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Response to your request for official information 

133 Molesworth Street 
PO Box 5013 
Wellington 6140 
New Zealand 
T +64 4 496 2000 

Thank you for your request for information under the Official Information Act 1982 (the Act) on 
12 July 2019 for: 

"Can I have a copy of the application and any reports of results regarding this study? 
https:l/scanmail.trustwave.coml?c=5305&d=ween3S8hXM3CvGHLrHOUStGGT5KalfXc 
TQNyXi5BbA&u=https%3a%2f%2fwww%2egets%2egovt%2enz%2fHRC%2fExterna/Te 
nder0etails%2ehtm%3fid%3d5098384" 

Two documents have been identified within scope of your request regarding the 'Determining 
the effectiveness of the current pertussis vaccine schedule in New Zealand' study. These 
documents are itemised in Appendix one, along with my decision on the release of each. 

I trust that this information fulfils your request. Under section 28(3) of the Act you have the right 
to ask the Ombudsman to review any decisions made under this request. 

Please note that this response, with your personal details removed, may be published on the 
Ministry website. 

Yours sincerely 

~JJt7>U~l7 
Deborah Woodley 
Deputy Director-General 
Population Health and Prevention 
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avai ab e vaccines are not ab e to offer sustained protection against c inica  disease
and ecent research suggests they may not prevent co onisation or transmission.
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Before completing this application form, applicants are advised to: 

 

1) Read the Partnership Programme Application Guidelines for the Pertussis Vaccine RFP for 

information on completing this form 

2) Read the HRC Rules for applicant eligibility criteria and budgetary entitlements 

3) Confirm the application due date for electronic files and hardcopies 

4) Ensure that the correct version of this application form is used. 

 

Incomplete or late applications will not be accepted. 
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MODULE 2. PROPOSED RESEARCH 

Section 2A – Summary of Proposed Research  

Rationale for research 
Pertussis remains a global health problem and despite achieving good immunisation coverage New Zealand 
continues to experience epidemics of pertussis. Currently available vaccines are not able to offer sustained 
protection against clinical disease and recent research suggests they may not prevent colonisation or 
transmission. Pertussis vaccine is currently administered at age 6 weeks, 3 months, 5 months, 4 years and 
11 years. It is not known what gains could be made in reducing the burden of pertussis in children by 
implementing an additional dose of vaccine in toddlers and whether this strategy would be cost effective. 
Relevance to RFP 
The focus of this study is the effectiveness of the current childhood pertussis immunisation schedule and the 
potential impact on disease and cost effectiveness of introducing an additional dose. 
Aims 
1. Measure the impact of the current schedule on pertussis disease and compare with the potential impact 

of adding a fourth dose of vaccine in the second year of life (i.e., a ‘toddler’ dose). 
a. Measure the overall vaccine effectiveness (VE) and VE by age bands against pertussis 

hospitalisation and notifications following the current 3-dose primary series of vaccine. 
b. Estimate the additional protection against notifications that may be gained by administering an extra 

‘toddler’ dose of pertussis vaccine. 
2. Compare the cost-effectiveness of using a 3+0 schedule (i.e., the current 3-dose schedule) versus a 3+1 

schedule (i.e., the current 3-dose schedule + a ‘toddler’ dose) for pertussis immunisation during the first 
two years of life. 

3. Measure the overall VE and VE by age bands against pertussis notifications following the current fourth 
dose of pertussis vaccine scheduled at 4 years of age. 

4. Measure the overall VE and VE by age bands against pertussis notifications following the current fifth 
dose of pertussis vaccine scheduled at 11 years of age. 

Research design and methods 
We will use data linkage techniques to match existing clinical and administrative data at the individual level. 
The matched case-control study design will estimate overall and age-specific VE following the current 3rd, 
4th and 5th doses of pertussis vaccine. Cases will be pertussis hospitalisations or notifications during 2006-
2013.Twenty controls per case will be randomly selected from the source population. Potential confounders 
between the vaccine-disease relationship will be addressed. The VE estimate for a 3+0 schedule will be 
measured from existing NZ data and derived using existing data and known VE trajectories from literature. 
We will adapt a mathematical model  using our calculated VE estimates and other parameters such as 
vaccine coverage, to estimate the number of hospitalisations and notifications that may have been averted 
during 2006-2013 had a 3+1 schedule been provided. 
Analysis for the cost effectiveness objective will be based on a de novo ‘fit for purpose’ Markov model 
developed on TreeAge® or Excel software along the lines required by PHARMAC. The model will have a 10-
year time horizon, and an annual discount rate of 3.5%. Inputs will be taken from the case-control study 
described above, supplemented by vaccine uptake rates from the NIR and direct medical costs of hospital 
admissions and GP consultations (incl. gov. costs and patient co-payments). The cost of a universal toddler 
dose and its administration in primary care will be included. The relevant number of GP consultations per 
patient in each annual age group will be derived from an age-specific ratio of consultations to admissions for 
pertussis infection and index GP consultations for pertussis per patient-year estimated from the Notifiable 
Disease Surveillance database linked by NHI to hospital admissions; and by estimating repeat consultations 
from the literature. A range of one-way sensitivity analyses will be conducted on the key parameters and a 
probabilistic sensitivity analysis included for a range of potential ‘willingness to pay’ thresholds. Results will 
be compared with findings from the international literature. 
Main outcome measures 
Main outcome measures for VE will be the adjusted odds ratios (OR), 95% CIs and corresponding VE 
percentages, defined as (1-OR)*100. These will be provided for the 3+0 and the two 3+1 schedules. Number 
of hospitalisations and notifications averted during 2006-2013 had there been a 3+1 vaccine schedule will be 
provided. Primary outcomes of the cost effectiveness analyses will be: Net cost per hospital admission 
averted; and net cost per notified case averted by an incremental dose of vaccine. If plausible health state 
utilities are available from the literature, the cost per quality adjusted life year (QALY) will also be estimated, 
bearing in mind that pertussis mortality rates are very low in New Zealand and are unlikely to contribute to 
QALYs. 

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82



HRC Ref ID: 15/587  First NI: Petousis-Harris  

JV215-PTV Application form © 2014 Health Research Council of New Zealand.  All rights reserved.     4 

In Confidence 

 

P
a

rtn
e

rsh
ip

 P
ro

g
ra

m
m

e
 

Section 2B – Description of Proposed Research  

Rationale for research 

Background: Despite widespread gains in disease control with immunisation programmes, pertussis 
remains a major global public health problem, occurring across the age spectrum. Young infants remain at 
risk of serious disease, which continues to cause fatalities in both developed and developing countries. 
Natural immunity to pertussis is inadequate to prevent recurrent disease and our incomplete understanding 
of the pathogenesis and immunology of Bordetella pertussis infection and of pertussis disease hinders the 
development of vaccines that provide sustained protection against disease and effective prevention of B. 
pertussis transmission; therefore, current strategies will need to revolve around how best to use the existing 
vaccines. 
 
Vaccine efficacy: Summary data from vaccine efficacy trials with a case definition similar to the WHO 
definition (≥ 21 days paroxysmal cough with positive culture or PCR) show vaccine efficacy ranging from 
78% to 93%.1 A 2012 Cochrane review concluded the efficacy of multicomponent vaccines is approximately 
85% in preventing typical whooping cough and from 71% to 78% in preventing mild pertussis disease.2 
Where data were available for the population who did not complete all schedule doses, efficacy was only 
marginally lower than in those who had received all vaccine doses. Studies from Japan  the US and Canada 
have all confirmed the effectiveness of national programmes with acellular pertussis vaccines.2 However the 
duration of vaccine-induced immunity from acellular pertussis vaccines is relatively short. 
 
Duration of protection: Vaccine effectiveness data for the DTaP vaccine Infanrix® (GlaxoSmithKline) suggest 
that following a primary course and booster dose a gradual waning of vaccine-induced protection occurs over 
four to six years.3 A number of studies have examined the duration of pro ection offered by current pertussis 
vaccines and schedules. Generally, cases increase proportional to the interval since the last dose of 
vaccine.4 Rapid waning is observed within five years of a fifth dose with odds of pertussis increased by an 
average of 42% per year post last dose.5 Effectiveness at five years or longer since the fifth dose has been 
estimated at 71% (95% CI 45.8 – 84.8%).6 Seroprevalence studies suggest antibody concentrations against 
B. pertussis antigens decrease from one to six years after vaccination, then increase again, which is most 
likely to be as a result of natural infection.7 8  
 
Recent Australian data have shown that three doses were highly effective in the first year of life at 83.5% 
(95%CI 79.1-87.8), however effectiveness declined between 2-3 years of age to 70.7% (95% CI 64.5-75.8%) 
and further between 3-4 years of age to 59.2% (95% CI 51.0 – 66.0%). Without a booster dose immunity 
waned more rapidly between 2 and 4 years than that previously documented in children over six years of age 
who received a toddler dose.9 In addition  while a booster at 15-18 months reduces disease in preschool 
children it may be insufficient to prevent disease in 8-12 year olds.4  
 
Another major challenge in controlling pertussis is that recent data indicate that acellular vaccines may not 
prevent colonisation or transmission, severely limiting their capacity to provide herd immunity.10-12 This 
means that young infants, who are at the highest risk of pertussis disease, may not gain any additional 
protection through an increased immunisation of older age groups. Recent data from the UK suggest that the 
most effective means of protecting the youngest infants is through pertussis immunisation during 
pregnancy,13 which is currently funded in NZ. The second highest risk group for pertussis is older infants and 
young children. 
 
NZ currently uses a three dose primary series of pertussis vaccinations administered at 6 weeks, 3 months 
and 5 months to provide protection until the fourth year when a booster is given then another booster is 
given at age 11. The overall effectiveness of this programme in preventing pertussis is not known, nor is the 
potential impact of introducing an additional dose in the second year of life as a strategy to reduce whooping 
cough in children. 
Relevance to RFP 

The foci of the RFP are on the evidence to support the clinical utility and cost-effectiveness of an additional 
toddler pertussis dose in children and the effectiveness of the adolescent pertussis dose. Our proposed 
study will establish the overall and age-specific VE of the current 3-dose primary series and estimate the 
potential direct impact of a toddler dose. These findings will inform a cost effectiveness model for the 
introduction of a universal toddler dose. Our study will additionally complete the picture of pertussis VE 
among older children and adolescents through age 18 following the current 4-year-old and 11-year-old 
booster doses. If a toddler dose is shown to be both clinically and cost effective then NZ will need to review 
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the current schedule decisions in relation to the placement of an additional dose in the second year of life. 
This study will therefore have a direct impact on pertussis immunisation policy and service delivery. 

Research design and methods 

Aims 
1. Measure the current 3-dose (3+0) primary schedule impact pertussis vaccine and compare with the 

impact on disease prevention of adding a fourth dose in the second year of life (3+1 or ‘toddler’ dose). 
a. Measure the overall VE and VE by age bands against pertussis hospitalisation and notifications 

following the current 3+0 schedule of pertussis vaccine. 
b. Estimate the additional protection against notifications that may be gained by administering a 3+1 

schedule of acellular pertussis vaccine. 
2. Compare the cost-effectiveness of using a 3+0 versus a 3+1 schedule for pertussis immunisation during 

the first 2 years of life. 
3. Measure the overall VE and VE by age bands against pertussis notifications following the current fourth 

dose of acellular pertussis vaccine scheduled at 4 years of age. 
4. Measure the overall VE and VE by age bands against pertussis notifications following the current fifth 

dose of acellular pertussis vaccine scheduled at 11 years of age. 
 
Hypotheses 
1. (a) The current 3+0 schedule provides protection against pertussis disease; however, protection declines 

over time.  
(b) A 3+1 schedule prevents more pertussis disease between 2-<4y of age than a 3+0 schedule. 

2. The additional disease prevention benefit of a 3+1 schedule outweighs the cost of providing the additional 
dose. 

3. The current 4-year-old dose provides protection against pertussis disease; however, protection declines 
over time. 

4. The current 11-year-old dose provides protection against pertussis disease; however, protection declines 
over time. 

 
Specific Objectives 
1. a) Calculate overall and age-specific VE of the primary 3 dose immunisation series against pertussis 

disease among children less than 4 years of age by: 
i. Using pertussis notification data for overall VE (ages 6m-<4y). 
ii. Using pertussis hospitalisation data and two sets of categorical age groups: 6m-<1y, 1-<2y, 2-<3y 

and 3-<4y; and 6m-<15m, 15m-<2y, 2-<3y and 3-<4y.  
iii. Using pertussis notification data and two sets of categorical age groups: 6m-<1y, 1-<2y, 2-<3y 

and 3-<4y; and 6m-<15m, 15m-<2y, 2-<3y and 3-<4y.  
iv. Using pertussis notification data and modelling age as a continuous variable. 

1. b) Calculate separately the number of pertussis hospitalisations and notifications that may be averted by 
administering an extra dose of acellular pertussis vaccine at 15 months or at two years of age. 

2. Provide a basic comparison of the cost effectiveness of a 3+1 pertussis vaccine schedule, inclusive of 
immunisation, hospital admissions and GP consultations. 

3. Calculate overall and age-specific VE of the current fourth dose scheduled at four years of age against 
pertussis disease among children 4-<8y of age.  
a) Using pertussis notification data for overall VE (ages 4-<8y).  
b) Using pertussis notification data and the categorical age groups 4-<5y, 5-<6y, 6-<7y and 7-<8y 

among children born in 2006. 
c) Using pertussis notification data and the categorical age groups groups 4-<5y, 5-<6y and 6-<7y 

among children born in 2006-2007. 
4. Calculate overall and age-specific vaccine effectiveness of the current fifth dose scheduled at 11 years of 

age against pertussis disease among children 11-<19 years of age. 
a) Using pertussis notification data for overall VE (ages 11-<19y).  
b) Using pertussis notification data and the categorical age groups 11-<13y, 13-<15y,15-<17y and 17-

<19y. 
 
Definitions 
All VE estimates and 95% confidence intervals (CIs) will be based on the relevant ratio effect measure using 
the formula 𝑉𝐸 = 1 − 𝑅𝑎𝑡𝑖𝑜 𝑒𝑓𝑓𝑒𝑐𝑡 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑥 100%. Pertussis hospitalisation will be defined as a 
hospitalisation event with an ICD-10-AM discharge diagnosis code of A37.0, A37.1, A37.8 or A37.9. 
Hospitalisation events marked as ‘short stay ED’ events (where specialty code is M05, M06, M07 or M08 and 
length of stay is 0 or 1 days) will be excluded. Pertussis notification will be defined as either hospitalisation 
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(as defined above) or notification of pertussis to EpiSurv with a status of suspect, probable or confirmed. 
Where an individual child has more than one pertussis hospitalisation or notification, only the first will be 
used. A non-cough related visit to the general practice will be determined by extracting text from the clinical 
notes. If the word “cough” does not appear in the clinical notes for a given visit, that visit will be considered 
non-cough related. If the word “cough” does appear in the clinical notes for a given visit, five words from 
either side (a total of 11 words) will be extracted to differentiate negative from positive mentions of “cough”. 
For example, clinical notes that include the text strings “no cough” or “does not have a cough” will be 
considered non-cough related. 
 
Data sources  
All data come from existing sources; no additional data collection via patient contact will be required. Data 
sources include: 
National Health Index (NHI) Database The NHI database contains demographic information for all New 
Zealanders. Data fields: encrypted NHI number, date of birth, date of death, sex, prioritised ethnicity  
geographic area of residence, socioeconomic deprivation level. Source: Ministry of Health (MoH). 
National Minimum Data Set (NMDS) The NMDS includes records of hospital discharges in NZ. Data fields: 
encrypted NHI number, admission event ID, facility code, health specialty code, length of stay, admission 
date, discharge date, ICD-10-AM diagnosis code (the primary and up to 99 additional diagnosis codes are 
available for each admission event). Source: MoH. 
Notifiable Disease Surveillance Database (EpiSurv) – EpiSurv includes records of all disease notifications. Data 
fields: encrypted NHI number, report source, report date, disease, case status, symptom onset date, 
laboratory test results, other risk factor information. Source: ESR. 
National Immunisation Register (NIR) The NIR contains information about all immunisation enrolments and 
events as per the Childhood Immunisation Schedule for children born since 2005. All children are enrolled on 
the NIR at birth; however, parents can choose to “opt off”, thereby excluding the details of their children’s 
immunisations from the register (approximately 1% of children are ‘opted off’ the NIR). Data fields: encrypted 
NHI number, vaccine type, antigen type, dose number, vaccination status, vaccination date. Source: MoH. 
School Based Vaccination data (SBV) SBV data contain information about all immunisation events that are 
delivered as part of the school year 7 and year 8 immunisation programmes. Data fields: encrypted NHI 
number, vaccine type, vaccination status, vaccination date. Source: Auckland and Counties Manukau DHBs. 
Data extracted from general practice management systems (PMS) PMS data are maintained by individual 
general practices and contain a wide assortment of information about patients and their health visits 
including information related to any 11-year-old scheduled pertussis immunisation given in the general 
practice instead of through the school immunisation programmes. Data fields: encrypted NHI number, 
vaccine type, vaccination status, vaccination date, visit dates, a limited selection of text from the clinical 
notes field to indicate whether a given visit was related to a coughing illness. Source: individual general 
practices via DrInfo (https://www.drinfo.co.nz/). 
Primary Health Organisation (PHO) Enrolment Collection The PHO Enrolment Collection contains longitudinal 
information about enrolment in general practices across New Zealand. Data fields: encrypted NHI number, 
general practice name, quarterly enrolment dates. 
 
Data management 
Data sources will be linked across individuals by encrypted NHI number. Due to the administrative nature of 
the data sources, we do not expect large amounts of missing data. Where information for a single data field 
is missing in ≤ 5% of records, complete case analysis will be used. Where information is missing in > 5% of 
records, we will explore the reason for missingness and, if appropriate, employ multiple imputation 
techniques. 
 
Study design  
We wi l perform matched case-control studies to address aims 1, 3 and 4.  
 
Methods for Objective 1a:  
Study population. The study population will include all children enrolled on the NIR. Cases will be children 
notified with pertussis after turning six months of age but before turning four years of age. To allow for 
comparison, our main analysis will replicate control sampling as per a recent Australian study.9 For each 
case, 20 controls will be randomly sampled from the NIR. They will be matched to cases by date of birth and 
DHB of residence. To ensure cases are not matched to themselves, we will select eligible controls born on 
the day before or the day after the birth date of the index case.  
Because notification data are heavily reliant on health care professionals reporting suspected disease, we 
will perform a supplemental analysis in order to improve the validity of control selection. We will use the PHO 
Enrolment Collection to identify the general practice where each case was enrolled at the time of notification 
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and randomly sample controls enrolled at the same general practice as the index case. If time and budget 
allow we will perform a second supplemental analysis to further improve the validity of control selection. The 
second supplemental analysis will be limited to cases enrolled at a general practice in the Auckland region, 
with controls randomly sampled from children both enrolled at the same general practice as the index case 
and having a non-cough related visit within one week before or after the index case’s notification date.  
Controls will be matched to each case by date of birth and DHB of residence. If eligible controls fail to 
materialise (b/c the matching pool, consisting of a given general practice’s enrolees, is smaller than for the 
main analysis), we will relax the matching requirements on age (progressively by day until 90 days either 
side of the index case’s date of birth has been reached). For the second supplemental analysis, if eligible 
controls fail to materialise based on the visit date for a non-cough related illness, the matching requirements 
will be relaxed progressively by day until 60 days either side of the index case’s notification date. For both 
supplemental analyses, if eligible controls still fail to materialise we will expand the matching pool to a 
second general practice in the same geographic region with a comparable enrolee population. If it is 
necessary to relax the matching requirements, we will explore in the analysis the extent to which the 
relaxation may alter the final VE estimates. 
Immunisation status for controls will be ascertained using the NIR. Any doses received by a control after the 
date of disease onset in their matched cases will not be considered. Cases or controls who ‘opted-off’ the 
NIR will be excluded from the analysis; however, we will conduct sensitivity analyses assuming that all 
‘opted-off’ children were either vaccinated or unvaccinated to evaluate the extent to which lack of 
immunisation information for these children may influence the final VE estimates.  
Statistical analysis: Demographic characteristics of cases and controls will be compared using Pearson’s chi-
square test for categorical variables, Student’s t-test for normally distributed continuous variables and 
Wilcoxon’s rank sum test for non-normally distributed continuous variables. A l tests for assessing statistical 
significance will be two-sided with α=0.05. 
We will use conditional logistic regression to calculate VE. A model will be fit with pertussis notification as the 
dependent variable and acellular pertussis immunisation status as the independent variable. For the analysis 
of overall VE between 6m-<4y of age, all cases and controls will be included. The analysis of VE by age 
bands will be stratified by the age groups 6m-<1y, 1-<2y, 2-<3y and 3-<4y. A separate conditional logistic 
regression model will be fit including data for children 6m-<4y of age, with pertussis notifications as the 
dependent variable and a continuous age-vaccination status interaction variable fitted with fractional 
polynomials as the independent variable.9 Potential confounding by sex, ethnicity and socioeconomic 
deprivation will be measured using the change in estimate method with a cut-off of 10% from formula 
ln|(unadjusted effect estimate)/(adjusted effect estimate)|. If observed, confounding will be adjusted for in the 
regression model.  
 
