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Executive summary

Background

Since the introduction of childhood vaccination for diphtheria in 1932 and the widespread use of vaccines to
prevent tetanus, pertussis (whooping cough) and poliomyelitis in the 1950s, deaths in Australia from vaccine
preventable diseases (VPDs) have declined by more than 99%. It is important, however, that the downward
trend in morbidity and mortality from VPDs is maintained and carefully monitored, and that changes are
interpreted in relation to vaccination coverage.

Aim

This report aimed to bring together three national sources of routinely collected data on the morbidity and
mortality (notifications, hospitalisations and deaths) from VPDs during the period 1993—1998 for the 8
diseases then on the routine childhood vaccination schedule, and for 4 other diseases potentially preventable
by childhood vaccination. It also examined vaccination coverage for the same period.

Methods

Data sources included notifications from the National Notifiable Diseases Surveillance System (NNDSS),
hospitalisation data from the Australian Institute of Health and Welfare (AIHW) National Hospital
Morbidity Database, deaths from the Australian Bureau of Statistics (ABS) Causes of Death Collection and
vaccination coverage according to the Australian Childhood Immunisation Register (ACIR). All data sources
were expected to have some limitations, the most important being under-reporting for notifications and
vaccination encounters, and coding errors in the hospital morbidity data.

Results

Notifications for the 8 diseases covered by the routine schedule declined by 42%, from an average of 11,537
cases each year in 1993-1997 to 6700 in 1998, and hospitalisations fell by 12%, from an average of 1745 per
year to 1536 in 1997/1998, while deaths remained unchanged at 7 each year over the period of review

(Table 1). Tetanus caused 1 or 2 of the deaths each year. However, 6 of the 7 deaths in 1997 were in infants
during a major outbreak of pertussis. Pertussis caused most of the notifications, hospitalisations and deaths
during the review period. While most of these were in children, 46% of the notifications and 13% of the
hospitalisations occurred in persons aged 15 years or more. There were notable declines in the numbers of
notifications of invasive Haemophilus influenzae type b (Hib) disease in children under 5 years of age
(77%), measles (87%) and rubella (75%), and there were no notifications of diphtheria or poliomyelitis.

Vaccination coverage estimated using ACIR data increased during the review period. Coverage for the first
3 doses of diphtheria, tetanus, pertussis and Hib vaccines, assessed at 1 year of age, increased from 75% to
85%, while coverage for measles-mumps-rubella (MMR) vaccine, assessed at 2 years of age, increased from
83% to 86%. It is likely that these data underestimated coverage by 5—10%, and that the increase in coverage
partly reflected better reporting to the ACIR by providers.
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Table 1. Notifications, hospitalisations and deaths from diseases preventable by vaccines on the
current childhood vaccination schedule, Australia, 1993—1998*
Notifications Hospitalisations Deaths
Average per year Average per year Average per year

Disease’ 1993-1997 1998 July 93-June 97 1997/98 1993-1996 1997
Diphtheria 0 0 5 0 0 0
Hib (aged <5 yrs) 103* 24 129 80 3 0
Measles 2418 313 517 156 2 0
Mumps 116° 181 55 51 1 0
Pertussis 5887 5413 910 1165 0 6
Polio 0 0 4l 2! 0 0
Rubella 3006* 762 99 48 0 0
Tetanus 8 7 28 34 2 1

e wee e | e e |7

Notifications where the month of onset was between January 1993 and December 1998; hospitalisations where the month of
admission was between 1 July 1993 and 30 June 1998; deaths where the date of death was recorded between 1993 and 1997.

See Chapter 3 for case definitions.
Not all States/Territories were reporting in all years (see Appendix 2 for details).

Only the ACT, NSW and Victoria reported mumps notifications for the entire period. For these States/Territories the average
number of mumps notifications per year from 1993 through 1997 was 78 and there were 96 notifications in 1998.

Principal diagnosis only. See page 27 for comment.
Average per year for the total does not equal the sum of that for each disease, due to rounding.

*k

Comment

This is the first comprehensive report on VPDs and vaccination coverage in Australia using multiple data
sources. It provides a valuable baseline for ongoing measurement of trends and the impact of interventions.

The striking features were the low rates of VPDs in 1998, and the marked decline in both Hib, related to the
introduction of vaccination in 1993, and in measles and rubella, due to the introduction of the second dose of
MMR vaccine in 1994 and the Measles Control Campaign in 1998. Compared with deaths in the
pre-vaccination era, Hib deaths in children under the age of 5 years fell by 83%, suggesting that Hib vaccine
prevented 62 deaths in this age group between 1993 and 1997. The ongoing morbidity and mortality from
pertussis indicates the need for additional interventions aimed at controlling spread of this infection in both
children and adults.
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1 - Introduction

The burden of death and disease in Australia has been dramatically reduced by vaccination. The first disease
to be prevented by widespread childhood vaccination was diphtheria in 1932. This was followed by
vaccination against pertussis in 1942, tetanus in 1953, poliomyelitis in 1956, measles in 1970 and
Haemophilus influenzae type b (Hib) disease in 1993. The most important and easily measured impact of
vaccination for these diseases has been on deaths, which declined by more than 99%, from 9300 in the
decade 19261935 to 64 in the decade 1986—1995, despite the Australian population increasing 2.6 fold over
this time (Table 2)." The incidence rates for reported cases of individual diseases have also decreased by
similar or greater amounts from the pre-vaccination era (Appendix 1).2

Table 2. Deaths from diseases commonly vaccinated against, Australia 1926-1997*
Population
Period Diphtheria Pertussis Tetanus Poliomyelitis Measles' estimate
1926-1935 4073 2808 879 430 1102 6,600,000
1936-1945 2791 1693 655 618 822 7,200,000
1946-1955 624 429 625 1013 495 8,600,000
1956-1965 44 58 280 123 210 11,000,000
1966-1975 11 22 82 2 146 13,750,000
1976-1985 2 14 31 2 62 14,900,000
1986-1995 2 9 21 0 32 17,300,000
1996-1997 0 8 1 0 0 18,400,000

*  Sources: Feery B One hundred years of vaccination Public Health Bull 1997; 8:61-3; Feery B. Impact of immunization on disease
patterns in Australia. Med J Aust 1981;2:172-6. Deaths recorded for 1966—-1975 and 1996—1997 updated with data provided by
ABS 1999.

