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Australian vaccine preventable disease 
epidemiological review series: measles, 2012–2019
Noni E Winkler, Aditi Dey, Helen E Quinn, Davoud Pourmarzi, Stephen Lambert, Peter McIntyre, Frank Beard

Abstract

Background

Data sources, relevant to measles epidemiology from 2012 to 2019, were reviewed in the context of 
Australia’s certification, by the World Health Organization in 2014, of the elimination of measles.

Methods

Data on measles notifications, hospitalisations, and deaths were obtained from the National Notifiable 
Diseases Surveillance System, the National Hospital Morbidity Database, and the Australian Coordinating 
Registry. Data were analysed by age group, state/territory, Aboriginal and Torres Strait Islander status, 
genotype, place of acquisition, source of infection (importation status), and vaccination status.

Results

Between 2012 and 2019, there were 1,337 measles notifications (average annual notifications 0.7 per 
100,000 population per year) and 425 hospitalisations with measles as principal diagnosis (0.3 per 
100,000 population per year) were recorded. The highest annual notification rate was in 2014, when 
the rate in the Northern Territory was 21.4 per 100,000 population per year. Although notification 
and hospitalisation rates were highest in infants < 12 months (respectively 5.8 and 2.1 per 100,000 
population per year), people aged 10 to 39 years (10–19y: 272 notifications; 20–29y: 347; 30–39y: 266) 
accounted for 66% of notified cases. Of cases with a known vaccination status, only 20/169 (11.8%) 
of those aged 1–9 years had received at least one dose of measles-containing vaccine, compared with 
215/571 (37.7%) of those aged 10–39 years. Persons born before 1966 (at least 47 years of age during 
the study period) are likely to have immunity from wild-type measles infection and had the lowest 
notification rates in each year. Of notified cases, 98.1% were imported or import related, and of the 
900 measles viruses genotyped, D8 and B3 accounted for 89.1%.

Conclusion

This review’s findings of low measles incidence, in the presence of robust surveillance and high 
two-dose measles vaccination coverage, provide evidence of continued elimination of endemic mea-
sles in Australia, with almost all cases imported or epidemiologically linked to an imported case. 
Most cases eligible for vaccination are unvaccinated, which should remain the primary focus for 
prevention. Potential waning immunity in older age groups requires monitoring. Continued high 
population immunity and high-quality public health response to cases will be needed to maintain 
Australia’s elimination status, particularly once international borders reopen.

Keywords: Measles, disease surveillance, immunisation, epidemiology, vaccine preventable disease

Original Article
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Introduction

Measles virus is a highly infectious paramyxovi-
rus that causes coryza, cough, fever, and a macu-
lopapular rash.1 Complications of infection can 
include pneumonia, encephalitis, otitis media, 
diarrhoea, and, rarely, subacute sclerosing panen-
cephalitis.1 It is estimated that more than 140,000 
people died worldwide from measles in 2018, the 
majority of whom were children younger than 5 
years of age.2

Globally, the years from 2000 to 2016 saw an 
88% decrease in annual measles incidence, with 
an increase in vaccination coverage with at least 
one dose over this period from 72% to 85%.3 
However, incidence increased more than fivefold 
between 2016 and 2019 and endemic measles 
transmission was re-established in a number of 
countries in the Americas and Europe.3 In 2019, 
widespread outbreaks of measles occurred in the 
Western Pacific region, including in Australia’s 
near neighbours Samoa, New Zealand, Fiji, 
American Samoa, and Tonga.4,5 In 2012, the 
World Health Assembly (WHA) endorsed a tar-
get for measles elimination in five World Health 
Organization (WHO) regions by 2020, but this 
target was not met.2 A formal commitment to 
measles eradication has been postponed by the 
WHA,6 replaced by a goal of sustained elimina-
tion in all six WHO regions by 2030.7

In Australia, there was a peak in measles noti-
fications and hospitalisations in the mid-1990s, 
followed by a decline to < 1 per 100,000 popula-
tion per year in the 2000s.8 This decrease was 
due to measures implemented under the 1998 
National Measles Control Campaign, including 
a school-based vaccination program targeting 
5–12 year old children, allowing for movement 
of the second dose of MMR from 11–13 years to 
4–5 years of age.8 Australia was certified by the 
WHO in 2014 as having achieved elimination 
of endemic measles,9 although elimination was 
probably reached in the early 2000s.10

The last detailed review of measles epidemiology 
in Australia covered the period 2000–2011.8 Since 
then, as well as WHO certification of measles 

elimination, there have been substantial changes 
to immunisation policy impacting on the timing 
and coverage of measles-containing vaccines. 
In 2013, the second dose of measles-containing 
vaccine on the National Immunisation Program 
(NIP) schedule was moved to 18 months of 
age, given as the combination measles-mumps-
rubella-varicella (MMRV) vaccine. MMRV 
replaced the second dose of measles-mumps-
rubella (MMR) vaccine previously scheduled 
at 4 years of age, and the monovalent varicella 
vaccine dose previously scheduled at 18 months. 
In 2016, the federal government’s No Jab No 
Pay policy was introduced, removing ‘conscien-
tious objection’ exemptions from immunisation 
requirements to access a range of federal govern-
ment family assistance payments.11 At the same 
time, vaccination status assessment time points 
for family assistance payments expanded from 
1, 2, and 5 years only,12 to annually up to 19 
years of age.13 Substantial catch-up vaccination 
activity was observed in the two years following 
the introduction of No Jab No Pay compared 
to baseline.13

This study provides an updated review of mea-
sles epidemiology in Australia in the context of 
these issues, events and policy changes.

