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Original article

Australian vaccine preventable disease epidemiological review series: 
Pertussis, 2013–2018
Kushani S Marshall, Helen E Quinn, Alexis J Pillsbury, Julia E Maguire, Robyn M Lucas, Aditi Dey, 
Frank H Beard, Kristine K Macartney, Peter B McIntyre

Abstract

Introduction

Significant recent changes in Australian pertussis immunisation policy include the progressive 
introduction of funded pertussis immunisation programs for pregnant women, from late 2014 to 
mid-2015 at jurisdictional level and then under the National Immunisation Program from July 2018, 
and reintroduction of the 18-month booster dose in 2016. This study analyses pertussis notification, 
hospitalisation, and mortality data from 2013 to 2018 in the context of trends since 1995.

Methods

This study used data from the National Notifiable Diseases Surveillance System, the National 
Hospital Morbidity Database, and the Australian Coordinating Registry, for descriptive analysis 
of pertussis notifications, hospitalisations and deaths in Australia by Aboriginal and Torres Strait 
Islander (Indigenous) status from 2013 to 2018, examining trends between 1995 and 2012 at both 
the national and jurisdictional level. Incidence rate ratios (IRR) were utilised to compare pertussis 
incidence in infants aged < 2 months and 6–11 months for each year from the 2015–2018 (post-
maternal-vaccination) period against the 2010–2013 (pre-maternal-vaccination) period.

Results and Discussion

Annual national all-age incidence of pertussis notifications between 2013 and 2018 was 63.6 per 
100,000 population, 40% less than between 2006 and 2012. Between 2016 and 2018, infants aged < 
2 months had the lowest notification rates of age groups < 5 years old, with the highest notification 
rates in pre-adolescents aged 9–11 years. Compared with the baseline period (2010–2013), the IRR 
for infants aged < 2 months decreased in each year during the post-maternal-vaccination period 
from 0.4 (95% confidence interval [95% CI]: 0.3–0.5) in 2015 to 0.1 (95% CI: 0.1–0.2) in 2018. For 
infants aged 6–11 months, the IRR was 0.9 (95% CI: 0.8–1.0) in 2015, 1.1 (95% CI: 1.0–1.2) in 2016 
and declined to 0.7 (95% CI: 0.6–0.8) in 2017 and 2018. Notification and hospitalisation rates in 
Indigenous children were 3–8 times as high as rates in non-Indigenous children across all age groups 
< 5 years old.

Conclusion

Pertussis remains the second most frequently notified vaccine preventable disease in Australia, after 
influenza, but dramatic decreases in incidence have been observed in infants too young to receive 
any doses of pertussis-containing vaccine.

Keywords: Pertussis, disease surveillance, immunisation, epidemiology, vaccine preventable disease
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Introduction

Pertussis, commonly known as ‘whooping 
cough’, is a highly-contagious respiratory dis-
ease caused by infection with the bacterium 
Bordetella pertussis.1 Symptoms include an 
irritating intermittent cough that gradually 
becomes paroxysmal and may last for 1–2 
months.2 Symptoms differ by age (infants and 
children versus adults) and in vaccinated com-
pared with unvaccinated people. Unvaccinated 
infants aged < 3 months may present with 
apnoeic episodes prior to development of 
cough.2 Complications include pneumonia, 
atelectasis (partial or complete lung collapse), 
seizures, encephalopathy (disturbed brain func-
tion), and death.2

Since 2016, the National Immunisation 
Program (NIP) schedule of acellular pertussis-
containing vaccination consists of 5 doses at 2, 
4, 6, 18 months, and 4 years of age.3 Infants may 
be given their first dose from 6 weeks of age.3 
A funded booster dose is delivered through 
schools at 11–13 years and pregnant women 
are recommended to receive a dose of pertussis 
vaccine in each pregnancy.3 It is currently rec-
ommended, but not funded, that adults aged ≥ 
65 years receive a pertussis-containing vaccine 
if their last dose was more than 10 years ago.3 
Pertussis severity varies with age and immu-
nisation status, with unimmunised infants at 
greatest risk of hospitalisation and death.4,5 The 
main goal of pertussis immunisation programs 
is therefore to prevent pertussis infection and 
mitigate disease severity in infants.1 The source 
of infant infection is typically a sibling, parent 
or other family member.5-7

Worldwide, pertussis continues to be an impor-
tant cause of infant morbidity and mortality.8 
In Australia, pertussis is the second most fre-
quently notified vaccine preventable disease 
(after influenza), despite longstanding high 
pertussis vaccination coverage. 9,10

Interpretation of trends in the epidemiology 
of pertussis in Australia is complex, with sub-
stantial changes in vaccine type, immunisation 

schedule, diagnostic testing methods, and sur-
veillance practices over time.11 The most recent 
change was that, following recommendation of 
a dTpa (reduced antigen diphtheria-tetanus-
acellular pertussis) dose during the third tri-
mester of pregnancy in March 2013, there was 
progressive introduction of jurisdictionally-
funded pertussis immunisation programs for 
pregnant women between August 2014 and 
June 2015,11,12 with national funding through 
the NIP from July 2018.11,12 From April 2019, 
the recommended optimal timing of pertussis 
vaccination during pregnancy was expanded 
from 28–32 to 20–32 weeks gestation.3 The 
other recent change in funded recommenda-
tions was re-instatement on the NIP schedule 
of the 18-month booster dose from March 2016. 
An unfunded recommendation for a pertussis-
containing vaccine for adults aged ≥ 65 years 
was included in the Australian Immunisation 
Handbook from March 2013.

Two comprehensive reviews of Australian 
pertussis epidemiology examined the periods 
1995–2005 and 2006–2012, prior to the changes 
to pertussis immunisation outlined above.13,14 
In this review, we use similar datasets (notifica-
tion, hospitalisation and death) to describe the 
epidemiology of pertussis in Australia during 
the 6 years, 2013–2018, in the context of previ-
ous trends in pertussis over more than two 
decades (1995–2018), nationally and for each 
jurisdiction.

Methods

An observational descriptive study was con-
ducted of all confirmed and probable pertussis 
notifications, and pertussis-related hospi-
talisations and deaths, in Australia from 2013 to 
2018. These data were compared to those from 
1995 to 2012. Data were analysed by age group, 
sex, Aboriginal and Torres Strait Islander 
status (hereafter respectfully referred to as 
‘Indigenous’), and sub-groups based on eligibil-
ity for pertussis vaccination by birth cohort.
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Data Sources

Notifications

Pertussis is nationally notifiable in Australia.15 
Identified cases are required to be reported to 
jurisdictional health departments, primarily by 
laboratories, based on positive diagnostic tests. 
The Communicable Diseases Network Australia 
states that both confirmed and probable cases of 
pertussis, in accordance with the national case 
definition, should be notified and information 
on cases provided to the National Notifiable 
Diseases Surveillance System (NNDSS).15 
Laboratory diagnostic testing data were avail-
able from the NNDSS for the 1995–2018 period.

