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Key points

• The Australian Partnership for Preparedness 
Research on Infectious Disease Emergencies 
(APPRISE) is a National Health and Medical 
Research Council (NHMRC)-funded Cen-
tre of Research Excellence (CRE). The Centre 
is a nationally-distributed, multidisciplinary 
team of experts that will conduct high-impact 
research to strengthen Australia’s emergency 
response to infectious diseases.

• Announced in June 2016, this CRE is unique 
on the basis of the total funding and the scope 
of work. In the first year, the remit is to com-
plete a targeted consultation of stakeholders 
across Australia to determine what research 
activities and protocols, training opportunities 
and pathways, collaborative partnerships and 
cross-sectoral linkages should be prioritised to 

ensure Australia is equipped for a more coordi-
nated, effective and evidence-based response to 
infectious disease outbreaks.

• The consultation’s stakeholder engagement 
process includes interviews and workshops 
with government and non-government stake-
holders, ranging from government policy mak-
ers, clinicians, researchers and infection pre-
vention specialists to consumers.

• Proposed research priorities will be discussed, 
with analysis and consideration of stakeholder 
views then incorporated into a final consulta-
tion report.

• This report, to be tabled in June 2017, will be 
evaluated by the NHMRC and the Austral-
ian Health Protection Principal Committee 
(AHPPC) and approval will be required prior 
to funding allocation.

Introduction

Multidisciplinary and targeted research is essential 
to support knowledge and practice before, during 
and after infectious disease outbreaks and pandem-
ics. Countries such as the United Kingdom, the 
United States of America and Canada have research 
structures that support emergency responses to 
infectious disease outbreaks. Australia’s research 
response to past outbreaks has been limited, in 
part due to delays inherent in grant funding calls 
made in reaction to such events. At the same time, 
it has been recognised that research co-ordination 
and translation must be improved in order to 
address the most important policy and practical 
needs associated with a rapidly evolving outbreak.

The APPRISE CRE is a national network of 
researchers in organisations across Australia 
funded by the NHMRC. The CRE will estab-
lish a framework for rapid and practical research 
responses to future outbreaks of:

• new pathogens emerging in Australia;
• new pathogens emerging outside Australia; and
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• existing pathogens that become of local or 
regional concern.

The principal goals of APPRISE are to:

• establish a sustainable multidisciplinary 
research team across Australia to perform 
high-quality and high-impact infectious dis-
ease emergency response research – the team 
should have strong links to national and inter-
national networks

• develop a research strategy for the emergency 
response to infectious diseases across clinical, 
laboratory and public health domains – the 
strategy should be guided by ongoing consulta-
tion with stakeholders; and

• generate and execute the best evidence for the 
emergency response through capacity-building 
and training and effective communication with 
frontline health workers, policy makers and 
consumers.

To fulfil the goals of APPRISE and meet the 
funding conditions outlined by the NHMRC, a 
consultation process is underway to address and set 
research priorities across the CRE’s 4 inter-related 



E2 CDI Vol 41 No 1 2017

Invited commentary 

‘pillars’: clinical research; public health research; 
laboratory research; and key populations including 
Aboriginal and Torres Strait Islander peoples. 
Each pillar will be supported and interact with 4 
cross-cutting platforms: ethics; data management; 
education and training; and leadership and inte-
gration.

Developing proposed research 
priorities through consultation

NHMRC funding beyond the first year is depend-
ent upon a successful and targeted consultation of 
stakeholders across Australia to define research 
priorities and establish methods and networks for 
future collaboration. Broad stakeholder engage-
ment is essential to ensure the national research 
priorities are fully informed and to provide the best 
possible framework for future collaboration and 
networking.

The consultation will be a staged process (Table). 
Stakeholder engagement will include group 
interviews, one-on-one interviews and workshops. 
Stakeholders who will be consulted about research 
priorities include:

• public health organisations (government and 
non-government);

• clinical and infection prevention organisations 
(government and non-government);

• laboratory research stakeholders;
• representatives of at-risk populations;
• regional stakeholders;
• emergency and defence stakeholders; and
• consumers.

The APPRISE Expert Reference Panel (Table) 
will provide feedback and confirm the outcomes of 
the consultation phase, which will include:

• identifying research priorities;
• building the foundation for ongoing collabora-

tion and engagement;

• recommending methods to translate research 
outcomes to policy and practice; and

• developing strategies to ensure the long-term 
sustainability of APPRISE beyond the 5-year 
timeframe of the CRE.

Evaluating the research priority report

The AHPPC will evaluate the consultation pro-
cess report and recommend whether the NHMRC 
should approve the research priorities and ongoing 
funding of the CRE.

The complex planning and ongoing engagement 
needed among diverse stakeholders to predict, pre-
pare for and respond to infectious disease outbreaks 
requires a solid evidence base. The consultation 
and collaborative priority setting phase that is now 
underway is a vital part of developing the research 
needed for an effective emergency response to 
infectious diseases in Australia.

The development of a cross-sectoral and multi-
disciplinary team to facilitate cohesive and rapid 
research responses in infectious disease emergen-
cies will strengthen Australia’s capacity to deal 
with the next infectious outbreak or pandemic, 
whatever form it takes.
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Abstract

The Victorian Sentinel Practice Influenza Network 
conducts syndromic surveillance for influenza-like 
illness (ILI), with testing for laboratory confirmation 
of a proportion of cases at the discretion of general 
practitioners. The aim of this study was to evaluate 
the consistency of sentinel general practitioners’ 
swabbing practice within and between influenza 
seasons. Aggregated, weekly, non-identified data 
for May to October each year from 2007 to 2014 
were used to calculate the proportion of patients 
presenting with ILI (defined as cough, fever and 
fatigue), proportion of ILI patients swabbed and 
proportion of swabs positive for influenza. Data on 
the proportion of consultations for ILI and the pro-
portion of ILI patients swabbed were aggregated 
into time-period quintiles for each year. Analysis 
of variance was used to compare ILI patients 
swabbed for each aggregated time-period quin-
tile over all 8 years. Spearman’s correlation and 
Bland-Altman analyses were used to measure 
association and agreement respectively between 
ILI proportions of consultations and swabs positive 
for influenza in time period quintiles within each 
year. Data were aggregated by year for the rest of 
the analyses. Between 2007 and 2014 there was 
a slight decrease in the proportion of positive tests 
and the proportion of ILI patients was generally a 
good proxy for influenza test positivity. There was 
consistency in testing within and between seasons, 
despite an overall testing increase between 2007 
and 2014. There was no evidence for temporal 
sampling bias in these data despite testing not 
being performed on a systematic basis. This sam-
pling regimen could also be considered in other 
similar surveillance systems. Commun Dis Intell 
2017;41(1):E4–E9.

Keywords: influenza, influenza-like illness, 
sentinel surveillance, primary health care, 
Australia

Introduction

A range of influenza surveillance methods and 
settings are used both internationally and within 
Australia in order to assess the onset, magnitude 

and duration of influenza seasons.1–3 These 
include syndromic surveillance of influenza-like 
illness (ILI) that serves as a proxy for influenza 
activity. This is simple to operate, relatively cheap 
as no testing is required (there can be reluctance to 
test children), can be delivered online, is generally 
consistent over time and is not subject to biases in 
testing practices. However, the positive predictive 
value of ILI for influenza can vary due to the use of 
different case definitions across systems, differing 
application of definitions, incidence of influenza 
and other respiratory viruses during the season 
and the surveillance setting (e.g. primary health 
care, hospital outpatients, emergency departments 
or hospital admissions).4–6 Syndromic surveillance 
is therefore usually combined with laboratory test-
ing using modern diagnostic techniques such as 
real-time polymerase chain reaction (PCR)7 ena-
bling more accurate case ascertainment, a better 
understanding of circulating types, subtypes and 
strains, and to inform the formulation of vaccines.8

The Victorian Government Department of Health 
and Human Services funds the Victorian Sentinel 
Practice Influenza Network (VicSPIN), oper-
ated by the Epidemiology Unit at the Victorian 
Infectious Diseases Reference Laboratory. The 
Network is comprised of approximately 100 par-
ticipating general practitioners (GPs), and aims for 
representation of approximately 1 GP per 200,000 
population in metropolitan areas and 1 per 50 
to 100,000 in rural areas.9,10 It operates each year 
between May and October. This system conducts 
syndromic and laboratory surveillance of ILI 
and influenza among general practice patients to 
assess the onset, magnitude and duration of each 
influenza season, circulating strains and vaccine 
effectiveness. Each week, GPs are requested to 
report their total number of consultations and the 
number that met the ILI case definition.2 Nose 
and/or throat swabbing of ILI patients within 
4 days of symptom onset for PCR testing is done 
at the discretion of the general practitioner rather 
than systematically,8 which has the potential to 
introduce selection bias.11 Whom GPs select to 
swab and the frequency at which they do it may 
vary throughout the season due to many factors 
such as individual GPs’ preferences, the patient’s 

influenza testing trenDs in sentinel 
surveillance general practices in victoria 
2007 to 2014
Genevieve A Cowie, Benjamin C Cowie, James E Fielding
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vaccination status12 and influenza incidence or 
perception of it,13 which may in turn be influenced 
by media reporting.14 Swabbing of ILI patients by 
VicSPIN GPs over the whole season has ranged 
from 39% in 200510 to 69% in 2013.12

The aim of this study was to evaluate whether the 
percentage of patients swabbed by sentinel GPs has 
changed within and between influenza seasons.

Methods

Aggregated, weekly, non-identified data obtained 
from VicSPIN practices were obtained for the 
surveillance periods of May to October each year 
from 2007 to 2014, to calculate the proportion 
of patients in GP consultations presenting with 
ILI (defined as cough, fever and fatigue),8,15 the 
proportion of ILI patients swabbed and propor-
tion of swabs positive for influenza. Weekly data 
on the proportion of consultations that were for 
ILI and the proportion of ILI patients swabbed 
were aggregated into time-period quintiles for 
each year. Analysis of variance (ANOVA) was 
used to compare the proportion of ILI patients 
swabbed during the same time period quintile 
over all 8 years as well as quintiles within each 
season, with Bonferroni correction for multiple 
comparisons applied when the initial result was 
significant. Spearman’s rank correlation was 
used to measure the strength of association and 
Bland-Altman analyses to measure agreement 
between the proportions of consultations for ILI 
and swabs positive for influenza within each year.

Data were aggregated by year for the rest of the 
analyses. Rates of ILI consultations, ILI patients 
swabbed and swabs positive for influenza were 
analysed using Pearson’s chi-square for strength of 
association and the chi-square test for trend.

Weeks where the number of patients swabbed 
exceeded the number of ILI patients were 
excluded. Where time-period quintiles were used, 
weeks at the beginning (weeks 18 to 21) and end 
(weeks 42 to 43) of the season were excluded as the 
small numbers during these periods caused large 
fluctuations in proportions calculated.

Statistical calculations including ANOVA, 
Pearson correlation and Bland Altman anal-
yses were performed in Microsoft Excel, with 
P-values and chi-square analyses computed using 
DanielSoper.com Statistics Calculators version 
3.0 beta.16 Other online epidemiological calcu-
lators used were Social Science Statistics17 for 
Spearman’s rank correlation tests and AusVet18 for 
chi-square analyses.

Data in this study were collected, used and reported 
under the legislative authorisation of the Victorian 
Public Health and Wellbeing Regulations 2009. 
Monash University granted the study exemption 
from ethical review (project number CF15/1277 – 
2015000606).

Results

Over the 208 weeks of data collection between 
2007 and 2014, sentinel GPs reported 1,384,141 
patient consultations. The reported number of 
patients swabbed exceeded the reported number 
of ILI consultations in 7 weeks, resulting in the 
exclusion of 126 (1.7%) swabbed patients and 
100 (1.3%) ILI patients. A further 747 ILI patients 
including 436 swabbed patients were excluded 
from the beginning and end of seasons for the time 
period quintile analyses.

Influenza-like illness consultations by year

Between 2007 and 2014, 7,421 patients presented 
with ILI, with a median of 889 patients per year; 
the minimum of 481 was in 2013 and the maxi-
mum of 1,567 was in the pandemic year of 2009. 
This corresponded to 299 and 807 ILI patients per 
100,000 consultations respectively (Figure 1). The 
annual variation in ILI consultation rates was sta-
tistically significant (χ2 = 800.96, df = 7, P < 0.01).

Influenza-like illness swabbed by year

There were 4,542 ILI patients swabbed between 
2007 and 2014, with a median of 479 patients (67%) 
per year. The minimum and maximum number of 
patients was 314 in 2013 and 1,071 in 2009 respec-
tively. The percentage of ILI patients swabbed per 
year increased from a low of 42% in 2007 to a high 
of 75% in 2014. The difference between the annual 

Figure 1: Rate of influenza-like illness patients 
per 100,000 consultations, VicSPIN, 2007 to 
2014, by year
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percentage of ILI patients swabbed during this 
period was statistically significant (χ2 = 384.07, 
df = 7, P < 0.001). However, the trend was non-lin-
ear (χ2 = 198.97, df = 6, P < 0.001). The percent-
age of ILI patients swabbed from 2007 to 2008 
was significantly lower than from 2009 to 2014 
(χ2 = 333.38, df = 1, P < 0.01). The percentage of 
swabbed ILI patients varied between 60% and 75% 
between 2009 and 2014 (Figure 2).

Percentage of swabs positive by year

There were 1,624 swabs positive for influenza over 
the 8 years of data collection with a median of 
182 positive swabs per year or 37% of swabs taken. 
The minimum percentage positive was 22% in 
2013 and the maximum was 47% in 2007. There 
was a slight, but statistically significant (χ2 = 10.63, 
df = 1, P < 0.01), non-linear downward trend in 
the percentage of ILI patients with influenza-pos-
itive swabs during the study (Figure 3).

Figure 2: Percentage and number of influenza-
like illness patients swabbed, VicSPIN, 2007 to 
2014, by year
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Figure 3: Percentage and number of swabs 
positive for influenza, VicSPIN, 2007 to 2014, by 
year
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Figure 4: Percentage of influenza-like illness patients swabbed, VicSPIN, 2007 to 2014, by time period 
quintile
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Influenza-like illness patients swabbed during 
seasons

The percentage of ILI patients swabbed for every 
year, divided into seasonal quintiles, is shown in 
Figure 4.

The percentage of ILI patients swabbed did not 
significantly differ between time-period quintiles 
during each annual influenza season (Table 1). 
Similarly, no significant differences were observed 
when the same time-period quintiles over all 
8 seasons were compared (F = 0.87, Fcritical = 2.64, 
df = 4, P = 0.49).

Correlation and agreement of influenza-like 
illness patients with swabs positive for 
influenza

When compared by time period quintiles, the pro-
portion of patients with ILI correlated positively 
with the proportion of swabs positive for influenza 
in every year; and was statistically significant in all 
but 2008 and 2011 (Table 2). All years when the 
incidence of influenza was assumed to be high, 
that is, when the percentages of swabs positive for 
influenza was greater than the median for 2007 to 
2014, were statistically significant.

Bland Altman analyses by time quintiles in each 
year showed that the fixed differences between the 
proportion of patients presenting with ILI and the 
proportion of swabs positive for influenza shown 
by the intercepts, were not significant. However, in 
addition to the fixed differences, in all years there 
were significant increasing differences between 
the 2 proportional measures as their magnitude 
increased, as indicated by the slope.

Discussion

The lack of variation in swabbing practice with 
time-period quintiles indicates that swabbing 
practice by VicSPIN GPs was generally consistent 
within and between influenza seasons from 2007 
to 2014, despite the overall increase in testing since 
2009. Consequently, although VicSPIN GPs do not 
systematically sample ILI patients for influenza 
testing, no temporal sampling bias was apparent.19

There was an increase in testing from 2009 among 
sentinel GPs, although laboratory testing, without 
explicit caps, has always been available to them. 

Table 2: Spearman’s correlation and Bland Altman analyses for proportions of consultations that are 
influenza-like illness and proportions of swabs positive for influenza, VicSPIN, 2007 to 2014

Year n

Spearman’s rho, df=3 Bland Altman agreement

rs

P value 
(2 tailed) Intercept‡

P value 
intercept Slope P value slope

2007† 440 1.0 <0.001* -0.0003 0.98 1.9103 P<0.001
2008 364 0.7 0.19 -0.008 0.24 1.9651 P <0.001
2009† 977 1.0 <0.001* -0.002 0.67 1.887 P <0.001
2010 436 0.9 0.04* -0.0032 0.37 1.9634 P <0.001
2011 574 0.6 0.28 -0.0054 0.16 1.9597 P <0.001
2012† 639 0.9 0.04* 0.0137 0.2 1.8572 P <0.001
2013 290 0.9 0.04* -0.0026 0.12 1.9654 P <0.001
2014† 447 0.9 0.04* 0.0022 0.63 1.9405 P <0.001

* P < 0.05
† Greater than median percentage influenza positive for 2007 to 2014.
‡ Intercept = fixed difference between proportions of consultations that are influenza-like illness and proportions of swabs 

positive for influenza.

Table 1: ANOVA F test values for the proportion 
of influenza-like illness patients swabbed for 
influenza, VicSPIN, 2007 to 2014, (degrees of 
freedom = 4)

Year n F Fcritical P value
2007 440 2.37 3.06 0.10
2008 364 2.33 3.06 0.10
2009 977 0.13 3.06 0.97
2010* 436 4.35 3.06 0.02*
2011 574 0.96 3.11 0.46
2012 639 2.78 3.06 0.07
2013 290 1.43 3.18 0.28
2014 447 0.77 3.11 0.56

* Not significant after Bonferroni correction
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The pandemic year of 2009 may have simply 
prompted greater awareness and concern about 
influenza among sentinel GPs, however there have 
also been wider changes in attitudes to testing in 
primary care over that time. PCR testing with its 
rapid availability of results has become increas-
ingly widely used after introduction of government 
reimbursement through Medicare in 2005 and 
funding for purchase of new PCR machines after 
the 2009 pandemic.1,2,20 PCR testing has increased 
to the point where it is thought to be responsible for 
the substantial increase in statutory notifications 
over the 2010 to 2015 period, since syndromic sur-
veillance has not seen similar increases in seasonal 
incidence.1,21

The slight downward trend in the proportion 
of swabs positive between 2007 and 2014 may be 
partly related to the observed increase in testing 
over the same period. However, this relationship 
is likely to be obscured by several factors, including 
variability in influenza incidence and other causes 
of ILI, and the age groups affected in a given year, 
for instance, GPs may be more reluctant to swab 
children, and nursing home resident surveillance 
is covered by a different part of the system in 
Victoria.12,22,23

Theoretically, swabs are more likely to be positive 
in years with higher incidence of influenza. There 
was a positive correlation between the percent-
age of consultations with diagnosis of ILI and 
percentage of swabs positive in all 8 years of data 
collection. This was statistically significant in all 
but 2 years, including those of presumed higher 
influenza incidence. This confirms that ILI is a 
reasonable proxy for interpreting the severity of 
influenza seasons in this dataset.

A limitation of this study is that the small sample 
size for the time-period quintile analyses may have 
underpowered the study to detect statistically sig-
nificant variation in swabbing, as well as correla-
tion and agreement of swabs positive for influenza 
with consultations for ILI. Furthermore, no con-
clusions about other sources of sampling bias such 
as vaccination status, age or other factors can be 
drawn from this study as they were not examined.

VicSPIN gives timely ILI and laboratory test data 
from a broadly representative sample of GPs, pro-
viding an important part of influenza surveillance 
in Victoria and Australia as a whole. Between 
2007 and 2014 there was a slight decrease in the 
proportion of positive tests and the proportion of 
patients with ILI was generally a reasonable proxy 
for influenza test positivity in these primary care 
patients, especially in high incidence years. During 
the study period, GPs in the VicSPIN surveillance 
program did not vary their ILI testing practices by 

time period quintiles, despite an overall increase in 
testing since 2009. This study supports the current 
VicSPIN practice of testing for influenza at the 
discretion of the GP and the confidence that can be 
placed in the surveillance data that are produced. 
Achieving systematic sampling is likely to require 
considerable effort and may reduce GP participa-
tion with little impact on the value of surveillance. 
This sampling regime could also be considered in 
other similar surveillance systems.
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Abstract
An outbreak of salmonellosis occurred following 
attendance at a school camp between 5 and 
8 August 2014 in a remote area of the Northern 
Territory, Australia. We conducted a retrospective 
cohort study via telephone interviews, using a 
structured questionnaire that recorded symptoms 
and exposures to foods and activities during 
the camp. A case was anyone with laboratory 
confirmed Salmonella Saintpaul infection or a 
clinically compatible illness after attending the 
camp. Environmental health officers from the 
Environmental Health Branch undertook an inves-
tigation and collected water and environmental 
samples. We interviewed 65 (97%) of the 67 peo-
ple who attended the camp. There were 60 stu-
dents and 7 adults. Of the 65 people interviewed, 
30 became ill (attack rate 46%); all were students; 
and 4 had laboratory confirmed S. Saintpaul 
infection. The most commonly reported symptoms 
were diarrhoea (100% 30/30), abdominal pain 
(93% 28/30), nausea (93% 28/30) and fever (70% 
21/30). Thirteen people sought medical attention 
but none required hospitalisation. Illness was sig-
nificantly associated with drinking cordial at lunch 
on 7 August (RR 3.8, 95% CI 1.3–11, P < 0.01), 
as well as drinking cordial at lunch on 8 August 
(RR 2.1, 95% CI 1.1–4.2, P=0.01). Salmonella 
spp. was not detected in water samples or wallaby 
faeces collected from the camp ground. The epi-
demiological investigation suggests the outbreak 
was caused by environmental contamination of 
food or drink and could have occurred during ice 
preparation or storage, preparation of the cordial 
or from inadequate sanitising of the cooler from 
which the cordial was served. This outbreak high-
lights the risks of food or drink contamination with 
environmental Salmonella. Those preparing food 
and drink in campground settings should be vigi-
lant with cleaning, handwashing and disinfection to 
prevent outbreaks of foodborne disease. Commun 
Dis Intell 2017;41(1):E10–E15.

Keywords: outbreak, Salmonella Saintpaul, 
gastroenteritis, salmonellosis, foodborne 
disease, cohort study, public health, camp, 
environmental Salmonella

Introduction

Salmonella Saintpaul is a common Salmonella 
serotype in the Northern Territory of Australia. 
In 2014 it was the 3rd most commonly reported 
serovar, accounting for 11% of all salmonellosis 
notifications.1 About half of all S. Saintpaul infec-
tions in the Northern Territory occur in children 
under 4 years of age, with the majority of these 
thought to be environmentally acquired.2 Known 
reservoirs of S. Saintpaul are reptiles (including 
geckos and lizards),3–5 amphibians6–10 and wal-
labies and kangaroos.11 In 2013, S. Saintpaul was 
detected in ovine, equine, feline, bovine, primate, 
kangaroo, beef, vegetables, tree nuts and parkland 
soil samples that were tested and recorded in the 
National Enteric Pathogen Surveillance System.12 
However, there have been relatively few outbreaks 
of S. Saintpaul recorded in Australia. In 2000 an 
outbreak occurred at a construction site in regional 
Queensland with 28 workers reporting gastroen-
teritis.13 Tank water contaminated with mice and 
frog faeces was identified as the cause. A subse-
quent outbreak, also in Queensland saw 21 people 
affected with contaminated bore water the likely 
cause.14 In 2006, a nationwide outbreak occurred 
with 36 cases associated with consumption of 
rockmelon grown in Northern Australia.15

On 14 August 2014, the Northern Territory Centre 
for Disease Control was alerted to a possible out-
break of gastroenteritis among school students 
who had recently attended a school camp between 
5 and 8 August 2014. This was discovered while 
conducting hypothesis generating interviews with 
routine salmonellosis notifications, when it was 
revealed that 2 cases attended the same school and 
had attended camp in the week preceding their 
illness. The school camp was at a remote outback 
location and was attended by 67 people who slept 
in tents. Food and drink was prepared and served 
from a kitchen housed in a caravan. The initial 
cases reported that other attendees were also sick. 
An outbreak investigation was initiated to identify 
the cause of illness and implement appropriate 
public health measures to prevent further cases.

an outbreak of Salmonella saintpaul 
gastroenteritis after attenDing a school 
camp in the northern territory, australia
Anthony DK Draper, Claire N Morton, Joshua NI Heath, Justin A Lim, Peter G Markey
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Methods

Epidemiological investigation

We requested details of other school groups that 
attended the camp grounds in the week prior to 
and following 5 to 8 August 2014 in order to deter-
mine whether other school groups were affected. 
There were no reports of illness in other groups.

Once the existence of an outbreak was confirmed, 
a retrospective cohort study was undertaken in 
order to try to determine which exposures were 
associated with illness.

We developed and administered a questionnaire 
that recorded details on symptoms and health 
seeking behaviour as well as exposures at the camp 
based on the camp menu, itinerary, activities and 
observations made at the environmental health site 
visits on 18 and 19 August. Active case finding was 
also undertaken through this questionnaire. We 
obtained verbal consent from a parent or a guard-
ian prior to conducting telephone interviews with 
cases. All cases were provided with a salmonellosis 
fact sheet.

