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The main objective of this study is to develop a Poisson regression mode] of meningococcal
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 in different age groups and geographic
regions allows for an estimation of the vaccine effect that is 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 model 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 preliminary analysis defines cases as individuals with the epidemic strain of
meningococcal disease. Other case definitions can be investigated in subsequent Poisson
models. An important component of the analysis is a sensitivity study to determine the
robustness of the results to various assumptions of the model and population estimates.

Executive Summary:

Several Poisson models were fit to New Zealand meningococcal case and population data.
All standard Poisson models (generalised linear models) showed evidence of under-
dispersion, presumably due to the correlation of observations over time and/or space. A
generalised estimating equation (GEE) model approach was then used to incorporate the
temporal correlations. .

All models provided strong statistical evidence for a vaccine effect (p-value<0.0001).
The primary analysis (based on Statistics New Zealand, SNZ, population estimates assuming
medium growth and the vaccination register) estimated meningococeal disease rates to be 4.9
times higher in the unvaccinated group than in the vaccinated group (95% confidence interval
= 2.7 t0 9.1 times as high), with a vaccine efficacy of 80% (95% confidence interval = 63%
to 89%). An estimated 75 meningococcal cases have been prevented by the vaccination
programme (95% confidence interval assuming a fixed population size= 32 to 154 cases), and
an estimated 2.3 deaths due to meningococcal disease have been prevented. These estimates
were robust to modelling assumptions. Using SNZ low-growth population estimates, the
vaccine efficacy was 81%; using SNZ high-growth estimates, the vaccine efficacy was 79%.
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1. Data Management and Model Assumptions:
1.1 Data

In this study, we assess the effect of the MeNZB™ vaccine on the incidence of
meningococcal cases, where the rates are defined as cases per year per 100,000 persons in the
population of interest. The three main sources of data for the estimates herein are: (1)
information on cases per year per demographic group provided by Ministry of Health, (2)
population estimates for each year per demographic group obtained from Statistics New
Zealand (SNZ) using the 2001 census as a base and projecting the population estimates to
2002-2006 assuming high, low and medium growth rates, and (3) information on the
populations vaccinated per year per demographic group provided by the Ministry of Health in
two forms: (a) data from the National Immunisation Register (NIR) and (b) vaccination
programme start dates.

1.2 Factors affecting disease rates

The following factors are known to affect meningococcal disease rates (see for example
Martin, Lopez and McDowell 2005). Rates of meningococcal disease have decreased over
the period 2001-2006 in New Zealand. Furthermore, susceptibility to meningococcal disease
is known to vary by age, economic status and cthnicity. To assess the effects of these factors
and the efficacy of the vaccine, the following variables were included in the Poisson
regression model. Age and ethnic categories, as well as seasons were chosen by grouping
categories in Martin, Lopez and McDowell (2005) with similar disease rates.

(1) Year: 2001-2006.

(2} Season: defined as quarters: January — March, April — June, July — September,
October ~ December. These quarters r'oughly coincide with the seasons of high and
low disease rates.

(3) Region: two categorisations were conmdered (A) the 21 District Health Boards
(DHBs) and (B) the 4 Regional Health Authority areas (RHAs) (3 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: fess than 1 year, I to 4 years, 5 to 19 years, 20 or more years.

(6) Ethnicity: categorised as Maori, Pacific Peoples, European and other ethnicities.

(7) Vaccination status: not vaccinated, vaccinated

1.3 Assumptions

e This study is restricted to the time period January 2001 - June 2006.

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

e In the Poisson model, we only use population estimates in regions of known
deprivation (NZDepO1l= 0) and cases are excluded if their deprivations or ethnicities
are unknown. Of 1244 cases in 2001-2006 with the epidemic strain, there were 24
cases with unknown deprivation values and 3 cases with unknown ethnicity, yielding
a total of 1217 cases. All of these 27 cases were unvaccinated (in fact 26 of the 27
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occurred in the years 2001-2003), so their exclusion underestimates (slightly) the
meningococcal disease rates in the unvaccinated population and yiclds a conservative
estimate of the vaccine effect. For the descriptive analysis in the next section,
however, all populations and cases are counted.
Small areas with negative or zero population estimates are excluded from analysis.
We define vaccinated individuals as those who received three doses.
We assume that if a case was not listed in the vaccination file, the person was not
vaccinated.
We assume that the register of vaccinations is more accurate than the SNZ population
estimates, so that if the number of children vaccinated or partially vaccinated in a
particular area is larger than the SNZ population estimate, then we change the
population estimate to the number vaccinated plus the number partially vaccinated,
and assume coverage is 100%. This assumption increased the total medium-growth
scenario population estimate (for all of NZ) by 765 person-years in 2004, 4078
person-years in 2005, and 3775 person-years in 2006. These increases were less than
0.1% of the total estimate in all years.
We assume that people vaccinated in each quarter were covered for the whole quarter.
We assume that vaccination coverage is uniform over deprivation deciles. Available
information from the NIR comprised the number of people vaccinated by quarter by
DHB by ethnicity. Thus, it was necessary to estimate the number vaccinated by
quarter by DHB by ethnicity by deprivation by applying each stratum’s population
proportion in each deprivation category to the number vaccinated in that stratum.
Partially vaccinated individuals (those who receive one or two vaccine doses) are
treated in two different ways:

(1) assuming a potential protective effect of the partial vaccination and

(2) asswming no protective effect.
Under assumption. (1), the population is divided into unvaccinated, partiaily
vaccinated and fully vaccinated groups. Due to the small sample size in this group,
the protective effect of partial vaccination is not estimated and the cases and
population that are partially vaccinated are excluded from analysis. There were 27
partially vaccinated cases, yielding a new total of 1190 cases for this analysis. Under
assumption (2), the partially vaccinated population is grouped with the unvaccinated
population.