Methods

Notifications

Notification data were obtained from the 
National Notifiable Diseases Surveillance 
System (NNDSS). Data are collected by state 
and territory health departments under the 
provisions of the public health legislation in 
each jurisdiction and are submitted to the 
Australian Government Department of Health 
on a daily basis for inclusion in the NNDSS.14 
Data included all notifications for confirmed 
or probable measles, as per the national case 
definition,15 with an onset date (or where 
onset date was not available, the earliest of the 
specimen date, notification date, or notification 
received date) between 1 January 2012 and 31 
December 2019.
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Hospitalisations

Hospitalisation data were obtained from the 
Australian Institute of Health and Welfare 
(AIHW) National Hospital Morbidity Database 
(NHMD), which contains line-listed, episode-
level records for all hospital admissions in 
Australian public and private hospitals. Data 
included in this review were all hospitalisations 
with an admission date between 1 January 2012 
and 31 December 2018 (latest full calendar 
year with data available) for which there was 
a principal or additional diagnosis code for 
measles (International Statistical Classification 
of Diseases and Related Health Problems, 
Tenth Revision, Australian Modifications [ICD-
10-AM] codes B05.0 [measles complicated by 
encephalitis], B05.1 [measles complicated by 
meningitis], B05.2 [measles complicated by 
pneumonia], B05.3 [measles complicated by 
otitis media], B05.4 [measles with intestinal 
complications], B05.8 [measles with other 
complications], or B05.9 [measles without 
complications]). The Aboriginal and Torres 
Strait Islander variable in this dataset is coded 
only as “Aboriginal and Torres Strait Islander” 
and “other”, with “other” including all other 
Australians and those not stated or unknown.

Mortality

Mortality data (line-listed cause of death 
unit record file data) were obtained from the 
Australian Coordinating Registry (ACR). We 
included deaths with a date of death between 
1 January 2012 and 31 December 2018 (latest 
year of data available) with measles (ICD-10 
code B05) recorded as the underlying or an 
associated cause of death. Counts fewer than 
six are expressed as a range to comply with the 
data release condition that small counts be sup-
pressed in published reports.

Population estimates

Mid-year resident population estimates by age 
and jurisdiction of residence were obtained 
from the Australian Bureau of Statistics (ABS). 
The ABS Aboriginal and Torres Strait Islander 

population projections for 2012–2019 were 
used. The ABS mid-year resident population 
estimates at statistical area 3 (SA3) level were 
also used.

Data analyses

A descriptive analysis of the data was performed. 
Notifications were analysed by variables includ-
ing: age; sex; state/territory of residence; place 
of acquisition (overseas/Australia); source of 
infection (importation status [imported or 
import-related]); whether recorded as hospital-
ised; geographical area (SA3); Aboriginal and 
Torres Strait Islander status; and vaccination 
history. Vaccinations were deemed invalid if 
they were given within the two weeks prior to 
onset date; these cases were reported as unvac-
cinated if no other valid doses were recorded. 
Vaccinations reported without a vaccination 
date were included as valid. Hospitalisations 
were analysed by variables including: age, 
sex, jurisdiction, Aboriginal and Torres Strait 
Islander status, principal and additional diag-
noses, and length of stay, with the main focus 
on hospitalisations with measles as the principal 
diagnosis. Age groups were assigned as follows: 
< 1; 1–4; 5–9; 10–19; 20–29; 30–39; 40–49; 
and ≥ 50 years of age. Rates were calculated per 
100,000 population per year using mid-year 
ABS resident population data, age-specific or 
jurisdiction-specific mid-year resident popu-
lation data, or Aboriginal and Torres Strait 
Islander population projections as applicable. 
Summary statistics including median and range 
were calculated for age and length of hospital 
stay. Birth cohorts were selected based on key 
changes in immunisation schedules and iden-
tified levels of natural and vaccine acquired 
immunity in cohorts (Table 1). The 95% confi-
dence intervals (CI) for birth cohort rates were 
calculated assuming a Poisson distribution.