Excludes deaths from subacute sclerosing panencephalitits.
Indicates decade in which community vaccination started for the disease.

However, in 1991, when surveillance and reporting of vaccine preventable diseases were coordinated
nationally in their present form for the first time, the incidence of measles and pertussis was high compared
with many other industrialised countries.’ Similarly, the proportion of children fully vaccinated against
diseases included in the Australian Standard Vaccination Schedule appeared to be low.? This prompted a
number of important initiatives under the Immunise Australia program,* including the implementation of the
Australian Childhood Immunisation Register (ACIR) in 1996*° and The Seven Point Plan in 1997.*

To measure the impact of these initiatives, it is important to continue monitoring the morbidity and mortality
associated with vaccine preventable diseases and to estimate vaccination coverage. The Australian Institute
of Health and Welfare (AIHW) report Australia’s Children has presented these data for 014 year olds.’ In
addition, the annual report of the National Notifiable Diseases Surveillance System (NNDSS) gives
summary data for all notifiable diseases, including vaccine preventable diseases, and reports of vaccination
coverage from the ACIR.®

This report brings together for the first time all three national sources of routinely collected data about
vaccine preventable diseases, for all age groups in Australia between 1993 and 1998, together with
information about vaccination coverage. This time period was chosen because data were available from each
source from 1993 onwards. The diseases covered in this report include those for which vaccines for children
were funded nationally during the review period (diphtheria, Haemophilus influenzae type b (Hib) disease,
measles, mumps, pertussis, poliomyelitis, rubella and tetanus), those for which vaccines were available but
only funded or recommended for specific risk groups (hepatitis A, hepatitis B, invasive pneumococcal
disease), and varicella (for which a licensed vaccine became available in Australia in 2000). This report does
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not cover some other diseases for which vaccines are available, such as influenza, meningococcal infection
and tuberculosis, as these are included in detailed reports available elsewhere.””’

The report provides both evidence of the impact of changes in vaccination policy and practice over the six
years, particularly notable for measles and Hib disease, and a baseline against which further changes can be
measured.

Vaccine preventable diseases and vaccination coverage in Australia, 1993—-1998



2 - Methods

Vaccine preventable diseases data

Three sources of routinely collected data were used for this report. Notification data were obtained from the
National Notifiable Diseases Surveillance System (NNDSS), hospitalisation data from the Australian
Institute of Health and Welfare (AIHW) National Hospital Morbidity Database (unpublished data), and
mortality data from the Australian Bureau of Statistics (ABS) Causes of Death Collection.

Notifications

The NNDSS database was established in its current form in 1991, and includes information about cases of
vaccine preventable diseases reported by laboratories and health workers to State/Territory authorities under
their current public health legislation. State/Territory notification criteria are based on the National Health
and Medical Research Council (NHMRC) surveillance case definitions.'® However, application of these
definitions may differ between jurisdictions. Pneumococcal disease and varicella are currently not notifiable
to the NNDSS.

In March 1999 we extracted unit record vaccine preventable diseases notification data from the NNDSS for
cases with an onset between 1 January 1993 and 31 December 1998 (6 years). Note that 1998 data were
provisional. The variables examined were disease, date of disease onset, age at onset, sex and State/Territory
of residence. The fields for laboratory confirmation, vaccination status and Aboriginality were too
incomplete to warrant analysis. Data from each State/Territory were included only when that jurisdiction had
been reporting for a complete year (see Appendix 2, notifications by State/Territory and year, for the years in
which States/Territories were reporting). Differences in surveillance systems between jurisdictions may have
accounted for some of the differences in notification rates. Where there were known differences that were
likely to differentially affect notification rates, these have been described under the disease of interest.

Hospitalisations

The AIHW National Hospital Morbidity Database has received administrative, demographic and clinical
information about patients admitted to public and private hospitals in Australia since 1993. As data are
received by financial year of discharge, cases discharged between 1 July 1993 and 31 June 1998 (5 years)
were examined. Cases admitted before 1 July 1993 were excluded; note also that cases admitted in
1997/1998 but discharged after 30 June 1998 are not included. The variables extracted for analysis were date
of admission (reported by financial year of admission), age at admission, sex, State/Territory of
hospitalisation, length of stay (LOS), and diagnosis (principal and other diagnoses — up to 26 diagnoses
were recorded for each admission). Data were extracted based on the International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM). The first Australian version of ICD-9-CM was used for
1995/1996 data and the second version for 1996/1997 and 1997/1998 data. The codes used are given in each
disease section. Eligible cases were those with the code of interest listed in the principal (the diagnosis
chiefly responsible for the admission of the patient to hospital) or other diagnosis levels. The proportion of
cases for which the diseases were coded as the principal diagnosis is reported for each disease. For hepatitis
B, only principal diagnosis cases were included. Limited data were available for children less than one year
old. For diseases where it was considered important to report on this age group, available data were used.
State/Territory of residence was not available for all records, therefore State/Territory of hospitalisation was
used. These would be the same for the majority of cases. Where the ICD-9-CM code for a disease specifies a
complication directly resulting from the infection (eg, meningitis) the number and type of complications
were reported.

