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Goals. The main objective of this study is to apply a Poisson regression model of epidemic
strain Meningococcal B disease rates in New Zealand in order to assess the impact of a new
vaccine (MeNZB). The study design of a staged roll-out of the vaccine indifferent age groups
and geographic regions allows for an estimation of the vaccine effect thatis not confounded with
the progression of the epidemic over time. The Poisson regression model considers the number
of subjects at risk, as well as the time at risk, so that the disease rates are calculated as the
average number of cases per person per unit of time. This method of estimating rates facilitates
the incorporation of the rollout vaccination schedule. The analysis defines cases as individuals
with the epidemic strain of meningococcal disease and estimates the effects of vaccination in
different age and ethnic groups, while accounting for potential covariates of region-specific
disease rates, deprivation, time, and seasonality.

This report updates earlier findings from previous studies, by includingdata to the end of De-
cember 2008. It includes additional analyses on the dose-response relationship, occurrences of
sequelae, and any protective effect of the MeNZB vaccine against other strains of meningococ-
cal disease. It also includes an analysis of pneumococcal disease andMeNZB status as a test
for residual confounding.

Executive Summary.Several rates models were fit to New Zealand epidemic strain meningo-
coccal B case and population data using a generalised estimating equation method for correlated
count data. All available covariates of disease were considered as main effects in the model, as
well as all pairwise interactions between covariates.

All models provided strong statistical evidence for a vaccine effect (p-value<0.0001). The
primary analysis estimated epidemic strain meningococcal B disease rates for people under the
age of 20 years to be 4.3 times higher in the unvaccinated group than in the vaccinated group
(95% confidence interval = 2.6 to 6.9 times as high), with a vaccine effectiveness of 77% (95%
confidence interval = 62% to 85%).

A dose-response analysis showed some evidence for a partial vaccination effect (less than the
three doses required by the programme). There was no evidence of a waning vaccine effect
after one year. There is no evidence that the vaccine effect differs by region, age, ethnicity or
socioeconomic status.

1



A test for residual confounding using invasive pneumococcal disease as a reference condition
showed an apparent protective effect of the vaccine against pneumococcal disease. If this protec-
tive effect (which cannot be due to the vaccine itself) is due to residual confounding that would
reduce the effectiveness estimate for MeNZB. The degree of ‘protection’ against pneumococcal
disease shows a dose-response relationship, suggesting that part ofthe apparent protection is
due to participation in the vaccination programme: where the increased GP visitsand attention
by school nurses occurring in the campaign led to a reduction of rates of invasive pneumococcal
disease in the vaccinated group. Taking this into account gives a conservative estimate of the
vaccine effect adjusted for residual confounding of 68%.

As of 31 December 2008, the vaccine programme achieved 81% coverageof people under
age 20, an estimated 208 epidemic strain meningococcal B cases have been prevented by the
vaccination programme (95% confidence interval 105 to 375 cases), andan estimated six deaths
and 16-27 cases of severe sequelae due to epidemic strain meningococcal B disease have been
prevented.
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1 Introduction

New Zealand experienced a prolonged epidemic of Meningococcal B disease starting in 1991.
Its most recent peak was in 2001 with significant waning since then (Bakeret al. 2001, Martin
et al. 2007). In response, a strain-specific outer membrane vesicle vaccine, MeNZB, was de-
livered through a national programme, staggered by region and age group, from July 2004 to
June 2006. MeNZB remained in the routine infant immunisation schedule until 1 June 2008
(Ministry of Health 2008). School aged children (5-17 years) were vaccinated by public health
nurses in schools and all others were vaccinated by primary care providers. A three-dose sched-
ule was offered to all under the age of 20 years. From January 2006 afourth dose, administered
at 10 months of age, was introduced for children who received their first dose before 6 months
of age. This was to increase the proportion of infants attaining an increasein serum bactericidal
antibodies (SBAs) similar to that achieved in older age groups with three doses.

In this report we update estimates of the MeNZB vaccine effectiveness. We have presented
previous estimates in three technical reports prepared for the Ministry of Health: Kelly & Arnold
(2006), Kelly & Arnold (2007) and Arnold & Kelly (2009), and in a published journal article
Kelly et al. (2007). The principal differences between these four analyses and the current one
are as follows:

(1) Kelly & Arnold (2006) used data in the period1 January 2001-30 June 2006, and made
the assumption that any individual who received a third vaccination dose ina particular
quarter was fully vaccinated for that quarter. This is equivalent to assuming some protec-
tion from partial vaccination.

The vaccine effectiveness was found to be 80% with a relative epidemic strain meningo-
coccal B disease risk of 4.9 (95% CI = [2.7,9.1]) for unvaccinated vs. vaccinated individ-
uals (for all ages).

(2) Kelly et al. (2007) (the published journal article) used the same data asKelly & Arnold
(2006) (1 January 2001-30 June 2006), but modified the assumption about vaccine cov-
erage, such that any individual who received a third vaccination dosein a particular quar-
ter was fully vaccinated forhalf that quarter.

The vaccine effectiveness was found to be 73% with a relative risk of 3.7(95% CI =
[2.1,6.8]) (for all ages).

(3) Kelly & Arnold (2007) used the same methodology as Kelly et al. (2007),but with addi-
tional data, covering the period1 January 2001-31 December 2006.

The vaccine effectiveness was found to be 68% with a relative risk of 3.1(95% CI =
[2.0,4.8]) (for all ages).

(4) Arnold & Kelly (2009) used the same methodology as Kelly et al. (2007),but with addi-
tional data, covering the period1 January 2001-31 December 2007. The main analysis
was restricted to the population under the age of 20 years (whereas in the earlier reports
the vaccine effectiveness was estimated for all ages).

Arnold & Kelly (2009) made one further alteration to the methodology: a maximum
vaccination coverage of 96% for< 1 year-olds, and a maximum coverage of 92% for 1-4
year olds was assumed. This conservative assumption reduces the estimateof the vaccine
effect, and was necessary for instances where the Statistics New Zealand population is
less than, or close to, the total vaccinated population in the immunisation register.
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For all ages the vaccine effectiveness was found to be 64% with a relative risk of 2.8
(95% CI = [1.9,3.9]). When restricted to under age 20 years – the population most at risk
of meningococcal B disease – the vaccine effectiveness was estimated to be 69% with a
relative risk of 3.2 (95% CI = [2.2,4.8]).

The current report updates the Kelly & Arnold (2007) and Arnold & Kelly(2009) technical
reports with data covering the period1 January 2001-31 December 2008. The main results of
this report have been published in the journal article Arnold et al. (2011).

The following changes to the methodology have been made:

• The focus of the study is on the effect on the age groups under 20 years.

• The classification of populations into Unvaccinated, Partially Vaccinated andFully Vac-
cinated now includes consideration of whether an individual received his/her first dose
under the age of 6 months, and therefore requires a 4th dose to become fully vaccinated.

This reduces the population and cases that are classified as fully vaccinated in the youngest
age groups.

• The population estimates in some year×quarter×region×deprivation× age group×ethnicity
cells were less than the reported coverage (number of vaccinated individuals) of the vac-
cination programme in those cells. To adjust for this we have assumed that the coverage
of the vaccination programme was a maximum of 98% in all cells. This conservative
assumption reduces the size of the estimated vaccine effect.

The plan of the report is as follows. Section 2 discusses the data, the assumptions made, and
the approach taken to statistical modelling. Simple rate estimates are given in Section 3, and
this is followed by the results of the Poisson rates model in Section 4, where theprincipal
results of the report can be found. Several models are fitted, with various restrictions on the
dataset such as adding or removing age groups and restriction to the Northern region where the
epidemic began. We also investigate the existence of a protective effect ofthe vaccine against
other strains of meningococcal disease, and a dose-response relationship which would suggest
a possible protective effect of partial vaccination.

The same methodology and population data that are used in Section 4 are applied to case data
from pneumococcal disease in Section 5. The purpose of this analysis is totest whether there is
any residual confounding unaccounted for in our estimates of vaccine effectiveness. An overall
discussion follows in Section 6.

More detail of the data preparation procedures is given in Appendix A, and the SAS output of
the principal model from Section 4 is given in Appendix B.
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2 Data Management and Model Assumptions

2.1 Data

In this study, we assess the effect of the MeNZB vaccine on the incidenceof epidemic strain
meningococcal B cases, where the rates are defined as epidemic strain cases per year per 100,000
persons in the population of interest. The three main sources of data for theestimates herein
are: (1) Ministry of Health records of cases, which includes information on age, onset date,
region, ethnicity, and New Zealand index of Deprivation 2001 (NZDep01) score (2) population
estimates for each year per demographic group obtained from Statistics NewZealand (SNZ)
using the 2001 census as a base and projecting the population estimates to 2002-2008 assuming
medium growth rates, and (3) estimates of the vaccinated populations per year per demographic
group from the National Immunisation Register (NIR).

In order to test for any cross-protection against other strains of meningococcal disease we have
also obtained records of all confirmed cases of non-Epidemic strain meningococcal disease (in-
cluding non Group B). Cases of non-Epidemic strain meningococcal disease came from the
Ministry of Health case records, and have the same covariate data availableas the Epidemic
strain cases.

As part of a test for residual confounding we have obtained recordsof all confirmed cases of
invasive pneumococcal disease in the under 20 year old population. Dataon individual pneumo-
coccal disease cases were provided by Environmental Science and Research (ESR) for the years
2002-2008, including age, specimen receipt date and region. These pneumococcal cases were
identified only from lab isolates of cases of invasive disease. Invasivepneumococcal disease
was not a notifiable disease until October 2008, following the addition of the 7-valent pneumo-
coccal conjugate vaccinePrevenarto the routine childhood schedule in 1 June 2008 (the same
time at which the MeNZB programme ceased Ministry of Health (2008),§1.2). Further details
of the data sources are given in Appendix A.)

The National Health Index (NHI) number is a unique identifier used by healthproviders which is
generally given at birth Where available, the NHI number was used to match each pneumococcal
case with the NIR to determine MeNZB vaccination status, and to the NHI database to determine
date of birth, ethnicity and deprivation score.

2.2 Factors associated with disease rates

The factors listed below are known to be associated with meningococcal disease rates (see for
example Martin et al. 2005). Rates of epidemic strain meningococcal B disease decreased over
the period 2001-2008 in New Zealand. Furthermore, incidence of meningococcal disease is
known to vary by age, economic status and ethnicity. To assess the effectsof these factors and
the effectiveness of the vaccine, the following variables were included inthe rates model.

(1) Year: 2001-2008.

(2) Season: defined as quarters: January-March, April-June, July-September, October-December.
These quarters roughly coincide with the seasons of high and low diseaserates.
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(3) Region: Four areas coinciding approximately with the former Regional Health Authority
areas (RHAs). (Three are in the North Island, the fourth is the South Island.)

(4) Socio-economic status: the ten NZDep01 deprivation deciles were paired to give five
deprivation quintiles.

(5) Age: categorised as: less than 6 months, 6 months to less than 1 year, 1 to4 years, 5 to
19 years, 20 or more years.

(6) Ethnicity: categorised as M̄aori, Pacific Peoples, or Other ethnicities.

(7) Vaccination status: not vaccinated, partially vaccinated, fully vaccinated having received
a final dose within the previous 12 months, and fully vaccinated where the final dose was
more than 12 months earlier.

The New Zealand index of Deprivation 2001 (NZDep01) which we use in this study is a com-
posite area based index of deprivation calculated from the 2001 Census. The index is based
on the proportions of people: receiving a means-tested benefit; unemployed; below an income
threshold; with access to a telephone or car; living in a single parent family;with no qualifica-
tions; living in households below a bedroom occupancy threshold; and not living in their own
home (Salmond & Crampton 2002).

Our analysis is limited by being based on routine data, and we do not have access to individual
exposures to risk factors, such as household overcrowding. However our analysis does include
all available covariates, and, for example, household overcrowding is present as part of the
NZDep01 deprivation index.

2.3 Assumptions

(1) This study is restricted to the time period January 2001–December 2008.

(2) A meningococcal disease case is defined as an individual who has been diagnosed with
the epidemic strain, verified either by PCR or by isolation.

(3) In the rates model, we only use population estimates in regions of known deprivation
and cases are excluded if their deprivations or ethnicities are unknown.Of 1381 cases in
2001-2008 with the epidemic strain, there were 24 cases with unknown deprivation values
and 10 cases with unknown ethnicity, yielding a total of 1347 cases with full information.

Of the 34 cases with unknown deprivation or ethnicity, 24+8=32 were unvaccinated and
0+2=2 were fully vaccinated, so their exclusion underestimates (slightly) theepidemic
strain meningococcal disease rates in the unvaccinated population and yields a conserva-
tive estimate of the vaccine effect. For the descriptive analyses in Section 3, however, all
populations and cases are counted.

(4) We define:

• Unvaccinatedindividuals as those who have not received any doses;

• Partially vaccinated individuals as those who have received only one or two doses
OR any who have received three doses, but the first was at less than 6months of age;

• Fully vaccinated individuals as those who have received three doses with the first
dose at later than 6 months of age OR four doses.
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We further divide the Fully vaccinated class into two subclasses:

• Recently vaccinatedindividuals as those who are fully vaccinated, with the most
recent dose within the previous 12 months;

• Earlier vaccinated individuals who are fully vaccinated, with the most recent dose
being more than 12 months ago.

(5) In our statistical modelling we use two vaccination classifications:

(a) 3-level vaccination status: assuming no difference in the effect of the vaccine
before or after 12 months (all Fully vaccinated individuals are treated as asingle
group), or

(b) 4-level vaccination status:assuming a difference in the effect of the vaccine after
12 months (a separate effect of full vaccination is estimated for the Recentlyand
Earlier vaccinated groups).

(6) We assume that if a case was not listed in the NIR, the person was not vaccinated. Up
to the end of 2006 each case was verified independently at the time of reporting to check
whether the individual was vaccinated.

(7) There are instances where the SNZ medium-growth population estimate in a given re-
gion× deprivation× age× ethnicity× year cell is less than the sum of the number of
individuals partially and fully vaccinated on the vaccination register.

We assume that the register of vaccinations is more accurate than the SNZ population
estimates, and moreover we assume a maximum coverage of 98% in any region× age×
ethnicity× year cell. We have set these thresholds on the basis of the observed distribu-
tions of over- and undercoverage (see Appendix A).

This procedure leads to a smallincreasein the unvaccinated population, and adecrease
in the estimated case rate in that population: it is therefore conservative in its impact on
the estimate of the vaccine effect.

This assumption increased the total medium-growth scenario population estimate (for all
of NZ) by less than 0.4% (and by less than 1.3% of the population under the age of 20
years).

(8) We assume that people receiving their final dose in a given quarter were covered for half
of that quarter. This assumption is implemented by calculating the population at each
dose level at the midpoint of each quarter.

(9) We assume that vaccination coverage is uniform over deprivation quintiles (within cells
defined by region, age, ethnicity and year). Available information from theNIR was the
number of people vaccinated at the midpoint of each quarter by DHB by ethnicity, but
not by deprivation. Thus, it was necessary to estimate the number vaccinated by quarter
by DHB by ethnicity by deprivation by applying each stratum population proportion in
each deprivation category to the number vaccinated in that stratum. (Details are given in
Appendix A.)

(10) There was one vaccine breakthrough case from the Phase II clinical trials undertaken in
2002/03 (McNicholas et al. 2008). It could be argued that the case should be omitted from
all analyses because it did not arise in from the population vaccinated under the MeNZB
programme.
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However to be conservative we included this vaccinated case in our analyses when making
estimates with the 3-level vaccination status. This (very slightly) reduces ourestimate of
the vaccine effect by adding a case to the set of vaccinated cases whicharise from the
fully vaccinated population. For the 4-level vaccination status analyses it was necessary
to omit the case, because there was no ‘Earlier vaccinated’ population from which the
case could have arisen.

2.4 Statistical Methodology

A Poisson rates model was suggested by Ameratunga et al. (2005) as the ‘most appropriate and
relevant method to assess the overall effectiveness of the immunisation programme.’ Poisson
rates models are used to model events that occur over time and space (see for example Agresti
1996, Kianifard & Gallo 1995). This approach is similar to the screening method described by
Farrington (1993), where either a Poisson or Binomial model is used to model counts of cases
stratified by a set of covariates.

The screening method has been used to assess effectiveness of the meningococcal C conjugate
vaccine in the UK (Ramsay et al. 2001). In this application exposure (vaccination status) of the
controls (disease free individuals) is determined from a separate source from the case data. In
our case the external source is the NIR register.

The Poisson regression model differs from the screening method in that itcan incorporate the
time varying exposure during rollout of the vaccine programme, and can more flexibly include
covariates (as regressors rather than fully cross-classified strata),overdispersion, and correlation
between observations.

The screening method can be contrasted with case-control and cohort designs where exposure
is measured directly. These designs allow for greater control of potentialconfounders – since
these can be ascertained directly for both cases and controls. The screening method typically
has less information available on the controls than the cases.

Bose et al. (2003) carried out a separate assessment of the UK meningococcal C vaccine using a
case-control design. A case-control study for epidemic strain meningococcal B disease in New
Zealand was planned (Ameratunga et al. 2005), but was abandoned in March 2006 because
of the small numbers of cases which meant the study would have insufficientstatistical power
(Lennon et al. 2009). A cohort study (Galloway et al. 2009) was carried out to assess the vaccine
effectiveness in children under 5, and found an effectiveness of 80.0% (95% CI [52.5-91.6]).

In this study we follow the Poisson regression methodology described in the previous technical
reports and published article (Kelly & Arnold 2006, Kelly et al. 2007, Arnold & Kelly 2009),
namely we use a generalised estimating equation model (GEE) that allows for correlated obser-
vations over time. These models were fit using the statistical package SAS using a multivariate
generalisation of quasi-likelihood. The specified correlation structure used in the GEE model
was auto-regressive AR(1), with a correlation parameterρ quantifying the period-to-period cor-
relation. In the GEE models, strata defined by region by ethnicity by age by deprivation by
vaccination status were considered as independent populations that were observed longitudi-
nally at 32 time points (the quarter-years of the study time period). Thus, temporal dependen-
cies were modelled, but spatial dependencies were not incorporated intothe GEE models. As
discussed in Liang & Zeger (1986), however, the parameter estimates in theGEE models are ro-
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bust to misspecification of the covariance structure. The GEE model thus accommodates over-
or under-dispersion, as well as misspecification in the dependency structure.

Model fitting considered all main effects and all two-way interactions. A backward step-wise
procedure was used with the main effects, but a forward step-wise procedure was used with the
interactions, since the model with all interactions was poorly defined and did not converge.
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Table 1: All meningococcal disease cases 1 January 1999–31 December 2008. Con-
firmed cases are identified by PCR or isolation, and classified as Epidemic Group
B (if possible), non-epidemic Group B, and non Group B.

Year Epidemic Non-epidemic Non Group B Unknown Group Total
Group B Group B or Subtype

1999 253 25 19 207 504
2000 269 29 16 166 480
2001 370 35 40 206 651
2002 291 37 51 177 556
2003 257 43 55 186 541
2004 185 30 38 88 341
2005 112 35 42 38 227
2006 75 25 34 26 160
2007 47 27 15 15 104
2008 44 37 21 21 123
Total 1903 323 331 1130 3687

3 Descriptive Results

3.1 Case data

Data on cases of meningococcal disease have been provided by the Ministry of Health for the
period 1 January 1999 to 31 December 2008. Each of the cases was classified as one of the
following:

(1) Epidemic Group B – Epidemic Strain, Meningococcal Group B;

(2) Non-epidemic Group B – Non-epidemic Strain, Meningococcal Group B;

(3) Non Group B – Identified as a strain of Meningococcal disease otherthan Group B;

(4) Unknown Group or Subtype – This category includes all other eventualities. Note that
some Epidemic B cases will fall into this category.

Identification in the first 3 of these categories required confirmation by PCRor isolation.

Counts of cases identified in this way are given in Table 1 and are shown graphically in Figure 1.
The most recent peak of the epidemic took place in 2001, with declining rates of disease there-
after. The ‘Unknown Group or Subtype’ category, which may contain unidentified epidemic
strain cases, is high in the years 1999-2003, but decreased sharply from 2004 onwards. This is
presumably due to the improved rates of specimens being collected by cliniciansand referred
for laboratory confirmation, although part of the decrease also due to theoverall waning of
epidemic.

There were 757 cases with Unknown Group or Subtype in 2001-2008. Of these only 143 (19%)
were confirmed as some form of meningococcal disease. The unconfirmed cases were notified

11



Table 2: Estimated numbers of cases without a confirmed type that are Epidemic
Group B. The ‘scale factor’ is the factor by which the number of confirmedcases
of Epidemic Group B should be multiplied to give the Estimated Total of Epidemic
Group B cases.

Year All Known Confirmed Proportion Unknown Imputed Estimated Total Scale
Cases Type Epidemic Epidemic Cases Epidemic Epidemic Factor

Group B Group B Group B Group B
1999 504 297 253 85.2% 207 176 429 1.70
2000 480 314 269 85.7% 166 142 411 1.53
2001 651 445 370 83.1% 206 171 541 1.46
2002 556 379 291 76.8% 177 136 427 1.47
2003 541 355 257 72.4% 186 135 392 1.52
2004 341 253 185 73.1% 88 64 249 1.35
2005 227 189 112 59.3% 38 23 135 1.20
2006 160 134 75 56.0% 26 15 90 1.19
2007 104 89 47 52.8% 15 8 55 1.17
2008 123 102 44 43.1% 21 9 53 1.21

as meningococcal disease due to a clinically compatible illness, and include a fewcases where
there was isolation ofN. meningitidisfrom a non-sterile site (mainly the throat). These cases
are classified as ‘probable’ cases on this basis.

On the assumption that the bulk of these probable cases are some form of meningococcal dis-
ease, we estimate the numbers of Epidemic Group B cases that are in the ‘Unknown Group
or Subtype’ category. These estimates are shown in Table 2. We assume that amongst these
cases the distribution across the three categories of confirmed types (Epidemic Group B, Non-
epidemic Group B and Non Group B) is the same as amongst the confirmed cases. That is, we
assume that the likelihood of a case not having a confirmed type does not depend on its type,
but only on the annual rate of confirmation for all meningococcal disease, which improved over
time. For example, in 2004 there were 341 cases, 253 with known type, and 185 of those were
Epidemic Group B: i.e. 73.1%. There were 88 cases with unknown group orsubtype, and we
impute that 64 of these (73.1%) may be epidemic strain cases, thus the estimated total number of
epidemic strain cases in 2004 is 185+64=249. The final column of Table 2 is the factor by which
the observed total counts of epidemic strain cases should be multiplied to obtain the estimated
total number. In 2004 this factor is 249/185 = 1.35: the estimated count is 35% higher than the
confirmed count of cases. We use these factors in Section 4 below when estimating the numbers
of cases, sequelae and fatalities prevented by the vaccination campaign.

