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Abstract

Background: Since the introduction of measles 
vaccine to the vaccination schedule, the burden 
of measles has substantially fallen in Australia. 
Despite this, a number of recent measles out-
breaks have occurred. The aim of this study was to 
examine the burden of measles in Australia using 
notification, hospitalisation and mortality data with 
the objectives of setting a baseline for comparison 
prior to the introduction of the combined measles-
mumps-rubella-varicella vaccine.

Methods: Data were obtained from the Australian 
National Notifiable Diseases Surveillance System, 
the National Hospital Morbidity Database and the 
National Mortality Database to obtain notification, 
hospitalisation and death data, respectively from 
2000 to 2011. Rates were calculated and com-
pared over time by age group and jurisdiction.

Results: Since 1993, measles notifications have 
fallen considerably in Australia. However, between 
2000 and 2011, measles notification rates and 
hospitalisation rates fluctuated. Between 2000 
and 2011, there were 990 measles notifications 
in Australia. The average annual notification rate 
was 0.4 per 100,000 population. Children aged 
0–4 years were the most susceptible group, particu-
larly infants less than 1 year of age (average annual 
rate, 1.6 per 100,000 population). High incidence 
was also observed in adolescents (average annual 
rate, 0.7 per 100,000 population) and young adults 
(average annual rate, 0.8 per 100,000 population). 
Jurisdictional variation occurred with differing pat-
terns of notifications and hospitalisations.

Conclusions: Although a marked reduction in mea-
sles notifications and hospitalisations has occurred 
in the past decade, susceptible individuals should 
be vaccinated to prevent outbreaks and to maintain 
a low incidence of measles and Australia’s elimina-
tion status. Commun Dis Intell 2015;39(1):E1–E9.
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Introduction

This report is part of an ongoing series produced 
by the National Centre for Immunisation Research 
and Surveillance documenting vaccine preventable 
disease epidemiological trends.

Measles is an acute and highly infectious disease 
caused by a paramyxovirus. Infection is charac-
terised by cough, coryza, fever and the onset of 
a generalised maculopapular rash several days 
after initial symptom onset. Although most indi-
viduals recover from infection, complications can 
occur including otitis media, pneumonia, croup, 
diarrhoea, encephalitis and, very rarely, subacute 
sclerosing panencephalitis.1 

A live attenuated measles vaccine was first licensed 
in 1968 in Australia.2 Although the vaccine was 
introduced in all states and territories of Australia 
by 1972, it was not included in the first national 
childhood vaccination schedule at 12 months of 
age until 8 years later.2 A 2nd dose was introduced 
for those aged 10–16 years at the end of 1993, fol-
lowing a large measles epidemic that resulted in 
approximately 10,000 cases and 4 deaths.3,4 By 
1995, measles incidence and hospitalisations had 
decreased substantially and the last death was 
recorded during this year.5–8

Despite these reductions in measles incidence, 
modelling studies indicated that gaps in immunity 
due to suboptimal vaccine coverage and the large 
gap between the 1st and 2nd doses of vaccine were 
likely to result in further outbreaks, leading to the 
1998 National Measles Control Campaign.5 The 
campaign included school-based mass vaccina-
tion of children 5–12 years of age8 and lowering 
the age for the 2nd dose to 4–5 years.3 Following 
the campaign, population immunity increased 
substantially.8 In 1999, following a large Victorian 
outbreak that predominantly affected young adults, 
the Australian Government funded measles vac-
cine for young adults aged 18–30 years.9 However, 
this campaign had suboptimal uptake; no subse-
quent increase in immunity among young adults 
could be demonstrated and outbreaks continued in 
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the young adult age group.10 Despite this, overall 
measles incidence continued to fall in Australia 
since 2005.3