1.4 Intent to Treat Analysis

The primary analysis uses the National Immunisation Register (NIR)’s records of the number
of people vaccinated in each DHB by ethnic strata in each quarter. Additionally, an intent to
treat analysis was done assuming that the immunisation coverage was 100%. In this analysis,
the numbers vaccinated were estimated from SNZ population estimates assurning that the
vaccination programme was completed 16 weeks after the start date.  The following
asswmptions were made in the intent to treat analysis:

SCHOOL OF MATHEMATICS, STATISTICS & COMPUTER SCIENCE Te Kura Tatau

Out-of-school youth are assumed to be 18 or 19 years old.

Subjects are fully vaccinated exactly 16 weeks after the first dose

The population 1s uniformly distributed within the age categories, so there are as
many 1-2 year olds as there are 2-3 year olds, for example. This assumption 18
necessary since the SNZ age groups do not correspond with the vaccination

gy
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programme age groups. 1f a vaccination programme targets 6 month to 1 year olds,
we assume that 50% of this population is vaccinated and the other 50% is at risk.

Using the NIR, there were a total of 1,008,381 person-years vaccinated through June
2006. Using the intent to treat analysis, assuming 100% coverage, there were a total of
1,314,557 person-years vaccinated through June 2006.

1.5 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 or Kianifard and Gallo 1995). We consider two types of Poisson rates
models:*the generalised linear model (GLIM) that assumes independent observations and the
generalised estimating equation model (GEE) that allows for correlated observations over
time. Both models were fit using the statistical package SAS: the GLIM model was fit using

-maximum likelihood, the GEE model was fit using a multivariate generalisation of quasi-
likelihood.

The goodness of fit of the GLIM Poisson modei was investigated by comparing the
deviance to the degrees of freedom. Over- and under-dispersion were considered and two
methods for adjusting for over- or under-dispersion were used: (1) adjusting standard errors
with a scale statistic and (2) using a generalised estimating equation (GEE) approach. The
specified correlation structure used in the GEE model was auto-regressive. In the GEE

models, strata defined by region {(or DHB) by ethuicity by age by deprivation by vaccination
status were considered as independent populations that were observed longitudinally at 22
time points (the quarter-years of the study time period). Thus, temporal dependencies were
modeled, but spatial dependencies were not incorporated into the GEE models. As discussed
in Liang and Zeger (1986), however, the parameter estimates in the GEE models are robust to
misspecification of the covariance structure. The GEE model thus accommodates 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.

2. Descriptive Results:

2.1 Crude meningococcal disease rates

The crude meningococcal rates (epidemic strain) have decreased over the years 2001 — 2006
(see Table 1). A comparison of the rates between the vaceinated and unvaccinated
populations shows these are similar; however, this comparison is confounded by the age of
the cases, since disease rates are much higher for children and the vaccinated population
consisted only of children. Figures 1-3 compare the disease rates in the vaccinated and
unvaccinated populations for each age group and show a dramatic decrease in rates in the
vaccinated groups (see also Table 2). A fair comparison takes account of all factors that
affect disease rates, such as age, deprivation, region, etc. as in the Poisson model. The data
used in the Poisson model, however, differs somewhat from that presented in Tables 1-2 and

SCHOOL OF MATHEMATICS, STATISTICS & COMPUTER SCIENCE Te Kura Tatau 3
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Figures 1-3: Tables 1-2 and Figures 1-3 include all populations and cases, including those of
unknown cthnicity and deprivation; the Poisson model excludes populations and cases of
unknown ethnicity and deprivation and accounts for different disease rates in different
regions, seasons, deprivation categories and ethnicities.

Table 1: Crude epidemic-strain meningococcal rates per year using NIR data.

Unvaccinated Partially vaccinated Vaccinated
CASES POPULATIO RATE! CASES POPULATIO RATE! CASES POPULATIO RATE'
N N N

2001 370 3879833 9.5 0 0 0 0 0 0
2002 291 3939240 7.4 0 0 0 0 0 0
2003 257 4,008,478 6.4 0 0 0 0 0 0
2004 178 3993133 45 7 45,577 15.4 0 29,031 0
2005 82 3325419 25 19 271,736 7.0 11 509,683 2.2

2006 20 1,556,358° 13 1 43,040° 2.3 8 469,979° 17

'cases per 100,000 persons per year ‘numbers are for the half year Jan ~ June

Rates for 0-1 year olds

== { fiyaccinated
= Vaccinated

O T T I T T
2001 2002 2003 2004 2005 2006

Figure 1: Crude epidemic-strain meningococcal rates per year for 0-1 year olds using NIR
data,
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Rates for 1-4 year olds
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Figure 2: Crude epidemic-strain meningococeal rates per year for 1-4 year olds using NIR
data,
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Figure 3: Crude epidemic-strain meningococcal rates per year for 5-19 year olds using NIR
data.
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Table 2: Crude epidemic-strain meningococcal rates per year by age using NIR data.