A probable case was defined as a person who 
attended the camp between 5 and 8 August 
2014 and subsequently developed a diarrhoeal 
illness. A confirmed case was defined as any 
person who had a diarrhoeal illness and had 
S. Saintpaul isolated from a faecal sample. Data 
were collected and entered into Microsoft Excel 
2010 (Microsoft, USA) and statistical analysis 
was conducted using StataIC® 13 (StataCorp, 
USA). Univariate analysis of exposures was 
conducted and we calculated relative risks (RR); 
95% confidence intervals (CI) and P values were 
considered significant at the 0.05 level. Fisher’s 
exact test was used when counts were <5. When 
a RR was infinite, exact logistic regression was 
used to calculate an odds ratio (OR) and 95% CI. 
The χ2 test was used to analyse gender. Age was 
analysed using the Mann Whitney Wilcoxon 
Rank Sum test. We conducted multivariate 
analysis using logistic regression on all variables 
which had a P <0.05 after univariate analysis.

Ethics approval was not sought for this investi-
gation as it was conducted under the auspices of 
public health legislation.16

Environmental health investigation

Environmental health officers (EHOs) and an 
epidemiologist from the Northern Territory 
Department of Health visited the camp facility 
on 18 August and then again on 19 August to 
identify potential sources of infection and any 

contraventions of the Northern Territory Food Act17 
and Northern Territory Public and Environmental 
Health Act.16 During the investigation, food 
preparation and storage areas were inspected, food 
preparation methods investigated, drinking water 
and sewage disposal infrastructure was inspected, 
and samples of water from the bore head, header 
tanks, ablution blocks, drinking water taps, and 
kitchen facilities were taken. Environmental 
samples were taken of the lake water, which was 
used for irrigation of the grounds, and wallaby 
faeces from the ground where tents were pitched. 
There was no food leftover from the camp to 
sample. Cleaning and disinfection of the kitchen, 
ablution facilities and camping equipment was 
also investigated.

Laboratory investigation

Water samples were collected from various loca-
tions at the campsite and tested at the Northern 
Territory Department of Primary Industry and 
Fisheries (DPIF) Water Microbiology Laboratory 
in Darwin for the presence of coliforms, 
Escherichia coli and enterococci. The results were 
reported against the Australian Drinking Water 
Guidelines.18 Water samples from the hand wash 
basin, water tank and kitchen tap at the camp 
were tested by ProMicro, Hillarys, Western 
Australia for the presence of coliforms, E. coli and 
Salmonella spp. A heterotrophic colony count was 
also performed.

Samples of wallaby faeces were tested for the pres-
ence of Salmonella spp at the Northern Territory 
DPIF Veterinary Laboratory in Darwin, Northern 
Territory.

Stools were cultured using standard techniques. 
Tests for Cryptosporidium and Giardia were 
conducted using antigen detection tests. When 
Salmonella was cultured, isolates were sent to SA 
Pathology or the Microbiological Diagnostic Unit  
at the University of Melbourne for serotyping.

Results

Epidemiological investigation

We contacted 65 of 67 (response rate 97%) of 
those who attended the camp (60 students and 
7 adults). Of the 65 people we interviewed, 
30 became ill (attack rate 46%) (Table 1). All 
cases were students. Four people submitted 
stool samples and all had laboratory confirmed 
S. Saintpaul infection. Another 26 people met 
the case definition as probable cases. Thirteen 
people sought medical attention but none 
required hospitalisation.
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There was no statistically significant difference 
between males and females becoming ill nor was 
there a difference in ages.

In addition to diarrhoea, 27% (8/30) experienced 
bloody diarrhoea, 93% (28/30) experienced 
abdominal pain, 70% (21/30) experienced fever, 
93% (28/30) experienced nausea and 47% (14/30) 
experienced vomiting (Table 1). The median incu-
bation period was 45 hours (range 7 to 160 hours). 
The epidemic curve was typical of a point source 
salmonellosis outbreak (Figure).

Table 2 shows a selection of risk factors from the 
univariable analysis which in total measured 
exposure to 170 variables. Drinking cordial at 
lunch on 7 August was statistically associated with 
illness (RR 3.8, 95% CI 1.3–11, P < 0.01), as was 
drinking cordial at lunch on 8 August (RR 2.1, 
95% CI 1.1–4.2, P < 0.01). Other exposures that 
had a significant P value but with CI that included 
1 were; drinking from a tap near the showers at 
the camp (RR 1.8, 95% CI 1.0–3.0, P < 0.04), using 
a tent supplied by the camp ground (RR 3.4, 95% 
CI 0.9–12.4, P = 0.02 and eating chicken casserole 
for dinner on 6 August (OR 8.9, 95% CI 1.2–∞, 
P = 0.02). Drinking cordial at any time between 
lunch on 7 August and the end of the camp on 
8 August had a RR of 2.7 (95% CI 0.9-7.5, P = 0.03).

Table 1: Demographic characteristics and 
symptoms of cases who attended a school camp in 
the Northern Territory, 5 to 8 August 2014

Characteristic n %
Gender
Male 18 60
Female 12 40
Symptoms
Diarrhoea 30 100
Nausea 28 93
Abdominal pain 28 93
Lethargy 26 87
Headache 25 83
Fever 21 70
Vomiting 14 47
Bloody diarrhoea 8 27
Health seeking behaviour
Sought medical attention 13 43
Hospitalised 0 0

Figure: Epidemiological curve of outbreak cases 
by onset day after attending a school camp in the 
Northern Territory, 5 to 8 August 2014 (n=30)
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Table 2: Univariable analysis of selected risk factors for salmonellosis among attendees of a school 
camp in the Northern Territory, 5 to 8 August 2014

Exposure
Exposed Unexposed Crude 

RR 95% CI P valueCases Total AR% Cases Total AR%
Drank cordial at lunch on 
7 August

26 41 63 3 18 17 3.8 1.3–11.0 0.0015*

Drank cordial at lunch on 
8 August

21 55 38 7 31 23 2.1 1.1–4.2 0.0144

Used a supplied tent 28 49 57 2 12 17 3.4 0.9–12.4 0.0217*
Ate chicken casserole at 
dinner on 6 August

29 54 54 0 6 0 8.9† 1.2–∞† 0.0242

Drank water from tap 
near showers

16 25 64 12 33 36 1.8 1.0–3.0 0.0370

AR = Attack rate
RR = Relative risk
CI = Confidence interval
* Fisher’s exact
† Odds ratio and confidence intervals calculated using exact logistic regression.



CDI Vol 41 No 1 2017 E13

 Original article

Multivariate analysis resulted in a final model 
that included eating a cheese sandwich at lunch 
on 7 August (OR 0.2, 95% CI 0.0–0.9, P = 0.03), 
using a supplied tent (OR 6.8, 95% CI 1.1–40.7, 
P = 0.04) and eating chicken casserole for dinner 
on 6 August, which had an undefined OR as there 
were no cases who reported not eating it.

Environmental health investigation

The environmental health investigation observed 
that there were a large amount of animal drop-
pings throughout the camping, activities and play 
areas. The ablution facilities were not in a clean 
state and dust, staining and grime was observed on 
the toilets, showers, hand basins, shower curtains, 
walls and floors. Drinking water at the camp site 
was from an untreated bore water supply and 
stored in header tanks that were gravity fed to the 
kitchen and ablution facilities. Patrons at the camp 
also had access to drinking water taps that were 
unclean and unprotected from environmental 
contamination. Untreated lake water was used to 
irrigate the camp ground. The kitchen was in a 
poor structural state, there was inadequate hand 
washing facilities and staff had a lack of food safety 
knowledge which may have resulted in poor prac-
tices in the kitchen. No staff illness was reported 
prior to or after the school camp. A large water 
container was observed outside the kitchen and 
dining area which was used to dispense cordial. It 
was visibly dirty and required cleaning.

Ice was produced onsite using untreated bore water 
that was poured into open steel containers that 
were frozen in a chest freezer. This chest freezer 
was also used to store other items including raw 
meats. Cordial at the camp contained untreated 
bore water and the ice prepared onsite.

Children who attended the camp participated in 
a number of activities which included abseiling, 
riding a flying-fox, lake walks, orienteering, play-
ing ball games and cane toad hunting. The cane 
toad hunting activity occurred on the night of 
6 August 2014 and involved some students collect-
ing cane toads with gloved hands, placing them in 
a bag and then euthanasing them by placing the 
bag in the freezer.

EHOs directed the camp proprietor to treat the 
drinking water with chlorine prior to its use as 
a potable drinking water supply. The proprietor 
was also directed to refurbish or replace the 
kitchen facilities. Formal legal notices were issued 
to the proprietor under the Northern Territory 
Food Act and the Northern Territory Public and 
Environmental Health Act 2011. The proprietor 
voluntarily closed the camp in order to address the 
issues identified.

Laboratory investigation

Bore water samples collected from the kitchen tap, 
hand wash basin, shower tap, boys toilet tap, water 
tanks and from the bore head were all negative 
for E. coli, enterococci and the heterophilic colony 
count was also negative when assessed against the 
Guidelines for Drinking Water in Australia.18 Lake 
water samples collected from a tap used to irrigate 
a lawn area at the camp ground were tested and 
recorded a total coliform count of > 2,420 per 
100 mL, 18 E. coli per 100 mL and 38 enterococci 
per 100 mL. No Salmonella was detected in any of 
the samples tested above.

Samples of wallaby faeces tested negative for 
Salmonella spp.

Discussion

The results of this outbreak investigation sug-
gests that food or beverage served at the camp on 
7 August and possibly 8 August was responsible for 
the outbreak, and that a breakdown in cleanliness 
and food handling practices were the likely contrib-
uting factors. S. Saintpaul is a common environ-
mental Salmonella serovar in the NT and it is likely 
that this outbreak was caused by the introduction 
of this organism from the environment into food or 
drink served at the camp. Unfortunately, no food or 
drink samples were collected and the specific cause 
of the outbreak cannot be determined. However, 
the environmental health investigation identified 
multiple opportunities for contamination to occur 
and resulted in formal legal notices being issued 
to the proprietor under the Northern Territory 
Food Act and the Northern Territory Public and 
Environmental Health Act 2011.

The results of the epidemiological investigation 
are inconclusive, particularly after multivariable 
analysis, but univariate analysis revealed an asso-
ciation with consuming cordial at lunch on either 
7 or 8 August. The environmental investigation 
supports this. It revealed that ice used to make 
cordial was being produced on site in open topped 
containers that were filled with tap (bore) water. 
The bore water, along with other water samples at 
the camp tested negative for pathogens and other 
indicator organisms and was not considered a cause 
of the outbreak, unless it became contaminated 
during preparation of ice or cordial. Containers of 
ice, which were open containers with no covering, 
were placed in the chest freezer which was also 
used for storage of other items. This presented a 
risk of cross contamination to the ice from other 
items in the freezer. Apart from food items, it is 
also plausible that cane toads could have been 
euthanised in the same freezer. Salmonella can 
survive for extended periods at temperatures below 
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freezing.19 When ready for use, the ice was further 
processed and placed into the containers by hand, 
which presented another opportunity for contam-
ination. Concerns about the lack of hand washing 
facilities, availability of hot water for hand washing 
and actual practices around hand washing pre-
sented a further risk of contamination of the ice 
and add to the number of plausible mechanisms 
for contamination of the cordial throughout this 
ice-making process. Additionally, the lack of clean-
ing and disinfection of equipment, including the 
cordial container, could have led to contamination 
of the cordial during service.

There are other possible causes of the outbreak 
although these are less compelling. Eating the 
chicken casserole for dinner on the evening of 
6 August also yielded a statistically significant 
association with illness after univariate analysis 
(OR 8.9, 95% CI 1.2–∞, P = 0.02) but there was 
less confidence in this association compared with 
that of the cordial. Chicken casserole has an inher-
ent kill step and camp attendees reported that the 
casserole was served ‘piping hot’, which makes the 
chicken casserole an unlikely vehicle for Salmonella 
infection in this instance.

Sleeping in a supplied tent (i.e. supplied by the 
campground) also had a significantly high risk 
ratio after univariate analysis (RR 3.4, 95% CI 
0.9–12.4, P = 0.02) and it is possible that expo-
sure to contaminated tents led to the outbreak. 
However, exposure to the supplied tents would 
have led to earlier onset of illness and a pattern of 
illness consistent with a continuous exposure over 
the 2 days of the camp. This is in contrast to the 
pattern seen in the epidemic graph, which strongly 
suggests a point-source outbreak of illness (or one 
with a narrow window of exposure) with many 
cases initially becoming ill at the same time. The 
majority became ill 6 to 36 hours after lunch on 
7 August coinciding with the average incubation 
period for salmonellosis.20

Drinking water from the taps near the shower 
block was associated with illness after univariate 
analysis with a relative risk of 1.8 (95% CI 1.0–3.0, 
P = 0.03). This association however, was much 
weaker than that of drinking cordial at lunch on 
August 7 and was considered unlikely as a cause as 
it was also a continuous exposure.

Multivariate analysis was attempted but the final 
model, which included eating a cheese sandwich 
at lunch on 7 August using a supplied tent and eat-
ing chicken casserole for dinner on 6 August was 
considered not to be a plausible causal pathway for 
the outbreak for the same reasons outlined above.

No other foods, activities or exposures in the 
questionnaire, including hunting cane toads were 
statistically associated with illness. Nevertheless, 
it could be that the source of salmonellosis was 
an unknown environmental exposure on 7 and 
8 August. However, regardless of the specific 
cause, it is likely that the various environmental 
and infrastructure issues identified by the EHOs 
contributed to the risk of contamination and there-
fore illness in the patrons, whether directly from 
the environment or indirectly through contamina-
tion of food or drink prepared at the camp, in this 
instance, the cordial served at lunch on 7 August.

A major limitation of the investigation was that 
there was no food, drink or ice available for 
sampling and thus S. Saintpaul was not able to 
be detected in food or drink samples. Only bore 
water, lake water and wallaby faeces was collected 
for sampling and S. Saintpaul was not detected in 
any samples. The exact cause of the outbreak could 
not be determined but poor food handling prac-
tice, sanitation and hygiene could have facilitated 
contamination.

We were able to contact almost the entire cohort of 
persons who attended the camp, which minimised 
selection bias.

The large number of variables tested in this cohort 
study meant that some exposures could have been 
identified as being significantly associated with 
illness by chance alone rather than being a true 
association.

Conclusion

We conclude that an outbreak of S. Saintpaul at 
a school camp was most likely caused by environ-
mental contamination of food or drink. There were 
multiple possible mechanisms for contamination 
to occur due to poor food safety knowledge, poor 
hygiene and structural deficiencies at the camp.

In order to prevent outbreaks such as this it is 
essential that those preparing food in camp-
grounds and outdoor settings have appropriate 
knowledge of safe food handling procedures 
and recognise the risks of contaminating food 
or water with pathogens from the environment, 
including Salmonella. Food handlers, including 
volunteers need to be adequately trained in safe 
food preparation procedures including hand 
washing, cleaning, disinfecting and recognising 
cross-contamination risks. It is also important to 
appropriately maintain facilities for food prepa-
ration and service. It is important to investigate 
outbreaks of environmental Salmonella in order 
to identify risks, undertake appropriate public 
health action and ensure public safety.
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Abstract

In June 2015, an outbreak of salmonellosis 
occurred among people who had eaten at a res-
taurant in Darwin, Northern Territory over 2 con-
secutive nights. We conducted a retrospective 
cohort study of diners who ate at the restaurant 
on 19 and 20 June 2015. Diners were telephoned 
and a questionnaire recorded symptoms and menu 
items consumed. An outbreak case was defined 
as anyone with laboratory confirmed Salmonella 
Typhimurium PT9 (STm9) or a clinically compatible 
illness after eating at the restaurant. Environmental 
health officers inspected the premises and collected 
food samples. We contacted 79/83 of the cohort 
(response rate 95%); 21 were cases (attack rate 
27%), and 9 had laboratory confirmed STm9 infec-
tion. The most commonly reported symptoms were 
diarrhoea (100%), abdominal pain (95%), fever 
(95%) and nausea (95%). Fifteen people sought 
medical attention and 7 presented to hospital. The 
outbreak was most likely caused by consumption of 
duck prosciutto, which was consumed by all cases 
(OR 18.6, CI 3.0–∞, P < 0.01) and was prepared 
on site. Salmonella was not detected in any food 
samples but a standard plate count of 2 x 107 col-
ony forming units per gram on samples of duck 
prosciutto demonstrated bacterial contamination. 
The restaurant used inappropriate methodology 
for curing the duck prosciutto. Restaurants should 
consider purchasing pre-made cured meats, or if 
preparing them on site, ensure that they adhere 
to safe methods of production. Commun Dis Intell 
2017;41(1):E16–E20.

Keywords: outbreak, Salmonella, 
gastroenteritis, foodborne disease, cohort 
study, public health, duck prosciutto

Introduction

In 2011, 33% of the foodborne and suspected 
foodborne outbreaks investigated by OzFoodNet, 
Australia’s foodborne disease surveillance net-
work, were associated with restaurants and cater-
ers.1 Salmonella Typhimurium was the aetiological 
agent in 37% of all foodborne and suspected 
foodborne outbreaks.1 It is important to investigate 
all S. Typhimurium outbreaks in order to identify 
implicated foods, undertake appropriate public 

health action and ensure food safety. This infor-
mation is vital for food safety authorities to protect 
the public by formulating policy and practice that 
minimises risk of foodborne illness.

On 26 June 2015, the Northern Territory Centre 
for Disease Control was notified of 2 salmonel-
losis cases via routine laboratory surveillance. 
Administration of salmonellosis hypothesis gener-
ating questionnaires revealed that both cases had 
eaten at the same restaurant on 19 and 20 June 2015 
respectively. Initial enquiries identified further 
patrons had also become ill on these nights. An 
outbreak investigation was launched to identify the 
cause of illness and implement appropriate public 
health measures to prevent further cases.

Methods

Epidemiological investigation

We performed a retrospective cohort study via 
telephone using a structured questionnaire devel-
oped from the restaurant’s menu. Patrons were 
contacted using the restaurant’s electronic booking 
system, which contained a name and phone num-
ber for each table as well as an itemised bill. When 
further diners were identified, the patron who 
made the booking was asked to provide names 
and contact details of the other diners. Kitchen 
staff who worked on the implicated dates had also 
eaten food from the kitchen and so were included 
in the cohort. Ethics approval was not sought as 
the investigation was conducted under the auspices 
of public health legislation.2

A probable case was defined as anyone who ate din-
ner at the restaurant on 19 or 20 June 2015 and then 
developed a clinically compatible illness (diarrhoea) 
within 92 hours of consuming food at the restaurant. 
A confirmed case was defined as anyone who ate 
dinner at the restaurant on 19 or 20 June 2015 with 
a laboratory confirmed Salmonella infection, later 
refined to Salmonella Typhimurium PT9 (STm 9) 
infection when phage typing became available. The 
cohort study included confirmed and probable cases 
as outbreak cases. As the same menu was served on 
both 19 and 20 June, diners from both nights were 
analysed as a single cohort. Data were collected and 
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entered into Microsoft Excel 2010 (Microsoft, USA) 
and analysed using StataIC® 13 (StataCorp, USA). 
Binary and categorical outcomes were reported as 
numbers and proportions, and compared using 
the chi square test, or Fisher’s exact test when cell 
counts were less than 5. Age was the only non-cat-
egorical variable reported. This was non-normally 
distributed and so medians were compared using 
the Wilcoxon rank sum test. To determine the risk 
of becoming unwell in exposed and unexposed 
groups, we calculated relative risks (RR). When a 
RR was infinite, exact logistic regression was used 
to calculate an odds ratio (OR) and 95% confidence 
intervals (CI). All results were considered significant 
at the 5% level.

Environmental health investigation

Environmental health officers (EHO) from the 
Northern Territory Department of Health visited 
the restaurant on 29 and 30 June 2015. During 
their investigation, EHOs inspected food prepara-
tion and storage areas, collected information about 
food preparation procedures, staff training and 
illness, and undertook temperature monitoring of 
food storage equipment. Samples of frozen duck 
fillets and frozen duck prosciutto were acquired 
for microbiological testing.

Laboratory investigation

Food samples were tested by the Food and 
Environmental Laboratory, SA Pathology, 
Adelaide South, South Australia. Samples were 
tested for the presence of coliforms, Escherichia 
coli, Salmonella, Listeria and thermophilic 
Campylobacter. A standard plate count (SPC) was 
also performed.

Stool samples were submitted and were either tested 
by polymerase chain reaction or by traditional 
culture. When Salmonella was cultured, isolates 
were sent to SA Pathology or the Microbiological 
Diagnostic Unit at the University of Melbourne for 
subtyping and phage typing.

Results

Epidemiological investigation

We contacted 95% (76/80) of the diners who 
attended the restaurant over the designated dates 
as well as 3 staff (response rate 95%, 79/83). Four 
diners were uncontactable. Of the 79 people we 
interviewed, 21 met the case definition (9 confirmed 
and 12 probable), representing an attack rate of 27%. 
Fifteen people sought medical attention and 7 pre-
sented to hospital. Two other diners became ill over 
a week after eating at the restaurant from presumed 
secondary transmission after caring for sick family 
members in the home.

Demographic details for outbreak cases are shown 
in Table 1. There was no statistically significant 
difference between males and females becoming ill 
(RR 1.3, 95% CI 0.4–4.17, P = 0.6) but people who 
became ill were more likely to be younger (median 
age 30 years, range 16–74) than those that didn’t 
become ill (median age 39 years, range 18–94) 
(P < 0.05).

In addition to diarrhoea, outbreak cases reported 
abdominal pain (95% 20/21), fever (95% 20/21), 
nausea (95% (20/21), vomiting (43% (9/21) and 
bloody diarrhoea (5% 1/21) (Table 1). The median 
incubation period was 21 hours (range of 4 to 
60 hours). The epidemic curve was typical of a 
point source salmonellosis outbreak (Figure).

Table 1: Demographic characteristics and 
symptoms of outbreak cases that ate at a Darwin 
restaurant (n=21)

Characteristic n %
Gender
Male 12 57
Female 9 43
Symptoms
Diarrhoea 21 100
Abdominal pain 20 95
Fever 20 95
Nausea 20 95
Lethargy 19 90
Sought medical attention 15 71
Headache 13 62
Vomiting 9 43
Hospitalised 7 33
Bloody diarrhoea 1 5

Figure: Epidemiological curve of outbreak cases 
by onset day after eating at a Darwin restaurant. 
(n=21)
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Attack rates for various exposures are shown in 
Table 2. On both nights the restaurant served a 
degustation menu and an a la carte menu. All cases 
ate from the degustation menu and this was sig-
nificantly associated with illness (OR 11.8, 95% CI 
1.8–∞, P < 0.01). The degustation menu consisted 
of 5 courses; duck prosciutto, papardelle, snapper, 
lamb ratatouille and a dessert of either crème brulee 
or a chocolate brownie. Duck prosciutto was found 
to be significantly associated with illness (OR 18.6, 
95% CI 3.0–∞, P < 0.01). Duck prosciutto was 
consumed by every person who became ill and 
as a result, multivariate analysis was unable to be 
performed.

Environmental health investigation

The initial environmental health inspection of the 
premises observed that all cool room and refriger-
ator temperatures in the kitchen were satisfactory 
and that the structural condition and equipment 
in food production areas were suitable for the 
processing of safe food. The kitchen did not pro-
duce any foods containing raw or semi-cooked egg 
products.

A second environmental health inspection focused 
on the preparation of the degustation menu and 
in particular the preparation of the duck pro-
sciutto from duck fillets, which was done on site. 
Duck fillets were cured in salt and brown sugar 
for a period of 2 days at room temperature in the 
kitchen and then dried for 24 hours in what was 
reported by restaurant staff to be a ‘cool’ dry area, 
again at room temperature. This area was deemed 
by EHOs to be unsatisfactory as it was neither 
cool nor dry and presented a risk of external con-
tamination due to its location in a busy corridor 

separate from the kitchen. The duck prosciutto 
was then cryovacced and re-frozen. The environ-
mental health investigation also determined that 
the cleaning and sanitising of the cryovac machine 
was not sufficient. The duck prosciutto would then 
be removed from the freezer to be cut and served 
as required. Duck prosciutto was removed from 
the menu as a result of the second inspection on 
30 June 2015 and the restaurant was prohibited 
from preparing any prosciutto on site. Formal legal 
notices were issued to the restaurant for breaches 
of the Northern Territory Food Act,3 requiring 
improved food handling skills and implementation 
of food safety systems including improved cleaning 
and sanitising practices.

Laboratory investigation

The samples of duck prosciutto and duck meat 
collected were from the same lot that was 
served on the nights implicated in the outbreak. 
Laboratory testing did not detect the presence 
of E. coli, Salmonella, Listeria or thermophilic 
Campylobacter in the samples of frozen duck 
meat or duck prosciutto. The SPC reading for 
the frozen duck fillets was 1.7 x 103 organisms 
per gram. The SPC reading for the frozen duck 
prosciutto was 2 x 107 organisms per gram and 
the frozen duck prosciutto contained a coliform 
count of 1.1 x 103 organisms per gram. This 
increase in bacteria during processing of the 
duck to prosciutto confirms that poor temper-
ature control and improper drying and storage 
resulted in an unsatisfactory level of micro-or-
ganisms in the food.4

All 9 stool samples collected from people who were 
ill tested positive for STm9.