Vaccine preventable diseases and vaccination coverage in Australia, 1993—1998



Deaths

Summary death data were obtained from the ABS Causes of Death Collection for those deaths coded with
the ICD-9 codes of interest. The Causes of Death Collection classifies records based on the underlying cause
of death. Data were available for deaths registered from 1993 to the end of 1997 (5 years). The variables
extracted were disease, age at death, year death was reported, sex, State/Territory in which death was
recorded, and number of deaths.

Calculations

All rates were calculated using ABS mid-year estimated resident populations, and are presented as annual
rates or average annual rates per 100 000 total population or population in age, sex or geographic subgroups,
as appropriate. Average annual rates were calculated by dividing the total number of cases for the period of
investigation by the sum of each year’s population for the same period. For hospitalisation data, the mid-year
population estimate for the first half of the financial year was used as the denominator, eg, the 1993 mid-year
population estimate was used to calculate rates for 1993/1994. For notification data, the denominator
population for each year included only jurisdictions notifying cases for that entire year. Averages were
calculated for rates of notifications and hospitalisations, and for bed days per year. Medians and ranges,
rather than averages, were used to describe the distribution of notifications and hospitalisations per month,
and length of stay per admission, as these data were not normally distributed.

Report structure for individual diseases

For each disecase data are generally presented in the following format:

« secular trends — describing the pattern of notifications and hospitalisations over time, with reference to
seasonality and outbreaks;

- severe morbidity and mortality — presents hospital bed days, length of stay, complications and mortality
by age group in standard categories;

- age and sex distribution — presents data by age and sex groups as relevant for each particular disease;

- geographical distribution — case numbers and rates by State/Territory, as shown in Appendices 2 and 3,
are discussed;

- comment — discussion of the data presented.

Vaccination coverage data

During the review period of this report, there were two sources of data about national vaccination coverage:
the Australian Bureau of Statistics’ survey in 1995 and the Australian Childhood Immunisation Register
(ACIR). The ACIR commenced in January 1996 and is administered by the Health Insurance Commission
for the Department of Health and Aged Care. The ACIR records details, as supplied by vaccination
providers, about the vaccination status of children aged less than 7 years. Vaccination coverage estimates
derived from ACIR data have been reported in Communicable Diseases Intelligence since early 1998. A
complete description of the method for calculating coverage estimates by age cohorts is given elsewhere.'' In
this report we have described trends in vaccination coverage for all vaccines on the current childhood
schedule, and make comparisons with the 1995 ABS national immunisation survey.'*'* This survey sampled
the Australian population using a stratified multistage cluster design and was conducted as a face-to-face
interview relying on parental recall of vaccination status."” It is the most recent comprehensive benchmark
available for comparison with the ACIR.
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Notes on interpreting data

Vaccine preventable diseases data

Comparisons between the notification, hospitalisation and death data bases should be made with caution as
they differ in their purpose, reporting mechanisms and accuracy. To provide the most recent information
available and to account for the varied reporting formats, different time periods have been reviewed for each
data set. As there were no unique identifying codes to link records for the same individual across data bases
and because of differences in the accuracy of each data base, it was not possible to analyse deaths and
hospitalisations as a subset of notifications.

The rates presented here are crude rates and may be confounded by differences in the population structure
(ie, age, ethnicity and population density) between jurisdictions. It is also important to note that jurisdictions
with small populations may have high rates even with low absolute numbers of cases, so that a small change
in numbers results in a large change in rates.

Notification data

A major limitation of the notification data is that they only represent a proportion of the total cases occurring
in the community. This proportion may vary between diseases, with infections diagnosed by a laboratory test
more likely to be notified. Data accuracy may also vary between States/Territories due to the use of different
surveillance methods. In addition, data accuracy may change over time as new diagnostic tests are
introduced or surveillance practices change. In interpreting the geographical distribution of notification data
it is of note that Western Australia, while receiving some laboratory notifications, is the only State/Territory
that does not have legislation for mandatory laboratory notification.

Hospitalisation data

Comparisons over time and between jurisdictions should be more valid for hospitalisation data than for
notification data, because methods of collecting hospitalisation data are more uniform. However, some
variation in hospital access, admission practices and record coding may occur between regions and over
time. There are also limitations associated with the use of ICD-9-CM codes to identify cases. Hospital
coding errors have been reported to occur at a frequency of at least 40%, and more commonly for diseases
that the coder was less familiar with (eg, rare diseases) and for admissions with multiple diagnoses."*
Assignation of codes is based on information in medical records, as recorded by clinicians, and there are no
strict case definitions. For some diseases, such as Haemophilus influenzae type b infection, the ICD-9-CM
code lacks specificity. This is in contrast to the more stringent case definitions used for notification data. It
must also be noted that the hospitalisation data base contains a record for each admission, which means that
there are separate records for each readmission or interhospital transfer. This is unlikely to have a major
impact on case numbers for most diseases reviewed in this report, as they are acute illnesses. This limitation
may, however, have impacted on the numbers of polio and acute hepatitis B hospitalisations. For
hospitalisations where the code of interest was not the principal diagnosis, the code of interest will have been
recorded as a co-morbidity (additional or secondary diagnosis), the relative importance of which cannot be
gauged.