For this review, pertussis notifications with a 
diagnosis date between 1 January 1995 and 
31 December 2018 were obtained from the 
NNDSS. Diagnosis date is a derived field in 
the NNDSS and is either the true onset date if 
known, or otherwise the earliest of either the 
specimen date, notification date or date when 
the notification was received.

Hospitalisation data

Hospitalisation data were obtained from the 
Australian Institute of Health and Welfare 
(AIHW) National Hospital Morbidity Database 
(NHMD). The NHMD is compiled from data 
supplied by state and territory health authorities. 
It is a collection of confidential electronic sum-
mary records for separations (episodes of care) 
in public and private hospitals in Australia. This 
study included all hospital separations admit-
ted between 1 July 2001 and 30 June 2018 (the 
most recent data available). Pertussis-specific 
codes (A37.0–A37.9) from the International 
Statistical Classification of Diseases and Related 
Health Problems, 10th Revision, Australian 
Modification (ICD-10-AM), were used to iden-
tify eligible hospitalisations (from the principal 
or additional diagnosis data fields). Annual hos-
pitalisation rates were calculated up to 2017, the 
most recent complete calendar year available.

Mortality data

Mortality data were obtained from the 
Australian Coordinating Registry (ACR) for 
the 1 January 2006 – 31 December 2018 period. 
Deaths were identified from the ACR datasets 
using the underlying cause of death field and 
pertussis-specific ICD-10 codes. Mortality data 
were also obtained from the NNDSS ‘died of 
disease’ field.

Population estimates

National, jurisdictional, age-specific and 
Indigenous mid-year estimated resident 
population estimates were obtained from the 
Australian Bureau of Statistics (ABS) for calcu-
lating relevant population rates.

Data management

Date of birth was not included in the NNDSS 
data provided. Age was calculated in months 
from the age in weeks field for notified cases < 
2 years of age as follows: 4 weeks = 1 month; 
8 weeks = 2 months; 16 weeks = 4 months; 26 
weeks = 6 months; 52 weeks = 12 months and 
78 weeks = 18 months. We created age groups 
for analysis using the birth month and year field 
in NNDSS data, and extracted the month and 
year of diagnosis from the diagnosis date.

Annual rates, including age-specific and geo-
graphic region-specific rates, were estimated 
using the number of notifications, hospitalisa-
tions or deaths as the numerator and the relevant 
ABS mid-year estimated resident population 
as the denominator. To estimate rates in those 
younger than 1 year of age, the estimated resi-
dent population (which is provided by the ABS 
in single years of age) was divided by 2 (for 0–5 
and 6–11 month rates) or by 6 (for < 2, 2–3 and 
4–5 month rates). All rate data are presented per 
100,000 population. Average annual rates were 
calculated by dividing the total number of cases 
for the period under investigation by the sum of 
the annual populations for the same period.
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Data analysis

Pertussis notification rates were summa-
rised according to jurisdiction, age group, 
sex, Indigenous status and nationally for the 
2013–2018 period; these summary rates were 
then compared with those of previous analyses 
from 1995–2012. To compare annual notifica-
tion rates in each jurisdiction from 2013 to 2018 
with the jurisdictional average over the entire 
2013–2018 period, incidence rate ratios (IRR) 
with their 95% confidence intervals (95% CI) 
were calculated; a p-value of < 0.05 was consid-
ered to define a statistically significant change 
in annual incidence. Analysis was undertaken 
of pertussis notification data for children aged < 
5 years by Indigenous status for the 2013–2018 
period, as the completeness of the Indigenous 
status field nationally was consistently above 
90% for children aged < 5 years during this 
time. Notifications where Indigenous status was 
unknown were excluded from this analysis.

Laboratory diagnostic method data from 2006 
onwards were examined. Proportions were 
estimated of pertussis notifications recorded 
as diagnosed by culture of Bordetella pertussis; 
of detection by nucleic acid amplification tests, 
also known as nucleic acid tests such as poly-
merase chain reaction; and by serology. Further 
estimates were made of age group and time 
period specific proportions.

Data on pertussis-related hospitalisations were 
extracted and analysed at a national level and by 
jurisdiction. Hospitalisation rates per 100,000 
population were calculated by age group, sex 
and jurisdiction. The median length of stay per 
hospital admission and interquartile range was 
calculated separately according to age group.

The number of deaths recorded as due to per-
tussis between 2006 and 2018 was examined for 
underlying cause of death and by age group and 
Indigenous status.

Calculation of IRR values (with 95% CI 
and p-values) was undertaken to compare 

Indigenous notification and hospitalisation 
rates to non-Indigenous rates, particularly for 
the < 5 years age group.

To assess the impact of maternal vaccination 
during pregnancy, IRR values were calculated 
for infant notifications aged < 2 months (pre-
sumed most impacted by maternal vaccination) 
versus 6–11 months (presumed not impacted) 
for the pre-maternal-vaccination (2010–2013) 
and post-maternal-vaccination (2015–2018) 
periods. Data from 2014 were excluded from 
this analysis as programs were implemented in 
that year in two jurisdictions (Queensland and 
the Northern Territory) only.

All IRR calculations are accompanied by 95% 
CI and exact p-values; a p-value of < 0.05 was 
considered to denote statistical significance.

Data were analysed using Stata 14.2. Tables, 
graphs and figures were constructed using 
Microsoft Excel 2010.

Ethics approval

Ethics approval for this study was provided 
by the Australian National University Human 
Research Ethics Committee (Protocol 2019/871).

Results

Secular trends

There were 91,780 pertussis notifications 
recorded nationally over the 2013–2018 study 
period (Table 1) and 324,197 notifications for the 
24 years from 1995 to 2018. The average annual 
all-age national notification rate for 2013–2018 
was 63.6 per 100,000 population, varying from 
a high of 94.8 in 2015 to a low of 49.7 in 2017. An 
epidemic peak was observed nationally in late 
2015 (Figure 1), largely reflecting the notifica-
tion pattern in New South Wales (NSW), but this 
was not uniform across jurisdictions (Appendix 
A, Figures A.1, A.2, and A.3). The degree of 
variation in annual notification rates compared 
to jurisdictional averages over the 6 years from 
2013 to 2018 differed across jurisdictions. 
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Figure 1: Pertussis notifications and hospitalisations, Australia, January 1995 to December 2018 
(for notifications) by month and year of diagnosis, June 2001 to June 2018 (for hospitalisations) 
by month and year of admissiona,b
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a	 Data source: NNDSS (notification data), NHMD (hospitalisation data).

b	 Scales differ between primary and secondary vertical axes.