Analysis was performed using Microsoft Excel 
2010 and Stata 14.2 (Statacorp LLC, College 
Station, TX, USA). Maps were created using 
version 15 of the MapInfo mapping software.21
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Table 1: Immunisation schedule, immunity, and age band of birth cohorts

Birth cohort Schedule and coverage Age band during study (years)a

≤ 1965 Pre-vaccine era 
Natural immunity assumed

≥ 47

1966–1980
1 dose recommended/scheduled 
Assumed low to modest coverageb

32–53

1981–1999
2-dose schedule 
Variable 2-dose coverage (68–92%)16,17

13–38

2000–2011
2-dose schedule 
Higher 2-dose coverage (93–94%)18,19

1–19

≥ 2012 Dose 2 moved to 18 months 
High 2-dose coverage (95% in 2015)20

< 1–7

a	 Age bands overlap due to ageing of individual birth cohorts across the years assessed.

b	 Coverage estimates not available from the literature for this age cohort.

Ethics

This epidemiological review was approved by 
the Australian National University Human 
Research Ethics Committee (ANU/2020/63).

Results

Secular trends

There were 1,337 measles notifications between 
2012 and 2019 (average annual rate 0.7 per 
100,000 population per year), and 474 hospi-
talisations between 2012 and 2018 with measles 
recorded in any diagnosis field, of which 425 
(89.7%) had measles as the principal diagnosis 
(average annual rate 0.3 per 100,000 population 
per year). There were peaks in measles notifi-
cations in 2014 (n = 339) and 2019 (n = 284) 
(Figure 1). Hospitalisations also peaked in 2014 
(n = 120); hospitalisation data for 2019 were not 
available at the time of analysis.

Notification rate by jurisdiction

Notification rates varied within a narrow band 
across all jurisdictions except the Northern 
Territory during the study period. Apart from 
the Northern Territory, where the peak inci-
dence was 21.4 per 100,000 population per year 
in 2014, peak incidence ranged from 1.0 per 
100,000 population per year in South Australia 
to 2.3 per 100,000 population per year in New 

South Wales and occurred in 2014 in all jurisdic-
tions except New South Wales (2012), Western 
Australia (2019), and South Australia (2013), 
although incidence in 2014 was also above base-
line in all of these states (Figure 2). The three 
most populous jurisdictions (New South Wales, 
Victoria, Queensland) accounted for 72.7% of all 
notified cases (972/1,337). The notification rate 
in the Northern Territory was tenfold higher in 
2014 (21.4 per 100,000 population per year) and 
sixfold higher in 2019 (12.6 per 100,000 popula-
tion per year) than any other jurisdiction, with a 
total of 87 notifications across the study period 
(n = 52 in 2014 and n = 31 in 2019), accounting 
for 6.5% of notifications despite the Northern 
Territory population accounting for only 1% of 
the Australian population. Hospitalisation rates 
nationally were lower than notification rates 
and followed the same trends as notification 
rates for the years from 2012 to 2018 (2019 data 
not available).

Place of acquisition and importation status

Between 2012 and 2019, there were 486/1,337 
notifications (36.4%) recorded as overseas 
acquired (imported) and 837 (62.6%) as 
acquired in Australia (Table 2), with 14 (1.0%) 
without a documented country of acquisition or 
source of infection. Of the 837 cases acquired 
in Australia, 825 (98.6%) were import-related 
(epidemiologically linked to an imported case). 
The proportion of overseas acquired cases 
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Figure 1: Number and rate per 100,000 population per year of measles notifications (2012–2019) 
and hospitalisations (principal diagnosis; 2012–2018; 2019 data not available),a Australia
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Database.

ranged from 10.6% in 2012 to 54.4% in 2018. 
Of the overseas-acquired cases, over 90% were 
acquired in either the WHO South East Asia 
(n = 220; 46.4%) or Western Pacific (n = 208; 
43.9%) region. The most common countries of 
acquisition were Indonesia (n = 106), Philippines 
(n = 84), Thailand (n=52), India (n = 41), and 
Vietnam (n = 29). Of the 42 infants < 12 months 
of age (29.6%) who acquired measles infection 
overseas, the youngest was aged 6 months.

Small area analysis

Average annual incidence from 2012 to 2019 
was < 2 per 100,000 population per year in 326 
of 340 (95.9%) spatial SA3 areas (Figure 3). The 
highest incidence was in Palmerston (Northern 
Territory, 16.0 per 100,000 population per 
year), followed by Caboolture Hinterland 
(Queensland, 12.1 per 100,000 population per 
year), Campbelltown (New South Wales, 5.9 
per 100,000 population per year), and Litchfield 
(Northern Territory 4.2 per 100,000 population 

per year). Incidence was 2–4 per 100,000 popu-
lation per year in 10 additional SA3 areas located 
in NSW (Bringelly-Green Valley, Camden), 
Northern Territory (Darwin City, Darwin 
Suburbs, East Arnhem), Queensland (Nathan, 
Noosa), Victoria (Brunswick-Coburg), and 
Western Australia (Albany, Perth City).

Seasonality

No consistent seasonal trend was evident in 
either notifications (2012–2019) or hospitalisa-
tions (2012–2018) (data not shown).