Death data

The problems associated with using ICD-9-CM codes to select hospitalisations may also apply to the causes
of death data held by the Australian Bureau of Statistics. However, unlike hospitalisations, only a single
underlying cause of death was recorded until 1997. Hence some deaths for which an ICD-9 code for a
vaccine preventable disease was recorded may be missed if this code was not recorded as the underlying
cause of death. Also, the death data ICD-9 codes are limited to 4 digits, unlike hospitalisation I[CD-9-CM
codes. This was a problem for hepatitis B data, as the 5" digit level of coding is required to distinguish acute
from chronic infection, so deaths from both acute and chronic hepatitis B infection were reported.
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Vaccination coverage data

Limitations of data available from both the ACIR and the 1995 ABS national immunisation survey must be
considered when they are used to estimate vaccination coverage. The ABS survey relied on parental recall of
vaccination status which may overestimate coverage.” On the other hand, the ABS survey was a random
sample, representative of the Australian population, unlike the ACIR which is incomplete due to
under-reporting by providers.’ Hence vaccine coverage estimates calculated using ACIR data, even for
children born after the ACIR commenced in 1996, should be considered minimum estimates due to
under-reporting.”'> Another limitation of ACIR data is that records are only held for children aged up to

7 years. Also, coverage is calculated only for children registered on Medicare; however, by the age of

12 months it is estimated that over 98% of Australian children have been registered with Medicare."'

Vaccine preventable diseases and vaccination coverage in Australia, 1993—-1998



3 - Diseases preventable by vaccines on
the routine childhood schedule 1998

Diphtheria

Diphtheria is an acute bacterial infection caused by Corynebacterium diphtheriae. The major manifestation
is a membranous inflammation of the upper respiratory tract. Damage to other organs including the
myocardium, nervous system and kidneys, caused by the organism’s exotoxin, may also occur.'>'®

Case definitions

Notifications

Isolation of toxigenic Corynebacterium diphtheriae and one of the following:

« pharyngitis and/or laryngitis (with or without membrane) or toxic (cardiac or neurological)
Ssymptoms.

Hospitalisations

The ICD-9-CM codes used to identify cases were: 032.0, faucial diphtheria; 032.1,
nasopharyngeal diphtheria; 032.3, laryngeal diphtheria; 032.82, diphtheritic myocarditis.

Deaths
The ICD-9 code 032 (diphtheria) was used to identify deaths.

Notifications, hospitalisations and deaths

There were no notifications of, or deaths due to, diphtheria between 1993 and 1998. However, during the
review period 20 persons were recorded as being hospitalised: 6 were recorded as laryngeal, 2 as faucial, 5 as
nasopharyngeal and 7 as myocardial diphtheria. Twelve patients were male. Numbers of hospitalisations
declined annually from 7 in 1993/1994 to 6 in 1994/1995 and 1995/1996, 1 in 1996/1997 and 0 in
1997/1998. Ten of the 20 hospitalisations (50%) had diphtheria recorded as their principal diagnosis. Seven
of the 10 cases with diphtheria as a secondary diagnosis had a principal diagnosis apparently unrelated to
diphtheria. Adults aged at least 15 years accounted for most of the hospitalisations (65%) and numbers of
hospital bed days (67%). Hospitalisations for diphtheria were recorded in all jurisdictions except the
Australian Capital Territory (Appendix 3).

Comment

The epidemiology of diphtheria in Australia is similar to that described for other industrialised countries.
Diphtheria hospitalisations in Australia between 1993/1994 and 1997/1998 declined and were predominantly
amongst adults. Numbers of diphtheria notifications have also been decreasing since mass vaccination
programs became established in 1936 (Appendix 1), and the three most recently notified cases (identified
over a 15-year period) have been adults. This is similar to the picture in the USA,'” and many Western
European countries.'® Adult cases also predominated during the early and late phases of an outbreak in the
Newly Independent States of the former Soviet Union in the 1990s."
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Without reviewing the hospital records, one cannot determine why there were 20 hospitalisations during the
review period, even though there were no notifications. The discrepancy may be due to under-notification of
cases with hospitalisations representing true cases of diphtheria. If this is so, notification data cannot be used
to accurately measure the burden of diphtheria in Australia. On the other hand, numbers of hospitalisations
may overestimate the number of cases because hospitalisation codes lack specificity. A hospitalisation code
for diphtheria can be given to unconfirmed cases, while notification criteria for diphtheria are more strict,
requiring laboratory confirmation of a toxigenic strain. It is also possible that some of the diphtheria
hospitalisations reported here were coding errors. The decline in numbers of hospitalisations over the review
period may be due to improved coding practices.
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Haemophilus influenzae type b (Hib) disease

Haemophilus influenzae is a fastidious Gram-negative bacterium which occurs in both encapsulated and
unencapsulated forms. One encapsulated serotype, type b (Hib), caused 95% of infections due to H.
influenzae in children less than five years of age before Hib vaccines became available.*’ Prior to the
introduction of Hib vaccination the most common manifestation of invasive Hib disease was meningitis,
with children aged less than 18 months most at risk. Survivors of Hib meningitis commonly had neurological
sequelae such as deafness and intellectual impairment. Epiglottitis was the other major category of infection,
most often occurring in children over the age of 18 months. Less common manifestations of Hib disease
included cellulitis, septic arthritis, pneumonia, pericarditis, osteomyelitis and septicaemia.

Case definitions

Notifications

a) A clinically compatible illness (meningitis, epiglottitis, cellulitis, septic arthritis,
osteomyelitits, pneumonia, pericarditits or septicaemia) and either:
the isolation of Haemophilus influenzae type b (Hib) from blood or
detection of Hib antigen (in a clinically compatible case) or
+ detection of Gram-negative bacteria where the organism fails to grow in a clinical case.

or

b) A confident diagnosis of epiglottitis by direct vision, laryngoscopy or X-ray.

Hospitalisations and deaths

There were no ICD-9/ICD-9-CM codes which specified Hib as a causative organism. Prior to the
introduction of routine Hib vaccination in late 1993 most cases of H. influenzae meningitis and
acute epiglottitis were presumed to be caused by Hib. In the post-vaccination era this assumption
may no longer be valid. Two ICD-9/ICD-9-CM codes were used to identify presumed Hib cases:
320.0, Haemophilus influenzae meningitis; and 464.3, acute epiglottitis. The ICD-9/ICD-9-CM
codes 482.2 (H. influenzae pneumonia), 038.41 (H. influenzae septicaemia) and 041.5 (H.
influenzae infection) were not included.