Table 2: Univariable analysis of selected exposures for salmonellosis at a Darwin restaurant (n=79)

Food eaten

Exposed Unexposed

RR 95% CI P valueCases Total AR% Cases Total AR%
Degustation menu 18 57 32 0 19 0 11.8* 1.8–∞* 0.0039†

A la carte menu 0 19 0 18 57 32 0.0* 0-0.5* 0.0025†

Duck prosciutto 21 56 38 0 23 0 18.6* 3.0–∞* 0.0002†

Parpadelle 19 40 32 2 20 10 3.2 0.8-12.6 0.0438†

Lamb ratatouille 20 43 32 1 16 6 5.1 0.7-35.1 0.0327
Snapper 19 60 32 2 19 11 3.0 0.8-11.8 0.0587†

Crème brulee 8 32 25 12 45 27 0.9 0.4-2.0 0.8694
Chocolate brownie 12 35 34 8 42 19 1.8 0.8-3.9 0.1289

AR = Attack rate
RR = Relative risk
CI = Confidence interval
* Odds ratio and confidence intervals calculated using exact logistic regression.
† Fisher’s exact
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Discussion

The results of the epidemiological investigation 
implicated the consumption of duck prosciutto 
as the cause of this outbreak; it had a highly sig-
nificant relative risk and was eaten by all cases. 
Although no Salmonella was detected in samples 
of frozen duck fillet or frozen duck prosciutto, an 
unsafe SPC reading of 2 x 107 organisms per gram 
from samples of duck prosciutto indicates that the 
prosciutto was contaminated.

Non-typhoidal Salmonella bacteria are carried in the 
intestines of wild and domestic animals including 
ducks and other poultry. Humans become infected 
through eating contaminated meat or eggs from 
those animals or from coming in contact with an 
environment that has been contaminated by those 
animals.5 In Australia, S. Typhimurium PT9 has 
been previously detected in samples of duck eggs 
as well as duck carcasses and offal.6 An efficient 
kill-step such as cooking or curing prevents these 
bacteria infecting humans. Generally, the process 
of curing meats should involve meat with a pH > 6 
undergoing a dry salting process followed by drying 
at low temperatures (10°C to 15°C) and low relative 
humidity (70% to 85%). The salt level and low 
temperature control growth in the early stage of the 
process and then the drying at low temperature and 
relative humidity should inactivate some pathogens 
and inhibit growth of others.7

Between 2001 and 2015, there have been few out-
breaks of salmonellosis in Australia associated with 
duck meat or eggs; 1 S. Typhimurium PT9 out-
break caused by duck eggs, 1 S. Typhimurium (not 
phage typed) outbreak caused by duck’s gizzards, 
2 S. Typhimurium outbreaks (PT135 and MLVA 
03-25-16-11-524) caused by duck paté and 1 S. 
Typhimurium PT11 outbreak caused by roast duck 
(Unpublished data from the OzFoodNet Outbreak 
Register; 2001–2015). We have been unable to find 
any previously reported outbreaks linked to duck 
prosciutto either in Australia or overseas.

A large number of bacteria were detected in the 
samples of duck prosciutto but not in the frozen 
duck fillets from which it was prepared. This 
is strong evidence that contamination occurred 
during the drying and curing process. Given that 
poultry is a known high-risk food for Salmonella 
infection, we believe that it is likely that small 
amounts of bacteria in the frozen duck fillets that 
were below detectable limits, could have multiplied 
during the curing and drying process. However, we 
cannot discount the possibility that bacteria were 
introduced to the duck meat during the curing 
and drying process by improper and unhygienic 
handling, applying a curing solution that poten-
tially promoted microbial growth, or undertaking 

the drying and curing process in an area that 
allowed for potential contamination to occur. The 
environmental health investigation observed that 
the curing and drying of the duck fillets occurred 
at non-air-conditioned room temperature (Darwin 
median maximum June temperature 30.6°C)8 and 
not at the recommended 10°C to 15°C.7 The site 
where the curing and drying of the duck prosciutto 
occurred was not a low humidity environment and 
occurred in an area with high volumes of human 
traffic, which could have contributed to external 
contamination of the meat.

The risk of salmonellosis from poultry, par-
ticularly chicken, is recognised at the primary 
production level.9 Food Standards Australia New 
Zealand assume the hazards of concern in all 
poultry species are largely the same as those for 
chicken.10 Poultry has a higher Salmonella risk 
rating than red meat7 and as a result, food han-
dlers need to possess good food knowledge and 
follow well documented food safety procedures. 
Restaurants should evaluate the risk of preparing 
their high risk raw foods on site as opposed to 
purchasing from producers who have expertise in 
the field. This outbreak investigation highlights 
the risk that occurs when raw high-risk foods are 
prepared by staff who lack familiarity with the 
scientific processes that underpin preparation 
methods, are inadequately trained and operate 
without food safety systems.

We minimised measurement bias by using a stand-
ard questionnaire based on the menu at the res-
taurant with prompts for all food items, including 
individual food items on each plate. The restaurant 
is considered a prestigious venue and more likely to 
be only frequented by diners on special occasions 
and this probably improved participant recall. 
Selection bias was minimised through having 
access to a full booking list from the restaurant 
and the study’s high response rate. We were able to 
contact almost the entire cohort of persons who ate 
at the restaurant over the 2 evenings.

A major limitation of the investigation is that 
S. Typhimurium PT9 was not detected in food 
samples collected from the restaurant. Only 
2 samples of duck prosciutto and frozen duck 
fillets were collected for sampling. The distri-
bution of contamination throughout a sample is 
not uniform and this limited amount of sampling 
reduced the sensitivity of food testing in this out-
break investigation.

Conclusion

This outbreak of Salmonella Typhimurium PT9 
at a Darwin restaurant was most likely caused by 
consumption of duck prosciutto. The duck pro-
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sciutto was likely contaminated during the drying 
and curing process, which was conducted under 
conditions that facilitated the introduction, growth 
and survival of bacteria. This investigation high-
lights the importance of restaurants establishing 
and implementing food safety procedures in order 
to limit the potential for such outbreaks to occur. 
Scientific principles underpin safe food handling 
process and it is important not to deviate from safe 
methods, particularly when preparing high risk 
foods which are becoming increasingly popular in 
Australian restaurants and homes.
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Abstract

Noroviruses are a leading cause of outbreaks of 
gastroenteritis. This study examined the incidence 
and molecular characteristics of norovirus out-
breaks in healthcare and non-healthcare settings 
in Victoria, Australia, over 2 years (2014–2015). 
Norovirus was detected in 65.7% and 60.4% of 
gastroenteritis outbreaks investigated for the years 
2014 and 2015 respectively. There was a significant 
decline in the number of norovirus outbreaks in the 
period 2014 to 2015 although in both years noro-
virus outbreaks peaked in the latter part of the year. 
Norovirus Open Reading Frame (ORF) 2 (capsid) 
genotypes identified included GI.2, GI.3, GI.4, 
GI.5, GI.6, GI.9, GII.2, GII.3, GII.4, GII.6, GII.7, 
GII.8, GII.13 and GII.17. GII.4 was the most com-
mon genotype detected. In addition, the following 
ORF 1/ORF 2 recombinant forms were confirmed: 
GII.P4_NewOrleans_2009/GII.4_Sydney_2012, 
GII.P12/GII.3, GII.Pb (GII.21)/GII.3, GII.Pe/GII.2 
and GII.Pe/GII.4_Sydney_2012. A significant 
decline was noted in the chief norovirus strain 
GII.Pe/GII.4_Sydney_2012 between 2014 and 
2015 but there was a re-emergence of a GII.P4_ 
NewOrleans _2009 norovirus strain. Outbreaks 
involving the GII.P17/GII.17 genotype were also 
detected for the first time in Victoria. GI genotypes 
circulating in Victoria for the 2 years 2014 and 
2015 underwent a dramatic change between the 
2 years of the survey. Many genotypes could occur 
in both healthcare and non-healthcare settings 
although GI.3, GII.6, and GII.4 were significantly 
more common in healthcare settings. The study 
emphasises the complex way in which norovirus 
circulates throughout the community. Commun Dis 
Intell 2017;41(1):E21–E32.

Keywords: norovirus, outbreaks, genotypes, 
healthcare, non-healthcare, setting, RT-PCR, 
nucleotide sequencing

Introduction

Noroviruses are single-stranded positive sense 
RNA viruses, classified in the genus Norovirus 
within the Family Caliciviridae.1 Noroviruses are 
currently classified into 6 genogroups of which 
genogroups I, II and IV (GI, GII, GIV) occur in 
human infections.1 The incidence and clinical sig-
nificance of GIV noroviruses in human infections 
are little understood.2

Noroviruses are now recognised as a major cause 
of morbidity and mortality and can cause gas-
troenteritis in individuals of all ages; it has been 
estimated that, annually, norovirus infection 
causes 70,000 to 200,000 deaths around the world.3 
Globally, norovirus is considered to be associated 
with approximately one-fifth of all diarrhoea 
cases4 and in Australia, norovirus appears to be the 
major known gastroenteritis pathogen.5 Although 
vaccine strategies against norovirus are under 
development,3 the genetic diversity of the norovi-
ruses has complicated this process.3,6

The human norovirus genome comprises 3 open 
reading frames (ORFs).1 ORF 1 encodes the 
non-structural polyprotein, ORF 2 the major cap-
sid protein and ORF 3 the minor capsid protein.1 
Norovirus genotype classification can be based on 
the ORF 1 region or the ORF 2 region7 but recom-
bination can occur at the ORF 1–ORF 2 intersect8 
so in some recombinant noroviruses the ORF 1 
and ORF 2 genotypes are different.

At least 29 ORF 2 human norovirus genotypes 
have been identified1 although the GII.4 geno-
type appears to be the most common norovirus 
genotype in human disease.3,9 Furthermore, GII.4 
noroviruses undergo mutation and recombination 
such that a major new GII.4 variant epidemic strain 
normally appears every 2 to 4 years.3 It is therefore 
of interest that recent studies in China10,11 and 
Japan12 indicate that a new epidemic strain, GII.17, 
may have emerged. These observations prompted 
de Graaf et al.13 to raise the question whether the 
emergence of a novel GII.17 norovirus is a sign that 
the GII.4 era was coming to an end.

Overview studies of norovirus molecular epi-
demiology remain an area of active interest in 
Australia.14,15 The current report extends previous 
work by examining the characteristics of norovirus 
outbreaks in Victoria in 2014 to 2015 and their asso-
ciated genotypes. In particular the study examined 
quantitative and qualitative aspects of 3 areas: 
what is the relationship between seasonality and 
norovirus incidence; what norovirus genotypes 
were detected and how did they change over time 
and what was the relationship between norovirus 
genotype and outbreak setting.

the molecular epiDemiology of norovirus 
outbreaks in victoria, 2014 to 2015
Leesa D Bruggink, Jean M Moselen, John A Marshall
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Materials and methods

Definition of gastroenteritis outbreak

For the purposes of this study an outbreak was 
defined as a gastroenteritis cluster that was appar-
ently associated with a common event or location 
and in which 4 or more individuals had symptoms 
of gastroenteritis. For an outbreak in a particular 
setting to be so defined, at least 2 individuals had 
to develop gastroenteritis within 4 days of each 
other and for an outbreak linked to a suspect 
food source, at least 2 individuals had to develop 
gastroenteritis within 4 days of consuming the 
suspect food.

Specimens

The faecal specimens included in this study were 
those sent to the Victorian Infectious Diseases 
Reference Laboratory (VIDRL) for norovirus 
testing from outbreaks that occurred during 2014 
to 2015. VIDRL, which is National Association 
of Testing Authorities, Australia accredited, is the 
main public health laboratory for viral identifi-
cation in the state of Victoria. As such, it receives 
faecal material from gastroenteritis outbreaks 
reported to the Victorian Health Department. 
Outbreak specimens are also occasionally sent 
by other institutions such as hospitals. Only out-
breaks that occurred in Victoria were included in 
the study.

Faecal processing, RNA extraction and 
reverse transcription-polymerase chain 
reaction testing

Faecal specimens were prepared as a 20% (vol/
vol) suspension in Hanks’ complete balanced salt 
solution (Sigma-Aldrich Company, Irvine, UK) 
and the suspension clarified with a single 10 min-
ute centrifugation as previously described.16 This 
clarified extract was then used for RNA extraction 
followed by reverse transcription-polymerase chain 
reaction (RT-PCR). RNA extraction was carried 
out using the Corbett automated extraction pro-
cedure (now Qiagen Sciences, Germantown, MD, 
USA).17

Six 2-round RT-PCR procedures (protocols 1 to 6; 
Table 1) were then used for norovirus detection. 
For the first round of each of the 6 protocols the 
Qiagen (GmbH, Hilden, Germany) One step 
RT-PCR kit that combined the RT step and the 
first round PCR was utilised. For the second round 
PCR the Qiagen Taq DNA polymerase kit was 
used. All PCR protocols utilised a GeneAmp PCR 
System 9700 thermocycler (Applied Biosystems, 
Foster City, CA, USA).

Nucleotide sequencing and genotype 
classification

Nucleotide sequencing was carried out for proto-
cols 1, 2, 3 and 5 (Table 2). Protocol 4 was directed 
to the possibility of detecting a GI-GI recombi-
nant and protocol 6 to the possibility of detecting 
a GII-GI recombinant but no PCR product was 
obtained with either protocol. Sequence analysis 
made use of the software MacVector (Oxford 
Molecular Limited, Madison, WI) and genotyp-
ing made use of the norovirus genotyping tool 
(http://www.rivm.nl/mpf/norovirus/typingtool).24

Experimental plan

All faecal specimens in the study were initially 
tested by the protocol 1 RT-PCR. Nucleotide 
sequencing was carried out on 1 positive speci-
men, chosen at random, from each outbreak. One 
specimen from every outbreak was also tested by 
both protocols 2 and 3 (ORF 2 GI and ORF 2 
GII RT-PCRs). Nucleotide sequencing was then 
performed on all positive norovirus specimens 
from protocols 2 and 3. In addition ORF 1–ORF 2 
RT-PCRs (protocols 4–6) were carried out to con-
firm the recombination status of specimens where 
the ORF 1 and ORF 2 RT-PCR protocols gave 
different genotypes.

Statistical analysis

Statistical analysis was carried out using the χ2 
test25 and the partitioning of χ2 test.26 For the par-
titioning of χ2 test 3 terms, ‘period’, ‘grouping’ and 
‘class’ were defined as follows. A period was one 
of the 2-month intervals for which the outbreak 
frequency was used in the analysis. A grouping 
was a set of genotypes combined so that the total 
frequency was sufficient for the χ2 test to be valid. 
A class was the set of 2-monthly periods or group-
ings such that the individual periods or groupings 
did not differ significantly from each other in the 
characteristic of interest.

To investigate the change in the number of noro-
virus outbreaks between 2014 and 2015, the null 
hypothesis was that the number of outbreaks was 
the same in each year and equal to half of the 
total number of outbreaks in 2014 to 2015. The χ2 
test (1 degree of freedom) was then applied. If the 
probability was less than 0.05 the difference was 
taken to be significant.

To investigate the distribution of norovirus 
outbreaks among different months of the year 
separately for 2014 and 2015, the partitioning of 
χ2 test was used. First, the months were combined 
in pairs, to smooth out fluctuations, and the null 
hypothesis was that the number of outbreaks was 

http://www.rivm.nl/mpf/norovirus/typingtool
http://www.rivm.nl/mpf/norovirus/typingtool


CDI Vol 41 No 1 2017 E23

 Original article

Ta
bl

e 
1:

 R
ev

er
se

 tr
an

sc
ri

pt
io

n-
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n 

(R
T-

PC
R

). 
pr

ot
oc

ol
s u

se
d

G
en

og
ro

up
 d

et
ec

te
d 

(P
ro

to
co

l n
um

be
r)

O
R

F
Pr

im
er

s 
(5

’ t
o 

3’
)*

C
om

m
en

ts
R

ef
er

en
ce

s
Fr

ag
m

en
t s

iz
e 

fo
r g

en
ot

yp
e 

an
al

ys
is

 
(p

os
iti

on
 re

la
tiv

e 
to

 re
fe

re
nc

e 
st

ra
in

)
G

I a
nd

 G
II 

(p
ro

to
co

l 1
)

O
R

F 
1

N
V 

45
62

 
G

AT
 G

C
D

 G
AT

 T
AC

 A
C

A
 G

C
H

 T
G

G
 G

N
V 

46
11

 
C

W
G

 C
AG

 C
M

C
 T

D
G

 A
A

A
 T

C
A

 T
G

G
N

V 
46

92
 

G
TG

 T
G

R
 T

KG
 A

TG
 T

G
G

 G
TG

 A
C

T 
TC

N
V 

52
96

 
C

C
A

 Y
C

T 
G

A
A

 C
AT

 T
G

R
 C

TC
 T

TG
N

V 
52

98
 

AT
C

 C
AG

 C
G

G
 A

AC
 A

TG
 G

C
C

 T
G

C
 C

N
V 

53
66

 
C

AT
 C

AT
 C

AT
 T

TA
 C

R
A

 A
TT

 C
G

G

Tw
o-

ro
un

d 
he

m
i-n

es
te

d 
R

T-
P

C
R

 
bo

th
 d

et
ec

ts
 a

nd
 d

is
tin

gu
is

he
s 

be
tw

ee
n 

G
I a

nd
 G

II 
no

ro
vi

ru
se

s.

Yu
en

 e
t a

l.18

B
ru

gg
in

k 
et

 a
l.19

 
44

0b
p

(4
48

4–
49

23
† )

G
I 

(p
ro

to
co

l 2
)

O
R

F 
2

C
O

G
1F

 
C

G
Y

 T
G

G
 A

TG
 C

G
N

 T
TY

 C
AT

 G
A

G
1S

K
R

 
C

C
A

 A
C

C
 C

A
R

 C
C

A
 T

TR
 T

AC
 A

 

Tw
o-

ro
un

d 
R

T-
P

C
R

. T
he

 s
ec

on
d 

ro
un

d 
is

 a
 b

oo
st

er
 s

te
p,

 w
hi

ch
 u

se
s 

th
e 

sa
m

e 
pr

im
er

s 
as

 th
e 

fir
st

 ro
un

d.

B
ru

gg
in

k 
et

 a
l.19

M
cI

ve
r e

t a
l.20

19
8b

p
(5

41
5–

56
12

‡ )

G
II 

(p
ro

to
co

l 3
)

O
R

F 
2

G
2F

3 
TT

G
 T

G
A

 A
TG

 A
AG

 A
TG

 G
C

G
 T

C
G

 A
G

2S
K

R
 

C
C

R
 C

C
N

 G
C

A
 T

R
H

 C
C

R
 T

TR
 T

AC
 A

T

Tw
o-

ro
un

d 
R

T-
P

C
R

. T
he

 s
ec

on
d 

ro
un

d 
is

 a
 b

oo
st

er
 s

te
p,

 w
hi

ch
 u

se
s 

th
e 

sa
m

e 
pr

im
er

s 
as

 th
e 

fir
st

 ro
un

d.

M
cI

ve
r e

t a
l.20

D
un

ba
r e

t a
l.21

 
19

5b
p

(5
13

3–
53

27
† )

G
I-

G
I 

(p
ro

to
co

l 4
)

O
R

F 
1-

O
R

F 
2

N
V 

45
62

 
G

AT
 G

C
D

 G
AT

 T
AC

 A
C

A
 G

C
H

 T
G

G
 G

G
1S

K
R

 
C

C
A

 A
C

C
 C

A
R

 C
C

A
 T

TR
 T

AC
 A

 

Tw
o-

ro
un

d 
R

T-
P

C
R

. T
he

 s
ec

on
d 

ro
un

d 
is

 a
 b

oo
st

er
 s

te
p,

 w
hi

ch
 u

se
s 

th
e 

sa
m

e 
pr

im
er

s 
as

 th
e 

fir
st

 ro
un

d.

B
ru

gg
in

k 
et

 a
l.22

 
N

A

G
II-

G
II 

(p
ro

to
co

l 5
)

O
R

F 
1-

O
R

F 
2

N
V 

46
92

 
G

TG
 T

G
R

 T
KG

 A
TG

 T
G

G
 G

TG
 A

C
T 

TC
G

2S
K

R
 

C
C

R
 C

C
N

 G
C

A
 T

R
H

 C
C

R
 T

TR
 T

AC
 A

T 

Tw
o-

ro
un

d 
R

T-
P

C
R

. T
he

 s
ec

on
d 

ro
un

d 
is

 a
 b

oo
st

er
 s

te
p,

 w
hi

ch
 u

se
s 

th
e 

sa
m

e 
pr

im
er

s 
as

 th
e 

fir
st

 ro
un

d.

B
ru

gg
in

k 
et

 a
l.22

 
34

5–
75

3b
p 

(in
 ra

ng
e 

44
84

–5
27

3† )

G
II-

G
I 

(p
ro

to
co

l 6
)

O
R

F 
1-

O
R

F 
2

N
V 

46
92

 
G

TG
 T

G
R

 T
KG

 A
TG

 T
G

G
 G

TG
 A

C
T 

TC
G

1S
K

R
 

C
C

A
 A

C
C

 C
A

R
 C

C
A

 T
TR

 T
AC

 A

Tw
o-

ro
un

d 
R

T-
P

C
R

. T
he

 s
ec

on
d 

ro
un

d 
is

 a
 b

oo
st

er
 s

te
p,

 w
hi

ch
 u

se
s 

th
e 

sa
m

e 
pr

im
er

s 
as

 th
e 

fir
st

 ro
un

d.

B
ru

gg
in

k 
et

 a
l.23

 
N

A

* 
D

=A
G

T,
 H

=A
C

T,
 W

=A
T,

 M
=A

C
, R

=A
G

, K
=G

T,
 Y

=C
T,

 N
=A

G
C

T
† 

R
ef

er
en

ce
 s

tra
in

 C
am

be
rw

el
l (

ac
ce

ss
io

n 
nu

m
be

r A
F1

45
89

6)
‡ 

R
ef

er
en

ce
 s

tra
in

 N
or

w
al

k 
(a

cc
es

si
on

 n
um

be
r M

87
66

1)
N

A 
= 

no
t a

pp
lic

ab
le



E24 CDI Vol 41 No 1 2017

Original article 

Table 2: Settings of norovirus positive outbreaks 2014 to 2015

Healthcare settings
Number of norovirus 
positive outbreaks

Percentage of healthcare 
outbreaks

Percentage of total 
norovirus positive 

outbreaks
Aged care facility 199 85.8 69.3
Disabled care facility 10 4.3 3.5
Early parenting centre 2 0.9 0.7
Hospital 16 6.9 5.6
Hospital – Maternity Ward 1 0.4 0.3
Hospital – Psychiatric Ward 3 1.3 1.0
Hospital – Rehabilitation Unit 1 0.4 0.3
Total 232 100.0 80.8

Non-healthcare settings
Number of norovirus 
positive outbreaks

Percentage of non-
healthcare outbreaks

Percentage of total 
norovirus positive 

outbreaks
Camp 1 1.8 0.3
Camp – school 2 3.6 0.7
Childcare centre 27 49.1 9.4
Gathering 6 10.9 2.1
Restaurant 12 21.8 4.2
School 1 1.8 0.3
Special accommodation 2 3.6 0.7
Suspect food 4 7.3 1.4
Total 55 100.0 19.2

the same in each 2-monthly period. The χ2 test 
(5 degrees of freedom) was then applied. In 2014 
there was a difference in norovirus incidence for 
different 2-monthly periods (χ2 = 30.53, 5 degrees 
of freedom, P = 0.00001) so that it was valid to 
partition χ2. In 2015 there was also a difference in 
norovirus incidence for different 2-monthly periods 
(χ2 = 37.74, 5 degrees of freedom, P = 0.0000004) 
so that it was again valid to partition χ2. Secondly, 
to partition χ2 for each year, 2-monthly periods were 
combined to give classes, with the null hypothesis 
that all the 2-monthly periods in each class had the 
same number of outbreaks. The 2-monthly periods 
for each class were chosen so that when a χ2 test was 
applied with the null hypothesis used, the value of 
χ2 was small and it could be taken that there was 
no significant difference between the number of 
outbreaks in the 2-monthly periods in the class. 
Thirdly, a new table was created with each entry 
being the total number of outbreaks in a class cov-
ering the total months corresponding to the class. 
A χ2 test was applied to this new table with the null 
hypothesis being that the number of outbreaks per 
2-monthly period was the same for all classes in 
the table. If the value of χ2 was sufficiently high to 
correspond to a probability of less than 0.05 it was 
taken that there was a difference in the incidence 
per 2-monthly period of the different time intervals 
for the table.