Genotype

Data on genotype were available for 900/1,337 
notifications overall (67.3%), with complete-
ness increasing from 42.7% in 2012 to a 
high of 82.5% in 2018 before decreasing to 
72.3% in 2019 (Figure 4). Notably, 45/78 of 
notifications with a missing genotype in 2019 
(57.7%) were in the final quarter of the year. 
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Figure 2: Measles notification count and rate per 100,000 population per year by jurisdiction, 
Australia, 2012–2019a,b
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Table 2: Measles notifications by place of acquisition, importation status, and year, Australia, 
2012–2019a

Year

Place of acquisition/importation status

Total
Overseas

Australia
Unknown

Import-related Unknown

n % n % n % n % n

2012 21 10.6 168 84.4 0 0 10 5.0 199

2013 51 32.3 107 67.7 0 0 0 0 158

2014 140 41.3 194 57.2 4 1.2 1 0.3 339

2015 35 47.3 39 52.7 0 0 0 0 74

2016 33 33.3 64 64.6 0 0 2 2.0 99

2017 38 46.9 41 50.6 1 1.2 1 1.2 81

2018 56 54.4 40 38.8 7 6.8 0 0 103

2019 112 39.4 172 60.6 0 0 0 0 284

Total 486 36.4 825 61.7 12 0.9 14 1.0 1,337

a	 Data source: National Notifiable Diseases Surveillance System.

Genotype D8 was the most common genotype 
overall from 2012–2019 (n = 526; 58.4% of cases 
genotyped) and was the most common geno-
type in all years except 2013 (D9: n = 33; 37.5%) 
and 2014 (B3: n = 153; 63.8%). Genetic diversity 
decreased between 2012 and 2019, with the 
prevalence of D4, D9, G3, and H1 all decreas-
ing over time. B3 and D8 were the only detected 
genotypes in 2018 and 2019, and together made 
up 89.1% of all known genotypes (802/900) over 
the study period.

Age distribution

The highest age-specific notification rate across 
all years was in infants aged < 12 months, with 
an average annual incidence of 5.8 per 100,000 
population per year. The notification rate in 
infants aged < 12 months was highest in 2012 
(12.5 per 100,000 population per year), with 
lesser peaks in 2014, 2018, and 2019 (Figure 5a). 
The second highest age-specific rate was in the 
10–19 year age group early in the study period 
(2012–2014) but was in the 20–29 year age 
group towards the end of the study period 
(2016, 2018–2019). The lowest incidence across 
all years was in people aged ≥ 50 years (< 0.1 per 

100,000 population per year), followed by those 
aged 40–49 years (0.4 per 100,000 population 
per year). Other age groups had average annual 
incidence rates per 100,000 population per year 
across the whole study period as follows: 1.0 in 
1–4 years; 0.6 in 5–9 years; 1.2 in 10–19 years; 
1.2 in 20–29 years; 1.0 in 30–39 years.

The highest age-specific average annual rate 
of hospitalisations (principal diagnosis) was 
in infants aged < 12 months (2.1 per 100,000 
population per year) (Figure 5b). The lowest 
average annual hospitalisation rate was in the 
≥ 50 year age group (< 0.1 per 100,000 popu-
lation per year), followed by the 5–9 year age 
group (0.1 per 100,000 population per year). 
The age-specific notification to hospitalisation 
(principal diagnosis) ratios were as follows: 2.6 
for < 12 months; 1.6 for 1–4 years; 4.4 for 5–9 
years; 4.5 for 10–19 years; 2.6 for 20–29 years; 
2.2 for 30–39 years; 1.6 for 40–49 years; and 0.6 
for ≥ 50 years.
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Figure 3: Average annual measles notification rate (per 100,000 population) by Statistical Area 3, 
Australia, 2012–2019
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Figure 4: Proportion of measles genotypes among notifications by year, Australia, 2012–2019a

0

50

100

150

200

250

300

350

400

2012 2013 2014 2015 2016 2017 2018 2019

N
ot

ifi
ca

tio
ns

Year 

Missing D4 H1 G3 D9 B3 D8

a	 Data source: National Notifiable Diseases Surveillance System.



10 of 23 health.gov.au/cdiCommun Dis Intell (2018)  2022;46 (https://doi.org/10.33321/cdi.2022.46.38) Epub 23/6/2022

Figure 5: (a) Measles notification rate per 100,000 population per year by age group, Australia, 
2012–2019;a and (b) rate of measles hospitalisations (principal diagnosis) per 100,000 population 
per year by age group and year, Australia, 2012–2018b
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Comparison of notifications 
recorded as hospitalised with NHMD 
hospitalisation data

Between 2012 and 2018, there were 187 notified 
measles cases recorded in NNDSS as hospital-
ised, compared to the 474 hospitalisations (425 
as principal diagnosis) recorded in the NHMD. 
The numbers of hospitalisations recorded in 
NNDSS were lower than in NHMD (principal 
diagnosis) in all jurisdictions except Western 
Australia, and the degree of discrepancy varied 
by jurisdiction. The age distribution of cases 
recorded as hospitalised in the NNDSS was 
similar to that recorded in the NHMD.