Only notification, hospitalisation and death data for children 0—14 years of age have been
included in this report for two reasons. Firstly, Hib vaccines are targeted at reducing disease in
children; secondly, the diagnostic codes selected are thought to be more specific for Hib infection
in this age group.

Secular trends

There were 634 Hib notifications (average annual notification rate 2.8 per 100,000) during the review period
for children aged 0—14 years (Table 3). A median of 5 cases (range 0—44) were notified per month

(Figure 1). There were 818 hospitalisations (average annual rate 4.2 per 100,000) for presumed Hib, a
median of 11 cases (range 2—55) hospitalised per month. Numbers of notifications and hospitalisations were
highest in 1993-1994, with 462 notifications (73%) and 441 hospitalisations (54%) recorded in these two
years.
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Figure 1.  H. influenzae type b notifications and presumed Hib hospitalisations
by month of onset or admission for children aged 0-14 years,
Australia 1993-1998"
60 1
— Notifications
50 A e
Hospitalisations
40 -
—
8 301
S
S
Z 20 B
10 -
VWA AN N
Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul
1993 1993 1994 1994 1995 1995 1996 1996 1997 1997 1998 1998

*  Hospitalisations for H. influenzae meningitis and acute epiglottitis.

i Notifications where the month of onset was between January 1993 and December 1998,
hospitalisations where the month of admission was between 1 July 1993 and 30 June 1998.

Severe morbidity and mortality

The number and rate of hospitalisations were higher than for notifications (Table 3). Four thousand and
thirty-one hospital bed days (average of 806 days per year) were recorded for patients with presumed Hib.
Children 0—4 years of age had a longer median length of stay and a higher mortality than older children. For
728 (89%) of the hospitalisations H. influenzae meningitis or epiglottitis was the principal diagnosis.
Meningitis was the cause of 13 (87%) deaths and 327 (40%) hospitalisations.

Table 3. Haemophilus influenzae type b notifications, presumed Hib hospitalisations* and deaths for
children 0-14 years of age, Australia 1993-1998"
Notifications Hospitalisations LOS* Deaths
1993-1998 July 1993-June 1998 per admission (days) 1993-1997
Age group
(years) No. Rate® Total (%) Rate® (1) Median No. Rate®
0-4 535 7.0 594 (528) 9.2 (8.2) 4.0 13 0.2
5-14 99 0.6 224 (200) 1.7 (1.5) 15 2 0.0
0-14 634 2.8 818 (728) 42 (3.7) 3.0 15 0.1

*  Hospitalisations for H. influenzae meningitis and acute epiglottitis.

T Notifications where the month of onset was between January 1993 and December 1998; hospitalisations where the month of
admission was between 1 July 1993 and 30 June 1998; deaths where the date of death was recorded between 1993 and 1997.

LOS = Length of stay in hospital.

§ Average annual age-specific rate per 100,000 population.
A Principal diagnosis.
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Age and sex

All measures of Hib disease (notifications, hospitalisations and deaths) were higher in males with
male:female ratios of 1.2:1, 1.4:1 and 4:1 respectively. Of children 0—14 years of age, those aged 0—4 years
accounted for 84% of notifications, 61% (299) of epiglottitis hospitalisations and 90% (295) of meningitis
hospitalisations and 86% of deaths.

As morbidity and mortality was concentrated in children aged 0—4 years, the following analysis is restricted
to this age group. Notification data for the financial year 1992/1993 were also included in this section to
demonstrate more clearly the impact of the introduction of Hib vaccination in mid 1993 (Appendix 4.) All
measures of invasive Hib disease in children aged 0—4 years fell over the period of investigation (Figure 2).
Notification rates fell from 33.1 per 100,000 in 1992/1993 to an average annual rate of 2.5 per 100,000 in
1995/1998. Meningitis hospitalisation rates fell from an average annual rate of 8.3 per 100,000 for the period
July 1993—June1995 to 2.1 per 100,000 in July 1995-June 1998; epiglottitis rates fell from 6.6 per 100,000
to 3.3 per 100,000 over the same period. The ratio of meningitis to epiglottitis hospitalisations fell from 3.1:1
in 1993/1994 to 0.5:1 in 1997/1998. The number of deaths fell during the review period from 6 in 1993 to 0
in 1997.

Figure 2. Hib notifications, presumed* Hib hospitalisations and deaths of
children aged 0-4 years, Australia July 1992-June 1998"
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*  ‘Presumed’ includes all H influenzae meningitis and acute epiglottitis.

T Notifications with onset dates between July 1992 and June 1998; hospitalisations with admission
dates between July 1993 and June 1998; deaths reported between 1993 and 1997.

**  Age-specific notification and hospitalisation rates.

Geographical variation

The Northern Territory had an average annual notification rate at least twice as high as any other jurisdiction
(Appendix 2). Average annual hospitalisation rates were more uniform in all States/Territories and were
below 1.4 per 100,000 (Appendix 3).

Comment

Vaccines against Hib first became available in the private sector for children aged 18 months and over in
April 1992 (Appendix 4, Table 19). Hib vaccines were publicly funded for infants aged 2 months in
April 1993 and for catch-up vaccinations to the age of 5 years in July 1993. The impact of Hib vaccination
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has been striking. Morbidity (as estimated by hospitalisation data) and mortality for children 0—4 years old in
1998 were 67% and 100% lower respectively than in 1993. Prior to the introduction of Hib vaccine in 1993
an estimated 15 deaths from Haemophilus meningitis or epiglottitis occurred annually in Australian children
less than 5 years of age.?' The 13 deaths recorded in 1993—1997 represented an 83% reduction from the

75 predicted for this time period from pre-immunisation data.