Cases of meningococcal disease were also matched to hospital records using the NHI number.
Lengths of stay for each case were calculated, if there were any hospital admissions. Counts of
these cases for 2001-2008 are shown in Table 3, and the lengths of stayby subtype are plotted
as binned scatterplots in Figure 2. The distributions are similar across the four subtypes, and do
not change with time, except that the numbers of cases decrease steadily from 2001.
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Figure 1: Counts of Meningococcal Disease cases, classified into 4 types. The
category ‘Unknown Group or Subtype’ may include unidentified Epidemic Group
B cases.

13



Table 3: Numbers of cases with admissions to hospital (1 January 2001-31December 2008).

Type Admitted Total Percentage Length of Stay (days)
Admitted Mean Median (LQ,UQ)

Epidemic Group B 948 1381 68.6% 5.2 4 (3,6)
Non Group B 201 296 67.9% 9.7 5 (3,8)
Non-epidemic Group B 192 269 71.4% 5.7 5 (3,7)
Unknown Group or Subtype 522 757 69.0% 3.8 3 (2,4)
Total 1863 2703 68.9% 5.3 4 (2,6)

It is noteworthy that the lengths of stay for the Unknown Group or Subtypecategory are sys-
tematically shorter than those where the subtype was identified. While the reason for this is not
clear, it may be because milder cases (with shorter lengths of stay) were less likely to have their
subtypes established, as can be seen in Figure 3.

Data have also been provided on pneumococcal disease. Where available, the NHI number was
used to match each pneumococcal case with the NIR to determine MeNZB vaccination status,
and to the NHI database to determine date of birth, ethnicity and deprivation score. These data
are described further in Section A.2 of Appendix A, and are analysed in Section 5 as part of
checks for residual confounding.

3.2 Coverage

Delivery of the three-dose MeNZB series began in July 2004 for children aged from 6 months
to 19 years in parts of Auckland, and was gradually extended to the rest of the nation and to
the younger age group. In January 2006 a fourth MeNZB dose was recommended for infants
who had started their vaccination series before the age of 6 months (Ministryof Health 2006,
§15.5C). The Meningococcal B Immunisation Programme ended in June 2006,although the
vaccine continued to be routinely offered to preschoolers until June 2008. After this time parents
who wanted their child to complete a course they had started were allowed to do so. In addition,
the vaccine continues to be available to GPs for ‘high risk’ groups as defined in the Immunisation
Handbook (Ministry of Health 2006).

The proportions of the total population covered by the programme are shown in Figure 4, and
are also given in Table 4. We show the coverage for all ages and also restricted to ages less
than 20 years. The 3-level vaccination status (which classifies individuals as unvaccinated,
partially or fully vaccinated) shows a sharp decrease in the unvaccinatedpopulation over the
period 2004-2006 as the vaccination programme was carried out. At the same time the fully
vaccinated proportion rises – to a maximum of around 80% in the under 20 year old population.
The partially vaccinated population peaks but then declines: this is a state thatindividuals move
into (after their first dose) and then out of (after their third or fourth dose).

At the end of 2008 the mean length of time per person in the partially vaccinated state was 0.51
years, and 2.7 years in the fully vaccinated state. Of the individuals who started the vaccination
programme, 92% became fully vaccinated.
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Figure 2: Binned scatterplots of hospital lengths of stay by subtype. (Thedarker the
hexagon, the more cases contribute to that cell. The vertical scale is logarithmic,
and lengths of stay are in days.)
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Figure 3: Proportion of cases that are not subtyped, as a function of length of stay in
hospital. Cases with shorter length stays are less likely to have a confirmed subtype.

Table 4: Coverage (%) by year for 0-19 year olds.

3-level vaccination status 4-level vaccination status
Year Unvaccinated Partial Full Unvaccinated Partial Earlier Recently
2001 100 0 0 100 0 0 0
2002 100 0 0 100 0 0 0
2003 100 0 0 100 0 0 0
2004 86.9 9.0 4.1 86.9 9.0 0.0 4.1
2005 17.2 11.3 71.5 17.2 11.3 3.9 67.6
2006 12.4 8.7 78.8 12.4 8.7 67.6 11.3
2007 10.7 8.9 80.5 10.7 8.9 74.4 6.1
2008 11.6 6.9 81.4 11.6 6.9 76.3 5.1
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Table 5: Coverage by ethnicity and age. The figures are percentages of the popu-
lation between 6 months and 20 years old that is fully vaccinated for the relevant
subgroup (Figures are for the final quarter of the years 2006-2008).

Year Ethnic Group 6 months -<1 Year† 1-4 Years 5-19 Years Total (6 months–<20)
2006 Māori 10.0 65.4 78.3 73.7
2006 Pacific 13.1 83.5 89.9 86.3
2006 Other 17.2 89.2 82.6 82.3
2007 Māori 10.9 68.6 81.2 76.6
2007 Pacific 12.4 82.5 91.4 87.6
2007 Other 17.6 88.3 84.4 83.5
2008 Māori 10.9 71.3 83.2 78.8
2008 Pacific 15.6 80.4 92.3 88.0
2008 Other 19.4 86.3 85.4 84.2
†Note: Since children in the 6 months-<1 Year category cannot be fully vaccinated until 10

months of age, coverage cannot be complete in this age category.

The picture is the same for the 4-level vaccination status – though in this case the fully vacci-
nated population is split into Recently and Earlier vaccinated populations. TheRecently vacci-
nated state (in which the last dose is less than 12 months previously) is a transitory state, and
individuals move out of this state into the Earlier vaccinated category as time goes on. With the
cessation of the programme in 2006 the Recently vaccinated population declines from its peak
during the programme. There have been a small number of vaccinations since the end of the
programme, and this explains the continued occupation of this category by a small proportion
of the population under 20 years old.

The programme was rolled out on a region by region basis. Figure 5 showsthat the proportion
of the under 20 year old population that was fully vaccinated at any giventime. The programme
was rolled out in the Northern region first, but in 2005 all of the remaining regions showed rapid
increases in the rate of full vaccination. Three of the regions reached coverage levels of more
than 80% (Northern: 82%, Central: 84% and Southern 82%). Coveragewas slightly lower in
the Midland region (77%).

Table 5 shows the coverage rates of full vaccination by age group and by ethnicity (classified
as Māori, Pacific or Other). This table is restricted to individuals older than 6 months and less
than 20 years. There are some clear variations present in the table. Firstlynot all children under
1 receive all the required doses before turning 1 year old, so the coverage rates are low for the
youngest age group shown (6 months -<1 Year). Coverage was highest overall in the Pacific
ethnic group, whereas for M̄aori full vaccination coverage was consistently lower in all age
groups.

O’Hallahan et al. (2009) also reported coverage rates by ethnicity up to mid2006, and noted that
ethnicity data in primary care were collected in a different way to the census ethnicity question,
which was also used for children aged over 4 years who were vaccinated in schools. Their
results are shown in Table 6, including an adjustment which accounts for misclassification of
Māori pre-school children as non-M̄aori. This adjustment suggests that the actual coverages of
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Figure 4: Population coverage of the MeNZB vaccination programme in New
Zealand for all ages (panels (a) and (b)) and for ages under 20 years only (panels
(c) and (d)). Panels (a) and (c) classify populations into three levels (Unvaccinated,
Partially and Fully vaccinated), and Panels (b) and (d) further divide theFully vac-
cinated population into Recently and Earlier vaccinated populations, according to
whether or not vaccination was completed within the past 12 months. [Note: data
are plotted for each quarter: i.e. there are 4 data points per year.]
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Table 6: Coverage (3 doses) by ethnicity and age reported by O’Hallahan et al.
(2009) at 30 June 2006 (see their Tables 1 and 2). Coverage estimates adjusted for
misclassification of ethnicity for ages 6 weeks-4 years are shown in parentheses in
the first column.

Ethnic Group 6 weeks-4 Years† 5-17 Years 18-19 Years
Māori 56 (67) 82 38
Pacific 78 (83) 97 60
Other 81 (76) 86 57

the Māori and Other ethnic groups may have been similar by the end of the programme.

By the end of 2008 there were 12600 unvaccinated people under the ageof 20, 97500 partially
vaccinated, and 972000 fully vaccinated. Thus of the 97500+972000 =1069500 individuals
in the population who began the vaccination programme, 91% completed the course of 3 (or
4) vaccinations. The final completion rate will be higher than this due to some ofthe partially
vaccinated people completing the programme.

3.3 Crude meningococcal disease rates

The crude epidemic strain meningococcal B disease rates have decreased over the years 2001–
2008 (see Figure 1 and Table 7). A comparison of the rates between the vaccinated and unvacci-
nated populations when all ages are combined shows higher rates in the vaccinated population.
This is caused by the fact that the disease is almost entirely confined to people under the age
of 20 years, and the vaccinated population consisted only of that group.As time passes there
are fewer and fewer people at risk in the unvaccinated group (the over20s), so that the risk in
the unvaccinated group decreases. A comparison of the rates in the under 20s confirms that the
crude rates are lower in the vaccinated at risk population, compared with theunvaccinated at
risk population.

Crude age specific rates are given in Table 8 and are displayed in Figure6. In all age groups the
rate of disease in the fully vaccinated population is consistently lower than thatin the unvacci-
nated population. The crude rates in the unvaccinated in the younger age groups are subject to
large uncertainties, which cause the large fluctuations late in the series. Thisis due to the high
variability of estimates calculated from small numbers: from 2006 onwards thehigh coverage
of the vaccination programme meant there were very few unvaccinated young children.

3.4 Crude case fatality and sequelae rates

Crude case fatality rates due to epidemic strain meningococcal B disease forthe years 2001-
2008 are displayed in Tables 9 and 10. There was no evidence of a change in case fatality
rates over the years 2001-2008 (Poisson rates model, p-value=0.26),but there was a significant
difference in the rates across age groups (p-value=0.003). When only the under 20 year old
age groups were considered, there was still a significant age dependence in case fatality rates
(p-value=0.003).
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Table 7: Crude epidemic strain meningococcal rates by year using NIR data. Rates
are cases per 100,000 persons per year. The upper part of the tableis for all ages,
the lower is for ages under 20 years only.

Unvaccinated Partially vaccinated Fully vaccinated
Year Cases Population Rate Cases Population Rate Cases Population Rate
Age: All ages
2001 370 3877505 9.5 0 0 0.0 0 0 0.0
2002 291 3936862 7.4 0 0 0.0 0 0 0.0
2003 257 4006039 6.4 0 0 0.0 0 0 0.0
2004 178 4016325 4.4 7 36798 19.0 0 12120 0.0
2005 81 3437263 2.4 22 268418 8.2 9 399661 2.3
2006 41 3079419 1.3 15 116028 12.9 19 944669 2.0
2007 20 3047092 0.7 10 114958 8.7 17 1012781 1.7
2008 19 3031734 0.6 10 112317 8.9 15 1066830 1.4
Age: 0-19 Years
2001 296 1154102 25.6 0 0 0.0 0 0 0.0
2002 218 1167867 18.7 0 0 0.0 0 0 0.0
2003 189 1181667 16.0 0 0 0.0 0 0 0.0
2004 138 1140790 12.1 7 36683 19.1 0 12081 0.0
2005 50 530728 9.4 22 265924 8.3 9 395151 2.3
2006 13 164410 7.9 15 110083 13.6 19 918380 2.1
2007 11 133337 8.2 10 104762 9.5 17 956883 1.8
2008 6 126305 4.8 10 97483 10.3 15 971680 1.5

[Note: The rates for all ages are apparently higher in the vaccinated group: this
is caused by the successive removal of at risk individuals from the unvaccinated
population as the campaign continues. Rates are however lower for vaccinated
0-19 year olds than for unvaccinated 0-19 year olds.]

21



2001 2002 2003 2004 2005 2006 2007 2008

0
5

10
15

20
25

R
at

e 
(p

er
 1

00
,0

00
)

Fully vaccinated
Unvaccinated

(a) Rates for 0−19 Year Olds

2001 2002 2003 2004 2005 2006 2007 2008

0
20

40
60

80
10

0

R
at

e 
(p

er
 1

00
,0

00
)

Fully vaccinated
Unvaccinated

(b) Rates for <6 Months Old

2001 2002 2003 2004 2005 2006 2007 2008

0
10

0
20

0
30

0

R
at

e 
(p

er
 1

00
,0

00
)

Fully vaccinated
Unvaccinated

(c) Rates for 6 Months−1 Year Old

2001 2002 2003 2004 2005 2006 2007 2008

0
10

20
30

40
50

R
at

e 
(p

er
 1

00
,0

00
)

Fully vaccinated
Unvaccinated

(d) Rates for 1−4 Year Olds

2001 2002 2003 2004 2005 2006 2007 2008

0
5

10
15

R
at

e 
(p

er
 1

00
,0

00
)

Fully vaccinated
Unvaccinated

(e) Rates for 5−19 Year Olds

2001 2002 2003 2004 2005 2006 2007 2008

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

R
at

e 
(p

er
 1

00
,0

00
)

Fully vaccinated
Unvaccinated

(f) Rates for 20+ Year Olds

Figure 6: Crude epidemic strain meningococcal rates (per 100,000) for (a) all ages
0-19, and (b)-(f) specific age groups.
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Table 8: Age-specific crude epidemic strain meningococcal rates by yearusing NIR
data. Rates are cases per 100,000 persons per year.

Unvaccinated Partially vaccinated Fully vaccinated
Year Cases Population Rate Cases Population Rate Cases Population Rate
Age: <6 months
2001 27 27870 96.9 0 0 0.0 0 0 0.0
2002 20 27421 72.9 0 0 0.0 0 0 0.0
2003 16 27136 59.0 0 0 0.0 0 0 0.0
2004 14 26822 52.2 1† 8 0.0† 0 11 0.0
2005 3 18119 16.6 2 8541 23.4 0 10 0.0
2006 3 8853 33.9 7 17736 39.5 0 17 0.0
2007 0 7844 0.0 3 18570 16.2 0 21 0.0
2008 3 15062 19.9 3 11169 26.9 0 22 0.0
Age: 6 months-<1 Year
2001 28 27870 100.5 0 0 0.0 0 0 0.0
2002 22 27421 80.2 0 0 0.0 0 0 0.0
2003 14 27136 51.6 0 0 0.0 0 0 0.0
2004 14 25095 55.8 1 1510 66.2 0 235 0.0
2005 3 10159 29.5 3 12866 23.3 0 3725 0.0
2006 0 1340 0.0 5 22659 22.1 0 3765 0.0
2007 3 797 376.6 1 23298 4.3 0 4137 0.0
2008 0 1933 0.0 3 21732 13.8 1 4638 21.6
Age: 1-4 Years
2001 100 224999 44.4 0 0 0.0 0 0 0.0
2002 77 226017 34.1 0 0 0.0 0 0 0.0
2003 46 225261 20.4 0 0 0.0 0 0 0.0
2004 48 210084 22.8 4 11812 33.9 0 3298 0.0
2005 18 75396 23.9 4 49732 8.0 2 97593 2.0
2006 4 17679 22.6 2 25926 7.7 9 177753 5.1
2007 6 10685 56.2 5 27664 18.1 7 184904 3.8
2008 2 6889 29.0 4 32516 12.3 7 187243 3.7
Age: 5-19 Years
2001 141 873363 16.1 0 0 0.0 0 0 0.0
2002 99 887009 11.2 0 0 0.0 0 0 0.0
2003 113 902134 12.5 0 0 0.0 0 0 0.0
2004 62 878790 7.1 1 23351 4.3 0 8537 0.0
2005 26 427054 6.1 13 194785 6.7 7 293823 2.4
2006 6 136539 4.4 1 43762 2.3 10 736844 1.4
2007 2 114010 1.8 1 35230 2.8 10 767821 1.3
2008 1 102421 1.0 0 32066 0.0 7 779777 0.9
Age: 20+ Years
2001 74 2723403 2.7 0 0 0.0 0 0 0.0
2002 73 2768995 2.6 0 0 0.0 0 0 0.0
2003 68 2824372 2.4 0 0 0.0 0 0 0.0
2004 40 2875534 1.4 0 115 0.0 0 39 0.0
2005 31 2906535 1.1 0 2494 0.0 0 4510 0.0
2006 28 2915009 1.0 0 5946 0.0 0 26290 0.0
2007 9 2913755 0.3 0 10196 0.0 0 55898 0.0
2008 13 2905430 0.4 0 14834 0.0 0 95149 0.0

†Note: The single partially vaccinated case aged<6 months in 2004 was vaccinated before the
programme began, and has been excluded from the crude rate calculation.
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Table 9: Epidemic Strain Meningococcal B case fatality rates per year (2001-2008).

Year Deaths Cases Rate
2001 18 370 4.9%
2002 9 291 3.1%
2003 5 257 1.9%
2004 5 185 2.7%
2005 6 112 5.4%
2006 4 75 5.3%
2007 3 47 6.4%
2008 4 44 9.1%
Total 54 1381 3.9%

Table 10: Epidemic Strain Meningococcal B case fatality rates by age (2001-2008).

Age Group Deaths Cases Rate
<6 months 8 102 7.8%

6-11 months 8 98 8.2%
1-4 Years 10 345 2.9%
5-19 Years 9 500 1.8%
20+ Years 19 336 5.7%

Total 54 1381 3.9%

The case fatality rates in Table 10 are consistent with those reported elsewhere. Wilson et al.
(1995) and Jefferies et al. (1999) found a case fatality rate of 5.5% (11/106) in a chart review
of meningococcal cases in Auckland in 1992-1994. A US study found 7.4% case fatality for
cases under the age of 18 (Kirsch et al. 1996), another US study reported 8.1% under 16 years
old (Edwards & Baker 1981) and two large Spanish studies reported 6.4%(Barquet et al. 1999)
and 6.5% (Montero et al. 2008) for all ages. Healy et al. (2002) reported rates by serotype, and
found a case fatality rate of 3.6% (11/303) for meningococcal B disease ina population of 303
cases in Ireland (with 83% under age 5).

Kirsch et al. (1996) estimate that morbidity is associated with between 11% and 19% of cases
of meningococcal disease. Estimates of rates of a number of sequelae have also been pub-
lished for the US and Spanish studies mentioned above. The principal sequelae reported in the
international literature are sensorineural hearing loss, with estimates ranging from 0-2%, devel-
opmental delay (0-4%), amputation (limbs/digits) (1-6%), and skin grafts (1-7%). Shepard et al.
(2005) have summarised the results from the literature as shown in Table 11.

Healy et al. (2002) carried out a comparison of rates of sequelae by serotype for 303 children
with invasive meningococcal disease. Their results for meningococcal Bdisease (their Table 5)
are shown as a separate column in Table 11.

Routine surveillance data were not collected on sequelae for cases in the New Zealand epidemic,
however the results of the chart review of 106 cases in Auckland (July 1992-June 1994) were
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Table 11: Meningococcal Disease Sequelae, as summarised by Shepardet al.
(2005) (their Table 1), We have added the final row from Kirsch et al. (1996),
serogroup B specific rates from Healy et al. (2002), and rates from the New Zealand
chart review by Wilson et al. (1995) are given in the final column.

Sequelae Rate (Range) (%) References Healy et al. (2002) Wilson et al. (1995)
Skin scarring 7.6 (0-19) Erickson & Wals (1998), Kirsch

et al. (1996)
3.0 (9/303) 0.9 (1/106)

Single amputation 1.9 (0.5-10) Erickson & Wals (1998), Kirsch
et al. (1996), Barquet et al. (1999)

0.3 (1/303) 1.9 (2/106)

Multiple amputations 1.2 (0.02-6) Erickson & Wals (1998), Barquet
et al. (1999)

Hearing loss 6.4 (2-20) Baraff et al. (1993), Erickson &
Wals (1998), Bohr et al. (1983)

3.0 (9/303) 4.6 (5/106)

Neurologic disability 2.1 (0.02-11) Baraff et al. (1993), Kirsch et al.
(1996), Barquet et al. (1999)

3.6 (11/303) 3.8 (4/106)

Total 15.0 (11-19) Kirsch et al. (1996) 10.2 (31/303) 11.3 (12/106)

reported by Wilson et al. (1995). At that time (1994) 74.4% of confirmed cases in New Zealand
were Meningococcal B. They found a total rate of sequelae of 11% (12/106), of which almost
half (4.7%: 5/106) was sensorineural hearing loss. Their findings arealso shown in Table 11.

In Section 4.2 we estimate the numbers of deaths and sequelae prevented as part of our evalua-
tion of the overall effectiveness of the vaccination campaign.
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4 Poisson Model Results

In this section we report the results of the Poisson modelling of epidemic strain meningococcal
disease counts. For our principal results we remove all cases and population for people over the
age of 20 years. We fit five models:

• Model 1. Data used are for all populations and cases under age 20 years. We retain only
those explanatory factors that are statistically significant (Section 4.1).

• Model 2. The same data as Model 1, except that children under 6 months were excluded,
and an interaction term between vaccination status and age was retained whether or not it
was significant in the model (Section 4.5).

• Model 3. For comparison with previously published results, we include data for popula-
tions of all ages (including those over 20 years), and retain only those factors in the model
that are statistically significant (Section 4.6).

• Model 4. Same as Model 1, but restricted to the Northern Region only. Data used are
for all populations and cases under age 20 years in the Northern Region. We retain only
those explanatory factors that are statistically significant (Section 4.7).

• Model 5. Same as Model 1, but the exposure measure is the number of vaccine doses:
0, 1, 2, and 3 or more. We also investigate the impact of a 4th dose of the vaccine by
calculating dose specific disease rates for those cases and population eligible for a 4th
dose (Section 4.8).

Each of Models 1-4 are fitted in two versions: with vaccination status classified into either three
or four levels as defined above (Section 2.3).

4.1 Model 1: Ages under 20

Our first analysis is of a dataset covering the period 1 January 2001-31 December 2008, using
the medium growth population estimates from Statistics New Zealand, and only cases and pop-
ulation under the age of 20 years were included. We fitted separate effects for Unvaccinated,
Partially Vaccinated and Fully Vaccinated populations (3-level vaccination status). In addition a
separate model selection and fitting procedure was carried out using the same data but defining
populations and cases as Unvaccinated, Partially Vaccinated, Earlier Vaccinated and Recently
Vaccinated (4-level vaccination status), with Earlier Vaccinated being defined as being fully
vaccinated for 12 months or longer.