Methods for objective 1b 
Study population: The study population will be the same as for objective 1a.  
Statistical analysis: The number of pertussis hospitalisations and notifications in NZ between 2006 and 2013 
form the baseline measurement for the current 3+0 schedule. Two comparison scenarios will be derived: the 
first a 3+1 schedule with the toddler dose given at 15 months of age; and the second a 3+1 schedule with 
the toddler dose given at two years of age.  
We will adapt a model developed and published by the US Centres for Disease Control for estimating the 
annual number of influenza llnesses averted due to the direct effects of the influenza vaccine.14 The model 
parameters, including rates of disease, vaccination coverage and vaccine effectiveness are available and/or 
derivable for the situation of pertussis in NZ. This model is likely to be a good fit because we do not 
anticipate significant herd immunity. There is no published estimate of VE following a toddler dose of 
acellular pertussis vaccine; however, it is reasonable to assume that VE following a toddler dose would be at 
least as high and long in duration as following the current dose given at 5 months of age. We will use this VE 
and associated trajectory of duration, measured in objective 1a, as a conservative estimate of VE following a 
toddler dose. In fact, the VE following a toddler dose is likely to be higher and last longer due to the 
combined effects of immunity priming from the three-dose primary series and the maturity of the immune 
system in toddlers compared to 5-month-olds. 
The number of pertussis hospitalisations and notifications that may have been averted between 2006 and 
2013, had there been a 3+1 schedule, will be reported for the scenario of the toddler dose given at 15 
months of age and separately, for the scenario of the toddler dose given at two years of age.  
 
Methods for objective 2 
Analysis for the cost effectiveness objective will be based on a de novo ‘fit for purpose’ Markov model 
developed on TreeAge® or Excel software along the lines required by PHARMAC. The model will have a 10-
year time horizon, and an annual discount rate of 3.5%. The inputs will be taken from the case-control study 
described above, supplemented by vaccine uptake rates from the NIR and direct medical costs of hospital 
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admissions and GP consultations (including government costs and patient co-payments). The cost of a 
universal toddler dose of the vaccine and its administration primary care will be included. The relevant 
number of GP consultations per patient in each annual age group will be derived from an age-specific ratio of 
consultations to admissions for pertussis infection. The number of index GP consultations for pertussis per 
patient-year will be estimated from the Notifiable Disease Surveillance database linked by NHI to hospital 
admissions; and by estimating repeat consultations from the literature. A range of one- way sensitivity 
analyses will be carried out on the key parameters and a probabilistic sensitivity analysis will be included, for 
a range of potential ‘willingness to pay’ thresholds. The results will be compared with findings from the 
international literature. 
 
The primary outcomes of the cost effectiveness analyses will be: (a) the net cost per hospital admission 
averted; and (b) the net cost per notified case averted by an incremental dose of vaccine. If plausible health 
state utilities are available from the literature, the cost per quality adjusted life year (QALY) will also be 
estimated, bearing in mind that pertussis mortality rates are very low in New Zealand and are unlikely to 
contribute to QALYs. 
 
The report to the funder will contain the following: 
1. Incremental costs of the intervention group minus the control group. 
2. Direct medical cost per case averted (base case and sensitivity analyses). 
3. Budget impact of the intervention, taking into account the additional cost of immunisation and potential 
cost savings. 
 
Methods for objective 3 
Study population: Because the NIR is a birth cohort register, beginning with children born in 2005, the oldest 
children with recorded routine immunisations are limited to the approximately 55,000 children currently 8 
years of age. While not precluding us from proceeding with the analysis  this limitation will restrict notification 
numbers for the oldest children to a single birth cohort, which may result in imprecise VE estimates. To 
augment our findings we will repeat the analysis in a population of children double in size (i.e., the two oldest 
birth cohorts), but with the disadvantage that VE will only be evaluated for children up to 7 years of age. 
Cases will be children notified with pertussis after turning four years of age but before turning eight years of 
age (seven years of age for the augmented analysis). Controls will be selected for the main and 
supplementary analyses as per objective 1a. Immunisation status for cases and controls will also be 
established as per objective 1a. 
Statistical analysis: The analysis will replicate that of objective 1a, with overall VE between 6-<8y of age and 
age bands defined as 4-<5y, 5-<6y, 6-<7y and 7-<8y (ending at 6-<7y for the augmented analysis). If 
necessary, due to small numbers, age bands may be collapsed into 2-year groups. 
 
Methods for objective 4 
Study population: The study population will include adolescents enrolled at general practices in Waitemata, 
Auckland and Counties Manukau District Health Boards (DHBs). Cases will be adolescents with notified 
pertussis after turning 11 years of age but before turning 19 years of age. Because immunisation records for 
11-year-olds are not yet held on the NIR, we cannot replicate control selection as per the main analysis for 
objective 1. We will sample controls as per the first supplemental analysis, and if time and budget allow, as 
per the second supplemental analysis for objective 1.  
The vaccination status of cases and controls will be ascertained using information from SBV and general 
practice PMS data. Any doses received by a control after the date of disease onset in their matched cases 
will not be considered.  
Statistical analysis: The analysis will replicate that of objective 1a, with overall VE between 11-<19y of age 
and age bands defined as 11-<13y, 13-<15y, 15-<17y and 17-<19y. If necessary, due to small numbers, age 
bands may be collapsed. 
 
Strengths and limitations 
Like all observational studies, ours is not free from limitations. Because we are using existing data, we are 
estricted to covariable information that is part of routine administrative and clinical data collection. Although 

our study design addresses potential confounding by age and calendar time of pertussis disease, and our 
analysis addresses potential confounding by sex, ethnicity and socioeconomic deprivation status, our results 
may be subject to unmeasured residual confounding. Another limitation is that statistical power will be limited 
by the available sample size; however, we are using the largest populations possible to address the study 
questions within the timeframe and budget of this RFP. For aims 1-3 we are utilising the entire NZ population 
in the 2006-2013 birth cohorts and for aim 4 we are utilising the Auckland adolescent population, which is 
larger than anywhere else in the country. 
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A major strength of our study lies in New Zealand’s unique health care structure and existing data 
collections. New Zealand has high quality disease notification data collected automatically from laboratories 
triggered by positive specimen results, together with physician reporting. Although regulations exist for 
physicians to report cases based on suspicion, reporting is passive and consistency of reporting varies by 
practitioner. The limitation of incomplete case ascertainment within notification data is particularly relevant in 
a case-control study design. In order to produce valid results, controls need to be selected from the same 
population – the source population – that gives rise to the study cases. This source population is not the 
same as the entire general population. Rather, it is individuals who, had they become ill, would have sought 
healthcare and been notified. We are addressing this issue by utilising the PHO Enrolment Collection, from 
which we can select controls most closely resembling the true source population (i.e. those who attend the 
same general practices as the cases). 
An additional strength of utilizing existing data is the efficiency gained in both time and cost; studying these 
objectives via traditional field methods is not viable in the timeframe required by this RFP. We already hold 
the data required for aims 1-3, which will allow us to seek ethics approval and begin analyses straightaway, 
while at the same time sourcing the data for aim 4. The data for aim 4 are challenging to retrieve as there is 
no collective source of individual-level information on 11-year-old vaccination status. Our collaboration with 
ADHB and CMDHB enable access to the school-based vaccination data for these large DHBs, and our 
established relationship with Dr Lynn Taylor at DrInfo allows us to augment the school-based data for 
adolescents who were immunised by their GP rather than at school. 
 
Data security and confidentiality 
All data will be de-identified by encrypting NHI numbers. Data will be stored on a secure server at the 
University of Auckland and, in accordance with the NZ ethical guidelines, will be accessible only by study  
investigators.  
 
Ethics 
Ethics approval for this study will be sought from New Zealand’s Health and Disability Ethics Committee. 
 
Sample Size 
Because the sample size is fixed, we have calculated the power available to detect a statistically significant 
difference between exposure groups. Among the NIR birth cohorts, 486 infants <1y were notified with 
pertussis between 2006 and 2013. This number increased to 618 for 3-year-olds before decreasing to 81 
among 7-year-olds. Assuming 90% of the NIR b rth cohorts received all three doses of the primary series, we 
will have over 80% power to detect an odds ratio of 1.28 or greater in the 1-year-old age group, 1.24 or 
greater in the 3-year-old age group and 1.75 or greater in the 7-year-old age group. 
 
Figure X. Power curves for objective 1a for age bands 1 to 7 years old, assuming 90% of the NIR birth 
cohorts received all three doses of the primary immunisation series 
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Responsiveness to Māori 

All projects are put before our Maori Leadership team for them to determine whether and if so how, can this 
research be of benefit to Maori tamariki and whanau. Any reduction in pertussis disease will benefit Maori 
who are more likely to be hospitalised. We have consulted with our organisations Kaumatua and Kuia and 
they have provided support of cultural oversight for this proposal. 
Māori (and Pacific) children under the age of 1 year are at greater risk of contracting severe pertussis than 
children of other ethnicities. The difference between pertussis-related notification and hospitalisation rates 
across ethnicities for Q4 2013 is shown below. These data indicate that although the notification rates per 
100,000 are similar across Māori (8.6), Pasifika (17.6) and European and Other (11.7), the hospitalisation 
rate is considerably higher for Māori (21.4) and Pacific peoples (40.4) than for children from the European 
and Other (4.2) group (Table 1).  
 
While immunisation coverage for Māori and Pacific children has improved to the extent that coverage at age 
2 years is comparable for all ethnicities, Māori and Pacific children are still more likely to be delayed for 
receipt of their primary immunisation course at 6 weeks, 3 months and 5 months of age, leaving them at 
much higher risk of pertussis, particularly at an age where disease is more likely to be serious. Our research 
will contribute to knowledge about the effectiveness of our current pertussis vaccination schedule to reduce 
the incidence of hospitalisations and notifications in children. If our findings provide evidence supporting the 
effectiveness of an additional dose of pertussis vaccine in childhood the implementation o  this strategy is 
likely to provide a gain for all, but differentially more for Māori (and Pacific) infants who currently suffer more 
severe disease. 
 
Table 1. Number of pertussis notifications (cases per 100,000 population) by ethnicity (prioritised), Oct-Dec 
2013. (Source ESR)  

 
Dissemination strategy 

A progress report will be provided at the end of February at which point the vaccine effectiveness component 
is expected to be complete. Init al and immediate dissemination of final results, including the cost 
effectiveness component and VE measures for adolescents, plus key findings and recommendations will be 
via a report to the funder no later than 13 April 2015. The principal investigator and/or the lead 
epidemiologist will be available to provide a detailed presentation at the workshop hosted by the funding 
partner. Following initial reporting and presentation to the funding partner the investigators will prepare two 
manuscripts for publication in peer reviewed journals. It is anticipated there will be a vaccine effectiveness 
manuscript and a cost-effectiveness manuscript. An abstract will be submitted to the 2015 NZ Immunisation 
Conference  Additional infectious disease and/or vaccine related conferences will also be considered 
including European Society of Paediatric Infectious Diseases.  

Track record of the research team relevant to this proposal 

The research team has extensive research experience and publications in the areas of immunisation and 
primary care, with a recent focus on vaccine effectiveness and the use of large linkable datasets. We also 
have experience with the school-based vaccination system and the wide variety of stakeholders in the 
vaccination sector.  
 
Primary Health Care Research: In 2004 a large HRC/MoH study (IRS03/15) on the Primary Care and 
Health Professional Determinants of Immunisation Coverage study was undertaken. This work demonstrated 
the team’s ability to undertake complex studies within the Primary Care arena. The study resulted in 8 
publications.15-22 Building on our work to improve immunisation coverage was another HRC/MoH funded 
study (HRC #) called Early Connection: An intervention at the general practice level to improve immunisation 
coverage and timeliness in infants – a randomised controlled trial. The final report was submitted to HRC in 
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2011, followed by a peer-reviewed publication.23 Our third study receiving HRC funding was awarded in 
October 2012 (HRC #12/722). It is an intervention applying ‘best practice’ models to lower performing 
general practices - Translating Best Practice Research to Reduce Equity Gaps in Immunisation. However, 
the improvements in immunisation coverage nationally impeded the ability of this study to recruit sufficient 
poorly performing practices so in agreement with the funder the study has been changed to focus on 
characterising immunisation decliners, an area that emerged as important during the early stages of this 
work. Annual reports have been submitted.  
Working initially with colleagues in Australia our team conducted several surveys to quantify the risk and 
identify the brand of vaccine responsible for febrile convulsion in children in 2010. Through general practice 
we interviewed 4,500 parents of influenza-vaccinated children. The 98% response rate demonstrates our 
success at working with primary care practices. The work was funded by industry (Sanofi, GSK and CSL 
biotherapies). An invited presentation was delivered at the Global meeting on Collaborations in Vaccine 
Safety in France and published.24-26  
Examples of the researchers’ expertise in utilising these networks and data linkage to produce vaccine 
effectiveness estimates at the primary care and secondary service level are evidenced in the 2013 and 2014 
publications on influenza vaccine effectiveness in NZ, produced as part of the CDC-funded SHIVERS 
study.27 28  
 
Data Linkage and Epidemiological Research: The Pertussis Immunisation in Pregnancy Safety (PIPS) 
study is a large three-component study aiming to assess the safety of maternal pertussis vaccination in 
pregnant mothers and their infants. We are using data linkage to evaluate health outcomes in infants of 
mothers vaccinated with Tdap during pregnancy and to describe adverse events in these pregnant women. 
Data includes the NMDS for hospitalisations, the National Maternity Collection  the NIR, the General 
Immunisation Subsidies database and disease notification records from EpiSurv. We have used encrypted 
NHI Numbers to link these datasets. Study 1 is on track to be completed by mid-2015. Studies 2 and 3 were 
active safety surveillance studies analysis is underway. Preliminary findings were presented at the 2014 
Australian Immunisation Conference29 and final data have been prepared for analysis. Building on this safety 
study is the Pertussis Immunisation in Pregnancy Infant Outcomes (PIPIO) study. This is a MoH/HRC funded 
project (14/682) using a similar approach to PIPS study 1 to evaluate the effectiveness of fetal exposure to 
maternal pertussis vaccine against pertussis disease in infa cy. The study population will include all infants 
born alive in NZ to mothers who were 28–38 weeks gestation between 1/10/12 (the start of subsidised 
pertussis immunisation for pregnant women) and 31/12/13. The the study is on target to be completed by 
mid-2015. We have been using the same data linkage methodology to examine the impact and effectiveness 
of the pneumococcal conjugate vaccine on invasive pneumococcal disease, pneumonia and otitis media: 
Pneumococcal immunisation and hospitalisations for invasive pneumococcal diseases, all-cause pneumonia 
and otitis media in New Zealand between 2006 and 2014. This study commenced at the beginning of 2013 
and runs until 2015. First outputs based on data to 2012 on otitis media were presented at the 2014 
Australian Immunisation Conference30 and the first report, including all outcomes, has been provided to the 
funder. Results based on data through 2013 will be submitted to the funder in December 2014 and an 
abstract will be submitted for the 2015 Infectious Disease Conference in Auckland, followed by publication.  
We have previously utilised the school-based vaccination data for research. Human papillomavirus 
vaccination in Auckland: Reduc ng ethnic and socioeconomic inequities. We collaborated with staff from 
ADHB and linked school-based vaccination data and NIR data to assess the uptake of the funded HPV 
vaccine and the factors associated with coverage through school-based vaccination programmes in 
secondary schools and general practices in 2009.31  
 
Pharmacoeconomics: Dr Richard Milne has extensive experience in conducting cost effectiveness studies 
for NZ on pharmaceutical products. Previous evaluations provided and published include those for rotavirus, 
meningococcal and pneumococcal vaccines. 
For the proposed study we will be able to utilise the dataset we have developed for our current pertussis and 
pneumococcal work to address the overall and age specific effectiveness of pertussis vaccine in children up 
to eight years of age. To evaluate VE following the 11-year-old dose, we have reformed the successful 
relationships and processes that we used for our HPV school-based study in order to retrieve the school-
based vaccination data. To gain a complete picture of immunisation coverage in adolescents we will 
augment the school-based vaccination data with data from primary care. To extract the primary care data we 
will be collaborating with the primary care data extraction company DrInfo, with whom we already have an 
ongoing working relationship. 
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 MODULE 4. CONTRACT INFORMATION AND BUDGET 

 

Use the HRC Excel Spreadsheet ‘JV215-Budget.xls’ for Sections 4A – 4D. 

 

For the hardcopy of the application: 

Attach a printout of the spreadsheet Sections 4A-4D (Contract Information (Objectives and 

Milestones), Budget, MoU Budget(s) and FTE Summary) after this page of the application form. 

 

Ensure any page breaks are logically placed to facilitate review. 

 

For the electronic copy of the application: 

Upload the Excel and pdf file to HRC Gateway using the required file format. 
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Section 4E – Justification of Expenses 

Justification of Research Staff (as listed in budget) 

Helen Petousis-Harris FTE on proposed research
Helen is the Director of Research at the Immunisation Advisory Centre from where this study will be 
administered. She has been involved in immunisation related research for the past 16 years and has both 
qualitative and quantitative research experience including a PhD in vaccinology. She is currently leading 
similar studies including those which will provide the data for the infant component of this study. Helen will be 
responsible for the overall implementation of the project, drawing on the considerable expertise of her co-
investigators and other study contributors. Helen will also be involved in the analysis, interpretation, reporting 
and dissemination of the study results. 
 
Sarah Radke FTE on proposed research 
Sarah has extensive training and experience in advanced epidemiological and biostatistical methods and 
specialises in utilising large administrative and clinical databases to answer research questions of public 
health importance. Sarah has worked internationally in the academic, government and private sectors, and 
has an in-depth understanding of the NZ health system from previous positions with the Ministry of Health 
and Regional Public Health. Sarah is currently leading the data management and analyses of the team’s 
pneumococcal vaccine effectiveness and the effectivenss of the maternal pertussis booster in preventing 
pertussis disease in infants as well as the pertussis safety study. Sarah will oversee the acquisition and 
management of data and conduct the analysis of the data and be involved in the nterpretation and 
dissemination of the study results. 
 
Nikki Turner FTE on proposed research 
Nikki is the Director of the Immunisation Advisory Centre, and oversees all their activities, which include 
national and local immunisation coordination, education and training, a communication strategy, advice, 
research to inform service delivery and resource development. She has been extensively involved in a large 
range of immunisation-related activities for the past 15 years both in NZ and internationally covering service 
delivery planning, strategic planning, teaching and research. She has both qualitative and quantitative 
research experience in immunisation and an MPH focused immunisation. She will be involved in the 
planning, interpretation of results and dissemination of findings. 
 
Richard Milne. Sub-Contract 
Dr Richard Milne is a pharmacoeconomist with extensive expereince in conducting cost effectivenesss 
modelling for vaccines. Richard will carry out the cost effectiveness component of this work using the 
outcomes from the vaccine effectiveness study. It is estimated this work will take 4-5 weeks to complete. 
Justification of Working Expenses and Casual Staff (as listed in budget) 

The majority of the budget is attributed to the Named Investigators (NI) and the subcontractor.  
 
Project manager (0.4 FTE) 
The project manager will coordinate the workflow and manage the tight timelines. They will be responsible 
for liaising with the DHB collaborators and DrInfo to ensure the data from these sources is obtained within 
the timelines. The project manager will also be involved in gaining Primary Care consent for data extactions. 
 
Data Manager and Liaison (0.2 FTE) 
The data manager will support Dr Radke in the procurement, cleansing and analysis of data. This is 
particularly pertinent to the adolescent data from the DHBs. While the early childhood data is captured from 
existing NMDS data sets and NIR, for adolescents alternative ways to source vaccine exposures will be 
required. These activities increase the work required for both project management function and Data 
extraction systems (DrInfo). 
 