In 2010, coverage for the 1st dose of a measles-
containing vaccine, usually given as measles-
mumps-rubella vaccine (MMR), was estimated at 
94% for children at 24 months of age, compared 
with 90% for the 2nd dose at 60 months of age.11 
Based on some degree of under-reporting to the 
Australian Childhood Immunisation Register, 
these are likely to be minimum estimates12 and 
from July 2013, a combined measles-mumps-
rubella-varicella vaccine (MMR-V) was included 
in the National Immunisation Program for chil-
dren aged 18 months, which is expected to increase 
2nd dose measles coverage.13

This epidemiologic review documents age-specific 
trends in measles infection using data on measles 
notifications, hospitalisations and mortality with the 
objectives of setting a baseline for comparison prior 
to the introduction of the combined MMR-V vaccine.

Methods

Data sources

Notifications

Measles is a notifiable condition in all jurisdictions 
in Australia and both confirmed and probable cases 
are notified to health authorities.14 A confirmed 
case of measles requires laboratory definitive evi-
dence or clinical evidence with an established epi-
demiological link. Alternatively, a probable case of 
measles requires clinical and laboratory evidence 
suggesting measles infection.15

De-identified national data for both con-
firmed and probable measles notifications were 
obtained from the National Notifiable Diseases 
Surveillance System (NNDSS) from January 
2000 to December 2011.16 Notification data from 
1993 to 1999 were also obtained to show historical 
trends prior to the reporting period of the study. 
The following fields were included in the analysis: 
date of diagnosis, age at onset, state or territory of 
residence and genotype of measles specimen. The 
date of diagnosis is a NNDSS derived field and 
is defined as the onset date (if known) or where 
the date of onset was not known, the earliest of the 
specimen collection date, the notification date, or 
the notification receive date.

Hospitalisations

Data coded for measles using the International 
Statistical Classification of Diseases and Related 
Health Problems, Tenth Revision, Australian 

Modification International Classification of 
Disease (ICD)-10-AM/ICD-10 code B05 were 
obtained from the Australian Institute of Health 
and Welfare National Hospital Morbidity 
Database.17 The database collects information on 
patients admitted to public and private hospitals in 
Australia. Hospital admissions between January 
2000 and December 2011 were analysed. Our 
analysis includes measles hospitalisations recorded 
in any field as well as by principal diagnosis (i.e. 
the diagnosis primarily responsible for prompting 
an episode of admitted or residential care or pres-
entation at a healthcare institution). The variables 
used in the analysis included date of admission, 
diagnosis, age on admission, state or territory of 
residence, length of stay and the mode of separa-
tion (i.e. the process by which an admitted patient 
is discharged e.g. discharge, death, transfer or 
change in care type).

Deaths

De-identified aggregated mortality data were 
obtained from the Australian Bureau of Statistics 
(ABS) National Mortality Database for this report-
ing period.17 Registered deaths with measles as the 
underlying cause based on the cause of death clas-
sification ICD-10 were analysed. A more detailed 
explanation of the methodologies used has been 
previously described.8

No ethics approval was sought as de-identified 
aggregate population based data were used in this 
epidemiological review.

Data analysis

Crude and age-specific annual rates were calcu-
lated using mid-year population estimates obtained 
from the ABS.18 Median length of stay was calcu-
lated for hospital admissions by days. The analyses 
focused on the most recent period, January 2007 to 
December 2011.

Results

Historical measles data show that notified cases 
peaked at 4,678 in 1993 and 5,184 in 1994, and 
since then measles notifications dropped dramati-
cally to as low as 10 cases during 2005 (Figure 1). 
For the reporting period of the study, between 
2000 and 2011, small peaks were observed in 
2001 (n = 136; 0.7 per 100,000 population), 2006 
(n = 125; 0.6  per 100,000 population) and, more 
recently 2011 (n=190; 0.9 per 100,000 population). 
The number of hospitalisations also decreased 
since 1993, with peaks corresponding to notifica-
tions in 2001 (n=60; 0.3 per 100,000 population); 
2006 (n = 45; 0.2 per 100,000 population) and 2011 
(n = 76; 0.3 per 100,000 population).
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Age distribution