Birth cohort analysis

The measles notification rate in the birth cohort 
of children born from 2012 onwards was more 
than twice as high as the rate in any other birth 
cohort in 2014, but was lower than the rate 
in the 1981–1999 cohort in 2019 (Figure 6). 
Notification rates between 2012 and 2019 were 
similar in the cohorts born between 1966 and 
2011, and rates were consistently lowest in those 
born prior to 1966. The 1981–1999 cohort had 
the highest average annual rate between 2012 
and 2019 (1.2 per 100,000 population per year) 
once cases aged < 12 months were excluded 
from the 2012 onwards cohort (Table 3).

Vaccination status by age group

Vaccination status was recorded for 927/1337 
notified cases (69.3%):

•	 <1 year of age: 120/142 cases (84.5%)
•	 1–4 years of age: 100/103 cases (97.1%)
•	 5–9 years of age: 69/72 cases (95.8%)
•	 10–19 years of age: 221/272 cases (81.3%)
•	 20–29 years of age: 227/347 cases (65.4%)
•	 30–39 years of age: 123/266 cases (46.2%)
•	 40–49 years of age: 58/116 cases (50.0%)
•	 ≥ 50 years of age: 9/19 cases (47.4%).

Date of vaccination was missing for 59 of the 
253 first doses (23.3%) and for five of the 86 sec-
ond doses (5.8%) recorded. Among cases aged 

1–9 years, vaccination status was recorded in 
NNDSS for 169/175 (96.6%), of whom only 20 
(11.8%) had received at least one dose of mea-
sles-containing vaccine (Table 4). Among cases 
aged 10–39 years with a known vaccination sta-
tus (571/885; 64.5%), at least one dose had been 
received by 37.7% of cases, with the proportion 
ranging from 30.8% in the 10–19 year age group 
(81.3% known vaccination status) to 43.9% in 
the 30–39 year age group (46.2% known vac-
cination status). At the other end of the age 
spectrum, infants younger than 12 months of 
age accounted for 142 cases (10.6%), and were 
all unvaccinated (Figure 7).

Aboriginal and Torres Strait Islander 
status

Recording of Aboriginal and Torres Strait 
Islander status was almost complete among 
measles notifications (97.7%), with 42 cases 
(3.1%) reported as occurring in Aboriginal and 
Torres Strait Islander people (average annual 
rate 0.7 per 100,000 population per year). 
Aboriginal and Torres Strait Islander people 
accounted for 3.8% of hospitalisations (aver-
age annual rate 0.3 per 100,000 population per 
year). These average annual rates of notification 
and hospitalisation are the same as those seen 
among the total population across the study 
period. Of notifications in Aboriginal and 
Torres Strait Islander people, 60.5% (n = 26) 
were in individuals aged 10–39 years and 16.3% 
(n = 7) in infants aged < 12 months (median age 
18 years; range 5 months – 43 years).

Severe morbidity and mortality

Of the 425 hospitalisations with measles as 
principal diagnosis between 2012 and 2018, 79 
(18.6%) had a recorded complication: 41 (9.6%) 
pneumonia; 10 (2.4%) encephalitis, meningitis, 
or intestinal complications; and 28 (6.6%) other 
complications. The proportion with a recorded 
complication was higher in older adults (15.2% 
in those aged 40–49 years, 30% in those aged ≥ 
50 years), than in children (10.7% in those aged 
1–4 years, 6.7% in those aged 5–9 years).
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Figure 6: Measles notification rate per 100,000 population per year by birth cohort and year of 
diagnosis, Australia, 2012–2019a,b
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a	 Data source: National Notifiable Diseases Surveillance System.

b	 Note that the 2012–2019 birth cohort progressively increases in size each year of the study period (moving right across the x axis) due 

to addition of new annual birth cohorts.

Table 3: Average rate of measles notification per 100,000 population per year by birth cohort, 
Australia, 2012–2019a

Birth cohort (year)
Rate per 100,000 

population per year
95% CI

≤ 1965 0.03 0.02–0.05

1966–1980 0.6 0.6–0.7

1981–1999 1.2 1.1–1.3

2000–2011 (rate including < 12 month old cases) 0.9 0.8–1.0

2000–2011 (rate excluding <1 2 month old cases) 0.8 0.7–0.9

≥ 2012 (rate including < 12 month old cases) 1.6 1.3–1.8

≥ 2012 (rate excluding < 12 month old cases) 0.7 0.6–0.9

a	 Data source: National Notifiable Diseases Surveillance System.
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Table 4: Doses of measles-containing vaccine recorded for notified measles cases (where 
vaccination status known), by age group, Australia, 2012–2019a

Age group

Doses recorded

TotalNone 1 2

n % n % n %

< 12 months 120 100.0 0 0 0 0 120

12–17 months 43 89.6 5 10.4 0 0 48

18 months – 4 years 43 82.7 5 9.6 4 7.7 52

5–9 years 63 91.3 4 5.8 2 2.9 69

10–19 years 153 69.2 35 15.8 33 14.9 221

20–29 years 134 59.0 54 23.8 39 17.2 227

30–39 years 69 56.1 48 39.0 6 4.9 123

40–49 years 41 70.7 15 25.9 2 3.4 58

≥ 50 years 8 88.9 1 11.1 0 0 9

Total 674 72.7 167 18.0 86 9.3 927

a	 Data source: National Notifiable Diseases Surveillance System.