DrInfo The consultants from DrInfo will develop a data extraction query via Medtech databases to 
obtain the required adolescent data from general practices.  
 
Pharamcoeconomist . Dr Richard Milne 3-5 weeks to develop a model to evaluate the cost 
effectiveness of a toddler dose of vaccine. 
 
Data extraction and Encryption  to cover costs of data 
 

s 9(2)(b)(ii)

s 9(2)(b)(ii)

s 9(2)(b)(ii)

s 9(2)(b)(ii)

s 9(2)(b)(ii)

s 9(2)(b)(ii)
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Dissemination  Preparation of publications, reports, monographs and associated papers and 
conference presentation Conference attendance – the three NI’s to attend the National Immunisation  
Conference inclusive of registration fee, travel, accommodation, and meals. 
 
Travel  General Travel to DHB, primary care 
 
Biostatistician  Advisory fee payment for Biostatistician to review and validate work and results. 
 
MoH Hui-  Attendance of three NIs (venue tbc) Airfares/ mileage/taxis, accommodation and meals not 
include to brief the Ministry of Health on the findings of the study. 
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Section 6B – Administrative Agreement  

Only one signed copy of this page is required. This form must be returned to the HRC with the original 

copy of the contract application.   

Applications with an incomplete administrative agreement will not be accepted. 

 

All HRC applications must include an undertaking to abide by the following administrative agreement: 

1. It is understood and agreed that this application and any contract awarded as a result of this 

application is subject to the Health Research Council of New Zealand Rules (“Permissible Use of 

Research Funding and Operation of Contracts”).  Funds will not be expended for any other 

purpose than described in this application. 

2. The host institution agrees and undertakes to bear all risk and claims connected with any 

operation covered by this application and to indemnify and hold harmless the Council against 

any and all liability suits, actions, demands, costs or fees on account of death, injuries to 

persons or property, or any other losses resulting from or connected with any act or omission 

performed in the course of the research. 

3. The host institution agrees and undertakes to support for the duration of any contract, the 

work described in this application by making available accommodation, basic facilities for 

research and the services necessary for its fulfilment. 

4. The Head of Department agrees to accept this research within his/her department if a contract 

is made, agrees to provide workload relief for research staff working on this contract 

(Principles of Full Cost Funding), and is aware that s/he may be requested by the HRC to 

provide a confidential assessment of the research during the term of the contract. 

5. The host institution official designated below agrees to ensure that the research will have been 

approved, where necessary, by the appropriate institutional biosafety committee and/or all 

other required regulatory agencies before research is commenced. 

6. The applicant(s) agrees to allow specified personal information to be used for statutory and 

publicity purposes. 

7. The host institution has in place policies and processes to ensure that consultation with Maori 

has occurred and the application is responsive to the needs and diversity of Maori. 

 

We the undersigned have read the above administrative agreement and undertake to abide by the 

conditions of this agreement in respect of any contract made by the Health Research Council of New 

Zealand as a result of this application. We the undersigned confirm that the information provided in 

this application is to the best of our knowledge true, that all sections are correct at the time of 

application submission, that each NI agrees to the stated FTE% contribution and that funding to any NI 

from any source will not exceed 100 FTE%. 
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Section 7B – Economic Benefits 

This information is required for reporting to government and so is mandatory. Incomplete 

applications will not be processed. 

Describe the economic benefits that may arise from the research, or state if the economic 

returns will accrue from health benefits. If no direct economic benefits are anticipated, please 

state this rather than leaving the field blank. 

 

There are potential economic benefits from a health perspective if a toddler dose of pertussis vaccine 
is a cost effective intervention to reduce the burden of pertussis in children.  
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Reports from Auckland UniServices Limited should only be used for the purposes for which they 

were commissioned. If it is proposed to use a report prepared by Auckland UniServices Limited for a 

different purpose or in a different context from that intended at the time of commissioning the 

work, then UniServices should be consulted to verify whether the report is being correctly 

interpreted. In particular it is requested that, where quoted, conclusions given in UniServices reports 

should be stated in full. 
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EXECUTIVE SUMMARY 

Despite decades of widespread use of pertussis vaccines, pertussis has remained a significant public 

health challenge. Changes in vaccines, poor vaccine efficacy and waning immunity have variously 

been cited as reasons for the disease’s resurgence. NZ continues to experience regular pertussis 

epidemics with inter-epidemic periods of around 3 to 5 years, with the most recent starting in 2011 

and waning in 2015 with rates returning to inter-epidemic baseline.  

Estimates of the effectiveness of current pertussis vaccines and strategies vary by country and study. 

However, evidence indicates that acellular pertussis vaccines are efficacious but protection may 

wane after a short period. Further, such vaccines are unlikely to effectively prevent transmission. 

Given the limitations of pertussis vaccines, strategies need to focus on how best to use available 

vaccines in the public health setting. 

NZ currently uses a 3-dose primary series of pertussis vaccinations administered at 6 weeks, 3 

months and 5 months of age to provide protection until the fourth year when a booster is given. 

Another booster is given at age 11 years. The overall effectiveness of this programme in preventing 

pertussis is not known, nor is the potential impact of introducing an additional dose in the second 

year of life as a strategy to reduce whooping cough in children. Accurate estimates for the duration 

of vaccine-derived immunity are essential for informing booster strategies. 

The main purpose of this study was to measure the effectiveness of the current 3-dose primary 

schedule of pertussis vaccine against disease prevention and evaluate the potential impact and cost 

of adding a fourth dose in the second year of life. The study also aimed to measure the effectiveness 

of the fourth dose of vaccine given at age 4 years and the fifth dose given at 11 years. 

Methods 

A case-control design was used to estimate the effectiveness of pertussis vaccination. The study 

population for estimating the effectiveness of the 3-dose primary series and the 4-year-old booster 

were all children born between 1 January 2006 and 31 December 2013 who were enrolled in the 

National Immunisation Register (NIR). Pertussis-related hospitalisations were sourced from the 

National Minimum Dataset and notifications were sourced from EpiSurv. Hospitalisations and 

notifications were matched and combined to get all reported cases. Immunisation status was 

sourced from the NIR. Twenty controls per case were randomly sampled from the study population 

and matched on date of birth and DHB of residence. Two supplemental methods for sourcing 

controls were used to explore the appropriateness of the NIR as the source population for controls. 

The study population for estimating vaccine effectiveness following the 11-year-old booster included 

adolescents attending school and enrolled on the School Based Vaccination database in Auckland 

and Counties Manakau DHBs. Pertussis disease was sourced as for the younger ages. Immunisation 

status was sourced from the School Based Vaccination database and supplemented with data 

extracted from general practice clinical records.  

Demographic and clinical characteristics of cases were described. Demographic characteristics of 

cases and controls were compared using Pearson’s chi-square test for categorical variables and the 
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Wilcoxon two-sample test for continuous variables. All tests for assessing statistical significance 

were two-sided with α=0.05. All reported CIs are at the 95% threshold unless otherwise noted. 

Vaccine effectiveness was calculated using logistic regression. Separate models were fit with 

pertussis hospitalisations, notifications or all reports as the dependent variable and number of 

acellular pertussis vaccine doses as the independent variable. For the analysis of overall VE, all cases 

and controls between 6 weeks and 3 years of age were included. The analysis of VE stratified by age 

used the age groups 6 weeks to 2 months, 3 to 4 months, 5 to 11 months, 1 year, 2 years and 3 

years. Adjustment for potential confounding by sex, ethnicity and socioeconomic deprivation was 

made. For the analysis of 4- to 7-year-olds VE was stratified by age used the age groups 4 years, 5 

years, 6 years and 7 years. 

Key results 

There were 520,183 individuals in the study population of infants and children. Among them, 625 

pertussis hospitalisations and 2,028 non-hospitalised pertussis notifications occurred among children 

less than 4 years of age, and 775 non-hospitalised pertussis notifications occurred in children aged 4 

to 7 years of age between 2006 and 2013. 

Vaccine effectiveness against hospitalisations in children aged 6 weeks to 3 years 

Vaccine effectiveness of one dose of vaccine against pertussis hospitalisation was 28% (1, 48) in 

children aged 6 weeks to 2 months; 55% (27, 72) in children aged 3 months to 4 months; and 85% 

(64, 94) in children aged 5 months to 11 months. VE of two doses of vaccine was 81% (66, 89) in 

children aged 3 months to 4 months and 91% (83, 95) in children aged 5 months to 11 months. The 

VE of three doses of vaccine was 93% (87, 96) in children aged 5 months to 11 months; 95% (88, 97) 

in children aged 1 year; 90% (72, 96) in children aged 2 years; and 98% (92, >99) in children aged 3 

years. 

There was no evidence for waning of vaccine effectiveness against hospitalisation in children up to 3 

years of age. 

Vaccine effectiveness against notifications in children aged 6 weeks to 3 years 

Vaccine effectiveness of one dose of vaccine against pertussis notification was 7% (-63, 57) in 

children aged 6 weeks to 2 months;  37% (-11, 65) in children aged 3 months to 4 months; and 61% 

(30, 78) in children aged 5 months to 11 months. VE of two doses of vaccine was 66% (39, 81) in 

children aged 3 months to 4 months and 83% (73, 89) in children aged 5 months to 11 months. The 

VE of three doses of vaccine was 85% (79, 89) in children aged 5 months to 11 months; 88% (84, 90) 

in children aged 1 year; 87% (83, 90) in children aged 2 years; and 83% (79, 87) in children aged 3 

years. 

There was no significant waning in vaccine effectiveness against pertussis notification. 

Vaccine effectiveness against all reported pertussis in children aged 6 weeks to 3 years 

Vaccine effectiveness of one dose of vaccine against all reported pertussis was 26% (-1, 46) in 

children aged 6 weeks to 2 months;  50% (29, 66) in children aged 3 months to 4 months; and 70% 

(52, 81) in children aged 5 months to 11 months. VE of two doses of vaccine was 75% (63, 83) in 
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children aged 3 months to 4 months and 86% (80, 90) in children aged 5 months to 11 months. The 

VE) of three doses of vaccine against pertussis notification was 87% (83, 90) in children aged 5 

months to 11 months; 88% (85, 91) in children aged 1 year; 87% (84, 90) in children aged 2 years; 

and 84% (80, 87) in children aged 3 years. 

Vaccine effectiveness against notification in children aged 4 to 7 years 

For all four age years the effectiveness against non-hospitalised pertussis notifications of three doses 

of vaccine was 89% (86, 92) and for four doses 92% (90, 93). Vaccine effectiveness of three doses in 

children aged 4 years was 90% (86, 93) and 93% (90, 95) for four doses. In children aged 5 years this 

was 90% (84, 94) and 93% (9, 95) respectively. 

In children aged 6 years vaccine effectiveness for three doses was 87% (74, 94) and 88% (82, 92) for 

four doses. There were very few notifications for children aged 7 years (n=29). Vaccine effectiveness 

for this age group was 87% (30, 98) for three doses and 91% (73, 97) for four doses. 

Vaccine effectiveness against notification in adolescents aged 11 to 18 years 

A total of 62,059 children were included in the study population of adolescents. Of these, 50,046 

(81%) were recorded as receiving the 11-year-old booster pertussis vaccine and 1,245 (2%) were 

recorded as declining to be immunised. Among adolescents 11–18 years of age across NZ, 1,501 

pertussis notifications were received between 2006 and 2013. Of these, only 41 (3%) were included 

in the study population. Vaccination status was definitively determined for 32 (78%) of the 41 

children with pertussis notifications, with 26 (81%) vaccinated and only eight (20%) unvaccinated. 

Eight children in the unvaccinated case category are oo few to contribute to a meaningful and valid 

VE estimate. We therefore, regrettably, did not pursue VE calculations for adolescents aged 11–18 

years. 

Conclusions 

Vaccine effectiveness for a 3-dose primary course against hospitalisations in children aged 6 weeks 

to 3 years was high and there was no evidence of waning protection. VE against notifications in this 

age group after three doses was slightly lower than for hospitalisations; however, no significant 

waning was apparent   

In children aged 4 to 7 years the overall VE remained high for four doses. Protection remained high 

through to 7 years although the smaller cohort at this age and few case numbers has resulted in 

some imprecision. 

There is no indication a toddler booster is required to prevent hospitalisations and the more severe 

end of the disease spectrum and discussions around a rationale to prevent milder disease are 

warranted. Similarly, there is no evidence for waning after the 4 year booster out to age 7 years. 

However it is likely that the NZ notification data is skewed to include the more severe end of the 

disease spectrum. Given this our result is limited to informing VE against severe illness and may not 

be as useful for drawing conclusions about more mild illness.  
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The results from this study do not demonstrate waning of vaccine protection. However it is possible 

that we have not been able to detect waning against mild disease. Further work is required if this 

question is to be answered for NZ. 
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1. BACKGROUND 

Despite decades of widespread use of pertussis vaccines the disease has remained a significant 

public health challenge. Changes in vaccines, poor vaccine efficacy and waning immunity have 

frequently been cited as a primary reason for apparent resurgence. 

1.1. Pertussis epidemiology 

Despite widespread gains in disease control with immunisation programmes, pertussis remains a 

major global public health problem, occurring across the age spectrum. Young infants in particular 

remain at risk of serious disease, which continues to cause fatalities in both developed and 

developing countries. Natural immunity to pertussis is inadequate to prevent recurrent disease and 

our incomplete understanding of the pathogenesis and immunology of Bordetella pertussis infection 

and of pertussis disease hinders the development of vaccines that provide sustained protection 

against disease and effective prevention of B. pertussis transmission. Therefore, current strategies 

need to revolve around how best to use the existing vaccines. 

NZ continues to experience regular pertussis epidemics with inter-ep demic periods of around three 

to five years with the most recent starting in 2011 and waning in 2015 when rates returned to inter-

epidemic baseline. The under-1-year-old infants are the most vulnerable to severe disease with a 

cumulative notification rate in 2012 of 606.1 per 100,000. Ethnicity data for 2012 show that the 

highest notification rate was amongst the European ethnic group (148.5 per 100,000 population) 

followed by Māori (126.8 per 100,000). In the under 1-year-old age group, Māori had the highest 

notifications (862.4 per 100,000), followed by Pacific people (742.0 per 100,000). The European 

ethnic group had the highest notifications across all other age groups. The highest proportion of 

cases hospitalised by ethnic group were for Pacific people (24.1% of cases) then Māori (14.7%). 

While higher notification rates have been evident in Europeans since pertussis became a notifiable 

disease in 1996, hospital admission rates are higher for Māori and Pacific children (1, 2). 

In 2012, two pertussis deaths were reported: one in an unimmunised 3-year-old with underlying 

health issues and one in a premature infant aged less than 6 weeks old. 

Geographically, the rate of notifications in 2012 was highest in the Nelson-Marlborough DHB (452.5 

per 100,000), followed by the West Coast (421.7 per 100,000). 

The vaccination status was known for 1,513 of the 2,305 confirmed notified cases with known age. 

Almost one third (541) were not vaccinated, including 22 cases of infants aged less than 6 weeks old 

(not eligible for vaccination). One hundred and sixteen cases reported were fully vaccinated. 

In NZ, cases of pertussis are confirmed by culture of the organism, detection of B. pertussis DNA by 

PCR from nasopharyngeal swabs or epidemiologically linked to a confirmed case. The majority of 

pertussis cases are confirmed by PCR, but some culture isolates are sent to ESR for further 

characterisation and storage.  Rele
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1.2. Efficacy and effectiveness of pertussis vaccines 

Vaccine efficacy  

Summary data from vaccine efficacy trials with a case definition similar to the WHO definition (≥ 21 

days paroxysmal cough with positive culture or PCR) show vaccine efficacy ranging from 78% to 93% 

(3). A 2012 Cochrane review concluded the efficacy of multicomponent vaccines is approximately 

85% in preventing typical whooping cough and from 71% to 78% in preventing mild pertussis disease 

(4). Where data were available for the population who did not complete all scheduled doses, efficacy 

was only marginally lower than in those who had received all vaccine doses. Studies from Japan, the 

US and Canada have all confirmed the effectiveness of national programmes with acellular pertussis 

vaccines (4); however, the duration of vaccine-induced immunity from acellular pertussis vaccines is 

frequently reported as relatively short. 

Vaccine effectiveness and duration of protection 

Vaccine effectiveness data for the DTaP vaccine Infanrix® (GlaxoSmithKline) suggest that following a 

primary course and booster dose in infancy a gradual waning of vaccine-induced protection occurs 

over a period of 4 to 6 years (5). A number of studies have examined the duration of protection 

offered by current pertussis vaccines and schedules. Generally, cases increase proportionally to the 

interval since the last dose of vaccine (6). Rapid waning is also observed within 5 years of a fifth dose 

(given before age 7) with the odds of pertussis increasing by an average of 42% per year following 

the last dose (7). Effectiveness at 5 years or longer since the fifth dose has been estimated at 71% 

(45.8–84.8%) (8). Seroprevalence studies suggest antibody concentrations against B. pertussis 

antigens decrease from 1 to 6 years after vaccination, then increase again, which is most likely the 

result of natural infection (9, 10).  

Recent Australian data have shown that three doses were highly effective in the first year of life at 

83.5% (79.1–87.8); however, effectiveness declined between 2 and 3 years of age to 70.7% (64.5–

75.8%) and further between 3 and 4 years of age to 59.2% (51.0–66.0%) (11). Without a booster 

dose immunity waned more rapidly between 2 and 4 years than that previously documented in 

children over 6 years of age who received a toddler dose (11). In addition, while a booster at 15 to 

18 months reduces disease in preschool children it may be insufficient to prevent disease in 8- to 12-

year-olds (6).  

Another major challenge in controlling pertussis is that recent data indicate that acellular vaccines 

may not prevent colonisation or transmission, severely limiting their capacity to provide herd 

immunity (12-14). This means that young infants, who are at the highest risk of pertussis disease, 

may not gain any additional protection through increased immunisation of older age groups. Recent 

data from the UK suggest that the most effective means of protecting the youngest infants is 

through pertussis immunisation during pregnancy (15), which is currently funded in NZ.  

One of the challenges in comparing effectiveness studies from different populations is that there are 

a range of acellular pertussis vaccines in use internationally in a variety of diverse schedules. 

Summary data from nine acellular vaccine efficacy trials with pertussis antigenic components varying 

from one to up to six and a case definition similar to the WHO definition of  ≥ 21 days paroxysmal 

cough with positive culture or PCR, is reported in Plotkin et al (3). These data show a wide range of 

vaccine efficacy results from 36% to 93%. 
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Summary conclusions from Plotkin et al. are that the monocomponent vaccine, which has 50% more 

pertussis toxoid (PT), appears to be more effective than the two-component vaccine in preventing 

the most severe manifestations of disease. On the other hand, the two-component vaccine 

appeared to be more effective in preventing mild or moderate disease. Earlier efficacy results 

suggested that acellular vaccines were substantially less efficacious than whole-cell, although later 

studies suggested that efficacy would have been higher had a standard three-dose schedule been 

used and a whole-cell control group had been included (3). 

NZ currently uses a 3-dose primary series of pertussis vaccinations administered at 6 weeks, 3 

months and 5 months of age to provide protection until the fourth year when a booster is given. 

Another booster is given at age 11 years. The overall effectiveness of this programme in preventing 

pertussis is not known, nor is the potential impact of introducing an additional dose in the second 

year of life as a strategy to reduce whooping cough in children. 
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2. AIMS 

1. Measure the effectiveness of the current 3-dose (3+0) primary schedule of pertussis vaccine 

against disease prevention and compare with the impact of adding a fourth dose in the 

second year of life (3+1 or ‘toddler’ dose). 

a) Measure the overall VE and VE by age bands against pertussis hospitalisation and 

notifications following the current 3+0 schedule of pertussis vaccine. 

b) Estimate the additional protection against notifications that may be gained by 

administering a 3+1 schedule of acellular pertussis vaccine. 

2. Compare the cost-effectiveness of using a 3+0 versus a 3+1 schedule for pertussis 

immunisation during the first 2 years of life. 

3. Measure the overall VE and VE by age bands against pertussis notifications following the 

current fourth dose of acellular pertussis vaccine scheduled at 4 years of age  

4. Measure the overall VE and VE by age bands against pertussis notifications following the 

current fifth dose of acellular pertussis vaccine scheduled at 11 years of age. 

3. HYPOTHESES 

1. a) The current 3+0 schedule provides protection against pertussis disease; however, 

protection declines over time.  

b) A 3+1 schedule prevents more pertussis disease between 2–<4y of age than a 3+0 

schedule. 