To investigate the significance of the change 
in the proportion of norovirus outbreaks of the 
2 major ORF 1/ORF 2 genotypes (GII.Pe/GII.4_
Sydney_2012 and GII.Pe/GII.4) between 2014 and 
2015 the ORF 1/ORF 2 genotypes were first divided 
into 3 groupings, GII.Pe/GII.4_Sydney_2012, GII.
Pe/GII.4 and the other genotypes (‘other geno-
types’). The null hypothesis was that the propor-
tion of outbreaks due to the 3 genotype groupings 
was the same in 2014 and in 2015. The χ2 test 
(2 degrees of freedom) was then applied. A signifi-
cant difference was found (χ2 = 6.162, 2 degrees of 
freedom, P = 0.046) so that partitioning of χ2 could 
be applied. On this basis the genotype groupings 
could then be grouped into 2 classes, with GII.Pe/ 
GII.4_Sydney_2012 and GII.Pe/GII.4 in the first 
class and ‘other genotypes’ in the second class. For 
the first class genotypes, the null hypothesis was 
that the proportion of the outbreaks associated 
with each of the 2 genotypes was the same in 2014 
as in 2015. This null hypothesis was confirmed 
(χ2 = 0.005, 2 degrees of freedom, P = 0.997). Then 
a new table was set up, with each row giving the 
numbers of outbreaks in 2014 and 2015 for 1 of the 
2 classes. The null hypothesis was that the propor-
tion of outbreaks for each of the 2 classes was the 
same in 2014 and 2015. Application of the χ2 test 
indicated the null hypothesis was not supported 
(χ2 = 6.157, 2 degrees of freedom, P = 0.046).
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To investigate whether the proportion of outbreaks 
of a particular genotype was higher in a particular 
type of setting (healthcare vs non-healthcare) than 
for other genotypes, a table was set up giving the 
frequencies of outbreaks in the healthcare and 
non-healthcare settings for each genotype. The 
frequencies of the minor genotypes were then 
combined so that frequencies in the table were suf-
ficiently high that the χ2 test could be validly used. 
This gave a table with 5 groupings of genotypes, 
GI.3, GII.4, GII.6, GII.3 and ‘other genotypes’. 
The null hypothesis was that the proportion of 
outbreaks in healthcare settings (and consequently 
the proportion of outbreaks in non-healthcare 
settings) was the same for each of the 5 groupings 
of genotypes. The χ2 test was then applied. As 
there were significant differences in the fraction 
of outbreaks in healthcare settings among these 
5 groupings of genotypes (χ2 = 24.16, 4 degrees 
of freedom, P = 0.00007), partitioning of χ2 could 
be applied. On this basis, the genotype groupings 
could then be organised into classes, with the null 
hypothesis that the proportion of outbreaks in 
healthcare settings for each genotype grouping in 
the class was the same for all genotype groupings 
in the class. The first class comprised GI.3, GII.4 
and GII.6 and a χ2 test applied to the genotype 
groupings in the class gave χ2 = 2.45, 4 degrees of 
freedom, P = 0.65. The second class comprised 
GII.3 and ‘other genotypes’ and a χ2 test applied to 
the genotype groupings in the class gave χ2 = 0.83, 
4 degrees of freedom, P = 0.935. Thus the null 
hypothesis was confirmed for each class and the 
proportion of outbreaks in healthcare settings for 
each genotype grouping in the class could be taken 
to be the same.

A new table was set up, with each row giving the 
numbers of outbreaks in healthcare and non-health-
care settings for 1 of the 2 classes. The null 
hypothesis was that the proportion of outbreaks in 
healthcare settings (and in non-healthcare settings) 
for all the classes, was the same and the χ2 test was 
applied to the new table. A high value of χ2 corre-
sponding to a probability of less than 0.05 was taken 
to indicate that the classes differed in the proportion 
of outbreaks of that genotype in healthcare settings 
(and consequently in non-healthcare settings) and 
this was found to be the case (χ2 = 21.01, 4 degrees 
of freedom, P = 0.00003). Each class could then be 
considered as a whole to determine the relative fre-
quency in healthcare and non-healthcare settings. 
The first class was then tested to determine whether 
genotypes were more prevalent in healthcare than 
in non-healthcare settings, the null hypothesis 
being that the number of outbreaks in healthcare 
settings was the same as the number of outbreaks 
in non-healthcare settings. The null hypothesis was 
not supported (χ2 = 102.76, 1 degree of freedom, 
P = 5 x 10–24).

Ethics

Data collection for the current study is covered 
by public health legislation and specific ethics 
approval was not required. No information is 
given that would allow the identification of any 
individuals in the study.

Results

Norovirus outbreak incidence, seasonal 
periodicity and setting

For the calendar year 2014, specimens from 251 gas-
troenteritis outbreaks were received for testing and 
of these 165 (65.7%) were positive for norovirus by 
the ORF 1 PCR (protocol 1) and/or an ORF 2 PCR 
(protocols 2 and 3). For the calendar year 2015, 
specimens from 202 gastroenteritis outbreaks were 
received for testing and of these 122 (60.4%) were 
positive for norovirus by the ORF 1 PCR (proto-
col 1) and/or an ORF 2 PCR (protocols 2 and 3). 
Thus norovirus was the chief viral agent associated 
with gastroenteritis outbreaks in Victoria for both 
2014 and 2015. However, there was a significant 
decline in the number of norovirus outbreaks 
identified in 2015 compared with 2014 (χ2 = 6.44, 
1 degree of freedom, P = 0.011).

The seasonal periodicity of all norovirus outbreaks 
for the period 2014 to 2015 is given in Figure 1. For 
2014, partitioning of χ2 was applied and it was found 
that outbreak incidence did not change signifi-
cantly in the period January–October (χ2 = 2.64, 
5 degrees of freedom, P = 0.75). However, there 
was a significant difference in incidence between 
January–October and November–December 

Figure 1: Number of norovirus positive 
outbreaks (i.e. norovirus positive by ORF 1 and/
or ORF 2 RT-PCR) per month for the years 2014 
to 2015
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(χ2 = 28.37, 5 degrees of freedom, P = 0.00003), 
and the incidence rose significantly in the period 
November–December.

For 2015, partitioning of χ2 was also applied. 
Outbreak incidence did not change significantly 
in the period January–June (χ2 = 2.22, 5 degrees 
of freedom, P = 0.82) and did not change signif-
icantly in the period July–December (χ2 = 0.66, 
5 degrees of freedom, P = 0.985). However, there 
was a significant difference in incidence between 
January–June and July–December (χ2 = 35.70, 
5 degrees of freedom, P = 0.000001), so that the 
incidence rose significantly in the period July–
December compared with January–June.

Therefore in both years the number of outbreaks 
rose in the latter part of the year, but the time 
when the rise occurred was not the same in 2015 
as in 2014.

Norovirus outbreak settings could be divided into 
2 groups: healthcare and non-healthcare (Table 2). 
Although most outbreaks came from aged care 
facilities, a large number of settings were repre-
sented in the study. It was notable that the percent-
age of norovirus outbreaks from the healthcare and 
non-healthcare categories was similar in 2014 and 
2015. In particular, in 2014, 135 (81.3%) of the nor-
ovirus outbreaks were from healthcare settings and 
31 (18.7%) from non-healthcare settings. In 2015, 
98 (80.3%) of the norovirus outbreaks were from 
healthcare settings and 24 (19.7%) from non-health-
care settings. Thus any alteration in frequency 
patterns of the various genotypes detected could not 
have resulted from altered sampling patterns.

Norovirus genotype analysis

A summary of all ORF 1 and ORF 2 norovirus 
genotypes identified in the study is given in 
Table 3. It can be seen that a broad range of noro-
virus genotypes were detected. In terms of ORF 2 
(capsid) genotypes, the frequencies, in descending 
order, were: GII.4 (144/229), GI.3 (18/229), GII.6 
(18/229), GII.3 (16/229), GI.2 (7/229), GII.2 (7/229), 
GII.17 (6/229), GI.4 (3/229), GI.9 (3/229), GII.7 
(2/229), GI.5 (1/229), GI.6 (1/229), GII.8 (1/229) 
GII.13 (1/229) and the mixed outbreak GI.3 plus 
GII.3 (1/229).

The ORF 1 genotype sometimes differed from the 
ORF 2 genotype in a given outbreak (Table 3). 
To test whether these variable genotype combi-
nations represented ORF 1/ORF 2 recombinant 
forms, nucleotide sequencing in the ORF 1-ORF 
2 intersect region was carried out and the fol-
lowing recombinant forms were confirmed: GII.
P4_NewOrleans_2009/GII.4_Sydney_2012, GII.
P12/GII.3, GII.Pb(GII.P21)/GII.3, GII.Pe/GII.2 

and GII.Pe/GII.4_Sydney_2012. A representative 
sequence of each of these 5 recombinant genotypes 
has been deposited in GenBank with the accession 
numbers KX064756 to KX064760 respectively.

There were significant changes in the incidence 
of some genotypes over the 2-year period 2014 to 
2015, notably the decline in the incidence of GII.Pe/
GII.4_Sydney_2012 and GII.Pe/GII.4, the re-emer-
gence of GII.P4_NewOrleans_2009, the emergence 
of GII.17 norovirus and a dramatic alteration in the 
mix of GI norovirus genotypes (Table 3). These 
4 areas are next considered.

Decline in GII.Pe/GII.4_Sydney_2012 and GII.Pe/
GII.4 strains over 2014 to 2015

The chief norovirus strains over the period of the 
study, GII.Pe/GII.4_Sydney_2012 and GII.Pe/
GII.4, declined in incidence from 2014 to 2015 
(Table 3). In 2014, these strains were found in 
60/117 (51.3%) and 27/117 (23.1%) respectively of 
outbreaks with both ORF 1 and ORF 2 sequence 
available, whereas in 2015 they were found in 32/80 
(40.0%) and 14/80 (17.5%) respectively of outbreaks 
with both ORF 1 and ORF 2 sequence available. 
Application of the partitioning of χ2 test then 
showed that the 2 chief genotypes did decline sig-
nificantly from 2014 to 2015 (χ2 = 6.157, 2 degrees 
of freedom, P = 0.046).

Re-emergence of GII.P4_NewOrleans_2009

During the study period there was a re-emergence 
of the ORF 1 form GII.P4_NewOrleans_2009 
norovirus. GII.P4_NewOrleans_2009 was 
not detected in 2014 and was first identified in 
July 2015; thereafter it was detected in a further 
5 outbreaks. The 6 outbreaks occurred in a range 
of settings, 4 in healthcare settings and 2 in 
non-healthcare settings.

Three of the 6 ORF 1 GII.P4_NewOrleans_2009 
norovirus strains were found to be linked to the 
ORF 2 genotype GII.4_Sydney_2012 (Table 3). 
Sequence analysis of the ORF 1 fragment showed 
98.2% to 98.6% similarity with the reference 
strain GII.P4_NewOrleans_2009 (GU445325); 
sequence analysis of the ORF 2 fragment showed 
97.4% to 97.9% similarity with the reference strain 
GII.4_Sydney_2012 (JX459908). Application 
of the bridging RT-PCR protocol 5 (Table 1) for 
1 specimen confirmed GII.P4_NewOrleans_2009/
GII.4_Sydney_2012 was a true recombinant form.

Emergence of GII.17 norovirus

Six outbreaks involving the GII.P17/GII.17 geno-
type were detected (Table 3). In 2014, there were 
2 such outbreaks, both in aged care facilities. In 
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2015, 3 of 4 outbreaks occurred in aged care facil-
ities and 1 in a boarding school. GII.P17/GII.17 
could infect individuals over a broad range of ages; 
of 11 individuals from 6 outbreaks where ages 
were available and nucleotide sequences for both 
the ORF 1 and ORF 2 regions were obtained, the 
spread of ages was 17 to 95 years.

Sequence analysis indicated GII.17 norovirus 
underwent minor changes in 2014 to 2015. 
Sequence analysis (protocols 1 and 3; Table 1) 
indicated that both the GII.17 ORF 1 and ORF 2 
regions respectively of the two 2014 GII.P17/GII.17 

noroviruses were identical. When the 2014 ORF 1 
region was compared with the ORF 1 region of the 
four 2015 GII.P17/GII.17 noroviruses, they were 
found to have 97.3% to 98.0% similarity; 1 of the 
nucleotide differences resulted in an amino acid 
change. When the 2014 GII.17 ORF 2 region was 
compared with the GII.17 ORF 2 region of the 
four 2015 GII.P17/GII.17 noroviruses, they were 
found to have 97.4% to 98.5% similarity; none of 
the nucleotide differences resulted in an amino 
acid change.

Table 3: Genotypes found in norovirus positive outbreaks 2014 to 2015

ORF 1 ORF 2
Number of norovirus positive outbreaks
2014 2015 Total

GI.P2 GI.2 7 0 7
GI.P3 GI.3 2 15 17
GI.P3 – 0 1 1
GI.P4 GI.4 3 0 3
GI.P5 GI.5 1 0 1
GI.P6 GI.6 1 0 1
GI.P9 GI.9 3 0 3
GI.Pa GI.3 1 0 1
GII.P4_NewOrleans_2009 GII.4_Sydney_2012 0 3 3
GII.P4_NewOrleans_2009 GII.4* 0 1 1
GII.P4_NewOrleans_2009 – 0 2 2
GII.P12 GI.3 & GII.3 1 0 1
GII.P12 GII.3 3 6 9
GII.P16 GII.4* 0 1 1
GII.P16 GII.13 1 0 1
GII.P17 GII.17 2 4 6
GII.P17 – 0 1 1
GII.Pb (GII.P21) GII.3 4 3 7
GII.Pb (GII.P21) – 2 0 2
GII.Pe GII.2 1 1 2
GII.Pe GII.4_Sydney_2012 60 32 92
GII.Pe GII.4* 27 14 41
GII.Pe – 27 19 46
– GII.2 0 5 5
– GII.4_Sydney_2012 3 0 3
– GII.4* 0 3 3
– GII.6 11 7 18
– GII.7 0 2 2
– GII.8 1 0 1
– – 4 2 6
Total 165 122 287

– No sequence available.
* GII.4 variant identity could not be determined by the norovirus genotyping tool.24
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Nucleotide sequence analysis was also carried 
out to determine sequence similarity between 
the GII.P17/GII.17 strains found in this study 
and GII.P17/GII.17 strains recently identified in 
the United States of America (USA) and Japan. 
Analysis of a 753bp fragment corresponding to 
the ORF 1/ORF 2 intersect region showed a 
2014 sequence from the current study was 98.4% 
similar to the USA strain KR08301727 and 99.3% 
similar to the Japanese strain AB983218.12 A 
similar analysis of 4 strains from the four 2015 
GII.17 outbreaks from the current study showed 
a 99.3% to 99.7% similarity to KR08301727 and a 
98.1% to 98.5% similarity to AB983218.12 Thus 
the Australian strains showed high similarity 
with the USA and Japanese strains.

One 753bp GII.P17/GII.17 sequence from an indi-
vidual in the first GII.P17/GII.17 outbreak in 2015 
has been lodged in GenBank as KT734635.

Alteration in genogroup I genotypes

Based on ORF 2 sequences it was noted that 
the proportion of genogroup I (GI) outbreaks 
in 2014 (14.4%) was similar to the proportion in 
2015 (15.5%) (Table 3). However, examination of 
the GI genotypes circulating in Victoria for the 
2 years 2014 and 2015 indicated a dramatic shift 
in the variety of genotypes detected from 2014 to 
2015 (Table 3). In particular, in 2014, 7 GI ORF 
1/ORF 2 genotype combinations were detected, 
whereas in 2015 only 1 GI ORF 1/ORF 2 genotype 
combination (GI.P3/GI.3) was detected.

An examination of representative GI.3 norovirus 
nucleotide sequences from both the ORF 1 and 
ORF 2 regions of the genome (Figure 2) indi-
cates that there were substantial alterations in the 
genome in the period corresponding to the transi-
tion between 2014 and 2015. None of the ‘defini-
tive’ nucleotide changes in either ORF 1 or ORF 2 
resulted in an amino acid change (Figure 2).

It can be seen that for both ORF 1 sequences 
and ORF 2 sequences there was a major change 
early in 2015 and this is denoted by a horizontal 
line; the 3 sequences above the line correspond 
to the 2 GI.3 outbreaks in 2014 and the first GI.3 
outbreak in 2015 and the 14 sequences below the 
line correspond to GI.3 outbreaks in the remain-
der of 2015. In Figure 2A (ORF 1) it can be seen 
that there were 25 (6%) definitive changes (i.e. 
a change that, once it had occurred, remained 
fixed for the rest of 2015) in a sequence 440 bp 
long. In Figure 2B (ORF 2) it can be seen there 
were 6 (3%) definitive changes in a sequence 
198 bp long.

Relationship between ORF 2 genotype and 
outbreak setting

An examination of Table 4 indicates there was a 
relationship between some ORF 2 genotypes and 
outbreak setting and this was then examined by 
statistical methods. For the statistical analysis, 
5 genotype groupings, based on genotype fre-
quency, were chosen. These groupings were GI.3, 
GII.3, GII.4, GII.6 and all the other genotypes 
(‘other genotypes’). Application of the partitioning 
of χ2 test followed by the χ2 test indicated that GI.3, 
GII.4 and GII.6 were much more common in 
healthcare settings than in non-healthcare settings 
(χ2 = 102.76, 1 degree of freedom, P = 5 x 10–24).

Discussion

The findings of the current study indicate that 
norovirus remained a common gastroenteritis 
virus that infected individuals in a broad range of 
settings. Norovirus outbreaks occurred throughout 
the year but a seasonal peak was noted in 2014 and 
2015, although the timing was different.

A great diversity in norovirus genotypes was found 
to be circulating within Victoria in 2014 to 2015. 
This included 6 ORF 2 GI genotypes and 8 ORF 2 
GII genotypes. The genotype diversity of circulat-
ing norovirus was further emphasised by the iden-
tification of 5 ORF 1/ORF 2 recombinant forms.

A key finding was that there was a progressive 
decline in norovirus outbreaks in Victoria in the 
period 2013 to 2015. Using the same sampling and 
testing protocols, 190 norovirus outbreaks were 
identified in 2013.14 In the current study there 
were 165 norovirus outbreaks in 2014 and 122 in 
2015. This decline was linked, to some degree, to 
changes in the prevalence of the predominant epi-
demic strain GII.Pe/GII.4_Sydney_2012. These 
findings indicate that this predominant GII.4 
strain is losing its potency to infect, presumably as 
a result of increasing herd immunity,28 and some 
speculation as to what may follow this strain is 
appropriate. Two potential candidates emerge, 
GII.P4_NewOrleans_2009 and GII.17.

The first potential candidate that may supplant 
the diminishing GII.Pe/GII.4_Sydney_2012 
is a new strain of GII.P4_NewOrleans_2009 
that appeared in 2015. Three of the new GII.
P4_NewOrleans_2009 strains were identified by 
sequencing analysis as GII.4_Sydney_2012 in ORF 
2. These observations indicate that a previously 
dominant ORF 1 form, GII.P4_NewOrleans_2009, 
had recombined with the currently dominant ORF 2 
form GII.4_Sydney_2012 to produce a novel strain. 
At the end of 2015, GII.P4_NewOrleans_2009/
GII.4_Sydney_2012 was still relatively rare.
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Figure 2: Nucleotide sequence alignments of 1 specimen from each GI.3 outbreak where both ORF 1 
(Figure 2A) and ORF 2 (Figure 2B) sequences were available for a given individual from a given 
outbreak

Figure 2B
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Table 4: Norovirus ORF 2 genotypes detected in healthcare and non-healthcare categories from 2014 
and 2015

Norovirus ORF 2 
genotypes

Norovirus positive outbreaks in healthcare 
settings

Norovirus positive outbreaks in non-
healthcare settings

2014 2015 2014 2015
n % n % n % n %

GI.2 3 2.2 0 0.0 4 12.9 0 0.0
GI.3 3 2.2 12 12.2 0 0.0 3 12.5
GI.3 and GII.3 0 0.0 0 0.0 1 3.2 0 0.0
GI.4 3 2.2 0 0.0 0 0.0 0 0.0
GI.5 1 0.7 0 0.0 0 0.0 0 0.0
GI.6 1 0.7 0 0.0 0 0.0 0 0.0
GI.9 3 2.2 0 0.0 0 0.0 0 0.0
GII.2 1 0.7 1 1.0 0 0.0 5 20.8
GII.3 3 2.2 5 5.1 4 12.9 4 16.7
GII.4 80 59.7 49 50.0 10 32.3 5 20.8
GII.6 9 6.7 5 5.1 2 6.5 2 8.3
GII.7 0 0.0 1 1.0 0 0.0 1 4.2
GII.8 1 0.7 0 0.0 0 0.0 0 0.0
GII.13 1 0.7 0 0.0 0 0.0 0 0.0
GII.17 2 1.5 3 3.1 0 0.0 1 4.2
No sequence available 23 17.2 22 22.4 10 32.3 3 12.5
Total 134 100.0 98 100.0 31 100.0 24 100.0

The second potential candidate that may supplant 
GII.Pe/GII.4_Sydney_2012, is GII.17 norovirus. 
Recent studies in China10,11 and Japan12 have iden-
tified a new GII.17 norovirus as an apparent new 
norovirus epidemic strain. Studies in the USA27 and 
Taiwan29 have confirmed the presence of GII.17 
norovirus strains in these countries but reports 
from other areas are lacking. A comparison with 
published sequence data on GII.17 norovirus strains 
recently reported in the USA27 and Japan12 showed 
the Australian, USA and Japanese strains were sim-
ilar. The current study indicates that GII.17 does 
not appear to be a major genotype in gastroenteritis 
outbreaks in Victoria and recent studies in New 
South Wales and Western Australia15 indicate that 
GII.17 is not a major genotype in those states either.

Previous studies in Victoria (2002 to 2010)22 have 
indicated that norovirus gastroenteritis outbreaks 
associated with GI norovirus are relatively rare 
compared with outbreaks associated with GII 
norovirus and the data for the current study 
confirms this finding. Nevertheless, a dramatic 
change in the diversity of GI noroviruses occurred 
in Victoria over the period 2013 to 2015. In 2013, 
ORF 2 sequence analysis identified 7 ORF 2 GI 
genotypes associated with gastroenteritis outbreaks 
in Victoria with GI.4 being the chief genotype 
detected.14 In the current study, in 2014, 6 ORF 2 
GI norovirus genotypes were detected, with GI.2 

being the most common. In 2015, however, a dra-
matic change occurred with only 1 ORF 2 geno-
type detected, GI.3.

Genetic analysis of GI.3 noroviruses over 2014 to 
2015 indicated there were substantial changes in 
the genome in the period corresponding to the 
transition between 2014 and 2015. Although the 
relative number of GI outbreaks, based on ORF 2 
sequencing, was similar in 2014 (14.4%) and 2015 
(15.5%), it remains to be seen whether the genetic 
changes that have occurred in GI norovirus in 
Victoria in 2015 will result in a greater incidence of 
GI norovirus in coming years.

A key area in the understanding of how norovirus 
circulates through the community involves an 
examination of the relationship between norovirus 
genotype and outbreak setting. Previous studies 
in this laboratory have established that such a 
relationship does exist 22,30,31 and the current study 
supports and extends these previous observations. 
In particular, it was shown that the ORF 2 gen-
otypes GI.3, GII.6, and GII.4 were significantly 
more common in healthcare settings than in 
non-healthcare settings.

In summary, this study emphasises the complex 
way in which norovirus circulates throughout the 
community and the associated genetic changes 
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the virus undergoes as it does so. The ongoing 
monitoring of these variables may eventually lead 
to the development of a clear model of how human 
norovirus can continually re-invent itself.
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Abstract

Background: bacille Calmette-Guérin (BCG) 
immunisation programs in Australia are funded and 
operated by the individual states and territories. In 
recent years BCG vaccine shortages have required 
use of unregistered products. We aimed to evalu-
ate BCG immunisation programs in Australia, with 
particular reference to program implementation 
and national consistency.

Methods: Between September and November 
2015, 12 key stakeholders, representing Australian 
states and territories, completed surveys. We 
analysed BCG vaccination coverage data from 
the Australian Childhood Immunisation Register 
(ACIR), and data on adverse events following 
immunisation (AEFI) with BCG vaccine from the 
Therapeutic Goods Administration’s Adverse Drug 
Reactions System, for 2001 to 2014.

Results: Access to BCG vaccination varies 
between jurisdictions, with some states providing 
this only in major city locations. Analysis of ACIR 
data suggests significant differences in vaccine 
delivery between jurisdictions, but varying lev-
els of under-reporting to the ACIR were also 
acknowledged. The rate of BCG AEFI appeared 
to increase between 2011 and 2014; however, 
these data need to be interpreted with caution 
due to small numbers, likely under-reporting of 
both numerator (AEFI) and denominator (vaccine 
doses administered), and the general increase 
in reporting of AEFI related to other vaccines in 
children over this period.

