

current knowledge of the determinants of immunisation coverage and timeliness are also 

presented. This chapter also includes a systematic review and summary of all published 

studies on pertussis immunisation timeliness. 

Chapter three describes the methods used in the analysis of pertussis notification and 

hospitalisation data as well as pertussis immunisation data from the Wellington region and 

the whole of New Zealand. The methods for cleaning all of the relevant data are described. 

The study population, study design, outcome variables and co-variables are outlined and a 

description of the data sources and data elements is also included.  

 

Chapter four describes the results of the data collected for this study and results from the data 

analysis. The results are presented as a description of the study population, a description of 

the coverage and timeliness of the primary series of pertussis immunisation and an analysis of 

the differences in timeliness of immunisation by calendar year, demographic characteristics, 

and region. Results are presented first for the population of New Zealand and then separately 

for children from the greater Wellington region.  

 

Chapter five interprets and discusses the results of the data analysis. Discussion topics 

include an interpretation of the results in relation to the aims and hypotheses of the study, a 

comparison of results from the greater Wellington region with results from New Zealand, as 

well as an overview of the limitations of the study. Recommendations and conclusions are 

discussed. 
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Chapter Two Literature Review 

Pertussis 

What is pertussis? 

Pertussis is a highly infectious bacterial disease, most commonly known as whooping cough. 

It is an upper respiratory tract infection caused by Bordetella pertussis or 

Bordatellaparapertussis bacteria. Pertussis causes uncontrollable, violent coughing which is 

particularly serious in young children, especially those under one year old. Adults, who can 

also be infected, are important in the transmission of the disease to young babies (2, 3).  

Method of transmission 

Pertussis is most commonly spread through the air by infectious droplets caused when a 

person sneezes or coughs. A person with pertussis is most likely to pass on the infection 

between the week before they start coughing and three weeks after the coughing starts (2). 

The disease is highly contagious infecting up to 90% of unprotected people living in the same 

house as an infected person. Without immunisation almost every child will catch pertussis at 

some time (2). Infants less than six months of age who are too young to have completed their 

first three immunisations most commonly catch pertussis from their mother (4). Household 

contacts and health care workers are also sources of infection for this age group (3, 5). School 

children and adolescents are more likely to be infected by another student or friend (3, 5). 

Symptoms  

Pertussis is commonly categorised into three stages. It begins with cold-like symptoms 

including runny nose, sneezing, fever and mild cough; this is known as the catarrhal stage. 

The characteristic symptom in the paroxysmal stage is a burst or paroxysm of numerous, 

rapid coughs. Children will often gasp for air and the coughing can be so violent it may cause 

child to vomit. In children, the paroxysm is followed by a long inhaling effort which 

produces a high pitched ‘whoop’. Infants and adults generally do not produce the ‘whoop’ 

sound. The cough may last for up to 3 months (1, 3). The third stage is the convalescent stage 

which may last for months. In this stage the cough may disappear but paroxysms recur with 

subsequent respiratory infection (3). The cough is usually milder in adolescents and adults 

with the cough being similar to that found in other upper respiratory infections. This may 

result in the individual not seeking medical attention. However, if this cough goes untreated, 
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these individuals are still able to transmit the disease to others including unimmunised or 

incompletely immunised infants (3). 

Diagnosis and Treatment 

Diagnosis is based on symptoms although this can be difficult as symptoms may also be 

caused by other respiratory conditions. Laboratory confirmation is important. This is done by 

taking a sample of mucus from nasal secretions. Laboratory testing takes time and treatment 

is usually started before results are confirmed (6). Antibiotics are recommended for pertussis 

if diagnosed within 21 days of catarrhal symptoms to reduce the length of infectiousness. The 

current New Zealand Communicable Disease Control manual recommends that household 

contacts should only be offered prophylactic antibiotics when there is a baby under one year 

old in the home, who is not the index case (7). Identification of pertussis infection and 

prescription of antibiotics for women in the third trimester of pregnancy minimises the spread 

to non-immune infants in the first month of life (3).  

Prognosis 

In older children and adults the outlook is generally very good. Adults can develop 

complications from pertussis including problems relating to not being able to eat and drink, 

collapsing after severe coughing, broken ribs, and pneumonia (2, 8). Severe complications are 

more common for infants and young children, and include vomiting at the end of coughing 

fits, needing to be in hospital for supportive treatment and pneumonia. Infants have the 

highest risk of death, and need careful monitoring (2). Children under one year of age who 

are hospitalised due to pertussis have a 1-2 in 100 chance of dying (2, 8).  

Prevention  

The best way to protect a baby from pertussis is by immunisation. They are not fully 

protected until they have had a full primary immunisation course of three doses – given in 

New Zealand at six weeks, three months and five months old (9, 10). Booster doses are given 

at four and 11 years of age (1). Neither immunisation nor having had pertussis provides 

lifelong protection against the disease. Therefore, ensuring siblings are up-to-date with 

immunisations and other household contacts are protected against pertussis can reduce the 

risk of an infant being exposed to the disease (3). An individual with pertussis should be 

excluded from school, early childhood service, other institutions or work until they have been 

on a course of antibiotics for at least five days, or the individual should be excluded for three 

weeks from the date of onset of paroxysms of cough, or until the end of the cough, whichever 
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comes first (2). A pertussis booster immunisation can be offered to adolescents and adults to 

protect against future disease exposure. Pregnant women after 20 weeks of pregnancy and 

breastfeeding women may also be offered a booster immunisation (8, 11). When a pregnant 

woman receives the pertussis booster immunisation before 36 weeks of pregnancy some of 

her immunity against the disease is passed onto the fetus. The new born is likely to be 

protected from severe pertussis for up to six weeks after birth (3, 12). A booster 

immunisation can be given at or after 36 weeks of pregnancy but is expected to only protect 

the mother from the disease (12). As of January 2013 a recommended pertussis booster 

immunisation is offered for free to women between 28-38 weeks of pregnancy in New 

Zealand.  

Public health significance 

Pertussis kills about 250,000 children worldwide each year and many others are left with 

brain damage (3). Most countries, including New Zealand, have epidemics every three to four 

years. Outbreaks are often very large in non-immunised populations (3). The disease is 

milder in adolescents and adults and can often go undiagnosed resulting in under diagnosis of 

the disease (3). Around 75% of those who catch pertussis before the age of six months 

require hospitalisation (3). They will not eradicate pertussis but in countries with very high 

immunisation coverage rates (>95%), the three to four yearly epidemics affect fewer 

individuals and the resultant disease is less severe than in non-immunised communities (3). 

Pertussis Immunisation 

How immunisation works 

The most effective immune responses are generally produced in response to a live organism; 

however an antigen does not have to be a live natural infection to produce a strong response 

(13). Exceptions to this include tetanus, hepatitis B and HPV. 

Active immunity is protection that is produced by the person’s own immune system and this 

usually lasts for many years, often for a lifetime. Passive immunity is protection by products 

produced by an animal or human and transferred to another human for example, 

transplacental antibiotics. While passive immunity often provides effective protection, this 

protection wanes over time, usually a few weeks or months.  

Active immunity is acquired either from the disease naturally occurring or through 

immunisation. In general, once someone recovers from an infectious disease, they will be 
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immune to that disease for the rest of their lives. Pertussis is an exception, making 

immunisation even more important. The vaccine produces an immune response similar to that 

produced by the natural infection, without the recipient having the disease and its 

complications. This is known as the primary response. Vaccines produce protection against 

the disease known as immunological memory. Following exposure of the immune system to 

the vaccine, or antigen, certain cells continue to circulate in the blood for many years. Upon 

re-exposure to the antigen, these memory cells begin to replicate and produce antibody 

rapidly to re-establish protection. This is known as the secondary response. Because the first, 

or primary, immune response to a vaccine can be slow, it cannot prevent disease, although it 

may reduce severity depending on the time since immunisation and the incubation period of 

the pathogen. In contrast, subsequent, or secondary, immune responses can usually prevent 

disease because the pathogen is detected, attacked, and destroyed before the disease develops. 

This is why many immunisations, including pertussis, require several primary doses, as well 

as a booster dose at an older age - subsequent exposure to the antigen after the first dose 

reactivates immune memory and results in a rapid increase of antibodies (14). This is also 

why immunisation timeliness is important. If a subsequent vaccine dose is not received in 

time to boost antibody production from the initial vaccine dose, protection provided by the 

subsequent dose is limited to only a primary response. Receiving vaccine doses on time 

ensures that an optimum level of antibody production and boosting occurs to provide the best 

protection against disease.  

Vaccine schedules control antibody magnitude and persistence (14). Closely spaced primary 

vaccine doses (one to two weeks) may be administered when a rapid induction of protection 

is desired. When pertussis vaccine doses are given at longer intervals (one to two months), as 

is recommended in the New Zealand immunisation schedule, protection persists longer but 

does require later boosting which the dose at four years provides. 

Immunising infants is important because they are particularly vulnerable to disease (13, 14). 

Babies must generate a full immune response to every new pathogen they encounter. Each 

primary immune response develops in around ten days but peaks at about 30 days, secondary 

responses are more rapid. Maternal antibody can be important in protecting an infant for 

weeks to months. However, almost no maternal protection is passed to a new-born against 

pertussis, either in utero or through breast milk (13). Mothers immunised in later pregnancy 

or those who have recently been infected with pertussis may pass antibody to their infants. 
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Whole cell vs. acellular 

Pertussis vaccines were initially developed in the 1940s. There are two types of pertussis 

vaccine commonly used internationally: whole cell pertussis vaccine (wP) and acellular 

vaccine (aP). The acellular pertussis vaccines used in New Zealand have significantly fewer 

adverse reactions than whole cell vaccines (3, 15). New Zealand, Australia, the United 

Kingdom (UK) and the United States are some of the countries that have moved to using the 

acellular pertussis vaccine to reduce the risk of adverse events. However research on the 

switch to acellular pertussis-containing vaccines from whole-cell vaccines continues. 

In Japan, acellular pertussis vaccine replaced whole cell vaccine in 1981 and the country 

experienced a dramatic decrease in pertussis incidence in children (16). This was considered 

to be a result of high acceptance rates of the acellular pertussis vaccine compared to the 

whole cell vaccine. Incidence rates of conditions such as encephalitis, seizures and sudden 

deaths, which are uncommon adverse events to pertussis vaccines, were significantly lower 

with acellular pertussis immunisation than with whole cell pertussis immunisation (16). 

In Canada, whole cell immunisations for pertussis were replaced by acellular immunisations 

between 1997 and 1998. A Canadian study analysed passive surveillance data before and 

after the transition from whole-cell to acellular immunisations to compare the effect of 

whole-cell vaccine and acellular vaccine on the incidence of pertussis among infants and 

children aged less than ten years (17). The results suggested that acellular vaccines may not 

adequately provide full protection against pertussis among infants and children less than five 

years of age. The highest incidence of pertussis among infants and preschool children 

occurred in those children that received only the acellular vaccine in contrast to those 

children that received either the whole cell or a combination of both vaccines. Children aged 

less than five years who received the whole cell vaccine early in their immunisation schedule, 

had lower rates of pertussis. Children who received a combination of whole cell and the 

acellular vaccine experienced a higher incidence of pertussis when they were between five to 

nine years of age. The study authors suggest these findings are a consequence of the type of 

immunity generated by each vaccine, with whole cell vaccines stimulating higher levels of 

cell-mediated immunity as opposed to humoral immunity generated by acellular vaccines. 

The study concluded that immunisation programmes should be revised to include both whole 

cell and acellular pertussis vaccines (17). 
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Another study conducted in Canada investigated the effect of changing from whole cell to 

acellular pertussis vaccine on the epidemiology of children hospitalised with pertussis (18). 

Results taken from the same period as the previous study found that during the acellular 

vaccine program pertussis incidence and hospitalisations in children aged four months to five 

years of age decreased significantly. However, this study revealed that in children aged under 

three months of age who are either too young to be immunised or too young to receive their 

second dose of pertussis, incidence actually increased and this age group continued to 

account for a high proportion of pertussis related hospital admissions. The high incidence of 

pertussis in young infants was considered to be a result of on-going transmission by 

incompletely immunised children, and adults and adolescents without immunity (18). 

In 1999 acellular pertussis vaccine was initially offered to New Zealand children aged less 

than seven years who had a previous reaction to the whole cell vaccine. Since 2000 the 

acellular vaccine was included in New Zealand’s national childhood immunisation schedule 

(19). The acellular vaccine is believed to cause significantly less adverse reactions that the 

whole cell vaccine (19). No studies were found that specifically investigated the effect of the 

transition from whole cell to acellular pertussis vaccine on the epidemiology of pertussis in 

New Zealand.  

There are a number of acellular pertussis vaccines, that contain three or more purified 

components of B. pertussis: pertussis toxin (PT), filamentous haemagglutinin (FHA), 

pertactin (PRN), and fimbrial antigens or agglutinogens (3). 

Recommended versus Mandatory immunisation 

Compulsory immunisation laws require that health authorities impose pertussis immunisation 

as one of the mandatory requirements for a child’s enrolment in school (20). Alternatively, 

immunisation can be recommended by health professionals and encouraged by various 

incentives, reminders and mass media. The recommended approach asserts that pertussis 

immunisation should be administered on a voluntary basis (20). The pertussis vaccine is 

recommended in New Zealand however it is mandatory in some other developed countries 

(20). National pertussis vaccine strategies – mandatory or not – are determined by health 

authorities based on the safety of the vaccine itself and a country’s history of pertussis 

infection (20). A retrospective analysis compared recommended and mandatory pertussis 

immunisation strategies in developed countries to determine how effective each approach is 

in achieving high rates of infants and children completing their primary course of pertussis 
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vaccine (20). The US and Australia are two countries which have state-legislated 

requirements for children to be vaccinated against transmissible diseases before they are 

allowed entry to school. The legislation was first applied in Australia in 1991 as a way of 

increasing immunisation coverage which was below 85%. By 2004, the immunisation rate in 

children at 12 months of age had risen to 96%. Immunisation coverage in the US has also 

consistently remained above 94%. Several countries where the pertussis vaccine is only 

recommended have also achieved high immunisation coverage including the UK, Sweden, 

Finland and many other Eastern European countries (20). The individual benefit and 

collective gain of a pertussis immunisation programme is related to the appropriate choice of 

immunisation strategy for the target population. Immunisation coverage for New Zealand 

children at 24 months of age is 91% as of December 2012 (21). 

Waning Vaccine immunity 

Several studies have shown that the pertussis vaccine is effective in preventing the disease; 

(10, 22) around 84% of babies are protected after having all three doses. However, pertussis 

immunity diminishes over time with immunity usually lasting between five and ten years (3). 

Some studies suggest that protection is less enduring with the acellular vaccine than with the 

whole cell pertussis vaccine (17, 23). 

A study in the United States assessed the risk of pertussis in children aged four to 12 years of 

age after their fifth dose of the acellular pertussis vaccine (23). Children who had pertussis 

confirmed by a laboratory test known as a polymerase-chain-reaction (PCR) assay were 

compared with two sets of controls: those who were PCR negative for pertussis and a set of 

closely matched controls from the general population. The period of time the children were 

studied included a large outbreak of pertussis. Risk of pertussis was examined in relation to 

the duration of time since the fifth dose of the acellular pertussis vaccine. The results showed 

that children who tested positive for pertussis were more likely to have received their fifth 

immunisation dose earlier than PCR-negative controls or matched controls. The results 

indicated that after the fifth dose of pertussis vaccine, the odds of contracting pertussis 

increased by an average of 42% per year. Children in this study had only received the 

acellular vaccine. This study also found that the incidence of pertussis decreased very sharply 

among older children 12 to 15 years of age who were likely to have received the whole cell 

vaccine when they were infants. The study concluded that protection from pertussis waned 

substantially over the five years after immunisation and highlighted the need to develop new 

pertussis vaccines that provide longer lasting immunity.  
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Immunising adults 

While the immunisation of children against pertussis is standard in most developed countries, 

it is not routinely recommended in adults, with the exception of new parents, adults working 

with children or health care workers. However, considering that immunity against pertussis 

wanes over time and that the disease continues to affect adolescents and adults, the efficacy 

and practicality of vaccinating adults has been evaluated in the literature. 