Hospitalisations with measles as the principal 
diagnosis accounted for 1,342 bed days, with 
a median length of stay of 3 days (range 1–20 
days; Table 5). Adults and infants aged < 1 year 
had a longer median length of stay (3–3.5 days) 
than did children and adolescents (1–2 days).

Between 2012 and 2018, there were a total of 
1–5 deaths coded as due to measles (underlying 
or associated cause of death) recorded in the 
cause of death data. No deaths were recorded in 
the hospitalisation or notification data.

Discussion

The incidence of measles in Australia remains 
low, although the average annual notifica-
tion and hospitalisation rates (0.7 and 0.3 per 
100,000 population per year, respectively) in the 
2012–2019 period were each higher than those 
for the 2000–2011 period (notification rate 0.4 
per 100,000 population per year; hospitalisa-
tion rate 0.2 per 100,000 population per year).8 
Measles notification and hospitalisation rates 
in Aboriginal and Torres Strait Islander people, 
averaged across the 2012–2019 period, were the 
same as the rates among the overall population.

The highest age-specific notification (5.8 per 
100,000 population per year) and hospitalisa-
tion rates (2.1 per 100,000 population per year) 

were in infants < 12 months of age, who are not 
eligible for vaccination, first scheduled at 12 
months. In elimination settings, infants become 
susceptible to measles earlier than 12 months of 
age due to waning of maternal antibodies in the 
absence of natural boosting.22 The next highest 
notification rates were in the 10–19 and 20–29 
year age groups (1.2 per 100,000 population per 
year); the lowest notification rates were in adults 
aged ≥ 50 years (< 0.1 per 100,000 population 
per year), followed by those aged 40–49 years 
(0.4 per 100,000 population per year).

Measles is highly communicable, with a basic 
reproductive rate (R0) between 9 and 18.

4 
Therefore, population immunity (either vaccine 
acquired or ‘natural’ immunity from wild-type 
measles virus infection) of 95% or higher across 
all age groups is required to prevent ongoing 
transmission.4 While coverage of two doses 
of measles-containing vaccine recorded in 
the Australian Immunisation Register (AIR) 
in 2019 reached 93.3% at 2 years and 96.4% 
at 5 years,20 coverage in older children and 
younger adults is lower due to lower historical 
coverage.23–25 Although coverage of two doses of 
measles-containing vaccine in adolescents aged 
10–19 years increased from 86.6% to 89.0% at 
the national level during the two years following 
introduction of the federal No Jab, No Pay pol-
icy in 2016, this is still below the target of 95%.13 
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Table 5: Number, rate per 100,000 population per year and length of stay, measles 
hospitalisations (principal diagnosis), by age group, Australia, 2012–2018a

Age group (years)
Hospital admissions Length of stay (days)

n Rate per 100,000 per year Median Range

< 1 46 2.1 3 1–8

1–4 56 0.6 1 1–7

5–9 15 0.1 1 1–4

10–19 51 0.3 2 1–11

20–29 93 0.4 3 1–19

30–39 98 0.4 3 1–20

40–49 46 0.2 3.5 1–11

≥ 50 20 < 0.1 3 1–14

Total 425 0.3 3 1–20

a	 Data source: Australian Institute of Health and Welfare National Hospital Morbidity Database.

Figure 7: Proportion of total notified measles cases by age group (regardless of vaccination 
status), and proportion in each age group with ≥ 1 dose of measles-containing vaccine recorded 
(where vaccination status known) Australia, 2012–2019a
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Lower coverage in particular sub-populations 
can also increase the risk of outbreaks. The 2012 
peak in notifications and hospitalisations in 
NSW was due to a sustained outbreak, centred 
on south-western and western Sydney, which 
disproportionately affected the 10–19 year age 
group and people of Pacific Islander descent.26 
Many Pacific Islander adolescents appeared to 
have missed routine childhood vaccinations, 
both before and after their arrival in Australia.26 
Data on vaccination coverage in young adults in 
the 20–29 year age group dates from the early 
period of operation of the AIR, and so are likely 
to be incompletely captured, but estimated 
childhood coverage in this age group is similar 
or slightly lower than 10–19 year olds.17