Trends in notification and hospitalisation rates were similar. However, the number of hospitalisations was
consistently higher than the number of notifications. Notifications probably underestimate Hib cases
(especially cases of epiglottitis, which are often diagnosed clinically) while hospitalisations probably
overestimate them. This is because the hospitalisation codes (a) lack specificity (as non-b cases may be
included) and (h) may count cases twice if the patient is transferred to another hospital (more frequent for
epiglottitis). Overall it is likely that notifications, because they are usually linked to laboratory identification
of Hib, more closely represent the true incidence of Hib disease than hospitalisations.

Since the introduction of Hib vaccination, the assumption that almost all hospitalisations for acute epiglottitis
and H. influenzae meningitis are due to Hib infection may no longer hold true. This is especially the case for
epiglottitis, which may be due to organisms other than H. influenzae. In 1993/1994 only 28% of epiglottitis
hospitalisations in children aged less than 5 years were also coded as having an H. influenzae infection; this
fell to 12% in 1997-1998.

Meningitis due to H. influenzae, although not exclusively due to capsular type b, is a more reliable indicator
of the impact of vaccination, especially in cases under five years of age. The incidence of H. influenzae
meningitis hospitalisations for children less than 5 years of age prior to the introduction of Hib vaccine
(29.1 per 100,000 per year)** was far greater than in the post-vaccine period 1995-1998 (2.1 per 100,000 per

year).

Vaccine preventable diseases and vaccination coverage in Australia, 1993—-1998
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Measles

Measles is an acute and highly communicable disease caused by a morbillivirus. The clinical picture includes
a prodromal fever, rash, conjunctivitis, coryza, cough and Koplik spots on the buccal mucosa. Complications
include otitis media, pneumonia and encephalitis. Subacute sclerosing panencephalitis (SSPE) occurs very
rarely as a late sequel.'®

Case definitions

Notifications

a) An illness characterised by all the following features:
a generalised maculopapular rash lasting three or more days, and
a fever (at least 38°C if measured), and

«  cough or coryza or conjunctivitis or Koplik spots

or

b) Demonstration of measles specific IgM antibody

or

c) A fourfold or greater change in measles antibody titre between acute and convalescent phase
sera obtained at least 2 weeks apart, with tests preferably conducted at the same laboratory

or

d) Isolation of measles virus from a clinical specimen

or

e) A clinically compatible case epidemiologically related to another case.

Hospitalisations and deaths

The ICD-9/ICD-9-CM code 055 (measles) was used to identify hospitalisations and deaths. SSPE
(code 046.2) was not included in these analyses.

Secular trends

Between 1993 and 1998 there were 12,404 notified cases of measles, an average annual notification rate of
11.4 per 100,000 (Table 4). The rate fell from 27.0 per 100,000 in 1994 to less than 5 per 100,000 between
1996 and 1998 (Appendix 2). The number of notifications peaked at 1028 in November 1993 with a second
smaller peak of 589 cases in September the following year (Figure 3). The lowest number of notifications
occurred in the last 6 months of the review period (July to December 1998). The median number of
notifications per month was 75 (range 15-1028). However, between 1996 and 1998 (with the exception of a
small increase in notifications at the end of 1997) there were fewer than 75 reported cases per month.

In the five years from 1993/1994 to 1997/1998, there were 2223 measles hospitalisations, an average annual
hospitalisation rate of 2.5 per 100,000 (Table 4). Like notifications, annual hospitalisation rates peaked in
1993/1994 (6.5 per 100,000) and 1994/1995 (4.3 per 100,000), falling to less than 1 per 100,000 from
1995/1996 onwards (Appendix 3). The median number of hospitalisations per month was 11 (range 1-185).
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Measles notifications and hospitalisations by month of onset or
admission, Australia 1993—-1998*

Figure 3.
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*  Notifications where the month of onset was between January 1993 and December 1998,
hospitalisations where the month of admission was between 1 July 1993 and 30 June 1998.

Severe morbidity and mortality

Hospital admissions for measles accounted for 8379 hospital bed days (average 1676 days per year), with a
median length of stay of 2 days (Table 4). Of the 2223 hospitalisations, 1856 (83%) had measles recorded as
their principal diagnosis. Complications arising from measles infection were recorded for 438 (20%)
admissions. Of all measles hospitalisations 159 (7%) were coded as pneumonia, 77 (3%) as otitis media,

31 (1%) as keratoconjunctivitis and 29 (1%) as encephalitis. Multiple complications were recorded for

13 (0.6%) admissions.

Table 4. Measles notifications, hospitalisations and deaths by age group, Australia 1993-1998*
Notifications Hospitalisations Lost Deaths
1993-1998 July 1993-June 1998 per admission (days) 1993-1997
Age group
(years) No. Rate* Total (%) Rate* (1) Median No.  Rate'
0-4 3,522 45.4 944 (754) 14.6 (11.6) 3 2 0.0
5-14 4,953 31.8 630 (543) 4.9 (4.2) 2 1 0.0
15-24 2,965 18.3 492 (434) 3.6 (3.2) 2 2 0.0
25-59 780 1.5 142 (117) 0.3 (0.3) 3 2 0.0
60+ 34 0.2 15 (8) 0.1(0.1) 4 0 -
All ages 12,4048 11.4 2,223 (1,856) 2.5 (2.1) 2 7 0.0

*  Notifications where the month of onset was between January 1993 and December 1998; hospitalisations where the month of
admission was between 1 July 1993 and 30 June 1998; deaths where the date of death was recorded between 1993 and 1997.

T LOS = length of stay in hospital.