A trial of an acellular pertussis vaccine among adolescents and adults aged between 15 and 

65 years in the United States, evaluated the incidence of pertussis, vaccine safety, 

immunogenicity, and protective efficacy (24). The study was a randomised, double blind trial 

in which participants received either the acellular pertussis vaccine or a hepatitis A vaccine 

(control group). Both groups were monitored for 2.5 years for illnesses with a cough lasting 

more than five days, at which point a participant was evaluated for pertussis disease. The 

results revealed that the pertussis vaccine was effective among adolescents and adults in 

preventing the disease. Further, the authors suggested that vaccinating adults might reduce 

disease incidence in younger age groups by reducing transmission of the disease in the 

community (24).  

Another study from the United States evaluated the potential health benefits, risks and costs 

of a national pertussis immunisations programme for adolescents and adults (25). The study 

concluded that routine pertussis immunisation may be beneficial and reasonably cost 

effective in adolescents but not for adults considering disease incidence, vaccine efficacy, 

frequency of adverse reactions to vaccine and vaccine costs (25). 

A recent review from Australia evaluated the need for a pertussis immunisation strategy for 

the elderly (26). Pertussis notification rates in those aged 60 years and over have risen to a 

record high of 62 per 100,000 in Australia. An increase in hospitalisations due to pertussis 

has also been observed in the same age group. The review found that potential causes for the 

increase in disease burden in this particular population included waning efficacy, incomplete 

protection from immunisation, better diagnostic tools and increased awareness amongst 

physicians of pertussis in older adults. The review highlights the significance pertussis has in 

older adults and suggests that  a policy for immunisation strategies in the elderly is needed 

(26).  
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Determinants of immunisation coverage and timeliness 

Coverage in New Zealand 

Immunisation coverage is the percentage of children who have received all of the 

immunisations on the National Childhood Immunisation Schedule in New Zealand for their 

age (27). High coverage reduces the spread of disease to those who have not been vaccinated. 

It is important not only for the health of an individual, but to the health of the community as 

well. New Zealand’s target for immunisation coverage is to have 95% of children fully 

immunised by two years of age (27). Analysis of immunisation coverage is important in 

identifying groups at risk of vaccine-preventable diseases like pertussis. New Zealand’s 

National Immunisation Register (NIR) was established in 2005 to provide a national register 

on which health professionals can easily find out what vaccines a child has been given to 

ensure immunisations are given at the appropriate time and to improve immunisation rates. It 

can also be used to monitor immunisation coverage (28). Prior to the NIR, immunisation 

coverage was measured using surveys. A 1991 survey revealed that less than 60% of children 

were fully immunised by two years of age. Immunisation coverage was significantly lower 

for Māori and Pacific children compared to European/other children with only 42% of Māori 

children and 45% of Pacific children being up to date with their immunisations(29) The last 

survey in 2005 revealed that only 77% of children were fully immunised for all scheduled 

immunisations by age two (30). The survey used interviews with parents and caregivers of 

young children to collect demographic data as well as information regarding the child’s 

immunisation history. With the caregiver’s consent, medical records were used to confirm the 

child’s immunisation history (30). 

The 2005 National Childhood Immunisation Coverage Survey also revealed that coverage for 

Māori and Pacific children was significantly lower than for European/other children. 

Coverage levels decreased with consecutive doses of individual vaccines and there was a 

positive north to south trend for increasing levels of immunisation coverage (30). The 

introduction of the NIR in 2005 allowed for enhanced surveillance and monitoring of 

immunisation coverage in New Zealand. However a more recent analysis of immunisation 

coverage using NIR data confirmed the same issues, namely that ethnicity remains a 

significant risk factor for low immunisation uptake (31). The most recent measure of 

immunisation coverage for children in New Zealand is from NIR data which shows that for 

two year olds, immunisation coverage had increased to 91% by March 2013 (21). 
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Characteristics associated with Immunisation Coverage 

Since most immunisation delivery occurs in primary care, research has been conducted on the 

structural and organisational characteristics of general practices in New Zealand that are 

associated with both higher immunisation coverage and more timely immunisation delivery 

(32). In this study immunisation coverage was defined by the three dose assumption that if 

the third dose in a series had been recorded as given, then it is assumed the previous two 

doses were also received. Three practice characteristics were found to be significantly 

associated with higher immunisation coverage; younger age at registration at the primary care 

practice, use of Medtech32 as the practice management system, and not having staff 

shortages. Socioeconomic deprivation of the enrolled practice population was also found to 

be a dominant factor in immunisation coverage with higher deprivation associated with lower 

coverage. The study implied that staffing levels and stability, practice orientation to 

preventive services, and adaptation to the population context in which service delivery occurs 

were issues of primary care structure and organisation that need to be addressed in order to 

improve immunisation coverage (32). 

Another study investigated not only practice characteristics but the knowledge and attitudes 

of staff working in primary care (33). In this study immunisation coverage was defined as the 

percentage of registered children from six weeks to 23 months old who were fully immunised 

for age. The majority of doctors were confident in their immunisation knowledge which was 

associated with higher coverage. Knowledge regarding contraindications to immunisation 

was variable and incomplete. Correct knowledge of contraindications was also associated 

with higher coverage (33). 

Attitudes towards Immunisation 

Research has also been done on parental knowledge of, and attitudes towards, immunisation 

and the role knowledge and attitude play in the decision to immunise children (34). Focus 

groups and one on one interviews with mothers of both Māori and New Zealand European 

ethnicity revealed six primary themes; fear of immunisation, the belief that immunisation is 

unnecessary, a lack of knowledge and understanding of immunisations, a negative perception 

of health providers, difficulty accessing immunisation, and for some parents, a supportive 

attitude towards immunisation (34). These general themes were consistent for both Māori and 

European; however there were some key differences for Māori. Māori parents who rejected 

immunisations for their young children were more likely to have older children who had been 

immunised. They declined immunising their younger children because of the painful 
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experience the older children had with immunisations. Māori parents felt they were judged as 

being uncaring parents for not fully immunising their children. Māori parents did appear to 

have more motivation to immunise their children based on awareness of immunisation 

certificates required by early childhood centres. Māori parents were strongly influenced by 

whanau in immunising whereas NZ European parents often looked to their friendship 

networks for guidance (34). 

Timeliness in New Zealand 

Immunisation timeliness refers to the delivery of an immunisation and whether or not it is 

delivered on time according to an immunisation schedule. Timeliness of pertussis 

immunisation is as important as immunisation coverage itself in protecting vulnerable groups. 

Research has also been conducted in New Zealand on the characteristics of practices, health 

professionals and patients associated with delays in the receipt of infant immunisations (35). 

Over 124 practices were sampled with oversampling of Māori practices to account for lower 

immunisation coverage experienced by Māori. Consistent with the results investigating 

immunisation coverage, immunisation timeliness was strongly associated with 

socioeconomic deprivation - the greater socioeconomic deprivation the less likely 

immunisations were delivered on time. In regards to the characteristics of the health 

professionals themselves, immunisation delivery was more timely in practices where nurses 

and doctors perceived parental apathy to be a barrier to immunisation (35). Immunisation was 

timelier in practices where the caregivers had not received discouraging information 

regarding immunisation during the antenatal period. Caregivers who had a tertiary 

qualification were also associated with better timeliness. 

After the New Zealand Government set its target for immunisation coverage to be 95% of all 

eight month olds to be fully immunised with all three scheduled immunisations at six weeks, 

three months and five months, the Ministry of Health commissioned audience research with 

parents who had delayed one or more of their infant’s primary immunisations (36). This 

research revealed similar themes in knowledge of and attitudes towards immunisation as 

previous research including fear of the safety of vaccines, the immunisation experience and 

concerns over potential adverse events. Mothers generally made all decisions and 

arrangements for their children’s immunisation and those mothers who had little or no 

support from either the father or from family and friends had a history of delays in 

immunising their infants. Parents were generally aware of the recommended National 

Immunisation Schedule and all received information on key dates from their health providers 
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as well as receiving timely letters and reminders of their appointments. Reasons for delaying 

their infant’s primary immunisations included their child being unwell, not being in their 

home location at the time of the recommended immunisations or lacking transport to get to an 

appointment. An important finding of the study was that while parents were often aware of 

the recommended ages for immunising their children, they had little or no understanding of 

the importance of immunising at the recommended ages or the consequences of not doing so 

on time, demonstrating a lack of urgency for immunising their children on time (36). Key 

messages to encourage immunisation timeliness were tested on the parents. The seven 

messages tested regarded; protecting infants and children from disease, immunisation 

timeliness, encouraging parent/caregiver communication with GP/practice nurse when infants 

are unwell at times when immunisations are due, asking for support, convenience of 

immunisation appointments, fewer disruptions to parents’ work and children’s education and 

vaccine safety (36). A message about the vulnerability of infants to serious disease and that 

immunisation is a proven and effective way of preventing these illnesses, tapped into parents’ 

emotions to protect their children. These messages were considered more likely to encourage 

or enable timelier immunisation uptake. Messages about timeliness made people feel 

pressured rather than supported (36). These findings are useful in making recommendations 

to practices on how to improve the immunisation experience for parents and to guide how 

parents should be informed about immunisation.  

A study conducted in Sweden between October 1997 and December 2007 analysed pertussis 

incidence and the rate of hospitalisation of children with no, one or two doses of the acellular 

pertussis vaccine (22). In Sweden the pertussis vaccine is administered at three, five and 12 

months. The rate of hospitalisation for infants with one dose of the pertussis vaccine prior to 

the onset of the disease was significantly lower than for unvaccinated infants of the same age. 

It was estimated that if all infants were vaccinated exactly on schedule there would be 28% 

fewer pertussis cases with at least 14 days of cough and 38% fewer hospitalisations due to 

pertussis (22). A New Zealand study also investigated whether delayed immunisation of 

pertussis vaccine was a risk factor for admission to hospital with the disease (10). The study 

was an un-matched case control study of 195 infants during the 1995-1997 pertussis 

epidemics in Auckland, New Zealand. An immunisation dose was considered delayed if it 

had not been received within 30 days of it being due. The analysis revealed an increased risk 

of admission to hospital with pertussis associated with delay in the first, second or third 

immunisation or any combination of these. Analysis by individual dose of vaccine showed an 
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increase risk of pertussis was associated with delay in the third dose (odds ratio of 6.1 (95% 

confidence interval 1.0 to 49.6)). When delay for any dose was analysed, the odds ratio was 

4.5 (1.22 to 20.94). The poor precision demonstrated by the wide confidence interval is due 

to the small study sample size (10).  

Delay in the receipt of the first vaccine dose in a series has been shown to be the strongest 

and most consistent predictor for subsequent delays in immunisation (35). Identifying factors 

that contribute to delays and addressing them can ultimately reduce the vaccine-preventable 

disease burden in a population. 

Systematic Review 

Aims/Objectives 

The aim of this systematic review was to identify and analyse published studies relating to 

factors associated with pertussis immunisation timeliness. The first objective of the 

systematic review was to enter appropriate keywords into two well-known medical journal 

databases to produce as many relevant results as possible. The second objective was to 

review the results to limit them to those that met the inclusion criteria. The third objective 

was to compare the selected studies for factors associated with pertussis immunisation 

timeliness, study population size and methodologies.  

Methods 

A systematic review was conducted following PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) guidelines to identify published studies on pertussis 

immunisation timeliness (37). The PRISMA guidelines are an evidence-based minimum set 

of items for reporting in systematic reviews. The PRISMA Statement consists of a 27-item 

checklist and a four-phase flow diagram. 

Literature Search 

Medline and CINAHL were searched using the keyword terms “DTaP” or “DTP” or 

“pertussis” and “immuni*” and “timeliness”. Searches were conducted up until November, 

2014.  
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Inclusion and exclusion criteria 

English language studies only were included and no limit was set on date of publication. The 

final studies were selected based on the inclusion of both reported rates of timeliness or delay 

in immunisations as well as factors associated with timeliness or delay in immunisations.  

Studies that did not include pertussis as a selected vaccine for analysis, that reported 

timeliness but did not report factors associated with timeliness or delay, which explored 

coverage rather than timeliness and those that did not report the timeliness of the primary 

series of pertussis immunisations were excluded. Letters to the editor and commentary or 

opinion pieces were not included. 

Analysis 

Factors associated with immunisation timeliness or delays, including pertussis 

immunisations, were compared across the included studies. Study population size and 

methodologies have also been compared. 

Results 

Figure 1. shows the steps taken in the literature search. The search identified 51 potentially 

relevant references in Medline, after limiting the search to “English language” and “humans”. 

After the removal of duplicates, ten additional potentially relevant studies were identified in 

CINAHL. The full texts of these 39 studies were assessed, of which 24 studies were selected 

for review. Search of other literature sources and requests to authors were not carried out. Six 

studies from the United States, seven studies from Europe, four studies from Africa, two 

studies from South America and one study each from Australia, New Zealand and Papua 

New Guinea met the inclusion criteria for the review. One study surveyed 45 different 

countries. A summary of the studies is presented in Table 1.  
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Figure 1 Flow diagram of steps in systematic review 
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Table 1 Summary of studies including factors associated with immunisation timeliness 

Author  Year  Country Size of 

study 

Population 

Methods/Data source Results 

Trauth (38) 1991-1995 Pittsburgh, US 483 Telephone survey of low income, 

inner-city parents  

Factors associated with late 

immunisations included having two, three 

or more children, beliefs regarding 

severity of immunisation side effects and 

being African American 

Goodman 

(39) 

1993 California, US 860 Survey – interviews with parents to 

identify reasons for non-adherence 

with immunisation recommendations 

Timeliness better in children from 

families with higher income and whose 

parents had a higher education. Late 

immunisations more likely in children 

attending public clinics  

Clark (40) 1993-2005 45 low income 

and middle 

income 

countries 

217, 706 Analysis of data from Demographic 

and Health surveys 

Delays more common in rural areas than 

urban 

Kalies (41) 1996-2003 Germany 2, 071 Immunisation information obtained 

through phone interviews 

Use of combination vaccines improved 

timeliness 
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Hull (42) 2001 Australia Children 

born in 

2001 ~ 

250,000 

Analysis of Australian Childhood 

Immunisation Register 

Delays higher in Indigenous children 

compared to non-Indigenous. Indigenous 

children living in remote areas more 

likely to experience delays than 

Indigenous children in areas with easier 

access to health services.  

Santibanez 

(43) 

2001-2002 United States 45, 052 Analysis of National Immunisation 

surveys 

No significant adverse changes in 

timeliness of immunisation among 

children subject to vaccine shortages 

Dayan (44) 2002  Buenos Aires, 

Argentina 

1,391 Survival analysis of immunisation 

coverage survey 

Timeliness better in children whose 

caregivers had a higher education, first 

born children, those living in central city 

and those with union health insurance 

Happe (45) 2003 United States 1,730 Retrospective matched cohort 

analysis of immunisation registry – 

combination vaccines and reference 

group 

Timeliness and coverage better in 

children who received combination 

vaccine 

Luman (46) 2003 United States 14, 810 Analysis of National Immunisation 

survey data 

Factors associated with severe delay 

(under vaccinated for six months and 

delayed for four or more of six vaccines) 
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included having a mother who was 

unmarried or did not have a college 

degree, living in a household with two or 

more children, being non-Hispanic black, 

and using public immunisation providers  

Tozzi (47) 2003-2005 Italy 1, 102 Prospective cohort study of very 

preterm infants  

Low birth weight, hospitalisation after 

discharge from Neonatal Intensive Care 

Unit, paternal unemployment and 

increasing number of siblings all 

associated with delay in receiving 

immunisation 

Tillman (48) 2004 North-western 

Switzerland 

300 Retrospective case control study with 

children with chronic neurological 

defects and healthy children 

Children with neurological defects 

received fewer immunisations and 

received immunisations later than healthy 

children 

Toikilik (49) 2005 Papua New 

Guinea 

783 WHO cluster sampling and survey 

data of urban, rural and hard-to-reach 

areas 

Timeliness and coverage worse for 

children in rural and hard-to-reach areas 
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Grant (32) 

Petousis-

Harris (35) 

2005-2006 Auckland and 

Midland, New 

Zealand 

124 

practices 

Random sample of practices Timeliness decreased with increased 

social deprivation. Timeliness better in 

practices that enrolled children at an 

younger age, had no staff shortages,  

where nurses and doctors perceived 

parental apathy to be a barrier to 

immunisation   and where the caregivers 

had not previously received discouraging 

information regarding immunisation 

Lernout (50) 2005, 2008, 

2012 

Flanders, 

Belgium 

1,354, 915 

and 874 

respectively 

Three immunisation coverage 

surveys 

Factors associated with delay in 

immunisation included immunisation 

outside a well-baby clinic, mother born 

outside the European Union, having a 

younger mother or when birth order was 

higher.  