For both definitions of vaccination status the stepwise regression procedure selected a model
with main effects for all of the variables included in the model, and four interaction terms,
as shown in Table 12. Two of these interactions (Deprivation by age and Age by ethnicity)
were found by Kelly et al. (2007), however they found Region by Deprivation (not significant
here), and instead Region by Ethnicity and Quarter by Vaccination Status have been found
to be significant terms. The interaction with quarter was the only significant interaction with
vaccination status. This is most likely to have been caused by the small numbersin the partially
vaccinated category (see further discussion below).
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Table 12:Model 1. (Ages 0-19) Significant factors in modelling epidemic strain
meningococcal B disease rates (Type III statistics), using either a 3-level or 4-level
classification of vaccination status.

3-level vacc. status 4-level vacc. status
Source DF χ2 p-value DF χ2 p-value
Region 3 5.13 0.1623 3 5.18 0.1590
Age 3 23.30 <0.0001 3 23.56 <0.0001
Ethnicity 2 44.66 <0.0001 2 44.59 <0.0001
Deprivation 1 38.93 <0.0001 1 38.93 <0.0001
Year 7 44.32 <0.0001 7 45.14 <0.0001
Quarter 3 13.26 0.0041 3 14.75 0.0020
Vaccination Status 2 36.64<0.0001 3 42.34 <0.0001
Region*Ethnicity 6 20.58 0.0022 6 20.70 0.0021
Age*Ethnicity 6 34.69 <0.0001 6 34.78 <0.0001
Deprivation*Age 3 11.38 0.0098 3 11.45 0.0095
Quarter*Vacc. Status 6 20.62 0.0021 9 23.86 0.0045

Models including the age by vaccination status interaction did not converge when a five level
classification of age was used, due to small numbers of cases under 6 months of age. Models
including an interaction of vaccination status and year did not converge either however, this is to
be expected since the programme did not cover the full period of the data, and there were many
years with no vaccinated cases.

Deprivation quintile was included as a continuous variable (values 0-4): alinear term was in-
cluded but a quadratic term was rejected. The fitted period-to-period correlation coefficient
for the autoregressive AR(1) model was weak (estimated asρ = 0.0035 for the 3-level and
ρ = 0.0037 for the 4-level vaccination status models).

Effect of Season.Epidemic strain meningococcal B rates were highest in the July-September
season and lowest in the January-March season (see Figure 7).

A weak interaction exists between vaccination status and quarter. The originof this can be seen
in Figure 8 where the disease rates by vaccination status and quarter are shown. The (small)
partially vaccinated group shows a pattern across the quarters which differs from the much
larger unvaccinated and fully vaccinated groups, and this has given rise to the interaction term
in the model.
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Effect of Year. Table 13 presents, by year, the actual numbers and rates of epidemic strain
meningococcal B cases, along with the predicted numbers and rates had thevaccination pro-
gramme not taken place. Numbers of cases prevented are given, along with the proportion of
predicted cases that were prevented. The ‘Proportion Prevented’ column should be interpreted
as follows: in the Year 2008, of the estimated 69 cases thatwould have occurred without the
vaccination programme, 54.9% (37.7 cases) were prevented because ofthe programme, and
only 31 cases actually occurred. This estimate includes the partial coverage of the vaccination
programme at any given time, and is thereforenot the same as a vaccine effectiveness estimate,
which instead measures the proportion of cases prevented if the whole population were to have
been vaccinated.

The final column in Table 13 lists the estimated total number of cases prevented ifwe apply the
scale factors from Table 2 which adjust for the cases of unknown serotype. Thus in 2008 this
raises our estimate of the number of cases prevented by 21% from 38 to 46.

From the results in Table 2 we estimate that the number of cases prevented by the campaign is
174.1 (95% CI [88,314]). If an adjustment is made for the cases with unknown serotype that
would have been epidemic strain then the estimated total cases prevented are 207.9 (95% CI
[105,375]): a factor of 207.9/174.1=1.194 higher.

The data in Table 13 are displayed in Figure 9 where the actual and predicted rates over time
are shown (with and without the cases of unknown serotype). It is clearthat the epidemic
was already slowing before the vaccination programme began, and continued to decline during
the vaccination programme. It cannot of course be truly known what would have happened
had the vaccination programme not taken place: the effect of vaccinating the population and
reducing the case rate may have sustained or accelerated the decline in cases. Unfortunately,
we cannot determine if this is true since the underlying rate in the unvaccinatedpopulation is
fitted independently in each year, and thus our model has no predictive capability forward in
time. We do have evidence that vaccination had an effect, however, and thus that epidemic
strain meningococcal B rates were lower than they would otherwise have been.

Lennon et al. (2008) raised the question of changing laboratory confirmation rates over time,
and whether this biases our estimates in any way. As noted in our reply (Kelly et al. 2008), the
laboratory confirmation rate is completely confounded with the time effect. However, there will
only be a bias in the estimate of the vaccine effectiveness if the laboratory confirmation rates
differ between vaccinated and unvaccinated cases at any given time. Confirmation rates were
in any case high during the years of the vaccination programme (84.1% in 2004/05, 89.6% in
2006/07, 88.2% in 2008 Tisch & Martin 2008).

Age and Ethnicity Effects. In each ethnic group, people aged under 20 years had significantly
higher disease rates than those aged 20 years and over. Pacific peoples had the highest rates of
epidemic strain meningococcal B disease and this rate was especially high foryoung children
(see Figure 10(a)). The relative rates across age groups were very similar in the M̄aori and
the Pacific people populations: the incidence of disease was approximately 40 times higher for
< 1-year olds, 16 times higher for 1-4 year-olds and 4 times higher for 5-19 year olds than for
people aged 20 years and over. In the Other ethnic populations, there were smaller differences
in rates among the three youngest age groups: disease rates were 12 timeshigher in babies (<1
years old), six times higher in 1-4 year olds and five times higher in 5-19 yearolds than people
aged 20+.

Effect of Deprivation and Age. Deprivation was significantly associated with epidemic strain
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Figure 9:Model 1. Estimated epidemic stain meningococcal B rates by year, with
and without the vaccine programme: (a) using confirmed cases only, and (b) scaling
the rates to account for cases of unknown serotype. Rates are per 100,000 people,
are averaged across all regions, levels of deprivation, ages, ethnicities, and quarters
and were fitted using the three-level vaccination status.
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Table 13:Model 1. (Ages 0-19) Actual numbers of cases and rates by year, along
with predictions of numbers of cases with no vaccination programme, and num-
bers and proportions of predicted cases that were prevented. ‘Cases Prevented’ is
based on the number of confirmed cases seen, ‘Est. Total Prevented’ isthe number
including cases of unknown serotype.

Year Actual Actual Predicted Predicted Cases Proportion Est. Total
Cases Rate Cases Rate Prevented Prevented Prevented†

2001 285 24.7 285 24.7 0.0 0.0% 0.0
2002 211 18.1 211 18.1 0.0 0.0% 0.0
2003 187 15.8 187 15.8 0.0 0.0% 0.0
2004 144 12.1 146 12.3 2.0 1.3% 2.6
2005 80 6.7 120 10.1 39.8 33.2% 47.9
2006 47 3.9 98 8.2 51.2 52.1% 61.1
2007 37 3.1 80 6.7 43.4 54.0% 50.8
2008 31 2.6 69 5.7 37.7 54.9% 45.5

Note: All rates are per 100,000. The counts of actual cases differ from Table 8
because of the exclusion of cases of unknown deprivation or ethnicity.

†The Estimated Total cases prevented include cases of unknown serotype,
some of which are Epidemic Strain (see also Table 2).

meningococcal B rates as a main effect (rates increased with increasing deprivation), and there
was a significant interaction between age and deprivation (Figure 10(b)). The effects of depri-
vation were significantly worse for babies: for< 1 year olds, disease rates increased approxi-
mately 1.5 times for each quintile of deprivation. This compares to an increase by a factor of
1.2 per quintile for those aged over 4 years.

Effect of Ethnicity and Region. Rates of epidemic strain meningococcal B disease varied by
region and ethnicity. Pacific peoples had the highest rates of disease andthis rate was especially
high in the Central and Southern regions (see Figure 10(c)). Māori people in the Southern region
had rates close to those in the Other ethnic group.
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Figure 10: Model 1. Epidemic strain meningococcal B rates (per 100,000): (a)
age by ethnicity, (b) age by deprivation, and (c) region by ethnicity. All rates are
per 100,000 people and except where otherwise specified are averaged across all
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years only.
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Vaccine effect. Having controlled for the other factors in the model described above, we can
now examine the difference in disease rates between individuals in the different vaccination
status groups.

Table 14 gives estimates with confidence intervals of the relative risks and vaccine effectiveness,
and these are displayed in Figure 11. The vaccine effect is highly statistically significant. From
the 3-level vaccination status model (Full, Partial and Unvaccinated) the point estimate for the
vaccine effectiveness in people aged under 20 years of age is 77% (95% CI [62,85]), the rate of
epidemic strain meningococcal B being 4.3 times higher (95% CI [2.6,6.9]) in the unvaccinated
population compared to the fully vaccinated population (Table 14 and Figure 11(a) and (c)). No
protective effect of partial vaccination was found (p = 0.08, but see Section 4.8 below).

Table 14: Model 1. (0-19 Years). Vaccine effectiveness. Relative risks (RRs)
are stated as ratios of rates in the less protected population to the more protected
population. Vaccine effectiveness is 1-1/RR. The p-values are for tests that the
relative risks differ from 1.0 (0% vaccine effectiveness).

Vaccine Relative Risk Effectiveness
Effect† Estimate 95% CI Estimate 95% CI p-value

3-level vaccination status
Full vs. Unvaccinated 4.3 (2.6,6.9) 76.5% (62.1,85.4)<0.0001

Partial vs. Unvaccinated 1.4 (1.0,2.0) 27.4% (-3.5,49.1) 0.0770
Full vs. Partial 3.1 (1.9,5.0) 67.6% (47.5,80.1)<0.0001

4-level vaccination status
Recently vs. Unvaccinated 5.4 (2.6,11.4) 81.5% (60.9,91.3)<0.0001
Earlier vs. Unvaccinated 3.9 (2.3,6.4) 74.2% (57.3,84.4)<0.0001
Partial vs. Unvaccinated 1.4 (1.0,1.9) 26.7% (-4.5,48.6) 0.0862

Recently vs. Partial 4.0 (1.8,8.5) 74.8% (45.9,88.2) 0.0004
Recently vs. Earlier 1.4 (0.6,3.2) 28.4% (-63.0,68.5) 0.4260
Earlier vs. Partial 2.8 (1.7,4.7) 64.8% (41.6,78.7)<0.0001

†Note: since the vaccine effect interacts with quarter, these effect size estimates are averaged
across all 4 quarters, with equal weight for each quarter.

Where vaccination status was classified into 4 levels (Recently, Earlier, Partial and Unvacci-
nated) again no significant protective effect of partial vaccination wasfound, and nor was there
any significant waning of the vaccine effect after 12 months (Recently vs. Earlier: p = 0.43)
(see Table 14 and Figure 11(b) and (d)).
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Figure 11: Model 1. Disease rates and vaccine effectiveness by vaccination sta-
tus. Rates (panels (a) and (b)) are expressed as rates per 100,000,averaged over
all quarters in the reference group (the Other ethnic group, in the least deprived
quintile, in the age group 5-19 Years in the Southern region).
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Table 15: Significant factors in a logistic regression model for probability of hos-
pital admission for epidemic strain meningococcal B cases during 2001-2008 (Se-
quential deviance basedχ2-tests).

Df Deviance Resid. Df Resid. Dev p-value
Intercept 1370 1702.33
Year 7 96.90 1363 1605.43<0.0001
Quarter 3 2.98 1360 1602.44 0.39
Region 3 37.77 1357 1564.68<0.0001
Deprivation 1 0.01 1356 1564.67 0.92
Ethnicity 2 7.74 1354 1556.93 0.02
Vaccination Status 2 5.97 1352 1550.95 0.05
Year*Region 21 58.97 1331 1491.98<0.0001
Quarter*Vacc. Status 6 13.17 1325 1478.81 0.04
Region*Deprivation 3 5.66 1322 1473.15 0.13
Region*Ethnicity 6 12.21 1316 1460.93 0.06

4.2 Severity, Case Fatality and Sequelae

4.2.1 Severity: Hospital Admissions

It is of interest to see whether vaccination status affects the severity of theprogress of Epidemic
strain meningococcal disease: specifically to test whether vaccinated individuals had less severe
disease than unvaccinated individuals. Very little data are available on severity, the only sys-
tematically available routine data being that on hospital admissions, and in particular whether
or not a case was admitted, and the total length of stay.

Admission Rates.We investigated the probability of a case being admitted to hospital using a
logistic regression model, and included the available explanatory factors listed in Section 2.2.
Table 15 shows deviance based tests to determine the significant predictivefactors in the model.
The strongest factors are year and region, with only weak evidence for an association with
vaccination status and variation by quarter (see also Table 16 which showsthe raw counts).

The raw admission rates (proportions of cases admitted) by year and region are shown in Fig-
ure 12. The proportions admitted in the Northern region are consistently 70-80%, however other
regions show much stronger variations over time, and notably there is a consistent increase over
time in the Central region.

Lengths of stay in Hospital. The distribution of hospital lengths of stay for admitted cases is
displayed in Figure 13.

We have fitted a linear regression model to the transformed variablelog(1+LOS) where LOS is
the length of stay in days. (The transformation ensured approximate Normalityof the residuals.)
The same explanatory factors were used in the regression (i.e. those listedin Section 2.2). Step-
wise regression, starting at the model with all 2-way interactions, led to the model summarised
in Table 17. The only strong predictors of length of stay are region and age group, although
differences among these classes are minor – and there is no dependenceon vaccination status.
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Figure 12: Empirical hospital admission rates for cases of epidemic strain meningo-
coccal disease by year and region.
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Table 16: Cases of Epidemic strain meningococcal B disease admitted by Quarter
and Vaccination status, 2001-2008.

Vaccination Quarter
Status March June September December

Cases Admitted
Unvaccinated 148 206 312 172
Partial 6 15 15 19
Full 8 8 33 6

Total Cases
Unvaccinated 230 310 462 255
Partial 7 16 17 24
Full 8 12 34 6

Percentage Admitted
Unvaccinated 64 66 68 67
Partial 86 94 88 79
Full 100 67 97 100
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Figure 13: Lengths of stay for (a) all meningococcal cases and (b) Epidemic Group
B cases. [Note: 14 cases had lengths of stay longer than 30 days, 4 of these were
Epidemic Group B cases.]
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Table 17: Significant factors in modellinglog(1 + LOS(days)) for epidemic strain
meningococcal B cases admitted to hospital during 2001-2008 (n = 943 out of
1347 cases with full information)

Source of Variation Df Sum Sq. Mean Sq.F value p-value
Region 3 5.65 1.88 5.4111 0.0012
Deprivation 1 0.31 0.31 0.8915 0.3453
Age group 4 13.91 3.48 9.9882<0.0001
Region*Deprivation 3 2.08 0.69 1.9909 0.1137
Residuals 931 324.18 0.35

Table 18: Estimates of mean lengths of stay by region and age group for epidemic
strain meningococcal B cases admitted to hospital during 2001-2008.

Factor Class Estimate (days) 95% CI
Region Northern 4.0 (3.5,4.5)

Midland 4.0 (3.4,4.6)
Central 5.2 (4.2,6.3)
Southern 3.9 (3.2,4.8)

Age Group <6 months 4.5 (3.4,6.0)
6 months-<1 Year 4.0 (3.0,5.4)
1-4 Years 3.7 (3.2,4.3)
5-19 Years 3.7 (3.2,4.2)
20+ Years 5.4 (4.6,6.3)

Estimates of mean lengths of stay computed from the regression model are given by region and
age group in Table 18, and these are displayed in Figure 14. The significant effect of age may
be most strongly driven by the 20+ age group, which had the longest hospital stays.

In summary, we conclude that there is no evidence that the severity of epidemic strain meningo-
coccal B is affected by vaccination status.

We found no association between vaccination status and length of stay in hospital. If vaccination
did reduce severity it might do so by decreasing the likelihood of admission, without affecting
lengths of stay. In other words cases severe enough to be admitted may all have the same
distribution of hospital lengths of stay, there would simply be fewer such cases.

However we found that the likelihood of admission is at most weakly associated with vaccina-
tion status, with ahigher likelihood of admission for partially and fully vaccinated individuals,
compared to unvaccinated individuals.
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Figure 14: Mean hospital lengths of stay (days) for admitted cases of epidemic
strain meningococcal disease by region and age group.

4.2.2 Case Fatality and Sequelae

Table 19 displays, by age group, the actual numbers of cases observed, and an estimate of
the number cases that would have occurred if the population had not beenvaccinated. These
estimates of the cases prevented are calculated by applying to the vaccinatedpopulation the
disease rates estimated in the unvaccinated population. We have also applied the observed age-
specific case fatality rates from Table 10 (data 2001-2008) to the numbersof cases prevented
to determine the number of deaths prevented. We estimate that the vaccination programme has
prevented 174 cases (95% CI [88,314]) and 5 deaths (95% CI [2,8]).

If we scale these estimates up to account for the epidemic strain cases not identified (but classi-
fied as Unknown Group or Serotype, see Table 2) then we estimate that the programme prevented
208 cases (95% CI [105-375]) and 6 deaths (95% CI [3-10]).

The point and interval estimates of sequelae rates taken from the literature and listed in Table 11
for sequelae can be used to estimate the numbers of sequelae that occurred, and the numbers
prevented.

We have used the point estimates of sequelae rates from Healy et al. (2002), since these are
serogroup B specific, and the sequelae of Group B are known to be lesssevere than Group C
Edwards & Baker (1981), Healy et al. (2002). To estimate approximate ranges we have taken
the point and interval estimates from the review by Shepard et al. (2005),and scaled them to
match the Group B rates from Healy et al. (2002). The resulting intervals are however very
wide, and we have simply applied them to the point estimate of 174 cases prevented by the
vaccination campaign in 2001-2008 from Table 19, neglecting the additionaluncertainty in the
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Table 19: Model 1. Vaccinated numbers of cases and excess case and fatality
numbers by age group (0-19 years, 2001-2008).

Age Actual Deaths Cases Cases Death Deaths Est. Cases Est. Deaths
Group Cases Predicted† Prevented Rate Prevented Prevented‡ Prevented‡

<6 Months 102 8 106 4 7.8% 0.3 5 0.4
6 Months-1 Year 97 8 106 9 8.2% 0.7 11 0.9

1-4 Years 337 10 403 66 2.9% 1.9 78 2.3
5-19 Years 486 9 581 95 1.8% 1.7 114 2.0

Total 1022 54 1196 174 3.9% 4.7 208‡ 5.6‡

(95% CI) (88,314) (2.4,8.4) (105,375) (2.9,10.0)

Note: The counts of actual cases differ from Table 8 because of the exclusion
of cases of unknown deprivation or ethnicity.

†Cases predicted without the vaccination programme.
‡Estimates scaled up to include epidemic strain cases where the serotype was not identified.

Table 20: Model 1. Estimated counts of occurrences of sequelae and numbers
prevented using published rates (Table 11) (0-19 years, 2001-2008).

Outcome Number Interval† Prevented Interval†

Scarring 30 (0,76) 5 (0,13)
All Amputation 3 (1,17) 1 (0,3)
Hearing Loss 30 (9,95) 5 (2,16)
Neurologic disability 37 (0,194) 6 (0,33)
Total 105 (77,132) 18 (13,23)

†Note: The interval estimates in this table are calculated from the ranges in sequelae rates
reported in the literature. They are not statistical confidence intervals.

estimation of the number of cases prevented. The results are given in Table20, and suggest that
18 instances (interval estimate 13-23) of severe sequelae have been prevented by the MeNZB
vaccination campaign.

If we scale these estimates up to account for the epidemic strain cases not identified (but classi-
fied as Unknown Group or Serotype, see Table 2) then we estimate that the programme prevented
21 cases of severe sequelae (interval estimate 16-27).
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4.3 Protection against other strains

The MeNZB vaccine outer membrane contains antigens common to a number of strains of
meningococcal disease, and for this reason the MeNZB vaccine might be also expected to show
some protection, albeit lesser protection, against other strains of meningococcal disease. In their
review Trotter & Ramsay (2007) also speculate that new multi-valent vaccines under develop-
ment may provide ‘some cross-protection against nonvaccine outer membrane proteins.’

A double-blind randomised controlled trial carried out in Chile measured serum bactericidal
activity responses (a 4 four-fold or greater increase in SBA titre following vaccination). The
researchers found evidence for significant, though reduced, cross-protection for children and
adults of two vaccines (one from Cuba, one from Norway) against different strains of group B:
namely the original strains from Cuba and Norway, and a distinct Chilean strain (Tappero et al.
1999, their Table 2). No cross protection was found in infants (<1 year). We have reproduced
their findings for (3 doses) in Table A44 in Appendix C.

We have used the same stepwise regression procedure described in Section 4.1 to select a Pois-
son regression model for various groupings of cases of meningococcal disease for which data
were available. In this modelling we restricted attention to cases between the ages of 6 months
and 19 years of age, in the years 2002-2008, and we used the 3-levelvaccination status (Unvac-
cinated, Partial or Full).

The groupings used were:

(1) Epidemic Group B. We refitted the Model 1 result using the age and time restrictions
noted above;

(2) Non-epidemic Group B.

(3) Non Group B.

(4) Unknown Group or Subtype.

(5) Confirmed non-epidemic strain.Groups (2)+(3)

(6) All meningococcal disease.Groups (1)+(2)+(3)+(4)

Simple counts of cases and crude rates for all people under the age of 20are shown in Table 21.

The vaccine effectiveness estimates for fully and partially vaccinated individuals for these out-
comes are shown in Table 22. There are some key points to note about the results in this table.

Firstly, the estimates for Epidemic Group B differ slightly from those presentedin Table 14.
This is due to the different age range (6 months-19 years, rather than 0-19 years), and time
interval (the years 2002-2008, rather than 2001-2008).

Secondly, we note that the effect of full vaccination is highest for the Epidemic Group B and
Unknown Group or Subtype outcomes, indicating a specific activity of the vaccine against the
epidemic strain. Many of the cases in the Unknown Group or Subtype category may be uncon-
firmed epidemic strain cases, and a protective effect for this group is to beexpected. The All
Meningococcal group includes all cases of epidemic strain disease, anda significant effect of
full vaccination is found.
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Table 21: Cases, population and crude rates of meningococcal diseaseby subtype
(ages 0-19 years).