Unvaccinated Partially vaccinated Vaccinated

CASES JPOPULATION |RATE' |CASES [POPULATION |RATE |CASES [POPULATION |RATE'
Age: 0-1 vears old
2001 55 55,805 98.6 { 0 0 O 0 0
2002 47 54,035 77,7 0 0 0 4} 0 0
2003 30 54,265 553 Y 0 0 0 0 0
2004 28 51,488 544 2 2,144 93.3 O 381 0
2005 6 24.315 24.7 3 18,203 16.5 2 16,911 18.3
2006 1 5,100 19.6 1 9,986 100 | 2 11,368° | 17.6
Age: 1-4 years old
2001 100 225219 4d 4 0 0 0 0 0 0
2002 77 225,738 34.1 0 0 0 0 0 0
2003 46 223,651 20.6 0 0 0 0 G 0
2004 48 199,692 24.0 4 16,858 23.7 0 6,373 ()
2005 I8 56,589 31.8 4 47,509 8.4 2 115,685 1.7
2006 3 6,923" 43.3 0 9,088 0 3 92,335 3.2
Age: 5-19 years old
2001 141 873,743 16.1 0 0 0 0 0 ¢
2002 99 887,748 11.2 0 0 0 0 0 0
2003 113 900,626 12.5 0 0 0 0 0 0
2004 62 856,615 7.2 1 26,575 3.8 0 22,277 0
2005 27 320,011 8.4 12 206,025 5.8 7 383,087 1.8
2006 3 64,546 4.6 0 24,619 0 3 366,277 1 0.8
Age: adults
2001 T4 2,725,066 2.7 0 0 0 0 0 0
2002 73 2,771,719 2.6 0 0 O 0 0 0
2003 68 2,829 636 2.4 0 0 0 0 0 0
2004 40 2,885,338 | 1.4 0 0 0 0 ( 0
2005 31 2,924,503 1.1 0 0 0 0 0 0
2006° | 13 11,479,135° | 09 0 0 0 0 0 0

"cases per 100,000 persons per year

unvaccinated populations, using the intent to treat analysis assuming 100% coverage of the

“numbers are for the half year January - June

Table 3 displays the crude meningococcal rates in vaccinated, partially vaccinated and

vaccination programme. A comparison of Tables | and 3"illustrates some of the differences
in this methods of estimating the numbers of vaccinated people. As expected, the estimated
vaccinated population is larger assuming 100% coverage making the disease rate for
vaccinated individuals smaller. Additionally, the estimated unvaccinated population (the
total population minus the vaccinated and partially vaccinated populations) is smaller,
making the disease rate for unvaccinated individuals larger. Thus the intent to treat analysis
has a larger contrast between the disease rates and the estimated vaccine effect is larger. This .
analysis assumes that all vaccination programmes are completed by 2006, so the partially
vaccinated population has size zero in 2006.
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Table 3: Crude epidemic-strain meningococcal rates per year assuming 100% coverage of the
immunisation programme (intent to treat analysis).

Unvaccinated Partially vaccinated Vaccinated
CASES POPULATIO RATE* CASES POPULATIO RATE CASES POPULATION RATE
N N
2001 370 3,879,833 9.5 0 0 0 0 0 0
2002 291 3,939,240 74 0 6 0 0 0 0
2003 257 4,008,478 64 0 0 0 0 0 0
2004 178 3,987,649 4.5 7 61,027 11.5 0 19,065 0
2005 82 3,181,454 2.6 19 298,631 6.4 i1 625,753 1.8
2006° 20 1,399,921 1.3 1 0* - 8 669,455 1.2
*cases per 100,000 persons per year “numbers are for the half year January - June

2.2 Crude meningococcal mortality rates

Crude mortality rates due to the epidemic strain of meningococcal disease for the years 1999-
2006 are displayed in Tables 4 and 5. There was no evidence of a change in mortality rates
over the years 1999-2006 (chi-square test of independence p-value>.05), so the rates were
combined to estimate an average death rate of 67/1766=3.8%. There was a significant
difference in the rates across age groups (p-value=.002). When only the non-adult age
groups were considered, there was still a significant difference in mortality rates (p-
value=.0335).

Table 4: Meningococcal death rates per year (1999-2006).

year # of deaths  Cases Death rate
1999 12 253 4.7%
2000 12 269 4.5%
2001 18 370 4.9%
2002 9 291 3.1%
2003 5 257 1.8%
2004 5 185 27%
2005 6 112 5.6%
20086 ] 29 ‘ 0%

Total 87 1766 3.8%

Table 5: Meningococcal death rates by age (1999-2006).
_Agegroup  #ofdeaths Cases Dealhrate

0-1 14 262 5.3%
1-4 18 485 3.1%
5-19 13 629 2.1%
adult 25 390 6.4%
Tolal 67 1766 3.8%

3. Poisson Mode! Resultls:

Several different data sets were considered, reflecting different assumptions about the
populations studied. The primary data set (on which the main results are reported) uses NIR

SCHOOL OF MATHEMATICS, STATISTICS & COMPUTER SCIENCE Te Kura Tataw 4
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data and SNZ medium growth population estimates. This data set separates cases and
populations into three distinct groups (vaccinated, partially vaccinated and unvaccinated), but
only uses data on the vaccinated and unvaccinated cases and populations to estimate the
vaceine effect. Other data sets used: (1) intent to treat analysis: vaccinated populations are
estimated assuming 100% coverage of the vaccination programmes with SNZ medum
growth population estimates, (2) NIR data and SNZ low-growth population estimates, (3)
NIR data and SNZ high-growth population estimates, and (4) NIR data, grouping partially
vaceinated populations and cases with unvaccinated populations and cases and SNZ medium
growth population estimates.

We considered Poisson models that assume independence between populations in
time and space (generalised linear models or GLIMs) and models that allow for correlated
observations (generalised estimating equations or GEE models). In the GEE models, strata
- defined by RHA (or DHB) by ethnicity by age by deprivation by vaccinated status were
assumed to be independent of each other, but correlated over time. As discussed in Liang
and Zeger (1986), however, the parameter estimates in the GEE models are robust to
misspecification of the covariance structure.