Between 2000 and 2011, no specific age group 
consistently had the highest annual notification 
rate, which fluctuated considerably due to the 
small number of cases (Figure 2). Infants less than 
12 months of age, who were not eligible to receive 
the vaccine, had the highest notification rates in 

most years, except during 2005 and 2010, when no 
infant cases were notified. In 2011, the notification 
rate in infants was 3.8 per 100,000 population, the 
highest notification rate of all age groups during 
the 12-year period. During most years, children 
1–4 years of age, who were eligible for 2 doses of 
the vaccine, had the second highest notification 
rate followed by adolescents aged 10–19 years of 
age and young adults aged 20–34 years since 2009 
(Figure 2).

State and territory variations

Over the time period studied, there was consider-
able variation in notification rates among state and 
territories (Figure 3). Between 2000 and 2011, the 
3 most populous states (New South Wales, Victoria 
and Queensland) accounted for 76% of all measles 
cases nationwide. New South Wales reported the 
highest rate of measles notifications, of which 27% 
occurred during 2011 (1.2 per 100,000 population). 
Only in 2009 did all states and territories report 
at least 1 measles case. The trend in hospitalisa-
tion rates follows a similar pattern to the rates of 
notifications (Figure 3).

Overall, notification and hospitalisation rates 
remained low throughout the time period consid-
ered. Nationally, notification rates remained below 
1 per 100,000 population for 2007 to 2011, except in 
New South Wales, the Northern Territory and the 
Australian Capital Territory in 2011.

Figure 1:  Number and rates of notifications 
and hospitalisations,* Australia, 1993 to 2011, 
by year of diagnosis or admission
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Source: Australian Institute of Health and Welfare National 
Hospital Morbidity Database and the National Notifiable 
Diseases Surveillance System.

Figure 2:  Measles notification rates, Australia 2000–2011, by age group and year of diagnosis
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Figure 3:  Measles notification and hospitalisation rates, 2000 to 2011,*,† by state or territory

0

1

2

3

4

5

6

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

R
at

es
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Year

ACT Notification rates

Hospitalisation rates

Notification rates

Hospitalisation rates

0.0

0.5

1.0

1.5

2.0

2.5

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

R
at

es
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Year

NT

Notification rates

Hospitalisation rates

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

R
at

es
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Year

SA

Notification rates

Hospitalisation rates

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

R
at

es
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Year

Vic.

Notification rates

Hospitalisation rates

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

R
at

es
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Year

NSW

Notification rates

Hospitalisation rates

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

R
at

es
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Year

Qld

Notification rates

Hospitalisation rates

0.0

0.5

1.0

1.5

2.0

2.5

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

R
at

es
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Year

Tas.

Notification rates

Hospitalisation rates

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

R
at

es
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Year

WA

*	 Scales vary between jurisdictions.
†	 Hospitalisations by principal diagnosis only.
Source: Australian Institute of Health and Welfare National Hospital Morbidity Database and the National Notifiable Diseases 
Surveillance System.



CDI	 Vol 39	 No 1	 2015	 E5

	 Original article

Genotypes

At the national level, the proportion of measles 
notifications with data on genotype increased from 
zero (no genotype data available) in 2000 to 61% 
in 2010 (Figure 4). There was no single dominant 
genotype over this period. The genotypes detected 
were B3, D4, D5, D8, D9, G3 and H1 and the 
majority of reported cases were imported or linked 
to imported cases. During this period, sporadic 
unknown source cases were also identified.

Severe morbidity and mortality

As observed with notifications, the number of 
hospitalisations has substantially declined over 
the past 2 decades, with the less than 1 year age 
group having the highest hospitalisation rates for 
most years followed by children aged 1–4 years 
and young adults (aged 20–34 years) (Figure 5). 
Overall, adults aged 35 years or more had the low-
est hospitalisation rates.