Analysis by birth cohort showed the lowest noti-
fication rate to be in the pre-1966 birth cohort 
(< 0.1 per 100,000 population per year), who 
were born before measles-containing vaccines 
were available and are known to have high lev-
els of natural immunity.27 The 1966–1980 birth 
cohort have lower levels of vaccination coverage 
than subsequent cohorts, due to the single-dose 
vaccination schedule in place until the addition 
of the adolescent dose in 1993; they also have 
had less exposure to wild-type measles infec-
tion than the pre-1966 birth cohort.27,28 This age 
group was the target of an immunisation cam-
paign in 2001 and 2002, although uptake was 
poor.29 We found the measles notification rate 
between 2012 and 2019 was lower in the 1966–
1980 cohort (0.6 per 100,000 population per 
year) than in later cohorts (1981–1999 cohort: 
1.2 per 100,000 population per year; 2000–2011 
cohort: 0.9 per 100,000 population per year), 
which could potentially be due to lower levels 
of exposure, such as less frequent travel to 
endemic countries or lower-risk contact pat-
terns when travelling. The notification rate in 
2019 in the post-2012 birth cohort was similar 
to that in the 2000–2011 cohort and lower than 
the 1981–1999 cohort, which could reflect the 
impact of moving the second dose of measles-
containing vaccine from 4 years to 18 months 
of age since 2013. However, age-specific trends 
may potentially also be influenced by contact 
patterns affecting exposure during outbreaks.

Small area analysis showed that most areas with 
higher incidence were areas with documented 
measles outbreaks over the study period, includ-
ing inner Melbourne (Brunswick-Coburg),30 
Greater Darwin (Palmerston, Litchfield, 
Darwin City, Darwin Suburbs),31,32 South West 
Sydney (Campbelltown, Bringelly-Green Valley, 
Camden),26 South East Queensland (Caboolture 
Hinterland),33 South West Western Australia 
(Albany),34 and Perth (Perth City).35 None of 
these areas had particularly low vaccination 
coverage in young children aged under 5 years 
(two-dose MMR coverage was above 90% for 
all or most of the study period),20,36–39 although 
vaccination coverage is likely to have been 
lower in adults and coverage of 95% or more 
across all age groups is required to ensure herd 
immunity.11 Noosa, on the Sunshine Coast, was 
the only area with both higher incidence and 
notably low coverage over the study period 
(two-dose MMR coverage in young children 
84.5% in 2019), as well as high rates of vac-
cination objection (10.1% in 2012 and 6.6% in 
2014).20,40,41 Other reasons for higher incidence 
in some areas may include travel and contact 
patterns, as well as stochastic factors.

Of cases notified between 2012 and 2019 with 
a known vaccination history, the proportion of 
those aged 1–9 years who had received at least one 
dose of measles-containing vaccine was 11.8%, 
compared to 37.7% of those aged 10–39 years. 
Although higher proportions of vaccinated cases 
are broadly consistent with what is expected in 
high-coverage settings,42,43 the higher propor-
tion of cases in the 10–39 year age groups could 
point to a combination of under-vaccination 
and to waning immunity in those who were 
vaccinated. In sequential national serosurveys, 
antibody attrition has been observed with time-
since-immunisation in age groups 5–34 years, 
presumed to be related to the absence of natural 
boosting in the elimination setting, although it 
is unclear whether this translates to increased 
susceptibility.44 Vaccinated cases are likely to 
present with attenuated disease and thus pose 
a challenge in terms of clinical recognition and 
laboratory diagnosis.45 It is possible that there 
is better ascertainment of these cases with 
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greater availability and use of polymerase chain 
reaction (PCR) testing in this period than in 
the past. The vaccination status of adult cases 
who were born before the AIR was established 
may also be less reliable, due to recall bias. In 
cases among children aged 1–4 years, the high 
proportion who were unvaccinated (86.0 %) 
indicates that improving timeliness of the first 
dose of measles-containing vaccine should be a 
priority. The majority of cases aged ≥30 years 
had an unknown vaccination status, consistent 
with historical vaccinations in older age groups 
not being captured by the AIR.

Of the 1,337 measles notifications recorded 
between 2012 and 2019, almost all (97.7%) 
were either imported or epidemiologically 
linked to an imported case. There were 42 
cases of measles acquired overseas in children 
aged 6–11 months who were all unvaccinated. 
Infants travelling to measles-endemic countries 
can receive early vaccination as per Australian 
Immunisation Handbook guidelines, with the 
previous lower age limit of 9 months brought 
down to 6 months in April 2019 in response to 
an increased number of cases in infants with a 
history of overseas travel.46 Earlier vaccination 
may also be appropriate in outbreak settings. 
In response to a 2019 outbreak in the Northern 
Territory, the first dose of measles-containing 
vaccine was recommended at 9 months of age 
for children in the Darwin region until the 
outbreak had resolved.32 Infants who receive a 
measles-containing vaccine early still require 
two further doses commencing from 12 months 
of age or a month after their initial dose, which-
ever is the later.46

The most common genotype in Australia from 
2012–2019 was D8, followed by B3 and D9. 
These genotypes were also some of the predom-
inant genotypes circulating over this period in 
the Western Pacific Region,47 which accounted 
for 43.9% of overseas-acquired cases. D8 was 
also common in Thailand during this period,9 
while B3 has been endemic in the Philippines 
since 2013,47 with both of these countries 
accounting for substantial proportions of 
Australia’s overseas-acquired cases. The genetic 

diversity of measles globally has decreased due 
to improvements in control. Detected genotypes 
worldwide decreased from eight in 2009–2014 
to four in 2018–2019, with 20 out of 24 measles 
genotypes now eliminated.3,48 This is reflected 
in the decreasing diversity of genotypes we 
found over the course of our study. The higher 
proportion of notifications without a recorded 
genotype in 2019, particularly from the fourth 
quarter, is likely due to coronavirus disease 2019 
(COVID-19) pandemic related delays in testing.