Fadnes (51) 2006-2008 South Africa 1,137 Interviews with parents Children with several siblings at higher 

risk of untimely immunisations. 
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Suarez-

Castaneda 

(52) 

2006-2009 El Salvador 2, 550 Interviews with caregivers Age-appropriate immunisation more 

likely in children living in a home with 

only two other residents, and caregiver 

with secondary education. Less likely in 

children whose parents were employed or 

had to catch the bus to take them to 

immunisation 

Woestenberg 

(53) 

2006-2010 Netherlands 883, 747 Analysis of data from National 

Immunisation Register  

Extreme preterm and preterm infants 

living in highly urbanised municipality 

associated with less timely immunisation. 

preterm and low birth weight infants less 

often immunised on time than full term 

infants 

Moisi (54) 2007 Kilifi, Kenya 2, 169 Immunisation coverage survey No relationship between distance to 

clinics and timeliness of immunisations 

Pandolfi (55) 2007  Rome, Italy 202 Cross-sectional interviews with 

parents in private hospitals or public 

Delay higher in private hospital practice 

than public – no statistical difference 

Gram (56) 2008-2010 Ghana 20, 594 Analysis of immunisation card data Children living in poorer, less educated, 

rural areas were severely delayed in 

receiving immunisations 
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Kaur (57) 2009 Philadelphia, 

US 

488 Retrospective cohort study of 

postpartum maternal immunisation 

and control group  

Postpartum maternal immunisation 

intervention associated with increased 

infant immunisation timeliness 

Pandolfi (58) 2009 Italy 275 Interview with parents of children 

with chronic disease 

Having chronic disease associated with 

delay in receiving immunisations – delays 

mostly due to disease reactivation or 

concurrent acute disease 

Wakadha 

(59) 

2010 Kenya 72 Implementation of phone based 

strategies   

Feasible to set up phone based system to 

remind and incentivise mothers to 

immunise children on time 



  

 

26 

 

Definition of timeliness 

Definitions of timeliness varied slightly between studies. For several studies, a child’s 

immunisation was considered delayed if it was not received within 30 days of the 

immunisation due date and others assessed immunisation as the percentage of children having 

received their immunisations by the recommend age according to the relevant immunisation 

schedule. None of the included studies defined immunisation timeliness as it is defined in this 

study. 

Factors associated with timeliness or delay 

Socio-demographic factors 

Socio-demographic characteristics were the most common factors affecting pertussis 

immunisation timeliness with 11 of the 24 studies examining and finding an association (38, 

40, 42, 44, 49-52, 54, 56, 60). Common factors associated with untimely immunisations 

included living in rural or hard to reach areas, having two or more children in a family, 

having unemployed caregivers, caregivers with a low level of education and having a young 

mother. Indigenous children were more likely to be untimely for their immunisations than 

non-Indigenous children. Common factors associated with timely immunisations included 

living in central/urban areas, having caregivers with a higher education, being first born and 

caregivers having a higher income.  

One study which examined whether physical access to vaccine clinics increased the 

timeliness of immunisations in an area of Kenya did not find an association (54). The authors 

suggested this result could be related to the finding that the maximum travel time to clinics 

was less than three hours on foot or by vehicle which, in context, may not significantly 

burden families’ timely immunisation. However, this length of travel time would likely have 

a far different effect in a developed country such as New Zealand. Two other studies found 

strong associations between physical access to clinics and immunisation delay and had sound 

methodologies and study population numbers to support their results (42, 56). A third study 

from Papua New Guinea had a relatively small study population of 783 children and 

limitations in its methods including errors in data collection and the questionnaire not being 

translated into local languages which may have resulted in the misclassification of reasons for 

failure to immunise (49). It is also important to consider that the studies measured distance to 

vaccine clinics differently. One study measured distance as travel time and others used 
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different measures of physical distance e.g. “rural” defined as being within five kilometres of 

a clinic. A consistent measure of distance and knowing whether public transport was 

available would be required to accurately compare different studies. It is also unlikely that 

results from developing countries would be generalisable to New Zealand where transport 

availability, cost and infrastructure are different.  

Combination vaccines 

Two studies found an association between the use of combination vaccines and improved 

immunisation timeliness (41, 61). One study obtained immunisation information through 

phone interviews of 2, 701 children in Germany born between 1996 and 2003. During the 

study period monovalent vaccines were replaced by higher valent combination vaccines. This 

meant that children were receiving the same number of vaccines in fewer injections. The 

proportion of children immunised on time increased with increasing use of higher valent 

combination vaccines (41).  

The second study, conducted in the United States, used a matched cohort analysis of children 

who received at least one dose of DTaP/HepB/IPV compared to children in a reference group 

who did not receive that particular combination vaccine. 45.2% of children in the 

combination cohort received their immunisations on time compared to 37.5% of children in 

the reference cohort, however, on time rates did not differ significantly between the cohorts 

for the DTaP series (61).  

The German study was limited by the bias inherent in conducting phone interviews including 

participants potentially providing incorrect information or participants having to provide 

dates of immunisations which could lead to some misclassification. Participants did however 

have immunisation booklets with details completed by physicians. Booklet review would be 

more likely to provide the correct information compared to recall alone (41). The 

generalisability of the United States study was limited by the fact it was conducted in a 

homogenous population with health insurance coverage and limited geographical variability 

(61).  

Further research would be required to determine the applicability of the findings to other 

populations. Findings from both studies support the idea that the use of a combination 

vaccine reduces the number of injections therefore increasing adherence and improving 

immunisation timeliness.   
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Child’s health 

Two studies examined immunisation timeliness in children with underlying health problems. 

An Italian study measured timeliness in children with chronic diseases including type one 

diabetes, HIV, Down Syndrome, cystic fibrosis and neurological diseases (58). A study 

conducted in Switzerland compared children with chronic neurological deficits to a group of 

healthy children (48). The children with chronic diseases from both studies were likely to 

have delays in receiving their immunisations.  

The findings from the Swiss study were more robust as the matched cohort study allowed a 

comparison between children with chronic conditions and healthy children. The study found 

that the children with chronic conditions received fewer immunisations and were more likely 

than the healthy children to receive their immunisations delayed (48). The Italian study 

examined timeliness in children with disease only and although the findings demonstrated 

that these children experienced delays, it did not allow a comparison to suggest that children 

with disease experience more delays than healthy children (58). A significant barrier in 

immunising children with chronic conditions was the fear of minor illness as an adverse 

reaction to the immunisation e.g. slight fever.  

Two studies investigated immunisation timeliness in preterm (PT) and low birth weight 

infants (47, 53). A study conducted in the Netherlands compared timeliness between extreme 

preterm, preterm and full term infants (FT)(53). 66% of extreme preterm infants were 

immunised on time followed by 76% of preterm infants and 82% of full-term infants. 

Another study, conducted in Italy, measured timeliness in very preterm infants and also found 

that immunisations were often significantly delayed among these children (47). Although 

findings from both studies show that preterm infants are likely to experience delays in 

receiving their immunisations, the study conducted in the Netherlands is more reliable as it 

includes a comparison between preterm and full term infants. Both studies highlight the issue 

that although preterm infants are recommended to receive their immunisations according to 

schedule, this high risk group is less likely to receive their immunisations on time.  

Interventions 

Two studies implemented interventions and examined the affect the intervention had on 

immunisation timeliness (57, 59). A pilot study conducted in Kenya used mobile phone based 

reminders and cash transfers as an incentive for parents to immunise their children on time 
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(59). In the group who received mobile phone reminders, 57% of immunisations were 

delivered on the scheduled day and 88% were given within three days. The pilot study had 

limitations including some mothers borrowing mobile phones from neighbours and missing 

the mobile phone reminders. Also, there was no control group to allow comparisons between 

those receiving reminders and those who did not. Despite the limitations, the authors 

concluded that the findings indicated it would be feasible to set up an integrated mobile-

phone based system to remind mothers to immunise their children on time (59). 

A retrospective cohort study conducted in the United States examined the association of 

postpartum maternal Tdap immunisation and the timeliness of infant immunisation (57). 

Mothers and infants in the Tdap intervention group were compared to those in a control 

group who did not receive the Tdap immunisation. Infants whose mothers received the 

postpartum immunisation were more likely to have received all their scheduled 

immunisations by three months and eight months when compared with the control group. It is 

likely this effect is due to the education mothers received about their own immunisations 

which increased their perceptions of their infant’s susceptibility to pertussis and the benefits 

of immunisation. This result, however, could also be confounded by the mothers’ prior 

attitude to immunisations. A major strength of this study was the use of a control group to 

allow comparison and the data collection. Data were obtained from electronic medical 

records and the immunisation registry which are more reliable than interviews with the 

mothers for example.  

Other factors 

A United States study found that children who attended public clinics were slightly more 

likely to have late immunisations compared to children who were immunised by a private 

doctor or clinic however the finding was not significant (39). A study conducted in Italy 

found that immunisation delay was higher in a private hospital practice than in a public 

service (55). The study only looked at one private and one public service. A study including a 

larger sample of services would be required to support the idea that immunisation timeliness 

is different between private and public settings.  

A study conducted in the United States examined the effect that a vaccine shortage in the 

country had on the timeliness of childhood immunisations (43). No significant adverse 

changes in the timeliness of the DTaP immunisation were found. In fact, there was a small 
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increase in timeliness among children subject to the shortages suggesting that providers were 

able to prioritise doses.  

New Zealand Research 

Research conducted in New Zealand investigated the structural and organisational 

characteristics associated with more timely immunisation delivery in general practices (32) 

(35). Immunisation was timelier in practices that enrolled children at a younger age had no 

staff shortages, where nurses and doctors perceived parental apathy to be a barrier to 

immunisation and where the caregivers had not received discouraging information regarding 

immunisation during the antenatal period. These studies were conducted in New Zealand so 

are clearly generalisable to the New Zealand population. A limitation of these studies is that 

they focussed on immunisation at a general practice level hence do not provide information 

on the risk factors for untimely immunisation at an individual level.  

Chapter Summary 

Pertussis is a highly infectious bacterial disease that can cause serious illness and 

occasionally death in young children. The most effective protection from the disease is 

immunisation. In New Zealand immunisations are scheduled at six weeks, three months, five 

months and a booster shot at four and 11 years old. An acellular vaccine is used in New 

Zealand and most other developed countries as it is considered to cause less adverse reactions 

than a whole cell vaccine and its effectiveness in preventing pertussis has been proven.  

The immunisation of adults against pertussis is not routinely recommended however has been 

considered in the literature as an effective way of controlling the spread of the disease in the 

population. The pertussis vaccine is only recommended but not funded to a subset of adults 

who are at a higher risk of severe disease of transmission to others e.g. health care workers, 

household contacts of new-borns in New Zealand (19), in comparison to countries such as 

Australia and the USA where it is mandatory in most states. Whether an immunisation 

strategy is recommended or mandatory is not considered a significant factor in immunisation 

coverage rates.  

The New Zealand Government’s target for immunisation coverage is that 95% of all eight 

month olds are fully immunised with all three scheduled immunisations at six weeks, three 

months and five months. Determinants which have been shown to positively affect 
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immunisation coverage levels include primary care determinants such as early establishment 

of a relationship between the health care provider and the child’s caregivers, a practice that is 

adequately resourced with staff, is stable and provides confident health providers who place 

priority on preventive services and the delivery of quality immunisation services. Several 

factors influence parents’ decisions whether to immunise their children. These include fear of 

immunisation, the belief that immunisation is unnecessary, a lack of knowledge and 

understanding of immunisations, a negative perception of health providers, difficulty 

accessing immunisation and a supportive attitude towards immunisation.  

Timeliness of immunisation has been shown to be influenced by similar knowledge and 

attitude factors, as well as primary care practice characteristics. Socio-economic deprivation 

is also strongly associated with timeliness - the greater socioeconomic deprivation the less 

likely immunisations are delivered on time. Delay in the receipt of the first vaccine dose in a 

series is the strongest and most consistent predictor for subsequent delays in immunisation.  

The systematic review provides an insight into the current literature specific to the subject 

area of this research, the timeliness of pertussis immunisation. There is considerable 

international research into immunisation coverage and timeliness of immunisation in general 

including factors that contribute to delays in immunisation. The most common area of 

research is into the socio-demographic factors associated with immunisation timeliness and 

delay. While these studies were not specific to the area of pertussis immunisation timeliness, 

all studies included pertussis as an investigated vaccine. The findings from the systematic 

review outline what has been published on the topic as well as where the gaps in the research 

are and what areas require further study. 

Exploration of the many factors that influence the timeliness of pertussis immunisation in 

New Zealand is warranted, as they may have a significant impact on the rates of pertussis 

experienced in the community. Identifying factors that contribute to delays and addressing 

them can ultimately reduce the vaccine-preventable disease burden in a population. 
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Chapter Three Overview of New Zealand Epidemiology 

History of Pertussis in New Zealand  

Pertussis disease burden in New Zealand has been large compared with other developed 

countries. Between 1980 and 1989 the pertussis hospitalisation rate per 100,000 population 

per year was 3.75 in New Zealand compared to only 0.37 in the USA (62). During the 

pertussis epidemic in New Zealand in 1996, the pertussis notification rate was 19.8 per 

100,000, more than seven times higher than the rate during the USA epidemic in 1993(63, 

64). The average annual pertussis hospitalisation rate during the 1995-1997 epidemic was 

10.2 per 100,000 in New Zealand compared to 0.6 per 100,000 in the USA between 1990 and 

1996 and 1.3 per 100,000 in England in 1995. 

Previous research has been done using hospital discharge data and population data to 

examine pertussis hospitalisation rates in New Zealand in both the pre-immunisation and 

mass immunisation eras (65). Epidemic years occurred since 1874 with a mean ± SD interval 

between epidemic years of 3.71 ± 0.93 years. The inter-epidemic time periods prior to mass 

immunisation (1873-1944) and since immunisation (1945-2004) were not significantly 

different (65). Pertussis mortality rates were high and hospital discharge rates low from the 

1870s to 1910s. Hospital discharge rates increased from the 1910s to 1940s then decreased 

during the 1950s and 1960s. This decrease coincided with the introduction of mass 

immunisation however, hospital discharge rates increased again from the 1970s. In 1984 the 

schedule changed from a two-dose to a three dose schedule, then to a four-dose schedule in 

1996 and a five-dose schedule in 2002 (19). During this time interval, pertussis hospital 

discharge rates increased. Hospital discharge rates in the less than one year age group and in 

the five years and over age group increased while the rate in those in the one to four years age 

group increased until the 1980’s. Across all age groups the average annual pertussis 

hospitalisation rate has been significantly greater in all decades from 1970 onwards with the 

relative risk increasing in subsequent decades. The proportion of pertussis hospital discharges 

in children less than five years old increased from 0.72 in 1914-1919 to 0.85 in 2000-2004. 