Conclusions: BCG immunisation programs aim to 
prevent severe forms of tuberculosis in young chil-
dren who live in or travel to high burden settings. 
A range of factors, particularly inconsistent vaccine 
supply are leading to low, variable and inequitable 
vaccine delivery across Australian jurisdictions. 
Improved BCG vaccination uptake and AEFI data 
quality are required for accurate monitoring of 
program delivery and vaccine safety – this is par-
ticularly important given the current need to use 
unregistered vaccines. Improved and consistent 
access to BCG vaccine is suggested to optimise 
equity for at-risk children Australia-wide. Commun 
Dis IntelI 2017;41(1):E33–E48.

Keywords: adverse reaction; bacille Calmette-
Guérin; immunisation; tuberculosis

Introduction

Bacille Calmette-Guérin (BCG) vaccine has been 
in use since 1921. Vaccination of young children 
is considered an important strategy in almost all 
national tuberculosis (TB) programs, particularly 
in countries with a high burden of TB.1 As of 
2013, the incidence of TB in Australia was 5.5 per 
100,000 population,2 one of the lowest rates of TB 
in the world.3 However, 28% of Australia’s popu-
lation are overseas-born and many are from TB 
endemic countries.4 People born overseas make 
up the majority of TB cases in Australia, with 
an incidence of 18.4 per 100,000 in 2013. The 
incidence of TB among the Australian-born pop-
ulation has remained relatively stable in recent 
years, although with a marked disparity between 
Aboriginal and Torres Strait Islander (henceforth 
referred to as Indigenous) and non-Indigenous 
populations (incidence 4.6 and 0.8 per 100,000, 
respectively, in 2013).2

There is strong evidence that BCG vaccination 
in infancy provides a more than 70% protection 
against severe disseminated forms of TB, including 
miliary TB and TB meningitis.1 The efficacy of 
BCG vaccine against pulmonary TB in adults is less 
consistent and has ranged from 0% to 80% in con-
trolled trials.5 Australian national guidelines on the 
use of BCG vaccine (The Australian Immunisation 
Handbook and the National Tuberculosis Advisory 
Committee (NTAC) guidelines, The BCG vac-
cine: information and recommendations for use in 
Australia)6,7 recommend vaccination principally for 
young children who will be travelling to or living in 
regions with a high prevalence of TB for extended 
periods (preferably 2–3 months prior to departure), 
and Indigenous neonates in communities with a 
high incidence of TB (currently implemented in 
Queensland, the Northern Territory and northern 
South Australia only).6,7

Unlike other childhood vaccines, BCG vaccine 
coverage in Australia is not routinely reported. In 
addition, unlike most other vaccines recommended 
and funded for use in children in Australia, BCG 
is not delivered under the National Immunisation 
Program (NIP).8 Rather BCG immunisation 
programs are funded and operated by individual 
states and territories. In recent years recurrent 
BCG vaccine shortages have required states and 
territories to prioritise and conserve stocks and/or 
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use unregistered products. There was a shortage 
of BCG vaccine for several months in 2012 fol-
lowing a recall of the only BCG vaccine registered 
in Australia (BCG Vaccine, Sanofi Pasteur).9 A 
replacement unregistered vaccine (BCG Vaccine, 
Danish Strain 1331, Statens Serum Institute (SSI) 
in Denmark) was sourced under Section 19A(3) of 
the Therapeutic Goods Act 1989,10 which allows for 
importation of unregistered products from speci-
fied countries with comparable regulatory stand-
ards, during shortages of registered products. The 
SSI product was supplied from September 2012 to 
the end of 2015, when it also became unavailable. 
All alternative products currently available can 
only be sourced and supplied via the Authorised 
Prescriber Scheme or Special Access Scheme of 
the Therapeutic Goods Act.10,11 The difficulties in 
sourcing appropriate alternative products have 
been exacerbated in recent years by a global BCG 
vaccine shortage.12 Of note, subsequent to our 
study, the complex issues and barriers to the use 
of potentially available unregistered vaccines led 
to most Australian jurisdictions suspending their 
BCG immunisation programs. As of August 2016 
only the New South Wales and Victorian programs 
were active, using an unregistered Polish vaccine.

BCG vaccine causes adverse events in about 5% 
of the recipients. Common adverse events include 
infection site abscess in 2.5%, lymphadenitis in 1%, 
and up to 1% require medical attention.13 Serious or 
long-term complications are rare.13,14 The vaccines 
used in Australia in recent years are derived from 
different BCG strains, each of which may have a 
different reactogenicity profile.15 Only passive sur-
veillance of adverse events following immunisation 
(AEFI) with BCG vaccine occurs in Australia.16

No national level evaluation of BCG immunisation 
programs in Australia has previously been con-

ducted. In the context of the issues outlined above, 
we aimed to evaluate BCG immunisation programs 
in Australia, with particular reference to program 
implementation and national consistency, and to 
promote discussion on improving program delivery 
(Box).

Methods

Data sources

The data sources for each specific evaluation topic 
are summarised in Table 1.

Document review

We conducted a detailed search of the Australian 
Government Department of Health and state and 
territory government health web sites to identify 
relevant documents on BCG immunisation policy 
and programs, including guidelines, fact sheets, 
media releases, provider and patient resources (e.g. 
brochures, posters) and reports. Health depart-
ments were also asked to provide any additional 
relevant documents.

Key stakeholder survey

Key stakeholder surveys were conducted between 
September and November 2015 to gain an in-depth 
understanding of program implementation as well 
as strengths and weaknesses/challenges (Appendix). 
Purposive sampling, using a sampling matrix 
(Table 2), was used to recruit a representative sam-
ple across key stakeholder groups and jurisdictions. 
Jurisdictional-level TB program managers and coor-
dinators were approached directly while immunisa-
tion providers and local program coordinators were 
referred by other participants (respondent-driven 
and snowballing sampling).

Box: Evaluation objectives

The specific objectives of the evaluation were:

1. to review policy and practice regarding the use of bacille Calmette-Guérin vaccine at a national and 
jurisdictional level in Australia; and

2. to describe and assess how bacille Calmette-Guérin vaccine programs are implemented across 
different states and territories in Australia, with specific regard to:
a. availability, accessibility and awareness;
b. vaccine uptake/coverage;
c. reporting and follow-up of adverse events following immunisation related to bacille Calmette-

Guérin vaccine;
d. consistency between jurisdictional programs and with national guidelines; and
e. strengths, challenges and recommendations.
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A semi-structured questionnaire was developed by 
staff from the National Centre for Immunisation 
Research and Surveillance of Vaccine Preventable 
Diseases, based on previous national immunisa-
tion program evaluations. The questionnaire con-
tained both open and closed questions and sought 
information on:

a. program implementation including availability 
and access to BCG vaccine for providers and 
consumers;

b. communication strategies and resources to 
engage providers and consumers’;

c. reporting of BCG vaccination and AEFI; and

d. strengths and challenges of the program and 
recommendations for improvements.

The questionnaire was piloted and modified to 
incorporate feedback. All key stakeholders were 
sent the questionnaire by email and the completed 
questionnaires were returned within 2 to 4 weeks.

Australian Childhood Immunisation Register

Vaccination coverage estimates and the number 
of BCG doses administered were obtained from 
the Australian Childhood Immunisation Register 
(ACIR). The ACIR was established in 1996 and is 
the primary source of vaccination coverage data in 
Australia. Detailed description of the operation of 
ACIR has been published previously.17 At the time 
of this evaluation the ACIR recorded details of 
vaccinations given to children aged less than seven 
years, irrespective of whether NIP funded or not. 
Analysis of ACIR data was undertaken for vacci-
nations notified between 2001 and 2014, for data 
released to NCIRS in April 2015.

Australian Adverse Drug Reactions System 
database

De-identified data on AEFI with BCG vac-
cine between 2001 and 2014 reported to the 
Therapeutic Goods Administration (TGA) and 
stored in the Australian Adverse Drug Reactions 
System (ADRS) database were extracted from a 
dataset released to NCIRS in March 2015. ADRS 

Table 1: Summary of data sources used for each specific objective

Objective Evaluation topics Data sources
To review policy and practice regarding the use of bacille Calmette-Guérin 
vaccine at a national and jurisdictional level in Australia

Document review

To describe and assess how bacille 
Calmette-Guérin vaccine programs are 
implemented across different states 
and territories in Australia

Availability, accessibility and 
awareness

Key stakeholder survey

Vaccine uptake/coverage Australian Childhood Immunisation 
Register

Reporting and follow-up of adverse 
events following immunisation related 
to bacille Calmette-Guérin vaccine

Key stakeholder survey
Australian Adverse Drug Reactions 
System database

Consistency between jurisdictional 
programs and with national guidelines

Document review

Strengths, challenges and 
recommendations

Key stakeholder survey

Table 2: Matrix of interview participants

Participants NSW NT Qld Tas. SA Vic. WA
Tuberculosis (TB) medical advisor X X X X
Jurisdictional TB program manager/coordinator X X X X X
Epidemiologist X
TB/chest clinic clinical nurse consultants X
Remote area immunisation provider X

X = One key informant.
No response from the Australian Capital Territory.
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is a national passive surveillance system for AEFI 
data reported to the TGA by state and territory 
health departments, health professionals, vaccine 
manufacturers and members of the public. All 
AEFI reports are assessed using internationally 
consistent criteria18 before being entered into the 
ADRS database.

Data analysis

Both qualitative and quantitative data were ana-
lysed. Content analysis was conducted on interview 
transcripts to identify prominent themes. BCG 
vaccination data were extracted from the NCIRS 
ACIR dataset and analysed by year of administra-
tion of vaccine and age group. BCG vaccination 
coverage data were analysed by jurisdiction and 
Indigenous status using 12-month wide birth 
cohorts for children born in 2012, 2013 and 2014. 
The percentage vaccinated for each cohort was 
calculated using ACIR data as at 30 September 
2015. BCG-related AEFI data extracted from the 
NCIRS ADRS dataset were analysed by year and 
whether classified as serious, with rates per 100,000 
doses calculated. Quantitative data analysis was 
performed using SAS software version 9.4 (SAS 
Institute Inc. Cary, NC, USA) and Excel 2010 
(Microsoft, Redmond, PA, USA).

Stakeholder engagement/sharing of lessons 
learnt

The National Tuberculosis Advisory Committee 
(NTAC) was consulted on the design of the eval-
uation and provided comment on a draft report. 
The findings were also shared with the National 
Immunisation Committee, Communicable 
Diseases Network Australia, and the Australian 
Technical Advisory Group for Immunisation.

The study was conducted by NCIRS as part of its 
national immunisation program evaluation role 
and using de-identified aggregated data; ethics 
committee approval was not required.

Results

Document review

Guidance on the use of BCG vaccine in Australia 
is provided in both The Australian Immunisation 
Handbook7 and the NTAC guidelines The BCG 
vaccine: information and recommendations for use 
in Australia.9 We also identified jurisdiction-spe-
cific BCG immunisation policies or guidelines 
from all states and territories of Australia 
except for the Australian Capital Territory and 
Tasmania. Recommendations in current national 
and jurisdictional guidelines are compared in 
Table 3. There are minor differences between 

the 2 national guidelines, and more substantial 
differences between some of the jurisdictional 
guidelines.6,7,19–25

Key stakeholder interviews and associated 
data analysis

Twelve key stakeholders from across 5 stakeholder 
groups (Appendix), including representatives from 
7 jurisdictions (New South Wales, the Northern 
Territory, Queensland, Tasmania, South Australia, 
Victoria and Western Australia, completed a 
semi-structured questionnaire covering program 
implementation issues across the following areas.

Vaccine administration

Availability of bacille Calmette-Guérin vaccine for 
providers

Participants stated that BCG vaccine is purchased 
through different routes, either via: their juris-
dictional Department of Health Immunisation 
Branch (South Australia, Victoria and Western 
Australia); hospitals (New South Wales, Northern 
Territory); or central pharmacy (Queensland).

Demand for BCG vaccine at the state or terri-
tory level was reported to be measured variably. 
It is estimated from the previous year’s usage in 
New South Wales, the Northern Territory and 
Queensland. In Western Australia, usage is mon-
itored regularly by the central clinic. In Victoria, 
measurement was reported to have recently 
changed from estimation using the previous 
year’s usage to a more detailed picture of actual 
and projected demand including: the number of 
children on the waiting list by month; mean or 
median waiting time from referral to administra-
tion of BCG; and the number of children vacci-
nated by month, age and gender and country of 
origin of parents.

All stakeholders, except one, stated that the recur-
rent shortages of BCG vaccine and uncertainty of 
supply had significantly impacted on BCG vaccine 
availability in their jurisdiction in the past 3 years.

Consumer access to bacille Calmette-Guérin 
vaccination

Consumer access to BCG vaccination var-
ied between jurisdictions. New South Wales, 
Queensland, Western Australia and the Northern 
Territory provide access at regional and remote 
locations while South Australia and Victoria 
provide access only in central major city locations. 
Moreover, vaccine is not provided by general 
practitioners and only provided by travel medicine 
clinics (n=4) in one jurisdiction (Table 4).
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One stakeholder suggested that BCG vaccination 
services could be improved if the vaccine could be 
provided in a single dose vial.

“Provide vaccine in a single dose cost-effective 
vial so that BCG could be given at any clinic. 
Currently clients need to fit in with the 
allocated days for BCG clinics, and then book 
into the appointment system e.g. one BCG 
clinic per month with 30 max neonates to be 
booked.”

Access to BCG vaccine in rural and remote areas 
was a common concern identified in the key 
stakeholder surveys, and several stakeholders 
suggested increasing the number of vaccination 
sites regionally and/or in additional locations in 
major cities. Moreover, maintaining an adequate 
number of appropriately trained and accredited 
staff, particularly in areas with low demand and/
or high staff turnover, was identified as a com-
mon challenge.

All participating key stakeholders stated that in 
their state or  territory eligible individuals are 
referred to BCG immunisation providers through 
both general practitioner (GP) referral and patient 
self-referral. In Queensland and Western Australia, 
eligible individuals are also referred by travel 
medicine clinics, child health clinics and commu-
nity health nurses. The average waiting time for 
consumers to access BCG vaccine, as reported by 
stakeholders, varied by jurisdiction and remoteness 
of location (Table 5).

Communication strategies and resources to promote 
awareness

Communication strategies varied between juris-
dictions. Most commonly BCG immunisation 
guidelines and consumer information were 
disseminated through health department web 
sites, online learning packages, media releases, 
brochures and face-to-face education for providers.

Most of the key stakeholders identified GPs, ante-
natal clinics and child health clinics as potential 
groups among which greater promotion of BCG 
vaccination for eligible individuals could occur, 
with particular focus suggested in areas where 
parents who are likely to be taking young children 
to live overseas.

The recurrent shortages of BCG vaccine were 
reported to have been a considerable barrier in 
promoting the vaccine and public awareness.

“We have been told that there may not be 
supplies of BCG after December 2015 so are 
not promoting the vaccine at present.”

Reporting of vaccination coverage and adverse 
events

When asked how likely it is that BCG vaccination 
information will be entered into the ACIR, key 
stakeholder responses varied widely by jurisdic-
tion and in the case of Queensland, where stake-
holders from different settings were interviewed, 
within the jurisdiction. Stakeholders from the 
Northern Territory and Queensland reported 
that BCG vaccination information is ‘always’ 
entered into the ACIR and one stakeholder from 

Table 4: Bacille Calmette-Guérin vaccine provision, Australia, by type of provider, state or territory 
and sub-region location

Major cities Regional Remote
NSW TB/chest clinic (onsite) TB/chest clinic (onsite) TB/chest clinic (onsite)
NT TB/chest clinic (onsite)

Maternity ward
TB/chest clinic (onsite)
Maternity ward

TB/chest clinic (onsite)
TB/chest clinic (outreach)

Qld TB/chest clinic (onsite) TB/chest clinic (onsite)
TB/chest clinic (outreach)
Maternity ward

TB/chest clinic (onsite)
TB/chest clinic (outreach)
Maternity ward

SA TB/chest clinic (onsite) Not available Not available
Tas. TB/chest clinic (onsite) TB/chest clinic (onsite) Not available
Vic. Royal Children’s Hospital and Monash 

Medical Centre. Four private travel 
health clinics also give bacille Calmette-
Guérin vaccine. 

Service provided through St John of 
God Hospital in Geelong

Not available

WA TB/chest clinic (onsite) Regional public health units – very 
occasional usage

Remote public health units 
– very occasional usage
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Victoria stated that it is done ‘most of the times’. 
For the rest of the stakeholders (Queensland, 
Victoria, New South Wales, Western Australia, 
South Australia and Tasmania) responses ranged 
from ‘sometimes’ to ‘never’.

One key stakeholder identified IT system barri-
ers to the transfer of data from the jurisdictional 
immunisation register to the ACIR. Another 
respondent highlighted the need for a “great deal 
of encouragement to chest clinic staff to use ACIR”.

BCG vaccine-related AEFI are reported to the 
TGA, as with other vaccines. Stakeholders did not 
spontaneously report any particular issues with 
these arrangements.

Strengths and challenges

Key stakeholders’ opinions about the strengths and 
challenges of their BCG immunisation programs 
are summarised in Table 6.

Analysis of Australian Childhood 
Immunisation Register and adverse events 
following immunisation data

Australian Childhood Immunisation Register data

Table 7 shows the number of BCG vaccine doses 
recorded in the ACIR as administered between 
2001 and 2014, by age group. The total number of 
doses recorded as administered varied by year with 
the highest number in 2010 and the lowest in 2014. 
The age distribution of recorded doses changed 
over time. In 2001, 94.1% of BCG vaccine doses 
were recorded as administered to infants aged 
less than 6 months, compared with 75.4% in 2014 
(Figure).

Table 8 shows the number of BCG doses recorded 
on the ACIR and the percentage vaccinated 
by state or territory and Indigenous status for 
12-month wide birth cohorts between 2012 and 
2014. Substantial differences in the vaccination 
rate between jurisdictions and between Indigenous 
and non-Indigenous children are observed. The 

Table 5: Reported waiting times and/or frequency of bacille Calmette-Guérin clinic services for access 
to bacille Calmette-Guérin vaccination

Waiting time for 
BCG vaccination Major cities Regional Remote

NSW ≥ 2 weeks Data not provided Data not provided
NT < 1 week Regional and remote area are 

dependent on scheduled visits by 
accredited vaccine providers

Regional and remote area are 
dependent on scheduled visits by 
accredited vaccine providers

Qld Data not provided Data not provided
Regional clinics are organised every 
3–4 weeks.

Remote outreach clinics are 
organised usually every 6 months.

SA 1–< 2 weeks Need to come to Adelaide Need to come to Adelaide
Tas. ≥ 2 weeks Data not provided Data not provided
Vic. ≥ 2 weeks ≥ 2 weeks ≥ 2 weeks
WA 1–< 2 weeks Data not provided Data not provided

Table 6: Summary of bacille Calmette-Guérin immunisation program strengths and challenges 
identified by key stakeholders

Strengths Challenges
TB clinics provide good advisory service to travel 
vaccine services, GPs and patients
Remote and outreach clinics to Indigenous 
communities in some jurisdictions
Incorporated within routine childhood 
immunisation program (NT only)
Routine administration of bacille Calmette-
Guérin (BCG) vaccine to Aboriginal neonates 
(NT only)
Dual vaccination strategy by TB Control Units 
and maternity units to capture infants at birth in 
high risk areas (NT only)

Availability of vaccine
High demand for BCG vaccine in some metropolitan areas
Increasing access in rural and regional areas
Maintaining adequate number of appropriately trained and accredited 
staff, particularly in areas with low demand and/or high staff turnover
Wastage, especially in regional area clinics due to multi-dose vials and 
product life following reconstitution
Informing at-risk groups of the availability of the vaccine
Providing routine clinic times for vaccine administration
Ability to catch up following periods of shortage and rationing, due to 
the need for Mantoux tuberculin skin test in children > 6 months 
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Northern Territory and Queensland had the high-
est proportion of both Indigenous and non-Indig-
enous children vaccinated with BCG. However, 
in 2014 there was a substantial reduction in the 
proportion of the birth cohort recorded as having 
BCG vaccine in all states and territories.

Adverse events following immunisation data

According to ADRS data, the overall rate of 
reported BCG vaccine-related AEFI among chil-
dren aged less than 7 years was 89.8 per 100,000 
doses administered, and the rate of serious AEFI 
was 11.9 per 100,000 doses (Table 9). Reporting 
rates appear to be increasing from 2011 onwards. 
The number and rate of reported serious AEFI did 
not show any pattern over time.

Discussion

This is the first national level evaluation of BCG 
immunisation programs in Australia. We iden-
tified only minor differences between the two 
national guidelines (the NTAC guidelines and 
The Australian Immunisation Handbook), but more 
substantial differences in some of the jurisdiction-
al-specific guidelines. For example, the Victorian 
guidelines recommend BCG vaccination for 
children aged less than 5 years living in a house-
hold that includes immigrants or visitors recently 
arrived from countries of high TB incidence, and 
the Western Australia guidelines state vaccination 
should be considered for neonates in such house-
holds. Further discussion in national forums such 
as NTAC may be useful to explore the reasons 
for such discrepancies, and to determine whether 
greater national consistency can be achieved.
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Figure: Percentage of bacille Calmette-Guérin 
vaccinated children vaccinated at less than 
3 months of age and less than 6 months of age, 
Australia, 2001 to 2014
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Reliable supply of BCG is a major challenge, 
along with access issues related to the availabil-
ity of vaccine in multi-dose formulations only, 
and the additional training required in BCG 
vaccination and pre-vaccination screening. If 
cost-effective single dose vials could be sourced 
(currently not available from any manufacturer 
globally to our knowledge), this could facilitate 
wider provision of BCG vaccination, but would 
also require an increased pool of appropriately 
trained service providers. BCG is currently pro-
vided in general practices and maternity wards in 
the Northern Territory and Queensland in areas 
with a high proportion of Indigenous population. 
This practice may be an appropriate option for 
consideration in high use areas within other 
states and territories.

The total number of BCG vaccine doses recorded 
as administered in the ACIR varied by year. 
Despite the increase in population and no signif-
icant changes in national guideline recommenda-
tions over the study period, the number of doses 
recorded as administered in 2014 was less than that 
in 2001. The age distribution also changed over 
time, with 94% of BCG vaccine doses recorded as 
administered to infants aged less than 6 months 
in 2001, compared with 75% in 2014. However, 
it is unclear to what extent the ACIR data on 
the number of doses and age distribution reflect 
real (e.g. supply-related) issues or data quality 
issues. There was considerable variation between 
jurisdictions in the reported likelihood of entry of 
BCG vaccination data into the ACIR. Analysis of 
ACIR data also showed a wide variation between 

Table 8: Number of bacille Calmette-Guérin doses administered and proportion of birth cohort 
vaccinated, Australia, 2012 to 2014, by state or territory and Indigenous status

Year
Indigenous 

status ACT NSW NT* Qld* SA* Tas. Vic. WA Aust.
2012 Indigenous

birth cohort
% vaccinated

2
129
1.6

8
4,895

0.2

767
1,336

57.4

1,548
5,130
30.2

17
755
2.3

0
454
0.0

12
1,063

1.1

29
2,036

1.4

2,383
15,798

15.1
Non-Indigenous
birth cohort
% vaccinated

126
5,473

2.3

1,589
97,920

1.6

216
2,294

9.4

3,951
59,255

6.7

245
19,663

1.3

38
5,475

0.7

2,496
77,089

3.2

541
32,678

1.7

9,202
299,847

3.1
Total
birth cohort
% vaccinated

128
5,602

2.3

1,597
102,815

1.6

983
3,630

27.1

5,499
64,385

8.5

262
20,418

1.3

38
5,929

0.6

2,508
78,152

3.2

570
34,714

1.6

11,585
315,645

3.7
2013 Indigenous

birth cohort
% vaccinated

0
134
0.0

12
4,884

0.3

530
1,234

43.0

1,667
4,905

34.0

8
804
1.0

1
409
0.2

13
1,159

1.1

21
1,991

1.1

2,252
15,520

14.5
Non-Indigenous
birth cohort
% vaccinated

77
5,428

1.4

1,092
93,934

1.2

215
2,312

9.3

3,579
56,967

6.3

162
18,881

0.9

24
5,532

0.4

2,381
75,132

3.2

394
31,835

1.2

7,924
290,021

2.7
Total
birth cohort
% vaccinated

77
5,562

1.4

1,104
98,818

1.1

745
3,546

21.0

5,246
61,872

8.5

170
19,685

0.9

25
5,941

0.4

2,394
76,291

3.1

415
33,826

1.2

10,176
305,541

3.3
2014 Indigenous

birth cohort
% vaccinated

0
133
0.0

5
5,032

0.1

453
1,338
33.9

1,424
5,252

27.1

5
826
0.6

0
432
0.0

8
1,266

0.6

17
2,066

0.8

1,912
16,345

11.7
Non-Indigenous
birth cohort
% vaccinated

51
5,505

0.9

664
93,649

0.7

127
2,339

5.4

1,992
57,334

3.5

75
19,360

0.4

8
5,401

0.2

2,068
75,474

2.7

180
32,316

0.6

5,165
291,378

1.8
Total
birth cohort
% vaccinated

51
5,638

0.9

669
98,681

0.7

580
3,677

15.8

3,416
62,586

5.5

80
20,186

0.4

8
5,833

0.1

2,076
76,740

2.7

197
34,382

0.6

7,077
307,723

2.3

* Bacille Calmette-Guérin vaccination is recommended in Indigenous neonates in communities with a high incidence of 
tuberculosis

Source: Australian Childhood Immunisation Register
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jurisdictions in the proportion of non-Indigenous 
infants reported as receiving BCG, suggesting 
significant differences in vaccine delivery between 
states and territories and/or significant under-re-
porting to the ACIR. The main two jurisdictions 
with Indigenous programs (Northern Territory 
and Queensland) have a substantially higher 
proportion of non-Indigenous children reported as 
vaccinated compared with other states, suggesting 
differing implementation of the non-Indigenous 
program and/or better reporting, in the Northern 
Territory and Queensland.