2. The additional disease prevention benefit of a 3+1 schedule outweighs the cost of providing 

the additional dose. 

3. The current 4-year-old dose provides protection against pertussis disease; however, 

protection declines over time. 

4. The current 11-year-old dose provides protection against pertussis disease; however, 

protection declines over time. 

4. SPECIFIC OBJECTIVES 

1. a) Calculate overall and age-specific VE of the 3+0 immunisation series against pertussis 

disease among children less than 4 years of age by: 

i. Using pertussis hospitalisation data for overall VE (ages 6w–<4y). 

ii. Using pertussis notification data for overall VE (ages 6w–<4y). 

iii. Using pertussis hospitalisation data and two categorical age grouping (ages 6w–<4m, 

4m–<6m, 6m–<1y, 1–<2y, 2–<3y and 3–<4y; ages 15m–<2y, 2–<3y and 3–<4y). 

iv. Using pertussis notification data and two categorical age groupings (6w–<4m, 4m–

<6m, 6m–<1y, 1–<2y, 2–<3y and 3–<4y; ages 15m–<2y, 2–<3y and 3–<4y). 

v. Using pertussis hospitalisation and notification data and modelling age as a 

continuous variable. 

b) Calculate separately the number of pertussis hospitalisations and notifications that may 

be averted prior to 4 years of age if an extra dose of acellular pertussis vaccine was 

administered at 15 months or at 2 years of age.  
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2. Provide a basic comparison of the cost effectiveness of a 3+1 pertussis vaccine schedule, 

inclusive of immunisation, hospital admissions and GP consultations. 

3. Calculate overall and age-specific VE of the current fourth dose scheduled at 4 years of age 

against pertussis disease among children 4–<8y of age.  

a) Using pertussis notification data for overall VE (ages 4–<8y).  

b) Using pertussis notification data and the categorical age groups 4–<5y, 5–<6y, 6–<7y 

and 7–<8y among children born in 2006. 

c) Using pertussis notification data and the categorical age groups 4–<5y, 5–<6y and 6–

<7y among children born in 2006–2007. 

4. Calculate overall and age-specific vaccine effectiveness of the current fifth dose scheduled at 

11 years of age against pertussis disease among children 11–<19 years of age. 

a) Using pertussis notification data for overall VE (ages 11–<19y).  

b) Using pertussis notification data and the categorical age groups 11–<13y, 13–<15y, 

15–<17y and 17–<19y. 
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5. PROGRESS AGAINST MILESTONES 

Contract signed 

22 January 2015 

Ethics committee approval  

Ethical approval was granted 10 February 2015. 

Locality authorisation was obtained from Auckland District Health Board (ADHB) 24 February 2015 

and from Counties Manukau District Health Board (CMDHB), 11 March 2015. 

Data extraction 

Data from ESR, the MoH, ADHB, CMDHB and from PMS via DrInfo have been extracted and received 

by the study researchers.  

Interim report 

An interim report was provided on the 20 March 2015. 

Presentation of results 

Results were presented by Dr Radke at a pertussis workshop in Auckland on 30 April 2015.  

Final report 

Delays in data acquisition from primary care resulted in delays in conducting the third sampling 

methods and assessing the 11-year booster effectiveness. These analyses have now been completed 

and are included in this report.  

6. ISSUES AND CONCERNS 

The results show that the primary cou se (3+0) is effective with no evidence of significant waning 

through the first 3 years of life. In view of these findings it is unlikely that there will be any significant 

cost benefit in introducing a booster dose in the second year of life. On the basis of these results,  

the original purpose of objective 1b and 2 of the study—to estimate cases averted and the provision 

of a basic comparison of the cost effectiveness of a 3+1 pertussis vaccine schedule, inclusive of 

immunisation, hospital admissions and GP consultations—is now unnecessary. 

7. METHODS 

7.1. Definitions 

VE estimates and 95% confidence intervals (CIs) are based on the relevant ratio effect measure using 

the formula 𝑉𝐸 = 1 − 𝑅𝑎𝑡𝑖𝑜 𝑒𝑓𝑓𝑒𝑐𝑡 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑥 100%.  

Pertussis hospitalisation is defined as a hospitalisation event with an ICD-10-AM discharge diagnosis 

code of A37.0, A37.1, A37.8 or A37.9. Hospitalisation events marked as ‘short stay ED’ events (where 

specialty code is M05, M06, M07 or M08 and length of stay is 0 or 1 days) are excluded. Where an 

individual child has more than one pertussis hospitalisation, only the first is used. 
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Pertussis notification is defined as pertussis reported via electronic laboratory alerts or clinicians to 

EpiSurv with a status of suspect, probable or confirmed. Excluded were records for individuals who 

had a pertussis hospitalisation as defined above. These records are also referred to as non-

hospitalised notifications. Where an individual child has more than one pertussis notification, only 

the first is used.  

All reports of pertussis include the initial record of either hospitalisation or notification (as defined 

above). 

The index date is the date related to pertussis case identification, that is, the date of hospital 

admission or notification reporting. 

A non-cough related visit to the general practice was determined by extracting text from the clinical 

notes. If the word “cough” did not appear in the clinical notes for a given visit, that visit was 

considered non-cough related. If the word “cough” did appear in the clinical notes fo  a given visit, 

five words from either side (a total of 11 words) were extracted to differentiate negative from 

positive mentions of “cough”. For example, clinical notes that included the text strings “no cough” or 

“does not have a cough” were considered non-cough related. 

7.2. Data sources 

The analyses utilise the following existing data sources:  

National Health Index (NHI) Database—contains demographic information for all people born in NZ 

and for people born outside of NZ who access the healthcare system (note: the NHI database 

includes records for travellers and other people who do not live in NZ). A person’s NHI number, date 

of birth, date of death and gender are static; however, the remaining data fields may change over 

time. Data fields relevant to this study include NHI (encrypted), date of birth, date of death, gender, 

prioritised ethnicity, geographic area of residence and socioeconomic deprivation level.  

National Immunisation Register (NIR)—a register of all immunisation enrolments and events as per 

the Childhood Immunisation Schedule. The NIR includes records for children born from 2005 

onwards. Relevant data fields include NHI (encrypted), vaccine type, antigen type, vaccination status 

and vaccination date.  

National Minimum Data Set (NMDS)—includes records of all publicly funded hospital discharges in 

NZ. Data fields relevant to this study include NHI (encrypted), admission event ID, facility code, 

admission date, discharge date, length of stay and ICD-10 diagnosis code (the primary plus up to 99 

diagnosis codes are available for each admission event). 

EpiSurv— includes records of all disease notifications. Data fields: encrypted NHI number, report 

source, report date, disease, case status, symptom onset date, laboratory test results and other risk 

factor information. Source: ESR 

School Based Vaccination data (SBV)—contain information about all immunisation events that are 

delivered as part of the school year 7 and year 8 immunisation programmes. Data fields: encrypted 

NHI number, vaccine type, vaccination status and vaccination date. Source: ADHB and CMDHB 
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Data extracted from general practice management systems (PMS)—PMS data are maintained by 

individual general practices and contain a wide assortment of information about patients and their 

health visits, including information related to any 11-year-old scheduled pertussis immunisation 

given in the general practice instead of through the school immunisation programmes. Data fields: 

encrypted NHI number, vaccine type, vaccination status, vaccination date, visit dates and a limited 

selection of text from the clinical notes field to indicate whether a given visit was related to a 

coughing illness. Source: individual general practices via DrInfo (https://www.drinfo.co.nz/) 

Primary Health Organisation (PHO) Enrolment Collection—contains longitudinal information about 

enrolment in general practices across New Zealand (NZ). Data fields: encrypted NHI number, general 

practice name and quarterly enrolment dates. 

7.3. Data extraction and coordination 

The data described above were extracted by different organisations at different times (Figure 4). 

Data from ESR, ADHB, CMDHB and from PMS via DrInfo were initially sent to the MoH who 

encrypted all NHI numbers before forwarding the de-identified data to the researchers. Prior to 

ADHB and CMDHB providing SBV data, the study researchers obtained ocality authorisation from 

the respective district health boards (DHBs). Prior to DrInfo extracting data from PMS, the study 

researchers identified the general practices from which cases were enrolled at the time of pertussis 

disease. Study researchers contacted these practices, provided information about the study and 

sought written consent for DrInfo to access the data in their PMS (Appendix 1 & 2). Only after 

agreement to participate did DrInfo extract data from a practice PMS. 

7.4. Data management 

Data sources are linked across individuals by encrypted NHI number. Due to the administrative 

nature of the data sources, we do not expect large amounts of missing data. Where information for 

a single data field is missing in ≤ 5% of records, complete case analysis has been used. Where 

information is missing in > 5% of records, we explore the reason for missingness and, if appropriate, 

employed multiple imputation techniques. 

7.5. Data security and confidentiality 

All data were de-identified by encrypting NHI numbers. Data are stored on a secure server at the 

University of Auckland and, in accordance with the NZ ethical guidelines, are accessible only by study 

investigators  

7.6  Ethics 

Ethics approval (ref. 15/NTA/1) for this study was obtained from NZ’s Health and Disability Ethics 

Committee. Locality authorisation to access their SBV data was obtained from ADHB (ref. 6610) and 

CMDHB (ref. 2031). 

7.7. Study design 

We are performing matched case-control studies to address aims 1, 3 and 4. A separate economic 

model was planned to address aim 2. 
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7.8. Sample size 

Because the sample size is fixed, we calculated the power available to detect a statistically significant 

difference between exposure groups (Figure 5). Among the NIR birth cohorts, 486 infants <1y were 

notified with pertussis between 2006 and 2013. This number increased to 618 for 3-year-olds before 

decreasing to 81 among 7-year-olds. Assuming 90% of the NIR birth cohorts received all three doses 

of the primary series, we will have over 80% power to detect an odds ratio of 1.28 or greater in the 

1-year-old age group, 1.24 or greater in the 3-year-old age group and 1.75 or greater in the 7-year-

old age group. 

7.9. Methods for objective 1a 

Study population  

The study population for objective 1a included all children born between 1 January 2006 and 31 

December 2013 who were enrolled on the NIR. Children whose details were ever opted-off the NIR 

were excluded. It is important to note that data from the NIR were based on birth cohort enrolment, 

beginning with births that occurred in 2006. Therefore, the study population included eight birth 

cohorts that aged to their first birthday, but only five birth cohorts that aged to their fourth birthday 

during follow-up (Figure 1). 

 

Figure 1: Diagram of study population of objectives 1a and 3 

Pertussis cases were defined in three ways. First, hospitalised cases were selected from NMDS 

records with an ICD-10-AM discharge diagnosis code of A37.0, A37.1, A37.8 or A37.9 in the primary 

or any of the 99 available secondary diagnosis fields. Hospitalised cases were children who were less 

than 4 years of age and admitted between 1 January 2006 and 31 December 2013. Hospitalisation 

events marked as ‘short stay ED’ events (where specialty code was M05, M06, M07 or M08 and 
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length of stay was 0–1 days) were excluded. Second, notified cases were selected from EpiSurv 

records with pertussis classified as suspect, probable or confirmed* and where there was no record 

of hospitalisation for pertussis in the NMDS (i.e., we limited to non-hospitalised notifications). 

Notified cases were children who were less than 4 years of age and reported to EpiSurv between 1 

January 2006 and 31 December 2013. Third, we combined hospitalisations and notifications (as 

defined above) to get all reported cases. Where there same person was identified in both 

hospitalisations and notifications, we included the initial hospitalisation record.  

Controls were children randomly sampled via incidence density sampling† from the study population 

(i.e., children enrolled on the NIR who had never had their details opted-off). Twenty controls were 

selected per case, matched on date of birth and DHB of residence. To ensure cases were not 

matched to themselves, we selected eligible controls born on the day before or the day after the 

birth date of the case. If 20 controls fitting these criteria were not available, we relaxed the matching 

requirement on age progressively by day until 90 days either side of the case birthdate. Controls 

were assigned an index date equal to the pertussis date (admission date for hospitalisations or 

report date for notifications) for their matched case. 

Because notification data are heavily reliant on individuals seeking health care and on health care 

professionals reporting suspected disease, we performed two supplemental analyses in order to 

confirm the validity of our control selection (relevant only for analyses with notifications or all 

reports as the outcome). In the first supplemental analysis we used the PHO Enrolment Collection to 

identify the general practice where each case was enrolled at the time of notification. We randomly 

sampled controls from individuals enrolled at the same general practice as the case, matched on 

date of birth. In the second supplemental analysis we used both the PHO Enrolment Collection and 

the PMS data to randomly sample controls from individuals both enrolled at the same general 

practice as the case and having a non-cough related visit within one week before or after the case’s 

notification date. For both supplemental analyses, we further matched on date of birth being one 

day before or after that of the case. For the first supplemental analysis, if eligible controls failed to 

materialise we relaxed the ma ching requirements on age (progressively by day until 60 days either 

side of case’s birthdate). Fo  the second supplemental analysis, if eligible controls failed to 

materialise we relaxed the matching requirements on age (by 60 days for cases <1 year, 180 days for 

cases 1–4 years, 365 days for cases 5–10 years and 730 days for cases >10 years of age – this tiered 

approach aimed to ensure an adequate number of available controls) and on the visit date for a non-

cough related illness (progressively by day until 60 days either side of the case’s notification date).  

The exposure of interest was number of pertussis vaccine doses received prior to the index date. 

Immunisation status for cases and controls was ascertained using the NIR. A dose was considered 

received if it was administered at least 14 days prior to pertussis onset. Any dose received by a 

                                                           
* Confirmed=a clinically compatible illness that is laboratory confirmed or epidemiologically linked to a confirmed case; 
Probable=a clinically compatible illness with a high B. pertussis IgA test or a significant increase in antibody levels between 
paired sera at the same laboratory OR Cough lasting longer than 2 weeks and one or more of the following for which there 
is no other known cause: paroxysmal cough, cough ending in vomiting or apnoea, inspiratory whoop; Suspect (in children 
under 5 years of age)=any paroxysmal cough with whoop, vomit or apnoea for which there is no other known cause. 
† Incidence density sampling specifications: a control cannot be selected before entry to the cohort, after loss to follow-up, 
after death or after becoming a case; a control who subsequently develops disease can also serve as a case; and the same 
individual can be used as a control for more than one case. 
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control after 14 days prior to the date of disease onset in their matched case was not considered. As 

sensitivity analyses we repeated our analyses using a 7-day interval and a 0-day interval. 

Cases and controls with missing NHI numbers or inexplicable vaccination records (e.g., a child with 

records for 7 doses by age 4) were excluded from the analysis. 

Statistical analysis 

Demographic and clinical characteristics of cases were described. Demographic characteristics of 

cases and controls were compared using Pearson’s chi-square test for categorical variables and the 

Wilcoxon two-sample test for continuous variables. All tests for assessing statistical significance 

were two-sided with α=0.05.  

We used conditional logistic regression to calculate VE. Separate models were fit with pertussis 

hospitalisations, notifications or all reports as the dependent variable and number of acellular 

pertussis vaccine doses as the independent variable. For the analysis of overall VE, all cases and 

controls between 6 weeks and 3 years of age were included. The analysis of VE stratified by age used 

the age groups 6 weeks to 2 months, 3 to 4 months, 5 to 11 months, 1 year, 2 years and 3 years. A 

separate conditional logistic regression model will be fit including data  for children 6m–<4y of age, 

with pertussis notifications as the dependent variable and a continuous age-vaccination status 

interaction variable fitted with fractional polynomials as the independent variable. 

Potential confounding by sex, ethnicity and socioeconomic deprivation was measured using the 

change in estimate method with a cut-off of 10% from the formula ln|(unadjusted effect 

estimate)/(adjusted effect estimate)|. Where confounding was observed, the relevant covariable 

was included in the regression model. Where a covariable did not meet the definition of 

confounding, it was retained in the model if its inclusion did not reduce model fit nor precision of the 

effect estimate. 

Objective 1b 

Because there was no evidence of waning immunity in objective 1a, this analysis was superfluous 

and therefore not performed. 

7.10. Methods for objective 3 

Study population 

The study population for objective 3 was the same as that for objective 1a, and again the birth 

cohort structure of the NIR was relevant. The study population included four birth cohorts that aged 

from their fourth to their fifth birthday, but only a single cohort that aged from their seventh to their 

eighth birthday during follow-up (Figure 1). 

Pertussis cases were defined similarly to the third definition for objective 1a, except the age range of 

interest was 4–7 years. Specifically, pertussis cases for objective 3 were notified cases selected from 

EpiSurv records with pertussis classified as suspect, probable or confirmed and where there was no 

record of hospitalisation for pertussis in the NMDS. We limited the analysis to non-hospitalised 

notifications because the sample size in this age group was not large enough to examine severity of 

disease as a potential effect measure modifier of the relationship between duration of vaccine-

induced immunity and pertussis illness. Children who are hospitalised for pertussis are much sicker 
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than those who have pertussis but are not admitted to hospital. This is especially true for older 

children because pertussis illness tends to be milder with age. In the younger age group (<4 year 

olds) where pertussis numbers were greater, we were able to account for this potential modification 

by analysing hospitalisations separately from non-hospitalised notifications. For the 4- to 7-year-old 

age group it was not possible to do meaningful analysis including only hospitalisations because the 

numbers were too small, especially when dividing the hospitalisations across the individual age 

bands to assess duration of immunity (4-year-olds, 5-year-olds, etc.). To obtain a result free of 

modification bias by disease severity, we limited the analysis to the more homogenous group of non-

hospitalised notifications, for which there was an adequate sample size to perform the VE 

calculations. Controls were selected for the main and supplementary analyses as per objective 1a. 

Immunisation status for cases and controls was also established as per objective 1a. 

The exposure of interest was defined as for objective 1a. 

Cases and controls with missing NHI numbers or inexplicable vaccination records (e.g., a child with 

records for 7 doses by age 4) were excluded from the analysis. 

Statistical analysis 

Demographic and clinical characteristics of cases were described. Demographic characteristics of 

cases and controls were compared as for objective 1a. 

We used conditional logistic regression to calculate VE. Pertussis notifications were the dependent 

variable and number of acellular pertussis vaccine doses received prior to the index date was the 

independent variable. For the analysis of overall VE, all cases and controls between 4 and 7 years of 

age were included. The analysis of VE stratified by age used the age groups 4 years, 5 years, 6 years 

and 7 years.  

Potential confounding was addressed as for objective 1a. 

7.11. Method for objective 4 

Study population  

The study population included adolescents enrolled at schools during Year 7 in ADHB and CMDHB. 

Cases were adolescents with notified pertussis after turning 11 years of age but before turning 19 

years of age. Because immunisation records for 11-year-olds are not yet held on the NIR, we could 

not replicate control selection as per the main analysis for objective 1. We instead sampled controls 

from the SBV records for ADHB and CMDHB. 

The vaccination status of cases and controls was ascertained using the SBV data. Any doses received 

by a control after the date of disease onset in their matched cases will not be considered.  

Statistical analysis  

The analysis will replicate that of objective 1a, with overall VE between 11–<19y of age and age 

bands defined as 11–<13y, 13–<15y, 15–<17y and 17–<19y. If necessary, due to small numbers, age 

bands may be collapsed. 
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8. RESULTS 

Study population  

There were 531,640 children born between 2006 and 2013 who were enrolled on the NIR. Of these 

11,457 (2%) had their details opted off the NIR, leaving a study population of 520,183 children. 

Pertussis cases 

There were a total of 835 hospitalised cases and 2,069 notified cases among children who were less 

than 4 years of age. One (<1%) hospitalised case and three (<1%) notified cases were excluded 

because their vaccination records were inexplicable (e.g. a child with records for 7 doses by age 

four). Twenty-five (1%) notified cases were excluded because of missing NHI numbers. These 25 

notified cases made up nearly one-third of a total 79 cases less than 19 years of age who had missing 

NHI numbers. These 79 pertussis cases with missing NHI numbers were more likely to be older, to 

reside in the Northern or Southern regions of NZ, to be notified earlier, to be classified as a probable 

case and to have had a cough lasting more than 2 weeks compared to pertussis cases with non-

missing NHI numbers (Table 10). Cases with missing NHI numbers were less likely to have laboratory 

confirmation of pertussis compared to cases with non-missing NHI numbers. 

For pertussis notifications the rates were highest in infants and children over 6 weeks of age and 

lowest in infants less than 6 weeks of age. Infants 6 weeks to 2 months and 3 to 4 months had the 

highest rates of notifications (Figure 2). 