The proportion of those hospitalised in the less than one year age group increased from 0.51 

in 1950-1959 to 0.72 in 2000-2004.  

 

The pertussis mortality rate in New Zealand has been less than 35 per 100,000 since 1900 and 

10 per 100,000 or less since 1930 (65). Although pertussis hospitalisation rates decreased in 
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New Zealand following the introduction of mass immunisation in 1960, the rates have been 

increasing since the 1970s, which suggests that mass immunisation has had no significant 

effect on the pertussis epidemic periodicity (65). The increasing rates are thought to be a 

result of poor vaccine coverage, an inadequate two does schedule from 1971 to 1984, and 

from poverty and overcrowding (65).  

Recent Pertussis Epidemiology in New Zealand 

EpiSurv is a web-based public health surveillance tool which collates notifiable disease 

information on a real time basis from the public health services in New Zealand. It is an 

effective national reporting system essential to the prevention and control of communicable 

diseases. The Institute for Environmental Science and Research (ESR) operates EpiSurv on 

behalf of the Ministry of Health. It is important to acknowledge the inherent biases in passive 

notification. It can be a lengthy and difficult process to diagnose pertussis and a larger 

proportion of more clinically severe cases are notified(66). It is estimated that pertussis 

notifications and pertussis deaths have been significantly under reported internationally in the 

past and it is likely pertussis disease incidence and mortality is underestimated in New 

Zealand(66).  

The most recent pertussis epidemic began in August, 2011. There were a total of 2,014 

pertussis notifications reported to EpiSurv in 2011 compared to 872 in 2010 (67). There were 

127 hospitalisations and one death due to pertussis in 2011. The highest cumulative rate 

during 2011 was recorded in West Coast DHB (730.2 per 100,000), followed by Nelson 

Marlborough (328.7 per 100,000). The highest number of notifications were reported from 

Nelson Marlborough DHB (454 cases), followed by Canterbury (292 cases). Of the cases 

reported in 2011, infants aged less than one year had the highest cumulative incidence of 

pertussis cases (197.7 per 100 000), followed by the one to four years age group (111.6 per 

100,000) (67). Of the 2011 cumulative cases with known age, 17 (0.8%) were infants under 

six weeks of age which is before the first dose of pertussis is due. The ethnic-specific rates 

were highest for the European ethnic group in 2011 (57.4 per 100,000), followed by Māori 

(45.5 per 100, 000) and Pacific Peoples (27.8 per 100, 000). Based on confirmed cases with 

known hospitalisation status reported that same year, the ethnic-specific proportion of 

hospitalisations was highest in Pacific Peoples (46.9%, 15/32), followed by Māori (22.0%, 

29/132), Other (16.0%, 4/25), and European (6.9%, 42/613) ethnicities (67). 
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Pertussis notifications more than doubled in 2012, compared with 2011, with a total of 5,938 

notifications (68). There were 309 hospitalisations and two deaths in 2012. The highest 

cumulative rate of pertussis notifications in 2012 was recorded in Nelson Marlborough (478.2 

per 100, 000), followed by West Coast (458.1 per 100,000). Of the cases reported in 2012, 

infants aged less than one year had the highest cumulative notification rate (663.8 per 100, 

000) followed by the one to four years (354.1 per 100,000) and five to nine years (261.1 per 

100,000) age groups. 42 cases (0.7%) were infants under six weeks of age (68).  Of the cases 

in 2012, the ethnic-specific cumulative rates were highest for the European ethnic group 

(162.4 per 100,000) followed by Māori (139.0 per 100,000) and Pacific Peoples (90.6 per 

100,000). The European ethnic group had the highest notification rates across all age groups 

except for the under one year age group in which Māori had the highest notification rates 

followed by Pacific Peoples. Of the 5,079 cases with known ethnicity and hospitalisation 

status, the ethnic-specific proportion of hospitalisations was highest in Pacific Peoples 

(23.6%, 43/182), followed by Māori (14.5%, 102/704), Other (8.5%, 16/189), and European 

(3.6%, 143/4004) ethnicities (68). 

The most recent pertussis report from EpiSurv is from the fourth quarter of 2013 (October-

December). During this period 614 cases of pertussis were notified (69). The number of cases 

had decreased compared to the previous quarter (Jul–Sep) (822 cases). Fifty-seven cases were 

hospitalised and no deaths were reported, however two deaths were reported earlier in 2013. 

In the fourth quarter of 2013 the DHBs with the highest rates were Nelson Marlborough (45.5 

per 100,000), followed by West Coast (42.6 per 100,000) and Canterbury (20.0 per 100,000). 

Of the notifications in the fourth quarter of 2013, infants aged less than one year had the 

highest rate (75.9 per 100,000) followed by the one to four years (27.1 per 100 ,000) age 

group. Of the 573 notifications in the fourth quarter, 10 (1.7%) were infants under six weeks 

of age (69). During this period, the ethnic-specific cumulative rates were highest for Pacific 

Peoples (17.6 per 100,000), followed by the European or Other ethnic group (11.7 per 

100,000). Pacific Peoples had the highest notification rate in the less than one year age group. 

Of the 55 hospitalisations recorded in the fourth quarter of 2013, 31 (56.4%) of these were 

infants aged less than one year including nine cases aged less than six weeks. Of the 426 

cases with known ethnicity and hospitalisation status, Pacific Peoples had the highest ethnic-

specific proportions of hospitalisations (57.6%, 19/33), followed by Asian (33.3%, 5/15), 

Māori (22.6%, 12/53), and European or Other (4.6%, 15/325) (69). 
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Since August, 2011, notifications increased more or less consistently. In 2013, notifications 

since the second quarter have fallen below those seen in 2012; however they continue to 

remain above 2010 levels. 

There are consistent ethnic differences between the pattern of notification rates and 

hospitalisations in recent years, with generally lower Māori and Pacific notification rates but 

relatively higher hospitalisation rates than are seen for Europeans. This pattern suggests that 

there are effects from access to and quality of primary care and health seeking behaviours. 

Research shows that Māori attending general practitioners have shorter visits than non-Māori 

patients, doctors report lower levels of rapport with Māori patients and a lower number of 

tests/investigations requested for Māori (70). These finding regarding quality of care are 

consistent with the known information about the excess burden of disease that Māori 

experience.  
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Chapter Four Methods 

Ethics 

The data used in this research was acquired through the Immunisation Advisory Centre 

(IMAC) who had previously ethically obtained the data for a wider project. Permission was 

obtained from IMAC to use the data for this research with access to the data controlled by 

investigators working at the University of Auckland and the University of Otago. The 

Multiregional Ethics Approval for this work is MEC/11EXP/067.  The NHI data and the NIR 

data was received from IMAC already encrypted with matching encryptions between the two 

data sets so they were able to be merged. With the assistance of a bio statistician from the 

University of Otago, the data was cleaned and formatted as described in detail below. The 

final data analysis was conducted using R under the supervision of a bio statistician. 

Introduction 

The purpose of this study was to describe differences in pertussis immunisation timeliness 

between population subgroups in New Zealand and in particular, the Wellington region. Data 

obtained from the NIR were analysed to detect and compare differences in immunisation 

timeliness between ethnicities, sex, region, socio-economic deprivation and calendar year. 

The data analyses allowed the following research hypotheses to be tested: 

1. It is predicted that European children will have more on-time immunisation compared 

to Māori and Pacific children. 

2. It is predicted that those children living in areas of higher socio-economic deprivation 

will have poorer on-time immunisation compared to children living in areas of low 

socio-economic deprivation. 

3. It is predicted that as pertussis vaccine doses accumulate, delays will become more 

common. 

4. It is predicted that those children who are delayed for their first dose are likely to be 

delayed for their second dose and so on.  

This chapter will describe the study population including inclusion and exclusion criteria, the 

study design, data sources, and the methods and statistical tests used in the analysis of 

pertussis immunisation data from the Wellington region and the whole of New Zealand. The 

methods for cleaning all of the relevant data are also described in this chapter.  



  

 

37 

 

Study population/participants 

For the analysis of the coverage and timeliness of pertussis immunisation in New Zealand, 

inclusion criteria for the study population were all children born between 2007 and 2012 as 

recorded on the NIR. Children excluded from the study were those: whose date of death was 

recorded as being before their date of birth, whose sex was recorded as ‘unknown’ or 

‘indeterminate’, who were not included in the NIR (i.e. opted off), who were not recorded as 

having received at least one pertussis vaccine dose, who had records of more than four 

pertussis vaccine doses, who had records of two pertussis vaccine doses within four weeks of 

each other, who were recorded as having died before receiving their first pertussis vaccine 

dose and who were recorded as receiving a pertussis vaccine dose before their date of birth.  

Methods for removing the immunisation records of children who met the exclusion criteria 

are described in the data cleaning section of this chapter.  

Study design and definition of timeliness 

The study is a retrospective cohort study. The population was followed retrospectively over 

time to observe the occurrence of pertussis immunisation. Descriptive observations as well as 

multiple regression analyses using R version 2.15.3 (2013-03-01) were conducted.  

The outcome variable of the study is the timeliness of pertussis immunisation. Immunisations 

are generally considered timely if they are received within four weeks, i.e. +/- four weeks 

either side of the age specified by the New Zealand immunisation schedule. This definition of 

timeliness according to age works as long as the first vaccine dose is received at six weeks of 

age. However, if the first dose is received when the infant is older than six weeks, the timing 

of the second and third dose should be adjusted to maximise antibody production. Therefore, 

a second definition of timeliness was explored. Specifically, due dates for the second and 

third doses were calculated according to the recommended interval between doses. Between 

doses one and two the interval is scheduled to be six weeks. Between doses two and three the 

interval is scheduled to be two months. Therefore for this study the first pertussis dose was 

considered timely if it was received within ten weeks from birth, the second dose was timely 

if it was received within ten weeks from when the first immunisation was received and the 

third dose was timely if it was received within 12 weeks from when the second immunisation 

was received.  
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Independent variables of the study include sex, ethnicity, and socio-economic deprivation, 

DHB throughout New Zealand and DHB within the Wellington region (Wairarapa, Hutt 

Valley and Capital and Coast) and calendar year. These variables were chosen based on 

background literature and previous research on immunisation timeliness. 

Data sources and elements 

The NIR is a computerised information system that has been developed to hold immunisation 

details of New Zealand children. The NIR was rolled out throughout New Zealand during 

2005 and so children born from then onwards are registered in the NIR. Parents may choose 

to ‘opt off’ putting any details of their child’s immunisations on the NIR, however, the 

child’s National Health Index (NHI) number, date of birth, DHB and any immunisations 

already received, are retained on the NIR to achieve the most accurate record of coverage. 

Parents who choose not to immunise their child are still recorded in the NIR as a declined 

immunisation event. The purpose of the register is to assist New Zealand in to improve its 

immunisation rates. It also enables health professionals to quickly and easily obtain a child’s 

immunisation information to help ensure immunisations are given at the appropriate time. 

The register provides a more accurate record of immunisation coverage rates both regionally 

and nationally than was achieved previously through the periodic National Immunisation 

Surveys. For this research, data elements obtained from the NIR included details of which 

immunisation was given (for this study that includes pertussis vaccines of either the DTap-

IPV-Hep B/Hib vaccine (Diphtheria, Tetanus, acellular Pertussis, Polio, Hepatitis B, 

Haemophilus Influenza type B) or the DTaP-IPV (Diptheria, Tetanus, acellular Pertussis and 

Polio) vaccine), event status and sub status description (which provides details of whether the 

child received the immunisation or it was declined and why), and the immunisation date of 

each individual immunisation. 

An encrypted NHI number obtained from the NHI database is recorded in all data sets so that 

data can be matched between different data sets for each child. Other information obtained 

from the NHI database included the child’s date of birth, sex, ethnicity, DHB and New 

Zealand Deprivation Index (NZDep 2006). Priority ethnic codes were used and individuals 

were then stratified into one of five ethnicities which are described in the appendix. The DHB 

of each child is representative of where the child was living when their information was most 

recently updated by the Ministry of Health, which is not necessarily the DHB in which they 

received their immunisations. This is described further in the discussion section of this paper. 
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DHBs were stratified into their corresponding regions and analysed in those regions. The four 

regions are Northland (Northland, Waitemata, Auckland and Counties Manakau), Midland 

(Waikato, Bay of Plenty, Lakes, Taranaki and Tairawhiti), Central (Whanganui, MidCentral, 

Capital and Coast, Hutt Valley, Wairarapa and Hawke’s Bay) and Southern (Otago, Nelson 

Marlborough, West Coast, Canterbury, South Canterbury and Southern). The NZDep2006 is 

an index of socioeconomic deprivation. NZDep2006 combines nine variables from the 2006 

census which reflect eight dimensions of deprivation (71). The variables are related to people 

who are aged 18-64 years and receiving a means-tested benefit; were living in households 

with equivalised income below an income threshold; were not living in their own home; were 

aged under 65 years living in a single-parent family; were aged 18-64 years and unemployed; 

were aged 18-64 years and without any qualifications; were living in households below an 

equivalised bedroom occupancy threshold; were without access to a telephone; and were 

without access to a car. The NZDep2006 scale of deprivation ranges from one to 10, where 

one represents the areas with the least deprived scores and 10 the areas with the most 

deprived scores. The deprivation scores apply to areas of residence rather than individual 

people. 

Data cleaning and formatting 

Since its establishment in 2005, data collection for the NIR has improved significantly. 

Despite this, data quality remains a pervasive problem in almost every large data collection 

organisation (72). Data errors can occur at every step of the process from data acquisition to 

archival storage. The presence of incorrect or inconsistent data can significantly distort the 

results of analyses therefore it was required that the data be cleaned so the most appropriate 

data set was used for analysis. Figure 2 details the exclusion criteria and steps taken in 

removing children from the data set. The steps involved in the data cleaning are also 

described.  

Figure 2. Flow diagram of exclusion criteria 

 

 

 

 

Starting population: 422,568 

Step: Remove those born before 

2007 and after 2012 

Population remaining: 422,520 

Step: Remove duplicates 

# removed: 

4,678 

# removed: 48 
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Population remaining: 417,842  

Step: Remove gender 

unidentified 

Population remaining: 415,989 

Step: Merge with NIR 

# removed: 77 

# NHI’s not in 

NIR: 43,082  

 

Population remaining: 417,765 

Step: Remove children with five 

or more immunisation records 

Population remaining: 372,907 

Step: Remove children who died 

# removed: 

1,776 

Population remaining: 372,312 

Step: Remove children who had 

date of birth recorded as after 

dose one 

Population remaining: 371,909 

Step: Remove those with 

unknown or overseas region 

Population remaining:  

371,587 

# removed: 595 

# removed: 403 

# removed: 322 

removed total 

of: 50,981 
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For the NHI dataset 

1. The data sets contained some fields which were unnecessary for this research and so 

they were simply removed before analysis. Records of declined immunisation were 

deleted. 

2. Records for individuals with the birth dates outside the interval 1 January 2007 to 31 

December 2012 were removed. 

3. Unique NHI numbers that occurred more than once in the data set were removed. 

There were also records which had the same NHI however had information in other 

categories e.g. date of birth, which did not match. These duplicates were also 

removed. 

4. Records for children with the sex codes ‘indeterminate’ or ‘unknown’ were also 

removed.  

5. Records for children who had died were removed. 

6. Individuals were stratified into one of five ethnic groups based on priority ethnic 

codes provided by the Ministry of Health. These ethnic groups were European, Māori, 

Pacific Peoples, Asian and Other/Unknown. 

7. Children were stratified into regions based on their recorded DHB’s. These regions 

were Northern, Midland, Central, Southern and Overseas. 

For the NIR dataset 

1. Individuals in the NIR data set were recorded each time they received an 

immunisation meaning their NHI number could be recorded up to four times, once 

each for their six weeks, three months, five months and four years immunisation. The 

first step was to delete any exact duplicates, which meant deleting any unique NHI 

that occurred more than once with the exact details in each field.  