The absence of any state or territory or nationally 
based requirements for transparent reporting on 
BCG vaccine coverage, as well as any provider and 
parental incentives to record data, may contribute 
to under-reporting to the ACIR. In the case of 
NIP vaccines, for which such requirements and 
incentives exist, under-reporting has relatively lit-
tle impact with coverage rates routinely over 90%.17 
BCG vaccine is also not on the NIP and is often 
administered by specialist providers in chest clin-
ics, rather than GPs who routinely utilise ACIR 
for NIP vaccines. Data on the number of BCG 
vaccine doses administered to older children and 
adults is not readily available, although this may 
change with the extension of the ACIR to a whole 
of life register.

Table 9: Adverse events following bacille Calmette-Guérin immunisation among children aged less 
than 7 years, Australia, 2001 to 2014

Year

Number of adverse events

Vaccine 
doses*

Rate per 100,000 doses

All Serious
All Serious

n 95% CI† n 95% CI†

2001 2 0 8,740 22.9 0–54.6 0.0 
2002 1 0 9,084 11.0 0–32.6 0.0 
2003 0 0 10,055 0.0 0.0 
2004 2 0 11,236 17.8 0–42.5 0.0 
2005 5 4 11,866 42.1 0–79.1 33.7 0–66.7
2006 12 4 12,470 96.2 41.8–150.7 32.1 0–63.5
2007 5 2 12,447 40.2 0–75.4 16.1 0–38.3
2008 6 0 11,525 52.1 0–93.7 0.0 
2009 12 2 13,741 87.3 37.9–136.7 14.6 0–34.7
2010 17 2 14,240 119.4 62.7–176.1 14.0 0–33.5
2011 21 2 13,216 158.9 91.1–226.8 15.1 0–36.1
2012 20 0 11,145 179.5 100.9–258.0 0.0 
2013 23 2 11,063 207.9 123.0–292.8 18.1 0–43.1
2014 17 1 8,476 200.6 105.3–295.8 11.8 0–34.9
Total 143 19 159,304 89.8 75.1–104.5 11.9 0–17.3

* Bacille Calmette-Guérin vaccine doses recorded in Australian Childhood Immunisation Register.
† Rate of adverse events reported in Australian Adverse Drug Reactions System, per 100,000 administered doses.

Analysis of the TGA ADRS database showed an 
apparent increase in the rate of BCG vaccine related 
adverse events notification since 2011. However, 
BCG vaccine related AEFI data need to be inter-
preted with caution due to the small numbers 
involved, likely under-reporting of both numerator 
(AEFI) and denominator (vaccine doses adminis-
tered) data, delayed reporting of some AEFI and 
the general increase in reporting of AEFI related 
to other vaccines in children over this period.26 
More detailed analysis of BCG related AEFI data 
reported between 2009 and 2014 has been reported 
in a separate publication.27

In addition to limitations related to data quality 
issues, this evaluation was of limited scope and 
did not assess a range of relevant issues including 
resourcing and cost of jurisdictional programs, 
whether any costs are charged to consumers, and 
whether jurisdictions conduct any formal fol-
low-up of BCG-vaccinated individuals in relation 
to AEFI. The sample size of key stakeholders inter-
viewed for the evaluation was also relatively small, 
particularly in relation to the number of BCG 
immunisation providers interviewed. Therefore, 
the views provided by participants may not neces-
sarily represent those of stakeholders more broadly. 
No consumers were interviewed. Further study 
could be undertaken to build on existing evidence 
regarding poor awareness of BCG vaccine and 
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programs in parents of children in the target pop-
ulation 28 and to explore some of the information 
and issues reported by stakeholders in this evalu-
ation, such as waiting times for BCG vaccination.

Concerns have been raised regarding low awareness 
of current BCG immunisation guidelines among 
both parents and providers.28,29 Communication 
strategies and resources could be developed to tar-
get GPs, antenatal clinics and child health clinics, 
particularly in areas where parents are likely to 
be taking young children overseas to TB endemic 
countries. However, the potential effectiveness of 
such measures is difficult to quantify, as the size 
of the eligible target population is not known. 
Available sources suggest the target population 
is vastly greater than that being currently pro-
vided BCG. Further work should be undertaken 
to define the eligible target population size and 
distribution, for example using data on departures 
from Australia for overseas travel to TB endemic 
countries for young children.28,29

It is also difficult to quantify the number of cases 
potentially preventable by promoting greater 
awareness of and uptake of BCG vaccination in 
accordance with current guidelines. The TB noti-
fication rates in children are much higher among 
overseas-born compared with Australia-born 
children (9.6 (n = 294) vs. 0.6 (n = 230) cases per 
100,000 children aged less than 15 years between 
2003 and 2012).30 Limited data are available on 
the mode of disease acquisition in Australian-
born children (e.g. whether via travel to a TB 
endemic country or via family member contact 
in Australia), eligibility for vaccination according 
to current national guidelines, and vaccination 
status. A review of 2003 to 2012 TB notification 
data found 42% (226/538) had a history of travel 
to or through, or residence in, a high-risk coun-
try, but did not present any further breakdown 
of these figures.30 A hospital audit of all children 
(< 18 years of age) treated for TB at the Children’s 
Hospital at Westmead between January 2008 
and December 2011 found that among 22 TB 
cases, 21 had a history of immigration or travel 
to a TB endemic country and 4 of known TB 
contact within Australia.31 More comprehensive 
information on mode of disease acquisition would 
help inform steps to secure supply of BCG vaccine 
and/or implement TB screening programs and 
pre-emptive latent tuberculosis infection treatment 
in returned travellers.

Conclusions

BCG immunisation programs in Australia are 
considered important for preventing severe forms 
of TB in infants and young children who live in or 
travel to high burden settings. The increasing rate 
of drug resistant TB globally generates additional 
importance in terms of the need to provide indi-
vidual protection. The NTAC plays a key coordi-
nating role in promoting consistency of program 
delivery, as do recommendations in The Australian 
Immunisation Handbook. However, inconsistent 
vaccine supply and different state-based procure-
ment processes are major current challenges that 
are contributing to low, variable and inequitable 
vaccine delivery. It is important that BCG vac-
cine-related AEFI data are monitored closely given 
the adverse event profile of this live attenuated vac-
cine and particularly in light of the continuing need 
to use unregistered BCG vaccines. Improved data 
quality in relation to reporting of BCG vaccination 
uptake and AEFI is required for more accurate 
monitoring of both program delivery and vaccine 
safety. Improvements in access to BCG vaccine 
and communication strategies are suggested to 
optimise equity for at-risk children Australia-wide. 
There could be potential for greater centralisation 
of some aspects of vaccine procurement and pro-
gram delivery, for example through inclusion of 
BCG vaccine on the NIP, to help facilitate such 
improvements. We hope that publication of this 
evaluation report promotes further discussion on 
improving BCG immunisation program delivery 
across Australia.
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Appendix: Key stakeholder survey questions

1.0 Your role in the BCG vaccination program
1.1 Job title
1.2 Department/Section
1.3 Professional background
1.4 What is your role in the BCG vaccination program? 
2.0 Program Implementation: Availability (for providers) of BCG vaccine
2.1 Which area/s of your state/territory government is/are 

responsible for purchase of BCG vaccine?
2.2 How is the demand for BCG vaccine in your state/

territory estimated?
2.3 Please describe any issues which impacted BCG 

vaccine availability in your state/ territory in the last 3 
years (i.e. since the National Tuberculosis Advisory 
Committee Update in October 2012)

2.4 Based on your experiences, do you have any 
recommendations to improve BCG vaccine 
availability?

3.0 Program Implementation: Access (for consumers) to BCG vaccine
3.1 What are the current modes of service for providing 

BCG vaccine in your state/ territory/area?
Location Type of Services (please tick )
Major Cities  TB/Chest Clinic (onsite)

 TB/Chest Clinic (outreach)
 Other (specify) …………….………

Regional  TB/Chest Clinic (onsite)
 TB/Chest Clinic (outreach)
 Other (specify) …………………..…

Remote  TB/Chest Clinic (onsite)
 TB/Chest Clinic (outreach)
 Other (specify) ...……................…

3.2 How eligible individuals are referred to BCG 
immunisation providers in your state/territory/area?

( tick all that apply)
 GP referral
 Patient self-referral
 Other (Specify) …………………..............

3.3 How long is the average waiting time for patients to 
access BCG vaccine?

Location Average waiting time (please tick )
Major Cities  <1 week

 1–<2 weeks
 >=2week
 Other (specify) …….............………

Regional  <1 week
 1–<2 weeks
 >=2week
 Other (specify) …….............………

Remote  <1 week
 1–<2 weeks
 >=2week
 Other (specify) ……..............………

3.4 Does waiting time vary by location?  Yes
If Yes, specify ………………........................………………….
 No

3.5 Please describe any issues which impacted 
consumer’s access to BCG vaccine in your state/
territory/area in the last 3 years?

3.6 Based on your experiences, do you have any 
recommendations to improve consumer’s access to 
BCG vaccine?
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4.0 Communication strategies & resources: Awareness
4.1 Does your jurisdiction have specific state/territory 

policies/guidelines for BCG vaccination? 
 Yes
If Yes, specify ………………………………….
 No

4.2 How are these guidelines promoted? (if answered 
Yes to 4.1)

4.3 Since 2012, what provider/community groups/
organisations have been targeted to inform about the 
BCG vaccination program? 

4.4 Since 2012, were any state/territory/jurisdictional 
resources (in addition to guidelines) developed for the 
program?

 Yes
If Yes, specify …………………………....................……….
 No

4.5 What methods have been used to advise relevant 
target groups about the BCG vaccination program?

Target group Method ( tick all that apply)
Providers (e.g. 
GP, travel 
medicine clinic)

 Media
 Brochures
 Webpage/online
 Letters
 Other (specify) ………..……………
 None

Migrants  Media (mainstream)
 Media (ethnic)
 Brochures
 Webpage/online
 Other (specify) ………………………
 None

Indigenous 
communities

 Media (mainstream)
 Media (ethnic)
 Brochures
 Webpage/online
 Other (specify) ………………………
 None

Travellers  Media (mainstream)
 Media (ethnic)
 Brochures
 Webpage/online
 Other (specify) ………………………
 None

Other  Media (mainstream)
 Media (ethnic)
 Brochures
 Webpage/online
 Other (specify) ………………………
 None

4.6 Please describe any issues which impacted 
public/provider awareness of BCG immunisation 
recommendations in your state/territory/area in the 
last 3 years?

4.7 Based on your experiences, do you have any 
recommendations to improve public/provider 
awareness of BCG immunisation recommendations?
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5.0 Data
5.1 How do you collect records of BCG vaccine in your 

state/territory/area? 
( tick all that apply)
 Electronic register
 Database of BCG vaccinations only
 Paper-based records only
 Other (Specify) …............................................…..............
 None

5.2 How many doses of BCG vaccines were administered 
in your state/territory/area in the last three years? 
(Please give total number of doses administered in 
each year)

Jurisdiction/Year 2012 2013 2014
State/Territory/Area

No.

5.3 How many doses of BCG vaccines were wasted in 
your state/territory/area in last there year? (Please 
give total number of doses wasted in each year)

Jurisdiction/Year 2012 2013 2014
State/Territory/Area

No.

5.4 How likely is BCG vaccination information to be 
entered into ACIR in your state/territory/area? 

(please tick )
 Never
 Rarely
 Sometimes
 Most of the times
 Always

5.5 Do you have any recommendations to improve ACIR 
reporting of BCG vaccines in your state/territory/
area?

5.6 How are adverse events following BCG immunisation 
reported in your state/territory/area?

( tick all that apply)
 To TGA
 To state or territory health department
 Other (Specify) …………..........................………..............

5.7 How likely are adverse events following BCG 
immunisation to be reported in your state/territory/
area?

(please tick )
 Never
 Rarely
 Sometimes
 Most of the times
 Always

5.8 Do you have any recommendations to improve the 
level of reporting adverse events following BCG 
immunisation in your state/territory/area?

5.9 Has your jurisdiction undertaken any internal 
evaluation/s specific to the BCG vaccination 
program?

5.10 Are there any other data collected or available on 
BCG vaccination from your jurisdiction which has not 
been previously mentioned? 

6.0 Program strengths and challenges
From your perspective and compared with other vaccination programs
6.1 What, if any, are the strengths of the BCG vaccination 

program in your state/territory and/or area?
6.2 What, if any, are the challenges facing the BCG 

vaccination program in your state/territory and/or 
area?

6.3 What, if any, are the issues/problems which you have 
encountered with implementing the BCG vaccination 
program in your state/territory and/or area?

6.4 Based on your experiences, do you have any 
additional recommendations for improving BCG 
vaccination uptake in your state/territory and/or area? 

6.5 Do you have any further comments?
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Abstract

Introduction: The clinical and economic burden 
of infectious diseases is a substantial public health 
problem. The determination of the relative contri-
butions of these diseases to the overall healthcare 
burden can inform priority setting, planning, and 
decision-making in healthcare and establish a 
baseline for future comparisons. Few recent stud-
ies have presented definitive data on the incidence 
of infectious diseases requiring hospitalisation 
in the Southern Hemisphere. We identified the 
age-specific number of hospitalisations and severe 
infections requiring intensive care unit admissions 
in the Geelong region. This was then extrapolated 
to calculate incidence data of these selected infec-
tious diseases in Australia.

Methods: This observational study was performed 
in Geelong, the second largest city in Victoria 
(population of 194,566 adults ≥ 20 years). 
University Hospital Geelong is a public hospital 
with the only emergency department in Geelong 
during the years 2011 and 2013. Patients were 
identified using the International Classification of 
Diseases, 10th Revision Australian Modification 
discharge codes and diagnoses were confirmed 
using clinical, radiological and laboratory criteria.

Results: Between 2011 and 2013, there were 1,506 
admissions for community-acquired pneumonia 
(CAP) (245.3 per 100,000 person years), 1,613 
admissions for skin and soft tissue infections (SSTIs) 
(271.2 per 100,000 person years), 479 for pyelo-
nephritis (79.7 per 100,000 person years), 131 for 
influenza (22.4 per 100,000 person years), and 
52 for meningitis (8.9 per 100,000 person years).

Conclusion: SSTI, CAP, and pyelonephritis are com-
mon syndromes responsible for admission to hos-
pital in Australia, with an incidence that increases 
with age. CAP is a major cause of morbidity and 
mortality in the Australian population. Influenza is 
associated with the greatest percentage of severe 
infections requiring intensive care unit admission. 
Commun Dis Intell 2017;41(1):E49–E57.

Introduction

An important input to decision-making and 
planning in health is an accurate, consistent and 
comparative description of the burden of diseases 
and service demand.1 While most reported data 

are based on the secondary use of administrative 
databases, there is concern about the accuracy 
of coded information.2 There is a paucity of 
definitive data on the incidence of common 
infectious diseases requiring hospitalisation in 
the Southern Hemisphere. Additionally, while 
several studies have examined the epidemiology 
of specific diseases and syndromes, they have not 
been generally compared within the same popu-
lation to allow for determination of the relative 
contributions of different infectious diseases to 
the overall healthcare burden.3,4

The Geelong region provides an ideal opportu-
nity to study the epidemiology of disease as it has 
a well-defined population and is demographically 
similar with regards to age distribution, ethnic 
makeup, and socioeconomic status to the overall 
Australian population.5 Epidemiological data 
from this population has been used in Australian 
studies of osteoporosis (Geelong Osteoporosis 
Study), diabetes (Fremantle Diabetes Study), 
inflammatory bowel disease, and infectious dis-
eases internationally.6–8

We aimed to estimate the age-specific incidence, 
mortality and length of stay of selected common 
infectious diseases (including the incidence of 
severe infection) in Australia by extrapolating inci-
dence data from the Geelong region.

Methods

Study setting

Geelong is the second largest city in Victoria with 
an adult population (≥ 20 years) of approximately 
194,566 (Appendix 1).5 The median age of the 
population is 40 years, the population is ethnically 
diverse, and health care is both public and private. 
University Hospital Geelong is a public hospital, 
which had the only emergency department in 
Geelong during the years 2011 and 2013. Discharge 
data for all hospital admissions are coded according 
to the International Classification of Diseases, 10th 
Revision Australian Modification (ICD-10-AM).9

Data collection

Patients (≥ 20 years) with community-acquired 
pneumonia (CAP), skin and soft tissue infection 
(SSTI), influenza, meningitis, and pyelonephri-

community acquireD synDromes causing 
morbiDity anD mortality in australia
Shweta Sharma, Emmy Sneath, Allen C Cheng, N Deborah Friedman
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tis were identified from discharge coding at the 
University Hospital Geelong. Ages above 20 were 
included as the Australian Bureau of Statistics 
divides resident population in factions, allowing 
suitable comparison from ages ≥ 20 onwards. A 
list of ICD-10-AM codes for these conditions is 
included in Appendix 2. This study included the 
above diagnoses that were identified as the pre-
senting problem (P prefix) and ICD-10-AM code.

We excluded the following: those not admitted to 
hospital overnight, those transferred from other 
regional hospitals, and those with a postcode of 
residence outside the Geelong region. Data from 
those transferred to private hospitals was utilised 
for estimates of infection incidence but not used 
to estimate the total length of stay or presence of 
severe infections. The medical records of patients 
were examined manually by researchers (SS, ES) 
to confirm community onset and diagnosis against 
defined study criteria. Patients were excluded if 
they were subsequently admitted to any hospital 
within 14 days of the current admission, or if they 
developed infection within 14 days of an interven-
tional procedure (e.g. pneumonia post gastroscopy). 
Individual patients were represented in the data 
more than once for separate incidents of infection 
over the study period. Data extracted included; 
age, gender, length of hospital stay, admission to an 
intensive care unit (ICU), mortality, and postcode 
of residence.

Definitions

Severe and prolonged infection

Severe infection was defined as an admission to 
ICU secondary to CAP, SSTI, influenza, menin-
gitis, or pyelonephritis. Prolonged infection was 
defined as a hospital stay of more than 14 days.

Community-acquired pneumonia

A diagnosis of CAP met the following criteria:10

1. A history of at least 2 of the following: new 
onset purulent sputum, change in character of 
sputum or increased respiratory secretions, new 
onset or worsening cough, dyspnea or tachyp-
nea, rales or bronchial breath sounds, wors-
ening gas exchange or oxygen saturation or 
increased oxygen requirements.

2. At least 1 of the following 3: fever > 38.0°C, 
leukopenia (white cell count < 4,000 cells per 
mm3) or leukocytosis (white cell count ≥ 12,000 
cells per mm3). If patient age was greater than 
70 years, altered mental status with no other 
recognisable cause also met this criterion.

Evidence of new infiltrates, consolidation, and/or 
cavitation on chest x-ray.

Skin and soft tissue infections

Patients with a clinical diagnosis of cellulitis, 
erysipelas, abscesses, furuncles and carbuncles, 
necrotising infections, and infections associated 
with bites (human and animal) according to the 
Infectious Diseases Society of America criteria 
were included.11 Surgical site infections were 
excluded.

Infected skin ulcers were only included if antibi-
otic therapy was initiated. Patients with isolated 
bursitis without overlying cellulitis were excluded. 
Patients were excluded if the sole site of infection 
involved bone (osteomyelitis) or muscle. If patients 
also had additional superficial infection (for exam-
ple osteomyelitis in the setting of superficial SSTI) 
they were included. Patients with wounds second-
ary to bites were excluded if they were admitted 
for repair and washout prophylactically to prevent 
infection, however, patients who presented with 
an infected bite wound without prior intervention 
were included.

Pyelonephritis

Patients with pyelonephritis were included if they 
met the following criteria.

1. Temperature > 38.0°C or < 36.0°C and/or bac-
teraemia with a uro-pathogen.

2. The documented presence of symptoms refera-
ble to the upper or lower urinary tract including 
flank and/or costo-vertebral angle tenderness, 
and symptoms of cystitis (dysuria, frequency, 
supra pubic tenderness) and/or confusion in 
patients over 70 years of age OR a positive urine 
culture (with no more than 2 species of organ-
ism, at least 1 of which was quantified as 105 
colony forming units per milliliter of urine.

Patients with an indwelling catheter or ureteric 
stent in situ were excluded.

Influenza

All laboratory-confirmed influenza A or B cases 
(by nucleic acid testing or culture from an appro-
priate upper respiratory tract swab specimen) 
were included. Data on patients with confirmed 
influenza at the University Hospital Geelong are 
collected annually for a national sentinel surveil-
lance program.12
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Meningitis

Patients were diagnosed with meningitis if they 
had either positive growth of a pathogen in the 
cerebrospinal fluid; OR clinical findings consistent 
with meningitis, i.e. fever, nuchal rigidity, and/or 
change in mental status with cerebrospinal fluid 
findings consistent with meningitis (i.e., elevated 
white blood cell count, diminished glucose con-
centration, and elevated protein concentration).

Statistical analysis

Age-specific incidence was calculated for 2011 to 
2013 based on the number of cases and the per-
son-time at risk in 10-year age groups. Denominator 
information for the Geelong (statistical area level 4) 
statistical region was obtained for the mid-interval 
population (2012) from the Australian Bureau of 
Statistics.5 Incidence rates for each infection, by 
age group, were calculated using Microsoft Excel. 
Age- and sex-stratified incidence was calculated and 
extrapolated using the Australian Census annual 
population estimates for the year 2012. Standard 
errors for age stratified strata was calculated using the 
Poisson distribution, using the method of Rothman 
implemented in Stata 14.1 (College Station, Texas).13 
The standard error for directly standardised counts 
was estimated using the weighted sum of the 
age-specific variances.

Ethical considerations

This study was approved by the Barwon Health 
Human Research and Ethics Committee (local 
reference number 14/89).

Results

Community acquired pneumonia

During the study period, there were 1,506 admissions 
with CAP occurring among 1,432 patients (4.9% 
were recurrent admissions) and 1,880 admissions 
identified using ICD-10-AM criteria that did not 
meet inclusion criteria. The mean length of hospital 
stay was 7 days (median 5 days; range 1–54 days) 
and 11.3% of admissions were prolonged. CAP was 
associated with the highest inpatient mortality and 
the highest number of ICU admissions compared 
with the other infectious diseases in this study, with 
118 deaths (8.2% of admissions) and 148 ICU admis-
sions (9.8% of admissions) over the 3 years (Table 1).

Patients were of mean age 69.3 years (median 75; 
range 20–102 years) (Table 1). The annual inci-
dence of CAP was 245.3 per 100,000 person years. 
The incidence of CAP increased with age, with an 
incidence in those over 80 years of age of 1,453.6 
per 100,000 person years (Table 2 and Figure).

Skin and soft tissue infection

During the study period, there were 1,613 
admissions due to SSTI occurring among 1,583 
patients. This included 1,133 diagnoses of celluli-
tis, 292 cases of abscess, 146 infected ulcers, and 
42 necrotising soft tissue infections. A total of 
2,598 admissions were excluded, as they did not 
meet the criteria. The mean length of hospital stay 
was 5.3 days (median 3 days; range 1–49 days) and 
7.0% of patients had a prolonged length of stay. A 
total of 24 patients (1.5%) were admitted to ICU 
and 19 patients (1.2%) died.

The annual incidence of SSTI was 271.2 per 
100,000 person years and rose from 136.8 per 
100,000 in the 20–29-years age group to 716.2 per 
100,000 in persons aged over 80 years (Figure). 
Overall, SSTIs were estimated to result in 45,999 
admissions to hospital each year (Table 2).

Pyelonephritis

During the study period, there were 479 admis-
sions among 465 patients with a diagnosis of pye-
lonephritis (Table 1). A total of 3,962 admissions 
were excluded based on the defined criteria for 
pyelonephritis. The average length of stay was 
6.6 days (median 4 days; range 1–48 days).

The incidence of pyelonephritis progressively 
increased after the age of 70 years with a much 
higher incidence among women than men 
(98.3 versus 59.9 per 100,000 person years in men) 
(Figure). The average age of patients presenting 
with pyelonephritis was 69.8 years, the highest 
compared with any other infection reviewed 
(median 73; range 20–93 years) (Table 1).