Unvaccinated Partially vaccinated Fully vaccinated
Year Cases Population Rate Cases Population Rate Cases Population Rate

Epidemic Group B
2001 296 1154102 25.6 0 0 0 0 0 0
2002 218 1167867 18.7 0 0 0 0 0 0
2003 189 1181667 16.0 0 0 0 0 0 0
2004 138 1140790 12.1 7 36683 19.1 0 12081 0
2005 50 530728 9.4 22 265924 8.3 9 395151 2.3
2006 13 164410 7.9 15 110083 13.6 19 918380 2.1
2007 11 133337 8.2 10 104763 9.5 17 956883 1.8
2008 6 126305 4.8 10 97483 10.3 15 971680 1.5

Non-Epidemic Group B
2001 25 1154102 2.2 0 0 0 0 0 0
2002 26 1167867 2.2 0 0 0 0 0 0
2003 31 1181667 2.6 0 0 0 0 0 0
2004 19 1140790 1.7 1 36683 2.7 1 12081 8.3
2005 12 530728 2.3 8 265924 3.0 6 395151 1.5
2006 10 164410 6.1 3 110083 2.7 9 918380 1.0
2007 6 133337 4.5 8 104763 7.6 5 956883 0.5
2008 5 126305 4.0 6 97483 6.2 18 971680 1.9

Non Group B
2001 24 1154102 2.1 0 0 0 0 0 0
2002 41 1167867 3.5 0 0 0 0 0 0
2003 31 1181667 2.6 0 0 0 0 0 0
2004 22 1140790 1.9 3 36683 8.2 1 12081 8.3
2005 11 530728 2.1 10 265924 3.8 7 395151 1.8
2006 8 164410 4.9 6 110083 5.5 10 918380 1.1
2007 2 133337 1.5 0 104763 0.0 4 956883 0.4
2008 6 126305 4.8 2 97483 2.1 7 971680 0.7

Unknown Group or Subtype
2001 185 1154102 16 0 0 0 0 0 0
2002 148 1167867 12.7 0 0 0 0 0 0
2003 146 1181667 12.4 0 0 0 0 0 0
2004 65 1140790 5.7 2 36683 5.5 0 12081 0
2005 16 530728 3.0 5 265924 1.9 5 395151 1.3
2006 4 164410 2.4 3 110083 2.7 8 918380 0.9
2007 0 133337 0.0 5 104763 4.8 8 956883 0.8
2008 4 126305 3.2 3 97483 3.1 4 971680 0.4
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Thirdly, all of the remaining outcomes have a lower but significant vaccine effectiveness. This is
consistent with the vaccine being targetted at the Epidemic strain, against which it is most effec-
tive, but also conferring some protection against other strains. There are two important caveats
to this interpretation however. Firstly, the confidence intervals for these estimates are very wide:
for Non-epidemic Group B the interval is [12%,76%] and for Non Group B itis [17%,77%].
This is due to small numbers of cases in these two groups (159 and 182 respectively). Thus the
actual level of any cross-protection cannot be determined with any precision. Secondly, there
may be some residual confounding present: namely there may be unmeasured covariates corre-
lated with both the risk of disease and with vaccination status, leading to overestimation of the
vaccine effect. However the quantitative effect of any residual confounding – which may affect
all of the estimates in Table 22, including that for the epidemic strain – cannot bedetermined
from these results. We discuss the possible existence of residual confounding further below in
Section 5 and in Section 6.2.

Finally, there is a consistent indication of a protective effect of partial vaccination, though it is
in many instances marginal. Notably the estimate for an effect of Partial vaccination against the
epidemic strain is significant (42%, 95% CI [11,62]). This estimate was marginal in the model
including children under the age of 6 months (see Table 14, where the effectiveness of partial
vaccination was estimated to be 27% [-4,49]).

4.4 Robustness of the estimated vaccine effect

A previous technical report and published article (Kelly & Arnold 2006, Kelly et al. 2007) con-
tain sensitivity analyses which investigated the effect of different population scenarios (high/
medium/low growth). Those analyses found no difference in vaccine effectiveness when these
different scenarios were used, and those sensitivity analyses are not repeated here. Those pre-
vious reports also compared the results of using an over or under dispersed generalised linear
model, fitted using quasi-likelihood, with the results of the GEE model. These alsofound no
differences in the vaccine effect, and these comparisons have also notbeen repeated for this
report.

We have carried out an additional test for possible residual confounding using Pneumococcal
disease as a reference condition – see Section 5 below.

The coverage of the vaccination programme was very uniform across deprivation quintiles (in
June 2006 coverages were 83%, 80%, 79%, 79%, 81% from least to mostdeprived quintiles
for ages 0-19 years). In a sensitivity analysis we changed our assumption of uniform coverage
across deprivation quintiles to match the June 2006 distribution. This changed our vaccine ef-
fectiveness estimate by only 0.1% (increasing it to 76.6%). We also tested a significantly more
conservative scenario where coverage was assumed to decline linearlywith increasing depriva-
tion (with coverage rates in the most deprived quintile being 20% less than in theleast deprived).
This also led only to a small change in our estimates, reducing the vaccine effectiveness by 0.7%
(from 76.5% to 75.8%).

These analyses suggest that our results are not sensitive to the assumed distribution of coverage
by deprivation that we have made in our modelling.
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Table 22:Model 1. (6 months-19 Years; 2002-2008). MeNZB vaccine effective-
ness estimates for various types of Meningococcal Disease. Relative risks (RRs) are
stated as ratios of rates in the less protected population to the more protected pop-
ulation. Vaccine effectiveness is 1-1/RR. The p-values are for tests that the relative
risks differ from 1.0 (0% vaccine effectiveness).

Outcome Relative Risk Effectiveness
Estimate 95% CI Estimate 95% CI p-value
Full vs. Unvaccinated

(1) Epidemic Group B† 4.8 (2.9,7.8) 79.0% (65.6,87.2) <0.0001
(2) Non-epidemic Group B 2.2 (1.1,4.1) 53.7% (11.7,75.7) 0.0194
(3) Non Group B 2.3 (1.2,4.3) 56.2% (16.7,77.0) 0.0118
(4) Unknown Group or Subtype 3.4 (1.8,6.3) 70.5% (44.9,84.2) 0.0001
(5) Confirmed non-epidemic 2.5 (1.6,3.8) 59.9% (38.3,74.0)<0.0001
(6) All Meningococcal 3.1 (2.3,4.1) 67.4% (56.5,75.6)<0.0001

Partial vs. Unvaccinated
(1) Epidemic Group B† 1.7 (1.1,2.6) 41.8% (11.2,61.8) 0.0120
(2) Non-epidemic Group B 1.5 (0.8,3.1) 35.3% (-29.1,67.6) 0.2166
(3) Non Group B 1.1 (0.5,2.7) 12.0% (-107.2,62.6) 0.7706
(4) Unknown Group or Subtype 2.0 (1.0,3.8) 49.0% (1.1,73.7) 0.0464
(5) Confirmed non-epidemic 1.3 (0.7,2.4) 25.2% (-35.0,58.6) 0.3348
(6) All Meningococcal 1.6 (1.2,2.1) 37.3% (16.0,53.2) 0.0018

Full vs. Partial
(1) Epidemic Group B 2.8 (1.6,4.7) 64.0% (38.9,78.7) 0.0002
(2) Non-epidemic Group B 1.4 (0.8,2.6) 28.4% (-31.0,60.8) 0.2785
(3) Non Group B 2.0 (1.0,4.1) 50.3% (-2.4,75.9) 0.0580
(4) Unknown Group or Subtype 1.7 (0.8,3.6) 42.1% (-21.8,72.5) 0.1496
(5) Confirmed non-epidemic 1.9 (1.1,3.2) 46.4% (7.3,69.0) 0.0256
(6) All Meningococcal 1.9 (1.4,2.6) 48.1% (30.9,61.0)<0.0001

†Note: Estimates for Epidemic Group B differ slightly from those presented in Table 14 due to
the different age range (6 months-19 years) and time interval (2002-2008).
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Table 23: Model 2. Modelling restricted to 6 months to 19 Year olds including
the vaccination status by age interaction: Factors in modelling epidemic strain
meningococcal B disease rates (Type III statistics), using either a 3-level or 4-level
classification of vaccination status.

3-level vacc. status 4-level vacc. status
Source DF χ2 p-value DF χ2 p-value
Age 2 22.96 <0.0001 2 20.11 <0.0001
Ethnicity 2 37.31 <0.0001 2 39.45 <0.0001
Region 3 14.63 0.0022 3 4.45 0.2169
Vaccination Status 2 25.50<0.0001 3 30.11 <0.0001
Deprivation 1 22.95 <0.0001 1 23.74 <0.0001
Quarter 3 10.31 0.0161 3 13.90 0.0030
Year 7 33.63 <0.0001 7 34.31 <0.0001
Quarter*Vacc. Status 6 21.21 0.0017 9 24.69 0.0033
Age*Ethnicity 4 35.72 <0.0001 4 40.28 <0.0001
Region*Ethnicity 6 15.74 0.0152
Age*Vacc. Status 4 1.83 0.7666 5 1.87 0.8670

4.5 Model 2: Age dependence of the vaccine effect

In the United Kingdom, the meningococcal serogroup C vaccination programme demonstrated
lower effectiveness after 1 year for children vaccinated at 2-4 monthsof age, although the ef-
fectiveness remained high 4 years after vaccination for children vaccinated from 5 months to 18
years of age (Trotter et al. 2004).

As noted above (Section 4.1), a model with an interaction between vaccinationstatus and age
did not converge when children under the age of 6 months were included asa separate age
group. We therefore reran the model excluding all cases and populationin this age group,
leaving individuals from 6 months to 19 years of age in the data.

After making this age restriction the model including the vaccination status by ageinteraction
did converge, but the interaction was not found to be significant, and wasrejected by the stepwise
regression procedure.

However since any possible age dependence of the vaccine effectiveness is of interest, we nev-
ertheless retained the age by vaccination status term in order to make separate estimates of
effectiveness by age group. The terms retained in this model are shown inTable 23: and this we
call Model 2.

Table 24 lists the overall vaccine effectiveness estimates from from the models in Table 23.
With the removal of the children aged under 6 months a protective effect ofpartial vaccination
is detected (p = 0.0069 for 3-level vaccination status). This makes sense because young babies
are not expected to mount as good an immune response as older age groups. Once these babies
are removed the positive effects of partial vaccination can be detected.

The vaccine effectiveness estimates by age are given in Table 25 and are also plotted in Fig-
ure 15. It should be stressed that since the age by vaccination status interaction was not found
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to be significant in any model, these estimates are indicative only. As should beexpected there
are no clear trends with age in Figure 15, and in particular no indication of a lesser vaccine
effectiveness for the youngest age group.

Table 24: Model 2. (6 months-19 Years). Vaccine effectiveness. Relative risks
(RRs) are stated as ratios of rates in the less protected population to the more pro-
tected population. Vaccine effectiveness is 1-1/RR. The p-values are for tests that
the relative risks differ from 1.0 (0% vaccine effectiveness).

Vaccine Relative Risk Effectiveness
Effect† Estimate 95% CI Estimate 95% CI p-value

3-level vaccination status
Full vs. Unvaccinated 5.2 (2.4,11.7) 80.9% (57.5,91.4)<0.0001

Partial vs. Unvaccinated 3.0 (1.3,6.8) 66.2% (22.9,85.2) 0.0100
Full vs. Partial 1.8 (1.2,2.7) 43.5% (14.5,62.7) 0.0069

4-level vaccination status
Recently vs. Unvaccinated 6.0 (2.3,15.4) 83.3% (57.0,93.5) 0.0002
Earlier vs. Unvaccinated‡

Partial vs. Unvaccinated 1.7 (1.2,2.6) 42.6% (13.3,62.0) 0.0084
Recently vs. Partial 3.4 (1.3,9.1) 70.9% (22.9,89.0) 0.0130
Recently vs. Earlier‡

Earlier vs. Partial‡
†Note: since the vaccine effect interacts with quarter and age group, these effect size estimates

are averaged across all 4 quarters and all age groups.
‡Effects involving the Earlier vaccinated group are not estimable due to non-existence of

Earlier vaccinated individuals in the 6 months-<1 Year age group – these are omitted in the
table.
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Figure 15: Model 2. Modelling restricted to 6 months - 19 year olds: Vaccine
effectiveness by age.

Table 25: Model 2. Modelling restricted to 6 months - 19 year olds. Vaccine
effectiveness by age and vaccination status.NB: These results are only indicative:
the vaccine age by vaccination status interaction is not significant in the model.

Age Vaccination Relative Risk Effectiveness
Group Status Estimate 95% CI Estimate 95% CI

3-level vaccination status
6 Months-1 Year Partial 2.4 (1.2,4.6) 58% (18,78)
1-4 Years Partial 1.6 (0.9,2.8) 38% (-6,64)
5-19 Years Partial 1.5 (0.8,2.6) 32% (-22,61)
6 Months-1 Year Full 6.6 (0.9,48.9) 85% (-12,98)
1-4 Years Full 4.5 (2.7,7.7) 78% (63,87)
5-19 Years Full 4.8 (3.0,7.8) 79% (66,87)

4-level vaccination status
6 Months-1 Year Partial 2.3 (1.7,3.1) 57% (42,68)
1-4 Years Partial 1.6 (1.3,2.0) 37% (20,50)
5-19 Years Partial 1.4 (1.1,1.9) 31% (11,46)
6 Months-1 Year Earlier 4.5 (3.4,5.8) 78% (71,83)
1-4 Years Earlier 4.0 (3.0,5.4) 75% (66,82)
5-19 Years Earlier 4.5 (3.4,5.8) 78% (71,83)
6 Months-1 Year Recently 6.4 (2.6,15.5) 84% (62,94)
1-4 Years Recently 5.3 (3.8,7.4) 81% (74,86)
5-19 Years Recently 6.4 (4.5,9.0) 84% (78,89)
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Table 26: Model 3. (All ages) Significant factors in modelling epidemic strain
meningococcal B disease rates (Type III statistics), using either a 3-level or 4-level
classification of vaccination status.

3-level vacc. status 4-level vacc. status
Source DF χ2 p-value DF χ2 p-value
Age 4 52.29 <0.0001 4 52.40 <0.0001
Ethnicity 2 50.67 <0.0001 2 50.60 <0.0001
Region 3 7.87 0.0488 3 7.92 0.0477
Vaccination Status 2 40.45<0.0001 3 49.75 <0.0001
Deprivation 1 42.00 <0.0001 1 42.01 <0.0001
Quarter 3 13.01 0.0046 3 14.72 0.0021
Year 7 58.94 <0.0001 7 59.41 <0.0001
Region*Ethnicity 6 23.12 0.0008 6 23.20 0.0007
Age*Ethnicity 8 43.82 <0.0001 8 43.80 <0.0001
Deprivation*Age 4 12.11 0.0166 4 12.16 0.0162
Quarter*Vacc. Status 6 21.60 0.0014 9 24.71 0.0033

4.6 Model 3: All ages

In the previous two sections all individuals aged 20 and older have been omitted. These analyses
form our primary results, since it is the population under 20 that is most at risk of epidemic strain
meningococcal B disease.

However in our previous technical reports (Kelly & Arnold 2006, 2007,Arnold & Kelly 2009),
and journal article (Kelly et al. 2007) we have presented estimates of vaccine effectiveness using
models including cases and population of all ages.

For this reason we have refitted the Poisson regression model using the data on people of all
ages. The significant factors found in this model (Table 26) are the same as in Model 1 (ages
under 20 only).

The vaccination effectiveness estimates are given in Table 27. This table should be compared to
Table 14 which shows the same estimates for cases and population under age20. The estimates
are similar, with an overall vaccine effectiveness estimate of 71% (compared to 77% for ages
under 20), there is no significant effect of partial vaccination, and nodetectable waning of the
vaccine effect after one year (Recently vs. Earlier:p = 0.26).
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Table 27: Model 3. (All ages). Vaccine effectiveness. Relative risks (RRs) are
stated as ratios of rates in the less protected population to the more protected pop-
ulation. Vaccine effectiveness is 1-1/RR. The p-values are for tests that the relative
risks differ from 1.0 (0% vaccine effectiveness).

Vaccine Relative Risk Effectiveness
Effect† Estimate 95% CI Estimate 95% CI p-value

3-level vaccination status
Full vs. Unvaccinated 3.5 (2.2,5.3) 71.1% (55.5,81.2)<0.0001

Partial vs. Unvaccinated 1.2 (0.8,1.6) 14.3% (-18.6,38.0) 0.3524
Full vs. Partial 3.0 (1.8,4.8) 66.2% (45.6,79.1)<0.0001

4-level vaccination status
Recently vs. Unvaccinated 4.7 (2.3,9.9) 78.9% (56.2,89.8)<0.0001
Earlier vs. Unvaccinated 3.0 (1.9,4.6) 66.3% (47.4,78.4)<0.0001
Partial vs. Unvaccinated 1.2 (0.8,1.6) 13.9% (-18.9,37.7) 0.3630

Recently vs. Partial 4.1 (1.9,8.7) 75.5% (47.5,88.6) 0.0003
Recently vs. Earlier 1.6 (0.7,3.6) 37.4% (-41.4,72.3) 0.2602
Earlier vs. Partial 2.6 (1.6,4.2) 60.9% (35.9,76.1) 0.0002

†Note: since the vaccine effect interacts with quarter, these effect size estimates are averaged
across all 4 quarters, with equal weight for each quarter.
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Table 28: Counts and crude rates (per 100,000) of Epidemic Strain Meningococcal
B cases by year and region (ages under 20 years only).

Region
Year Northern Midland Central Southern Total

Counts of Epidemic strain cases
2001 107 88 55 35 285
2002 64 76 44 27 211
2003 82 52 30 23 187
2004 61 41 17 25 144
2005 20 25 16 19 80
2006 23 10 6 8 47
2007 16 6 9 6 37
2008 9 7 10 5 31

Rates (per 100,000)
2001 25.7 36.4 23 13.6 24.7
2002 15.1 31.3 18.3 10.4 18.1
2003 18.9 21.3 12.5 8.8 15.8
2004 13.8 16.8 7.1 9.5 12.1
2005 4.5 10.3 6.7 7.3 6.7
2006 5.1 4.1 2.5 3.1 3.9
2007 3.5 2.5 3.8 2.3 3.1
2008 2.0 2.9 4.2 1.9 2.6

4.7 Model 4: Northern Region only

The Northern and Midland regions have had large numbers of cases of Epidemic strain meningo-
coccal B disease throughout the epidemic (see Table 28 and Figure 16).The vaccination cam-
paign was begun in the Northern region – with particular effort placed on reaching children
in South Auckland. This is also the region where the vaccination programme took longest to
be rolled out (Figure 5), and where the coexistence of vaccinated and unvaccinated individuals
existed for the longest time.

In this Section we have fitted the same Poisson regression model as in Section 4.1, i.e. restricted
to people under 20 years, but with a further restriction to the Northern region only.

The significant factors retained in the model by the forward stepwise regression are listed in
Table 29. Note that several of the interaction terms lead to convergence failures of the algo-
rithm (Age*Vacc., Year*Age, Year*Ethnicity and Year*Quarter) – this ismost likely due to
the smaller numbers of observations in the reduced dataset, leading to reduced power to detect
interaction effects. The only interaction term selected was the Quarter*Vaccination Status inter-
action when 3-level vaccination status was used – although this was not selected in the 4-level
version of the model.

The vaccine effectiveness estimates are given in Table 30. This table should be compared to Ta-
ble 14 which shows the same estimates without restriction to the Northern region.The estimates
are similar, though the confidence intervals are wider, and p-values larger, consistent with the
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Figure 16: Numbers and rates of Epidemic Strain Meningococcal B cases by year and region
(ages under 20 years only).

Table 29:Model 4. (Ages 0-19, Northern Region) Significant factors in modelling
epidemic strain meningococcal B disease rates (Type III statistics), using either a
3-level or 4-level classification of vaccination status.

3-level vacc. status 4-level vacc. status
Source DF χ2 p-value DF χ2 p-value
Age 3 19.12 0.0003 3 19.02 0.0003
Ethnicity 2 23.86 < 0.0001 2 23.73 <0.0001
Vaccination Status 2 10.22 0.0060 3 10.05 0.0182
Deprivation 1 9.55 0.0020 1 9.54 0.0020
Quarter 3 5.16 0.1606 3 16.04 0.0011
Year 7 21.67 0.0029 7 22.59 0.0020
Quarter*Vacc. Status 6 14.29 0.0265
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smaller sample size used in this model. The vaccine effectiveness estimate is 72%(compared
to 77% for all regions), there is no significant effect of partial vaccination, and no detectable
waning of the vaccine effect after one year (Recently vs. Earlier:p = 0.93).

Table 30:Model 4. (0-19 Years, Northern Region). Vaccine effectiveness. Relative
risks (RRs) are stated as ratios of rates in the less protected population to themore
protected population. Vaccine effectiveness is 1-1/RR. The p-values are for tests
that the relative risks differ from 1.0 (0% vaccine effectiveness).

Vaccine Relative Risk Effectiveness
Effect† Estimate 95% CI Estimate 95% CI p-value

3-level vaccination status
Full vs. Unvaccinated 3.6 (1.6,7.9) 71.9% (37.2,87.4) 0.0020

Partial vs. Unvaccinated 1.4 (0.8,2.6) 29.3% (-28.9,61.3) 0.2573
Full vs. Partial 2.5 (1.2,5.4) 60.2% (13.6,81.6) 0.0198

4-level vaccination status
Recently vs. Unvaccinated 2.8 (1.4,5.7) 64.4% (27.9,82.5) 0.0042
Earlier vs. Unvaccinated 2.9 (1.3,6.3) 65.7% (25.6,84.2) 0.0068
Partial vs. Unvaccinated 1.3 (0.8,2.2) 23.0% (-32.1,55.2) 0.3422

Recently vs. Partial 2.2 (1.1,4.3) 53.8% (7.6,76.9) 0.0290
Recently vs. Earlier 1.0 (0.4,2.1) -3.8% (-129.5,53.1) 0.9271
Earlier vs. Partial 2.2 (1.1,4.6) 55.5% (9.7,78.1) 0.0249

†Note: since the vaccine effect interacts with quarter, these effect size estimates are averaged
across all 4 quarters, with equal weight for each quarter.

The contrasts in rates between ethnic groups are similar in the National model (Model 1) and in
the Northern region model (Model 4). The relative risks for Māori vs. Other are 2.5 (95% CI
[2.0,3.1]) in Model 1, and 2.5 (1.8,3.4) in Model 4. For Pacific vs. Other therelative risks are
4.1 (3.1,5.4) and 3.1 (2.2,4.5) respectively.
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Table 31: Counts and crude rates (per 100,000) of Epidemic Strain Meningococcal
B cases by year and dose (ages under 20 years only).