During 2000 to 2011, the all age average ratio of 
notification to hospitalisation was 1.9. For the 
same period, the average age specific notifica-
tion to hospitalisation ratio was 0.9 for infants 
(< 1 year); 1.7  for 1–4 years; 4.7 for 5–9 years; 
4.4 for 10–19 years; 2.1 for 20–34 years and 1.3 for 
35 years and older.

In 2007 to 2011, of the 199 measles-related hospi-
tal admissions, 173 (87%) had measles recorded 
as the principal diagnosis and complications were 
recorded for 26 (15 %) admissions (Table 1). Of 
these, 10 were coded as having pneumonia and 
16 as complications other than pneumonia, oti-
tis media, encephalitis and meningitis such as 

Figure 4:  Proportion of measles notification, 
Australia, 2000 to 2011, by genotype
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Figure 5:  Measles hospitalisation rates, Australia, 2000 to 2011, by age group and year of 
admission
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keratitis, keratoconjunctivitis and intestinal com-
plications. No deaths were recorded in patients 
hospitalised with measles.

Length of stay per admission by age group is 
displayed in Table 2. Between 2007 and 2011, the 
total number of 173 hospital admissions by princi-
pal diagnosis accounted for 491 bed days and the 
median length of stay was 3 days.

Between 2002 and 2011, the National Mortality 
Database recorded measles as the underlying cause 
of death in 1–4 cases. These deaths were registered 
in 2010 and occurred in males only. To protect 
confidentiality, cells in the dataset with non-zero 
values of less than five are assigned a value of 
1–4 by the ABS.17

Discussion

Our results provide an overview of the burden of 
measles in Australia over the last 12 years demon-
strating that measles incidence is low and consist-
ent with the elimination of indigenous measles. 
Overall, the notification rate fluctuated, falling to 
less than 1 case per million population twice dur-
ing the study period, a previous indicator of low 
incidence set by the World Health Organization, 
required to reach elimination.19 More recently, 
however, this indicator was updated to not include 
a threshold. The revised indicator states countries 
where measles has been eliminated should have a 
very low incidence of confirmed cases and absence 
of seasonality, a situation which our study support.

It has previously been accepted that measles is 
predominantly a childhood disease. During the 
period reported, despite overall low incidence, the 

Table 2:  Length of stay per admission of measles hospitalisation, 2007 to 2011,* by age group

Age group 
(years)

Hospital admissions Length of stay (days)

n Rate per 100,000† Median number of days Range
< 1 15 1.03 1 1–6
1–4 28 0.50 1.5 1–5
5–9 2 0.03 1 1–1
10–19 26 0.18 2 1–6
20–34 71 0.31 3 1–8
35+ 31 0.05 3 1–10
Total 173 0.16 3 1–10

*	 Hospitalisations by principal diagnosis only.
†	 Average annual age-specific rate per 100,000 population.

Table 1:  Selected indicators of severe morbidity for hospitalised cases of measles, Australia, 2007 
to 2011,* by age group

Age group 
(years)

Measles complicated by 
pneumonia

Measles with complications 
other than pneumonia, 

otitis media, encephalitis or 
meningitis Measles without complications

  n % total† n % total† n % total†

<1 1 6.7 2 13.3 12 80.0
1–4 0 – 0 – 28 100.0
5–9 0 – 0 – 2 100.0
10–19 1 3.8 1 3.8 24 92.3
20–34 3 4.2 7 9.9 60 84.5
35+ 5 16.1 6 19.4 20 64.5
All ages 10 5.8 16 9.2 146 84.4