The continuing low incidence of cases in 
Australia over this study period—with nearly all 
cases imported or epidemiologically linked to 
imported cases, in the context of relatively high 
vaccination coverage,20 high-quality surveil-
lance and response mechanisms, and sophisti-
cated laboratory testing capacity10—is consist-
ent with maintenance of elimination. However, 
the 2014 and 2019 peaks in cases were a result 
of increased importations on a background of 
a global surge in cases in both years, includ-
ing large outbreaks in Australia’s Asia-Pacific 
neighbours.4,9,49 The causes of the resurgence 
of measles globally include weak immunisa-
tion systems, vaccine hesitancy, unidentified or 
unaddressed immunity gaps in older children 
and adults, and international travel facilitating 
spread of measles.50 Australians travelling to 
endemic countries are therefore a particularly 
important target for prevention strategies. A 
2013–2014 study of pre-travel health seek-
ing behaviours of notified cases of imported 
infectious disease, including measles, found 
only 25% of cases overall, and 15% of cases 
who went on to develop a vaccine-preventable 
disease had sought pre-travel advice from a 
healthcare provider, primarily due to lack of 
awareness.51 Jurisdictions have implemented 
media campaigns aimed at travellers in recent 
years,52,53 such as a NSW Health social media 
campaign in 2019 urging travellers to ‘bring 
back memories, not measles’, but the impact of 
these is unknown.49

In response to the COVID-19 pandemic, 
Australia closed its international borders 
to tourists in March 2020, and required all 
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returning residents to quarantine for 14 days on 
arrival.54 As of May 2021, no cases of measles 
had been reported nationally since these meas-
ures were implemented.14,55 While no impact 
on uptake of routine childhood immunisation, 
as a result of the COVID-19 pandemic, has 
been observed in Australia,56 disruptions have 
occurred in many countries globally.57 This 
poses a risk of large measles outbreaks inter-
nationally, and increasing importations to 
Australia once international travel restrictions 
are lifted. To maintain Australia’s elimination 
status, sustained high vaccination coverage and 
robust surveillance and public health follow-up 
of cases will be needed.

This review has several limitations. Notification 
data may underestimate incidence, as not all 
cases seek health care, the diagnosis may be 
missed or diagnosed cases may not be notified. 
For measles, this is less likely due to its severity 
and the high level of public health scrutiny and 
follow-up of contacts. Hospitalisation data are 
prone to misclassification due to coding errors, 
particularly for rare diseases in age groups where 
they are uncommon,58 which may explain the 
higher rate of measles hospitalisation compared 
to notification in the ≥ 50 year age group in our 
study. While NHMD hospitalisation data may 
overestimate the number of hospitalisations 
due to measles, notifications recorded as hos-
pitalised likely underestimate the true number. 
Additionally, vaccination status was missing 
for a substantial proportion of notifications, 
largely as a result of childhood vaccination of 
adults born before 1996 not being captured in 
the AIR. Recorded vaccinations were missing a 
date of vaccination for 23.3% of first doses and 
5.8% of second doses; some of these may have 
been given within the 2 weeks prior to disease 
onset and hence not appropriate for inclusion 
in our analyses. The case definition for measles 
notification was amended in mid-2019 with 
changes to the definitions of laboratory defini-
tive, laboratory suggestive, and epidemiological 
evidence,15 making the case definition slightly 
more sensitive, although these changes were 
minor and only applicable during the last 6 
months of our study period. Hospitalisation 

data are episode-level records and may include 
multiple records for individual cases transferred 
between hospitals or readmitted. Completeness 
of Aboriginal and Torres Strait Islander status in 
hospitalisation data was not able to be assessed 
due to coding of the variable in the dataset.

Conclusion

Measles remains a rare disease in Australia. 
Our findings of low measles incidence, with 
almost all cases imported or epidemiologically 
linked to an imported case, in the presence of 
robust surveillance and high two-dose mea-
sles vaccination coverage, provide evidence of 
continued elimination of endemic measles in 
Australia. However, continued vigilant surveil-
lance and public health response measures, 
along with sustained high vaccination cover-
age, will be needed to maintain elimination, 
particularly once international borders reopen. 
Potential waning immunity in older age groups 
requires monitoring. Timely routine vaccina-
tion of infants, and vaccination of non-immune 
travellers, including early vaccination of infant 
travellers in line with Australian Immunisation 
Handbook recommendations, remain priorities.
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