Incidence was stable in Western Australia (WA), 
with an IRR centred around 1.0, while at the 
other extreme, the IRR in Tasmania was 2.9 in 
2013 (highest IRR shown as footnote in Table 
1). At the national level, there was seasonal vari-
ation in notification patterns, with the highest 
numbers recorded in spring (usually November) 
and the lowest numbers between April and June 
each year (Figure 1). However, seasonal patterns 
may have varied by region (Appendix A, Figures 
A.1, A.2, and A.3), with national data driven by 
large numbers of notifications in south-eastern 
Australia.

During 2013–2017, pertussis was the principal 
diagnosis for 62.9% (n = 2,077) of the 3,301 
hospitalisations with ICD-10-AM codes for 

pertussis in any diagnosis field. Hospitalisations 
were skewed towards the very young, and the 
proportion of hospitalisations with pertussis 
coded as the principal diagnosis progressively 
fell with increasing age from a maximum of 
87.6% in the 2–3 months age group to 44.0% for 
those ≥ 65 years of age. It is notable that while 
annual peaks in notifications each year from 
2009 were two- or threefold higher than those of 
the 1998–2008 period, peaks in hospitalisations 
coded as pertussis varied much less (Figure 1).

State and territory variations

New South Wales had the highest average 
annual notification rate for the six-year period 
2013–2018, at 87.1 per 100,000 population, 
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and also recorded the highest annual notifica-
tion rate of 160.8 per 100,000 in 2015 (Table 
1). Notifications from NSW made up 43.8% of 
all notifications nationally in 2013–2018, more 
than expected as a proportion of the Australian 
population (32.0%). Every jurisdiction expe-
rienced a heightened level of epidemic activity 
in the years immediately preceding the study 
period 2013–2018, but epidemic patterns and 
the length of inter-epidemic periods were highly 
variable (Appendix A, Figures A.1, A.2, and 
A.3). States and territories with smaller popula-
tions and lower population density, such as the 
Northern Territory (NT), Tasmania and WA, 
had longer intervals between more marked epi-
demic peaks, so longer periods of observation 

provided a clearer picture of pertussis noti-
fication patterns, as exemplified by the data 
from WA. The highest average jurisdictional 
hospitalisation rate for the 2013–2017 period 
was observed in South Australia (SA), at 3.6 per 
100,000 population, followed by Queensland 
at 3.3 per 100,000 population. Jurisdictional 
hospitalisation peaks largely reflected notifica-
tion patterns (Appendix A, Figures A.1, A.2, and 
A.3).

Age and sex distribution

Over the 1995–2012 period, the median age of 
cases notified with pertussis was 29 years (age 
range: 0–104 years) and of these, 56% of notified 

Table 1: All-age pertussis notification and hospitalisation rates per 100,000 population, 
Australia, 2013–2018,a,b by jurisdiction

State or territoryc,d,e

Year Data source ACT NSW NT Qld SA Tas. Vic. WA Australia

2013 Notifications 62.1 31.6 44.7 82.0 48.6 101.9 50.3 65.8 53.5

Hospitalisations 1.0 2.3 1.2 3.4 2.3 4.1 2.2 2.5 2.5

2014 Notifications 59.9 41.7 34.2 29.7 29.9 13.2 80.1 69.5 50.7

Hospitalisations 1.5 2.0 2.1 3.2 1.7 1.6 2.9 2.1 2.5

2015 Notifications 123.0 160.8 24.1 39.0 78.3 6.0 77.8 73.4 94.8

Hospitalisations 2.3 3.9 0.4 3.6 2.8 1.6 3.0 1.7 3.2

2016 Notifications 125.5 140.1 91.2 44.5 114.4 5.8 46.8 59.5 83.2

Hospitalisations 1.7 3.8 2.8 3.8 5.1 1.0 2.3 1.2 3.1

2017 Notifications 61.6 67.0 44.4 27.3 101.0 7.7 31.2 58.6 49.7

Hospitalisations 1.5 2.5 4.8 2.7 5.9 0.2 1.5 2.6 2.5

2018 Notifications 65.2 79.6 27.5 35.2 40.6 78.7 26.2 50.6 50.4

Total number of notifications 1,992 40,173 652 12,341 7,056 1,107 18,866 9,593 91,780

Total number of hospitalisations 32 1,104 28 797 303 43 714 257 3,301

Average rate of notifications 82.9 87.1 44.4 42.7 69.0 35.6 51.5 62.8 63.6

Average rate of hospitalisations 1.6 2.9 2.3 3.3 3.6 1.7 2.4 2.0 2.8

a	 Hospitalisations up to 2017.

b	 Data source: NNDSS (notification data), NHMD (hospitalisation data).

c	 ACT: Australian Capital Territory; NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Tas.: Tasmania; 

Vic.: Victoria; WA: Western Australia.

d	 Highest incidence rate ratio (IRR) for each jurisdiction in descending order: Tas 2.9 (2013); NT 2.1 (2016); Qld 1.9 (2013); NSW 1.8 (2015); 

SA 1.7 (2016); Vic 1.6 (2014); ACT 1.5 (2016); WA 1.2 (2015).

e	 Bold text denotes an IRR significantly higher (p < 0.05) than the jurisdiction average for 2013–2018.
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Figure 2: Pertussis notification rates by age and sex, Australia, 2013–2018a

a	 Data source: NNDSS (notification data).

cases were female. Over the 2013–2018 period, 
the median age of notified cases was 16 years 
(age range: 0–103), and a similar proportion of 
notified cases were female (55%). The highest 
notification rates in the 2013–2018 period were 
seen in children aged 9–11 years (264.2 and 
232.5 per 100,000 population for females and 
males, respectively) (Figure 2). A smaller peak 
in notification rates was seen at 3 years of age 
(159.2 and 156.5 per 100,000 population for 
females and males, respectively). Notification 
rates were lower for both sexes in adolescence 
and early adulthood. A minor peak was observed 
in both males and females in their mid-forties 
and another small peak in notifications among 
females in their mid-sixties. A substantial gap 
in notification rates between males and females 
emerges in late adolescence, with females hav-
ing 18.5% more notifications at 17 years of age, 

with the maximum difference in notification 
rates at 39 years (50.8%), and minimal to no 
difference after 75 years.

Prominent changes in the age distribution 
of notified cases under two years of age were 
observed between 1995 and 2018, shown in 
Figure 3 by week of age, from birth to 104 weeks 
(two years). Between 1995 and 2014, there were 
substantial peaks in the number of notifications 
in infants under 20 weeks of age and particu-
larly between 5 and 10 weeks of age. In contrast, 
in the final 4-year period (2015–2018), the peak 
in incidence between 5 and 10 weeks was not 
seen, with numbers of notifications by week of 
age relatively constant from 5–6 weeks until the 
age of two years (Figure 3).