Average annual age-specific rate per 100,000 population.
Includes cases with unknown ages.

A Principal diagnosis.
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There were 7 deaths from measles between 1993 and 1997; 1 in 1993, 3 in 1994 and 3 in 1995. Deaths were
recorded for all age groups except 60 years and above. Four of the deaths from measles occurred in
Queensland and three in Victoria.

Age and sex distribution

Notification and hospitalisation rates were highest for children aged 0—4 years (average annual rates 45.4 and
14.6 per 100,000 respectively). Within this age group, notification and hospitalisation rates were highest in
those less than 2 years of age (72.6 and 19.1 per 100,000 respectively) (South Australia and Queensland
provided hospitalisation data only by 5-year age groups, so were excluded from this calculation). Whilst the
notification rate for 0—4 year olds fell from 86.4 per 100,000 in 1993 to 15.6 per 100,000 in 1998

(Figure 4a), the proportion of notifications from this age group increased from 24% to 66% over the same
period. Hospitalisation rates declined for most age groups after 1994/1995, notably for 0—4 year olds (Figure
4b). Children in the 0-4 year age group accounted for proportionally more hospitalisations (42%) than
notifications (29%).

Individuals aged 5-19 years accounted for 58% of notifications and 43% of hospitalisations. Children aged
10-14 years had higher notification rates than those in the 5-9 and 15-19 year age groups in 1993 and 1994
but not after 1994. The proportion of notifications from the 10-14 year age group fell from 25% in 1993 to
3% in 1998, while the proportion from the 5-9 year age group showed no continuing trend over the review
period, but ranged between 13% and 25%.

Adults aged 20-29 years accounted for 9% of all notifications and 10% of hospitalisations. Notification rates
in this age group increased from 9.8 per 100,000 in 1993 to 17.8 per 100,000 in 1994. From 1995 onwards,
notification rates remained below 5 per 100,000 and hospitalisation rates below 1 per 100,000.

There were similar numbers of notifications and hospitalisations for males and females both overall and for
each year reviewed. Of the 7 deaths from measles, 3 were male and 4 were female.

Figure 4a. Measles notification rates for cases by age group and year of onset,
Australia 1993-1998*
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Figure 4b. Measles hospitalisation rates for cases by age group and year of
admission, Australia 1993—-1998*

40 -
5 e -¢:0-4yrs
= 35 '
© A =0 -5-9yrs
2 \
o i -
8.30' \\ 10 19yrs
S ‘. 20-29 yrs
S 25 - \ 30+ yrs
o *
o N
T 20 - .
(0 AN
Qo N
2 15 -
i)
©
£ 10 A
T
@ 5-
o
I
0

93/94 94/95 95/96 96/97 97/98
Year of admission

*

Hospitalisations where the month of admission was between 1 July 1993 and 30 June 1998.

Geographical distribution

There were considerable differences between States/Territories over the review period (Appendices 2 and 3).
Overall, notification and hospitalisation rates were highest in the Northern Territory (51.7 and 9.5 per
100,000 respectively) and lowest in South Australia, Western Australia and Victoria, all of which had
notification rates of less than 4 per 100,000 and hospitalisation rates of less than 0.5 per 100,000. In the
epidemic years of 1993-1994, there were even greater differences between jurisdictions. Queensland, the
Northern Territory, New South Wales, the Australian Capital Territory and Tasmania experienced peak
annual hospitalisation and notification rates during the epidemic years that were at least five times higher
than those for South Australia, Western Australia and Victoria.

Although nationally numbers of notifications and hospitalisations peaked in 1993, some States/Territories
recorded higher numbers in 1994. In most jurisdictions, hospitalisation rates followed the same trend as
notification rates with all States/Territories except Queensland, New South Wales and the Australian Capital
Territory (where there were small outbreaks in 1997/1998) showing a progressive fall in numbers of
notifications and hospitalisations over the review period. However, in all jurisdictions, rates in 1997/1998
were low compared with historical peaks (Appendix 1).

Comment

The review period was dominated by high numbers of measles notifications and hospitalisations in 1993 and
1994, with numbers considerably lower in later years. There was also substantial variation in measles
incidence between regions. This could not explained by differences in recent measles vaccination coverage,
as the ABS surveys in 1989 and 1995 showed coverage of approximately 86%> and 92%" respectively
across all jurisdictions. However, in an earlier ABS survey in 1983,>* measles vaccination coverage differed
between jurisdictions. The States with high measles vaccination coverage estimates for 2—5 year olds in 1983
(South Australia, Victoria and Western Australia) corresponded to the jurisdictions with the lowest rates of
measles ten years later, in 1993—-1994.

During the review period age-specific notification and hospitalisation rates were highest in the 0—4 year age
group, specifically in the less than 2 year age group, followed by the 5-19 year age group. The age
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distribution of measles cases in Australia was similar to that of other developed countries with relatively
high vaccination coverage, where outbreaks have occurred amongst highly vaccinated populations of school
children and unvaccinated preschoolers.” Although many of the notifications in infants were likely not to be
true measles,*® hospitalisation data indicated that the incidence of measles in this group was high. Delayed
vaccination of infants aged less than 2 years may be one explanation for the high rates of measles in this age
group. A national serological survey in 1998, prior to the Australian Measles Control Campaign (MCC),
showed that only 70% of infants aged 12 to 23 months were seropositive for measles IgG compared with
82% of children aged 2—5 years.”’

The measles epidemic of 1993—-1994 prompted the introduction of a second dose of measles-mumps-rubella
(MMR) vaccine for adolescents aged 10—16 years. Prior to this time, children received only a single dose of
vaccine at 12 months of age. Since the introduction of a two-dose policy in 1994, notifications for all age
groups have declined dramatically. The decrease was most marked for children aged 10—14 years, reflecting
the impact of the second dose on this age group.