Doses
Year 0 1 2 3 4 Total

Counts of Epidemic strain cases
2001 285 0 0 0 0 285
2002 211 0 0 0 0 211
2003 187 0 0 0 0 187
2004 137 4 3 0 0 144
2005 50 13 7 10 0 80
2006 13 7 3 22 2 47
2007 11 3 3 17 3 37
2008 6 3 3 14 5 31

Rates (per 100,000)
2001 24.7 0 0 0 0 24.7
2002 18.1 0 0 0 0 18.1
2003 15.8 0 0 0 0 15.8
2004 12.0 22.0 16.2 0 0 12.1
2005 9.4 10.3 5.2 2.5 0 6.7
2006 7.9 20.1 6.6 2.4 9.5 3.9
2007 8.2 9.6 7.7 1.8 4.6 3.1
2008 4.8 11.5 8.8 1.6 4.4 2.6

4.8 Model 5: Analysis by dose

In the analyses above an individual who has had 1 or 2 doses is treated as being partially vacci-
nated, and 4 doses as being fully vaccinated. And individual with 3 dosesis fully vaccinated if
the first dose was received after 6 months of age, and is otherwise partially vaccinated. In this
section we investigate the effect of number of doses on rates of epidemic strain meningococcal
B disease.

Table 31 and Figure 17 show the counts and crude rates of epidemic strain meningococcal B
by year and dose. Note that the high rates among those who have had fourdoses, compared to
those with three doses, is caused by this being exclusively young children, who have the highest
rates of disease.

4.8.1 Effect by dose

We fitted a Poisson regression model to test the effect of dose, which wasincluded as a categor-
ical explanatory variable with four levels: 0, 1, 2 and 3 or more doses – thisis Model 5a. The
significant factors selected by the forward stepwise regression procedure are listed in Table 32,
and these are the same factors that were selected in Model 1 (Table 12), with the exception
that the analogous Quarter by dose (vaccination status) interaction effect found in that previous
model was not retained in this one.
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Figure 17: Numbers and rates of Epidemic Strain Meningococcal B cases by year and dose
(ages under 20 years only).

Table 32:Model 5a. (0-19 Years). Significant factors in modelling epidemic strain
meningococcal B disease rates (Type III statistics) by dose (0, 1, 2 and3 or more
doses).

Source DF χ2 p-value
Region 3 5.06 0.1677
Age 3 24.14 <0.0001
Ethnicity 2 44.33 <0.0001
Deprivation 1 39.04 <0.0001
Year 7 42.28 <0.0001
Quarter 3 48.14 <0.0001
Dose 3 30.30 <0.0001
Region*Ethnicity 6 20.48 0.0023
Age*Ethnicity 6 33.94 <0.0001
Deprivation*Age 3 11.47 0.0094
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Figure 18:Model 5a (0-19 Years). Fitted rates by dose. (Rates are per 100,000, in the final
quarter of 2008.)

The vaccine effectiveness estimates for this Model are shown in Table 33. The fitted rates by
dose are displayed in Figure 18, and the effectiveness estimates in Figure19. Zero doses is the
reference level for the effectiveness estimates.

There is a clear dose-response relationship visible in these results: the vaccine effectiveness is
negligible at 14% for one dose, but increases to 47% with two doses and 69% with three or more
doses. Pairwise tests of 3 vs. 2 doses and 2 vs. 1 are also shown in Table33 and Figure 19.
There is greatest evidence for an increase in effectiveness from 2 to3 or more doses.

In this analysis we find that two doses is enough for a protective effect (47%, 95% CI [16,67]),
but no significant effect of a single dose. However note that when cases with one and two doses
are aggregated into the partial vaccination category the combined effect was of no significant
protection (Table 14).

Table 33:Model 5a. (0-19 Years). Vaccine effectiveness by dose levels. Relative
risks (RRs) are stated as ratios of rates in the less protected population to themore
protected population. Vaccine effectiveness is 1-1/RR. The p-values are for tests
that the relative risks differ from 1.0 (0% vaccine effectiveness).

Dose Relative Risk Effectiveness
Level Estimate 95% CI Estimate 95% CI p-value

3+ vs. 0 3.3 (2.2,4.7) 69.2% (55,79)<0.0001
2 vs. 0 1.9 (1.2,3.0) 47.2% (16,67) 0.0076
1 vs. 0 1.2 (0.7,1.8) 14.0% (-35,45) 0.5087

3+ vs. 2 1.7 (1.0,2.9) 41.9% (3,65) 0.0365
2 vs. 1 1.6 (0.9,2.9) 38.5% (-9,65) 0.0968

(Note: 3+ signifies 3 or 4 doses)
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Figure 19:Model 5a (0-19 Years). Vaccine effectiveness by dose.

Table 34: Counts of person-years, cases and crude rates (per 100,000) of epidemic
strain meningococcal B disease amongst children eligible for a 4th dose. (First dose
received before 6 months of age.)

Dose Person-Years Cases Rate
1 36939 14 37.9
2 41298 8 19.4
3 106591 15 14.1
4 194206 10 5.1
Total 379034 47 12.4

4.8.2 Effect of a 4th dose

The 4th dose of the MeNZB vaccine was added to the schedule in January 2006. It is of interest
to see if this conferred any additional protective effect. The raw countsof person-years and
cases, by number of doses, are shown in Table 34 for those eligible to receive a 4th dose. Note
that by definition every member of this population therefore must have received at least one
dose. This population is comprised exclusively of children younger than 4years of age, and the
rates in this table are comparable with crude rates for these young children presented earlier (see
e.g. Table 8 in Section 3.3 above).

We fitted a separate model (Model 5b) for only those children eligible to receive a 4th dose. The
GEE model would not converge, so we fitted a standard Poisson regression model, and retained
all main effects (Table 35). Only ethnicity and deprivation were found to besignificant predic-
tors of disease rates, and notably number of doses was not significant. None of the possible
two-way interaction terms were retained by the same forward stepwise regression method used
in previous models.

56



Table 35:Model 5b. (0-4 Years, 2005-2008). Factors in a Poisson regression model
epidemic strain meningococcal B disease rates (Type III statistics), for children
eligible to receive a 4th dose only.

Source DF χ2 p-value
Region 3 0.89 0.8269
Age 2 0.99 0.6083
Ethnicity 2 21.61 <0.0001
Deprivation 1 8.42 0.0037
Year 3 2.79 0.4258
Quarter 3 2.55 0.4656
Dose 3 4.64 0.1999

Table 36:Model 5b. (0-4 Years, 2005-2008). Vaccine effectiveness. Relative risks
(RRs) of Epidemic strain meningococcal B disease for comparative numbers of
doses for children eligible for a 4th dose. Vaccine effectiveness is 1-1/RR. The p-
values are for tests that the relative risks differ from 1.0 (0% vaccine effectiveness).

Dose Relative Risk Effectiveness
Level Estimate 95% CI Estimate 95% CI p-value
4 vs. 1 3.4 (1.1,10.3) 71% (10,90) 0.0311
3 vs. 1 1.8 (0.7,4.5) 43% (-42,78) 0.2251
2 vs. 1 1.7 (0.7,4.1) 41% (-44,76) 0.2468
4 vs. 3 1.9 (0.8,4.8) 48% (-30,79) 0.1623
3 vs. 2 1.0 (0.4,2.7) 4% (-148,63) 0.9288

Vaccine effectiveness results comparing various dose levels are shown in Table 36, where (as
in all other tables) relative risks greater than 1 indicate a protective effect. The key estimate
in this table compares 4 doses with 3 doses, with an effectiveness estimate of 48%. The 95%
confidence interval for this result (-30%,79%) is however very wide, and includes the null 0%
effectiveness: we therefore have no evidence for an additional protective effect of a 4th dose
among those eligible for it.

The lack of any clear results in this table is at least partly due to the small numbers of cases
included in the test: there is simply insufficient statistical power to detect a difference in the
effectiveness of different dose levels.
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5 Pneumococcal Disease and MeNZB

As a test against residual confounding, we also used the same procedures as described in Sec-
tion 4.3 to estimate the ‘effectiveness’ of the vaccine against invasive Pneumococcal disease,
using the same explanatory variables. The aim of this exercise is to see if there is any detectable
modification of rates of disease where there is no biological mechanism for the vaccine to have
any such effect. This is in contrast to the tests in Section 4.3 with other strains of Meningococcal
disease, where it is biologically plausible that the vaccine may confer some protection.

If the vaccine is found to be protective against a disease for which thereis no biological mech-
anism, this may indicate the presence of residual confounding. The interpretation of the results
is complex however, since the disease chosen for the test should affectthe same age groups, be
transmitted in a similar way, and be susceptible to the same kinds of disease control measures.
Moreover, similar data should be available: in particular the same covariates as those we have
used in the MeNZB effectiveness modelling.

Pneumococcal disease was the only disease that could be identified with the following similari-
ties to meningococcal disease:

• bacterial;

• causing invasive disease (meningitis/septicaemia);

• with airborne droplet/person to person spread;

• asymptomatic carriage in respiratory tract is common;

• having highest rates in youngest children, up to five years;

• having highest rates in M̄aori and Pacific Children;

• most common in autumn and winter (although meningococcal disease is most commonin
winter and spring);

• spread within a family is associated with overcrowding and presence of other upper res-
piratory infections;

• routinely identifiable (well established laboratory procedures).

However pneumococcal disease has some important differences, namely:

• it also causes many other non-invasive infections;

• it is associated with significant morbidity – it the most common cause of bacterial otitis
media in children and infants and causes pneumococcal pneumonia and sinusitis in all age
groups;

• The data source is different and not as complete – at least during the study period (2001-
2008);

• Pneumococcal disease was not a notifiable disease during most of the study period, and
there was no pneumococcal vaccination programme during the period January 2001-June
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2008. In June 2008 the pneumococcal conjugate vaccine Prevenar was added to the New
Zealand infant vaccination schedule and on 17 October 2008 invasive pneumococcal dis-
ease became notifiable.

We discuss the implications of some of these similarities and differences below.

A summary of the epidemiology of Pneumococcal disease in New Zealand is given in Chapter
16 of the Ministry of Health Immunisation Handbook (Ministry of Health 2006).

5.1 Pneumococcal Case Data

The data consist of all 1320 specimens testing positive for pneumococcaldisease for individuals
under the age of 20 in the period 1 January 2002-31 December 2008. Allof the same covariate
information was available as for meningococcal cases, although with certaindifferences and
limitations.

• After deletions of 22 duplicates and 33 cases with no NHI number there remained 1298
cases for analysis, and these were matched to the NIR database to determineMeNZB
vaccination status.

• Pneumococcal disease onset date was assumed to be the same as the date ofreceipt of the
specimen at the laboratory.

• Deprivation and ethnicity data were not available at the time of disease onsetfor the Pneu-
mococcal cases: instead the values of these variables recorded for those individuals in the
2009 NHI database. This is unlikely to have had a great impact on ethnicity (although
the same caveats about its reliability apply here as they do for meningococcaldisease
cases). Deprivation quintile is however determined by address, and this may differ. This
is unlikely to have introduced a systematic bias, unless people affected by pneumococcal
disease have systematically moved to higher or lower deprivation areas.

• The region of residence of the case was assumed to be the same as the region where
the laboratory confirming the case was located. It is possible that severe cases may be
misclassified if a case is sent to another region for treatment and is diagnosed there. This
may raise the disease rates in one region compared to another, but as long as such transfers
took place independent of MeNZB vaccination status there will be no biasingeffect on
the vaccine effectiveness estimates.

Further details of the pneumococcal case data are given in Section A.2 of Appendix A.

5.2 Results

Counts and crude rates of Pneumococcal disease by year and vaccination status are given in
Table 37. These crude rates suggest that the population fully vaccinatedwith MeNZB against
Epidemic strain meningococcal B disease may be at lower risk of pneumococcal disease.

We have fitted a Poisson regression model using the same data and methodology as we have
employed for epidemic strain meningococcal B disease and other meningococcal strains (Sec-
tion 4.3), with the single difference that we have replaced the epidemic strain meningococcal B
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case data with pneumococcal case data. The results are shown in Table 38. With high signifi-
cance, individuals fully vaccinated with MeNZB have lower rates of pneumococcal disease than
unvaccinated individuals (vaccine effectiveness 56% with 95% CI [44,66]). Moreover, there is
a significant effect of partial MeNZB vaccination (26%, 95% CI [3,43]).

Table 37: Cases, population and crude rates of pneumococcal disease(ages 0-19 years).

Unvaccinated Partially vaccinated Fully vaccinated
Year Cases Population Rate Cases Population Rate Cases Population Rate

Pneumococcal Disease
2002 180 1167867 15.4 0 0 0 0 0 0
2003 202 1181667 17.1 0 0 0 0 0 0
2004 179 1140790 15.7 12 36683 32.7 4 12081 33.1
2005 58 530728 10.9 61 265924 22.9 50 395151 12.7
2006 38 164410 23.1 66 110083 60.0 67 918380 7.3
2007 30 133337 22.5 60 104763 57.3 97 956883 10.1
2008 29 126305 23.0 36 97483 36.9 96 971680 9.9

Table 38:Model 1. (6 months-19 Years; 2002-2008). MeNZB ‘vaccine effective-
ness’ estimates for pneumococcal disease. Relative risks (RRs) are stated as ratios
of rates in the less protected population to the more protected population. Vaccine
effectiveness is 1-1/RR. The p-values are for tests that the relative risks differ from
1.0 (0% vaccine effectiveness). See text for further details.

Outcome Relative Risk Effectiveness
Estimate 95% CI Estimate 95% CI p-value

Full vs. Unvaccinated 2.3 (1.8,2.9) 56.3% (44.2,65.7)<0.0001
Partial vs. Unvaccinated 1.3 (1.0,1.8) 25.8% (2.9,43.3) 0.0297
Full vs. Partial 1.7 (1.3,2.2) 41.1% (25.4,53.5)<0.0001

Since there is no biological mechanism for the vaccine to protect against pneumococcal disease,
this indicates that there may be residual confounding. That is, there may beunmeasured covari-
ates which are influencing the risk of disease, and which are also correlated with vaccination
status. One interpretation of this is therefore that the segment of the populationthat was vacci-
nated was at lower risk than the unvaccinated population – thus that our estimate of the vaccine
effect may be larger than it should be.

The effect of partial vaccination for pneumococcal disease, which is also less than full vacci-
nation, is difficult to interpret in the context of the explanation of residual confounding. Since
nearly all people in the partially vaccinated group ultimately become fully vaccinated, the par-
tially vaccinated are a subset of the fully vaccinated population. If there is residual confounding
then the partially vaccinated group should have no difference in pneumococcal disease risk com-
pared to the fully vaccinated group, yet we do see a difference. In other words, we are seeing an
apparent dose-response relationship that is difficult to interpret for acondition for which there
is no biological means for protection. However, one possible way to interpret this result is that
the MeNZB vaccination programme itself affects pneumococcal disease rates – a possibility we
discuss further in Section 6.2 below.
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We noted above that pneumococcal disease was selected for this test of residual confounding
due to its similarities to meningococcal disease. Pneumococcal disease does however differ
significantly from meningococcal disease in one important respect: namely itis treatable in its
early non-invasive state, even if it is not identified as pneumococcal disease. For example the
disease may present in children as upper respiratory infections, sinusitisand otitis media. Chil-
dren participating in the MeNZB vaccination campaign may have benefitted fromthe additional
GP visits required for the vaccinations, and received early treatment forall such infections. They
would therefore have been at lesser risk from contracting a severe invasive case of pneumococcal
disease, such as would lead to a blood sample being sent for laboratory testing. Furthermore,
early treatment of one case of non-invasive pneumococcal disease would also have led to a
reduction in transmission risk between siblings in households where all the children were vac-
cinated. In this way participation in the vaccination campaign may lead to lower riskfor this
disease, and this could explain a reduced rate of pneumococcal diseaseamongst children vacci-
nated with MeNZB, and the observed dose-response relationship: with greater exposure to the
vaccination campaign leading to greater protection.

In contrast, meningococcal disease is not susceptible to early treatment, since its non-invasive
state is asymptomatic, and its invasive state usually presents rapidly and acutely. The vaccination
programme cannot confer protection through this indirect means, and although the MeNZB
effectiveness against pneumococcal disease may be (partly) explained by participation in the
vaccination programme, the meningococcal vaccine effectiveness can not be.

This explanation should apply most strongly to children under 5 who are vaccinated at GP
surgeries in general. Children 5 years and over were vaccinated at school, and though they can be
expected to benefit less from receiving vaccine doses, school nurses delivering the programme
may nevertheless have identified children with upper respiratory tract infections/otitis media
who would otherwise have gone undiagnosed.

5.3 A further test: modelling Meningococcal and Pneumococcal Disease simul-
taneously

Since the results above suggest that there is some residual confoundingpresent, we have at-
tempted to quantify the protective effect of MeNZB taking this residual confounding into ac-
count.

To do this we have fitted a Poisson regression model with confirmed epidemic strain cases and
pneumococcal cases included simultaneously, similar to the models in Section 4.3 above. We
introduced a new binary explanatory variable ‘Condition’ (Meningococcal or Pneumococcal),
and allowed it all two-way interactions with the other variables in the model.

Taking the pneumococcal disease condition as the reference category we estimate the ‘vaccine
effect’ for pneumococcal disease. The interaction effect of the vaccine with condition is then a
measure of the additional protection of the MeNZB vaccine against epidemic strain meningo-
coccal disease.

We have also repeated this exercise separately estimating models for Non-epidemic B cases, and
Non Group B cases – each time with pneumococcal disease as the reference condition to control
for residual confounding.

Table 39 show the selected models following stepwise regression. The only interaction term
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including vaccination status is the interaction with Condition, which determines the additional
protective effect of the vaccine for each of the three types of meningococcal disease. This
interaction is significant only when Epidemic B disease is modelled (p = 0.0056), but not for
Non-epidemic Group B or Non Group B (p = 0.5501 and0.6868 respectively). We discuss the
interpretation of this result below.

Estimates of the vaccine effects in these models are shown in Table 40. For each model there
are six rows in the table. The first three are always for the reference condition: pneumococcal
disease. In each model the ‘protective’ effect of the vaccine againstpneumococcal disease
persists in the model. Consistent significant effects of full vaccination areseen in each of the
three models: 53.0%, 54.1% and 52.3%. There is evidence for a dose-response relationship,
with some ‘protection’ from partial vaccination against pneumococcal disease (p = 0.0452,
0.0594 and0.0074), and a significant difference between the protective effect of partial and full
vaccination (p < 0.0001, < 0.0001 and0.0004).

These estimates are similar to the model where pneumococcal disease counts are fitted on their
own (56.3% and 25.8% for full and partial vaccination, see Table 38).

Having controlled for the residual confounding, the additional protective effect of the vaccine
against the three groupings of meningococcal disease are shown in the second three rows for
each model. There is a residual protective effect of 53.3% of full vaccination against the epi-
demic strain, with high statistical significance (95% CI [39,64],p = 0.0015), and weaker evi-
dence for an effect of partial vaccination (p = 0.0301). This can be interpreted as clear evidence
for a protective effect of MeNZB against the Epidemic strain.

There is however no residual effect of any level of MeNZB vaccination against Non-epidemic
B and Non Group B. The lack of significance of the interaction terms for these two groupings
in Table 39 is seen again here in the insignificant vaccine effect estimates. This suggests that at
least some of the cross-protective effects for these groupings foundin Section 4.3 may be due
to residual confounding.

5.4 Size of residual confounding

If the pneumococcal disease effectiveness estimates in Table 40 genuinely capture true residual
confounding, then our MeNZB vaccine effectiveness estimate is reduced from 77% (95% CI
[62,85]) to 53% (95% CI [39,63]). Likewise the estimates of cross-protection for Non-epidemic
Group B and Non Group B are reduced from 53.7% and 56.2% to zero.

However if pneumococcal disease is affected by participation in the vaccination campaign, as
the dose-response relationship suggests, then our model including pneumococcal disease may
be over-correcting for residual confounding. In that case 53% (95% CI [39,63]) is a lower
bound for the effectiveness of MeNZB against the Epidemic strain, and there may exist some
cross-protection against other strains.

We discuss these points further in Section 6.2 below.
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Table 39: Combined models for meningococcal disease and Pneumococcaldisease
(Ages 6 months-19 Years; 2002-2008). Meningococcal disease cases are included
as one of Epidemic Group B, Non-epidemic Group B and Non Group B. Significant
factors in each model (Type III statistics) using a 3-level classification ofvaccina-
tion status.

Epidemic Non-epidemic Non Group B
Group B Group B

Source DF χ2 p-value DF χ2 p-value DF χ2 p-value
Condition 1 51.28 <0.0001 1 85.31 <0.0001 1 77.21 <0.0001
Age 2 86.69 <0.0001 2 81.84 <0.0001 2 56.37 <0.0001
Ethnicity 2 57.63 <0.0001 2 32.95 <0.0001 2 33.80 <0.0001
Deprivation 1 38.12 <0.0001 1 0.08 0.7724 1 0.01 0.9381
Region 3 32.16 <0.0001 3 29.13 <0.0001 3 11.20 0.0107
Quarter 3 53.91 <0.0001 3 36.81 <0.0001 3 32.66 <0.0001
Year 6 5.35 0.5004 6 14.50 0.0245 6 8.79 0.1860
Vaccination Status 2 58.90<0.0001 2 30.19 <0.0001 2 14.91 0.0006
Age*Quarter 6 20.67 0.0021 6 13.73 0.0328 6 16.11 0.0132
Condition*Age 2 86.53 <0.0001 2 24.72 <0.0001 2 44.40 <0.0001
Condition*Region 3 15.33 0.0016
Condition*Quarter 3 16.94 0.0007
Condition*Year 6 33.51 <0.0001 6 18.55 0.0050
Deprivation*Age 2 7.78 0.0204 2 14.23 0.0008 2 12.58 0.0019
Deprivation*Condition 1 2.83 0.0924 1 0.02 0.8754 1 0.08 0.7736
Deprivation*Deprivation 1 5.74 0.0166 1 4.60 0.0320
Year*Age 12 30.18 0.0026 12 33.94 0.0007
Year*Region 18 32.34 0.0200
Condition*Vacc. Status 2 10.38 0.0056 2 1.20 0.5501 2 0.75 0.6868
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Table 40: Vaccine effectiveness estimates for models fitting meningococcaldisease
rates with pneumococcal disease as the reference condition (6 months-19 Years;
2002-2008). Relative risks (RRs) are stated as ratios of rates in the lessprotected
population to the more protected population. Vaccine effectiveness is 1-1/RR. The
p-values are for tests that the relative risks differ from 1.0 (0% vaccineeffective-
ness).