2. The next step required creating a new field in the data set which numbered each dose 

1, 2, 3, etc. A second new field was created to show an individual’s total number of 

doses.  

3. Records of doses within 28 days of each other were then deleted and dose totals were 

recalculated. According to the immunisation schedule, no individual should receive an 

immunisation within four weeks of a previous dose and it is unlikely that a doctor, 

nurse or other administering the immunisation would do so within this time; therefore 

the dose was considered an error and deleted.  
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4. Two separate data sets were created. The first dataset had individuals who received 

four or less immunisations and the second dataset had individuals who received five 

or more immunisations. The second dataset was set aside as no child in this study 

population should have received more than four doses of pertussis immunisation. 

These multiple records included children who had records of receiving up to eight 

immunisations and others had multiple records of the primary series of 

immunisations. 

5. The format of the NIR data was then changed so that each individual had only one 

row of data which meant creating new fields for each of their immunisation dates and 

total number of doses across the row – this is so the data would be in the same format 

as the NHI data (one row per NHI number). 

6. Once the two data sets were in the same format they were merged. After this, there 

were children who had NHI information but no information on the NIR. This could be 

because the children were not immunised, they opted off the NIR or they were 

children who had had contact with a health care provider in New Zealand at some 

point, either when visiting or living in the country temporarily, but were not 

immunised in New Zealand.  

7. Children whose record showed their date of birth was as being after their first 

immunisation were considered errors and were removed. 

8. Once merged, new variables were created using the child’s date of birth and date of 

each immunisation to calculate days between doses, and whether a dose was timely or 

not.  

9. There were children in the dataset who did not have information for one or all of 

doses two, three or four. This may have been because they did not receive that dose or 

they were not old enough during the study period to have received one of those doses. 

Those records were considered N/A’s and only the doses the child received were 

included for analysis.  

In total 12% of original records were removed. All data cleaning was done using R version 

2.15.3 (2013-03-01). 

 

 



  

 

43 

 

Data analysis 

The first step in the data analysis was to produce a descriptive analysis of the data. This 

descriptive data included means i.e. average delay of first dose and between subsequent 

doses, frequencies and percentages of children receiving delays in immunisations. These 

were stratified into subgroups based on ethnicity, region, socio-economic deprivation, sex 

and calendar year. This step answered the second aim of the study to describe the coverage 

and timeliness of the primary series of pertussis immunisations. 

The data were then analysed to determine what the main differences were between receiving 

immunisations on time and having a delay in immunisations. Logistic regression was used to 

obtain odds ratios, Kaplan-Meier curves were used to demonstrate probability of getting 

doses on time, and frequency tables, including confidence intervals, were used to display 

associations between the variables. This contributed to the third aim of the study to detect 

differences in timeliness of immunisation by calendar year, and demographic characteristics, 

and by DHB for children living in the Wellington region. 

All three analyses were performed for residents of New Zealand and, separately, for residents 

of the greater Wellington region. Results will be compared between the greater Wellington 

region and New Zealand. 

Statistical tests 

Logistic regression: logistic regression is a type of statistical model used for predicting the 

outcome of a categorical dependent variable, in this case, whether or not an immunisation is 

on time. Logistic regression has been used in this study to measure the relationship between 

receiving an immunisation on time and the variables of interest i.e. DHB, ethnicity, sex, 

socio-economic deprivation and calendar year of immunisation. Logistic regression has been 

used in this study to determine the confidence intervals of proportions and the odds ratios 

which are described below.  

Odds ratio: Multiple variable logistic regression analysis allows us to determine if there is an 

association of one independent variable with the dependent variable which is independent of 

the effect of the other independent variables (73). The odds is the ratio of the probability that 

the event of interest, in this study, receiving a dose on time, occurs to the probability that it 

does not. In this study the odds ratio will provide an estimate of the relationship between 
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receiving a dose on time and the variables of interest i.e. DHB, ethnicity, sex, socio-economic 

deprivation and calendar year of immunisation. The odds ratio will also measure the effect of 

each of the variables on each other. 

Kaplan-Meier survival curve: The Kaplan-Meier survival curve provides the probability of 

surviving in a given length of time while considering time in many small intervals.(74) It 

determines the probability of the occurrence of an event, in this study, receiving an 

immunisation on time or not, at a certain time. We can compare curves for different groups of 

subjects, for example, European compared to Māori. Horizontal gaps in the curve will reveal 

which group took longer to receive an immunisation.  

Statistical significance 

To test the significance of results in this study, p-values and confidence intervals have been 

used. Confidence intervals provide an estimate for an unknown parameter with an indication 

of how accurate the estimate is and of how confident we are that the result is correct (75). It 

shows the range within which the true estimate is likely to lie. This study uses 95% 

confidence intervals which mean that there is a 95% chance of the true value being within the 

interval. A p-value assesses whether a result is likely to have occurred through chance (75). 

The p-values in this study determine whether or not the findings are significantly different or 

not significantly different from the reference group. The p-value is presented as being either 

higher or lower than .05.  

Presentation of results 

The results are presented as a description of the study population, a description of the 

coverage and timeliness of pertussis immunisation and finally a description of the 

epidemiology of pertussis. Results are presented for the population of New Zealand and, 

separately for residents of the greater Wellington region. A comparison of the results between 

Wellington and New Zealand is also presented.  

Chapter Summary 

For the analysis of the coverage and timeliness of pertussis immunisation in New Zealand, 

inclusion criteria for the study population were all children born between 2007 and 2012 as 

recorded on the NIR.  
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The study is a retrospective cohort study which means the population was followed 

retrospectively over time to observe the occurrence of pertussis immunisation. The outcome 

variable of the study is the timeliness of pertussis immunisation. Timeliness was defined as 

delayed if an immunisation was not received within four weeks of it being due according to 

the New Zealand immunisation schedule. In turn, on time was defined as having received an 

immunisation four weeks either side of a dose being due. Variables of the study include sex, 

ethnicity, and socio-economic deprivation, DHB throughout New Zealand and DHB within 

the Wellington region (Wairarapa, Hutt Valley and Capital and Coast) and calendar year. 

Data was sourced from the NIR as well as NHI information obtained from the Ministry of 

Health. Key data elements used for analysis included an encrypted NHI, date of birth, sex, 

ethnicity, DHB, socio-economic deprivation calculated using domicile codes and the date 

each individuals immunisations were received. These fields were used to calculate days 

between doses in order to determine whether a dose was received on time or not.  

Data quality is important to consider when working with such large data sets. The presence of 

incorrect or inconsistent data can significantly distort the results of analyses therefore it was 

required that the data be cleaned so the most appropriate data set was used for analysis.  

Once the data had been cleaned the first step in the analysis was to produce a descriptive 

analysis of the data. This descriptive data included means i.e. average delay of first dose and 

between subsequent doses, and frequencies and percentages of children receiving delays in 

immunisations. The data was then analysed to determine what the main differences were 

between receiving immunisations on time and having a delay in immunisations. Logistic 

regression was used to obtain odds ratios and Kaplan-Meier curves were used to demonstrate 

the probability of getting doses on time compared between variables and frequency tables, 

including confidence intervals, were used to see associations between the variables. 
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Chapter Five Results 

Introduction 

This chapter describes the results of the data collected for the study and the data analysis. The 

results are presented as a description of the study population, a description of the coverage 

and timeliness of the primary series of pertussis immunisations and an analysis of the 

differences in timeliness of immunisation by calendar year, demographic characteristics, and 

by DHB. Results are presented first for the population of New Zealand and then separately 

for children in the greater Wellington region.  

New Zealand study population 

Between 2007 and 2012, 377,408 live births were registered in New Zealand (76). This 

number is likely an underestimation as it does not include late registrations or births not 

registered in the ordinary way at the time the birth occurred. Once the NHI numbers were 

merged with the NIR data, there were 372,907 children (98.8% of live births) registered in 

the NIR. Of these children, 1,320 constituting less than 1% were removed from the dataset. 

These children had either died, had their date of birth recorded as being after their first dose 

or the child’s region was overseas or unknown. The final New Zealand study population 

consisted of 371,587 children. There were 65,364 children born in 2007, 65,155 born in 2008, 

64,128 in 2009, 63,812 in 2010, 60,871 in 2011 and 52,257 born in 2012. 50.1% of the 

population were European, followed by Māori who made up 20.3%, Asian 17.3%, Pacific 

10.2% and Other/Unknown 0.2%. 48.7% of the population were female, 51.3% male. 40.5% 

of the population were from the Northern region, followed by Midland who made up 19.8%, 

20.3% Southern and 19.4% Central. 39.3% of the population lived in NZ Deprivation areas of 

4 to 7, 37.1% lived in areas 8 to 10 and 23.7% lived in areas 1 to 3.  

Coverage and timeliness of primary series 

Table 2 shows the percentage of children with on time immunisation by all variables and for 

each dose and interval. The percentage of children who received all their doses on time is 

also shown. Asian ethnicity has the highest percentage with on time immunisation for all 

doses with children of European ethnicity having the next highest percentage. Māori had the 

lowest percentage with on time immunisation across all doses. Timeliness was significantly 
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different across all ethnicities (p<0.001) and between European and Māori (p<0.001). 

Females and males were not significantly different from each other for any dose (p>0.1). The 

Southern region had the highest percentage of children on time for all doses followed by 

Central, Northern then Midland which had the lowest percentage on time across all doses. 

Timeliness was significantly different between all regions and across all doses (p<0.001). On 

time immunisation dropped slightly after 2007 but remained at about 88% from 2008-2011. 

From 2011, on time immunisation increased by more than 1% for dose one. This pattern was 

the same for interval one but is inconsistent across the years for interval two with 2007 

having the highest percentage on time for this interval. Timeliness was significantly different 

between all calendar years for all doses (p<0.001). NZDep 2006 has been grouped as 1-3, 4-7 

and 8-10 with 10 representing the most deprived area. Children living in the least deprived 

areas had a higher percentage receive their doses on time compared to those living in the 

most deprived areas across all doses. Timeliness was significantly different across all three 

areas of NZ Deprivation for all doses (p<0.001). The field showing the percentage of children 

who received all doses on time by calendar year, has been left as N/A as children may have 

doses due in more than one year e.g. dose one due at the end of December of one year would 

mean subsequent doses are due the following year.  

Table 2. Percentage of children with on time immunisation and confidence intervals by 

ethnicity, sex, region, calendar year and NZDep 2006 

 Dose one  

(95% CI) 

Interval one  

(95% CI) 

Interval two  

(95% CI) 

All doses 

(95% CI) 

Asian 94.1 (93.9, 94.3) 94.9 (94.7, 95.0) 92.3 (92.0, 92.5) 83.4 (83.1, 83.7) 

European 90.8 (90.6, 90.9) 90.9 (90.8, 91.0) 86.0 (85.9, 86.2) 76.3 (76.1, 76.5) 

Māori 80.1 (79.8, 80.4) 75.4 (75.1, 75.7) 69.9 (69.5, 70.2) 52.5 (52.2, 52.9) 

Other 88.5 (87.8, 89.2) 90.5 (89.8, 91.2) 87.4 (86.6, 88.1) 75.0 (74.0, 76.0) 

Pacific 86.8 (86.4, 87.1) 83.4 (83.0, 83.8) 78.5 (78.0, 78.9) 63.7 (63.2, 64.2) 



  

 

48 

 

Female 89.0 (88.8, 89.1) 87.9 (87.7, 88.0) 83.3 (83.1, 83.5) 71.5 (71.3, 71.7) 

Male 89.0 (88.9, 89.2) 87.7 (87.5, 87.8) 82.8 (82.7, 83.0) 71.0 (70.8, 71.2) 

Northern 88.5 (88.3, 88.6) 87.3 (87.1, 87.4) 82.6 (82.4, 82.8) 70.1 (69.8, 70.3) 

Central 89.7 (89.5, 89.9) 88.4 (88.2, 88.7) 84.1 (83.8, 84.4) 72.7 (72.4, 73.0) 

Midland 85.4 (85.1, 85.6) 83.5 (83.2, 83.8) 78.0 (77.7, 78.3) 63.9 (63.5, 64.2) 

Southern 92.8 (92.6, 93.0) 92.2 (92.0, 92.4) 87.9 (87.6, 88.1) 79.2 (78.9, 79.5) 

2007 91.7 (91.5, 92.0) 91.7 (91.4, 91.9) 89.8 (89.4, 90.1) N/A 

2008 88.4 (88.1, 88.6) 87.6 (87.3, 87.8) 83.6 (83.3, 83.9) N/A 

2009 88.1 (87.8, 88.3) 87.1 (86.8, 87.4) 82.5 (82.2, 82.8) N/A 

2010 89.2 (89.0, 89.5) 87.2 (87.0, 87.5) 82.6 (82.3, 82.9) N/A 

2011 87.9 (87.6, 88.1) 86.5 (86.3, 86.8) 81.0 (80.7, 81.3) N/A 

2012 89.1 (88.9, 89.3) 87.9 (87.6, 88.2) 82.6 (82.3, 82.9) N/A 

1-3 92.7 (92.5, 92.9) 92.7 (92.5, 92.9) 88.6 (88.3, 88.8) 79.8 (79.4, 80.1) 

4-7 91.4 (91.2, 91.6) 90.4 (90.2, 90.6) 85.9 (85.6, 86.1) 75.7 (75.4, 76.0) 

8-10 87.5 (87.2, 87.7) 84.8 (84.6, 85.1) 79.9 (79.6, 80.2) 65.9 (65.5, 66.2) 
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Total 89.0 (88.9, 89.1) 87.8 (87.7, 87.9) 83.1 (82.9, 83.2) 71.2 (71.1, 71.4) 

It was also important to determine the number of children that were not timely in receiving a 

dose, if their previous dose was not timely. Table 3 shows the percentage of children who 

were not timely for interval one and interval two separately, if all of their previous doses 

were not timely. It also shows the percentage of children who were not timely for all doses.  

42.6% of children who were not timely for dose one were also not timely for interval one. Of 

those 42.6% of children, 59.8% were also not timely for interval two. Māori children had the 

highest percentage not timely for all doses, followed by Pacific and European children. Asian 

children had the lowest percentage not timely for all doses. 

Table 3. Percentage of children who were not timely for interval one and interval two if 

previous doses were not timely by ethnicity, sex, region, calendar year and NZDep 2006 

 Interval one  

(95% CI) 

Interval two 

 (95%CI) 

All doses 

(95% CI) 

Asian 28.2 (26.4, 30.1) 49.4 (43.7, 55.1) 8.3 (8.1, 8.5) 

European 37.6 (36.8, 38.4) 59.2 (57.6, 60.7) 14.8 (14.7, 15.0) 

Māori 52.0 (51.2, 52.9) 61.1 (59.9, 62.4) 30.5 (30.1, 30.9) 

Other 36.0 (32.4, 39.8) 54.1 (45.7, 62.3) 14.3 (13.5, 15.2) 

Pacific 41.6 (40.1, 43.2) 59.6 (56.8, 62.3) 23.7 (23.2, 24.2) 

Female 42.3 (41.6, 43.1) 60.8 (59.5, 62.1) 16.6 (16.4, 16.8) 

Male 43.0 (42.2, 43.7) 58.8 (57.5, 60.1) 17.0 (16.8, 17.2) 

Northern 42.5 (41.6, 43.3) 62.0 (60.5, 63.4) 16.9 (16.7, 17.1) 

Central 43.2 (42.0, 44.5) 56.5 (54.4, 58.7) 16.5 (16.2, 16.8) 

Midland 46.5 (45.5, 47.5) 60.7 (59.1, 62.2) 21.1 (20.8, 21.4) 

Southern 34.5 (33.1, 35.9) 54.8 (52.0, 57.6) 13.1 (12.9, 13.4) 

2007 25.1 (23.4, 26.8) 29.0 (22.4, 36.6) 19.4 (19.0, 19.7) 

2008 38.7 (37.5, 40.0) 50.0 (47.3, 52.7) 19.2 (18.9, 19.6) 

2009 42.6 (41.4, 43.8) 57.0 (54.9, 59.1) 18.3 (18.0, 18.6) 

2010 43.6 (42.3, 44.8) 62.4 (60.4, 64.4) 18.0 (17.7, 18.4) 

2011 47.2 (46.1, 48.4) 63.5 (61.7, 65.3) 17.1 (16.8, 17.4) 

2012 47.2 (46.0, 48.4) 62.8 (60.9, 64.7) 9.4 (9.1, 9.6) 

1-3 37.9 (36.2, 39.6) 56.8 (53.3, 60.3) 12.0 (11.7, 12.3) 
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4-7 39.1 (37.9, 40.3) 57.8 (55.5, 60.0) 14.3 (14.1, 14.5) 

8-10 44.9 (43.9, 45.9) 58.0 (56.4, 59.7) 19.0 (18.7, 19.3) 

Total 42.6 (42.1, 43.2) 59.8 (58.9, 60.7) 16.8 (16.7, 16.9) 

The following tables are results of logistic regression used to determine the odds ratios and 

95% confidence intervals, i.e. the odds of receiving an untimely dose. Tables of coefficients 

can be found in the appendix. The intercept is the odds of the reference group receiving an 

untimely dose. Reference groups are described below.  