In the next section, we report the results of modelling the primary data set: SNZ
medium-growth population estimates and NIR data. Then we discuss how different
assumptions affected the model results.

3.1 Main Results Using Primary Data Set:

Data set 1: NIR data, excluding partially vaccinated cases and populations, and
medium-growih population estimates.

All GLIM meodels fitted to this data set showed significant under-dispersion (deviance to
degrees of freedom ratio = 42 -.45), Adjusting the covariance matrix with a scaling
parameter appeared to underestimate the parameter standard errors and to be too liberal in
testing the significance of model terms. Several interactions were significant in the GLIM
model with an estimated scaling parameter that were not significant with the scale set to 1 or
in the GEE model. Additionally, the repeated measures nature of the data suggested that a
GEE model would be more appropriate.

GEE models are often used for longitudinal categorical or count data since they allow
correlated observations over time: the temporal observations can be modelled as
independent, exchangeable or autoregressive. We assumed the RHA (or DHB) by age by
ethnicity by deprivation by vaccination strata were independent of one another, but that the
temporal observations were correlated according to an AR (1) model. The estimated
correlation between successive quarters in the GEE model was small (r=0.0359). Using
DHBs as regional boundaries resulted in a large number of strata: 2520 strata each observed
for up to 22 quarters. Since there were a total of 1190 cases, this meant that most cells had
zero cases and made for computational problems (models with an interaction term involving
DHB would not converge). We reduced the number of strata by using the RHA codes. This
produced a total of 480 strata observed for up fo 22 quarters.

Deprivation was considered as a continuous variable, and both linear and quadratic
terms were investigated, but only the linear term was retained in the model. All two-way
interactions were investigated.

SCHOOL OF MATHEMATICS, STATISTICS & COMPUTER SCIENCE Te Kura Tatau 10
PG Box 600, Wellington, New Zealand  Phone +64-3-463 6779 Fax +64-4.463 5043



TE WiHARE WA'\H,\( ATy JroKe O T8 (KA A MAE

Ik VICTORIA

I UNIVERSITY OF WELLINGTON

After a backward stepwise selection procedure for the main effects in the model and a
forward stepwise selection procedure for the double interaction terms, the following terms
were significant in the model (see also the SAS output in Appendix A):

Table 6: Score Statistics For Type 3 GEE Analysis

Source DF Chi-Square P-value
RHA 3 13.75 0.003
age 3 3142 <{.0001
ethnicity 2 43.41 <0.0001
deprivation 1 26.83 <0.0001
year 5 38.65 <0.0001
quarter 3 59.60 <0.0001
vaccinated ! 34.70 <0.0001
deprivation*age 3 9.02 0.029
age*ethnicity 6 33.25 <0.0001
RHA*deprivation 3 10.35 0.016

3.1.1 Age and ethnicity effects:

In each ethnic group, children had significantly higher disease rates than adults (p-
value<0.0001). Pacific peoples had the highest rates of meningococcal disease and this rate
was especially high for young children (see Figure 4). The relative rates across age groups
were very similar in the Maori and the Pacific people populations: the incidence of disease
was 16-17 times higher for 1-4 year olds, 12-13 times higher for 0-1 year-olds and 4-5 times
higher for 5-19 year olds than for adults. In the European and other ethnic populations, there
were smaller differences in rates among the three youngest age groups: meningococcal rates
were five times higher in babies (0-1 years old), seven times higher in 1-4 year olds and five
times higher in 5-19 year olds than adults.

3.1.2 Deprivation effects:

Deprivation significantly affected meningococcal rates as a main effect (rates increased with
increasing deprivation), and there were significant interactions between age and deprivation
as well as between region (RHA) and deprivation. The effects of deprivation were
significantly worse for babies: for 0-1 year olds, meningococcal rates increased 1.81 times for
each quintile of deprivation (a significantly higher rate than for adults p-value=.003); for ages
1-4 years and 5 years to adults, meningococcal rates increased 1.39 and 1.36 times,
respectively, for each quintile of deprivation (these two age groups were not significantly
different). The effects of deprivation were the worst in the Southern RHA: in the Northemn
RHA, meningococcal rates increased 1.18 times for each quintile of deprivation; in the
Midland RHA, meningococcal rates were stable (risk ratio=1.02) across deprivation quintiles;
in the Central RHA, meningococcal rates increased 1.14 times for each quintile of
deprivation; and in the Southern RHA meningococcal rates increased 1.36 times for each
quintile of deprivation.
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Figure 4. Estimated meningococeal rates (cases per 100,000 person-years) for each age and
ethnic group in the reference category {unvaccinated persons in the lowest deprivation
quintile in the third quarter of 2006).

3.1.3 Seasonal effects:

Meningococcal rates were highest in the July-September season and lowest in the January-
March season (see Figure 5).
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Figure 5: Estimated meningococcal rates (cases per 100,000 person-years) for each season
for the reference group (unvaccinated adult Pacific people in the lowest deprivation group of
European or other ethnicity in 2006).

3.1.4 Time effectis:

Overall, meningococcal rates decreased over time (see Figure 6). The average decrease in
disease rates from 2001-2006 was 18% per year.
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Figure 6: Estimated meningococcal rates (cases per 100,000 person-years) in the third quarter
of each year for the reference group (unvaccinated adults in the lowest deprivation group of
European or other ethnicity).

3.1.5 Vaccine effecis:

The vaccine effect was highly statistically significant, with 4.9 times higher meningococcal
disease rates in the unvaccinated group than in the vaccinated group (95% confidence interval
=2.7 t0 9.1 times as high). This yields a vaccine effectiveness of (4.93-1)/4.93 = 86% (95%
confidence interval = 63% to 89%).