 

Figure 2: Rates per 100,000 of pertussis notifications 2006–2013 for children under 4 years of age 
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The highest rates of hospitalisations were in infants aged 2 months and younger, declining with age 

thereafter (Figure 3). 

 

Figure 3: Rates per 100,000 of pertussis hospitalisations 2006–2013 for children under 4 years of age 

Pertussis hospitalisations in children aged 6 weeks to 3 years of age differed from controls by 

ethnicity (p<0.001), by social deprivation (p<0.001) and by number of doses (p<0.001). Both Māori 

and Pacific made up larger proportions of cases than of controls. Cases were more likely to be 

unvaccinated (i.e., zero doses) than controls (Table 11). 

For pertussis notifications in children 6 weeks to 3 years of age, cases and controls were similar for 

deprivation index (p=0.147) but differed by ethnicity (p=0.007). Cases were slightly less likely to be 

Māori or Pacific compared to controls. Cases and controls also differed by vaccination status 

(p=0.006), with cases less likely to have been vaccinated (Table 12). 

Similarly, among all reported pertussis cases in children 6 weeks to 3 years of age, cases and controls 

did not differ significantly on deprivation (p=.067) but did so on ethnicity (p<0.001), with cases and 

controls equally likely to be Pacific and cases more likely to be Māori compared to controls. Cases 

also differed significantly from control in number of doses (p<0.001). Cases were more likely to be 

unvaccinated than controls (Table 13). 

For notified pertussis in children aged 4 years to 7 years of age, cases differed from controls in 

ethnicity (p<0.001),  deprivation (p<0.001) and vaccination status (p<0.001), with cases more likely 

to be European/Asian/Other  and more likely to be unvaccinated than controls (Table 14). 
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8.1. Results for objective 1 

a) Calculate overall and age-specific VE of the 3+0 immunisation series against 
pertussis disease among children less than 4 years of age by: 

i. Using pertussis hospitalisation data for overall VE (ages 6w–<4y). 
ii. Using pertussis notification data for overall VE (ages 6w–<4y). 

iii. Using pertussis hospitalisation data and two categorical age grouping 
(ages 6w–<4m, 4m–<6m, 6m–<1y, 1–<2y, 2–<3y and 3–<4y; ages 15m–
<2y, 2–<3y and 3–<4y). 

iv. Using pertussis notification data and two categorical age groupings (6w–
<4m, 4m–<6m, 6m–<1y, 1–<2y, 2–<3y and 3–<4y; ages 15m–<2y, 2–<3y 
and 3–<4y). 

v. Using pertussis hospitalisation and notification data and modelling age as 
a continuous variable. 

 

Demographic and clinical characteristics of cases less than 6 weeks of age 

There were 228 pertussis cases in infants under 6 weeks and the number increased for each week of 

age. Most of the hospitalisations occurred in the Northern region with the least in the Southern 

region, consistent with population. Most of the infants (77.03%) had one pertussis-related 

hospitalisation for pertussis, 12.92% had two hospitalisations, 7.66% had three and 2.39% had four. 

The median length of stay was 4 days. Thirty-five infants (16 75%) were admitted to ICU.  

Most non-hospitalised cases had a paroxysmal cough (86 52%), 77.93% had a cough ending in 

vomiting or apnoea and 46.36% had an inspiratory whoop. Cough lasting more than 2 weeks was 

recorded for 38.73% (Table 1). 
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Table 1: Characteristics of pertussis cases by type, infants less than 6 weeks of age, New Zealand, 2006-2013 

      
Hospitalisations Non-hospitalised notifications 

Characteristic N  (%) N  (%) 
     
     
Total 209 165 

     
Age at pertussis     
     <1 week 1 (0.48) 1 (0.61) 
     1 week 6 (2.87) 4 (2.42) 
     2 weeks 42 (20.10) 23 (13.94) 
     3 weeks 46 (22.01) 37 (22.42) 
     4 weeks 27 (12.92) 21 (12.73) 
     5 weeks 87 (41.63) 79 (47.88) 
     
DHB region of residence     
     Northern 92 (44.02) 74 (44.85) 
     Midland 53 (25.36) 32 (19.39) 
     Central 39 (18.66) 40 (24.24) 
     Southern 25 (11.96) 19 (11.52) 
     
Year of pertussis     
     2006 6 (2.87) 4 (2.42) 
     2007 13 (6.22) 7 (4.24) 
     2008 10 (4.78) 7 (4.24) 
     2009 27 (12 92) 19 (11.52) 
     2010 23 (11 00) 16 (9.70) 
     2011 27 (12.92) 22 (13.33) 
     2012 62 (29.67) 54 (32.73) 
     2013 41 (19.62) 36 (21.82) 
     
Hospitalisations with primary diagnosis of pertussis 191 (91.39) N/A 
     
Total number of pertussis-related hospitalisations during study 
period 

  N/A 

     One 161 (77.03)   
     Two 27 (12.92)   
     Three 16 (7.66)   
     Four 5 (2.39)   
     
Length of stay (days), median (IQR) 4 (2, 8) N/A 
     
Admission to ICU  35 (16.75) N/A 
    
Notification classification† N/A   
     Confirmed   131 (79.39) 
     Probable   26 (15.76) 
     Suspect   8 (4.85) 
     
Clinical features of notification N/A   
     Cough > 2 weeks   55 (38.73) 
     Cough ending in vomiting or apnoea   113 (77.93) 
     Paroxysmal c ugh   122 (86.52) 
     Inspiratory whoop   51 (46.36) 
     
Notification fits clinical description¶ N/A 135 (90.6) 
     
Laborato y confirmation of notification‡ N/A 122 (73.94) 
    

† Confirmed=a clinically compatible illness that is laboratory confirmed or epidemiologically linked to a confirmed case; Probable=a 

clinically compatible illness with a high B. pertussis IgA test or a significant increase in antibody levels between paired sera at the same 

laboratory OR Cough lasting longer than 2 weeks and one or more of the following for which there is no other known cause: paroxysmal 

cough, cough ending in vomiting or apnoea, inspiratory whoop; Suspect (in children under 5 years of age)=any paroxysmal cough with 

whoop, vomit or apnoea for which there is no other known cause.  

‡ Isolation of B. pertussis or detection of B. pertussis nucleic acid, preferably from a nasopharyngeal swab. 

¶ A disease characterised by a cough lasting longer than 2 weeks, and one or more of the following: paroxysms of cough; cough ending in 

vomiting or apnoea; or inspiratory whoop. 

NOTES: DHB=district health board; IQR= Inter-quartile range; ICU=Intensive Care Unit; N/A=not applicable 
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Demographic and clinical characteristics of cases 6 weeks to 3 years of age 

Notifications: The number and proportion of all reported cases increased with age with 99 (4.88%)  

cases in the 6 week to 2 month age group and 567 (27.96%) in the 3 year age group. The ethnicity of 

73% of cases was European/Asian or Other while 20.67% were Māori and 6.33% Pacific. The number 

of reports differed geographically with 788 (39.01%) coming from the Southern regions and 285 

(14.11%) coming from the Midland region. There were more reported cases in the most deprived 

quintile (417; 20.64%) compared with the least deprived quintile (354; 17.52%). Most of the cases 

that were vaccinated had received three doses of vaccine (83.05%). Of the notifications, 50.44% 

were confirmed with the remaining probable (38.61%) or suspect cases. 

Hospitalisations: There were 625 hospitalised cases between the ages of 6 weeks and 4 years, with 

the majority in the 6 week to 4 month age groups with 322 cases (51.52%) in the 6 week to 2 month 

and 122 (19.52%) of cases in the 3 month to 4 month age group (Table 2).  

For the non-hospitalised notifications in this age group, 89.08% fitted the clinical description of 

cough lasting longer than 2 weeks, and one or more of the following: paroxysms of cough; cough 

ending in vomiting or apnoea; or inspiratory whoop. The most common feature was paroxysmal 

cough (87.73%) followed by cough ending in vomiting or apnoea (73.76%). Cough lasting more than 

2 weeks was present in 66.09% and 36.79 had inspiratory whoop. Laboratory confirmation was 

made for 47.53% of notifications (Table 2).  
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Table 2: Characteristics of pertussis cases by type, children 6 weeks to 3 years of age, New Zealand, 2006–2013 
        

Hospitalisations 
Non-hospitalised 

notifications 
All reported* 

Characteristic N  (%) N  (%) N (%) 
       
       
Total N=625 N=2,028 N=2,650 

       
Age at pertussis       
     6 weeks–2 months 322 (51.52) 99 (4.88) 418 (15.77) 
     3–4 months 122 (19.52) 123 (6.07) 246 (9.28) 
     5–11 months 104 (16.64) 294 (14.50) 397 (14.98) 
     1 year 36 (5.76) 454 (22.39) 490 (18.49) 
     2 years 24 (3.84) 491 (24.21) 515 (19.43) 
     3 years 17 (2.72) 567 (27.96) 584 (22.04) 
       
DHB region of residence       
     Northern 225 (36.12) 395 (19.55) 619 23.45) 
     Midland 131 (21.03) 285 (14.11) 416 (15.76) 
     Central 128 (20.55) 552 (27.33) 678 (25.68) 
     Southern 139 (22.31) 788 (39.01) 927 (35.11) 
       
Year of pertussis       
     2006 22 (3.52) 3 (0.15) 25 (0.94) 
     2007 28 (4.48) 11 (0.54) 39 (1.47) 
     2008 42 (6.72) 24 (1.18) 66 (2.49) 
     2009 65 (10.40) 137 (6 76) 202 (7.62) 
     2010 76 (12.16) 113 (5.57) 189 (7.13) 
     2011 75 (12.00) 253 (12.48) 328 (12.38) 
     2012 193 (30.88) 914 (45.07) 1,105 (41.70) 
     2013 124 (19.84) 573 (28.25) 696 (26.26) 
       
Hospitalisations with primary diagnosis of pertussis 576 (92.16) N/A 573 (21.62) 
       
Total number of pertussis-related hospitalisations 
during study period 

  N/A   

     One 534 (85.44)   531 (20.04) 
     Two 70 (11.20)   70 (2.64) 
     Three 18 (2.88)   18 (0.68) 
     Four 3 (0.48)   3 (0.11) 
       
Length of stay (days), median (IQR) 2 (1, 5) N/A 2    (1,5)** 
       
Admission to ICU  29 (4.64) N/A 29 (1.09) 
      
Notification classification† N/A     
     Confirmed   1,023 (50.44) 1,054 (50.92) 
     Probable   783 (38.61) 791 (38.21) 
     Suspect   222 (10.95) 225 (10.87) 
       
Clinical features of notifica ion N/A     
     Cough > 2 weeks   1220 (66.09) 1445 (64.86) 
     Cough ending in v miting or apnoea   1290 (73.76) 1600 (75.33) 
     Paroxysmal cough   1544 (87.73) 1892 (88.41) 
     Inspiratory whoop   561 (36.79) 713 (39.00) 
       
Notification fits clinical description¶ N/A 1672 (89.08) 2042 (89.40) 
       
Laboratory confirmation of notification‡ N/A 964 (47.53) 1321 (49.85) 
              * In ludes the initial report for each individual, either that of hospitalisation or non-hospitalised notification. Where hospitalisation 
and notification occurred on the same day, hospitalisation was prioritised. 

†Confirmed=a clinically compatible illness that is laboratory confirmed or epidemiologically linked to a confirmed case; Probable=a 
clinically compatible illness with a high B. pertussis IgA test or a significant increase in antibody levels between paired sera at the 
same laboratory OR Cough lasting longer than 2 weeks and one or more of the following for which there is no other known cause: 
paroxysmal cough, cough ending in vomiting or apnoea, inspiratory whoop; Suspect (in children under 5 years of age)=any 
paroxysmal cough with whoop, vomit or apnoea for which there is no other known cause.  

‡Isolation of B. pertussis or detection of B. pertussis nucleic acid, preferably from a nasopharyngeal swab. 
¶ A disease characterised by a cough lasting longer than 2 weeks, and one or more of the following: paroxysms of cough; cough 

ending in vomiting or apnoea; or inspiratory whoop. 
** Length of stay was calculated only for those who were hospitalised. 
NOTES: DHB=district health board; IQR= Inter-quartile range; ICU=Intensive Care Unit; N/A=not applicable 
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Vaccine effectiveness against hospitalisations 6 weeks to 3 years of age 

Hospitalised cases aged 6 weeks to 3 years differed significantly (p=<0.001) from controls (Table 11). 

Of the cases, 40.96% were Māori compared with 26.18% of controls. For Pacific this was 17.44% 

compared with 11.09% and European/Asian‡/Other comprised 40.60% of the cases compared with 

62.73% of the controls. There was a significant social gradient (p=<0.001) with 46.39% of cases in the 

most deprived quintile compared with 31.42% of controls. The number of doses of pertussis vaccine 

were fewer in the cases compared with the controls (p=<0.001). 

Vaccine effectiveness of one dose of vaccine against pertussis hospitalisation was 28% (0, 48) in 

children aged 6 weeks to 2 months; 59% (33, 75) in children aged 3 months to 4 months; and 85% 

(65, 94) in children aged 5 months to 11 months (Table 3).  

Vaccine effectiveness of two doses of vaccine against pertussis hospitalisation was 82% (68, 90) in 

children aged 3 months to 4 months and 92% (84, 96) in children aged 5 months to 11 months (Table 

3). 

Vaccine effectiveness of three doses of vaccine against pertussis hospitalisation was 93% (87, 96) in 

children aged 5 months to 11 months; 94% (86, 97) in children aged 1 year; 91% (73, 97) in children 

aged 2 years; and 98% (91, >99) in children aged 3 years (Table 3). 

There was no evidence for waning of vaccine effectiveness against hospitalisation in children up to 3 

years of age (Table 3).  

The effect estimates were similar when we used the first supplemental control sampling method 

(Table 15). The trajectory of VE estimates as children aged was also similar to that of the main 

analysis when the first supplemental control sampling method was used, i.e. no evidence of waning 

immunity. 

  

                                                           
‡ Asians are only ~3% and Other only ~1% of the notifications. The numbers are too small to adjust for them as separate 
categories of ethnicity. Therefore Asian and Other have been grouped with European for the analysis. 
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Table 3: Estimated vaccine effectiveness against pertussis hospitalisation among children 6 weeks to 3 years of age, 
controls sampled from the NIR, New Zealand, 2006–2013 

          
      Matched* Fully Adjusted† 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    Total  N=625 N=12,428     
        
6w–2m  N=322 N=6,349     
 0 195 (60.6) 3,420 (53.9) 1.00 -- 1.00 -- 
 1 127 (39.4) 2,925 (46.1) 0.58 (0.42, 0.79) 43 (21, 58) 0.72 (0.52, 1.00) 28 (0, 48) 
          
3m–4m  N=122 N=2,486     
 0 30 (24.6) 218 (8.8) 1.00 -- 1.00  
 1 60 (49.2) 1,101 (44.3) 0.45 (0.28, 0.73) 55 (27, 72) 0.41 (0.25, 0.67) 59 (33, 75) 
 2 32 (26.3) 1,165 (46.9) 0.16 (0.09, 0.28) 84 (72, 91) 0.18 (0.10, 0.32) 82 (68, 90) 
          
5m–11m  N=104 N=2,060     
 0 36 (34.6) 97 (4.7) 1.00 -- 1.00 -- 
 1 8 (7.7) 111 (5.4) 0.20 (0.09, 0.47) 80 (53, 91) 0 15 (0.06, 0.36) 85 (65, 94) 
 2 21 (20.2) 604 (29.3) 0.10 (0.05, 0.18) 90 (82, 95) 0.08 (0.04, 0.16) 92 (84, 96) 
 3 39 (37.5) 1,243 (60.3) 0.07 (0.04, 0.13) 93 (87, 96) 0.07 (0.04, 0.13) 93 (87, 96) 
          
1y  N=36 N=717     
 0 15 (41.7) 32 (4.5) 1.00 -- 1.00 -- 
 3 18 (50.0) 642 (89.5) 0.06 (0.03, 0.13) 94 (87, 97) 0.06 (0.03, 0.14) 94 (86, 97) 
          
2y  N=24 N=484     
 0 10 (41.7) 29 (6.0) 1.00 -- 1.00 -- 
 3 14 (58.3) 434 (89.7) 0.08 (0.03, 0.21) 92 (79, 97) 0.10 (0.03, 0.28) 91 (73, 97) 
          
3y  N=17 N=332     
 0 8 (47.1) 7 (2.1) 1 00 -- 1.00 -- 
 3 9 (52.9) 307 (92.5) 0.03 (0.01, 0.10) 97 (90, 99) 0.02 (<0.01, 0.09) 98 (91, >99) 
                    * Cases and controls were matched on age at pertussis index date and DHB area of residence. 
† Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
NOTES: NIR=National Immunisation Register; OR=odds ratio; VE=vaccine effectiveness; DHB=district health board 
 
 
   

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82



21 
 

Vaccine effectiveness against notifications 6 weeks to 3 years of age 

The cases and controls were statistically similar in characteristics with the exception of ethnicity and 

the number of doses of vaccine received prior to the index date; however, the absolute differences 

were small (Table 12).  

Vaccine effectiveness of one dose of vaccine against pertussis notification was 7% (-63, 57) in 

children aged 6 weeks to 2 months;  37% (-11, 65) in children aged 3 months to 4 months; and 61% 

(30, 78) in children aged 5 months to 11 months.  

Vaccine effectiveness of two doses of vaccine against pertussis notification was 68% (43, 82) in 

children aged 3 months to 4 months and 83% (73, 89) in children aged 5 months to 11 months (Table 

4). 

Vaccine effectiveness of three doses of vaccine against pertussis notification was 86% (80, 90) in 

children aged 5 months to 11 months; 89% (86, 91) in children aged 1 year; 86% (83, 89) in children 

aged 2 years; and 84% (80, 88) in children aged 3 years (Table 4). 

There was no significant waning in vaccine effectiveness against pertussis notification (Table 4). 

While the effect estimates were slightly lower, they were not significantly different when we used 

the two supplemental control sampling methods (Tables 16 and 17). The trajectory of VE estimates 

as children aged was also similar to that of the main analysis when the both supplemental control 

sampling methods were used, that is, no evidence of waning immunity. 
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Table 4: Estimated vaccine effectiveness against non-hospitalised pertussis notifications among children 6 weeks to 3 
years of age, controls sampled from the NIR, New Zealand, 2006–2013 

          
      Matched* Fully Adjusted† 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    Total  N=2,028 N=40,363     
        
6w–2m  N=99 N=1,972     
 0 45 (45.5) 804 (40.8) 1.00 -- 1.00 -- 
 1 54 (54.5) 1,166 (59.1) 0.72 (0.42, 1.23) 28 (-23, 58) 0.99 (0.57, 1.73) 1 (-73, 43) 
          
3m–4m  N=123 N=2,479     
 0 19 (15.5) 184 (7.4) 1.00 -- 1.00 -- 
 1 56 (45.5) 950 (38.3) 0.68 (0.39, 1.20) 32 (-20, 61) 0.63 (0.36, 1.11) 37 (-11, 64) 
 2 48 (39.0) 1,339 (54.0) 0.30 (0.17, 0.54) 70 (47, 83) 0.32 (0.18, 0.57) 68 (43, 82) 
          
5m–11m  N=294 N=5,871     
 0 66 (22.5) 240 (4.1) 1.00 -- 1 00 -- 
 1 18 (6.1) 187 (3.2) 0.36 (0.20, 0.63) 64 (37, 80) 0.38 (0.21, 0.67) 62 (33, 79) 
 2 42 (14.3) 988 (16.8) 0.16 (0.10, 0.26) 84 (75, 90) 0 17 (0.11, 0.27) 83 (73, 89) 
 3 168 (57.1) 4,451 (75.8) 0.13 (0.09, 0.18) 87 (82, 91) 0.14 (0.10, 0.20) 86 (80, 90) 
          
1y  N=454 N=9,027     
 0 124 (27.3) 372 (4.1) 1.00 -- 1.00 -- 
 3 315 (69.4) 8,204 (90.9) 0.11 (0.09, 0.14) 89 (86, 91) 0.11 (0.09, 0.15) 89 (86, 91) 
          
2y  N=491 N=9,790     
 0 110 (22.4) 364 (3.7) 1.00 -- 1.00 -- 
 3 373 (76.0) 8,980 (91.7) 0.14 (0.11, 0 17) 86 (83, 89) 0.14 (0.11, 0.17) 86 (83, 89) 
          
3y  N=567 N=11,224     
 0 118 (20.8) 431 (3.8) 1.00 -- 1.00 -- 
 3 428 (75.5) 10,267 (91.5) 0.15 (0.12, 0.18) 85 (82, 88) 0.16 (0.12, 0.20) 84 (80, 88) 
                    * Cases and controls were matched on age at pertussis index date and DHB area of residence. 
† Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
NOTES: NIR-National Immunisation Register; OR=odds ratio; VE=vaccine effectiveness; DHB=district health board 
 
 

 

Vaccine effectiveness against all reported pertussis 6 weeks to 3 years of age 

All reported pertussis was determined by including the initial report for each individual, either that 

of hospitalisation or non-hospitalised notification. Where hospitalisation and notification occurred 

on the same day, hospitalisation was prioritised. 