Until mid–2011, among all cases under five years 
of age, notification rates were highest in infants 
aged 2–3 months, followed by infants aged < 2 
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Figure 3: Number of pertussis notifications in children under two years (104 weeks) of age, 
Australia, 1995–2018a

a	 Data source: NNDSS (notification data).
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months and 4–5 months (Figure 4a). From 2015 
onwards, the lowest notification rates were in 
infants < 2 months and the highest in infants 
aged 4–5 months (Figure 4a). Notification rates 
for cases aged 6–11 months, 12–17 months and 
18 months to 4 years were fairly similar over 
the 2013 to 2018 period (Figure 4b). Among 
cases aged ≥ 1 year in the 2013 to 2018 period, 
notification rates were highest in the 5–9 years 
age group (with an average of 187.5 notifications 
per 100,000 population per year), similar to the 
rates seen in the 10–14 years age group (average 
of 172.8 notifications per 100,000 population 
per year), with the lowest rates in 15–19 year 
olds from 2007 onwards (Figure 4c). From 2005 
to 2014, notification rates in individuals ≥ 20 
years of age generally exceeded those in 15–19 
year olds, but from 2015 the 15–19 years age 

group consistently had the highest notification 
rates, compared with the 40–64 and ≥ 65 years 
age groups (Figure 4d).

In the 2013 to 2017 period, for which com-
plete-year hospitalisation data were available, 
hospitalisation rates were highest in infants 
aged < 2 months, followed by infants aged 
2–3 months (with averages of 143.2 and 137.8 
per 100,000 population per year respectively) 
(Figure 5). These rates were considerably lower 
than during the previous period (2002–2012), 
where hospitalisation rates for infants aged < 2 
months and 2–3 months were more than twice 
as high at 317.7 and 297.0 per 100,000 popula-
tion respectively. However, from 2015 to 2017, 
hospitalisation rates for infants aged < 2 months 
did not fall to the same degree as notification 
rates: notification rates fell by 43.8% compared 
to 38.7% for hospitalisation rates. During the 

Figure 5: Pertussis hospitalisation rates by age group for children aged < 5 years (any diagnosis), 
Australia, 2002–2017a

a	 Data source: NHMD (hospitalisation data).
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Figure 6: Pertussis hospitalisation rates by age group for ≥ 5 year olds (principal diagnosis only), 
Australia, 2002–2017a

a	 Data source: NHMD (hospitalisation data).

2013–2017 period, among age groups ≥ 5 years 
old, hospitalisation rates for admissions with 
pertussis as the principal diagnosis were orders 
of magnitude lower than for infants, but highest 
in those aged ≥ 65 years, followed by children 
aged 5–9 years (Figure 6).

Indigenous status

Pertussis notification rates during the 2013–
2018 period were higher for Indigenous chil-
dren than for non-Indigenous children across 
all age groups under 5 years of age. Notification 
rates were greatest among Indigenous children 
aged 2–3 months, who were six times as likely 
to have a notification for pertussis as were non-
Indigenous children in this age group (IRR 
6.0, with average notification rates of 856.8 
and 142.4 notifications per 100,000 per year 

respectively). Indigenous children aged < 5 
years were also more likely to be hospitalised 
due to pertussis than were non-Indigenous chil-
dren, with the largest disparity in hospitalisa-
tion rate in the 4–5 months age group (IRR 8.1: 
424.6 Indigenous vs. 52.6 per 100,000 for non-
Indigenous) (Table 2). The IRRs comparing 
Indigenous to non–Indigenous notification and 
hospitalisation rates were significantly higher 
for infants < 6 months of age than for children 
≥ 6 months, and this difference was particularly 
marked for hospitalisations.

Diagnostic method

Over the six-year period 2013–2018, the 
predominant method of laboratory testing 
for pertussis was detection of B. pertussis by 
nucleic acid tests (NAT), such as polymerase 
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Table 2: Pertussis notification and hospitalisation rates per 100,000 population for < 5 year olds, 
Australia, 2013–2018,a by age group and Indigenous status

Age group

Indigenous status

IRR by age group (95% CI)b
Non-Indigenous Indigenous

n
Rate per 
100,000

n
Rate per 
100,000

Notifications

<2 months 282 91.3 37 391.4 4.3 (3.0–6.0)

2–3 months 440 142.4 81 856.8 6.0 (4.7–7.6)

4–5 months 457 147.9 73 772.2 5.2 (4.1–6.7)

6–11 months 987 106.5 97 342.0 3.2 (2.6–4.0)

12–17 months 1019 109.1 84 304.7 2.8 (2.2–3.5)

18 months–<5 years 6820 104.0 484 261.4 2.5 (2.3–2.8)

Hospitalisations

<2 months 332 128.5 38 489.0 3.8 (2.7–5.3)

2–3 months 307 118.8 49 630.5 5.3 (3.9–7.2)

4–5 months 136 52.6 33 424.6 8.1 (5.5–11.8)

6–11 months 149 19.2 14 60.0 3.1 (1.8–5.4)

12–17 months 75 9.6 4 17.7 1.8 (0.7–5.0)

18 months–<5 years 195 3.6 18 11.8 3.3 (2.0–5.3)

a	 Data source: NNDSS (notification data), NHMD (hospitalisation data, available to June 2018).

b	 Bold IRR denotes statistical significance (p-value < 0.05).

chain reaction (PCR). Of all diagnostic tests 
for pertussis performed over this time, NAT 
comprised 72.6% and serology the remaining 
27.4%. The percentage of notifications based 
on NAT for pertussis increased from 54.0% in 
2013 to 88.2% in 2018, while serology tests fell 
from 46.0% to 11.7% (Figure 7). The proportion 
of notifications based on serological testing has 
progressively fallen in all age groups, with more 
than 50% of notifications based on NAT since 
2006 in children under 5 years of age; since 2007 
for children aged 5–9 years; since 2008–2009 
for those aged 10–19 years; since 2010 for adults 
aged 20–29 years; since 2015 for adults aged 
30–64 years; and since 2018 for notifications 
in persons 65 years of age and older (Figure 8, 
Figure 9).

The proportion of notifications reported with 
a positive culture for B. pertussis was low over 
the past decade (< 1%) and very low (0.05%) in 
the 2013–2018 period. There were 50 positive 

cultures for B. pertussis reported during 2013–
2018: < 6 months (6; 12% of the 50 positive 
cultures), 6–18 months (9; 18%), 5–9 years (11; 
22%), 10–64 years (15; 30%) and ≥ 65 years (9; 
18%).