There were a total of 1,008,693 person-years vaccinated through June 2006,
according to the vaccine register, with 19 cases in this group. If this population were not
vaccinated we would expect 4.93 times higher rates, or an expected 94 (rather than 19) cases.
Thus, an estimated 75 meningococcal cases have been prevented by the vaccination
programme (95% confidence interval assuming a fixed population size= 32 to 154 cases).
Using the average mortality rate of 3.8% (for all age groups over the years 1999-2006) gives
an estimated 2.8 deaths due to meningococcal disease that have been prevented. Using the
age specific case numbers and mortality rates, gives an estimated 2.3 mortalities that have
been prevented (see Table 7).
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Table 7: Vaccinated numbers of cases and excess case and fatality numbers by age group.
# of vacc. Expected # cases Excess Death Excess

Agde group  cases {if not vacc.) Cases  rate deaths
0-1 4 20 16 53% .833
1-4 5 25 20 3.1% 809
5-19 10 44 38 2.1% .825
Total 19 94 75 3.8% 2.267

3.2 Robustness of the estimated vaccine effect:

We now investigate the sensitivity of the estimated vaccine effect to model assumptions, by
considering alternative models and data sets.

3.2.1 GLIM Modei:

Data set 1: NIR data, excluding partially vaccinated cases and populations, and
medium-growth population estimates.

The GLIM fit to the primary data set had a deviance to degrees of freedom ratio of 0.45,
indicating under-dispersion. The GLIM model retained the same terms as in the GEE model
using a scale of 1, except that the model with an interaction term between RHA and ethnicity
was favoured over the interaction term between RHA and deprivation. The model with the
RHA and cthnicity interaction term did not converge for the GEE model, In both the GLIM
models, the parameter estimates of common terms were similar to those of the mam GEE
model described above. Specifically, the vaccine effect was estimated to be 4.88 times
higher rates in the unvaccinated group in the model with the RFHA and ethnicity interaction
term (vaccine effectiveness of 79.5%) and 4.91 times higher rates in the unvaccinated group

in the model with the RHA and deprivation interaction term, with a vaccine effectiveness of
79.6%.

3.2.2 Effects Collapsing over DHBs:

Data set 1: NIR data, excluding partially vaccinated cases and populations, and
medium-growth population estimates.
Models involving an interaction term with DHB did not converge. The only two significant
interaction terms were age by ethnicity and age by deprivation. The vaccine effect was
significant — the rate in the unvaccinated group was estimated to be 5.0 times higher than in
the vaccinated group, a vacgine effectiveness of 80%.

3.2.3 Intent to treat analysis:

Data Set 2: Vaccination numbers estimated assuming 100% coverage, excluding
partially vaccinated cases and populations, using medium-growih population estimates.

The intent to freat analysis yielded similar results to those presented above using NIR data.
Specifically the model included all main effects and the following interactions: age by
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deprivation, age by ethnicity, RHA by ethnicity and RHA by deprivation. The estimated
interactions were similar to those in the primary data model reported above. Disease rates in
the unvaccinated population were estimated to be 7.1 times higher than in the vaccinated
population, yielding a vaccine efficacy of 86%.

3.2.4 Effects of Partial Vaccination:

Data Set 3: NIR data, grouping partially vaccinated and unvaccinated cases and
populations, using medium-growth population estimates.

In the primary analysis, the partially vaccinated cases and populations were treated as a
unique group, separate from the vaccinated or unvaccinated populations. Due to the small
sample size in this group the protective effect of partial vaccination was not estimated,
instead this group was excluded from the analysis. Here we consider how treating the
partially vaccinated cases as unvaccinated affects the results. When the partially vaccinated
cases and population are grouped with the unvaccinated cases and population, the same
model was obtained as for the primary data set. In particular, the vaccine effect was
estimated to reduce disease rates by 4.3 fold, yielding a vaccine efficacy of 76.6%. This
reduction in the estimated vaccine effect indicates that there is some protective effect of
partial vaccination. '

3.2.5 Effects of Population Estimates:

Datasets 4 & 5: NIR daia, excluding partially vaccinated cases and populations, and low
and high-growth population estimates.

Using SNZ low-growth population estimates vielded the same model as the medium-growth
estimates, The parameter estimates were very similar. The estimated vaccine effect was a
5.3 fold decrease in the meningococcal disease rate in the vaccinated group (95% confidence
interval = 2.9-9.8), or a vaccine efficacy of 81%. This yields an estimated 82 meningococcal
cases that have been prevented by the vaccination programme (95% confidence interval
assuming a fixed population size= 35 to 167 cases).

Using SNZ high-growth population estimates yielded the same model as the medium-
growth estimates. The parameter estimates were very similar. The estimated vaccine effect
was a 4.7 fold decrease in the meningococcal disease rate in the vaccinated group (95%
confidence interval = 2.6-8.7), or a vaccine efficacy of 79%. This yields an estimated 71
meningococcal cases that have been prevented by the vaccination programme (95%
confidence interval assuming a fixed population size= 30 to 147 cases).
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Appendix A: SAS output for the primary data set

The GENMOD Procedure

Model Information

Data Set WORK . MENZB_QTRQ
Distribution Poiggon
Link Function Log
Dependent Variable ncases
Offset Variable ilpop
Observations Used 6325

Class Level Information

Class Levels Values
rha ) central midland northern southern
agecat 4 0123
ethnicgp 3 MOP
year & 2001 2002 2003 2004 2005 2006
qtr 4 6123
depg 5} 12345
vaccinated 2 01
Parameter Information
Parameter Ef fect rha agecat ethnicgp year gt vaccinated
Prml Intercept
Prma rha central
Prm3 rha midland
Prmsg rha northern
PrmB rha southern
Parameter Informaticn