Compared to controls, cases were slightly more likely to be Māori and more likely to be 

unvacc nated (both P-values < 0.001) (Table 13). 

Vaccine effectiveness of one dose of vaccine against all reported pertussis was 25% (1, 44) in 

children aged 6 weeks to 2 months;  51% (30, 66) in children aged 3 months to 4 months; and 71% 

(53, 82) in children aged 5 months to 11 months (Table 5).  

Vaccine effectiveness of two doses of vaccine against all reported  pertussis was 76% (64, 84) in 

children aged 3 months to 4 months and 86% (80, 91) in children aged 5 months to 11 months (Table 

5). 
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Vaccine effectiveness of three doses of vaccine against all reported pertussis was 88% (84, 91) in 

children aged 5 months to 11 months; 89% (86, 91) in children aged 1 year; 87% (83, 90) in children 

aged 2 years; and 85% (80, 88) in children aged 3 years (Table 5). 

To account for possible effect measure modification by improved immunisation coverage and 

timeliness over calendar time, we repeated the VE analysis stratified by year of birth. VE estimates 

and trajectories over age were unchanged (Figures 6 and 7, Table 19). We also accounted for 

potential outcome misclassification bias by including only laboratory confirmed pertussis cases. 

Again, the VE estimates and trajectories over age remained unchanged (Table 20).  

Table 5: Estimated vaccine effectiveness against all reported* pertussis among children 6 weeks to 3 years of age, 
controls sampled from the NIR, New Zealand, 2006–2013 

          
      Matched† Fully Adjusted‡ 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    Total  N=2,650 N=52,753     
        
6w–2m  N=418 N=8,283     
 0 241 (57.7) 4,231 (51.1) 1.00 -- 1.00 -- 
 1 177 (42.3) 4,046 (48.9) 0.59 (0.45, 0.77) 41 (23  55) 0.75 (0.56, 0.99) 25 (1, 44) 
          
3m–4m  N=246 N=4,973     
 0 50 (20.3) 400 (8.0) 1.00 -- 1.00 -- 
 1 116 (47.2) 2,090 (42.0) 0.52 (0.36, 0 75) 48 (25, 64) 0.49 (0.34, 0.70) 51 (30, 66) 
 2 80 (32.5) 2,475 (49.8) 0.22 (0.15, 0 32) 78 (68, 85) 0.24 (0.16, 0.36) 76 (64, 84) 
          
5m–
11m 

 N=397 N=7,923     

 0 101 (25.4) 337 (4.3) 1.00 -- 1.00 -- 
 1 26 (6.6) 301 (3.8) 0 30 (0.19, 48) 70 (53, 81) 0.29 (0.18, 0.47) 71 (53, 82) 
 2 63 (15.9) 1,595 (20.1) 0.14 (0.10, 0.20) 86 (80, 91) 0.14 (0.10, 0.20) 86 (80, 91) 
 3 207 (52.1) 5,680 (71.7) 0.11 (0.08, 0.15) 89 (85, 92) 0.12 (0.09, 0.16) 88 (84, 91) 
          
1y  N=490 N=9,744     
 0 139 (28.4) 404 (4.2) 1.00 -- 1.00 -- 
 3 333 (68.0) 8,846 (90.8) 0.11 (0.08, 0.13) 89 (87, 92) 0.11 (0.09, 0.14) 89 (86, 91) 
          
2y  N=515 N=10,274     
 0 120 (23.3  393 (3.8) 1.00 -- 1.00 -- 
 3 387 (75.1) 9,414 (91.6) 0.13 (0.10, 0.17) 87 (83, 90) 0.13 (0.11, 0.17) 87 (83, 90) 
          
3y  N=584 N=11,556     
 0 126 (21.6) 438 (3.8) 1.00 -- 1.00 -- 
 3 437 (74.8) 10,575 (91.5) 0.14 (0.11, 0.17) 86 (83, 89) 0.15 (0.12, 0.18) 85 (82, 88) 
                    * Includes the initial report for each individual, either that of hospitalisation or non-hospitalised notification. Where hospitalisation 
and notification occurred on the same day, hospitalisation was prioritised. 

† Cases and controls were matched on age at pertussis index date and DHB area of residence. 
‡ Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
NOTES: NIR=National Immunisation Register; OR=odds ratio; VE=vaccine effectiveness; DHB=district health board 
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8.2. Results for objective 3 

Calculate overall and age-specific VE of the current fourth dose scheduled at four years 
of age against pertussis disease among children 4–<8y of age.  

a) Using pertussis notification data for overall VE (ages 4–<8y).  
b) Using pertussis notification data and the categorical age groups 4–<5y, 5–<6y, 

6–<7y and 7–<8y among children born in 2006. 
c) Using pertussis notification data and the categorical age groups 4–<5y, 5–<6y 

and 6–<7y among children born in 2006–2007. 

 

Demographic and clinical characteristics 

There were a total of 775 non-hospitalised notifications in children aged 4 to 7 years of age  

Notifications were highest in 4-year-olds (43.10%) and declined by age with 3.74% of cases in 7-year-

olds. The highest proportion of were reported from the Southern region with 43.47%  followed by 

23.29% from the Central region, 18.37% from the Northern region and 14.88% from Midland. Over 

94% of notifications were confirmed or probable.  

The most frequently reported clinical feature was paroxysmal cough (85 38%) followed by cough 

lasting more than 2 weeks (68.31%) and cough ending in vomiting or apnoea (65.5%). Inspiratory 

whoop was the least frequently reported symptom (31.09%). Overall 90.37% of notifications fitted 

the characteristic of cough lasting longer than 2 weeks, and one or more of the following: paroxysms 

of cough; cough ending in vomiting or apnoea; or inspiratory whoop (Table 6). 
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Table 6: Characteristics of non-hospitalised pertussis notifications, children 4 years to 7 years of age, New Zealand, 
2006–2013 

    Non-hospitalised 
notifications 

Characteristic N  (%) 
      
Total N=775 

   
Age at pertussis   
     4 years 334 (43.10) 
     5 years 253 (32.65) 
     6 years 159 (20.52) 
     7 years 29 (3.74) 
   
   
DHB region of residence   
     Northern 142 (18.37) 
     Midland 115 (14.88) 
     Central 180 (23.29) 
     Southern 336 (43.47) 
   
Year of pertussis   
     2010 8 (1.03) 
     2011 107 (13.81) 
     2012 379 (48.90) 
     2013 281 (36.26) 
   
  
Notification classification†   
     Confirmed 409 (52.77) 
     Probable 320 (41.29) 
     Suspect 46 (5.94) 
   
Clinical features of notification   
     Cough > 2 weeks 485 (68.31) 
     Cough ending in vomiting or apnoea 429 (65.50) 
     Paroxysmal cough 578 (85.38) 
     Inspiratory whoop 185 (31.09) 
   
Notification fits clinical description¶ 638 (90.37) 
   
Laboratory confi mation of notification‡ 391 (50.45) 

† Confirmed=a clinically compatible illness that is laboratory confirmed or 
epidemiologically linked to a confirmed case; Probable=a clinically compatible illness 
with a high B. pertussis IgA test or a significant increase in antibody levels between 
paired sera at the same laboratory OR Cough lasting longer than 2 weeks and one or 
more of the following for which there is no other known cause: paroxysmal cough, 
cough ending in vomiting or apnoea, inspiratory whoop; Suspect (in children under 5 
years of age)=any paroxysmal cough with whoop, vomit or apnoea for which there is no 
other known cause. 

¶ A disease characterised by a cough lasting longer than 2 weeks, and one or more of the 
following: paroxysms of cough; cough ending in vomiting or apnoea; or inspiratory 
whoop. 

‡ Isolation of B. pertussis or detection of B. pertussis nucleic acid, preferably from a 
nasopharyngeal swab. 

NOTES: DHB=District Health Board 
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Vaccine effectiveness against notification in children aged 4 to 7 years 

There were 775 cases in children aged 4 to 7 years and 15,301 matched controls. Cases were more 

likely to be European, more likely to be unvaccinated and less likely to live in the most 

socioeconomically deprived areas (Table 14). 

Among children age 4 to 7 years overall VE against non-hospitalised pertussis notifications was 92% 

(90, 93) following the first booster dose. VE remained stable as children aged, with a VE of 92% (89, 

94) among 4-year-olds and of 87% (66, 95) among 7-year-olds. Together with the natural declining 

incidence of pertussis as children age, the decreasing number of birth cohorts included in the study 

for children of increasing age meant that the precision of our effect estimates decreased for older 

children. We did not observe confounding by sex, ethnicity or socioeconomic deprivation index, with 

fully adjusted estimates not substantially different from crude matched estimates (Table 7). 

The effect estimates were similar when we used the first supplemental control sampling method 

(Table 18). The trajectory of VE estimates as children aged was also similar to that of the main 

analysis when the first supplemental control sampling method was used, i.e  no evidence of waning 

immunity. 

Table 7: Estimated vaccine effectiveness against non-hospitalised pertussis notifications among children 4 years to 7 
years of age, controls sampled from the NIR, New Zealand, 2006–2013 

          
      Matched* Fully Adjusted† 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    4y  N=334 N=6,643     
 0 107 (32.0) 273 (4.1) 1 00 -- 1.00 -- 
 4 127 (38.0) 3,840 (57.8) 0 08 (0 06, 0.11) 92 (89, 94) 0.08 (0.06, 0.10) 93 (90, 95) 
          
5y  N=253 N=4,979     
 0 85 (33.6) 211 (4.2) 1.00 -- 1.00 -- 
 4 139 (54.9) 4,030 (80.9) 0.09 (0.06, 0.12) 92 (88, 94) 0.07 (0.05, 0.10) 93 (90, 95) 
          
6y  N=159 N=3 111     
 0 43 (27.0) 132 (4.2) 1.00 -- 1.00 -- 
 4 102 (64.2) 2,494 (80.2) 0.13 (0.09, 0.19) 87 (81, 91) 0.12 (0.08, 0.18) 88 (82, 92) 
          
7y  N=29 N=568     
 0 8 (27.6) 28 (4.9) 1.00 -- 1.00 -- 
 4 19 (65.5) 461 (81.2) 0.13 (0.05, 0.34) 87 (66, 95) 0.09 (0.03, 0.27) 91 (73, 97) 
          
          
                    * Cases and controls were matched on age at pertussis index date and DHB area of residence. 
† Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
NOTES: NIR=National Immunisation Register; OR=odds ratio; VE=vaccine effectiveness; DHB=district health board 
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8.3. Results for objective 4 

Calculate overall and age-specific vaccine effectiveness of the current fifth dose 
scheduled at 11 years of age against pertussis disease among children 11–<19 years of 
age. 

a) Using pertussis notification data for overall VE (ages 11–<19y).  
b) Using pertussis notification data and the categorical age groups 11–<13y, 13–

<15y, 15–<17y and 17–<19y. 

 

A total of 62,059 children were included in the SBV records for ADHB and CMDHB combined. Of 

these, 50,046 (81%) were recorded as receiving the 11-year-old booster pertussis vaccine and 1,245 

(2%) were recorded as declining to be immunised. For the remaining 10,768 (17%) children, 

vaccination status could not be definitively determined. For example, some of these children 

returned the consent form indicating they wished to be vaccinated, but were absent on the day 

immunisations were given. Others returned the consent form indicating that they preferred to 

receive the vaccine from their GP. In this latter instance, we were able to utilise the data we 

collected for the second supplemental method of control sampling to find vaccination information 

from PMS records for some children; however, we were not able to obtain PMS records from every 

practice in ADHB and CMDHB and therefore were not able to obtain information on all children who 

indicated they preferred to receive the vaccine from their GP  

Among adolescents 11–18 years of age across NZ, 1,501 pertussis notifications were received 

between 2006 and 2013 (Table 8). Slightly less than ha f (45%) of these notifications had a status of 

confirmed, 53% were classified as probable and 2% as suspect. The majority (72%) of notified 

children had a cough lasting at least 2 weeks; however, less than a quarter (22%) reported the classic 

‘whoop’ style cough. 

Among the 1,501 pertussis notificat ons received nationally, only 41 (3%) were included in the study 

population of children recorded in the SBV records for ADHB and CMDHB. These 41 children were 

spread in age from 11 to 18 years, but the majority were aged 11–12 at the time of notification. The 

age distribution of children in the study population differed significantly from that of children 

outside the study population, with children outside the study population being more evenly 

distributed across the age range (P-value=0.016). Children in the study population were more likely 

to have a cough lasting at least two weeks (P-value=0.003) and to have laboratory-confirmed 

pertussis (P value=0.033) compared to children not in the study population. Children inside and 

outside the study population were similar for all other characteristics. 

Vaccination status was definitively determined for 32 (78%) of the 41 children with pertussis 

notifications, with 26 (81%) vaccinated and only six (19%) unvaccinated (Table 9). In order to provide 

meaningful VE information, each of the two vaccination categories for cases (and for controls) must 

include a reasonable number of individuals. There is no hard and fast rule for a minimum number, 

but six – as in the unvaccinated case category – is inadequate, particularly because these six 

adolescents are not clustered by characteristics. They span the age range 11–18 and the 

socioeconomic deprivation indices 1–10. A category with only six such children cannot contribute to 

a representative and valid VE estimate.  
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We sought to increase the number of children with determinable vaccination status using PMS data. 

Among the nine children with undetermined vaccination status only two were identified in the PMS 

data. Both children had records of declined immunised so we were able to add them to the six 

children to have a total of eight unvaccinated cases. Unfortunately eight such children are still too 

few to calculate a valid VE estimate. We therefore, regrettably, did not pursue VE calculations for 

adolescents aged 11–18 years. 

Table 8: Characteristics of non-hospitalised pertussis notifications, children 11 years to 18 years of age, New Zealand, 
2006–2013 

          Notifications in  
New Zealand 

 Notifications in 
study population 

Notifications not in  
study population 

 

Characteristic N  (%)    N  (%) P-value 
                  
Total 1,501  41 1,460  

         
Age at pertussis         
     11-12 years 527 (35.11)  26 (63.41) 501 (34.32)    0.016 
     13-14 years 328 (21.85)  4 (9.76) 324 (22.20)  
     15-16 years 300 (19.98)  6 (14.64) 294 (20.14)  
     17-18 years 346 (23.06)  5 (12.20) 341 (23.35)  
         
Year of pertussis         
     2006 133 (8.86)  0 (0.00) 133 (9.11)    0.242 
     2007 36 (2.40)  1 (2.44) 35 (2.40)  
     2008 55 (3.66)  1 (2.44) 54 (3.70)  
     2009 173 (11.53)  5 (12.20) 168 (11.51)  
     2010 75 (5.00)  1 (2.44) 74 (5.07)  
     2011 222 (14.79)  3 (7.32) 219 (15.00)  
     2012 544 (36 24)  21 (51.22) 523 (35.82)  
     2013 263 (17 52)  9 (21.95) 254 (17.4)  
        
Notification classification†         
     Confirmed 682 (45.44)  22 (53.66) 660 (45.21)    0.536 
     Probable 788 (52.50)  18 (43.90) 770 (52.74)  
     Suspect 31 (2.07)  1 (2.44) 30 (2.05)  
         
Clinical features of notification         
     Cough > 2 weeks 1077 (71.75)  27 (65.85) 252 (17.26)    0.003 
     Cough ending in vomiting or apnoea 726 (48.37)  16 (39.02) 710 (48.63)    0.363 
     Paroxysmal cough 1,024 (68.22)  25 (60.98) 999 (68.42)    0.412 
     Inspiratory whoop 334 (22.25)  6 (14.63) 328 (22.47)    0.424 
         
Notification fits clinical description¶ 1,243 (82.81)  31 (75.61) 1,212 (83.01)    0.447 
         
Laboratory confirmation of notification‡ 567 (37.77)  22 (53.66) 545 (37.33)    0.033 

† Confirmed=a clinically compatible illness that is laboratory confirmed or epidemiologically linked to a confirmed case; 
Probable=  cl nically compatible illness with a high B. pertussis IgA test or a significant increase in antibody levels between 
paired ser  at the same laboratory OR Cough lasting longer than 2 weeks and one or more of the following for which there is no 
other known cause: paroxysmal cough, cough ending in vomiting or apnoea, inspiratory whoop; Suspect (in children under 5 
years of age)=any paroxysmal cough with whoop, vomit or apnoea for which there is no other known cause. 

¶ A disease characterised by a cough lasting longer than 2 weeks, and one or more of the following: paroxysms of cough; cough 
ending in vomiting or apnoea; or inspiratory whoop. 

‡ Isolation of B. pertussis or detection of B. pertussis nucleic acid, preferably from a nasopharyngeal swab. 
 
NOTES: DHB=District Health Board 
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Table 9: Characteristics of non-hospitalised pertussis notifications, children 11 years to 18 years of age, by vaccination 
status for dose 5*, New Zealand, 2006–2013 

         Vaccination  
received 

Vaccination  
not received 

Vaccination  
status unknown 

 

Characteristic N  (%) N  (%) N  (%) P-value 
                
Total 26 6 9  

        
Age at pertussis        
     11-12 years 16 (61.54) 2 (33.33) 8 (88.98)    0.217 
     13-14 years 3 (11.54) 1 (16.67) 0 (0.00)  
     15-16 years 3 (11.54) 3 (50.00) 0 (0.00)  
     17-18 years 4 (15.38) 0 (0.00) 1 (11.11)  
        
Gender        
     Male 11 (42.31) 1 (16.67) 5 (55 56)    0.354 
     Female 15 (57.69) 5 (83.33) 4 (44.44)  
        
Ethnicity        
     Māori 2 (8.70) 1 (16.67) 0 (0.00)    0.449 
     Pacific 4 (17.39) 0 (0.00) 0 (0.00)  
     European/Asian/Other 17 (73.91) 5 (83.33) 9 (100.00)  
        
NZ Deprivation Index† (deciles)        
     1–2 (least deprived) 5 (19.23) 3 (50.00) 2 (22.22)    0.021 
     3–4 0 (0.00) 1 (16.67) 2 (22.22)  
     5–6 7 (26.92) 1 (16.67) 3 (33.33)  
     7–8 0 (0.00) 0 (0.00) 1 (11.11)  
     9–10 (most deprived) 14 (53.85) 1 (16.67) 1 (11.11)  
        
* Receipt of three primary vaccination doses and first booster dose was not considered. 
† New Zealand Deprivation Index measures socioeconomic status. I  is a relative measure of deprivation applied to small 

geographic areas and is based on nine questions from the 2006 census. 
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9. DISCUSSION 

The primary objective of this study was to estimate the effectiveness of the NZ childhood pertussis 

immunisation programme and calculate the potential impact of an additional dose in the second 

year of life on hospitalisations and notifications.  

Among the 2006–2013 birth cohorts there were 625 pertussis hospitalisations and 2,028 non-

hospitalised pertussis notifications among children less than 4 years of age and 775 non-hospitalised 

pertussis notifications in children aged 4 to 7 years of age during the study period. 

Vaccine effectiveness for a 3-dose primary course against hospitalisations in children aged 6 weeks 

to 3 years was high and there was no evidence of waning protection. VE against notifications in this 

age group after three doses was slightly lower than for hospitalisations; however, no significant 

waning was apparent.  

In children aged 4 to 7 years the overall VE remained high for both three and four doses. Protection 

remained high through to 7 years although the smaller cohort at this age and few case numbers has 

resulted in some imprecision. 

We were not able to determine VE following the second booster dose scheduled for 11 years of age 

because the number of unvaccinated cases in the study population was small. Unlike the study 

objectives related to younger children and infants, we were unable to include all 11–18 year olds 

across NZ in the study population of adolescents. Immunisation information for the 11-year-old 

booster dose is not collated centrally for the entire country. Rather, individual DHBs collect and 

maintain their own SBV databases, with the quality and completeness variable between DHBs. In 

order to maximise the study population size while still meeting budgetary constraints, we used SBV 

data from two of the largest DHBs in the country. Unfortunately this strategy did not result in an 

adequate sample size. 