*	 Hospitalisations by principal diagnosis only.
†	 Per cent of total in the age group.
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0–4 years age group remain a vulnerable popula-
tion for measles infection and hospitalisations 
and infants younger than 12 months of age had 
the highest incidence in most years, highlighting 
their susceptibility. One possible explanation for 
this could be the decline in maternal antibodies in 
women with vaccine-acquired immunity, reach-
ing a lower nadir at 7–9 months of age than those 
with infection-acquired immunity.20,21 It has been 
postulated that because measles is becoming rare, 
the lack of natural boosting through exposure to 
wild virus in both vaccinated women and women 
with past infection has consequently resulted 
in infants becoming more susceptible. It is thus 
important, to avert preventable cases, that timely 
vaccine uptake among infants occurs at the recom-
mended 12 months of age. During outbreaks, the 
1st dose of measles can be administered early, for 
example at 9 months of age, with 2 subsequent 
doses required after 12 months of age due to 
concerns of interference with maternal antibod-
ies. Previously under the NIP, the 2nd MMR dose 
(MMR2) was administered at 4 years of age. In 
2008, it was recommended that MMR2 should be 
brought forward to 18 months given the number 
of notifications in the 1–4 years age group and 
the potential to improve vaccine uptake.13 This 
recommendation was implemented under the NIP 
in July 2013 and aims to protect children against 
measles at an earlier age.13

Between 2009 and 2010, it was notable that indi-
viduals aged 10–19 years had high notification 
rates that further increased in 2011. It is likely that 
a proportion of this age group were too young to 
have been eligible for MMR2 given at 10–14 years 
between 1995 and 1998 and too old for MMR2 when 
the dose was brought forward to 4–5 years of age 
in 1998, and thus missed out on MMR altogether. 
This was highlighted during a recent high-school 
based outbreak (10 cases in a single high-school).22 
Additionally, collection and analysis of detailed 
demographic information on the 10–19 years age 
group may assist in considering risk factors that 
may be associated with infection such as ethnicity 
(8 of the 10 cases were of Pacific Islander origin22). 
This would allow for more targeted interventions 
to be piloted, promoting vaccination uptake in this 
age group.

Our study supports previous literature that identi-
fied young adults as a susceptible cohort. 23 The 
authors from the serosurveillance study reported 
highest immunity (98.3%) in subjects born before 
1968 reflecting greater exposure to the wild type 
measles virus in older adults. Those born between 
1968 and 1982 are particularly susceptible as low 
vaccine coverage existed when they were infants 
and circulation of wild virus was becoming less 
common.23 Furthermore, many in this cohort 

were ineligible for MMR2 as they exceeded the 
10–16  year eligibility age when it was offered 
between 1994 and 1998. Young adults are increas-
ingly well-travelled and a number of more recent 
outbreaks have occurred following the importa-
tion of measles by a young adult traveller from an 
endemic country.24–26 Although a targeted young 
adult measles campaign was conducted in 2001, it 
did not achieve high uptake.27

In Aboriginal and Torres Strait Islander people, 
notification and hospitalisation rates for measles 
have remained low across all age groups.28 The 
highest notification and hospitalisation rate among 
Aboriginal and Torres Strait Islander people 
occurred in children less than 5 years of age.28 With 
respect to hospitalisations, there were no hospitali-
sations recorded for Aboriginal and Torres Strait 
Islander people ≥15 years of age.28 Vaccination sta-
tus of all reported measles cases should be checked 
and validated.30 As most outbreaks in Australia 
begin with an importation of measles from an 
endemic country, it is essential that measles immu-
nity status be assessed when patients attend clinics 
to receive vaccinations for international travel. 
Currently, all individuals born during or after 
1966 who have not acquired natural immunity or 
received 2 doses of MMR are recommended to be 
vaccinated before travelling overseas.13 Of further 
concern is whether travellers present to a health-
care provider for pre-travel advice. In a study of 
17,353 ill returned travellers who presented to one 
of the 30 participating travel or tropical medicine 
clinic around the globe, 50% had documented pre-
travel health advice.29 An Australian-based study 
found that 4% of 917 recently returned travellers 
who presented to 2 hospitals over a 6-year period 
(1998–2004) were vaccinated against MMR.30 
Hence, it is necessary to raise awareness of the risk 
of measles in under- or unvaccinated individuals 
travelling to measles endemic countries as part of 
pre-travel health advice. Currently, comprehensive 
information is provided on the Department of 
Foreign Affairs and Trade Smartraveller web site.31