Figure: Estimated annual incidence of selected 
community-acquired infectious diseases in 
Australia, 2011 to 2013. Stratified according to 
age group
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Of all admissions with pyelonephritis, 441 (92.0%) 
had positive urine microbiology results, 153 patients 
(32%) were bacteraemic and 27 cases were identi-
fied based on clinical symptoms and signs con-
sistent with systemic illness. Causative pathogens 
isolated from blood culture, urine, or both; in order 
of incidence included Escherichia coli, Klebsiella 
pneumoniae, Enterococcus faecalis, Pseudomonas 
aeruginosa, Proteus mirabilis, Morganella morganii, 
Enterobacter aerogenes, and Citrobacter koseri.

A total of 3 patients were admitted to ICU (0.6%) 
and 10 (2.1%) died.

Influenza

During the study period, there were 131 cases of 
influenza. The mean age of patients was 57.4 years 
(median 59; range 20–97 years). Although the 
mean length of stay was 5.8 days, the range was 
1–54 days (median 4 days). Influenza contributed 
to the largest percentage of admissions to ICU 
(17%) for any infection in this study (Table 1). In 
addition, 5.4% of patients had a prolonged length 
of stay and nearly 5% of the patients died.

The annual incidence of influenza was 22.4 per 
100,000 person years. The majority of cases (95 of 
131, 72.5%) occurred in the winter months of July 
to September. Overall, influenza is expected to 
result in more than 15,000 admissions to hospital 
in Australia annually (Table 2).

Meningitis

During the study period, 52 patients were admit-
ted with meningitis (128 did not meet criteria). Of 
these, 7 cases (14.3%) had bacterial meningitis, and 
of the 42 patients with aseptic meningitis, a viral 
etiology was diagnosed in 16 cases. The mean age 
of patients with meningitis was the youngest of all 
infections at 35.7 years (median 33; range 20–78) 
with only 1 patient above the age of 60 years. The 
annual incidence of meningitis was 8.9 per 100,000 
person years and the average length of stay was 
4.9 days (median 3 days; range 1–21 days). A total 
of 6 (11.5%) required ICU admission and there 
were no deaths.

Discussion

In contrast with most previous population-based 
studies using coded data alone, the current study 
used clinical criteria and the results of investi-
gations to rigorously define cases of common 
infectious diseases.4 We found a considerable 
proportion of ICD10-AM coded infections were 
excluded based on clinical criteria, and therefore 
coded data are likely to over-estimate disease 
incidence. The exception to this is the incidence of 

influenza, which is likely an under-estimation due 
to missed diagnosis secondary to under-utilisation 
of Influenza-swabs.14 Nevertheless, these common 
infections requiring hospitalisation represent a 
significant burden; based on age stratified inci-
dence standardised to the Australian population, 
we estimate that there were over 36,000 admissions 
with CAP, over 43,000 admissions with SSTI, over 
11,000 admissions with pyelonephritis, over 3,600 
admissions with influenza, and over 1,500 admis-
sions with meningitis in Australian adults each 
year (Table 2).

A study of the global burden of disease in 2001 
estimated that lower respiratory tract infection 
is the 4th leading cause of death in high-income 
countries, and responsible for 4.4% of total deaths.15 
In this study we estimated a mortality of 7.8% in 
hospitalised adults. This was almost double that of 
the other community-acquired infections in this 
study. Our reported incidence of CAP requiring 
hospitalisation is similar to that found in other pop-
ulation based studies, such as Marston et al. where 
CAP incidence was 266.8 per 100,000 overall, and 
1,012.3 per 100,000 in the elderly (> 65 years).16

SSTI was the most common infectious disease 
requiring admission in this study, and the inci-
dence was higher in males and in the elderly. 
Other studies have noted an increasing incidence 
since the 1960s.2 The reason for this is unclear but 
is likely multifactorial, including increased health 
professional awareness, increase in healthcare 
associated methicillin resistant Staphylococcus 
aureus, prevalence of diabetes, the growing num-
ber of people on dialysis, injecting drug use, and 
travel.17

There is limited epidemiological data of the bur-
den of pyelonephritis.18 A 2005 study estimated 
that the annual societal cost of treatment of acute 
pyelonephritis was estimated to be $2.14 billion in 
the United States of America.19 Our findings are 
similar to that of Foxman et al, who described an 
incidence of approximately 117 per 100,000 among 
women and a lower incidence of 24 per 100,000 
in men.20 Our results show an annual incidence 
of pyelonephritis of 98.3 per 100,000 person years 
among women compared with 59.9 per 100,000 
person years among men. The incidence increases 
with age (Figure).

Of the infections studied here, patients admitted 
with influenza were at the highest risk of requir-
ing ICU admission, with around 1 in 6 patients 
admitted to ICU. This is consistent with Australian 
national surveillance, in which 17% of patients 
with influenza admitted to hospital required an 
ICU stay in 2013.12 This reinforces the need to 
improve influenza vaccine coverage.21,22 While the 
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incidence of severe influenza in adults requiring 
hospitalisation varies from season to season, the 
observed incidence in this study is broadly similar 
to other studies.23

Albeit less common than other community-acquired 
infections, meningitis is of significant public health 
interest. Although meningitis was associated with 
a high percentage of ICU admissions (12%) second 
only to Influenza (17%), there were no deaths in this 
young population with a median age of 33 years. 
Meningitis was uncommonly diagnosed in this 
study with an incidence of 8.9 per 100,000 person 
years, and the majority of cases were under the age 
of 40 years. These findings are in keeping with the 
declining incidence and mortality of meningitis in 
the setting of effective immunisation programs.24,25

In Australia, the highest rates of meningococcal 
disease notification are in children under 5 years 
of age with a second peak in the 15–24 years age 
group. Death secondary to meningitis in Australia 
is lowest in the 5–24 year age group and highest in 
the over 60 years age group.26

Incidence data for invasive meningococcal disease 
in Australia reveals that the introduction of a single 
dose of meningococcal C conjugate vaccine in the 
second year of life has resulted in near elimination of 
serogroup C disease in all age groups in Australia.23 
Interestingly, invasive pneumococcal disease and bac-
terial meningitis both declined dramatically among 
children and adults in the United States of America 
when the 7-valent pneumococcal conjugate vaccine 
and the Haemophilus influenzae type b conjugate vac-
cine were introduced for infants, although a similar 
reduction was not seen in Australia with the intro-
duction of the H. influenzae PRP-T conjugate vaccine 
among Indigenous children.25,27

There are limitations to this study. Although the 
city of Geelong is geographically separated from 
Melbourne, we cannot exclude the possibility that a 
small number of patients may have been treated at 
hospitals outside the region. Disease burden may have 
also been underestimated because we only analysed 
data on patients aged 20 years or over and excluded 
patients with these infections admitted directly to 
private hospitals bypassing the emergency depart-
ment. We also excluded patients transferred to private 
hospitals from our length of stay estimates, which 
may have affected the results. Also of note, this study 
is not representative of the Indigenous population as 
the estimated Aboriginal or Torres Strait Islander 
population in the Geelong region is 0.8% compared 
with 2.5% Australia-wide.28 We acknowledge that the 
small number of patients with meningitis limited the 
statistical precision of the population incidence of this 
disease, although declining incidence of meningitis is 
consistent with other Australian data.26

Diagnostic codes were used to identify cases, and 
while coded data may lack accuracy, we mitigated 
this limitation by analysing medical records against 
defined clinical, radiological and laboratory criteria. 
In addition, although cases were reviewed carefully 
on an individual basis to assess the cause of hospital 
admission and the eventual cause of death, given 
the difficulty in assigning the cause of death and 
length of stay to any 1 infection in a complex patient 
presentation, the mortality and length of stay data 
should be interpreted with caution.

Overall, we found that these selected infectious 
diseases result in annual hospital admissions for 
an estimated 0.58% (97,561 admissions) of the 
total population of Australia aged 20 years or over 
(16,961,179).28 More importantly, 54,495, i.e. 55.9% 
of these admissions are in people over 60 years of 
age. Of note, this study investigated the incidence 
of selected infections requiring hospitalisation but 
did not look at the direct cost burden or incidence 
in the community. Further studies should examine 
both the cost-burden of hospitalisation and the 
incidence of these selected infections treated in 
the community setting. This would help assess the 
true burden to the health-care system and measure 
the effectiveness of preventive strategies.

Conclusion

Knowledge of the burden and preventability of 
selected infections can inform priority setting and 
resource deployment in health care. This study 
assessed admissions to hospital and therefore health 
care utilisation for selected community acquired 
infections. Our results show that SSTI, CAP, and 
pyelonephritis are common infections leading to 
hospital admissions with an incidence that increases 
with age. Pneumonia is responsible for significant 
morbidity and mortality in Australia. Assessment 
of the epidemiology and incidence of common syn-
dromes is needed to guide healthcare planning.
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Appendix 1: Adult population structure of Geelong statistical region and Australia, 2012

Age group 
(years)

Geelong Australia
Male Female Total Male Female Total

20–29 16,569 16,074 32,643 1,685,119 1,630,394 3,315,513
30–39 16,163 16,475 32,638 1,571,153 1,572,270 3,143,423
40–49 17,568 18,147 35,715 1,569,694 1,596,785 3,166,479
50–59 16,985 17,609 34,594 1,430,255 1,459,915 2,890,170
60–69 13,960 14,645 28,605 1,117,447 1,131,483 2,248,930
70–79 8,416 9,343 17,759 638,160 689,920 1,328,080
>80 4,912 7,700 12,612 341,239 527,345 868,584
Total 94,573 99,993 1,945,66 83,530,67 8,608,112 16,961,179

Appendix 2: Screening ICD-10 codes used to identify hospital admissions for common community-
acquired infections

Skin/soft tissue infection Cellulitis – all sites
Erisipelas A26.9, A26.0, A26.7, A26.8
Gangrene, gangrenous R02
Cutaneous, spreading R02
Fournier’s N49.8, female N76.8
Limb (lower) (upper) R02
Mouth A69.0
Perineum R02
Scrotum N49.2
Gas gangrene A48.0
Impetigo L40.1, H03.8, H62.4, L01.0
Wound infection with foreign body T89.01
Necrotising fasciitis – M72.4, M72.9, M72.6
Bites (animal and human) W50–W64
Abscess
Ankle, foot, heel, thigh, thumb, toe (any), leg (any part), limb (lower) (upper), hand, arm 
(any part), axilla, wrist, web/palmar space, shoulder (region) – all L02.4
Nail L03.01, L03.02
Head L02.8
Back, groin, mons pubis, navel L02.2
Buttock L02.3
Neck (region) L02.1
Lip K13.0
Orbit, orbital H05.0
Cutaneous L02.9
Face (any part except ear, eye, nose) – L02.0
Pilonidal L05.0

Community-acquired pneumonia J12 to J18 
Meningitis G00 
Influenza J09 – J11
Pyelonephritis Pyelonephritis N12

Sepsis A41.9 plus
Urinary T83.5
Urinary NEC T83.5
Escherichia coli A41.51
Gram-negative (organism) A41.50
Anaerobic A41.50
Escherichia coli A41.51
Pseudomonas A41.52
Specified NEC A41.58
Pseudomonas A41.52
Infection urinary (tract) NEC N39.0
Complicating pregnancy O23.4
Newborn P39.3
Puerperal (postpartum) O86.2
Tuberculous A18.1
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reviseD surveillance case Definitions
This report provides the revised surveillance case 
definitions approved by the Communicable Diseases 
Network Australia (CDNA) since 1 July 2016.

The Case Definitions Working Group (CDWG) 
is a subcommittee of the CDNA and comprises 
members representing all states and territories, the 
Australian Government Department of Health, 
the Public Health Laboratory Network (PHLN), 
OzFoodNet, the Kirby Institute, the National 
Centre for Immunisation Research and Surveillance 
and other communicable disease experts. CDWG 

develops and revises surveillance case definitions 
for all diseases reported to the National Notifiable 
Diseases Surveillance System. Surveillance case 
definitions incorporate laboratory, clinical and epi-
demiological elements as appropriate.

The following case definitions have been reviewed 
by CDWG and endorsed by PHLN and CDNA.

These case definitions were implemented on 
1 January 2017 and supersede any previous versions.

Diphtheria case definition

Reporting

Both confirmed cases and probable cases should be 
notified.

Confirmed case

A confirmed case requires laboratory definitive 
evidence and clinical evidence.

Laboratory definitive evidence

Isolation of toxigenic* Corynebacterium diphtheriae 
or toxigenic* C. ulcerans from site of clinical 
evidence.

Clinical evidence – confirmed case

Upper respiratory tract infection

OR

Skin lesion

Probable case

A probable case requires:

Laboratory suggestive evidence AND clinical 
evidence

OR

Clinical evidence AND epidemiological evidence.

Laboratory suggestive evidence

Isolation of C. diphtheriae or C. ulcerans from 
a respiratory tract specimen (toxin production 
unknown).

Clinical evidence – probable case

Upper respiratory tract infection with an adherent 
membrane of the nose, pharynx, tonsils or larynx

Epidemiological evidence

An epidemiological link is established when there 
is:

Contact between two people involving a plausible 
mode of transmission at a time when:

a. one of them is likely to be infectious (usually 
2 weeks or less and seldom more than 4 weeks 
after onset of symptoms)

AND

b. the other has an illness which starts within 
approximately 2-5 days after this contact

AND

At least one case in the chain of epidemiologically 
linked cases (which may involve many cases) is 
laboratory confirmed.

* as indicated by detection of toxin gene by nucleic acid 
testing
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Varicella-zoster infection (not 
elsewhere classified) case definition

Reporting

Only confirmed cases should be notified.

Confirmed case

A confirmed case requires laboratory definitive 
evidence, either in the absence of clinical

Information or where clinical evidence does 
not meet criteria for varicella-zoster infection 
(chickenpox) or varicella-zoster infection (shingles).

Laboratory definitive evidence

1. Isolation of varicella-zoster virus.

OR

2. Detection of varicella-zoster virus by nucleic 
acid testing.

OR

3. Detection of varicella-zoster virus antigen by 
direct fluorescent antibody testing.

OR

4. Detection of varicella-zoster virus-specific 
IgM in an unvaccinated person.

Summary of changes to varicella 
zoster infection (not elsewhere 
classified) surveillance case 
definition

Name change: changed unspecified to not elsewhere classified.
Removal of wording ‘from a skin or lesion swab’ from relevant criteria to broaden 
the types of laboratory specimen that can be tested

Summary of changes to diphtheria 
surveillance case definition

Confirmed case
Laboratory definitive evidence 

Added ‘from site of clinical evidence’
Clinical evidence – confirmed case

Changed to ‘Clinical evidence - confirmed case
Replaced ‘Pharyngitis and/or laryngitis (with or without a membrane) 
OR 
Toxic (cardiac or neurological) symptoms’
With
‘Upper respiratory tract infection
OR
Skin lesion’
Laboratory suggestive evidence

Added ‘from a respiratory tract specimen (toxin production unknown).’
Added
Clinical evidence – probable case

Upper respiratory tract infection with an adherent membrane of the nose, pharynx, 
tonsils or larynx
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Abstract

The Australian Gonococcal Surveillance Programme 
(AGSP) has continuously monitored antimicrobial 
resistance in clinical isolates of Neisseria gonor-
rhoeae from all Australian states and territories 
since 1981. In 2015, there were 5,411 clinical iso-
lates of gonococci from public and private sector 
sources tested for in vitro antimicrobial susceptibility 
by standardised methods. Current treatment rec-
ommendations for the majority of Australian states 
and territories is a dual therapeutic strategy of cef-
triaxone and azithromycin. Decreased susceptibility 
to ceftriaxone (minimum inhibitory concentration or 
MIC value 0.06–0.125 mg/L) was found nation-
ally in 1.8% of isolates, which was lower than that 
reported in the AGSP annual report 2014 (5.4%). 
The highest proportions were reported from South 
Australia and New South Wales (3.6% and 2.7% 
respectively). High level resistance to azithromycin 
(MIC value ≥ 256 mg/L) was again reported in 
2015, with 1 strain in each of New South Wales and 
urban Western Australia. There was no reported 
Azithromycin resistance in the Australian Capital 
Territory, the Northern Territory, or remote Western 
Australia. The proportion of strains resistant to 
penicillin in urban and rural Australia ranged from 
8.7% in Tasmania to 33% in the Australian Capital 
Territory. In rural and remote Northern Territory, 
penicillin resistance rates remain low (2.2%). In 
remote Western Australia relatively low numbers 
of strains are available for testing, however there 
is now widespread molecular testing for penicillin 
resistance in Western Australia to monitor resistance 
and inform guidelines and these data are included 
in the AGSP annual report. Quinolone resistance 
ranged from 11% in the urban and rural areas of 
the Northern Territory, to 41% in South Australia. 
Quinolone resistance rates remain comparatively 
low in remote areas of the Northern Territory (3.3%) 
and remote areas of Western Australia (3.4%). There 
was no reported quinolone resistance in Tasmania, 
but the number of isolates tested was relatively 
low. Azithromycin resistance ranged from 1.8% in 
Victoria to 5.8% in Queensland. Commun Dis Intell 
2017;41(1):E60–E67.

Keywords: antimicrobial resistance; disease 
surveillance; gonococcal infection; Neisseria 
gonorrhoeae

Introduction

Concerns regarding gonococcal antimicrobial 
resistance (AMR) persist internationally, and 
continues to be viewed as an urgent public health 
threat as identified by the United States Centers 
for Disease Control and Prevention in 2013.1 The 
corollary of the emergence and spread of multid-
rug-resistant gonorrhoea is predicted to pose sig-
nificant collateral health and financial costs.1 The 
reliance on ceftriaxone and azithromycin for treat-
ment in most settings continues with the future 
direction of gonococcal treatment uncertain, and 
there are no new or ideal alternative therapeutic 
strategies identified in the event of the spread 
of AMR.2 In recent years in Australia, there has 
been a significant increase in rates of gonococcal 
disease observed in both males and females in the 
eastern states (Victoria, New South Wales and 
Queensland), and males in the Australian Capital 
Territory.3 In contrast, gonococcal disease notifica-
tion rates in the Indigenous populations from the 
remote regions of the Western states of Northern 
Territory and Western Australia, are markedly 
higher but relatively stable.3 However, in these 
remote regions of Northern Territory and Western 
Australia with much higher rates of gonococcal 
disease notification rates, the AMR rate remains 
paradoxically low in locally-acquired infections, 
and an oral penicillin based therapeutic strategy 
remains recommended for use.4

In 2013, the Australian Gonococcal Surveillance 
Programme (AGSP) reported that the proportion 
of strains with decreased susceptibility to ceftri-
axone nationally was 8.8%, double that reported 
in 2012 (4.4%). New South Wales and Victoria 
reported the highest proportions (11.8%) and these 
states also had the highest increases in disease 
notifications.5 Coincident with this, in 2013, was 
the reporting of high level resistance to azithro-
mycin (MIC value >256 mg/L), in 2 strains from 
Victoria and 2 from Queensland.6 Also in 2013, an 
imported multidrug-resistant gonococcal strain, 
known as the A8806 strain, with a ceftriaxone 
MIC of 0.5 mg/L, the highest ever reported in 
Australia, was identified in Australia.7 This A8806 
strain showed key genetic similarities to the ceftri-
axone-resistant strain H041, reported from a single 
case in Japan and not subsequently reported.7 

australian gonococcal surveillance 
programme annual report, 2015
Monica M Lahra, Rodney P Enriquez for the National Neisseria Network
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Enhanced surveillance in the Northern Territory 
and Queensland has not detected further evidence 
of the A8806 strain in 2014 or 2015 (unpublished 
data from the National Neisseria Network).

In the context of the heightened awareness of AMR, 
and increasing disease notification rates reported 
in Australia and elsewhere, the widespread move 
to nucleic acid amplification testing (NAATs), 
has been identified as a concern as broad based 
antimicrobial susceptibility testing is not possible 
with NAATs. However, directed NAATs such as 
the assay developed to detect Neisseria gonorrhoeae 
penicillinase production8,9 (the primary cause of 
penicillin resistance in remote regions in Australia) 
was the first documented use of molecular testing 
for gonococcal antimicrobial resistance detection 
and surveillance to monitor AMR, and inform 
local treatment guidelines.9

Of the World Health Organization (WHO) esti-
mated 106 million new N. gonorrhoeae infections 
reported in those aged 15–49 years annually world-
wide, almost two-thirds occur in the Asia–Pacific 
Region.10 The WHO data from the Asia–Pacific 
indicates that, along with a disproportionate bur-
den of gonococcal disease, there are high levels 
of gonococcal AMR in the region. Compounding 
these factors is the concern that uncontrolled 
antimicrobial use in countries in these regions 
provides ideal conditions for the development of 
AMR.11 AMR in N. gonorrhoeae has long been 
influenced by the introduction of multi-resistant 
strains from overseas.12 In this context the importa-
tion and spread of resistant gonococcal strains and/
or resistance developing under selection pressure is 
an ongoing concern.

Strategies for treating and controlling gonorrhoea 
are based on regimens effecting cure in a minimum 
of 95% of cases. Surveillance data, derived from 
continuous monitoring of resistance to the antibi-
otics in clinical use, is therefore critical to monitor 
AMR, detect imported or novel resistance and to 
inform treatment guidelines.13 The WHO has 
called for enhanced surveillance as a fundamental 
component of the Global Action Plan to control 
the spread and impact of gonococcal AMR.14

The National Neisseria Network (NNN) is a 
collaboration of Neisseria reference laboratories 
in each state and territory that perform pheno-
typic and genotypic testing of clinical isolates of 
pathogenic Neisseria species. Clinical isolates are 
referred to the jurisdictional NNN laboratories 
from both public and private sector laboratories 
representing as wide a section of the community 
as possible, for determination of phenotypic and 
genotypic characteristics, including antimicrobial 
resistance, and additional investigations where 

required. The AGSP is a key activity of the NNN 
and has continuously monitored the susceptibil-
ity of N. gonorrhoeae since 1981, making it the 
longest, continually running, national surveil-
lance system for gonococcal AMR. In this AGSP 
annual report we will also report the molecular 
surveillance data from the implementation of the 
penicillinase-producing Neisseria gonorrhoeae 
(PPNG) assay in remote Western Australia to 
supplement the AGSP data. This is amid increas-
ing concerns nationally of the status of gonococ-
cal AMR in Australia.

Methods

The NNN AMR data for gonococcal isolates 
are collated for the AGSP quarterly and annual 
reports. Gonorrhoea is a notifiable disease in 
Australia and each confirmed case is notified to 
the National Notifiable Diseases Surveillance 
System (NNDSS). The number of isolates tested 
by the NNN and reported by the AGSP represents 
a proportion of the number of cases reported to the 
NNDSS. The NNN tests approximately one-third 
of the number of notified cases in Australia.

The NNN laboratories test gonococcal isolates 
for susceptibility to penicillin (representing this 
group of antibiotics); ceftriaxone (representing 
later generation cephalosporin antibiotics); cip-
rofloxacin (representing quinolone antibiotics); 
azithromycin; spectinomycin; and for high level 
plasmid mediated resistance to tetracycline using 
previously described standardised methodology 
to determine the MIC values.15–16 The MIC value 
is the least concentration of an antibiotic that 
inhibits in vitro growth under defined conditions. 
The AGSP conducts a program-specific quality 
assurance program.17

Antibiotic susceptibility data from each jurisdic-
tion are submitted quarterly to the coordinating 
laboratory (the Neisseria Reference Laboratory 
and WHO Collaborating Centre for Sexually 
Transmitted Diseases, Sydney), which collates 
the results for reporting. Where available, the 
AGSP collects data on the gender of the patient, 
country of acquisition, and site of isolation of 
gonococcal strains. Data from isolates from 
all jurisdictions is predominantly from urban 
centres. Data from the Northern Territory and 
Western Australia are further divided into urban 
versus rural and remote as therapeutic recom-
mendations differ.

Statistics

Statistical analysis was performed using Prism % 
version 5.0d. Results were compared using Fisher’s 
exact test for differences in proportions.



E62 CDI Vol 41 No 1 2017

Annual reports Australian Gonococcal Surveillance Programme , 2015

Results

Number of isolates

There were 5,411 gonococcal isolates tested in 
NNN laboratories in 2015, representing 28% of 
the 19,092 cases of gonococcal infection notified 
to the NNDSS in 2015 (Table 1). This was lower 
than the proportion tested in 2014 (31%) and 
lower than the range of 33% to 42% referred 
between 2008 and 2013.

Source of isolates

There were 4,505 isolates from men (83%) and 791 
(17%) from women (Table 2). There were 6 isolates 
from patients of unknown gender. The proportion 
of gonococcal isolates from males and females 
tested by the AGSP has remained stable over recent 
years (2009–2014); ranging between 18% and 
20% for women and 80% and 83% for men. The 
infected site was reported as ‘other’ or not specified 
for 35 isolates from males and 14 isolates from 
females (Table 2). Isolates from urine samples were 
regarded as genital tract isolates.