Table 4 shows the odds ratios and their confidence intervals for all variables by each dose and 

interval. Asians are more likely to receive a timely dose compared to Europeans and 

Europeans are more likely to receive a timely dose compared to Māori and Pacific. 

Deprivation areas of 4 to 7 and 8 to 10 are less likely to receive timely doses compared to 

areas 1 to 3. 

Table 4. Odds ratios and 95% confidence intervals for receiving untimely 

immunisations by ethnicity, NZDep 2006, sex, region and calendar year 

 Dose one (95% CI) Interval one (95% CI) Interval two (95% CI) 

Intercept 0.08 (0.07, 0.09) 0.11 (0.10, 0.13) 0.17 (0.15, 0.19) 

Asian 0.48 (0.45, 0.51) 0.56 (0.53, 0.59) 0.59 (0.56, 0.62) 

Māori 2.09 (2.02, 2.16) 2.57 (2.49, 2.66) 2.23 (2.16, 2.29) 

Pacific 1.54 (1.44, 1.65) 1.76 (1.65, 1.88) 1.52 (1.43, 1.61) 

Dep 4 to 7 1.02 (0.98, 1.07) 1.13 (1.08, 1.18) 1.09 (1.05, 1.13) 

Dep 8 to 10 1.24 (1.18, 1.29) 1.44 (1.38, 1.51) 1.34 (1.29, 1.39) 

Sex M 0.99 (0.96, 1.02) 1.00 (0.97, 1.03) 1.02 (1.00, 1.05) 

Central 1.04 (0.96, 1.13) 0.70 (0.65, 0.77) 0.78 (0.71, 0.85) 

Midland 1.36 (1.26, 1.48) 0.97 (0.89, 1.06) 1.07 (0.98, 1.17) 

Southern 0.85 (0.78, 0.92) 0.58 (0.53, 0.63) 0.68 (0.62, 0.75) 

Calendar year 1.11 (1.10, 1.12) 0.96 (0.95, 0.97) 0.91 (0.90, 0.92) 

* The following are the variables used in the regression. Those that are categorical have the 

reference group in parentheses: 
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a. Ethnicity (European). 

b. Deprivation (level 1 to 3)  

c. Sex (Female) 

d. DHB region (Northern) 

e. Calendar year (calendar year has been centred at year 2009 and treated as a 

continuous variable) 

The following figures are Kaplan Meier survival curves which have been used to demonstrate 

the probability of receiving a dose on time compared between categorical variables e.g. 

ethnicity, sex, etc. The “+” signs in the graphs (on the far left and right of the vertical lines) 

symbolise individuals that did not get dose one on time. The vertical dashed lines show the 

timeliness of dose one (42 ± 28 days from birth). Their corresponding tables show the 95% 

confidence intervals for proportions. Figures 1-4 below show the probability of receiving 

dose one on time by ethnicity, region, NZDep 2006 and calendar year of immunisation. 

Trends were similar for subsequent intervals and these figures are included in the appendix. 

No significant difference was found between sexes. Table and figures related to sex can also 

be found in the appendix. 
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Figure 3. Kaplan-Meier estimates for dose one by days since birth and ethnicity 

 

Table 5. 95% Confidence intervals for proportion of children receiving dose one on time 

by ethnicity 

 Day 14 Day 42 Day 70 

European 0, 0 0.32, 0.32 0.90, 0.91 

Asian 0, 0 0.41, 0.42 0.94, 0.94 

Māori 0, 0 0.22, 0.22 0.79, 0.80 

Pacific 0, 0 0.27, 0.28 0.86, 0.87 
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Figure 4. Kaplan-Meier estimates for dose one by days since birth and region 

 

Table 6. 95% Confidence intervals for proportion of children receiving dose one on time 

by region 

 Day 14 Day 42 Day 70 

Northern 0, 0 0.32, 0.33 0.88, 0.88 

Central 0, 0 0.29, 0.30 0.89, 0.90 

Midland 0, 0 0.26, 0.26 0.85, 0.85 

Southern 0, 0 0.35, 0.35 0.92, 0.93 
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Figure 5. Kaplan-Meier estimates for dose one by days since birth and NZDep 2006  

 

Table 7. 95% Confidence intervals for proportion of children receiving dose one on time 

by NZDep 2006 

 Day 14 Day 42 Day 70 

1 to 3 0, 0 0.34, 0.35 0.92, 0.93 

4 to 7 0, 0 0.32, 0.33 0.91, 0.91 

8 to 10 0, 0 0.28, 0.28 0.86, 0.87 
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Figure 6. Kaplan-Meier estimates for dose one by days since birth and Calendar year  

 

Table 8. 95% Confidence intervals for proportion of children receiving dose one on time 

by calendar year 

 Day 14 Day 42 Day 70 

2007 0, 0 0.31, 0.32 0.91, 0.92 

2008 0, 0 0.28, 0.29 0.88, 0.88 

2009 0, 0 0.30, 0.30 0.88, 0.88 

2010 0, 0 0.32, 0.33 0.89, 0.89 

2011 0, 0 0.31, 0.32 0.87, 0.88 

2012 0, 0 0.32, 0.33 0.87, 0.87 
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Wellington study population 

The final study population for the Wellington region consisted of 39,293 children, 

approximately 10% of the total New Zealand population. European ethnicity made up 53.6% 

of the population followed by Asian ethnicity which made up 17.5% of the population, Māori 

16.9%, Pacific Peoples 9.4% and Other/Unknown 2.7%. 49.1% of the population was female 

and 50.9% male. The majority of the population were from the Capital and Coast DHB 

making up 59.2% followed by Hutt Valley DHB 32.5% and Wairarapa DHB 8.3%.  32.2% of 

the population were from NZ Deprivation areas from 1 to 3, 37.5% from areas 4 to 7 and 

30.3% from areas 8 to 10. 

Coverage and timeliness of primary series 

Table 9 shows the percentage of children with on time immunisation by all variables and for 

each dose and interval. The percentage of children who received all their doses on time is 

also shown. The totals for the rest of New Zealand, i.e. New Zealand study population 

excluding Wellington region DHBs, have been included for comparison. Asian ethnicity has 

the highest percentage with on time immunisation across all doses followed by Europeans 

then Pacific Peoples. Māori have the lowest percentage with on time immunisation across all 

doses. There was a significant difference in timeliness percentages between all ethnicities 

(p<0.001) and between European and Māori (p<0.001). Asians had the highest percentage of 

children receive all their immunisations on time followed by European, and Māori had the 

lowest percentage of children receive all their doses on time. Timeliness was significantly 

different between all ethnicities (p<0.001) and between European and Māori 

(p<0.001).Timeliness was not significantly different between calendar years (p>0.1). 

Timeliness was significantly different across all three areas of NZ Deprivation for all doses 

(p<0.001). There was a significant difference in timeliness percentages between all DHBs 

(p<0.001) with Hutt Valley DHB having the highest percentage of children receive all their 

doses on time followed closely by Capital and Coast then Wairarapa which had the lowest 

percentage of children receive their immunisations on time across all doses. In total, the 

Wellington region had a higher percentage of children receive their immunisations on time 

across all doses when compared to the rest of New Zealand and had a higher percentage of 

children receive all their doses on time.  
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Table 9. Percentage of Wellington children with on time immunisation by ethnicity, sex, 

DHB, calendar year and NZDep 2006 

 Dose one  

(95% CI) 

Interval one  

(95%CI) 

Interval two 

 (95% CI) 

All 

immunisations 

(95% CI) 

European 91.3 (90.9, 91.6) 92.5 (92.2, 92.9) 89.3 (88.8, 89.7) 79.9 (79.3, 80.4) 

Māori 85.3 (84.4, 86.2) 82.6 (81.6, 83.5) 77.0 (75.9, 78.0) 62.4 (61.2, 63.6) 

Pacific 86.6 (85.5, 87.7) 85.0 (83.8, 86.2) 81.3 (79.9, 82.6) 66.6 (65.0, 68.2) 

Asian 93.3 (92.7, 93.9) 93.9 (93.3, 94.5) 93.0 (92.3, 93.7) 83.2 (82.2, 84.2) 

Other 87.5 (85.2, 89.4) 88.9 (86.7, 90.7) 87.9 (85.6, 89.9) 74.4 (71.5, 77.0) 

Female 90.2 (89.8, 90.6) 90.4 (89.9, 90.8) 87.2 (86.7, 87.7) 76.2 (75.6, 76.8) 

Male 90.4 (89.9, 90.8) 90.3 (89.9, 90.7) 86.8 (86.3, 87.2) 75.8 (75.2, 76.4) 

Capital and 

Coast 

89.3 (88.9, 89.7) 90.3 (89.9, 90.6) 87.7 (87.2, 88.1) 76.0 (75.4, 76.6) 

Hutt Valley 92.0 (91.5, 92.4) 90.6 (90.1, 91.1) 86.0 (85.4, 86.6) 76.1 (75.4, 76.9) 

Wairarapa 90.7 (89.6, 91.6) 89.7 (88.6, 90.7) 86.0 (84.7, 87.2) 75.4 (73.9, 76.9) 

2007 92.9 (92.2, 93.5) 93.1 (92.3, 93.9) 91.5 (90.4, 92.4) N/A 

2008 88.9 (88.1, 89.6) 90.2 (89.4, 90.9) 86.5 (85.6, 87.3) N/A 

2009 88.8 (88.0, 89.5) 89.8 (89.1, 90.5) 85.2 (84.3, 86.0) N/A 

2010 88.5 (87.8, 89.3) 90.4 (89.7, 91.1) 87.5 (86.6, 88.3) N/A 

2011 90.7 (90.0, 91.4) 89.3 (88.5, 90.0) 86.2 (85.4, 87.1) N/A 

2012 92.5 (91.9, 93.2) 90.2 (89.4, 90.9) 87.5 (86.6, 88.3) N/A 

1-3 91.4 (90.9, 91.9) 92.5 (92.1, 93.0) 90.0 (89.4, 90.5) 80.4 (79.6, 81.1) 

4-7 91.1 (90.6, 91.5) 91.6 (91.1, 92.0) 87.9 (87.4, 88.5) 77.8 (77.0, 78.4) 

8-10 88.1 (87.5, 88.7) 86.5 (85.8, 87.1) 82.6 (81.9, 83.3) 69.2 (68.3, 70.0) 

Total 

Wellington 

90.3 (90.0, 90.6) 90.3 (90.0, 90.6) 87.0 (86.6, 87.3) 76.0 (75.6, 76.4) 
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Rest of NZ 88.6 (88.5, 88.7) 87.2 (87.1, 87.4) 82.3 (82.1, 82.4) 70.1 (70.0, 70.3) 

Table 10 shows the percentage of children who were not timely for interval one and interval 

two if all their previous doses were not timely. Of the children who were not timely for their 

first dose and received at least two doses, 8.4%  were also not timely for interval one. 2.4% of 

those children were also late for interval two. Māori children had the highest percentage not 

timely for all doses, followed by Pacific children. Asian children had the lowest percentage 

not timely for all doses. The Wellington region had a slightly lower percentage of children 

not timely for subsequent doses than the rest of New Zealand. Wellington also had a lower 

percentage of children receive all their doses untimely.  

Table 10. Percentage of Wellington children who were not timely for interval one and 

interval two if previous doses were not timely by ethnicity, sex, DHB, calendar year and 

NZDep 2006 

 Interval one  

(95% CI) 

Interval two  

(95% CI) 

All doses 

(95% CI) 

European 40.3 (37.8, 42.9) 57.4 (51.6, 63.1) 12.4 (11.9, 12.9) 

Māori 43.7 (40.4, 47.0) 52.7 (47.2, 58.1) 25.7 (24.6, 26.9) 

Pacific 45.5 (40.6, 50.5) 55.6 (46.8, 64.2) 22.2 (20.7, 23.7) 

Asian 47.9 (41.9, 53.9) 51.1 (36.3, 65.7) 7.4 (6.7, 8.1) 

Other 52.6 (42.2, 62.7) 54.2 (33.2, 73.8) 14.4 (12.2, 16.9) 

Female 43.8 (41.3, 46.3) 55.6 (50.7, 60.3) 14.0 (13.5, 14.6) 

Male 41.6 (39.1, 44.1) 53.4 (48.5, 58.3) 14.4 (13.9, 14.9) 

Capital and Coast 47.3 (45.0, 49.5) 55.6 (51.1, 60.1) 13.3 (12.8, 13.7) 

Hutt Valley 33.7 (30.6, 36.9) 52.3 (46.0, 58.5) 15.6 (14.9, 16.2) 

Wairarapa 39.7 (33.9, 45.8) 54.5 (43.6, 65.1) 15.4 (14.2, 16.8) 

2007 22.3 (17.3, 28.3) 38.5 (15.1, 67.7) 17.5 (16.5, 18.6) 

2008 35.0 (31.1, 39.2) 43.4 (34.6, 52.7) 16.6 (15.7, 17.6) 

2009 37.6 (33.6, 41.7) 52.2 (44.7, 59.5) 16.0 (15.1, 17.0) 

2010 38.6 (34.4, 42.9) 55.0 (46.7, 63.0) 14.8 (13.9, 15.7) 

2011 53.7 (49.9, 57.4) 54.2 (46.8, 61.3) 13.3 (12.5, 14.2) 
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2012 53.7 (49.6, 57.8) 65.7 (58.2, 72.6) 7.6 (6.9, 8.3) 

1-3 45.0 (41.6, 48.4) 55.2 (47.5, 62.6) 11.2 (10.6, 11.8) 

4-7 39.4 (36.5, 42.4) 54.3 (48.1, 60.4) 13.5 (12.9, 14.1) 

8-10 43.9 (41.1, 46.8) 54.3 (49.3, 59.3) 18.5 (17.8, 19.3) 

Total Wellington 42.7 (41.0, 44.4) 54.5 (51.1, 57.9) 14.2 (13.8, 14.6) 

Total rest of NZ 42.9 (42.3, 43.4) 

 

60.6 (59.6, 61.5) 

 

17.2 (17.1, 17.4) 

 

 

Table 11 shows the odds ratios and their confidence intervals for all variables by each dose 

and interval. Asians are more likely to receive a timely dose compared to Europeans and 

Europeans are more likely to receive a timely dose compared to Māori and Pacific. 

Deprivation areas of 1 to 4 are more likely to receive a timely dose compared to areas 4 to 7 

and 8 to 10. 