Parameter Effect rha agecat ethnicgp Vear gtr vaccinated
Prmé agecat o
Prm7 agecat 1
Prm8 agecat " 2
Prm9 agecat i 3
Prml0 ethnicgp M
Prmll ethnicgp 0
Prmi2 athnicyp P
Prml3 xdepg
Prml4 year 2001
Prml5 vear 2002
Prmié year 2003
Prml7 year 2004
Prmlsg year 2005
Prmi9 vear 2006
Prm20 gtx 0
Prm21 gtr 1
Prma2 gtr 2
Prm23 gtr 3
Prm24 vaccinated o
Prm25 vaceinated 1
Prm26 agecat*ethnicgp 0 M
Prm27 agecat*ethnicgp 0 o]
Prm28 agecat*ethnicgp 0 P
Prm2o agecatb*ethnicgp 1 M
Prm30Q agecat*ethnicgp 1 o]
Prm3l agecat*ethnicgp 1 P
Prm32 agecat*ethnicgp 2 M
Prm33 agecat*ethnicgp 2 o]
Prm34 agecat*ethnicgp 2 P
Prm35 agecat*ethnicgp 3 M
Prm36 agecat*ethnicgp 3 o
Prm37 agecat*ethnicgp 3 P
Prm38 xdepgragecat o
Prm39 xdepg¥agecat 1
Prm40 xdepgragedat 2
Prm4l xdepgragecat 3
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central
midland
northern
southern

Criteria For Assessing Goodness Of Fit

Prmd2 xdepg*rha
Prm43 xdepg*ria
Prméd xdepgrrha
Prm4s xdepg*rha
Criterion DF
Deviance 5294
Scaled Deviance 6294
Pearson Chi-Square 6294
Scaled Pearson X2 6294

Log Likelihoed

Algorithm converged.

Parameter

Intercept

rha

rha

rha

rha

agecat

agecat

agecat

agecat

ethnicgp
ethnicgp
ethnicgp

xdepq

year

year

year

year

year

year

atr

gtr

gtr

gtr

vaccinated
vaccinated
agecat*ethnicgp
agecat¥*ethnicgp
agecat*ethnicgp
agecat*ethnicgp
agecat*ethnicgp
agecat*ethnicgp
agecat*ethnicgp
agecat*ethnicgp
agecatrethnicgp
agecatvethnicgp
agecat*ethnicgp
agecat*ethnicgp
xdepg*agecat
xdepg*agecat
xdepg*agecat
xdepgragecat
xdepg*rha
wdepg*rha
xdepg*rha
xdepg*rha

Scale

Value

2803.7219
2803.7219
8339.,5885
8339.5885
-2074. 5365

Value/DF

0.4455
0.4455
1.3250
1.3250

Analysis Of Initial Parameter Bstimates

central
midliand
northern
southern

HOEBWDEO

WM OWWWRNNERHEOOOROWMNEFEO
CORMORTDORUOX

central
midland
northern
southern

o
3

COHMHEPOEREE OO HORROMFEFOROREROMEPE PN EOR RO RO

NOTE: The scale parvameter was held fixed.

GEE Model Information

Correlation Structure
Within-gubject Effect

Standaxrd
Estimate BEYror
-12.788% 0.4376
0.4B42 $.,2835
1.4681 0.2607
G.4172 0.,2535
0.0000 0.0000
2.5282 0.4853
2.8360 0.3813
1.6101L 0.3499
0.0000 0.0000
-0.3631 0.2461
~0.6402 0.2168
0.0000 G.0000
0.3044 0.0693
0.9985 0.2179
G.7501 0.218¢6
0.6492 0.2204
0.3504 0.2224
0.2555 0.2264
0.0000 0.0000
-0.31507 G.0953
0.2178 0.0882
0.6408 0.0818
c.o000 G, 0000
1.5908 0.2550
¢.o000 0.0000
-0.0141 0.3089
-3.9114 0.318%
0.0000 0.0000
~0.0468 0.2860
-0.9511 0.278%
0.0000 ¢. 0000
-0.13786 0.2898
0.0234 0.2612
0.0000 0.0060
G.0000 ¢.0000
0.0000 0.0000
0.0000 0.0000
0.2904 0.0%21
G.0246 0.0691
0.0043 0.0598
0.0Q000 0.0000
-0.1731 8.0773
~(.2867 6.0715
-0.1385 0.06%95
0.0000 0.0000
1.0000 Q.0000
year*ghr

GEE Model Information

Wald 95%
Confidence Limits

~14.6467 ~12.

-0.0714
L9570
L0797
L0oco
L5770
.0887
L9244
L0000
. B433
L0652
L0000
.1&8¢
L5725

'
(=N el

'
DOoOOoOHrODONF

AR(1)
(22 levels)

|

OO0 000000COCNOOOCROMNMMOOOOONWWO O

o
OO oo

9312

L0397
L9784
L9142
L0000
L4754
.5832
L2958
L0000
L1192
L2182
L0000
L4401
L4268
L1805
L0812
. 7883
L6982
L0000
L0360
L3306
L8011
L0000
L0205
L0000
L5913
L2853
L0000
L5137
4044
L0000
L4305
L5353
.G000
L0000
L0000
L0000
L4709
L1601
L1216
L0000
L0217
L1466
L5022
L0000
L0000
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18
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.72
.31
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46
27
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.63
23
.ol
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13
.01
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.08
.97
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Subject Effect

rha*age*eth*dep*vacc {418

Humber of Clusters
Correlation Matrix Dimension

Maximun Cluster
Minimum Cluster

3ize
Size

Algorithm converged.