Clearly, age-specific vulnerability (derived from 
interpretation of age-specific seropositivity to mea-
sles antibodies) of populations exist, even though 
measles is so rare in Australia and consequently 
this may lead to outbreaks in these populations. To 
determine whether cases are linked, it is important 
that genotyping of specimens occurs. Additionally, 
genotyping indicates the origins of the virus and 
gives information as to whether there are particular 
strains circulating in a country– especially impor-
tant for ensuring measles elimination status.32

A number of limitations in the analysis warrant 
caution in interpreting the results. In general, 
notification data are considered not representative 
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of all cases in the community as not all cases may 
present to a medical practitioner or be recognised. 
However, this is unlikely to occur for measles as 
it is assumed most cases would attend a medical 
practitioner due to the severity of the symptoms of 
the disease.

Hospitalisations for measles should be interpreted 
with caution due to possible coding errors. A 
Victorian based study found that the discrepancy 
rate in coding fields among hospital morbidity 
data increased the rarer the condition.33 Our data 
also highlighted these discrepancies, as in some 
instances the number of hospitalisations exceeded 
the number of notifications suggesting either the 
under-reporting of measles notifications and/or 
the miscoding of hospitalisations as measles.

There were reporting issues with mortality data too 
and paucity of information on complications, pre-
existing co-morbidities and/or extremes of age.34

Lastly, the case definition for measles was amended 
in 2004. Prior to 2004, a confirmed case of measles 
could include a diagnosis based on an illness clini-
cally consistent with measles. As many conditions 
may present with similar symptoms to measles, the 
specificity of this earlier case definition is likely to 
have been low and subsequently led to an overesti-
mation of true measles cases. 35

Conclusions

Measles is rare in Australia. The incidence of 
measles has fluctuated over the last 12 years, with 
presence of age-specific vulnerability in popula-
tions, even though measles incidence is so low in 
Australia. Children less than 5 years of age, and 
more recently, adolescents and young adults have 
been susceptible and hence, there is an ongoing 
need to improve vaccine uptake in vulnerable 
populations to prevent outbreaks. Overall, in this 
period, measles incidence has remained low with 
cases being mainly imported or imported-related, 
whilst only limited secondary spread has been 
documented, which together provide evidence 
consistent with elimination of indigenous measles 
in the country.

Author details
May Chiew1

Aditi Dey1

Nicolee Martin2

Han Wang1

Stephanie Davis3

Peter B McIntyre1

1.	 National Centre for Immunisation Research and 
Surveillance of Vaccine Preventable Diseases, 
Westmead, New South Wales

2.	 Office of Health Protection, Health Protection Policy 
Branch, Department of Health, Canberra, Australian 
Capital Territory

3.	 Australian National University, Acton, Australian Capital 
Territory

Corresponding author: Dr Aditi Dey, National Centre for 
Immunisation Research and Surveillance, Locked Bag 4001, 
WESTMEAD NSW 2145. Telephone: +61 2 9845 1416. 
Facsimile: +61 2 9845 1418. Email:aditi.dey@ health.nsw.
gov.au

References
1.	 Heymann DL. Control of Communicable Diseases 

Manual. 19th edn. Washington: American Public Health 
Association, USA; 2008.

2.	 Gidding HF, Burgess MA, Kempe AE. A short history of 
vaccination in Australia. Med J Aust 2001;174(1):37–40.

3.	 Heywood AE, Gidding HF, Riddell MA, McIntyre PB, 
MacIntyre CR, Kelly HA. Elimination of endemic mea-
sles transmission in Australia. Bull World Health Organ 
2009;87(1):64–71.