Impact of maternal vaccination during 
pregnancy

Overall, for the period 2015–2018 (compared 
to 2010–2013), pertussis notification rates sig-
nificantly decreased in both the < 2 months age 
group (IRR = 0.3; 95% CI: 0.2–0.3; p < 0.05) 
and the 6–11 months age group (IRR=0.8; 95% 
CI: 0.8–0.9; p < 0.05) following the introduc-
tion of maternal pertussis vaccination during 
pregnancy (Table 3). Notification rates progres-
sively declined in each year of the post-mater-
nal-vaccination era from 2015 to 2018 for the 
< 2 months age group, and from 2017 among 
infants aged 6–11 months (Table 3).
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Figure 7: Diagnostic methods for pertussis notifications, Australia, 2006–2018,a for all age groups

a	 Data source: NNDSS (notification data).

Severe morbidity and mortality

The median length of stay per hospital admis-
sion was 3 days (interquartile range: 1–6 days), 
but this varied with age (Table 4). Length of stay 
was longer for older adults (median: 5 days for 
the 65–79 years age group; 7 days for those aged 
≥ 80 years) than for infants. Length of stay has 
remained stable for older adults in the 2013–
2017 period compared to the 2002–2012 period. 
Median length of stay fell slightly for infants 
from 3 to 2 days between the two time peri-
ods. Hospital admission rates have remained 
relatively stable across all age groups, except 
among infants where hospitalisation rates have 
approximately halved in the 2013–2017 period, 
largely reflecting notification patterns.

Length of stay also varied by Indigenous status 
in very young infants. Indigenous infants aged 
< 4 months had a slightly longer median length 

of stay than did non–Indigenous infants of the 
same age, but this could be attributed to the 
need for remote or regional transfers.

During the period 2006–2018, there were 30 
people recorded with pertussis as the underlying 
cause of death in the Australian Coordinating 
Registry (ACR), whereas the NNDSS recorded 
18 deaths over the same period. The NNDSS 
recorded three additional deaths among infants 
(14) compared to the ACR (11), with three of the 
14 infant deaths recorded in the NNDSS being 
Indigenous infants. For adults aged ≥ 50 years, 
almost five times as many pertussis-coded 
deaths were recorded in the ACR (19) as in the 
NNDSS (4) (Table 5). Of non-infant deaths 
recorded in the NNDSS during 2006–2018, 
three were in adults aged ≥ 70 years, and only 
one of these was confirmed by NAT or culture.
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Table 3: Incidence rate of pertussis notifications per 100,000 population by infant age group, 
Australia, during the pre-(2010–2013) and post-(2015–2018) maternal-vaccination periodsa

Age group

Maternal-vaccination period

IRR by year 
and age 
group

(95% CI)b

Pre-(2010–2013) Post-(2015–2018)

n

Rate per 
100,000 

population 
per year

Year n
Rate per 
100,000 

population

< 2 months 707 352.8

2015 68 132.3 0.4 (0.3–0.5)

2016 62 116.7 0.3 (0.3–0.4)

2017 38 74.3 0.2 (0.2–0.3)

2018 26 51.4 0.1 (0.1–0.2)

2015–2018 194 94.1 0.3 (0.2–0.3)

6–11 months 1,032 171.6

2015 240 155.6 0.9 (0.8–1.0)

2016 298 186.9 1.1 (1.0–1.2)

2017 184 119.9 0.7 (0.6–0.8)

2018 176 116.0 0.7 (0.6–0.8)

2015–2018 898 145.1 0.8 (0.8–0.9)

a	 Data source: NNDSS (notification data).

b	 Bold IRR denotes significance (p-value < 0.05).

Table 4: Number of pertussis-coded hospitalisations, median length of stay and interquartile 
range by age group, Australia, 2002–2012 and 2013–2017a

Age group

Hospital admissions Length of stay (days)

2002–2012 2013–2017 2002–2012 2013–2017

n

Rate per 
100,000 

population
per year

n

Rate per 
100,000 

population 
per year

Median
Inter–
quartile 
range

Median
Inter–quartile 

range

< 1 year 4,068 134.0 1,058 68.2 3 1–6 2 1–4

1–4 years 721 6.1 313 5.0 1 1–3 1 1–2

5–9 years 242 1.6 136 1.8 1 1–2 1 1–2

10–19 years 345 1.1 118 0.8 2 1–4 1 1–3

20–49 years 1,122 1.1 410 0.8 3 1–5 2 1–5

50–64 years 814 2.0 349 1.6 4 2–7 4 1–6

65–79 years 850 3.8 524 4.0 5 3–9 5 3–8

80+ years 574 7.0 376 8.2 7 4–12 7 4–12

All ages 8,736 3.8 3,284 2.8 3 1–6 3 1–6

a	 Data source: National Hospital Morbidity Database (hospitalisation data).
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Discussion

In the six-year period 2013–2018, pertus-
sis was second only to influenza as the most 
frequently-notified vaccine preventable disease 
in Australia, with an average annual all-age 
national notification rate of 63.6 per 100,000 
population. This is around 40% lower than the 
previous review period (2006–2012), when the 
average annual national notification rate was 
103.1 per 100,000 population, which in turn 
was 2.5-fold higher than 1995–2005 (39.6 per 
100,000 population).13,14 Although comparison 
of the incidence of notified pertussis is prob-
lematic because of changes in diagnostic and 
surveillance practices, these changes were much 
less between 2013–2018 and 2006–2012 than 
occurred between 1995–2005 and 2006–2012, 
as summarised in Table 6. In the 2013–2018 
period, pertussis notification rates declined in 
all jurisdictions compared to 2006–2012, but 
with a wide range, from a reduction of 65% in 
Queensland (122.5 to 42.7 per 100,000 popula-
tion) and around 60% in South Australia (178.5 
to 69.0) and the Northern Territory (116.4 to 
44.4) to a much lower 6% decline in Western 
Australia (66.9 to 62.8). However, in all juris-
dictions, the peak annual notification rates 
seen in 2013–2018 (lowest in Western Australia 
[73.4] and highest in New South Wales [160.8]) 
were substantially lower than peak rates in 
2006–2012, which ranged from 454.9 per 
100,000 population in South Australia (2010) to 

156.5 per 100,000 population in Victoria (2011). 
The decline in the average rate of coded hospi-
talisations at the national level for 2013–2018 
compared to 2006–2012 was less marked (39% 
reduction; from 4.6 to 2.8 per 100,000 popula-
tion), but as for notifications, was greatest in the 
Northern Territory (68% reduction; from 7.2 to 
2.3) and South Australia (51% reduction; from 
7.3 to 3.6) and least in the Australian Capital 
Territory (27% reduction; from 2.2 to 1.6) and 
Western Australia (31% reduction; from 2.9 to 
2.0)(Table 6).