Parameter

Intercept

rha

rha

rha

rha

agecat

agecat

agecat

agecat

ethaicgp
ethnicgp
ethnicgp

xdepg

year

vear

vear

Year

year

year

gtr

gtr

gtr

gtr

vaccinated
vaccinated
agecat*ethnicgp
agecat*ethnicop
agecat¥ethnicgp
agecat*ethnicgp
agecat*ethnicgp
agecat¥*athnicgp
agecat*ethnicgp
agecat*ethnicgp
agecat*ethnicgap
agecatrethnicgp
agecat*ethnicgp
agecat*echnicgp
wdepgragecat
xdepg*agecat
xdepgragecat

Parameter

xdepg*agecat
xdepgtrha
sdepg*rha
xdepg*rha
xdepg*rha

Score Statistics For Type

source

rha
agecat
ethnicogp
xdepqg
year
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levels)
418

22

22

3

Enalysis Of GEHE Parameter Estimates
Empirical Standard Errox HEstimates

Standard 95% Confidence
Estimate Error Limits 4
-13.79%4 0.4736 -14.7277 -12.8711 -2%.14
central 0.4878% 0.3131 -0.1261 1.1013 1.56
midland 1.4673 C.2725 0.9331% 2.0014 5.38
noxthern 0.4204 ¢.26%6 -0,1081 0.9488 1.56
southern 0.0000 G.0000 0.0000 0.0000 .
¢ 2.5392 G.5068 1.5463 3.5322 5E.QL
iy 2.8457 0.3%00 2.0813 3.6102 7.36
2 1.8143 0.3334 0.960%9 2.2678 4. 84
3 0,0000 0.0000 0.0000 0.0000 .
M -0.3641 0.1835 -0.7277 -0,0005 -1.986
o} ~0.633%4 0.1752 -0.9%829 -0.2960 ~3.68
%4 0.0060 0.0000 0.0000 Q.0000 .
0.3063 0.0874 0.1349 G.4776 3.50
2001 0.9870 0.234% 0.5373 1.,4568 4.25
2002 0.7453 0.2375 0.2799%9 1.2%08 3.14
2003 C.6477 0.2213 0.2140 1.0812 2.93
2004 0.3463 0.2396 -0.1234 C.8160 1.45
20058 0.2490 6.23%6 -0.2166 Q.7147 1.05
2008 0.0000 c.D000 0.0000 0.0000 .
0 -0.1508 0.0997 -0.3463 0.0446 -1,8%1
1 Q,2177 0.078% C.0630 0.3724 2.76
2 0.64%14 Q.0727 0.4851 0.,7877 8.04
3 0.0000 G,0G00 C.0G00 $.0000 .
ol 1.5961 0.3125 0.9836 2.2087 5.11
1 0.0000C ,0.0000 0.0000 0.0000 .
o M ~0.0185 Q.25879 -0.5240 0.486% -0.07
0 o -0.917% 0.3247 -1.5540 -0.28%11 -2.83
0 D 0.0000 0.0000 0.0000 0.0000 .
3 M -0.0473 0.2334 -0.5048 0.4101 -0.20
L g -0,9513 £.2650 -1.4707 -0.43:19 ~3.589
1 P G.0G00 0., 0000 0.0000 Q.0000
2 M ~0.,1351 0.2470 ~0.6192 0.3489 -{.55
2 9] 0.0238 0.2229 -0.4130 0.460¢6 0.11
2 P ¢.0000 G.0000 0.0000 0.0000
3 M 0.0000 ¢.0000 04,0000 Q.0000
3 o] 0.0000 0.0000 0.0000 0.0000
3 = 0.0000 0.0000 0.0000 0.0000 .
o] 0.2885 0.0%878 0.0967 00,4803 2.95
1 0.0223 0.0732 -0.1214 0.1661 0.30
2 0.0028 0.0631L -0.1209 0.1266 0.08
Analysis Of GEE Parameter Estimates
Empirical Standard Error Estimates
Standard 95% Confidence
Hstimate Error Limits Z
3 0.0000 3.0000 0.06000 0.0000 .
central -0.1737 Q.0%48 -0.35098 ¢.0121 ~1.83
midland -0, 2862 0.0834 ~0.449%7 -0.1228 -3.43
northern -G.32391 ¢.0832 -0.3022 0.0240 -1.87
southern 0.0000 0.0000 0.0000 0.0000
3 GEE Analysis
Chi-
DF Square Pr > ChiSg
3 13.7% 0.0033
3 31.42 <. 0001
2 43 .47 <.0001
1 26.83 <.0001
5 38.68 <, 0001

Pr » EZE

L0001
L1194
L0001
L1180

[N Y

-0001
.06001
<.0001

FARLY

L0497
L0003

[=Nw]

L0005
L0001
L0017
L0034
. 1484
L2945

CQOoOoOOoA O

L1304
. 0058
<. D00

[= N

<, 0001

Lgeny
0047

o O

8192
0.0003

[=]

5843
5143

oo

0032
S7607
.9641

[l o o)

Pr > |2}

0:0669
¢.000e
G.0946
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gty 3 59.60 <. 0001
vaccinated 1 34.70 <.0001
agecat*ethnicgp [ 33,25 <. 0001
xdepgragecat 3 g.02 0.0290
xdepg*rha 3 10.35 0.0158

Appendix B: DHB Codes

DHB code

011
021
022
023
031
042
047
051
061
071
081
082
091
082
003
107
111
120
123
134
141