Outcome Vacc. Relative Risk Effectiveness
Status 95% CI Estimate 95% CI p-value

Pneumococcal Full 2.1 (1.6,2.8) 53.0% ( 39.1, 63.7)<0.0001
Partial 1.3 (1.0,1.7) 23.7% ( 0.6, 41.4) 0.0452
Full-Partial 1.6 (1.3,2.1) 38.4% ( 22.0, 51.3)<0.0001

Epidemic B-Pneumo. Full 2.1 (1.3,3.4) 53.3% ( 25.2, 70.8) 0.0015
Partial 1.7 (1.1,2.6) 40.0% ( 4.8, 62.2) 0.0301
Full-Partial 1.3 (0.8,2.0) 22.2% ( -20.9, 49.9) 0.2648

Pneumococcal Full 2.2 (1.7,2.8) 54.1% ( 41.7, 63.9)<0.0001
Partial 1.3 (1.0,1.7) 22.1% ( -1.0, 40.0) 0.0594
Full-Partial 1.7 (1.3,2.1) 41.0% ( 25.6, 53.3)<0.0001

Non-epidemic B-Pneumo. Full 1.3 (0.8,2.0) 21.2% ( -23.4, 49.7) 0.2976
Partial 1.1 (0.6,2.0) 7.8% ( -71.4, 50.4) 0.7971
Full-Partial 1.2 (0.7,2.0) 14.6% ( -47.3, 50.5) 0.5712

Pneumococcal Full 2.1 (1.6,2.7) 52.3% ( 38.4, 63.0)<0.0001
Partial 1.4 (1.1,1.9) 29.9% ( 9.1, 46.0) 0.0074
Full-Partial 1.5 (1.2,1.8) 31.9% ( 15.8, 45.0) 0.0004

Non Group B-Pneumo. Full 1.1 (0.6,2.3) 13.0% ( -75.6, 56.9) 0.6980
Partial 1.4 (0.7,3.0) 29.3% ( -50.3, 66.7) 0.3674
Full-Partial 0.8 (0.3,2.0) -23.1% (-203.3, 50.0) 0.6514
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6 Discussion

6.1 Key Results

(1) All models found strong statistical evidence for a vaccine effect (p-value<0.0001). There
is no evidence that the vaccine effect differs by region, age, ethnicity or socioeconomic
status (Model 1, Section 4.1, Tables 12 and 14).

(2) The primary analysis (Model 1, Section 4.1, Table 14) estimated epidemic strain meningo-
coccal B disease rates for people aged under 20 years to be 4.3 times higher in the unvac-
cinated group than in the vaccinated group (95% confidence interval = 2.6to 6.9 times as
high), with a vaccine effectiveness of 77% (95% confidence interval =62% to 85%).

(3) The vaccine effect we have measured is not an estimate of the effectof the vaccine alone,
vaccineefficacy, as would be gained from a randomised controlled trial. Instead it is vac-
cineeffectiveness, which is the result of the combination of the individual level protective
effect with the rollout of the vaccine programme, the population and individual responses
to the programme, and other unobserved factors influencing the risk of disease (such as
herd immunity, changes in hygiene and rates of bacterial carriage).

In Table 13 we have presented estimates of the achieved reduction in numbers of cases
by the actual progress of the vaccination programme (the ‘Proportion Prevented’). The
epidemic was waning before and during the rollout of the vaccination programme, but it
should be stressed that the models presented here do not have predictive power forwards
in time – i.e. we cannot predict what the numbers of cases will be in the future,because
each year has a separate fitted parameter for the baseline rate of disease. It also cannot
be known whether the epidemic would have continued to wane in the absence of the
vaccination programme.

(4) The primary analysis showed no evidence for a significant effect of partial vaccination
(less than the three doses required by the programme). However when babies under 6
months old are excluded from the analysis (Section 4.3, Table 22) a significant effect is
found (42%, 95% CI [11-62]).

An analysis by dose suggests that there is significant protection from having only two
doses (Model 5, Section 4.8, Table 33). The vaccine effectiveness isnegligible at 14% for
one dose, but increases to 47% with two doses and 69% with three or more doses.

(5) None of the models showed evidence for a waning of the vaccine effect after 1 year: the
rates for Recently (vaccination completed within the last 12 months) and Earliervacci-
nated individuals did not differ (e.g. Model 1, Section 4.1, Table 14).

Studies of serum antibody titre (the most important correlate for vaccine efficacy) suggest
that protection could decline quickly with time, especially in the youngest age groups
(Tappero et al. 1999, Lennon et al. 2009, see e.g.). This led to the introduction of the
4th dose for children who received their first dose before 6 months of age. Increased
SBA levels have however been sustained for 20 months in young adults vaccinated with
a vaccine similar to MeNZB (Perkins et al. 1998). Our findings are consistent with such
sustained protection for one year, but in the context of the waning New Zealand epidemic
we do not expect to have sensitivity to detect changes over longer time periods. Moreover,
our lack of detection of any age dependence of the vaccine effectiveness means that we
cannot detect any differential waning of protection between age groups.
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(6) As of 31 December 2008, the vaccine programme achieved 81% coverage of people under
age 20 years (Section 3.2, Table 4), an estimated 174 epidemic strain meningococcal cases
have been prevented by the vaccination programme (95% confidence interval= 88 to 314
cases), and an estimated five deaths due to epidemic strain meningococcal B disease have
been prevented. Of the order of 13-23 instances of severe sequelaehave been prevented
(Section 4.2 Table 19 and 20).

(7) No relationship was found between vaccination status and severity of epidemic strain
meningococcal B disease. Neither probability of admission (70-80%) nor length of stay
in hospital (averaging 4-5 days) were related to MeNZB vaccination status(Section 4.2).

(8) Potential residual confounding was identified through a test where pneumococcal disease
rates were modelled with MeNZB vaccination status as a predictor (Section 5).A model
including both pneumococcal and meningococcal disease cases estimated aprotective
vaccine effect of 53% (95% CI [25,71]) for MeNZB (Table 40). The interpretation of
this result is however open to question given the existence of a dose-response relationship
between MeNZB vaccination status and protection against pneumococcal disease (see
further discussion in the next Section).

(9) In Section 4.3 we identified a vaccine effectiveness of MeNZB of morethan 50% against
other strains of meningococcal disease, though some or all of this apparent cross-protection
may be due to residual confounding (Section 5).

6.2 Residual Confounding

There remains the important question of residual confounding: namely whether or not the un-
vaccinated population differs from the vaccinated population in some significant but unmea-
sured way. If this is the case, then vaccination status becomes a marker foran unmeasured
confounding variable: a property which differs between the vaccinatedand unvaccinated pop-
ulation. If this property is also correlated with disease risk, then our estimatesof the vaccine
effectiveness will be subject to bias. If the unvaccinated population is athigher disease risk due
to this confounding variable we will overestimate the vaccine effectiveness. Conversely, we will
underestimate the effectiveness if the unvaccinated population is at lower disease risk.

In Section 5 we attempted to quantify the size of any residual confounding byfitting a Pois-
son regression model for pneumococcal disease cases, with MeNZB vaccination status as a
predictor. A highly significant protective effect of the vaccination statuswas found (56% effec-
tiveness, 95% CI [44-66]). When pneumococcal disease counts were modelled simultaneously
with epidemic strain meningococcal B the MeNZB effectiveness estimate for protection against
the epidemic strain was reduced from 77% to 53%.

What accounts for the apparent protective effect of MeNZB vaccination against pneumococ-
cal disease? There is no biological means for the MeNZB vaccine to confer true protection –
therefore it must be a true but unmeasured difference between the vaccinated and unvaccinated
populations.

Explanations for differences between the vaccinated and unvaccinatedpopulations fall into two
types. The difference is either apre-existingunmeasured property of the individuals who never
become vaccinated, or it is a difference which iscreatedby the experience of the vaccination
campaign.
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One possible pre-existing difference between these two populations is thata segment of the
unvaccinated population might be a strictly non-compliant group: that is a group who are con-
sistently refusing the vaccine. In a survey of GP practices the rate of refusals to vaccinate under
5 year olds was 5.8%, and across DHBs refusal rates for 5-17 year olds varied from 4% to 14%,
with an average of around 9% (CBG Health Research 2006, their pp59, 65, Figure 12). Compar-
ing these rates with the 80% coverage of the vaccine programme this implies that aquarter to a
half of the unvaccinated population did not vaccinate because of refusal, rather than some other
reason (such as lack of contact with health services). These people mayhave a different disease
risk profile compared to the rest of the population, and over time they increase as a proportion
of the residual unvaccinated population.

Another pre-existing difference could be socio-economic deprivation:highly deprived children
might miss out on school and GP visits during the vaccination campaign – and therefore not get
vaccinated. Because deprivation was not available in the NIR coveragedata we were supplied,
our estimates of vaccine coverage by dose assume that coverage was uniform across deprivation
quintiles (within cells defined by region, age, ethnicity, year, quarter and number of doses, see
Appendix A). If vaccine coverage was genuinely much lower for highly deprived individuals,
and since disease rates increase with deprivation levels, then we will underestimate the rate of
disease in the highly deprived, vaccinated population – and overestimate thesize of the vaccine
effectiveness.

An evaluation of the rollout of the MeNZB programme found that the programmewas suc-
cessful in reaching highly deprived groups (CBG Health Research 2006, p86, Figure 17). The
evaluation reported that coverage was somewhat lower for more deprived children (70-80% for
the three most deprived quintiles, compared to 85-95% for the two least deprived), although
this result may be at least partly explained by differences in ethnicity (coverage for M̄aori being
lower than for the other ethnic groups, see Section3.2 above). Our Poisson regression models
contain the key variables of ethnicity and deprivation quintile (which notably includes a measure
of household overcrowding), however these explanatory variables may still not be capturing the
spectrum of deprivation adequately.

If, as in these examples, the unknown confounder is a pre-existing property, then as time passes
more and more low risk individuals are removed from the unvaccinated population, with the
high risk individuals forming an increasingly greater proportion of the unvaccinated popula-
tion. This suggests a means for testing the hypothesis that the vaccinated population is at lower
risk of disease according to some intrinsic property: namely the disease ratein the unvacci-
nated population should increase with time during the vaccination campaign. Unfortunately the
background disease rate of the whole population was dropping throughout the vaccination cam-
paign, and given that we did not find any interaction of year with vaccination status, this is not
a practicable means of quantifying residual confounding.

However if the vaccination campaign simply identifies a low risk group, then there should be no
difference in pneumococcal disease rates between the partially and fully vaccinated. Nearly all
partially vaccinated individuals join the fully vaccinated group (In 2008, 91% of the population
who had had any vaccine doses were fully vaccinated – see Table 7). Since the additional
MeNZB doses that move a person from partial to full vaccination do not confer any protection
against pneumococcal disease there should be no difference in disease rates between partially
and fully vaccinated individuals. In contrast to this expectation the contrast in disease rates
between partially and fully vaccinated individuals is considerable (relativerisk 1.7, 95% CI
[1.3-2.2]) and highly significant (p < 0.0001) (Table 38).
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The existence of a dose-response relationship for pneumococcal disease and MeNZB vaccina-
tion status suggests that the difference between vaccinated and unvaccinated individuals may
be of the second kind: namely created by the experience of the vaccinationcampaign. This
possibility is one we raised in Section 5 and 6.2 – the vaccination campaign modifiesthe disease
risk profile in ways unconnected with the biological activity of the vaccine. Such effects include
increased health education, and the beneficial effects of additional medical attention leading to
early intervention and avoidance of more serious illness.

If there is a differential effect of the vaccine campaign on the separate risks of pneumococcal
and meningococcal disease, then quantifying the degree of residual confounding is problematic.
If, as we suggested in Section 5, pneumococcal disease risk is more susceptible to reduction by
the vaccination campaign than meningococcal disease risk, then the we haveover-corrected for
residual confounding and the modified MeNZB effectiveness estimate of 53% (95% CI [25,71])
is a lower bound for the true effectiveness. One simple and conservative method of estimating
the actual level of residual confounding is to use the estimated level from the partially vaccinated
group, since they have had the shortest exposure to the vaccination campaign. From Table 38
their disease rates are modified by a factor of 1.3 (95% CI [1.0,1.8]), reducing the relative risk
for full vaccination with MeNZB to 4.1/1.3=3.2, and the vaccine effectiveness estimate from
77% to 68%.

Our detection of possible cross-protection of MeNZB against non-Epidemic strain B and non
Group B disease can also be questioned in the light of possible residual confounding. In the
models we have fitted which combine non-epidemic forms of meningococcal disease (Table 40)
with pneumococcal disease we found no evidence for cross-protection. However the likely over-
correction caused by the use of pneumococcal disease as the reference condition may mean some
cross-protection is possible.
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6.3 Assumptions and Limitations

Table 41 lists the various assumptions made in the analysis presented in this report. If there is
a clear biasing effect on the vaccine effect estimate, then its direction (positive or negative) is
noted.

Table 41: Assumptions, limitations, restrictions and approximations made in the
estimation of the MeNZB vaccine effect, and the likely direction of any biasing
effect. (A positive bias+ means the vaccine effect will be over-estimated. ‘?’
means the direction of the effect is unknown – depending on unknown factors.)

Assumption/Limitation/Restriction Direction of
Effect

Population and cases restricted to<20 Years 0
Lack of individual level covariates ?
Vaccination coverage is uniform across deprivation quintiles within
region×age×ethnicity×year×quarter cells

+

Exclusion of cases of unknown deprivation or ethnicity −

All vaccinated individuals are in the NIR +
Coverage of any region×age×ethnicity×year cell never exceeds 98% −

Inclusion of 2002/03 vaccine breakthrough case −

Use confirmed cases only (leads to underestimation of cases, deaths and se-
quelae prevented)

0

Census, NIR and case data ethnicities may not match ?
Use populations estimated at the midpoint of each quarter 0
Restriction to Medium Growth population estimates from Statistics New
Zealand

0

• Individual level covariates. The explanatory variables used in this analysis are a mixture
of group level (year, quarter, region, deprivation) and individuallevel (age, ethnicity,
vaccination status). It is desirable to have as many individual level covariates as possible,
however few are available. Measures of individual level exposure would be available in
case-control designs, but not in the population level analysis that we have carried out
here. We have attempted to control as much variation as possible by the inclusion of all
covariates that are available for both cases and the general population.The area level
deprivation score is an example of this: it includes an important measure of exposure: a
small area measure of levels of household overcrowding.

• Non-uniform coverage by deprivation.There is some evidence that while coverage for
more deprived parts of the population was high, it was lower than for less deprived people
(CBG Health Research 2006). Our assumption of uniform coverage withinregion×age
× ethnicity×year×quarter cells may lead to a small overestimation of the vaccine effect.

• All vaccinated individuals are in the NIR. Any cases which are vaccinated but missing
from the NIR will be misclassified as unvaccinated, and lead to an overestimateof the
vaccine effect.
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• Use of confirmed cases only.This does not affect the vaccine effectiveness estimate if
the confirmation procedure is blind to the vaccination status of the individual concerned.

• Census, NIR and case data ethnicities may not match.Misclassification of ethnicity
is a potential source of bias. If both cases and population are misclassifiedby the same
amount, and if that misclassification does not depend on vaccination status, then while
estimates of rates by ethnic group may be attenuated, there will be no biasing ofvaccine
effectiveness estimates.

However, given the manner in which the size of the unvaccinated populationis calculated
– namely as the difference between the total population (from Statistics New Zealand,
SNZ) and the vaccinated population (from the NIR) a bias could enter in the following
way. If we assume that the population estimates for each ethnic group are reliable, then
a misclassification of ethnicity in the NIR (with too few M̄aori and Pacific being iden-
tified as such) will lead to overestimates of both theunvaccinatedpopulation of M̄aori
and Pacific people, and thevaccinatedpopulation of the ‘Other’ ethnic group. If cases
are not affected by this misclassification bias, and noting that disease ratesare higher for
Māori and Pacific people, we will underestimate the relative risk for disease(unvacci-
nated:vaccinated) for M̄aori and Pacific people while overestimating this relative risk for
the Other ethnic group. The impact of this on the vaccine effectiveness estimate (which
has not been found to depend on ethnicity) then depends on the averaging out of these
positive and negative biasing effect across the ethnic groups.

7 Concluding remarks

The data we have available to us suggest that the MeNZB vaccine is effective against epidemic
strain meningococcal B disease, and to a lesser extent against other strains of meningococcal
disease. Our test for residual confounding indicates that the effectiveness is greater than 53%
(95% CI [25,71]), and may be as high as 77% (95% CI [62,85]).

There does appear to be some protective effect of partial vaccination after 2 doses, although
there was no evidence for protection after only 1 dose.

With the campaign now concluded there will be no more population level data to add to the
picture that we have developed over this sequence of technical reports. There does not seem
any prospect of finding another reference disease, like pneumococcal, on which to repeat a test
for residual confounding. The requirements for such a reference disease are quite stringent: the
disease needs to have a similar transmission method, affect the same age groups, and the data
need to be of high quality, with all of the same predictors (age, region, ethnicity, deprivation,
date) as were used in the analysis of meningococcal disease. The lesserquality of the pneu-
mococcal data make it less than ideal as a comparator for meningococcal disease. But more
importantly the property that pneumococcal disease causes symptomatic non-invasive disease,
which is susceptible to treatment, means that the results of our test for residual confounding are
equivocal. The dose-response relationship found for pneumococcal disease and MeNZB lends
support to the suggestion that the vaccination programme itself lent protectionagainst pneumo-
coccal disease. This means that the reduced estimate of 53% vaccine effectiveness for MeNZB
that it led to is an overcorrection of the original 77% estimate.

From a public health perspective the result of the MeNZB programme may be judged by its
overall effectiveness, 77%. This is a combination of the biological vaccineefficacy, and the
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other positive effects of the programme: improved hygiene, reduced carriage, herd immunity
and early preventative treatment of other conditions such as invasive pneumococcal disease.
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A Data Preparation

A.1 Meningococcal case and vaccine coverage data

• Code age in years into 5 groups:<6 months, 6 months –<1 Year, 1-4 Years, 5-19 Years
and 20+ Years.

• Quarters: define as Jan-Mar, Apr-Jun, Jul-Sep and Oct-Dec, with corresponding numeri-
cal values 0,1,2 and 3.

• Deprivation: NZDep01 deciles grouped into quintiles 0,1,2,3,4 (0=least deprived). Miss-
ing data coded -1.

• Regions: DHBs coded into four areas using Table A42.

• Vaccination classification:

if (Number of doses is 0)then
Unvaccinated

else if(Number of doses is 1 or 2)then
Partially Vaccinated
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Table A42: Mapping of District Health Boards into Regions.

DHB Name DHB Code Region
Northland 011 Northern
Waitemata 021 Northern
Auckland 022 Northern
Auckland excl EC 022 Northern
CM&EC CME Northern
Counties Manukau 023 Northern
Waikato 031 Midland
Lakes 042 Midland
Bay of Plenty 047 Midland
Tairawhiti 051 Midland
Taranaki 061 Midland
Hawke’s Bay 071 Central
Mid Central 081 Central
Whanganui 082 Central
Capital and Coast 091 Central
Hutt Valley 092 Central
Wairarapa 093 Central
Nelson Marlborough 101 Southern
West Coast 111 Southern
Canterbury 120 Southern
South Canterbury 123 Southern
Otago 131 Southern
Southland 141 Southern
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else if(Number of doses is 3 and first dose under 6 months)then
Partially Vaccinated

else
Fully Vaccinated
if (Most recent dose within 12 months)then

Recently vaccinated
else

Earlier vaccinated
end

• Population cells defined by region×age×ethnicity×deprivation were deleted where the
deprivation was unknown, this reduced the total population by 0.06%.

• The NIR data have a 4 level classification of ethnicity: Māori, Pacific, Other and Un-
known. The counts of vaccinated people by ethnicity by quarter are shown in Figure 20.

In the final quarter of 2008 the counts by ethnicity were as shown in Table A43.

Table A43: Counts of vaccinated individuals in the final quarter of 2008

Ethnicity Māori Other Pacific Unknown Total
Count 267344 792343 115187 9162 1184036
Percentage 22.58% 66.92% 9.73% 0.77% 100.00%

All people of Unknown ethnicity were recoded as Other. This increased the count in the
Other category by of the order of 0.8% in each quarter.

• Coverage data were extracted as the numbers of peopleCraeyqs at the midpoint of each
quarterq in yeary in regionr, age groupa, ethnic groupe who had hadat leasts doses,
for s = 1, 2, 3, 4.

The age groups,a, were:

– < 6 months

– 6-11 months

– 1-4 years

– 5-19 years

– 20+ years

To calculate the number of people at each dose level in each age group in each quarter we
calculated:

Mraeyqs =

{
Craeyqs − Craeyq,s+1 for s = 1, 2, 3
Craeyqs for s = 4

There were a small number of cells (22 out of 5760) for which this resultedin a negative
number of people at particular dose levels. Where this occurred this estimated number
was set to zero. This effectively increased the total count of people in the NIR by no more
than 54 in any given quarter: a maximum of 0.14% increase in the vaccinated population
in any quarter.
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Figure 20: Counts of vaccinated individuals by ethnicity by quarter.

• The numbers of people eligible for a 4th dose (which was introduced in January 2006 for
those who received their first dose at less than 6 months of age) were also extracted from
the NIR for each region×ethnicity×year×quarter×age group cell. In the same way these
counts were provided in a cumulative way, and we calculated the actual numbersEraeyqs

by dose by the same method as was used to calculateMraeyqs above. Once again this
resulted in small number of negative estimates, which were set to zero. This increased the
estimated population eligible for a 4th dose by no more than 2 people in any quarter from
2006 onwards.

The number of people eligible for a 4th dose should be a strict subset of allvaccinated
individuals, and so we checked that the number of people vaccinated andeligible for a 4th

doseEraeqys was less than or equal to the number of people vaccinatedMraeqys. There
were a small number of cells where this was not the case, and in those cells weset the
Eraeqys = Mraeqys. This reduced the total number of people eligible for a 4th dose in any
given quarter by no more than 0.2% in the years 2006-2008.

• The NIR data giving the numbers of people by dose do not include classification by depri-
vation. In order to estimate the numbers covered in each deprivation quintile we assumed
that the distribution of vaccinated people across deprivation quintiles was the same as is
seen in the population, within cells defined by region×age×ethnicity×year.