A major strength of our study was derived from NZ’s unique health care structure and existing data 

collections. We determined immunisation status by linking individuals’ NIR records to records of 

hospitalisations and notifications. We also linked hospital and notification records so we could 

report on them separately. NZ has high quality disease notification data collected automatically from 

laboratories triggered by positive specimen results, together with physician reporting. Although 

regulations exist for physicians to report cases based on suspicion, reporting is passive and 

consistency of reporting varies by practitioner. The limitation of incomplete case ascertainment 

within notification data is particularly relevant in a case-control study design. In order to produce 

valid results, controls need to be selected from the same population—the source population—that 

gives rise to the study cases. This source population is not the same as the entire general population. 

Rather, it is individuals who, had they become ill, would have sought healthcare and been notified. 

We tested the validity of sampling controls from the NIR by utilising the PHO Enrolment Collection to 

control variability of notification habits between GPs and the PMS data to control for differences in 

health seeking behaviour. The analysis results utilising each of the supplemental control sampling 

methods confirmed that our main analysis results were robust. 

Like all observational studies, ours was not free from limitations. Because we used existing data, we 

were restricted to covariable information that was part of routine administrative and clinical data 
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collection. Although our study design addressed potential confounding by age and calendar time of 

pertussis disease, and our analysis addressed potential confounding by sex, ethnicity and 

socioeconomic deprivation status, our results may be subject to unmeasured residual confounding.  

Because the NIR is a birth cohort register, the oldest children for whom records of immunisation 

were included were 7 years of age at the end of 2013, thus limiting the analysis population for VE 

among 7-year-olds to single cohort of children born in 2006. While not precluding us from 

proceeding with the analysis, this limitation restricted the notification numbers for the oldest 

children to a single birth cohort, which resulted in imprecise VE estimates. We were not able to 

evaluate VE in children 8 to 10 years of age because children included on the NIR require additional 

time to age up into the interval of 8-10 years. Given this constraint, whether immunity from the 4-

year-old dose wanes following children’s eighth birthdays cannot be investigated until 2017.  

Another limitation of our study was the inadequate sample size to calculate VE for adolescents 11–

18 years of age. Without a centralised, national source of immunisation data for the 11-year-old 

booster dose, VE for this age group is not obtainable. The NIR will eventually i clude children in this 

age group; however, the oldest children currently in the NIR will not be 11 years old until 2018 and 

will not be 18 until 2025. 

It is well established that the protection afforded by pertussis vaccines, both whole cell and acellular, 

wanes within a relatively short period of time (16). The duration of protection depends on what 

outcomes are being measured and studies vary. Most have focussed on the duration of protection 

following a fifth dose, given at around 4 to 5 years of age   

Schedules for DTaP vaccines vary between countries and there is little consistent evidence on the 

duration of protection of the primary series of vaccinations in infants. When comparing results with 

studies from other countries, differences in schedule and vaccine must be kept in mind. Age and 

timing of vaccine can effect immunogenicity and vaccine formulations differ, with some having been 

found less effective than others (17). 

Duration of protection following 3 + 1 schedule 

In 2003 Australia removed a booster dose of DTaP from its schedule leaving doses at 2, 4 and 6 

months of age with a booster at 4 years. An evaluation of the effectiveness of this infant programme 

was published in 2014. The study estimated VE for one and two doses given before 6 months of age 

and three doses from 6 months of age (11). Our study has employed similar methods; however as 

our schedule is delivered at 6 weeks, 3 months and 5 months, the age groups are different. The 

Australian study found a VE against hospitalisation following one dose before 4 months of age of 

55 3% (42.7, 65.1). In contrast one dose was 85% effective in children aged 5 to 11 months.  

VE for the youngest age group in our study, infants less than 3 months, was only 28% (1, 48) after 

dose one; however, VE among infants aged 3 to 4 months who had received only one dose (a group 

more comparable to the youngest age group in the Australian study) was 55% (27, 72). While the 

difference between our two age-specific estimates was not statistically significant, any true diversity 

between the point estimates might be explained in two ways. First, it might be that infants who are 

initially immunised at a later age such as 3 months of age mount a more protective immune 

response than infants who are immunised at younger ages. Second, in order to allow time for the 
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vaccine-induced immunity to develop, we employed a 14-day interval following immunisation when 

we considered the recipient to be unvaccinated. The Australian study did not employ such an 

interval. This re-classification of exposure may also explain the low VE estimate for our youngest age 

group. A sensitivity analysis that removed the 14-day interval resulted in 50% (40, 75) VE for the 6 

week to 2 month age group (data not shown). Our choice of 14 days for this interval was pragmatic; 

however, we believe some interval is necessary in order to allow the immune system time to 

respond following vaccine receipt. The effectiveness against hospitalisation of two doses before 6 

months of age from the Australian study was 83% (70.2–90.3). We found two doses comparable in 

the 3 to 4 month age group (81%) and at 5 to 11 months (85%). 

In the Australian study hospitalisation was determined from information included with notification 

data. We identified hospitalisation directly from hospital records. This discrepancy in data sourcing 

may account for differences in pertussis hospitalisation results between the two studies  This 

discrepancy also influenced how VE against notifications could be compared between the two 

studies. We ameliorated this discrepancy influencing VE against notifications by creating a category 

labelled “all reported” cases in the NZ data. Because disease surveillance pract ces in Australia are 

more systematic than in NZ, all pertussis hospitalisations were included in the Australian notification 

data. In contrast, our linkage of the NZ hospitalisation and EpiSurv notification data identified that 

approximately one-third of NZ pertussis hospitalisations were missing from the NZ notifications data. 

Had we analysed only NZ notification data, as is, we would have excluded some hospitalisations 

whereas Australia’s data included all hospitalisations. Therefore, to have comparable analysis 

populations we created a category labelled “all reported” pertussis, which included all NZ 

hospitalisations and notifications together. In order not to include duplicates we included the 

hospitalisation record and excluded the notification record when a single child had a record in both 

sources. 

The Australian study found a VE of three doses against all reported pertussis to be 83.5% (79.1–87.8) 

between 6 and 11 months. Our study found the VE for a third dose to be very similar at 87% (83, 90) 

for the 5 to 11 month age group. However, when it came to estimating the duration of protection of 

this three dose the Australian study found waning occurred each year following the dose (64.5% at 

age 2 to 3 years and 59.2% at age 3 to 4 years). In contrast our study did not find any indication of 

waning protection with VE against all reported pertussis in 2- to 3-year-olds 87% (84, 90) and in 3- to 

4-year-olds 84% (80, 87).  

Another difference between Australia and NZ is that the majority of notifications in Australia have 

been identified via laboratories and PCR-confirmed. However in NZ some were laboratory-notified 

but a significant amount notified by clinicians. In NZ PCR testing was not routinely done as it is in 

Australia. The implication of this is that the Australian notification data may represent the broader 

disease spectrum of pertussis whereas NZ was likely to be detecting mainly the more severe end on 

the spectrum. As the vaccine appears more effective against severe pertussis this may explain why 

our study results do not show waning immunity. 

The estimated effectiveness of a three dose pertussis schedule against culture or PCR confirmed 

pertussis in England and Wales was examined. The VE in children aged 12 to 39 months ranged from 

96.6% (90.2, 98.7) to 98.7% (97.4, 99.4) depending on vaccine formulation received. The 
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effectiveness did not wane in the 40 to 59 month age group and was still evident in the 5 to 9 year 

age group (18). Our findings are consistent with this study. 

In Denmark a monovalent pertussis toxoid vaccine replaced a whole cell vaccine in 1997 with a 2 + 1 

schedule delivered at 3, 5 and 12 months. This schedule replaced a schedule that was given at 5 and 

9 weeks and 10 months. PCR was introduced in 1997 and ICD-10 coding since 1994. Notifications 

(but not hospitalisations) increased immediately following the introduction of PCR. After the 

schedule change hospitalisations among infants too young to be vaccinated increased but there was 

no relative increase overall and a reduction in hospitalisations among older children. An 

effectiveness study published in 2004 found a VE for three doses of 93% against hospitalisations and 

78% against non-hospitalisations. The study did not estimate the duration of protection (19). 

However, overall the incidence of reported pertussis in Denmark has not increased during the last 

few decades, other than an increase in older age groups. Seroepidemiology suggests pertussis is 

widely circulating (20). 

While doses given earlier, for example in a schedule commencing at 6 weeks of age, may be an issue 

for waning immunity, we did not observe this in our NZ study, where the schedule commences 

earlier than these other countries. However it is possible that noncompliance (delays) with the 

schedule may contribute to this observation. 

Duration of protection following a fifth dose 

In California a waning of protection was observed in 7  to 10-year-olds during an epidemic following 

a fifth dose of DTaP, normally delivered at 4 to 6 years. A case control study found that the estimate 

of VE declined progressively by year following receipt of a fifth dose. As the overall vaccine coverage 

in the Californian state was very high for this period the study was not likely limited by a lower 

propensity of controls to be vaccinated; however, less severe disease in vaccinated cases may not be 

picked up (8). A further analysis from California during a similar time period using the Kaiser 

Permanente members also estimated the risk of pertussis relative to the time since receiving the 

fifth dose of vaccine. This study found the odds of pertussis acquisition increased by an average of 

42% per year following the fifth dose (7). 

Most recently a meta-analysis found the average duration of protective immunity to a fifth dose of 

pertussis vaccine is 3 to 4 years. For each year after the last dose the odds of pertussis increased by 

1.33 times. Assessment of the duration of pertussis immunity found no differences between three 

doses and five doses (21).  

In contrast we examined the effectiveness of a booster at 4 years and found no evidence of waning 

ou  to age 7 years. 

Evidence for fewer doses 

A case control study from the US measured pertussis VE in children 6 months to 4 years. Vaccine 

effectiveness was observed after a single dose (although the confidence intervals were wide. 

However two doses had a VE of 80.1% (41.3, 93.2) in under 2-year-olds and 99.4% (87.3, 99.9) in 2- 

to 3-year-olds (17). The duration of protection was not assessed. 

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82



34 
 

A German study using the screening method found VE of primary vaccination against hospitalisation 

was 99.8% (98.9, 100). A single dose was 68.0% (45.6 – 81.1) and two doses were 91.8% (84.7, 95.7) 

effective. Protection against pertussis with complications was higher (22). 

In Denmark a single pertussis toxoid vaccine is used. VE against hospitalisations in children aged 1 

year and younger was 37% (13, 54) for one dose; 72% (52, 83) for two doses and 93% (78, 98) for 

three doses (19). The duration of protection was not assessed. 

Consistent with these other studies we found evidence for effectiveness even after a single dose in 

older infants and children and good effectiveness of two doses. 

Booster strategies 

Many countries recommend a range of booster strategies for pertussis.  

There are a variety of proposed explanations and scenarios for the apparent global resurgence of 

pertussis. These range from the reduced protection provided by acellular vaccines (although 

resurgence is also noted in countries using whole cell); evolutionary pressure on the B.pertussis 

organism; low vaccination coverage; and improvements in surveillance. Studies modelling vaccine 

effectiveness, clinical studies, serological studies and epidemiology from different countries all serve 

to paint contradicting pictures. 

A recent exploration of optimal pertussis booster strategies argues that many of these strategies are 

based on misdiagnosis of the problem and are therefore likely to be ineffective and costly (23). 

Accurate estimates for the duration of vaccine-derived immunity are essential for informing booster 

strategies. 

This study found no evidence for waning of immunity between the third and fourth dose. There is no 

indication a toddler booster is required to prevent hospitalisations and the more severe end of the 

disease spectrum, and discussions around a rationale to prevent milder disease are warranted. 

However this rationale would be based on results from Australia and possibly the US. Our own 

results and those from the UK do not provide evidence for this. Similarly, there is no evidence for 

waning after the 4 year booster out to age 7 years. As we did not find waning protection we have 

not modelled potential cases averted or performed a cost evaluation for a toddler booster dose for 

this strategy (objectives 1b and 2). 

Is/has NZ been inadvertently giving a 2+1 schedule due to poor timeliness? While significant 

improvements have been made to both immunisation coverage and timeliness in NZ the period of 

ou  study includes cohorts with significant delays in receipt of the primary series. It is likely that 

many children did not receive the three doses within 14 weeks but rather over an extended period, 

affording superior immunogenicity. Further analysis of the time elapsed between the first and third 

dose and VE may be helpful. In addition an exploration on the optimal interval between doses may 

be useful. 

Another factor that was explored was calendar time because vaccine targets were introduced in 

2010 resulting in improvements in timeliness. In 2011 PCR testing was introduced, likely influencing 

pertussis detection. 

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82



35 
 

A study analysing the possible waning of immunity following the 4 year booster beyond 7 years to 10 

years of age could be done in 2017 using the NIR, or alternatively primary care data could be used. 

Similarly, VE following the 11-year-old booster dose can be undertaken in 2017 with the aging up of 

the NIR birth cohorts. 

The results from this study do not demonstrate waning of vaccine protection. However it is possible 

that we have not been able to detect waning against mild disease. Further work is required if this 

question is to be answered for NZ. 
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10.  FIGURES 

 

 

 

Figure 4: Process of data extraction from various organisations, NHI encryption by MoH, and data transfer to EPIC study 
researchers 

 

 

Figure 5: Power curves for vaccine effectiveness calculations, assuming 90% vaccine coverage, by 1-year age intervals 
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Figure 6: Age at dose 3 

 

 

 

Figure 7: Age at dose 3 (zoomed in) 
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11. TABLES  

Table 10: Characteristics of pertussis notifications by missing status of NHI number, 6 weeks to 18 years of age, New 
Zealand EpiSurv notification database 2006–2013 

        
NHI Not Missing NHI Missing 

  

Characteristic N  (%) N  (%)  P-value 
              
Total N=7,048 N=79   

       
Age in months, median (IQR) 72 (27, 129) 90    (32, 187)     0.021 
       
Gender       
     Male 3333 (47) 33 (43)     0.434 
     Female 3709 (53) 44 (57)   
       
Ethnicity       
     Māori 1211 (17) 6 (9)     0.188 
     Pacific 381 (5) 4 (6)   
     European/Asian/Other* 5347 (77) 57 (85)   
       
Region of residence       
     Northern 1315 (19) 22 (28)   <0.001 
     Midland 1133 (16) 7 (9)   
     Central 1789 (25) 7 (9)   
     Southern 2811 (40) 43 (54)   
       
Year of notification, median (IQR) 2012 (2011-12) 2009 (2006-11)  < 0.001 
       
Classification†       
     Confirmed 3844 (55) 32 (41)     0.045 
     Probable 2783 (39) 41 (52)   
     Suspect 421 (6) 6 (8)   
       
Laboratory confirmation‡ 3512 (50) 22 (28)  < 0.001 
       
Fits Clinical Description¶ 5793 (91) 57 (97)     0.137 
       
Clinical features       
     Cough > 2 weeks 4460 (71) 48 (84)     0.027 
     Cough ending in vomiting or apnoea 3937 (69) 34 (74)     0.457 
     Paroxysmal cough 5051 (86) 40 (89)     0.633 
     Inspiratory whoop 1785 (36) 14 (38)     0.800 
       
Immunised** 4242 (70) 30 (61)     0.168 
              * European/Asian/Other comprised for NHI not missing vs NHI missing: European 5124 (73%) vs 56 (71%); Asian 179 

(3%) vs 0 (0%) and Other 44 (1%) vs 1 (1%). 
† Confirmed=a clinically compatible illness that is laboratory confirmed or epidemiologically linked to a confirmed 

case; Probable=a clinically compatible illness with a high B. pertussis IgA test or a significant increase in antibody 
levels between paired sera at the same laboratory OR Cough lasting longer than 2 weeks and one or more of the 
following for which there is no other known cause: paroxysmal cough, cough ending in vomiting or apnoea, 
inspiratory whoop; Suspect (in children under 5 years of age)=any paroxysmal cough with whoop, vomit or apnoea 
for which there is no other known cause.  

‡ Isolation of B. pertussis or detection of B. pertussis nucleic acid, preferably from a nasopharyngeal swab. 
¶ The clinical description for pertussis is a disease characterised by a cough lasting longer than 2 weeks, and one or 

more of the following: paroxysms of cough; cough ending in vomiting or apnoea; or inspiratory whoop. 
** One or more pertussis immunisation doses received prior to notification, reported by patient and/or caregiver. 
 
NOTES: NHI=National Health Index, IQR=inter-quartile range 
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Table 11: Characteristics of hospitalised pertussis cases versus matched* controls randomly sampled from the NIR, 
children 6 weeks to 3 years of age, New Zealand, 2006–2013  

        
Cases Controls 

  

Characteristic N  (%) N  (%)  P-value 
              
Total 625 (4.79) 12,428 (95.21)   

       
Gender        0.756 
     Male 315 (50.40) 6,343 (51.04)   
     Female 310 (49.60) 6,085 (48.96)   
       
Ethnicity      <0.001 
     Māori 256 (40.96) 3,207 (25.89)   
     Pacific 109 (17.44) 1,370 (11.06)   
     European/Asian/Other 260 (41.60) 7,810 (63.05)   
       
NZ Deprivation Index† (deciles)      <0 001 
     1–2 (least deprived) 45 (7.22) 1,704 (13.76)   
     3–4 60 (9.63) 1,895 (15.30)   
     5–6 77 (12.36) 2,150 (17.36)   
     7–8 152 (24.40) 2,714 (21 91)   
     9–10 (most deprived) 289 (46.39) 3,924 (31.68)   
       
Number of pertussis vaccine doses prior to 
index date 

    
 

<0.001 

     0 294 (47.04) 3,803 (30.60)   
     1 196 (31.36) 4,166 (33.52)   
     2 55 (8.80) 1,822 (14.66)   
     3 80 (12.80) 2,629 (21.15)   
     4 0 (0.00) 8 (0.06)   
            
       * Controls matched to cases by age and DHB of residence 
† New Zealand Deprivation Index measures socioeconomic stat s  It is a relative measure of deprivation applied to 

small geographic areas and is based on nine questions from the 2006 census. 
 
NOTES: NIR=National Immunisation Register; DHB=district health board 
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Table 12: Characteristics of notified pertussis cases versus matched* controls randomly sampled from the NIR, children 6 
weeks to 3 years of age, New Zealand, 2006–2013  

        Cases Controls   

Characteristic N  (%) N  (%)  P-value 
              Total 2,028 (4.78) 40,363 (95.22)   

       
Gender         0.173 
     Male 1,003 (49.46) 20,588 (51.01)   
     Female 1,025 (50.54) 19,775 (48.99)   
       
Ethnicity         0.008 
     Māori 418 (20.67) 8,550 (21.25)   
     Pacific 128 (6.33) 3,274 (8.14)   
     European/Asian/Other 1,476 (73.00) 28,402 (70.61)   
       
NZ Deprivation Index† (deciles)         0 1342 
     1–2 (least deprived) 354 (17.52) 6,749 (16.79)   
     3–4 361 (17.87) 7,296 (18.15)   
     5–6 429 (21.24) 7,889 (19.63)   
     7–8 459 (22.72) 9,115 (22.68)   
     9–10 (most deprived) 417 (20.64) 9,148 (22.76)   
       
Number of pertussis vaccine doses prior 
to index date 

    
 

   <0.001 

     0 482 (23.77) 2,395 (5.93)   
     1 148 (7.30) 2,847 (7.05)   
     2 110 (5.42) 3,000 (7.43)   
     3 1,284 (63.31) 31,908 (79.05)   
     4 4 (0.20) 213 (0.53)   
       
       * Controls matched to cases by age and DHB of residence 
† New Zealand Deprivation Index measures socioeconomic status  It is a relative measure of deprivation applied to 

small geographic areas and is based on nine questions from the 2006 census. 
  