DHB name

Northiand District Health Board
Waitemata District Health Board
Auckland District Heaith Board
Counties Manukau District Heaith Board
Waikaio District Health Board

Lakes District Heaith Board

Bay of Plenty District Mealth Board
Tairawhiii District Health Board
Taranaki District Health Board

Hawkes Bay District Health Board
MidCentral District Health Board
Whanganui District Health Board
Capital and Coast District Health Board
Hutt Valiey District Health Board
Wairarapa District Health Board
Nelson Mariborough District Heaith Board
Woest Coast District Health Board
Canterbury District Health Board

South Canterbury District Health Board
(Otago District Health Board

Southiand District Health Board

Appendix C: SAS Code

File 1: femdQI_readdata.sas

This program reads in fifteen data files containing: (1) population estimates, (2) case
information, (3) vaccination history of selected cases, (4) start dates for the vaccination
programme, {5) population estimates for Auckland EC, (6-9) vaccination and partial
vaccination coverage rates for 2004 and 2005, and (10-15) high, low and medium population

estimates.

A minor amount of data processing is done, including the following.
DHBs are coded into their 3 number codes.
Ethnicity is recoded as a one-letter code.

s Negative population estimates are recoded to zero.
e Areas with nzdep01 of 0 are discarded.
s Only cases meeting the Epidemic strain case definition, with known ethnicity,
known nzdepO1, and with onset between 2001-2005 are retained.
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File 2a: femd02 prepare.sas (Number Vaccinated Estimation Method 1)

This program uses the number of people vaccinated and partially vaccinated provided in the
vaccination register. People vaccinated in a particular quarter are assumed to be protected for
the entire quarter. Partially vaccinated people are discarded from the model. The data
processing consists of the following steps:

Step 1: Recode age groups in the SNZ population estimates file (variable agegrp) fo
correspond with the four age categories used in the Poisson model (variable agecat).

Step 2: Estimate the numbers vaccinated and partially vaccinated in Counties Manakau and
Auckland EC (these are combined in the vaccination register), by assuming the vaccinated
proportions in each region are equal to their relative population sizes.

Step 3: Estimate the numbers vaccinated in each deprivation category (these are not
provided in the vaccination register), by assuming the same proportion is vaccinated in each
deprivation category.

Step 4: Calculate the numbers not vaccinated in each DHB by ethnicity by age category by
deprivation by quarter group as the total population minus the number vaccinated minus the
number partially vaccinated.

iy L S SR Gt S e e Loy mrven a4y
Step 5. Ensure thai cases meet the case definition and recede the age groups, then merge

with the population file. Regions with zero or negative population estimates are discarded.

File 2b: femd02q fracvac.sas (Number Vaccinated Estimation Method I1)

This program uses the vaccination programme start dates to calculate the fraction of each dhb
by agegroup by quarter that is vaccinated, assuming 100% coverage of the vaccination
programs. The data processing consists of the following steps:

Step 1: Split age groups into yearly quarters, so that each quarter is covered by one and only
one vaccination programime.

This program splits the SNZ population age groups into quarters, so that each new age group
(variable age) is covered by only one vaccination programme. The file temp contains the
original age groups given in the population estimates file (variable agegrp), the vaccination
programme start dates (variables dprimary, dschocl, déwkb5m), and anew
vaccination age group variable which links the vaccination programme age groups to the
population estimate age groups (variable vagegrp). The number of years in cach age group
is stored in the variable yrs agegrp. All these variables are stored in the data file
vstart_qtr.

Step 2: Calculate the fraction of each quarter covered by a vaccination programme (fully
vaccinated) as well as the fraction of the quarter that is partially vaccinated for each dhb by
age by quarter category.

This program first calculates the estimated finish times (variables fdate primary,
fdate school, fdate 6wk5m) for each vaccine programme by adding 16 weeks to
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the start date. Then the proportion of the quarter that each dhb by age category was fully
covered by the vaccine is calculated (variable frac_gtr), as well as the proportion of the
quarter that was partially vaccinated (variable pfrac_gtr). Finally, each age and quarter
combination are assigned to a cohort, so that previously vaccinated age groups can be rolled
into successive quarters. These variables are saved in the data file xvstart_gtr.

Step 3: Roll previously vaccinated people into the next quarter.
We assume here that once a vaccination programme begins that it continues indefinitely, so
that all children in that age group will be vaccinated after the programme’s start date. Ifa
programme has not yet started, it is possible to have some children who were vaccinated by
another programme that started at an earlier date. For example, if the 6wk- Smonth
programme starts the first quarter of 2004, then these children will be in the 1-4 year old age
group in 2005 and they will be vaccinated. The fotal fraction vaccinated in a quarter cohort is
thus those who were previously vaccinated plus those who are newly vaccinated, each of
which is weighted by the proportion of the quarter that they were vaccinated:.
pgtrs vacc = frac_dgtr*prop cohort_new_vacc +

(1-frac_gtr) *prop_cchort_already vacc;

Step 4: Average over age groups to obtain the vaccinated and partially fraction in each age
category by quarter.

File 3: fcmd03q prepare.sas (Number Vaccinated Estimation Method IT)

This file prepares the data in a manner analogous to File 2a.

File 4-5: fcmd02ng high prepare.sas and fcmd02nq_low_prepare.sas are the same as File
2a (femd02ng_prepare.sas), but they use the high and low SNZ populatfion estimates.

File 6: femd02nq pywithuv_prepare.sas is similar to femd02ng_prepare.sas, except that it
combines the partially vaccinated population with the unvaccinated population.

File 7: recodedhb.sas recodes the DHBs into RHAs and NZ deprivation deciles mto
quintiles and then runs the GEE and GLIM models.
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