The population estimates from Statistics New Zealand give counts of the numberof peo-
pleNraeyd people in regionr, age groupa, ethnicitye, yeary and deprivation quintiled.
The Ministry of Health coverage data give the populationsMraeyqs using the same clas-
sifications, with the exception of deprivation quintile, but including quarterq and doses.
We estimate the fully cross-classified populations of people at each dose level M̂raeyqsd
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using the formula

M̂raeyqsd = MraeyqsPraeyd = Mraeyqs

Nraeyd∑
dNraeyd

wherePraeyd is the proportion of the population in the region×age×ethnicity×year cell
raey that are in deprivation quintiled.

• We checked to see whether the sum of partially and fully vaccinated individuals exceeded
the total population in each region×age×ethnicity× deprivation×year×quarter cell.

In some cases the Statistics New Zealand (SNZ) total population for the cell was less than
the sum of the partially and fully vaccinated populations.

Figure 21 shows the estimate of the unvaccinated population calculated by subtracting
the partial and fully vaccinated populations from the SNZ population estimates.In most
cases this difference is positive, indicating undercoverage. Howeverin a number of cells
(e.g. 50 out of 300 in 2007) the difference is negative – indicating apparent overcoverage
(more people were vaccinated in that cell than exist in that cell).

On the basis of these graphs we imposed a maximum coverage of 98% (2% undercover-
age) in all age groups. This correction was necessary in all but the youngest (< 6 months)
and oldest (20+ years) age groups. The minimum undercoverages (2%) are shown by
vertical dashed lines in the Figure 21. In cells where the coverage was apparently greater
than 98%, the population estimate was increased so that the unvaccinated population was
2% of the SNZ population estimate.

This procedure leads to anincreaseof the unvaccinated population, and adecreasein
the estimated case rate in that population: it is therefore conservative in its impact on the
estimate of the vaccine effect.

In 2005, 2006, 2007 and 2008 this increased the total population by 0.04%, 0.11%, 0.29%
and 0.38% respectively, and the population under 20 by 0.1%, 0.4% 1.0% and 1.3%.

The unvaccinated population in each cell was calculated as the differencebetween the
total population and the sum of the populations with one or more doses.

• The fully vaccinated population estimate was then split into Recently and Earlier vac-
cinated populations. The Earlier vaccinated population in each region×age×ethnicity×
deprivation×year×quarter cell was calculated as follows:

– For the age groups<6 months and 6 months–<1 Year the Earlier vaccinated popu-
lation was set to zero;

– For the age group 1-4 Years, the Earlier vaccinated population was set to75% of
the Fully vaccinated population from the previous year (all other things being equal:
i.e. same region, deprivation, ethnicity and quarter), plus the entire Fully vaccinated
population from the previous year in both the<6 months and 6 months–< 1 Year
age groups;

– For the age group 5-19 Years, the Earlier vaccinated population was setto 14

15
=

93.3% of the Fully vaccinated population from the previous year (all other things
being equal), plus 25% of the Fully vaccinated population from the previousyear in
the 1-4 Year age group;

– For the age group 20+ Years, the Earlier vaccinated population was set tothe entire
Fully vaccinated population from the previous year (all other things being equal),
plus 1

15
= 6.7% of the Fully vaccinated population from the previous year in the

5-19 Year age group.

79



−20 0 20 40 60 80 100

0
50

00
0

15
00

00

Undercoverage in 2008 
All Ages

% Undercoverage

U
nv

ac
ci

na
te

d 
P

op
ul

at
io

n

0 20 40 60 80 100

0
50

0
10

00
15

00

Undercoverage in 2008 
Ages <6 months

% Undercoverage

U
nv

ac
ci

na
te

d 
P

op
ul

at
io

n

0 10 20 30

0
10

0
20

0
30

0

Undercoverage in 2008 
Ages 6−11 months

% Undercoverage

U
nv

ac
ci

na
te

d 
P

op
ul

at
io

n

−20 −15 −10 −5 0 5

−
10

00
−

50
0

0
50

0

Undercoverage in 2008 
Ages 1−4 years

% Undercoverage

U
nv

ac
ci

na
te

d 
P

op
ul

at
io

n

0 5 10 15

0
20

00
40

00
60

00

Undercoverage in 2008 
Ages 5−19 years

% Undercoverage

U
nv

ac
ci

na
te

d 
P

op
ul

at
io

n

93 94 95 96

0
50

00
0

15
00

00

Undercoverage in 2008 
Ages 20+ years

% Undercoverage

U
nv

ac
ci

na
te

d 
P

op
ul

at
io

n

Figure 21: Undercoverage in 2008, by age group. Each point in thesescatterplots
is one region×ethnicity×deprivation×quarter cell, for the appropriate age group in
the last quarter of 2008. A positive undercoverage means that the SNZ population
in that cell exceeds the total of the partial and fully vaccinated population estimates.
A negative undercoverage means that the SNZ population is less: and thatthe initial
estimate of unvaccinated individuals is negative.
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The Recently vaccinated population was then taken to be the difference between the Fully
and Earlier vaccinated populations. Where this was found to be negative,we assumed
that the Fully vaccinated population estimate was more accurate. (The Fully vaccinated
population is calculated from data in the current period, whereas the Earlier vaccinated
population is calculated by being rolled forward using the procedure above.) Thus in
these cases the Recently vaccinated population was set to zero, and the Earlier vaccinated
population set to the Fully vaccinated population. This only occurred in the 20+ Years
age group, and meant reducing the Earlier vaccinated populations by 0.3%in 2005, 2.3%
in 2006, 1.8% in 2007 and 0.9% in 2008.

A.2 Pneumococcal Case Data

The data on pneumococcal disease were provided by Environmental Science and Research
(ESR). It has been estimated that where pneumococcal disease has been confirmed in the lab-
oratory approximately 75% of cases will be sent for further analysis to ESR (ESR laboratory
staff, 2009, private communication).

The definition of a case is means the referral of isolates ofStreptococcus pneumoniaeor clinical
specimens to the Environmental and Scientific Research (ESR) Invasive Pathogens Laboratory
where isolates are confirmed asS. Pneumoniae. Identification of cases is based on isolates from
blood, cerebrospinal fluid (CSF) or other normally sterile site or detection of pneumococcal
DNA in blood, CSF or other normally sterile site.

This data source was used because, unlike meningococcal disease, pneumococcal disease was
not a notifiable disease until October 2008 (following the June 2008 introduction of a pneumo-
coccal conjugate vaccine to New Zealands National Childhood Immunisation Schedule).

Unit records were extracted from the ESR database for all cases under the age of 20 years in
the period 1 January 2002-31 December 2008. There were 1320 cases in this period. Many
duplicates had been already identified and removed by staff at ESR. A further 22 were removed,
including all cases where a duplicate row (same NHI) had no specimen date,or where the
specimens for the same individual were within 60 days. 9 individuals had 2 or more specimens
received more than 60 days apart (in fact all were more than 6 months apart), and these were
treated as new infections.

Of the remaining 1298 specimens 1265 had complete data (NHI number, specimen date, DHB),
33 cases (2.5%) having no NHI number. An NHI number is essential to match tothe NIR
database in order to establish the MeNZB vaccination status of the case at thetime the speci-
men was received. The DHB of case was taken to be the same as the laboratory handling the
specimen, and these DHBs were then coded to the four regions using TableA42.

The NHI number was also used to match each case to the NHI database to determine date of
birth, ethnicity and deprivation score.

Specimen date was assumed to be the same as disease onset date. This does introduce a small
inaccuracy since the receipt of the specimen by ESR is always after disease onset, and at certain
times of year (specifically late December and early January) the lags between disease onset,
specimen collection and specimen delivery may be longer than at other times of year. However
this effect is uniform at all times of year apart from December-January, and the delays are only
of the order of 1-2 weeks. Since we are using quarters (3 month periods) as our finest level of
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Figure 22: Pneumococcal Cases for under 20 year olds. The counts of cases each
year are shown, together with the number of cases with incomplete data (missing
NHI number).

time measurement, the effect of this inaccuracy should be small.

Figure 22 shows the numbers of pneumococcal cases in the under 20 year old population by
year. The total numbers of cases are shown together with the number of cases for which no NHI
number was available. These 33 cases (in the period 2002-2008) are deleted from our analyses.

B SAS Output

Below is the SAS output for Model 1 fitted with the three-level and four-level vaccination sta-
tuses. These models are those leading to the results in Tables 12, 13 and 14.

-----------------------------------------------------------------------------
The GENMOD Procedure

Model Information

Data Set STORE.M1DATAV3
Distribution Poisson
Link Function Log
Dependent Variable ncases
Offset Variable logpop

Number of Observations Read 23162
Number of Observations Used 15389
Missing Values 7773

Class Level Information
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Class Levels Values

year 8 2001 2002 2003 2004 2005 2006 2007 2008
crgn 4 Northern Midland Central Southern
cage5 4 <6m 6m-1y 1-4 5-19
ceth 3 Maori Pacific Other
qtr 4 0 1 2 3
cvacc3 3 Full Partial Unvaccinated
cnzdep01q 5 0 1 2 3 4
actual 2 0 1

Parameter Information

Parameter Effect year crgn cage5 ceth qtr cvacc3

Prm1 Intercept
Prm2 crgn Northern
Prm3 crgn Midland
Prm4 crgn Central
Prm5 crgn Southern
Prm6 cage5 <6m
Prm7 cage5 6m-1y
Prm8 cage5 1-4
Prm9 cage5 5-19
Prm10 ceth Maori
Prm11 ceth Pacific
Prm12 ceth Other
Prm13 depq
Prm14 year 2001
Prm15 year 2002
Prm16 year 2003
Prm17 year 2004
Prm18 year 2005
Prm19 year 2006
Prm20 year 2007
Prm21 year 2008
Prm22 qtr 0
Prm23 qtr 1
Prm24 qtr 2
Prm25 qtr 3
Prm26 cvacc3 Full
Prm27 cvacc3 Partial
Prm28 cvacc3 Unvaccinated
Prm29 crgn*ceth Northern Maori
Prm30 crgn*ceth Northern Pacific
Prm31 crgn*ceth Northern Other
Prm32 crgn*ceth Midland Maori
Prm33 crgn*ceth Midland Pacific
Prm34 crgn*ceth Midland Other
Prm35 crgn*ceth Central Maori
Prm36 crgn*ceth Central Pacific
Prm37 crgn*ceth Central Other
Prm38 crgn*ceth Southern Maori
Prm39 crgn*ceth Southern Pacific
Prm40 crgn*ceth Southern Other
Prm41 cage5*ceth <6m Maori
Prm42 cage5*ceth <6m Pacific
Prm43 cage5*ceth <6m Other
Prm44 cage5*ceth 6m-1y Maori
Prm45 cage5*ceth 6m-1y Pacific
Prm46 cage5*ceth 6m-1y Other
Prm47 cage5*ceth 1-4 Maori
Prm48 cage5*ceth 1-4 Pacific
Prm49 cage5*ceth 1-4 Other
Prm50 cage5*ceth 5-19 Maori
Prm51 cage5*ceth 5-19 Pacific
Prm52 cage5*ceth 5-19 Other
Prm53 depq*cage5 <6m
Prm54 depq*cage5 6m-1y
Prm55 depq*cage5 1-4
Prm56 depq*cage5 5-19
Prm57 qtr*cvacc3 0 Full
Prm58 qtr*cvacc3 0 Partial
Prm59 qtr*cvacc3 0 Unvaccinated
Prm60 qtr*cvacc3 1 Full
Prm61 qtr*cvacc3 1 Partial
Prm62 qtr*cvacc3 1 Unvaccinated
Prm63 qtr*cvacc3 2 Full
Prm64 qtr*cvacc3 2 Partial
Prm65 qtr*cvacc3 2 Unvaccinated
Prm66 qtr*cvacc3 3 Full
Prm67 qtr*cvacc3 3 Partial
Prm68 qtr*cvacc3 3 Unvaccinated

Criteria For Assessing Goodness Of Fit

Criterion DF Value Value/DF

Deviance 15E3 3078.6576 0.2006
Scaled Deviance 15E3 3078.6576 0.2006
Pearson Chi-Square 15E3 39903.5727 2.6003
Scaled Pearson X2 15E3 39903.5727 2.6003
Log Likelihood -2162.3703
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Algorithm converged.

Analysis Of Initial Parameter Estimates

Standard Wald 95% Confidence Chi-
Parameter DF Estimate Error Limits Square Pr > ChiSq

Intercept 1 -10.9302 0.2516 -11.4234 -10.4371 1887.29 <.0001
crgn Northern 1 -0.1681 0.1331 -0.4289 0.0927 1.60 0.2064
crgn Midland 1 0.4956 0.1291 0.2425 0.7487 14.73 0.0001
crgn Central 1 -0.3702 0.1622 -0.6881 -0.0524 5.21 0.0224
crgn Southern 0 0.0000 0.0000 0.0000 0.0000 . .
cage5 <6m 1 0.3745 0.3457 -0.3030 1.0520 1.17 0.2787
cage5 6m-1y 1 0.4051 0.3489 -0.2787 1.0888 1.35 0.2456
cage5 1-4 1 0.3700 0.1731 0.0307 0.7093 4.57 0.0326
cage5 5-19 0 0.0000 0.0000 0.0000 0.0000 . .
ceth Maori 1 -0.3584 0.2408 -0.8303 0.1135 2.22 0.1366
ceth Pacific 1 0.8432 0.3119 0.2320 1.4545 7.31 0.0069
ceth Other 0 0.0000 0.0000 0.0000 0.0000 . .
depq 1 0.1535 0.0370 0.0811 0.2259 17.26 <.0001
year 2001 1 1.4380 0.2199 1.0071 1.8690 42.77 <.0001
year 2002 1 1.1361 0.2227 0.6996 1.5726 26.02 <.0001
year 2003 1 1.0120 0.2241 0.5728 1.4512 20.40 <.0001
year 2004 1 0.7624 0.2255 0.3204 1.2045 11.43 0.0007
year 2005 1 0.5646 0.2208 0.1320 0.9973 6.54 0.0105
year 2006 1 0.3598 0.2317 -0.0942 0.8139 2.41 0.1204
year 2007 1 0.1589 0.2437 -0.3188 0.6366 0.43 0.5144
year 2008 0 0.0000 0.0000 0.0000 0.0000 . .
qtr 0 1 -0.0965 0.1087 -0.3096 0.1166 0.79 0.3746
qtr 1 1 0.2259 0.1015 0.0269 0.4248 4.95 0.0261
qtr 2 1 0.6462 0.0944 0.4612 0.8311 46.88 <.0001
qtr 3 0 0.0000 0.0000 0.0000 0.0000 . .
cvacc3 Full 1 -2.0974 0.4314 -2.9428 -1.2519 23.64 <.0001
cvacc3 Partial 1 0.3360 0.2395 -0.1334 0.8055 1.97 0.1606
cvacc3 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Northern Maori 1 0.7195 0.2594 0.2111 1.2279 7.69 0.0055
crgn*ceth Northern Pacific 1 -0.1838 0.3201 -0.8111 0.4435 0.33 0.5657
crgn*ceth Northern Other 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Midland Maori 1 0.2441 0.2542 -0.2541 0.7422 0.92 0.3370
crgn*ceth Midland Pacific 1 -0.7121 0.4293 -1.5535 0.1294 2.75 0.0972
crgn*ceth Midland Other 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Central Maori 1 0.9047 0.2824 0.3512 1.4582 10.26 0.0014
crgn*ceth Central Pacific 1 0.3703 0.3559 -0.3272 1.0678 1.08 0.2981
crgn*ceth Central Other 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Maori 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Pacific 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Other 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth <6m Maori 1 0.9952 0.2838 0.4390 1.5513 12.30 0.0005
cage5*ceth <6m Pacific 1 0.9434 0.3293 0.2979 1.5889 8.21 0.0042
cage5*ceth <6m Other 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 6m-1y Maori 1 1.1243 0.2905 0.5549 1.6936 14.98 0.0001
cage5*ceth 6m-1y Pacific 1 0.8973 0.3455 0.2202 1.5744 6.75 0.0094
cage5*ceth 6m-1y Other 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 1-4 Maori 1 1.0698 0.1792 0.7186 1.4210 35.64 <.0001
cage5*ceth 1-4 Pacific 1 0.9816 0.2172 0.5558 1.4074 20.42 <.0001
cage5*ceth 1-4 Other 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Maori 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Pacific 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Other 0 0.0000 0.0000 0.0000 0.0000 . .
depq*cage5 <6m 1 0.2615 0.1075 0.0509 0.4722 5.92 0.0150
depq*cage5 6m-1y 1 0.2311 0.1081 0.0193 0.4429 4.57 0.0325
depq*cage5 1-4 1 -0.0032 0.0601 -0.1210 0.1145 0.00 0.9570
depq*cage5 5-19 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 0 Full 1 0.7127 0.5523 -0.3698 1.7952 1.67 0.1969
qtr*cvacc3 0 Partial 1 -0.7994 0.4453 -1.6721 0.0733 3.22 0.0726
qtr*cvacc3 0 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 1 Full 1 0.6612 0.5187 -0.3553 1.6778 1.63 0.2023
qtr*cvacc3 1 Partial 1 -0.6287 0.3394 -1.2939 0.0366 3.43 0.0640
qtr*cvacc3 1 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 2 Full 1 1.2232 0.4541 0.3332 2.1132 7.26 0.0071
qtr*cvacc3 2 Partial 1 -1.1971 0.3319 -1.8476 -0.5465 13.01 0.0003
qtr*cvacc3 2 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 3 Full 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 3 Partial 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 3 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
Scale 0 1.0000 0.0000 1.0000 1.0000

NOTE: The scale parameter was held fixed.

GEE Model Information

Correlation Structure AR(1)
Within-Subject Effect year*qtr*actual (50 levels)
Subject Effect cr*ca*ce*cva*cnz*act (947 levels)
Number of Clusters 947
Clusters With Missing Values 238
Correlation Matrix Dimension 50
Maximum Cluster Size 32
Minimum Cluster Size 0

Algorithm converged.

Analysis Of GEE Parameter Estimates
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Empirical Standard Error Estimates

Standard 95% Confidence
Parameter Estimate Error Limits Z Pr > |Z|

Intercept -10.9299 0.2453 -11.4106 -10.4492 -44.56 <.0001
crgn Northern -0.1685 0.1410 -0.4450 0.1079 -1.19 0.2321
crgn Midland 0.4943 0.1604 0.1800 0.8086 3.08 0.0021
crgn Central -0.3704 0.1812 -0.7256 -0.0152 -2.04 0.0410
crgn Southern 0.0000 0.0000 0.0000 0.0000 . .
cage5 <6m 0.3744 0.3194 -0.2517 1.0004 1.17 0.2412
cage5 6m-1y 0.4079 0.3182 -0.2158 1.0316 1.28 0.1999
cage5 1-4 0.3712 0.1965 -0.0139 0.7562 1.89 0.0589
cage5 5-19 0.0000 0.0000 0.0000 0.0000 . .
ceth Maori -0.3572 0.2791 -0.9043 0.1898 -1.28 0.2006
ceth Pacific 0.8440 0.3182 0.2203 1.4678 2.65 0.0080
ceth Other 0.0000 0.0000 0.0000 0.0000 . .
depq 0.1536 0.0414 0.0725 0.2347 3.71 0.0002
year 2001 1.4380 0.2091 1.0282 1.8478 6.88 <.0001
year 2002 1.1358 0.2242 0.6964 1.5751 5.07 <.0001
year 2003 1.0121 0.2216 0.5778 1.4464 4.57 <.0001
year 2004 0.7623 0.2106 0.3495 1.1751 3.62 0.0003
year 2005 0.5646 0.2196 0.1343 0.9949 2.57 0.0101
year 2006 0.3598 0.2379 -0.1064 0.8260 1.51 0.1304
year 2007 0.1589 0.2311 -0.2940 0.6118 0.69 0.4917
year 2008 0.0000 0.0000 0.0000 0.0000 . .
qtr 0 -0.0966 0.1145 -0.3209 0.1278 -0.84 0.3990
qtr 1 0.2258 0.0996 0.0307 0.4210 2.27 0.0233
qtr 2 0.6462 0.1037 0.4429 0.8495 6.23 <.0001
qtr 3 0.0000 0.0000 0.0000 0.0000 . .
cvacc3 Full -2.0976 0.4149 -2.9107 -1.2844 -5.06 <.0001
cvacc3 Partial 0.3361 0.2224 -0.0999 0.7720 1.51 0.1308
cvacc3 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Northern Maori 0.7180 0.2775 0.1740 1.2619 2.59 0.0097
crgn*ceth Northern Pacific -0.1841 0.3174 -0.8062 0.4380 -0.58 0.5619
crgn*ceth Northern Other 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Midland Maori 0.2433 0.2799 -0.3052 0.7919 0.87 0.3846
crgn*ceth Midland Pacific -0.7089 0.4134 -1.5192 0.1013 -1.71 0.0864
crgn*ceth Midland Other 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Central Maori 0.9027 0.3082 0.2986 1.5068 2.93 0.0034
crgn*ceth Central Pacific 0.3693 0.3362 -0.2898 1.0283 1.10 0.2721
crgn*ceth Central Other 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Maori 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Pacific 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Other 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth <6m Maori 0.9961 0.2865 0.4346 1.5576 3.48 0.0005
cage5*ceth <6m Pacific 0.9434 0.3039 0.3478 1.5391 3.10 0.0019
cage5*ceth <6m Other 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 6m-1y Maori 1.1233 0.3171 0.5019 1.7448 3.54 0.0004
cage5*ceth 6m-1y Pacific 0.8957 0.3414 0.2264 1.5649 2.62 0.0087
cage5*ceth 6m-1y Other 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 1-4 Maori 1.0697 0.1884 0.7004 1.4391 5.68 <.0001
cage5*ceth 1-4 Pacific 0.9810 0.2085 0.5724 1.3897 4.71 <.0001
cage5*ceth 1-4 Other 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Maori 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Pacific 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Other 0.0000 0.0000 0.0000 0.0000 . .
depq*cage5 <6m 0.2614 0.1021 0.0612 0.4616 2.56 0.0105
depq*cage5 6m-1y 0.2303 0.1040 0.0265 0.4342 2.21 0.0268
depq*cage5 1-4 -0.0034 0.0635 -0.1279 0.1210 -0.05 0.9568
depq*cage5 5-19 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 0 Full 0.7127 0.4641 -0.1969 1.6223 1.54 0.1246
qtr*cvacc3 0 Partial -0.7994 0.4167 -1.6161 0.0173 -1.92 0.0551
qtr*cvacc3 0 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 1 Full 0.6612 0.4749 -0.2695 1.5919 1.39 0.1638
qtr*cvacc3 1 Partial -0.6286 0.3626 -1.3392 0.0820 -1.73 0.0830
qtr*cvacc3 1 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 2 Full 1.2232 0.4397 0.3613 2.0850 2.78 0.0054
qtr*cvacc3 2 Partial -1.1971 0.3323 -1.8483 -0.5459 -3.60 0.0003
qtr*cvacc3 2 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 3 Full 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 3 Partial 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc3 3 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .

Score Statistics For Type 3 GEE Analysis

Chi-
Source DF Square Pr > ChiSq

crgn 3 5.13 0.1623
cage5 3 23.30 <.0001
ceth 2 44.66 <.0001
depq 1 38.93 <.0001
year 7 44.32 <.0001
qtr 3 13.26 0.0041
cvacc3 2 36.64 <.0001
crgn*ceth 6 20.58 0.0022
cage5*ceth 6 34.69 <.0001
depq*cage5 3 11.38 0.0098
qtr*cvacc3 6 20.62 0.0021

Contrast Estimate Results

Standard Chi-
Label Estimate Error Alpha Confidence Limits Square Pr > ChiSq
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e_full_unvacc -1.4483 0.2443 0.05 -1.9271 -0.9694 35.14 <.0001
e_full_part -1.1281 0.2470 0.05 -1.6121 -0.6440 20.86 <.0001
e_part_unvacc -0.3202 0.1811 0.05 -0.6752 0.0347 3.13 0.0770

08:44 Thursday, February 18, 2010 54

-----------------------------------------------------------------------------
The GENMOD Procedure

Model Information

Data Set STORE.M1DATAV4
Distribution Poisson
Link Function Log
Dependent Variable ncases
Offset Variable logpop

Number of Observations Read 26372
Number of Observations Used 16994
Missing Values 9378

Class Level Information

Class Levels Values

year 8 2001 2002 2003 2004 2005 2006 2007 2008
crgn 4 Northern Midland Central Southern
cage5 4 <6m 6m-1y 1-4 5-19
ceth 3 Maori Pacific Other
qtr 4 0 1 2 3
cvacc4 4 Recently Earlier Partial Unvaccinated
cnzdep01q 5 0 1 2 3 4
actual 2 0 1

Parameter Information

Parameter Effect year crgn cage5 ceth qtr cvacc4

Prm1 Intercept
Prm2 crgn Northern
Prm3 crgn Midland
Prm4 crgn Central
Prm5 crgn Southern
Prm6 cage5 <6m
Prm7 cage5 6m-1y
Prm8 cage5 1-4
Prm9 cage5 5-19
Prm10 ceth Maori
Prm11 ceth Pacific
Prm12 ceth Other
Prm13 depq
Prm14 year 2001
Prm15 year 2002
Prm16 year 2003
Prm17 year 2004
Prm18 year 2005
Prm19 year 2006
Prm20 year 2007
Prm21 year 2008
Prm22 qtr 0
Prm23 qtr 1
Prm24 qtr 2
Prm25 qtr 3
Prm26 cvacc4 Recently
Prm27 cvacc4 Earlier
Prm28 cvacc4 Partial
Prm29 cvacc4 Unvaccinated
Prm30 crgn*ceth Northern Maori
Prm31 crgn*ceth Northern Pacific
Prm32 crgn*ceth Northern Other
Prm33 crgn*ceth Midland Maori
Prm34 crgn*ceth Midland Pacific
Prm35 crgn*ceth Midland Other
Prm36 crgn*ceth Central Maori
Prm37 crgn*ceth Central Pacific
Prm38 crgn*ceth Central Other
Prm39 crgn*ceth Southern Maori
Prm40 crgn*ceth Southern Pacific
Prm41 crgn*ceth Southern Other
Prm42 cage5*ceth <6m Maori
Prm43 cage5*ceth <6m Pacific
Prm44 cage5*ceth <6m Other
Prm45 cage5*ceth 6m-1y Maori
Prm46 cage5*ceth 6m-1y Pacific
Prm47 cage5*ceth 6m-1y Other
Prm48 cage5*ceth 1-4 Maori
Prm49 cage5*ceth 1-4 Pacific
Prm50 cage5*ceth 1-4 Other
Prm51 cage5*ceth 5-19 Maori
Prm52 cage5*ceth 5-19 Pacific
Prm53 cage5*ceth 5-19 Other
Prm54 depq*cage5 <6m
Prm55 depq*cage5 6m-1y
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Prm56 depq*cage5 1-4
Prm57 depq*cage5 5-19
Prm58 qtr*cvacc4 0 Recently
Prm59 qtr*cvacc4 0 Earlier
Prm60 qtr*cvacc4 0 Partial
Prm61 qtr*cvacc4 0 Unvaccinated
Prm62 qtr*cvacc4 1 Recently
Prm63 qtr*cvacc4 1 Earlier
Prm64 qtr*cvacc4 1 Partial
Prm65 qtr*cvacc4 1 Unvaccinated
Prm66 qtr*cvacc4 2 Recently
Prm67 qtr*cvacc4 2 Earlier
Prm68 qtr*cvacc4 2 Partial
Prm69 qtr*cvacc4 2 Unvaccinated
Prm70 qtr*cvacc4 3 Recently
Prm71 qtr*cvacc4 3 Earlier
Prm72 qtr*cvacc4 3 Partial
Prm73 qtr*cvacc4 3 Unvaccinated

Criteria For Assessing Goodness Of Fit

Criterion DF Value Value/DF

Deviance 17E3 3105.2129 0.1832
Scaled Deviance 17E3 16947.0000 1.0000
Pearson Chi-Square 17E3 41644.9237 2.4574
Scaled Pearson X2 17E3 227281.1990 13.4113
Log Likelihood -11878.7733

Algorithm converged.

Analysis Of Initial Parameter Estimates

Standard Wald 95% Confidence Chi-
Parameter DF Estimate Error Limits Square Pr > ChiSq

Intercept 1 -10.9834 0.1107 -11.2003 -10.7664 9843.40 <.0001
crgn Northern 1 -0.1692 0.0570 -0.2808 -0.0576 8.82 0.0030
crgn Midland 1 0.4951 0.0553 0.3868 0.6034 80.22 <.0001
crgn Central 1 -0.3706 0.0694 -0.5066 -0.2345 28.50 <.0001
crgn Southern 0 0.0000 0.0000 0.0000 0.0000 . .
cage5 <6m 1 0.3753 0.1480 0.0852 0.6653 6.43 0.0112
cage5 6m-1y 1 0.4090 0.1493 0.1162 0.7017 7.50 0.0062
cage5 1-4 1 0.3712 0.0741 0.2259 0.5164 25.08 <.0001
cage5 5-19 0 0.0000 0.0000 0.0000 0.0000 . .
ceth Maori 1 -0.3575 0.1031 -0.5595 -0.1555 12.03 0.0005
ceth Pacific 1 0.8346 0.1336 0.5727 1.0965 39.02 <.0001
ceth Other 0 0.0000 0.0000 0.0000 0.0000 . .
depq 1 0.1527 0.0158 0.1217 0.1837 93.07 <.0001
year 2001 1 1.4932 0.0975 1.3020 1.6844 234.34 <.0001
year 2002 1 1.1914 0.0987 0.9979 1.3848 145.64 <.0001
year 2003 1 1.0673 0.0993 0.8727 1.2619 115.55 <.0001
year 2004 1 0.8177 0.0999 0.6220 1.0135 67.03 <.0001
year 2005 1 0.6349 0.0998 0.4392 0.8306 40.44 <.0001
year 2006 1 0.4266 0.1025 0.2258 0.6274 17.34 <.0001
year 2007 1 0.1636 0.1043 -0.0408 0.3681 2.46 0.1168
year 2008 0 0.0000 0.0000 0.0000 0.0000 . .
qtr 0 1 -0.0979 0.0466 -0.1891 -0.0066 4.42 0.0355
qtr 1 1 0.2250 0.0435 0.1398 0.3101 26.81 <.0001
qtr 2 1 0.6460 0.0404 0.5668 0.7252 255.71 <.0001
qtr 3 0 0.0000 0.0000 0.0000 0.0000 . .
cvacc4 Recently 1 -2.2930 0.3078 -2.8962 -1.6897 55.49 <.0001
cvacc4 Earlier 1 -1.9586 0.2253 -2.4002 -1.5170 75.57 <.0001
cvacc4 Partial 1 0.3426 0.1026 0.1416 0.5437 11.16 0.0008
cvacc4 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Northern Maori 1 0.7201 0.1110 0.5025 0.9378 42.06 <.0001
crgn*ceth Northern Pacific 1 -0.1918 0.1370 -0.4604 0.0768 1.96 0.1616
crgn*ceth Northern Other 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Midland Maori 1 0.2442 0.1088 0.0310 0.4574 5.04 0.0248
crgn*ceth Midland Pacific 1 -0.7122 0.1838 -1.0724 -0.3520 15.02 0.0001
crgn*ceth Midland Other 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Central Maori 1 0.9047 0.1209 0.6677 1.1416 56.01 <.0001
crgn*ceth Central Pacific 1 0.3697 0.1523 0.0711 0.6683 5.89 0.0152
crgn*ceth Central Other 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Maori 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Pacific 0 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Other 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth <6m Maori 1 0.9944 0.1215 0.7563 1.2325 67.02 <.0001
cage5*ceth <6m Pacific 1 0.9581 0.1411 0.6816 1.2347 46.11 <.0001
cage5*ceth <6m Other 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 6m-1y Maori 1 1.1214 0.1243 0.8777 1.3651 81.34 <.0001
cage5*ceth 6m-1y Pacific 1 0.9118 0.1480 0.6218 1.2019 37.96 <.0001
cage5*ceth 6m-1y Other 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 1-4 Maori 1 1.0686 0.0767 0.9183 1.2190 194.09 <.0001
cage5*ceth 1-4 Pacific 1 0.9960 0.0932 0.8133 1.1786 114.23 <.0001
cage5*ceth 1-4 Other 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Maori 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Pacific 0 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Other 0 0.0000 0.0000 0.0000 0.0000 . .
depq*cage5 <6m 1 0.2625 0.0460 0.1723 0.3526 32.55 <.0001
depq*cage5 6m-1y 1 0.2320 0.0463 0.1413 0.3227 25.15 <.0001
depq*cage5 1-4 1 -0.0023 0.0257 -0.0528 0.0481 0.01 0.9275
depq*cage5 5-19 0 0.0000 0.0000 0.0000 0.0000 . .
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qtr*cvacc4 0 Recently 1 0.3110 0.4328 -0.5372 1.1593 0.52 0.4724
qtr*cvacc4 0 Earlier 1 0.9404 0.2812 0.3893 1.4915 11.18 0.0008
qtr*cvacc4 0 Partial 1 -0.7880 0.1907 -1.1617 -0.4142 17.07 <.0001
qtr*cvacc4 0 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 1 Recently 1 1.0505 0.3543 0.3561 1.7449 8.79 0.0030
qtr*cvacc4 1 Earlier 1 0.1519 0.3065 -0.4488 0.7526 0.25 0.6202
qtr*cvacc4 1 Partial 1 -0.6267 0.1453 -0.9115 -0.3419 18.61 <.0001
qtr*cvacc4 1 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 2 Recently 1 1.0593 0.3347 0.4034 1.7153 10.02 0.0015
qtr*cvacc4 2 Earlier 1 1.3271 0.2356 0.8652 1.7889 31.71 <.0001
qtr*cvacc4 2 Partial 1 -1.2004 0.1421 -1.4790 -0.9219 71.36 <.0001
qtr*cvacc4 2 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 3 Recently 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 3 Earlier 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 3 Partial 0 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 3 Unvaccinated 0 0.0000 0.0000 0.0000 0.0000 . .
Scale 0 0.4281 0.0000 0.4281 0.4281

NOTE: The scale parameter was estimated by the square root of DEVIANCE/DOF.

GEE Model Information

Correlation Structure AR(1)
Within-Subject Effect year*qtr*actual (50 levels)
Subject Effect cr*ca*ce*cva*cnz*act (1067 levels)
Number of Clusters 1067
Clusters With Missing Values 238
Correlation Matrix Dimension 50
Maximum Cluster Size 32
Minimum Cluster Size 0
Stepwise regression - Final model. 08:44 Thursday, February 18, 2010 137
Model = crgn cage5 ceth depq year qtr cvacc4 crgn*ceth cage5*ceth depq*cage5 qtr*cvacc4

Algorithm converged.

Analysis Of GEE Parameter Estimates
Empirical Standard Error Estimates

Standard 95% Confidence
Parameter Estimate Error Limits Z Pr > |Z|

Intercept -10.9830 0.2511 -11.4751 -10.4910 -43.75 <.0001
crgn Northern -0.1697 0.1408 -0.4456 0.1063 -1.21 0.2282
crgn Midland 0.4937 0.1598 0.1805 0.8069 3.09 0.0020
crgn Central -0.3708 0.1786 -0.7208 -0.0207 -2.08 0.0379
crgn Southern 0.0000 0.0000 0.0000 0.0000 . .
cage5 <6m 0.3751 0.3191 -0.2504 1.0007 1.18 0.2398
cage5 6m-1y 0.4119 0.3178 -0.2108 1.0347 1.30 0.1948
cage5 1-4 0.3724 0.1950 -0.0098 0.7546 1.91 0.0562
cage5 5-19 0.0000 0.0000 0.0000 0.0000 . .
ceth Maori -0.3563 0.2798 -0.9047 0.1922 -1.27 0.2030
ceth Pacific 0.8354 0.3186 0.2110 1.4599 2.62 0.0087
ceth Other 0.0000 0.0000 0.0000 0.0000 . .
depq 0.1527 0.0412 0.0720 0.2335 3.71 0.0002
year 2001 1.4932 0.2180 1.0659 1.9204 6.85 <.0001
year 2002 1.1910 0.2324 0.7355 1.6465 5.12 <.0001
year 2003 1.0674 0.2309 0.6149 1.5199 4.62 <.0001
year 2004 0.8176 0.2188 0.3887 1.2465 3.74 0.0002
year 2005 0.6348 0.2268 0.1902 1.0794 2.80 0.0051
year 2006 0.4266 0.2504 -0.0642 0.9174 1.70 0.0884
year 2007 0.1636 0.2345 -0.2960 0.6233 0.70 0.4853
year 2008 0.0000 0.0000 0.0000 0.0000 . .
qtr 0 -0.0979 0.1145 -0.3222 0.1265 -0.86 0.3925
qtr 1 0.2250 0.0996 0.0298 0.4202 2.26 0.0239
qtr 2 0.6460 0.1037 0.4427 0.8493 6.23 <.0001
qtr 3 0.0000 0.0000 0.0000 0.0000 . .
cvacc4 Recently -2.2931 0.6994 -3.6639 -0.9224 -3.28 0.0010
cvacc4 Earlier -1.9588 0.5162 -2.9705 -0.9471 -3.79 0.0001
cvacc4 Partial 0.3426 0.2224 -0.0932 0.7785 1.54 0.1233
cvacc4 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Northern Maori 0.7185 0.2784 0.1729 1.2642 2.58 0.0099
crgn*ceth Northern Pacific -0.1922 0.3177 -0.8148 0.4305 -0.60 0.5452
crgn*ceth Northern Other 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Midland Maori 0.2434 0.2805 -0.3063 0.7932 0.87 0.3855
crgn*ceth Midland Pacific -0.7089 0.4145 -1.5214 0.1036 -1.71 0.0872
crgn*ceth Midland Other 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Central Maori 0.9026 0.3074 0.3000 1.5051 2.94 0.0033
crgn*ceth Central Pacific 0.3686 0.3363 -0.2904 1.0277 1.10 0.2730
crgn*ceth Central Other 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Maori 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Pacific 0.0000 0.0000 0.0000 0.0000 . .
crgn*ceth Southern Other 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth <6m Maori 0.9954 0.2865 0.4339 1.5569 3.47 0.0005
cage5*ceth <6m Pacific 0.9582 0.3030 0.3644 1.5520 3.16 0.0016
cage5*ceth <6m Other 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 6m-1y Maori 1.1205 0.3169 0.4994 1.7415 3.54 0.0004
cage5*ceth 6m-1y Pacific 0.9102 0.3403 0.2431 1.5772 2.67 0.0075
cage5*ceth 6m-1y Other 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 1-4 Maori 1.0686 0.1886 0.6989 1.4383 5.67 <.0001
cage5*ceth 1-4 Pacific 0.9954 0.2079 0.5879 1.4030 4.79 <.0001
cage5*ceth 1-4 Other 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Maori 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Pacific 0.0000 0.0000 0.0000 0.0000 . .
cage5*ceth 5-19 Other 0.0000 0.0000 0.0000 0.0000 . .
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depq*cage5 <6m 0.2623 0.1020 0.0623 0.4623 2.57 0.0102
depq*cage5 6m-1y 0.2312 0.1039 0.0276 0.4349 2.23 0.0261
depq*cage5 1-4 -0.0025 0.0634 -0.1269 0.1218 -0.04 0.9680
depq*cage5 5-19 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 0 Recently 0.3110 0.7309 -1.1216 1.7436 0.43 0.6705
qtr*cvacc4 0 Earlier 0.9404 0.5870 -0.2102 2.0910 1.60 0.1092
qtr*cvacc4 0 Partial -0.7880 0.4165 -1.6044 0.0284 -1.89 0.0585
qtr*cvacc4 0 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 1 Recently 1.0505 0.6420 -0.2079 2.3088 1.64 0.1018
qtr*cvacc4 1 Earlier 0.1519 0.7107 -1.2412 1.5449 0.21 0.8308
qtr*cvacc4 1 Partial -0.6266 0.3626 -1.3373 0.0841 -1.73 0.0840
qtr*cvacc4 1 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 2 Recently 1.0593 0.7827 -0.4748 2.5934 1.35 0.1759
qtr*cvacc4 2 Earlier 1.3271 0.5752 0.1996 2.4545 2.31 0.0211
qtr*cvacc4 2 Partial -1.2005 0.3321 -1.8515 -0.5495 -3.61 0.0003
qtr*cvacc4 2 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 3 Recently 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 3 Earlier 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 3 Partial 0.0000 0.0000 0.0000 0.0000 . .
qtr*cvacc4 3 Unvaccinated 0.0000 0.0000 0.0000 0.0000 . .

Score Statistics For Type 3 GEE Analysis

Chi-
Source DF Square Pr > ChiSq

crgn 3 5.18 0.1590
cage5 3 23.56 <.0001
ceth 2 44.59 <.0001
depq 1 38.93 <.0001
year 7 45.14 <.0001
qtr 3 14.75 0.0020
cvacc4 3 42.34 <.0001
crgn*ceth 6 20.70 0.0021
cage5*ceth 6 34.78 <.0001
depq*cage5 3 11.45 0.0095
qtr*cvacc4 9 23.86 0.0045

Contrast Estimate Results

Standard Chi-
Label Estimate Error Alpha Confidence Limits Square Pr > ChiSq

e_recent_earlier -0.3340 0.4196 0.05 -1.1563 0.4884 0.63 0.4260
e_recent_part -1.3768 0.3891 0.05 -2.1395 -0.6142 12.52 0.0004
e_recent_unvacc -1.6879 0.3820 0.05 -2.4367 -0.9392 19.52 <.0001
e_earlier_part -1.0428 0.2579 0.05 -1.5484 -0.5373 16.35 <.0001
e_earlier_unvacc -1.3540 0.2566 0.05 -1.8569 -0.8511 27.84 <.0001
e_part_unvacc -0.3111 0.1813 0.05 -0.6665 0.0442 2.94 0.0862
-----------------------------------------------------------------------------
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C Cross protection of serogroup B vaccines in Chile

Tappero et al. (1999) carried out a double-blind randomised controlledtrial in Chile of two
vaccines for serogroup B. They measured serum bactericidal activityresponses, defined as a
4 four-fold or greater increase in SBA titre following vaccination. They found evidence for
significant, though reduced, cross-protection for children and adults of two vaccines (one from
Cuba, one from Norway) against different strains of group B: namelythe original strains from
Cuba and Norway, and a distinct Chilean strain Tappero et al. (1999, their Table 2). No cross
protection was found in infants. We have reproduced their findings for (3 doses) in Table A44.

Table A44: Tappero et al. (1999): Relative risks of SBA response (four-fold in-
crease in titre) after 3 doses of the Finlay Institute vaccine (CU383, B:4:P1.15,
Cuba), the Norwegian National Institute of Public Health Vaccine (44/76,
B:15:P1.7,16, Norway) or control. The strains are CU383, B:4:P1.15:L3,7,9
(Cuba), 44/76, B:15:P1.7,16:L3,7,9 (Norway) and CH539 B:15:P1.3:L3,7,9. Age
groups are<1 year, 2-4 years and 17-30 years.

Strain Vaccine Age Group Cases Responses Controls Responses RR 1-1/RR Match† p-value‡

Chile Cuba Infants 52 5 55 3 1.8 43.3 X 0.6526
Chile Cuba Children 49 15 57 3 5.8 82.8 X 0.0013
Chile Cuba Adults 52 19 52 2 9.5 89.5 X 0.0001
Chile Norway Infants 52 6 55 3 2.1 52.7 X 0.4326
Chile Norway Children 55 19 57 3 6.6 84.8 X 0.0003
Chile Norway Adults 51 31 52 2 15.8 93.7 X <0.0001

Cuba Cuba Infants 50 45 52 0 100 = <0.0001
Cuba Cuba Children 46 36 55 1 43.0 97.7 = <0.0001
Cuba Cuba Adults 53 36 53 4 9.0 88.9 = <0.0001
Cuba Norway Infants 50 1 52 0 100 X 0.9843
Cuba Norway Children 51 12 55 1 12.9 92.3 X 0.0019
Cuba Norway Adults 48 22 53 4 6.1 83.5 X <0.0001

Norway Cuba Infants 51 16 52 14 1.2 14.2 X 0.7794
Norway Cuba Children 46 19 55 3 7.6 86.8 X <0.0001
Norway Cuba Adults 53 30 53 5 6.0 83.3 X <0.0001
Norway Norway Infants 50 49 52 14 3.6 72.5 = <0.0001
Norway Norway Children 51 50 55 3 18.0 94.4 = <0.0001
Norway Norway Adults 50 48 53 5 10.2 90.2 = <0.0001

†Note: Match ‘=’ means the strain matches the vaccine, and ‘X’ means that theydiffer.
‡ The p-values are for a 2×2 test of no association between rate of response and vaccination

status.
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