4.	 Turnbull FM, Burgess MA, McIntyre PB, Lambert SB, 
Gilbert GL, Gidding HF, et al. The Australian measles 
control campaign, 1998. Bull World Health Organ 
2001;79(9):882–888.

5.	 Gidding H. The impact of Australia’s measles control 
programme over the past decade. Epidemiol Infect 
2005;133(1):99–105.

6.	 Brotherton J, McIntyre P, Puech M, Wang H, Gidding H, 
Hull B, et al. Vaccine preventable diseases and vaccina-
tion coverage in Australia 2001 to 2002. Commun Dis 
Intell 2004;28(Suppl 2):S1–S116.

7.	 Brotherton J, Wang H, Schaffer A, Quinn H, Menzies R, 
Hull B, et al. Vaccine preventable diseases and vaccina-
tion coverage in Australia, 2003 to 2005. Commun Dis 
Intell 2007;31(Suppl):S1–S152.

8.	 Chiu C, Dey A, Wang H, Menzies R, Deeks S, Mahajan D, 
et al. Vaccine Preventable Diseases in Australia, 2005 to 
2007. Commun Dis Intell 2010;34(Suppl):S1–S172.

9.	 Campbell M. Young adult measles vaccination. Commun 
Dis Intell 2000;24:241–242.

10.	 Kelly H, Gidding HF, Karapanagiotidis T, Leydon JA, 
Riddell MA. Residual susceptibility to measles among 
young adults in Victoria, Australia following a national 
targeted measles-mumps-rubella vaccination campaign. 
BMC Public Health 2007;7:99.

11.	 Hull B, Dey A, Menzies R, McIntyre P. Annual immu-
nisation coverage report, 2010. Commun Dis Intell 
2013;37(1):E21–E39.

12.	 Hull BP, Lawrence GL, MacIntyre CR, McIntyre PB. 
Immunisation coverage in Australia corrected for under-
reporting to the Australian Childhood Immunisation 
Register. Aust N Z J Public Health 2003;27(5):533–538.

13.	 Australian Technical Advisory Group on Immunisation. 
The Australian Immunisation Handbook. 10th edn. 
Canberra, Australia: National Health and Medical 
Research Council and the Department of Health and 
Ageing; 2013.

14.	 NNDSS Annual Report Writing Group. Australia’s notifi-
able disease status, 2009: annual report of the National 
Notifiable Diseases Surveillance System. Commun Dis 
Intell 2011;35(2):61–131.

mailto:aditi.dey@%20health.nsw.gov.au
mailto:aditi.dey@%20health.nsw.gov.au


CDI	 Vol 39	 No 1	 2015	 E9

	 Original article

15.	 Department of Health. Australian national notifi-
able diseases case definitions: Measles case definition. 
Accessed on 17 February 2014. Available from: http://
www.health.gov.au/internet/main/publishing.nsf/
Content/cda-surveil-nndss-casedefs-cd_measl.htm

16.	 Communicable Diseases Network Australia. National 
Notifiable Diseases Surveillance System.

17.	 Australian Bureau of Statistics. Underlying cause of 
death, All causes, Australia. 2002–2011.

18.	 Australian Bureau of Statistics. Australian Demographic 
Statistics, June 2013. Available from: http://www.abs.gov.
au/AUSSTATS/abs@.nsf/DetailsPage/3101.0Jun%20
2013?OpenDocument

19.	 Field guidelines for measles elimination: World Health 
Organization Regional Office for the Western Pacific; 
2004.

20.	 Caceres VM, Strebel PM, Sutter RW. Factors deter-
mining prevalence of maternal antibody to measles 
virus throughout infancy: a review. Clin Infect Dis 
2000;31(1):110–119.