When the annual pattern of notifications was 
examined at a national level over the entire 
24-year period, there appeared to be peaks at 
approximately 3–4 year intervals in 1997–1998, 
2001–2002 and 2005–2006. Incidence moved 
to a higher baseline after 2008, likely relating 
to increased testing with access to NAT at pri-
mary care level from 2008, with high incidence 
in 2009–2012 and again in 2016.16 However, 
national patterns disguise marked regional 
variation. Periodic epidemic peaks were clearly 
evident in Tasmania, South Australia and 
Western Australia but were much less appar-
ent in Queensland, New South Wales, the 
Australian Capital Territory, Victoria and the 
Northern Territory, although all regions had 
substantially higher pertussis notifications in 
the period 2009–2011. There was an apparent 
seasonal peak in November each year, supported 

Table 5: Deaths due to pertussis by data source and age group, Australia, 2006–2018a

Age group

2006–2011 2012–2018

ACR
(Underlying cause of 

death)b

NNDSS
(Deaths recorded 

among notified cases)

ACR
(Underlying cause of 

death)b

NNDSS
(Deaths recorded 

among notified cases)

< 2 months 1–5 7 1–5 4

2–11 months 1–5 1 1–5 2

50+ years 8 1 11 3

Total 13 9 17 9

a	 Data source: Australian Coordinating Registry (ACR; cause of death data), NNDSS (notification data).

b	 To comply with the ACR’s data release condition that death counts < 6 be suppressed in published reports, counts between 1 and 5 are 

reported as a range.
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by a recent detailed study of regional pertussis 
data, which found spring/summer peaks in all 
regions of Australia including the tropics.17

There were substantial changes in age-specific 
notification patterns in 2013–2018. Since 1995, 
the highest notification rates of any age group 
were in the youngest infants (aged < 2 months 
and 2–3 months), with progressive reductions 
in incidence among infants 4–5 months and 
6–11 months, coinciding with receipt of the 
first three doses of pertussis-containing vaccine 
from 6–8 weeks to 6 months of age. However, 
from 2015, incidence in infants aged < 2 months 
was, for the first time, below that for the next 
three infant age groups, and progressively 
decreased in 2017 and 2018, such that incidence 
was lower than in any age group below 15 years. 
As observed since 2008, the 5–9 years age group 
had the next highest incidence, similar to 10–14 
year olds, with incidence among 15–19 year olds 
remaining significantly lower than among 5–14 
year olds. However, also since 2015, incidence 
among the age groups 20–39, 40–64, and ≥ 65 
years has been below that for 15–19 year olds. 
Hospitalisation rates in children aged less than 5 
years, since 2002, have consistently been highest 
for infants aged < 2 months and those aged 2–3 
months, followed by infants aged 4–5 months, 
with very low rates observed in those aged from 
6 months to 4 years. The most recent data, for 
the calendar year 2017, showed a trend toward 
lower hospitalisation rates among infants aged 
< 2 months, but this was not as dramatic as that 
seen for notifications, and rates were similar to 
those previously documented for 2007.

Adding to the clear trends in age–specific 
notification for infants aged < 2 months, we 
further examined patterns in notification data 
to evaluate potential impact on early infant 
pertussis from the introduction of maternal 
immunisation in 2015 onwards. Data from 
Victoria and Western Australia, which are likely 
applicable nationally, suggest that uptake of 
maternal immunisation in pregnancy was up to 
80% over this period and data from New South 
Wales are consistent with the 80–90% effective-
ness of maternal immunisation against early 

infant pertussis reported from England.18–23 
First, when notifications since 1995 by week of 
age were examined from birth to 24 months of 
age, the distinct peak consistently seen from 5 
to 10 weeks of age in all previous years disap-
peared for infants born from 2015 to 2018. 
Second, when notification rates for infants < 
2 months of age for each of the years 2015 to 
2018 were compared with baseline incidence for 
2010–2013, allowing for a wash-in year in 2014, 
there was a progressive reduction in the relative 
incidence of pertussis notifications for the < 2 
months age group in each year from 2015 (IRR 
0.4) to 2016 (0.3), 2017 (0.2) and 2018 (0.1). This 
compared with more modest, though still statis-
tically significant, reduction in the IRR among 
6–11 month old infants for 2017 and 2018 (0.7; 
95% CI: 0.6–0.8). Taken together, these descrip-
tive analyses provide highly suggestive evidence 
of a significant impact of maternal pertussis 
immunisation programs in Australia.

In addition to maternal immunisation, other 
recent NIP schedule changes may also have 
had an impact on early infant pertussis. These 
include reinstatement of the 18-month booster 
dose in March 2016 and the recommendation 
for a pertussis-containing vaccine for adults 
aged ≥ 65 years in March 2013. It is possible 
that both have influenced pertussis notification 
rates among young infants through reduced 
transmission from preschool-aged siblings and 
grandparents. Available data show that uptake 
of the 18-month pertussis dose is 92.8% and 
around 20% for persons ≥ 65 years.10,24

Previous reviews have highlighted the issue of 
waning vaccine-induced immunity from acel-
lular vaccines.25 We found continuing high inci-
dence of pertussis in pre-adolescent (9–11 years) 
and early adolescent children. Although severe 
disease causing hospitalisation is uncommon in 
this age group, pertussis can be associated with 
significant morbidity in children of this age.26

Completeness of Indigenous status in the 
NNDSS has improved markedly and met com-
pleteness criteria for infants aged < 6 months 
in 2004 and has been greater than 90% for all 
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children aged < 5 years since 2010. Significant 
disparities exist in pertussis notification and 
hospitalisation rates between Indigenous and 
non-Indigenous children and are present in 
all age groups < 5 years and particularly pro-
nounced for infants < 6 months of age. We found 
that Indigenous infants are between 3.2 and 6.0 
times as likely to be notified and between 3.1 
and 8.1 times as likely to be hospitalised with 
pertussis as are non-Indigenous children in the 
same age groups. An important remedial factor 
for this disparity is improvements in vaccina-
tion timeliness.27–30

Laboratory diagnostic trends for pertussis 
detection have continued on a similar trajectory 
since the previous review period. From 2007, the 
proportion of notifications by NAT increased 
sharply, and by 2012, such testing accounted for 
just over 62.0% of diagnostic tests for pertussis 
in 15–19 year olds, and 32.7% in individuals 
aged ≥ 20 years.16 By 2018, NAT had become the 
dominant method of laboratory diagnosis in all 
age groups: 87.2% in 15–19 year olds and 76.3% 
in those aged ≥20 years. In those ≥ 65 years 
of age, serology still comprised a third of tests 
performed in 2018, but the validity of serologic 
diagnoses, particularly when not accompanied 
by individual case follow-up, remains question-
able.31 Culture has become increasingly rare, 
and the low number of positive cultures between 
2013 and 2018 has important implications for 
the continuing ability to track pertussis strain 
variation over time.32

This review highlights differences in the ascer-
tainment of deaths due to pertussis when exam-
ining death certificate and notification data. 
The NNDSS recorded fewer deaths in older 
age groups, which may reflect lower levels of 
public health follow-up in adults. Application of 
capture-recapture methods in the Netherlands 
has shown that there is likely to be continued 
under-ascertainment of deaths from pertussis.33