Table 11. Odds ratios and 95% confidence intervals for Wellington children receiving 

untimely immunisations by ethnicity, NZDep 2006, sex, DHB and calendar year 

 Dose one (95% CI) Interval one (95% CI) Interval two (95% CI) 

Intercept 0.07 (0.06, 0.07) 0.07 (0.06, 0.07) 0.11 (0.10, 0.12) 

Asian 0.69 (0.62, 0.78) 0.89 (0.78, 1.00) 0.69 (0.62, 0.78) 

Māori 1.79 (1.64, 1.96) 2.37 (2.17, 2.60) 2.24 (2.07, 2.43) 

Pacific 1.47 (1.31, 1.65) 1.86 (1.66, 2.08) 1.66 (1.49, 1.84) 

Dep 4 to 7 1.04 (0.95, 1.14) 1.05 (0.96, 1.16) 1.12 (1.03, 1.22) 

Dep 8 to 10 1.26 (1.14, 1.38) 1.44 (1.31, 1.59) 1.41 (1.29, 1.54) 

Sex M 0.99 (0.92, 1.06) 1.02 (0.95, 1.09) 1.04 (0.97, 1.11) 

Capital and Coast 1.53 (1.41, 1.65) 1.19 (1.10, 1.29) 1.00 (0.93, 1.07) 

Wairarapa 1.19 (1.04, 1.36) 1.16 (1.01, 1.32) 1.01 (0.90, 1.14) 

Calendar year 1.04 (1.02, 1.06) 0.90 (0.87, 0.92) 0.88 (0.86, 0.90) 
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The following figures are Kaplan Meier survival curves and their corresponding tables 

showing the 95% confidence intervals for proportions. Figures 5-7 below show the 

probability of receiving dose one on time by ethnicity, NZDep 2006 and calendar year of 

immunisation. Trends were similar for subsequent intervals and these figures are included in 

the appendix. 

Figure 7. Kaplan-Meier estimates for dose one for Wellington children by days since 

birth and ethnicity

Table 

12. 95% Confidence intervals for proportion of Wellington children receiving dose one 

on time by ethnicity 

 Day 14 Day 42 Day 70 

European 0, 0 0.30, 0.31 0.91, 0.92 

Asian 0,0 0.36, 0.39 0.93, 0.94 

Māori 0,0 0.22, 0.24 0.84, 0.86 
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Pacific 0,0 0.21, 0.24 0.85, 0.87 

 

Figure 8. Kaplan-Meier estimates for dose one for Wellington children by days since 

birth and NZDep 2006  

 

Table 13. 95% Confidence intervals for proportion of Wellington children receiving 

dose one on time by NZDep 2006 

 Day 14 Day 42 Day 70 

1 to 3 0, 0 0.31, 0.33 0.91, 0.92 

4 to 7 0,0 0.29, 0.31 0.90, 0.91 

8 to 10 0,0 0.25, 0.27 0.87, 0.88 
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Figure 9. Kaplan-Meier estimates for dose one for Wellington children by days since 

birth and Calendar year 

 

Table 14. 95% Confidence intervals for proportion of Wellington children receiving 

dose one on time by calendar year 

 Day 14 Day 42 Day 70 

2007 0, 0 0.29, 0.31 0.92, 0.93 

2008 0,0 0.26, 0.28 0.88, 0.89 

2009 0,0 0.26, 0.29 0.88, 0.89 

2010 0, 0 0.27, 0.30 0.88, 0.89 

2011 0, 0 0.30, 0.32 0.90, 0.91 

2012 0, 0 0.34, 0.36 0.91, 0.92 
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Summary of chapter 

The final New Zealand study population consisted of 371,587 children. Frequency analyses 

showed a significant difference between ethnicities receiving their immunisations on time 

with the Asian ethnicity having the highest percentage with on time immunisation for dose 

one and across all intervals followed by European ethnicity. Māori had the lowest percentage 

with on time immunisation across all doses. Timeliness was also significantly different when 

comparing geographical regions. The Southern region had the highest percentage of children 

on time for all doses followed by Central, Northern then Midland, which had the lowest 

percentage on time across all doses. Timeliness was significantly different across all three 

areas of NZ Deprivation for all doses. Children living in the least deprived areas had a higher 

percentage receive their doses on time compared to those living in the most deprived areas.  

Logistic regression analyses showed that Asians were more likely to receive a timely dose 

compared to Europeans and Europeans were more likely to receive a timely dose compared to 

Māori and Pacific. Deprivation areas of 4 to 7 and 8 to 10 were more likely to receive an 

untimely immunisation compared to areas 1 to 3. 

The Wellington study population consisted of 39,293 children. Similar patterns and trends in 

timeliness were seen in the Wellington study population when compared to the rest of New 

Zealand. The Wellington region had a higher total percentage of children receiving dose one 

on time and intervals one and two on time compared to the rest of the country. There was a 

significant difference in timeliness percentages between all DHBs with Hutt Valley DHB 

having the highest percentage of children receive all their doses on time followed closely by 

Capital and Coast then Wairarapa which had the lowest percentage of children receive their 

immunisations on time across all doses. 

Kaplan-Meier estimates showed consistent patterns to those demonstrated by the bivariate 

analysis above. Delayed pertussis immunisation was associated with Māori and Pacific 

ethnicity, living in the Northern and Midland regions, socio economic deprivation and 

calendar year (though this last association did not show a consistent trend over time). 
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Chapter Six Discussion 

Introduction 

This chapter interprets and discusses the results of the data analysis starting with the major 

patterns in observations. Discussion topics include an interpretation of the results in relation 

to the hypotheses of the study, a comparison of results from the greater Wellington region 

with results from New Zealand, as well as an overview of the strengths and limitations of the 

study and recommendations for future research.  

Discussion of results 

This is the first comprehensive estimate of pertussis immunisation timeliness in New Zealand 

using this new definition of timeliness. Previous estimates of coverage and timeliness have 

been measured as whether a child is up to date with their primary series of immunisations by 

a certain age, usually six months, eight months, 12 months, 18 months and two years. The 

definition used in this study allows for a more accurate estimate of timeliness. The percentage 

of children in New Zealand receiving their primary series of pertussis immunisations on time 

was high overall. 

In terms of ethnicity, Asians had the highest percentage of on time immunisation for the 

primary series (94.1%, 94.9%, 92.3% for dose one, interval one and interval two 

respectively) followed by Europeans (90.8%, 90.9%, 86.0%). Asians were less likely to 

receive an untimely dose compared to Europeans (odds ratio 0.48 (0.45, 0.51)). In accordance 

with hypothesis one, which predicted that European children will have more on-time 

immunisations compared to Māori and Pacific children, Māori had the lowest percentage 

with on time immunisation for the primary series (80.1%, 75.4%, 69.9%) followed by Pacific 

children (86.8%, 83.4%, 78.5%) . Both were significantly lower when compared to 

Europeans (p<0.001).   

As hypothesised, those children living in areas of higher socio-economic deprivation had 

poorer on-time immunisation compared to children living in areas of low socio-economic 

deprivation. NZDep 2006 areas 1-3 had the highest percentage of children with on time 

immunisation (92.7%, 92.7%, 88.6%) followed by areas 4-7 (91.4%, 90.4%, and 85.9%). 

Areas 8-10 had the lowest percentage with on time immunisation across all of the primary 
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series (87.5%, 84.8%, and 79.9%). All three NZDep 2006 areas were significantly different 

from each other (p<0.001).  

When comparing geographical regions, the Southern region had the highest percentage of on 

time immunisation for all doses (92.8%, 92.2%, and 87.9%). Midland had the lowest 

percentage of children with on time immunisation across all of the primary series (85.4%, 

83.5%, and 78.0%). Although the results varied between doses, they are generally consistent 

with previous research which has shown a positive north to south trend for increasing levels 

of immunisation coverage across New Zealand (30).  

2007 had the highest percentage of children with on time immunisation for all doses (91.7%, 

91.7%, 89.8%) followed by 2010 and 2012. 2011 had the lowest percentage on time for all 

doses (87.9%, 86.5%, 81.0%). 

In accordance with hypothesis three, the results from the analyses revealed that overall, the 

percentage of children receiving doses on time decreased as doses accumulated. Between 

dose one and interval two, the percentage of children receiving their doses on time decreased 

from 89.0% to 83.1%.   

As hypothesised, those children who were not timely for their first dose were likely to be 

delayed for subsequent doses with 42.6% of children who were not timely for dose one also 

not timely for interval one. 59.8% of children who were not timely for dose one and interval 

one were also not timely for interval two. Māori ethnicity had the highest percentage of 

children not timely for subsequent doses (52.0% for interval one, 61.1% for interval two) and 

Asian ethnicity had the lowest percentage (28.2% for interval one, 49.4% for interval two). 

NZDep 2006 areas 8-10 had the highest percentage not timely for subsequent doses (44.9%, 

58.0%) and areas 1-3 had the lowest percentage (37.9%, 56.8%). 

Overall, immunisation timeliness for Europeans was better than for children of Māori or 

Pacific ethnicities; with a higher percentage of children receive their immunisations on time 

and odds ratios which showed they were more likely to receive a dose on time. This was the 

same for NZDep 2006 areas 1-3 which performed better than areas 4-7 and 8-10. When 

comparing geographical regions, Southern region performed the best with Midland region 

performing the poorest.  

These results were consistent with previous research which demonstrated that in New 

Zealand Māori had poorer timeliness compared to other ethnicities and that primary care 
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practices in low social deprivation areas had better timeliness.(35) Results from the studies 

included in the systematic review also found ethnicity and socio-economic deprivation to be 

factors associated with timeliness (32, 38, 44, 77-79). The finding that those children who 

were delayed for their first dose were likely to be delayed for subsequent doses is also 

consistent with previous research (35). 

It is likely that Europeans and those living in areas with low socio-economic deprivation have 

a higher percentage of children receiving their doses on time as a result of better access to 

health care and different health seeking behaviours. Poorer access to care and financial 

barriers are more likely to affect those living in areas of higher socio-economic deprivation. 

Cultural beliefs and attitudes towards immunisation, for example the influence of whanau in 

Māori culture, generally have more of an effect on Māori and Pacific People (34).  

The differences seen across calendar years of immunisation may be a result of health targets 

set by the government in 2007. The nationwide immunisation health target aimed to have 

95% of two year olds fully immunised by the year 2012. To achieve this, populations with 

lower immunisation rates such as Māori and those living in areas of high socio-economic 

deprivation, were targeted to improve immunisation rates. Better monitoring of immunisation 

and improved data collection for these populations allowed for improved records of their 

immunisation status. Interventions included educating parents, training nurses in how to use 

NIR information and a focus on recalls. Since there were improved records from these 

populations and they generally had poorer timeliness, it is likely that this contributed to the 

decrease seen in the percentage of children being immunised on time after 2007.  

Comparison between Wellington and rest of New Zealand 

Wellington performed slightly better when compared to the rest of New Zealand. Wellington 

had a higher percentage of children receive all their doses on time (90.3%, 90.3%, 87.0%) 

compared to rest of New Zealand (88.6%, 87.2%, and 82.3%). The same trends were seen for 

ethnicity, calendar year and NZDep 2006. There was a significant difference between DHBs 

with Hutt Valley having the highest percentage of children receiving all their doses on time 

(76.1%) followed by Capital and Coast (76.0%) and Wairarapa (75.4%) (p<0.001). The odds 

ratios were also comparable between Wellington and New Zealand. The odds ratio for all 

children receiving dose one untimely compared to European ethnicity was 0.48 (0.45, 0.51) 

for Asians in New Zealand and 0.69 (0.62, 0.78) in Wellington, for Māori in New Zealand 
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was 2.09 (2.02, 2.16) and in Wellington 1.79 (1.64, 1.96). This same pattern was seen in 

interval one and interval two in both Wellington and New Zealand.  

Wellington had a slightly lower percentage of children who were not timely for dose one also 

not timely for interval one (42.7% vs. 42.9%) and also not timely for interval two (54.5% vs. 

60.6%) compared to the rest of New Zealand. The biggest difference was seen in the Asian 

ethnicity in Wellington that had 47.9% of those not timely for dose one also not timely for 

interval one, compared to 28.2% also not timely for interval one in the rest of New Zealand. 

Implications and significance of findings 

The results of the current study imply there is still work to be done in the area of public 

health to improve the status of Māori and Pacific People and those living in areas of high 

socio-economic deprivation in relation to immunisation timeliness. Although the New 

Zealand government funds a national immunisation programme so that selected vaccines are 

free for babies, young children and other high risk groups, immunisation in New Zealand is 

voluntary. This means parents cannot be forced to immunise their children, immunisation can 

only be recommended and promoted. The New Zealand government promotes immunisation 

actively and currently targets these populations. The findings from this study confirm that the 

focus should remain on these groups if immunisation timeliness is to improve and rates of 

pertussis disease are to go down.  

DHB’s in Midland had the lowest percentage of children receive their immunisations on time 

for all doses. Findings that particular regions in New Zealand are performing better than 

others should be used as a guideline for health providers as to which areas of the country are 

in need of intervention and where resources need to be focussed. 

It is clear from these results, as well as previous research, that there should be a point of 

intervention if a child’s first dose is not timely. It is an important indicator that subsequent 

doses are likely to be delayed. Research shows that although parents are often aware of the 

recommended ages for immunising their children, they have little or no understanding of the 

importance of immunising at the recommended ages or the consequences of not doing so on 

time, demonstrating a lack of urgency for immunising their children on time. It is also 

important to consider parental knowledge of, and attitudes towards, immunisation when 

trying to connect with parents. Themes including fear of immunisation, the belief that 

immunisation is unnecessary, a lack of knowledge and understanding of immunisations, a 
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negative perception of health providers, difficulty accessing immunisation, and for some 

parents, a supportive attitude towards immunisation all have an impact on the parents’ 

decision to immunise (34). In particular Māori parents are strongly influenced by whanau 

whereas NZ European parents often looked to their friendship networks for guidance on 

immunisation (34). The beliefs and attitudes within these networks may discourage 

immunisation.  

Immunisation provides an ideal opportunity to connect with the parents or caregivers of the 

child, considering the above themes, and educate them on the importance of immunisation 

timeliness to ensure that subsequent doses are received on time. Many primary care facilities 

in New Zealand have a system in place to contact parents and caregivers when their child is 

due for an immunisation, either by phone or mail. However, this contact can be easily 

forgotten when medical centres and other facilities become too busy or there are staff 

shortages. One solution may be to employ a dedicated nurse administrator, who is responsible 

for contacting parents to remind them that their child is due for an immunisation and to 

discuss with them the importance of timeliness. Children who have not previously been 

timely in receiving their immunisations should be a priority.  

The finding that the greater Wellington region is performing equally as well as the rest of the 

New Zealand population is encouraging for the region. Health facilities in the Wellington 

region may choose to focus their resources to target those who do not receive their first dose 

timely as there were a high percentage of these children also not timely for subsequent doses, 

when compared to the total New Zealand population.  

Strengths and Limitations of study 

This is the first study in New Zealand to provide a comprehensive estimate of pertussis 

timeliness. The dataset used for analysis was large compared to other similar studies, for 

example, studies included in the systematic review with reported participant numbers varied 

from 72 participants to one study which had over 800,000 participants – although most had 

less than 50,000. This is compared to the 371,587 children included in this study. An 

Australian study into the timeliness of childhood immunisation which used a similar national 

immunisation register as this study, estimated that 99% the 250,000 children born in 

Australia each year had their immunisations recorded on the register (42). However, that 

study only looked at 12 months of data compared to the six years of data analysed in this 
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study. The large number of participants in this study resulted in narrow confidence intervals 

for all results which provide a more accurate estimate of the correct result. 

A weakness of this study was the numerous issues with the datasets. First of all, a number of 

children had to be excluded from the dataset as a result of errors in their records. Errors 

included a child being recorded more than once in the dataset with different information for 

each record, children who were recorded as having died before their date of birth had to be 

removed, as well as children who were recorded as having in excess of the recommended 

number of immunisations. Cases such as these were removed as there was no way of being 

certain about which record was accurate.  

Another limitation of this study was that DHBs and NZDep 2006 records were representative 

only of where a person was living when information was most recently updated – not 

necessarily where the immunisation was received or where a person was currently living. It is 

not believed that this would significantly impact on the results of the study.  