NOTES: NIR=National Immunisation Register; DHB=district health board 
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Table 13: Characteristics of all reported pertussis cases versus matched* controls randomly sampled from the NIR, 
children 6 weeks to 3 years of age, New Zealand, 2006–2013  

        Cases Controls   

Characteristic N  (%) N  (%)  P-value 
              Total 2,650 (4.78) 52,753 (95.22)   

       
Gender         0.163 
     Male 1,316 (49.66) 26,929 (51.05)   
     Female 1,334 (50.34) 25,824 (48.95)   
       
Ethnicity      <0.001 
     Māori 673 (25.45) 11,761 (22.37)   
     Pacific 235 (8.89) 4,639 (8.82)   
     European/Asian/Other 1,736 (65.66) 36,174 (68.81)   
       
NZ Deprivation Index† (deciles)         0 067 
     1–2 (least deprived) 399 (15.11) 8,444 (16.07)   
     3–4 421 (15.95) 9,208 (17.52)   
     5–6 506 (19.17) 10,027 (19.08)   
     7–8 610 (23.11) 11,805 (22.47)   
     9–10 (most deprived) 704 (26.67) 13,062 (24.86)   
       
Number of pertussis vaccine doses prior 
to index date 

    
 

<0.001 

     0 777 (29.32) 6,203 (11.76)   
     1 340 (12.83) 7,010 (13.29)   
     2 165 (6.23) 4,795 (9.09)   
     3 1,364 (51.47) 34,524 (65.44)   
     4 4 (0.15) 221 (0.42)   
       
       * Controls matched to cases by age and DHB of residence 
† New Zealand Deprivation Index measures socioeconomic status  It is a relative measure of deprivation applied to 

small geographic areas and is based on nine questions from the 2006 census. 
  
NOTES: NIR=National Immunisation Register; DHB=district health board 
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Table 14: Characteristics of notified pertussis cases versus matched* controls randomly sampled from the NIR, children 4 
years to 7 years of age, New Zealand, 2006–2013  

        Cases Controls   

Characteristic N  (%) N  (%)  P-value 
              Total 775 (4.82) 15,301 (95.18)   

       
Gender         0.614 
     Male 389 (50.19) 7,822 (51.12)   
     Female 386 (49.81) 7,479 (48.88)   
       
Ethnicity      <0.001 
     Māori 117 (15.19) 3,282 (21.59)   
     Pacific 23 (2.99) 1,076 (7.08)   
     European/Asian/Other 630 (81.82) 10,841 (71.33)   
       
NZ Deprivation Index† (deciles)      <0.001 
     1–2 (least deprived) 166 (21.47) 2,695 (17.76)   
     3–4 158 (20.44) 2,762 (18.21)   
     5–6 162 (20.96) 2,905 (19.15)   
     7–8 158 (20.44) 3,599 (23.72)   
     9–10 (most deprived) 129 (16.69) 3,210 (21.16)   
       
Number of pertussis vaccine doses prior 
to index date 

    
 

<0.001 

     0 243 (31.35) 644 (4.21)   
     1 7 (0.90) 320 (2.09)   
     2 8 (1.03) 348 (2.27)   
     3 130 (16.77) 3,164 (20.68)   
     4 386 (49.81) 10,825 (70.75)   
     5 1 (0.13) 0 (0.00)   
       
       * Controls matched to cases by age and DHB of residence 
† New Zealand Deprivation Index measures socioeconomic status  It is a relative measure of deprivation applied to 

small geographic areas and is based on nine questions rom the 2006 census. 
  
NOTES: NIR=National Immunisation Register; DHB=district health board 
 

 

  

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82



43 
 

Table 15: Estimated vaccine effectiveness against pertussis hospitalisation among children 6 weeks to 3 years of age, 
controls sampled from PHO enrolment database, New Zealand, 2006–2013 

          
      Matched* Fully Adjusted† 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    Overall  N=223 N=4,018     
          
6w–2m  N=20 N=164     
 0 4 (20.0) 35 (21.3) 1.00 -- 1.00 -- 
 1 16 (80.0) 129 (78.7) --‡ --‡ --‡ --‡ 
          
3m–4m  N=47 N=839     
 0 11 (23.4) 39 (4.7) 1.00 -- 1.00 -- 
 2 17 (36.2) 500 (59.6) 0.10 (0.04, 0.28) 90 (72, 96) 0.09 (0.03, 0.27) 91 (73, 97) 
          
5m–11m  N=83 N=1,654     
 0 24 (28.9) 51 (3.1) 1.00 -- 1.00 -- 
 3 35 (42.2) 1,109 (67.1) 0.04 (0.02, 0.08) 96 (92, 98) 0.05 (0.02, 0 09) 96 (91, 98) 
          
1y  N=34 N=663     
 0 13 (38.2) 25 (3.8) 1.00 -- 1.00 -- 
 3 18 (52.9) 603 (91.0) 0.07 (0.03, 0.15) 94 (85, 97) 0.05 (0 02, 0.12) 95 (88, 98) 
          
2y  N=22 N=405     
 0 8 (36.4) 5 (1.2) 1.00 -- 1.00 -- 
 3 14 (63.6) 392 (96.8) 0.03 (0.01, 0.11) 97 (89, 99) 0.03 (0.01, 0.12) 97 (88, 99) 
          
3y  N=17 N=293     
 0 8 (47.1) 10 (3.4) 1.00 -- 1.00 -- 
 3 9 (52.9) 264 (90.1) 0.05 (0.02, 0.17) 95 (84, 98) 0.04 (0.01, 0.15) 96 (85, 99) 
          
                    * Cases and controls were matched on general practice enrolment and age at pertussis index date. 
† Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
‡ Effect estimate not calculated because case numbers were small. 
 
NOTES: PHO=Primary Health Organisation; OR=odds ratio; VE=vaccine effectiveness 
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Table 16: Estimated vaccine effectiveness (VE) against non-hospitalised notifications for pertussis among children 6 
weeks to 3 years of age, controls sampled from PHO enrolment database, New Zealand, 2006–2013 

          
      Matched* Fully Adjusted† 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    Total  N=1,788 N=32,057     
          
6w–2m  N=10 N=74     
 0 2 (20.0) 19 (25.7) 1.00 -- 1.00 -- 
 1 8 (80.0) 55 (74.3) --‡ --‡ --‡ --‡ 
          
3m–4m  N=52 N=858     
 0 9 (17.3) 32 (3.7) 1.00 -- 1.00 -- 
 2 26 (50.0) 608 (70.9) --‡ --‡ --‡ --‡ 
          
5m–11m  N=256 N=4,618     
 0 45 (17.6) 135 (2.9) 1.00 -- 1.00 -- 
 3 161 (62.9) 3,657 (79.2) 0.11 (0.07, 0.16) 90 (84, 93) 0.10 (0.07, 0 16) 90 (85, 93) 
          
1y  N=428 N=7,526     
 0 110 (25.7) 254 (3.4) 1.00 -- 1.00 -- 
 3 304 (71.0) 7,022 (93.3) 0.09 (0.07, 0.12) 91 (88, 93) 0.09 (0.07, 0.12) 91 (89, 93) 
          
2y  N=484 N=8,880     
 0 106 (21.9) 340 (3.8) 1.00 -- 1.00 -- 
 3 370 (76.5) 8,215 (92.5) 0.12 (0.09, 0.15) 89 (85, 91) 0.12 (0.09, 0.15) 88 (85, 91) 
          
3y  N=558 N=10,101     
 0 111 (19.9) 349 (3.5) 1.00 -- 1.00 -- 
 3 428 (76.7) 9,342 (92.5) 0.12 (0.09, 0.16) 88 (84, 91) 0.13 (0.10, 0.16) 87 (84, 90) 
          
                    * Controls were selected from individuals enrolled in a general practice. Cases and controls were matched on general practice enrolment 
and age at pertussis index date. 

† Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
‡ Effect estimate not calculated because case numbers small  
 
NOTES: PHO=Primary Health Organisation; OR=odds ratio; VE=vaccine effectiveness 
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Table 17: Estimated vaccine effectiveness (VE) against non-hospitalised notifications for pertussis among children 6 
weeks to 3 years of age, controls sampled from PMS records, New Zealand, 2006–2013 

          
      Matched* Fully Adjusted† 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    Total  N=284 N=5,419     
          
6w–2m  N=2 N=32     
 0 0 (0) 3 (9.4) 1.00 -- 1.00 -- 
 1 2 (100.0) 29 (90.6) --‡ --‡ --‡ --‡ 
          
3m–4m  N=10 N=147     
 0 2 (20.0) 5 (3.4) 1.00 -- 1.00 -- 
 2 5 (50.0) 104 (70.8) --‡ --‡ --‡ --‡ 
          
5m–11m  N=38 N=693     
 0 6 (15.8) 25 (3.6) 1.00 -- 1.00 -- 
 3 24 (63.2) 534 (77.1) 0.18 (0.06, 0.51) 88 (0.49, 0.94) 0.18 (0.06, 0 56) 88 (0.44, 0.94) 
          
1y  N=68 N=1,334     
 0 15 (22.1) 64 (4.8) 1.00 -- 1.00 -- 
 3 49 (72.1) 1,235 (92.6) 0.15 (0.08, 0.29) 85 (0.71, 0.92) 0.14 (0.07, 0.29) 86 (0.29, 0.93) 
          
2y  N=69 N=1,362     
 0 16 (23.2) 65 (4.8) 1.00 -- 1.00 -- 
 3 52 (75.4) 1,252 (91.9) 0.18 (0.09, 0.33) 82 (0.67, 0.91) 0.17 (0.09, 0.33) 83 (0.67, 0.91) 
          
3y  N=97 N=1,851     
 0 18 (18.6) 66 (3.6) 1.00 -- 1.00 -- 
 3 77 (79.4) 1,711 (92.4) 0.15 (0.08, 0.28) 85 (0.72, 0.92) 0.15 (0.08, 0.28) 85 (0.72, 0.92) 
          
                    * Controls were selected from individuals enrolled in the same general practice as the case who had a visit within 90 days of the 
pertussis index date. Cases and controls were matched on age at pertussis index date. 

† Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
‡ Effect estimate not calculated because case numbers small  
 
NOTES: PMS=Practice Management System; OR=odds ratio; VE=vaccine effectiveness 
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Table 18: Estimated vaccine effectiveness (VE) against non-hospitalised notifications for pertussis among children 4 
years to 7 years of age, controls sampled from PHO enrolment database, New Zealand, 2006–2013 

          
      Matched* Fully Adjusted† 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    Total  N=760 N=13,884     
          
4y  N=328 N=6,162     
 0 103 (31.4) 248 (4.0) 1.00 -- 1.00 -- 
 4 126 (38.4) 3,766 (61.1) 0.06 (0.04, 0.08) 94 (92, 96) 0.06 (0.04, 0.08) 94 (92, 96) 
          
5y  N=246 N=4,469     
 0 81 (32.9) 220 (4.9) 1.00 -- 1.00 -- 
 4 138 (56.1) 3,732 (83.5) 0.06 (0.04, 0.08) 94 (92, 96) 0.06 (0.04, 0.09) 94 (92, 96) 
          
6y  N=157 N=2,724     
 0 42 (26.8) 90 (3.3) 1.00 -- 1.00 -- 
 4 101 (64.3) 2,353 (86.4) 0.06 (0.04, 0.10) 94 (90, 96) 0.06 (0.03, 0 10) 94 (91, 97) 
          
7y  N=29 N=529     
 0 8 (27.6) 20 (3.8) 1.00 -- 1.00 -- 
 4 18 (62.1) 460 (87.0) 0.07 (0.02, 0.22) 93 (78, 98) 0 08 (0.02, 0.25) 93 (75, 98) 

                    * Controls were selected from individuals enrolled in a general practice. Cases and controls were matched on general practice enrolment and age at 
pertussis index date. 

† Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
 
NOTES: PHO=Primary Health Organisation; OR=odds ratio; VE=vaccine effectiveness 
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Table 19: Estimated vaccine effectiveness against all reported* pertussis among children 6 weeks to 3 years of age, 
stratified by year of birth, controls sampled from the NIR, New Zealand, 2006–2013 

      
  Matched†  VE (95% CI) 

Age Doses 2006–2007 2008–2009 2010–2011 2012–2013 
            6w–2m 0 -- -- -- -- 
 1 66 (22, 85) 24 (-38, 58) 27 (-30, 60) 47 (20, 65) 
      
3m–4m 0 -- -- -- -- 
 2 81 (24, 95) 87 (62, 95) 84 (68, 92) 76 (37, 82) 
      
5m–11m 0 -- -- -- -- 
 3 97 (85, >99) 90 (80, 95) 87 (81, 92) 88 (81, 92) 
      
1y 0 -- -- -- -- 
 3 92 (85, 96) 92 (85, 96) 89 (85, 92) 84 (65, 92) 
      
2y 0 -- -- -- -- 
 3 93 (88, 96) 86 (79, 90) 85 (78, 89) -- 
      
3y 0 -- -- -- -- 
 3 95 (90, 97) 84 (81, 88) -- -- 
            
* Includes the initial report for each individual, either that of hospitalisation or non-hospitalised 
notification. Where hospitalisation and notification occurred on the same day, hosp talisation was 
prioritised. 

† Cases and controls were matched on general practice enrolment and age at pertussis index date. 
 
NOTES: VE=vaccine effectiveness 
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Table 20: Estimated vaccine effectiveness against all reported laboratory confirmed* pertussis among children 6 weeks 
to 3 years of age, controls sampled from the NIR, New Zealand, 2006–2013 

          
      Matched† Fully Adjusted‡ 

Age Doses Cases Controls OR (95% CI) VE (95% CI) OR (95% CI) VE (95% CI) 
                    Total  N=1,319 N=26,312     
        
6w–2m  N=272 N=5,409     
 0 154 (56.6) 2,683 (49.6) 1.00 -- 1.00 -- 
 1 118 (83.4) 2,723 (50.3) 0.57 (0.41, 0.79) 43 (21, 59) 0.70 (0.50, 0.99) 30 (1, 50) 
          
3m–4m  N=137 N=2,778     
 0 35 (25.6) 224 (8.1) 1.00 -- 1.00 -  
 2 37 (27.0) 1,298 (46.7) 0.15 (0.09, 0.24) 85 (76, 91) 0.16 (0.10, 0.28) 84 (72, 90) 
          
5m–11m  N=182 N=3,641     
 0 70 (38.5) 149 (4.1) 1.00 -- 1.00 -- 
 3 66 (36.3) 2,495 (68.5) 0.05 (0.03, 0.07) 95 (93, 97) 0.05 (0.03, 0.08) 95 (92, 97) 
          
1y  N=224 N=4,456     
 0 98 (43.8) 159 (3.6) 1.00 -- 1.00 -- 
 3 115 (51.3) 4,074 (91.4) 0.04 (0.03, 0.06) 96 (94, 97) 0.05 (0.03, 0.06) 95 (94, 97) 
          
2y  N=225 N=4,503     
 0 78 (34.7) 174 (3.9) 1.00 -- 1.00 -- 
 3 144 (64.0) 4,125 (91.6) 0.07 (0.05, 0.10) 93 (90, 95) 0.07 (0.05, 0.10) 93 (90, 95) 
          
3y  N=279 N=5,525     
 0 85 (30.5) 209 (3.8) 1.00 -- 1.00 -- 
 3 184 (66.0) 5,052 (91.4) 0.09 (0.06, 0.11) 91 (89, 94) 0.09 (0.07, 0.12) 91 (88, 93) 
                    * Includes the initial report for each individual, either that of hospitalisation or non-hospitalised notification where Bordetella pertussis 
was either isolated or detected by PCR. Where hospitalisation and notification occurred on the same day, hospitalisation was 
prioritised. Note that not all hospitalisations and notifications are tested for pertussis. 

† Cases and controls were matched on age at pertussis index date and DHB area of residence. 
‡ Model was adjusted by sex, ethnicity and socioeconomic deprivation index. 
 
NOTES: NIR=National Immunisation Register; OR=odds ratio; VE=vaccine effectiveness; DHB=district health board 
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APPENDIX 2—CONSENT FORM 

 

  

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82



52 
 

REFERENCES 

1. Blakely T, Mansoor O, Baker M. The 1996 pertussis epidemic in New Zealand: descriptive 
epidemiology. The New Zealand medical journal. 1999;112(1081):30-3. 
2. Somerville RL, Grant CC, Grimwood K, Murdoch D, Graham D, Jackson P, et al. Infants 
hospitalised with pertussis: estimating the true disease burden. J Paediatr Child Health. 
2007;43(9):617-22. 
3. Edwards KM, Decker MD. Pertussis vaccines. In: Plotkin SA, Orenstein W, Offit PA, editors. 
Vaccines: Expert Consult 6th ed.: Elsevier Health Sciences; 2013. 
4. Zhang L, Prietsch SO, Axelsson I, Halperin SA. Acellular vaccines for preventing whooping 
cough in children. Cochrane database of systematic reviews (Online). 2012;3:CD001478. 
5. Lyseng-Williamson KA, Dhillon S. DTPa-HBV-IPVHib vaccine (Infanrix hexa ™): A guide to its 
use in infants. Pediatric Drugs. 2012;14(5):337-43. 
6. Witt MA, Katz PH, Witt DJ. Unexpectedly limited durability of immunity following acellular 
pertussis vaccination in preadolescents in a north American outbreak. Clinical Infectious Diseases. 
2012;54(12):1730-5. 
7. Klein NP, Bartlett J, Rowhani-Rahbar A, Fireman B, Baxter R. Waning protection after fifth 
dose of acellular pertussis vaccine in children. New England Journal of Medicine. 2012;367(11):1012-
9. 
8. Misegades LK, Winter K, Harriman K, Talarico J, Messonnier NE, Clark TA, et al. Association of 
childhood pertussis with receipt of 5 doses of pertussis vaccine by time s nce last vaccine dose, 
California, 2010. JAMA. 2012;308(20):2126-32. 
9. Ozkal A, Sensoy G, Acuner C, Belet N, Guney AK. Seroprevalence of Bordetella pertussis 
immunoglobulin G antibodies among children in Samsun, Turkey. Turk J Pediatr. 2012;54(1):15-9. 
10. Lai FY, Thoon KC, Ang LW, Tey SH, Heng D, Cutter JL, et al. Comparative seroepidemiology of 
pertussis, diphtheria and poliovirus antibodies in Singapore: waning pertussis immunity in a highly 
immunized population and the need for adolescent booster doses. Vaccine. 2012;30(24):3566-71. 
11. Quinn HE, Snelling TL, Macartney KK, McIntyre PB. Duration of Protection After First Dose of 
Acellular Pertussis Vaccine in Infants. Pediatrics  2014;133(3):e513-e9. 
12. Warfel JM, Zimmerman LI, Merkel TJ  Acellular pertussis vaccines protect against disease but 
fail to prevent infection and transmission in a nonhuman primate model. Proceedings of the 
National Academy of Sciences. 2014;111(2):787-92. 
13. de Cellès MD, Riolo MA, Magpantay FM, Rohani P, King AA. Epidemiological evidence for 
herd immunity induced by acellular pertussis vaccines. Proceedings of the National Academy of 
Sciences. 2014;111(7):E716-E7. 
14. Warfel JM, Merkel TJ. Reply to Domenech de Celles et al.: Infection and transmission of 
pertussis in the baboon model. Proceedings of the National Academy of Sciences of the United 
States of America. 2014;111(7):E718. 
15. Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E, Donegan K, et al. Effectiveness 
of maternal pertussis vaccination in England: an observational study. The Lancet. 2014. 
16. Wendelboe AM, Van Rie A, Salmaso S, Englund JA. Duration of immunity against pertussis 
after natural nfection or vaccination. Pediatr Infect Dis J. 2005;24(5 Suppl):S58-61. 
17. Bisgard KM, Rhodes P, Connelly BL, Bi D, Hahn C, Patrick S, et al. Pertussis vaccine 
effectiveness among children 6 to 59 months of age in the United States, 1998–2001. Pediatrics. 
2005;116(2):e285-e94. 
18. Campbell H, Amirthalingam G, Andrews N, Fry NK, George RC, Harrison TG, et al. 
Accelerating control of pertussis in England and Wales. Emerg Infect Dis. 2012;18(1):38-47. 
19. Hviid A, Stellfeld M, Andersen PH, Wohlfahrt J, Melbye M. Impact of routine vaccination with 
a pertussis toxoid vaccine in Denmark. Vaccine. 2004;22(27-28):3530-4. 
20. Rønn P, Dalby T, Simonsen J, Jørgensen C, Linneberg A, Krogfelt K. Seroepidemiology of 
pertussis in a cross-sectional study of an adult general population in Denmark. Epidemiology and 
infection. 2014;142(04):729-37. 
21. McGirr A, Fisman DN. Duration of Pertussis Immunity After DTaP Immunization: A Meta-
analysis. Pediatrics. 2015:peds. 2014-1729. 

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82



53 
 

22. Juretzko P, Von Kries R, Hermann M, von König CW, Weil J, Giani G. Effectiveness of acellular 
pertussis vaccine assessed by hospital-based active surveillance in Germany. Clinical infectious 
diseases. 2002;35(2):162-7. 
23. Riolo MA, Rohani P. Combating pertussis resurgence: One booster vaccination schedule does 
not fit all. Proceedings of the National Academy of Sciences. 2015:201415573. 

 

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82