Australia continues to have substantially higher 
rates of pertussis notification and coded hospital-
isation than do comparable countries in Europe 
and North America, although at least part of this 

difference is likely due to under-ascertainment 
of pertussis in those countries compared with 
Australia.33–36 However, Australia also now has 
one of the most comprehensive immunisation 
programs of any country, targeting pertussis 
across the lifespan, with high uptake of a six-
dose schedule under the age of 14 years and high 
uptake of maternal vaccination in pregnancy, 
along with recommendations for vaccination of 
older adults. This review has identified strong 
evidence of significant reductions in pertussis 
in the post-maternal-vaccination era for new-
born infants too young to receive even their first 
infant vaccine dose, the most important target 
group for prevention of pertussis, given they are 
at highest risk of severe disease and death.
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Appendix A: Supplementary figures and tables

Figure A.1: Pertussis notifications and hospitalisations by jurisdiction for the Australian Capital Territory, 
the Northern Territory, and Tasmania, January 1995 to December 2018 (for notifications) by month and 
year of diagnosis, June 2001 to June 2018 (for hospitalisations) by month and year of admissiona

a	 Data source: NNDSS (notification data), NHMD (hospitalisation data). Scales are the same for all three jurisdictions.
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Figure A.2: Pertussis notifications and hospitalisations by jurisdiction for New South Wales, 
Queensland, and Victoria, January 1995 to December 2018 (for notifications) by month and year 
of diagnosis, June 2001 to June 2018 (for hospitalisations) by month and year of admissiona

a	 Data source: NNDSS (notification data), NHMD (hospitalisation data). Scales are the same for all three jurisdictions.
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Figure A.3: Pertussis notifications and hospitalisations by jurisdiction for South Australia and 
Western Australia, January 1995 to December 2018 (for notifications) by month and year of 
diagnosis, June 2001 to June 2018 (for hospitalisations) by month and year of admissiona

a	 Data source: NNDSS (notification data), NHMD (hospitalisation data). Scales are the same for both jurisdictions.
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Table A.1: Age–specific notification and hospitalisation rates per 100,000 population for 
pertussis, Australia, 2013–2018,a by jurisdiction

Age group

State or 
territory

Data source
< 6 

months

6 
months 
– 4 years

5–9 
years

10–14 
years

15–19 
years

20–64 
years

≥ 65 
years

ACT

2013 Notifications 0.0 34.0 125.3 165.1 12.3 47.8 106.1

Hospitalisations 72.8 0.0 0.0 0.0 0.0 0.4 2.3

2014 Notifications 72.1 24.9 75.1 51.7 69.1 52.7 107.8

Hospitalisations 36.1 4.2 4.2 0.0 0.0 1.2 0.0

2015 Notifications 106.2 114.0 291.6 435.5 80.6 89.0 98.8

Hospitalisations 35.4 8.1 0.0 0.0 0.0 0.8 8.4

2016 Notifications 70.2 130.9 256.1 360.8 120.5 95.8 106.9

Hospitalisations 35.1 7.9 3.9 0.0 0.0 0.8 2.0

2017 Notifications 35.7 124.9 67.1 104.3 40.5 52.8 63.9

Hospitalisations 0.0 7.8 3.7 0.0 4.1 0.4 1.9

2018 Notifications 0.0 66.6 154.9 254.8 89.2 40.8 44.8

Total number notifications 8 124 247 305 102 954 252

Total number hospitalisations 5 7 3 0 1 9 7

Average rate notifications 48.0 83.5 162.0 229.0 68.9 63.0 86.5

Average rate hospitalisations 35.7 5.7 2.4 0.0 0.8 0.7 2.9

NSW

2013 Notifications 110.9 88.9 110.4 62.7 14.9 18.6 18.9

Hospitalisations 131.0 5.9 1.1 0.4 0.6 0.7 3.2

2014 Notifications 93.4 79.8 133.3 116.5 26.3 25.0 29.2

Hospitalisations 87.1 4.5 0.4 0.4 0.0 0.8 4.3

2015 Notifications 362.9 384.0 629.7 601.8 148.2 72.4 50.8

Hospitalisations 189.6 12.3 3.5 2.2 0.4 1.5 4.5

2016 Notifications 342.5 397.5 535.5 430.6 121.4 68.2 44.4

Hospitalisations 181.1 12.2 3.4 1.3 0.6 1.3 4.8

2017 Notifications 179.2 188.4 240.5 153.5 70.4 36.5 28.7

Hospitalisations 93.7 8.2 1.6 1.1 0.0 0.9 4.4

2018 Notifications 158.4 180.9 370.7 248.1 69.3 36.9 24.4

Total number notifications 617 5,916 9,996 7,355 2,100 11,823 2,362

Total number hospitalisations 338 193 49 25 8 233 251

Average rate notifications 208.9 220.5 339.7 268.6 75.1 43.1 32.8

Average rate hospitalisations 137.0 8.6 2.0 1.1 0.3 1.0 4.2

a	 Data source: NNDSS (notification data), NHMD (hospitalisation data). Hospitalisations up to 2017.
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Age group