Recommendations and Conclusions 

The current results are in agreement with recent pertussis epidemiology in New Zealand 

which indicates that the ethnic-specific proportions of hospitalisations are higher amongst 

Pacific and Māori ethnicities compared to European and other ethnicities (67-69). Future 

research into whether the results from this study on timeliness correspond with rates of 

pertussis disease and hospitalisation would improve the understanding of the relationship 

between pertussis immunisation timeliness and disease occurrence.  

Although not included in the results, the number of children receiving the four year booster 

dose on time was relatively low compared to the primary series with only about 20% of 

children who received the booster dose doing so on time. Further exploration into the 

timeliness of the four year booster and why timeliness was so poor may better our 

understanding of rates of pertussis disease. Consideration into the scheduled age of the 

booster dose is also recommended.  

The results of this study show that there is still progress to be made to minimise the health 

differences experienced by Māori and Pacific People and those living in high socio-economic 

deprivation.  The results of this research should be used to guide the focussing of resources to 

those who are in the most need. The recommendations made should direct future research on 
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immunisation timeliness in New Zealand. Addressing these factors that contribute to delays 

can ultimately reduce the vaccine-preventable disease burden in New Zealand. 
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Appendix 

 

Table 1. Priority ethnic codes 

Ethnic Group code Ethnic Group code 

description 

Ethnic Group 

priority 

Ethnic Group used 

for Study 

10 European not further 

defined 

21 European 

11 NZ European 22 European 

12 Other European 20 European 

21 NZ Māori 1 Māori 

30 Pacific Island not 

further defined 

9 Pacific People 

31 Samoan 7 Pacific People 

32 Cook Island Māori 6 Pacific People 

33 Tongan 5 Pacific People 

34 Niuean 4 Pacific People 

35 Tokelauan 2 Pacific People 

36 Fijian 3 Pacific People 

37 Other Pacific Island 8 Pacific People 

40 Asian not further 

defined 

14 Asian 

41 Southeast Asian 10 Asian 

42 Chinese 12 Asian 

43 Indian 11 Asian 

44 Other Asian 13 Asian 

51 Middle Eastern 17 Other/Unknown 
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52 Latin American / 

Hispanic 

15 Other/Unknown 

53 African 16 Other/Unknown 

54 Other (retired on 

1/07/2009) 

19 Other/Unknown 

61 Other ethnicity 18 Other/Unknown 

94 Don't know 94 Other/Unknown 

95 Refused to answer 95 Other/Unknown 

97 Response 

unidentifiable 

97 Other/Unknown 

99 Not stated 99 Other/Unknown 

 

Table 2. Dose one Coefficients for total NZ population 

 Estimate Std. Error Z P 

Intercept -2.52 0.04 -58.22 0 

Asian -0.74 0.03 -26.67 0 

Māori 0.74 0.02 41.81 0 

Pacific 0.43 0.03 12.53 0 

Dep 4 to 7 0.02 0.02 1.05 0.29 

Dep 8 to 10 0.21 0.02 9.71 0 

Sex M -0.01 0.01 -0.7 0.49 

Central 0.04 0.04 1.07 0.29 

Midland 0.31 0.04 7.67 0 

Southern -0.17 0.04 -4.07 0 

Calendar year 0.1 0 20.21 0 
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Table 3. Interval one Coefficients for total NZ population 

 Estimate Std. Error Z P 

Intercept -2.17 0.05 -47.05 0 

Asian -0.58 0.03 -19.5 0 

Māori 0.95 0.02 55.91 0 

Pacific 0.57 0.03 17.26 0 

Dep 4 to 7 0.12 0.02 5.62 0 

Dep 8 to 10 0.37 0.02 16.69 0 

Sex M 0 0.01 0.12 0.91 

Central -0.35 0.04 -8.09 0 

Midland -0.03 0.04 -0.59 0.56 

Southern -0.55 0.04 -12.46 0 

Calendar year -0.04 0 -9.13 0 

 

Table 4. Interval two Coefficients for total NZ population 

 Estimate Std. Error Z P 

Intercept -1.78 0.05 -37.24 0 

Asian -0.53 0.03 -19.55 0 

Māori 0.8 0.02 52.29 0 

Pacific 0.42 0.03 13.88 0 

Dep 4 to 7 0.09 0.02 4.78 0 

Dep 8 to 10 0.29 0.02 15.35 0 

Sex M 0.02 0.01 1.76 0.08 

Central -0.25 0.05 -5.44 0 

Midland 0.07 0.05 1.5 0.13 

Southern -0.38 0.05 -8.19 0 

Calendar year -0.1 0 -21.87 0 
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Figure 1. Kaplan-Meier estimates for total NZ population by sex for dose one 

 

Table 5. 95% Confidence intervals for proportion of children receiving dose one on time 

 Day 14 Day 42 Day 70 

Female 0, 0 0.31, 0.31 0.89, 0.90 

Male 0,0 0.31, 0.32 0.90, 0.90 
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Figure 2. Kaplan-Meier estimates for total NZ population by ethnicity for interval one 

 

Table 6. 95% Confidence intervals for proportion of children receiving interval one on 

time 

 Day 14 Day 42 Day 70 

European 0,0 0.43, 0.43 0.91, 0.91 

Asian 0,0 0.45, 0.46 0.95, 0.95 

Māori 0,0 0.35, 0.36 0.76, 0.77 

Pacific 0,0 0.37, 0.39 0.84, 0.85 
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Figure 3. Kaplan-Meier estimates for total NZ population by sex for interval one 

 

Table 7. 95% Confidence intervals for proportion of children receiving interval one on 

time 

 Day 20 Day 48 Day 76 

Female 0, 0 0.41, 0.42 0.88, 0.89 

Male 0,0 0.41, 0.42 0.88, 0.89 
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Figure 4. Kaplan-Meier estimates for total NZ population by region for interval one 

 

Table 8. 95% Confidence intervals for proportion of children receiving interval one on 

time 

 Day 20 Day 48 Day 76 

Northern 0, 0 0.43, 0.45 0.92, 0.93 

Central 0,0 0.43, 0.43 0.88, 0.89 

Midland 0,0 0.38, 0.38 0.83, 0.84 

Southern 0,0 0.42, 0.43 0.92, 0.93 
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Figure 5. Kaplan-Meier estimates for total NZ population by NZDep 2006 for interval 

one 

 

Table 9. 95% Confidence intervals for proportion of children receiving interval one on 

time 

 Day 20 Day 48 Day 76 

1 to 3 0, 0 0.43, 0.44 0.92, 0.93 

4 to 7 0,0 0.42, 0.43 0.90, 0.90 

8 to 10 0,0 0.39, 0.40 0.84, 0.84 
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Figure 6. Kaplan-Meier estimates for total NZ population by Calendar year for interval 

one 

 

Table 10. 95% Confidence intervals for proportion of children receiving interval one on 

time 

 Day 20 Day 48 Day 76 

2007 0, 0 0.43, 0.44 0.92, 0.92 

2008 0,0 0.39, 0.40 0.88, 0.89 

2009 0,0 0.41, 0.42 0.87, 0.88 

2010 0, 0 0.40, 0.41 0.87, 0.88 

2011 0, 0 0.41, 0.42 0.87, 0.88 

2012 0, 0 0.42, 0.43 0.89, 0.90 
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Figure 7. Kaplan-Meier estimates for total NZ population by ethnicity for interval two 

 

Table 11. 95% Confidence intervals for proportion of children receiving interval two on 

time 

 Day 32 Day 60 Day 88 

European 0,0 0.29, 0.29 0.87, 0.88 

Asian 0,0 0.31, 0.32 0.93, 0.94 

Māori 0,0 0.27, 0.28 0.71, 0.72 

Pacific 0,0 0.31, 0.33 0.80, 0.82 
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Figure 8. Kaplan-Meier estimates for total NZ population by sex for interval two 

 

Table 12. 95% Confidence intervals for proportion of children receiving interval two on 

time by sex 

 Day 32 Day 60 Day 88 

Female 0, 0 0.31, 0.32 0.91, 0.92 

Male 0,0 0.31, 0.32 0.91, 0.92 
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Figure 9. Kaplan-Meier estimates for total NZ population by region for interval two  

 

Table 13. 95% Confidence intervals for proportion of children receiving interval two on 

time by region    

 Day 32 Day 60 Day 88 

Northern 0, 0 0.30, 0.32 0.91, 0.92 

Central 0,0 0.28, 0.29 0.84, 0.85 

Midland 0,0 0.27, 0.28 0.78, 0.79 

Southern 0,0 0.29, 0.31 0.88, 0.89 
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Figure 10. Kaplan-Meier estimates for total NZ population by NZDep 2006 for interval 

two  

 

Table 14. 95% Confidence intervals for proportion of children receiving interval two on 

time by NZDep 2006 

 Day 32 Day 60 Day 88 

1 to 3 0, 0 0.28, 0.29 0.89, 0.89 

4 to 7 0,0 0.29, 0.29 0.86, 0.86 

8 to 10 0,0 0.29, 0.30 0.80, 0.80 
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Figure 11. Kaplan-Meier estimates for total NZ population by Calendar year for 

interval two 

 

Table 15. 95% Confidence intervals for proportion of children receiving interval two on 

time by calendar year of immunisation 

 Day 32 Day 60 Day 88 

2007 0, 0 0.30, 0.32 0.90, 0.91 

2008 0,0 0.28, 0.29 0.84, 0.85 

2009 0,0 0.29, 0.30 0.83, 0.84 

2010 0, 0 0.28, 0.29 0.83, 0.84 

2011 0, 0 0.28, 0.29 0.82, 0.83 

2012 0, 0 0.28, 0.29 0.93, 0.94 
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Table 16. Dose one coeffecients for Wellington population 

 Estimate Std. Error Z P 

Intercept -2.7 0.05 -52.6 0 

Asian -0.36 0.06 -6.39 0 

Māori 0.58 0.05 12.75 0 

Pacific 0.39 0.06 6.54 0 

Dep 4 to 7 0.04 0.04 0.86 0.39 

Dep 8 to 10 0.23 0.05 4.72 0 

Sex M -0.01 0.04 -0.42 0.68 

Central 0.42 0.04 10.37 0 

Midland 0.17 0.07 2.47 0.01 

Southern 0.04 0.01 3.49 0 

Calendar year -2.7 0.05 -52.6 0 

 

Table 17. Interval one coeffecients for Wellington population 

 Estimate Std. Error Z P 

Intercept -2.7 0.05 -52.6 0 

Asian -0.36 0.06 -6.39 0 

Māori 0.58 0.05 12.75 0 

Pacific 0.39 0.06 6.54 0 

Dep 4 to 7 0.04 0.04 0.86 0.39 

Dep 8 to 10 0.23 0.05 4.72 0 

Sex M -0.01 0.04 -0.42 0.68 

Central 0.42 0.04 10.37 0 

Midland 0.17 0.07 2.47 0.01 

Southern 0.04 0.01 3.49 0 

Calendar year -2.7 0.05 -52.6 0 
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Table 18. Interval two coeffecients for Wellington population 

 Estimate Std. Error Z P 

Intercept -2.24 0.05 -48.39 0 

Asian -0.37 0.06 -6.02 0 

Māori 0.81 0.04 19.97 0 

Pacific 0.5 0.05 9.39 0 

Dep 4 to 7 0.11 0.04 2.59 0.01 

Dep 8 to 10 0.34 0.05 7.52 0 

Sex M 0.04 0.03 1.14 0.25 

Central 0 0.04 0.02 0.98 

Midland 0.01 0.06 0.22 0.82 

Southern -0.13 0.01 -11.65 0 

Calendar year -2.24 0.05 -48.39 0 
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Figure 12. Kaplan-Meier estimates for Wellington population by sex for dose one 

 

Table 19. 95% Confidence intervals for proportion of children receiving dose one on 

time 

 Day 14 Day 42 Day 70 

Female 0, 0 0.29, 0.30 0.89, 0.90 

Male 0,0 0.29, 0.30 0.89, 0.90 
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Figure 13. Kaplan-Meier estimates for Wellington population by ethnicity for interval 

one 

 

Table 20. 95% Confidence intervals for proportion of children receiving interval one on 

time 

 Day 20 Day 48 Day 76 

European 0,0 0.45, 0.46 0.92, 0.93 

Asian 0,0 0.39, 0.42 0.93, 0.94 

Māori 0,0 0.44, 0.47 0.82, 0.84 

Pacific 0,0 0.41, 0.43 0.84, 0.86 

 

 



  

 

96 

 

Figure 14. Kaplan-Meier estimates for Wellington population by sex for interval one 

 

Table 21. 95% Confidence intervals for proportion of children receiving interval two on 

time by sex 

 Day 32 Day 60 Day 88 

Female 0, 0 0.43, 0.45 0.90, 0.91 

Male 0,0 0.44, 0.45 0.90, 0.90 
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Figure 15.  Kaplan-Meier estimates for Wellington population by NZDep 2006 for 

interval one 

 

Table 22. 95% Confidence intervals for proportion of children receiving interval one on 

time 

 Day 20 Day 48 Day 76 

1 to 3 0, 0 0.44, 0.46 0.92, 0.93 

4 to 7 0,0 0.45, 0.46 0.91, 0.92 

8 to 10 0,0 0.41, 0.43 0.85, 0.87 

 

 

 



  

 

98 

 

Figure 16. Kaplan-Meier estimates for Wellington population by Calendar year for 

interval one 

 

Table 23. 95% Confidence intervals for proportion of children receiving interval one on 

time 

 Day 20 Day 48 Day 76 

2007 0, 0 0.43, 0.46 0.92, 0.94 

2008 0,0 0.41, 0.44 0.89, 0.91 

2009 0,0 0.44, 0.46 0.89, 0.91 

2010 0, 0 0.44, 0.47 0.90, 0.91 

2011 0, 0 0.44, 0.46 0.89, 0.90 

2012 0, 0 0.41, 0.44 0.87, 0.89 
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Figure 17. Kaplan-Meier estimates for Wellington population by ethnicity for interval 

two 

 

Table 24. 95% Confidence intervals for proportion of children receiving interval two on 

time 

 Day 32 Day 60 Day 88 

European 0,0 0.29, 0.30 0.93, 0.94 

Asian 0,0 0.32, 0.36 0.94, 0.96 

Māori 0,0 0.30, 0.33 0.87, 0.89 

Pacific 0,0 0.32, 0.36 0.88, 0.91 
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Figure 18. Kaplan-Meier estimates for Wellington population by sex for interval two 

 

Table 25. 95% Confidence intervals for proportion of children receiving interval two on 

time 

 Day 20 Day 48 Day 76 

Female 0, 0 0.28, 0.30 0.87, 0.88 

Male 0,0 0.28, 0.29 0.86, 0.87 
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Figure 19. Kaplan-Meier estimates for Wellington population by NZDep 2006 for 

interval two 

 

Table 26. 95% Confidence intervals for proportion of children receiving interval two on 

time by NZDep 2006 

 Day 32 Day 60 Day 88 

1 to 3 0, 0 0.27, 0.29 0.90, 0.91 

4 to 7 0,0 0.28, 0.30 0.88, 0.89 

8 to 10 0,0 0.28, 0.30 0.82, 0.83 
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Figure 20. Kaplan-Meier estimates for Wellington region by Calendar year for interval 

two 

 

Table 27. 95% Confidence intervals for proportion of children receiving interval two on 

time by calendar year of immunisation 

 Day 32 Day 60 Day 88 

2007 0, 0 0.29, 0.32 0.91, 0.93 

2008 0,0 0.27, 0.29 0.86, 0.88 

2009 0,0 0.28, 0.30 0.85, 0.86 

2010 0, 0 0.28, 0.30 0.87, 0.89 

2011 0, 0 0.28, 0.30 0.86, 0.88 

2012 0, 0 0.25, 0.28 0.85, 0.87 

 