21.	 Leuridan E, Hens N, Hutse V, Ieven M, Aerts M, Van 
Damme P. Early waning of maternal measles antibodies 
in era of measles elimination: longitudinal study. BMJ 
2010;340.

22.	 Flego K, Sheppeard V, McPhie K. A recent measles 
outbreak in Western Sydney— diagnosis and popula-
tion vaccination status. The Broad Street Pump-Centre 
for Infectious Diseases and Microbiology Public Health 
2011(23).

23.	 Gidding HF, Gilbert GL. Measles immunity in 
young Australian adults. Commun Dis Intell 
2001;25(3):133–136.

24.	 Weston KM, Dwyer DE, Ratnamohan M, McPhie K, 
Chan S-W, Branley JM, et al. Nosocomial and commu-
nity transmission of measles virus genotype D8 imported 
by a returning traveller from Nepal. Commun Dis Intell 
2003;30(3):358–365.

25.	 Lambert SB, Morgan ML, Riddell MA, Andrews 
RM, Kelly  HA, Leydon JA, et al. Measles outbreak 
in young adults in Victoria, 1999. Med J Aust 
2000;173(9):467–471.

26.	 Martin N, Foxwell AR. Measles status in Australia, and 
outbreaks in the first quarter of 2009. Commun Dis Intell 
2009;33(2):225–231.

27.	 Kelly HA, Gidding HF, Karapanagiotidis T, Leydon JA, 
Riddell MA. Residual susceptibility to measles among 
young adults in Victoria, Australia following a national 
targeted measles-mumps-rubella vaccination campaign. 
BMC Public Health 2007;7:99.

28.	 Naidu L, Chiu C, Habig A, Lowbridge C, Jayasinghe S, 
Wang H, et al. Vaccine preventable diseases and vacci-
nation coverage in Aboriginal and Torres Strait Islander 
people, Australia 2006–2010. Commun Dis Intell 
2013;37(Supplement):S1–S95.

29.	 Freedman DO, Weld LH, Kozarsky PE, Fisk T, Robins R, 
von Sonnenberg F, et al. Spectrum of disease and rela-
tion to place of exposure among ill returned travelers. 
N Engl J Med 2006;354:119–130.

30.	 O’Brien DP, Leder K, Matchett E, Brown GV, Torresi J. 
Illness in returned travelers and immigrants/refugees: the 
6-year experience of two Australian infectious diseases 
units. J Travel Med 2006;13(3):145–152.

31.	 Australian Government Department of Foreign Affairs 
and Trade. Smartraveller. Accessed on 28 July 2014. 
Available from: http://www.smartraveller.gov.au/

32.	 World Health Organization. Framework for verifying 
elimination of measles and rubella. Wkly Epidemiol Rec 
2013;9(88):89–100.

33.	 MacIntyre CR, Ackland MJ, Chandraraj EJ, Pilla JE. 
Accuracy of ICD-9-CM codes in hospital morbidity data, 
Victoria: implications for public health research. Aust N 
Z J Public Health 1997;21(5):477–482.

34.	 Fabian VA, Lee HY, Keith-Rokosh JL, de Souza JL, 
Stewart-Wynne E. A 22-year-old Australian woman with 
atypical subacute sclerosing panencephalitis diagnosed 
at postmortem. J Clin Neurosci 2010;17(9):1192–1194.

35.	 Durrheim DN, Kelly H, Ferson MJ, Featherstone D. 
Remaining measles challenges in Australia. Med J Aust 
2007;187(3):181–184.

http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-cd_measl.htm
http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-cd_measl.htm
http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-cd_measl.htm
http://www.abs.gov.au/AUSSTATS/abs
http://www.abs.gov.au/AUSSTATS/abs
http://www.smartraveller.gov.au

	Original articles
	Australian vaccine preventable disease epidemiological review series: measles 2000–2011
	May Chiew, Aditi Dey, Nicolee Martin, Han Wang, Stephanie Davis, Peter B McIntyre