State or 
territory

Data source
< 6 

months
6 months 
– 4 years

5–9 
years

10–14 
years

15–19 
years

20–64 
years

≥ 65 
years

NT

2013 Notifications 50.2 52.1 56.8 42.1 12.6 39.3 115.7

Hospitalisations 50.2 5.8 0.0 0.0 0.0 0.6 0.0

2014 Notifications 102.5 11.6 16.9 6.1 13.0 40.9 51.7

Hospitalisations 51.2 0.0 0.0 0.0 0.0 2.5 0.0

2015 Notifications 50.7 29.0 11.1 12.4 13.4 25.0 43.1

Hospitalisations 0.0 0.0 0.0 0.0 0.0 0.6 0.0

2016 Notifications 147.0 104.0 312.5 412.4 100.5 33.1 70.8

Hospitalisations 195.9 0.0 0.0 0.0 0.0 0.6 5.9

2017 Notifications 359.1 93.1 97.4 74.1 73.0 26.1 22.5

Hospitalisations 461.7 11.6 0.0 6.2 0.0 0.0 0.0

2018 Notifications 381.8 47.9 43.6 48.5 13.2 19.4 21.3

Total number notifications 21 58 98 96 34 293 52

Total number hospitalisations 15 3 0 1 0 7 1

Average rate notifications 178.8 56.3 90.4 98.2 37.3 30.6 52.1

Average rate hospitalisations 151.4 3.5 0.0 1.2 0.0 0.9 1.2

Qld

2013 Notifications 214.3 122.4 160.5 178.1 41.6 60.5 87.6

Hospitalisations 141.8 6.0 3.5 1.0 1.0 1.0 7.7

2014 Notifications 111.1 53.4 69.8 79.2 19.2 19.0 24.3

Hospitalisations 92.1 4.2 1.6 2.0 0.3 1.3 9.3

2015 Notifications 90.1 76.2 126.1 150.3 24.8 19.9 16.6

Hospitalisations 93.4 3.5 1.5 1.3 1.0 1.3 11.7

2016 Notifications 99.1 117.1 141.9 146.8 39.4 23.2 11.8

Hospitalisations 99.1 10.1 2.4 3.3 0.7 2.2 5.9

2017 Notifications 81.8 59.6 90.0 72.9 25.4 14.5 15.6

Hospitalisations 49.1 3.8 0.6 0.3 0.3 1.2 8.8

2018 Notifications 55.7 66.0 165.9 108.8 29.4 16.2 9.6

Total number notifications 204 1,415 2,457 2,255 555 4,352 1,103

Total number hospitalisations 149 79 31 24 10 205 297

Average rate notifications 109.3 82.4 125.8 122.1 30.0 25.3 26.2

Average rate hospitalisations 95.4 5.5 1.9 1.6 0.6 1.4 8.7
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Age group

State or 
territory

Data source
< 6 

months
6 months 
– 4 years

5–9 
years

10–14 
years

15–19 
years

20–64 
years

≥ 65 
years

SA

2013 Notifications 195.8 82.5 182.1 137.7 23.8 30.7 27.2

Hospitalisations 156.7 3.3 2.0 0.0 0.0 1.2 1.8

2014 Notifications 99.0 34.8 75.7 74.2 21.9 23.1 21.6

Hospitalisations 69.3 3.3 1.0 1.0 0.0 1.0 2.1

2015 Notifications 159.4 133.2 221.3 361.7 54.5 45.1 36.6

Hospitalisations 109.6 8.7 1.9 5.2 0.0 1.1 3.7

2016 Notifications 232.2 173.6 319.7 428.3 123.2 70.4 63.3

Hospitalisations 125.8 19.4 6.7 4.1 0.0 1.3 10.6

2017 Notifications 237.9 205.0 309.9 322.8 116.9 60.8 49.2

Hospitalisations 217.2 16.3 5.7 4.0 5.8 1.8 10.0

2018 Notifications 42.4 67.1 163.4 100.7 43.7 26.3 17.5

Total number notifications 97 641 1,312 1,395 399 2,565 647

Total number hospitalisations 68 47 18 14 6 64 85

Average rate notifications 162.2 116.3 213.1 236.9 63.8 42.8 36.0

Average rate hospitalisations 135.0 10.2 3.5 2.9 1.1 1.3 5.8

Tas.

2013 Notifications 296.2 353.6 367.6 138.8 42.3 69.5 37.3

Hospitalisations 263.3 7.1 3.2 3.2 0.0 1.0 4.5

2014 Notifications 33.6 25.2 21.7 9.7 12.2 10.8 15.3

Hospitalisations 33.6 0.0 0.0 0.0 0.0 1.7 2.2

2015 Notifications 0.0 21.9 6.2 6.5 12.4 3.4 7.4

Hospitalisations 34.6 3.7 3.1 0.0 9.3 0.0 2.1

2016 Notifications 33.1 22.2 21.6 13.0 6.3 2.0 4.1

Hospitalisations 0.0 7.4 3.1 0.0 0.0 0.7 0.0

2017 Notifications 0.0 3.7 24.8 16.0 3.1 5.7 7.9

Hospitalisations 0.0 3.7 0.0 0.0 0.0 0.0 0.0

2018 Notifications 111.3 74.7 377.7 386.5 66.4 37.4 14.4

Total number notifications 14 140 261 182 46 383 81

Total number hospitalisations 10 6 3 1 3 10 8

Average rate notifications 80.3 85.3 135.3 97.2 23.8 21.5 14.1

Average rate hospitalisations 67.9 4.4 1.9 0.6 1.9 0.7 1.7
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Age group

State or 
territory

Data source
< 6 

months

6 
months 
– 4 years

5–9 
years

10–14 
years

15–19 
years

20–64 
years

≥ 65 
years

Vic.

2013 Notifications 138.0 49.9 86.8 92.6 23.8 42.4 57.8

Hospitalisations 143.2 3.0 0.6 0.9 0.0 0.7 3.8

2014 Notifications 213.8 82.2 133.7 198.4 42.7 64.8 81.8

Hospitalisations 177.3 6.7 1.4 1.5 0.0 1.0 3.9

2015 Notifications 151.6 101.5 127.4 145.7 45.7 63.7 88.1

Hospitalisations 107.9 4.3 1.1 0.3 0.0 1.5 7.1

2016 Notifications 75.2 51.9 71.3 75.4 35.8 40.0 53.2

Hospitalisations 77.7 5.6 1.5 0.6 0.3 1.0 4.5

2017 Notifications 56.2 28.3 48.6 50.0 22.7 27.2 35.3

Hospitalisations 43.5 2.5 0.8 0.8 0.3 0.5 4.0

2018 Notifications 48.7 36.7 46.5 49.6 19.1 21.6 25.1

Total number notifications 266 1,230 1,927 2,115 700 9,511 3,065

Total number hospitalisations 214 77 20 14 2 171 210

Average rate notifications 113.2 58.0 84.6 100.4 31.6 42.8 55.9

Average rate hospitalisations 109.2 4.4 1.1 0.8 0.1 0.9 4.7

WA

2013 Notifications 180.0 81.0 95.8 145.0 43.4 53.2 72.2

Hospitalisations 156.8 8.6 3.1 2.0 1.3 0.4 2.2

2014 Notifications 92.5 57.4 83.0 132.3 44.7 59.3 98.8

Hospitalisations 127.2 3.3 0.0 0.0 0.0 1.0 3.4

2015 Notifications 80.3 99.6 118.0 120.7 61.6 57.3 97.8

Hospitalisations 51.6 4.5 0.6 0.0 0.6 0.7 3.9

2016 Notifications 128.7 92.8 114.6 163.6 49.1 40.9 56.0

Hospitalisations 50.4 5.2 0.6 0.0 0.0 0.2 2.6

2017 Notifications 184.2 127.9 126.5 148.4 59.1 36.1 48.1

Hospitalisations 138.1 6.4 2.3 0.6 0.0 1.1 3.1

2018 Notifications 112.5 96.1 83.8 72.1 50.0 40.1 48.4

Total number notifications 135 858 1,042 1,204 478 4,457 1,419

Total number hospitalisations 91 43 11 4 3 52 51

Average rate notifications 129.7 92.6 103.8 129.9 51.3 47.8 69.2

Average rate hospitalisations 104.4 5.6 1.3 0.5 0.4 0.7 3.0
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