The low notification rates for measles in July—December 1998 may in part be due to the MCC which was
conducted during this time.”” The MCC involved vaccination of all 5~12 years olds in a mass school-based
program and lowering the age for the second dose of MMR vaccine from 10-16 years to 4-5 years. In
addition, parents of preschool aged children due or overdue for the first dose of MMR were sent a reminder
letter. The impact of the MCC will be better assessed when surveillance data for the period following the
Campaign are available.

Although notification rates among adults remained low over the review period, it is likely that older
individuals will account for an increasing proportion of cases as vaccination coverage continues to improve
among infants and children.?® Young adults aged between 18 and 30 years (too young to have been
extensively exposed to circulating wild virus and too old to have been included in the two-dose schedule
introduced in 1994), will be most at risk of measles in the future.?’ For this reason, young Australian adults,
particularly those attending tertiary institutions or planning travel to areas where measles remains endemic,
are currently being encouraged to have a second dose of MMR.*

Vaccine preventable diseases and vaccination coverage in Australia, 1993—1998
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Mumps

Mumps is an acute viral disease caused by a paramyxovirus. The disease is characterised by fever, swelling
and tenderness of one or more salivary glands, most commonly the parotid glands. The central nervous
system is frequently involved, usually without sequelae.'®

Case definitions

Notifications

a) Isolation of mumps virus from a clinical specimen

or

b) Significant rise in mumps antibody level by any standard serological assay, except
following vaccination

or

c) A clinically compatible illness (unilateral or bilateral swelling of the parotid or other
salivary glands lasting 2 days or more without other apparent cause).

Note: In NSW only laboratory confirmed cases [(a) or (b)] are notifiable.

Hospitalisations and deaths

The ICD-9/ICD-9-CM code 072 (mumps) was used to identify cases and deaths.

Secular trends

During the six years from 1993 to 1998 there were 760 notifications of mumps (an average annual
notification rate of 0.8 per 100,000) (Table 5). Numbers of notified cases generally increased over the review
period (Figure 5). Overall, notification rates were lower in 1993—1994 compared with later years

(Appendix 2). Monthly numbers of notifications varied considerably, with a median of 10 (range 0-27)
notifications per month. This variation did not appear to be seasonal.

From July 1993 to June 1998 there were 270 hospitalisations coded as due to mumps, an average annual
hospitalisation rate of 0.3 per 100,000 (Table 5). Annual numbers and rates of hospitalisations remained
fairly constant (Appendix 3), in contrast to the upward trend for notifications. However, like the notification
data, numbers of hospitalisations peaked in the first half of 1997 and there was considerable monthly
variation (median 4, range 1—12 per month).
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Figure 5. Mumps notifications and hospitalisations by month of onset or
admission, Australia 1993—-1998*
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* Notifications where the month of onset was between January 1993 and December 1998;
hospitalisations where the month of admission was between 1 July 1993 and 30 June 1998.

**  Note that the number of jurisdictions notifying mumps increased over the review period; Only the
ACT, NSW and Victoria notified for the entire review period.

Table 5. Mumps notifications, hospitalisations and deaths by age group, Australia 1993-1998*

Notifications Hospitalisations LOST Deaths

1993-1998 July 1993-June 1998 per admission (days) 1993-1997
Age group
(years) No. Rate* Total (A) Rate* (1) Median No. Rate*
0-4 143 2.2 44 (34) 0.7 (0.5) 2 0 -
5-14 242 1.9 53 (46) 0.4 (0.4) 2 0 -
15-24 109 0.8 31 (20) 0.2 (0.1) 2 0 -
25-59 183 0.4 100 (67) 0.2 (0.2) 3 1 0.0
60+ 33 0.2 42 (23) 0.3 (0.2) 4 1 0.0
All ages 7608 0.8 270 (190) 0.3 (0.2) 2 2 0.0

*  Notifications where the month of onset was between January 1993 and December 1998; hospitalisations where the month of
admission was between 1 July 1993 and 30 June 1998; deaths where the date of death was recorded between 1993 and 1997.

T LOS = length of stay in hospital.

¥ Average annual age-specific rate per 100,000 population.
$  Includes cases with unknown ages.

A Principal diagnosis.

Severe morbidity and mortality

One thousand one hundred and sixty eight hospital bed days (average 234 per year) were recorded for
patients with the ICD-9-CM code for mumps (Table 5). Of the 270 admissions, 190 (70%) had mumps
recorded as their principal diagnosis (average annual rate 0.2 per 100,000). Complications arising from
mumps infection were recorded for 62 admissions (26%). Of all mumps hospitalisations, 25 (9%) were
coded as orchitis and 22 (8%) were coded as neurological complications (12 encephalitis, 9 meningitis, 1
polyneuropathy). Eight admissions (3%) had multiple complications. The median length of stay (LOS) in
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hospital was 2 days, but adults aged at least 25 years had a longer median LOS compared with younger age
groups (Table 5). Adults aged 25 years and over accounted for the greatest number of hospitalisations (53%)
and hospital bed days (73%). However, hospitalisation rates by age group were highest in children.

Two deaths were recorded as due to mumps, both in adults aged at least 25 years. One death was recorded in
1994 and one in 1995.

Age and sex distribution

Notification rates were highest in the 5-9 year age group (average annual rate 2.6 per 100,000), while
hospitalisation rates were highest for children aged 0—4 years (average annual rate 0.7 per 100,000)
(Figure 6a and Figure 6b). Hospitalisations were more evenly spread across most ages than notifications;
44% of notifications were aged less than 10 years compared with only 26% of hospitalisations.

Although the overall male:female ratio was close to equality for both notifications and hospitalisations, this
conceals differences by age group. Males were predom