Table 1: Number of Australian Gonococcal Surveillance Programme gonococcal isolates tested as a 
proportion of National Notifiable Diseases Surveillance System gonorrhoea notifications, Australia, 
2015, by state or territory

State or territory Number of isolates tested Number of cases notified

Number of isolates tested/
number of cases notified 

%
Australian Capital Territory 69 141 49
New South Wales 1,905 5,460 35
Northern Territory 258 1,851 14
Queensland 728 3,033 24
South Australia 251 798 31
Tasmania 23 56 41
Victoria 1,695 5,497 31
Western Australia 482 2,256 21
Australia 5,411 19,092 28

Table 2: Gonococcal isolates, Australia, 2015, by sex, site and state or territory tested

Site ACT NSW NT Qld SA Tas. Vic. WA Aust.
Male
Genital 28 877 150 385 105 9 722 256 2,532
Rectal 23 474 2 110 55 4 446 49 1,163
Pharynx 11 323 2 56 33 6 305 23 759
DGI 0 7 2 4 0 0 3 0 16
Other/NS 1 9 2 8 4 2 7 2 35
Total 63 1,690 158 563 197 21 1,483 330 4,505
Female
Genital 6 172 94 151 40 2 190 142 797
Rectal 0 3 0 2 6 0 1 3 15
Pharynx 0 32 0 2 6 0 19 5 64
DGI 0 0 4 4 1 0 0 1 10
Other/NS 0 3 1 6 1 0 2 1 14
Total 6 210 99 165 54 2 212 152 900
Unknown
Total 0 5 1 0 0 0 0 0 6
Total 69 1,905 258 728 251 23 1,695 482 5,411

DGI Disseminated gonococcal infection
NS Not specified
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Antibiotic susceptibility patterns

As in past years the patterns of gonococcal anti-
biotic susceptibility differed between the various 
states and territories. The data are presented by 
region as well as aggregated for Australia (Table 3).

Ceftriaxone

From 2001 onwards, gonococcal isolates categorised 
as having decreased susceptibility to ceftriaxone by 
the AGSP criteria (MIC values 0.06–0.125 mg/L) 
have been reported in Australia. The proportion of 
gonococci with decreased susceptibility to ceftriax-
one nationally, increased incrementally from 0.6% 

in 2006, to 4.4% in 2012, then in 2013 doubled to 
8.8%. In 2014, the proportion decreased to 5.4% 
and again decreased in 2015 to 1.8% (Table 4).

Ceftriaxone decreased susceptibility includes the 
MIC values 0.06 and 0.125 mg/L. The right shift 
in the distribution of ceftriaxone MIC values over 
recent years (2011–2013) (Table 5), is statistically 
significant with a sustained increase in the pro-
portion of strains with an MIC value of 0.06 mg/L 
(2011–2012: (P = 0.02, 95% CI: 1.04–62), and 
2012–2013 (P < 0.0001, 95% CI: 1.70–2.38)). The 
proportion of strains nationally with an MIC value 
of 0.06 mg/L–0.125 mg/L decreased in 2014 to 
5.4% and then in 2015 to 1.7%.

Table 3: Proportion of gonococcal isolates with resistance to azithromycin, penicillin and ciprofloxacin 
and decreased susceptibility to ceftriaxone reported, Australia, 2015, by state or territory

State or territory

Number 
of 

isolates 
tested

Decreased 
susceptibility Resistance
Ceftriaxone Azithromycin Penicillin Ciprofloxacin
n % n % n % n %

Australian Capital Territory 69 0 0.0 0 0.0 23 33.3 18 26.1
New South Wales 1,905 52 2.7 43 2.3 588 30.9 684 35.9
Queensland 728 7 1.0 42 5.8 201 27.6 186 25.5
South Australia 251 9 3.6 7 2.8 52 20.7 103 41.0
Tasmania 23 0 0.0 1 4.3 2 8.7 0 0.0
Victoria 1,695 25 1.5 30 1.8 257 15.2 383 23.0
Northern Territory/ Urban 76 0 0.0 0 0.0 11 14.5 8 10.5
Northern Territory/ Remote & Rural 182 0 0.0 0 0.0 4 2.2 6 3.3
Western Australia/Urban & Rural 395 5 1.3 15 3.8 77 19.5 82 20.8
Western Australia/Remote 87 0 0.0 0 0.0 2 2.3 3 3.4
Australia 5,411 98 1.8 138 2.6 1,217 22.5 1,473 27.2

Table 4: Number of gonococcal isolates with decreased susceptibility to ceftriaxone (MIC 0.06–
0.125 mg/L), Australia, 2011 to 2015, by state or territory

State or territory

Decreased susceptibility to ceftriaxone
2011 2012 2013 2014 2015

n % n % n % n % n %
Australian Capital Territory 2 3.1 2 3.6 0 0.0 2 2.7 0 0.0
New South Wales 58 4.4 76 4.5 183 11.8 119 7.1 52 2.7
Northern Territory 2 0.4 0 0.0 4 1.5 4 1.7 0 0.0
Queensland 18 2.3 17 2.4 33 4.9 21 3.2 7 1.0
South Australia 1 0.7 1 0.7 4 1.9 2 1.0 9 3.6
Tasmania 0 0.0 0 0.0 11 24.4 0 0.0 0 0.0
Victoria 50 5.3 105 8.4 181 11.8 95 6.6 25 1.5
Western Australia 3 0.7 6 1.2 13 2.7 15 3.0 5 1.0
Australia 134 3.2 207 4.4 429 8.8 258 5.4 98 1.8
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The proportion of strains with a ceftriaxone MIC 
0.125 mg/L also increased from 0.1% in 2010 and 
2011, to 0.3% in 2012 and to 0.6% in 2013 and 2014. 
These differences were not significant, which may 
be attributable to the low number of strains in this 
MIC category. In 2015, the proportion of strains 
with an MIC value of 0.125 mg/L decreased to 
0.1% (Table 5). No isolates of N. gonorrhoeae 
with an MIC value greater than 0.125 mg/L were 
reported from Australia in 2015.

Azithromycin

Nationally, the proportion of isolates exhibiting 
resistance (2.6%) (Table 3) was slightly higher than 
that reported for 2014 (2.4%) and 2013 (2.1%) and 
higher than in 2011 to 2012 (1.1% to 1.3%). The 
proportion of isolates exhibiting resistance was 
highest in Queensland (5.8% in 2015, compared 
with 3.5% in 2014), followed by urban Western 
Australia (3.8% in 2015, compared with 5.3% in 
2014). In 2015, there were 2 isolates, 1 from New 
South Wales and 1 from urban Western Australia 
that both exhibited high level resistance to azithro-
mycin (MIC value ≥ 256 mg/L).

Penicillin

Resistance to the penicillin group of antibiotics 
(penicillin, ampicillin and amoxycillin with or 
without clavulanic acid) in gonococci is a result 
of the production of a specific beta-lactamase: 
penicillinase; and/ or by the aggregation of chro-
mosomally-controlled resistance mechanisms. 
These are denoted respectively, PPNG; and 
chromosomally mediated resistant to penicillin 
(CMRP). Chromosomal resistance is defined as 
an MIC to penicillin of 1 mg/L or more.

In 2015 in Australia, 1,217 (22.5%) isolates were 
penicillin resistant; a proportional decrease from 
2014 (29%) and lower than 2012–2013 (32% to 
35%), 2010–2011 (25% to 29%), and 2008–2009 
(36% to 44%). In 2015, there were 511 (9.4%) iso-
lates with CMRP; and 706 (13%) with PPNG. In 
2014, the proportion of isolates with CMRP was 
14%, and 15% were PPNG.

Penicillin resistance in the Northern Territory

In 2015, there were 258 isolates tested from the 
Northern Territory. There were 76 from Darwin 
and surrounding urban areas, and 182 from remote 
areas of the Northern Territory (Alice Springs, 
Katherine and other areas).

Of the isolates tested from the Northern Territory, 
11 (14%) from the city of Darwin and surrounding 
urban areas were penicillin resistant: (2 CMRP and 
9 PPNG) (Table 3: Northern Territory – Urban). 
Of these, 1 also had decreased susceptibility to 
ceftriaxone. In contrast, from the remote regions 
of the Northern Territory, 4 (2.2%) strains tested 
were penicillin resistant (1 CMRP and 3 PPNG). 
None of these strains had decreased susceptibility 
to ceftriaxone.

Penicillin resistance in Western Australia

In 2015 there were 482 isolates tested from Western 
Australia, 87 from remote regions and 395 from 
rural and urban regions. Of the isolates tested 
from rural and urban regions, 19% were reported 
as resistant, whereas of the 87 from remote regions 
there were 2 isolates (2.3%) that were penicillin 
resistant (both PPNG).

In addition to the isolate based surveillance for 
penicillin, specimens that were N. gonorrhoeae 
positive by NAAT in Western Australia were 
tested using a PPNG assay now routinely in use 
at PathWest.8,9 In 2015, there were 60,790 speci-
mens tested and 1,201 gonococcal detections by 
NAATs at PathWest confirmed by postcode to 
be from across Western Australia and of those, 
952 (79%) were able to be tested for PPNG. Perth 
continues to have high rates of PPNG; detected in 
58/396 extracts tested (15%). Much lower numbers 
of specimens were tested from other populated 
regions: Wheatbelt 0/6; Great Southern 1/8 (12%); 
and SouthWest 5/14 (36%) and therefore results 
should be interpreted with caution. Conversely, 
the remote regions continue to have lower rates of 
PPNG positive N. gonorrhoeae: 2/120 (1.6%) from 
the Pilbara and 0/341 (0%) from the Kimberley 

Table 5: Proportion (%) of gonococcal isolates tested in Australia with MIC values at 0.06 mg/L and 
0.125 mg/L 2011 to 2015

Ceftriaxone 
MIC mg/L 2011 2012 2013 2014 2015

0.06 3.2% 4.1% 8.2% 4.8% 1.7%
0.125 0.1% 0.3% 0.6% 0.6% 0.1%



CDI Vol 41 No 1 2017 E65

Australian Gonococcal Surveillance Programme , 2015 Annual reports

region. Lower rates of PPNG were also reported 
from the Midwest and Goldfields (4.7 % and 0 % 
respectively), but these rates must also be inter-
preted with caution as lower numbers were tested 
in these regions (43 and 22 respectively). These 
data support and enhance the isolate-based sur-
veillance findings of the AGSP, and indicate that 
PPNG rates remain low in the remote regions of 
Western Australia. All PPNG positive N. gonor-
rhoeae from remote regions were determined to 
be in non- Indigenous residents or residents in 
the major regional centres. There was no PPNG 
positive N. gonorrhoeae detected from the remote 
Indigenous community (personal communication 
from Dr David Speers, PathWest).

Quinolone antibiotics

The AGSP uses ciprofloxacin as the representative 
quinolone. Quinolone resistant N. gonorrhoeae 
(QRNG) are defined as MICs ≥ 1 mg/L. The 
resistance mechanism in N. gonorrhoea has thus 
far been mediated only by chromosomal mecha-
nisms so that incremental changes in MIC values 
are observed.

In 2015, 1,473 of the 5,411 gonococci examined 
(27%) were resistant to ciprofloxacin (Table 3). This 
was lower than the proportion of isolates resistant 
in 2014 (36%), and overall there has been a trend 
of decreasing proportions since 2008, when 54% of 
isolates were reported as ciprofloxacin resistant.

High-level tetracycline resistance

High-level tetracycline resistant N. gonorrhoeae 
(TRNG) is used as an epidemiological marker, 
even though tetracyclines are not a recommended 
treatment for gonorrhoea and are rarely, if ever 
used for treatment of gonorrhoea in Australia. The 
proportion of TRNG detected nationally between 
2006 and 2014 has ranged from 12% to 21%. In 
2015, the proportion of TRNG was 16%.

TRNG were present in all jurisdictions in 2015, 
with the highest proportions in remote Northern 
Territory (47%), urban and rural Northern 
Territory (21%) and urban and rural Western 
Australia (20%).

Spectinomycin

In 2015, all isolates tested were susceptible to 
spectinomycin.

Discussion

 The WHO recommends that treatment regimens 
for gonorrhoea are based on epidemiological sur-
veillance of the distribution and extent of AMR, 

and that a resistance rate of 5% or more is the 
nominal threshold for change of treatment recom-
mendations.13 The AGSP has continuously mon-
itored antimicrobial resistance in Australia since 
1981, and has established quality assurance and 
quality control for gonococcal AMR testing with 
the AGSP External Quality Assurance Program, 
and WHO N. gonorrhoeae reference strains, thus 
ensuring the quality of the AGSP data.17,18

The overall number of gonococcal strains exam-
ined by the AGSP in 2015 was higher both in 
number and proportion when compared with 
2014. The clinical isolates were referred from both 
the public and private health sectors, constituting 
a comprehensive sample of 33% of all notifications 
nationally. However, the increasing use of molec-
ular diagnostic assays as an alternative to bacterial 
culture, in both urban and remote settings, threat-
ens the scope of gonococcal AMR surveillance 
programs worldwide. This is because resultant 
decrease in the numbers of strains cultured thus 
limits the proportion with AMR testing and 
therefore limits AMR surveillance data. Whilst 
the advantages of molecular diagnostic assays over 
culture, in terms of sensitivity, and robustness and 
reliability for remote settings where cultures may 
not survive transportation, their primary disad-
vantage is that they cannot test broadly for AMR. 
However, molecular AMR testing strategies can 
give targeted and specific information, which is 
clinically and epidemiologically important,2 and 
can contribute to surveillance programs; and be 
used to inform treatment guidelines.9 This report 
again includes PPNG NAAT data from Western 
Australia, providing additional situational AMR 
surveillance data for the AGSP in a region where 
penicillin based treatment strategies are in place. 
Introduction of this assay is planned for the 
Northern Territory where penicillin-based treat-
ment strategies are also in use, to provide enhanced 
surveillance data for 2016.

The primary focus for gonococcal AMR surveil-
lance for the majority of Australia, and in most 
countries, is the monitoring of ceftriaxone MIC 
values. Gonococci with MIC values in the range 
0.06–0.125 mg/L are reported to have decreased 
susceptibility to ceftriaxone and these strains have 
been found in increasing proportions in Australia, 
with the rate doubling over the period 2012 to 2013 
from 4.4% to 8.8%.5 In 2014, there was a decrease 
in the proportion of isolates with decreased suscep-
tibility to ceftriaxone reported nationally 5.4% and 
this decreased further in 2015 to 1.8%.

However, little reassurance should be taken from 
this, as fluctuation of clones within a population is 
to be expected. In recent years increasing propor-
tions of strains with decreased susceptibility to the 
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cephalosporin antibiotics has been accompanied 
by an increasing number of reports of treatment 
failures; and multidrug-resistant strains with high 
level resistance to ceftriaxone have been reported 
from Japan, France, Spain and now Australia.7,15,16,19 
All of these strains with high level resistance to 
ceftriaxone have been shown to have a mosaic 
penicillin binding protein 2 (PBP2), encoded by a 
mosaic PenA gene, with as few as one additional 
amino acid substitution required to confer high 
level resistance.20 However, molecular studies 
have shown that strains harbouring the mosaic 
PBP2 are present in a significant proportion of 
circulating N. gonorrhoeae strains globally and 
paradoxically these strains, with a mosaic PBP2, 
may not have an elevated ceftriaxone MIC value, 
but are potentially only one point mutation from 
high level ceftriaxone resistance, and are under 
constant selection pressure. Given these consider-
ations, the level of concern about the development 
of ceftriaxone resistance has heightened globally.20

In 2012, the WHO Global Action Plan nomi-
nated the criteria for decreased susceptibility to 
ceftriaxone as an MIC value ≥ 0.125 mg/L.14 
The proportion of strains tested by the AGSP 
with a ceftriaxone MIC value of 0.125 mg/L also 
doubled from 0.3% in 2012 to 0.6% in 2013 and 
2014, then decreased in 2015 to 0.1%, the same as 
reported for 2011.

A dual therapy strategy of ceftriaxone with oral 
azithromycin for uncomplicated gonococcal 
infection continues to be recommended in 
Australia.4 In 2013, high level resistance to azith-
romycin in gonococci was reported for the first 
time in Australia in 4 strains; 2 from Victoria and 
2 from Queensland, and of these, 2 were most 
likely acquired from China.6 In 2014, there were 
2 further strains reported with high level azith-
romycin resistance in New South Wales. In 2015, 
there were again 2 sporadic incidents, 1 from New 
South Wales and 1 from urban Western Australia 
where isolates exhibited high level resistance to 
azithromycin (MIC value ≥ 256 mg/L). This 
continues to be closely observed as evidence of 
co-evolving cephalosporin and azithromycin 
resistance is being observed outside Australia and 
is of significant concern.20

The proportion of gonococci with high-level tetra-
cycline resistance in Australia increased from 2006 
to 2008 and stabilised at 21% in 2009 to 2010. The 
proportion of TRNG decreased to 18% in 2011, 
then to 14% in 2012 and remained unchanged 
(14%) in 2013. In 2014, there was an increase to 
19%. In 2015 the proportion of TRNG was 16%. 
Outside the remote regions of Western Australia 
and the Northern Territory penicillin and cipro-

floxacin resistance rates remain high. There was 
no resistance to spectinomycin reported in the 
jurisdictions testing for this antibiotic.

The recent fluctuations in proportions of N. gon-
orrhoeae with decreased susceptibility to ceftriax-
one offer little reassurance in the context of what is 
known about gonococcal AMR, which continues 
to be recognised as a global public health threat. 
Broad-based disease control strategies, including 
the rational use of antibiotics, have been called 
for. The WHO Global Action Plan states that 
disease control strategies and the understanding 
of the global scope of AMR need to continue to 
be informed by surveillance programs of AMR, 
nationally and internationally.14 The ongoing 
need for close and enhanced monitoring of gono-
coccal AMR can be supported to a limited extent 
by molecular-based assays; however isolate-based 
surveillance programs, and sentinel site sur-
veillance in high risk populations are critically 
important to inform therapeutic strategies and to 
detect instances of treatment failure.
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Abstract

This 8th annual immunisation coverage report 
shows data for 2014 derived from the Australian 
Childhood Immunisation Register and the National 
Human Papillomavirus Vaccination Program 
Register. This report includes coverage data for 
‘fully immunised’ and by individual vaccines at 
standard age milestones and timeliness of receipt 
at earlier ages according to Indigenous status. 
Overall, ‘fully immunised’ coverage has been 
mostly stable at the 12– and 24-month age mile-
stones since late 2003, but at 60 months of age, it 
has increased by more than 10 percentage points 
since 2009. As in previous years, coverage for ‘fully 
immunised’ at 12 months of age among Indigenous 
children was 3.7% lower than for non-Indigenous 
children overall, varying from 6.9 percentage 
points in Western Australia to 0.3 of a percentage 
point in the Australian Capital Territory. In 2014, 
73.4% of Australian females aged 15 years had 
3 documented doses of human papillomavirus 
vaccine (jurisdictional range 67.7 % to 77.4%), 
and 82.7% had at least 1 dose, compared with 
71.4% and 81.5%, respectively, in 2013. The dis-
parity in on-time vaccination between Indigenous 
and non-Indigenous children in 2014 diminished 
progressively from 20.2% for vaccines due by 
12 months to 11.5% for those due by 24 months 
and 3.0% at 60 months of age. Commun Dis Intell 
2017;41(1):E68–E90.

Keywords: immunisation coverage, delay, 
Indigenous, vaccine objection, human 
papillomavirus

Introduction

This is the 8th annual immunisation coverage 
report, with the first report having focused on 
2007 data.1–6 This report complements other 
reports providing data on immunisation coverage 
in Australia7 and highlights important trends and 
significant issues. It follows the format of previous 
reports, providing a detailed summary for 2014 
that includes vaccination coverage at standard 
milestone ages, coverage for vaccines not included 
in standard coverage assessments, timeliness of 
vaccination, coverage for Indigenous children, 
analysis of ‘partially immunised’ children, and 
data for small geographic areas on the prevalence 
of vaccine objection. This report also includes data 
on adolescents outside the Australian Childhood 
Immunisation Register (ACIR) age group from 
previously published sources. Readers are referred 

to the first report for a more detailed explanation 
of the background to this series of annual reports 
and the range of analyses presented.1 This report 
uses the long-standing international practice of 
reporting at key milestone ages to measure cov-
erage against national targets and to track trends 
over time. Table 1 shows the Australian National 
Immunisation Program (NIP) Schedule for 2014.

High levels of reporting to the ACIR are main-
tained by a system of incentive payments for 
immunisation providers and carers. These have 
been discussed in detail elsewhere.6,8 Some recent 
changes to immunisation policy, the incentive pay-
ment system and changes to the ‘fully immunised’ 
coverage algorithms are highlighted in the Box 
and also referred to in this report.

Methods

The Australian Childhood Immunisation 
Register

The ACIR was established on 1 January 1996 by 
incorporating demographic data from Medicare 
on all enrolled children under the age of 7 years.9 
Participation in the ACIR is ‘opt-out’ so it con-
stitutes a nearly complete population register, 
as approximately 99% of children are registered 
with Medicare by 12 months of age.9 Children 
not enrolled in Medicare can also be added to the 
ACIR via a supplementary number. Since 2001, 
vaccinations given overseas may be recorded if a 
provider endorses their validity. Data are trans-
ferred to the ACIR when a recognised immu-
nisation provider supplies details of an eligible 
vaccination. This could occur automatically from 
medical practice software or through the Internet 
using the Medicare Australia web site or by sub-
mitting paper encounter forms. The existence 
of medical contraindications and conscientious 
objection to immunisation is also recorded on 
the ACIR. From 2016, conscientious objection 
is no longer a valid exemption to immunisation 
linked to family payments and therefore will no 
longer be recorded on the ACIR.10 All vaccination 
records for a child remain on the register indefi-
nitely, but no new vaccination records are added 
after the 7th birthday. However, from 2016 this 
will change to allow the recording of vaccinations 
given up to 19 years of age.10

Vaccinations recorded on the ACIR must be ren-
dered in accordance with the guidelines issued 
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by the Australian Technical Advisory Group on 
Immunisation (ATAGI).11 Notifications falling 
outside these guidelines, or duplicate notifications, 
prompt an enquiry with the provider and, if their 
validity cannot be established, they are rejected.

Measuring immunisation coverage using the 
Australian Childhood Immunisation Register

The cohort method has been used for calculating 
coverage at the population level (national and state 
and territory)12 since the ACIR’s inception. Cohort 
immunisation status is assessed at 12 months of 
age (for vaccines due at 6 months), 24 months of 

age (for vaccines due at 12 and 18 months), and 
60 months of age (for vaccines due at 48 months). 
A minimum 3-month lag period is allowed for late 
notification of vaccinations to the ACIR, but only 
vaccinations given on or before a child’s 1st, 2nd 
or 5th respective birthdays are considered.12 If a 
child’s records indicate receipt of the last dose of a 
vaccine that requires more than 1 dose to complete 
the series, it is assumed that earlier vaccinations in 
the sequence have been given. This assumption 
has been shown to be valid.13,14

Three-month birth cohorts are used for time trend 
analyses, while both 3-month wide and 12-month 

Table 1: Australian National Immunisation Program Schedule for children, adolescents and adults, 
2014

Age Vaccine
Childhood vaccines
Birth Hep B
2 months Hep B DTPa Hib Polio 13vPCV Rotavirus
4 months Hep B DTPa Hib Polio 13vPCV Rotavirus
6 months Hep B DTPa Hib Polio 13vPCV Rotavirus*
12 months Hib-Men C† MMR Hep A‡ 13vPCV§

18 months MMRV¶ Hep A‡ 13vPCV§

24 months Hep A‡

48 months DTPa Polio MMR** 23vPPV††

Adolescent vaccines
12–15 years dTpa VZV HPV‡‡

15–49 years Flu§§ 23vPPV¶¶

Adult vaccines
≥50 years Flu§§ 23vPPV¶¶

65 years Flu§§ 23vPPV
Pregnant women 
(any age)

Flu***

* 3rd dose of rotavirus vaccine at 6 months of age is dependent on vaccine brand used in each state or territory.
† In July 2013, the combined Haemophilus influenzae type b (Hib) and meningococcal serogroup C (Men C) vaccine, 

Menitorix®, was added to the NIP Schedule at 12 months of age. This combination vaccine replaces the single dose of 
monovalent meningococcal C conjugate vaccine (Men C) and booster dose of monovalent Hib vaccine previously scheduled 
at 12 months of age.

‡ Aboriginal and Torres Strait Islander children – doses at 12 months and 18 months of age in the Northern Territory and 
Western Australia and 18 and 24 months of age in Queensland and South Australia (schedule changed in July 2013 so 
doses administered at 12 months and 18 months of age in all four jurisdictions).

§ Booster dose for medically at risk children at 12 months of age and Aboriginal and Torres Strait Islander children in the 
Northern Territory, Western Australia, Queensland and South Australia at 12–18 months of age.

¶ Measles-mumps-rubella-varicella vaccine introduced onto NIP Schedule on 1 July 2013.
** To be given only if MMRV vaccine was not given at 18 months of age. The dose of measles-mumps-rubella vaccine at 4 

years of age ceased on 1 January 2016.
†† Medically at-risk children
‡‡ From February 2013, males and females aged 12–13 years received the HPV vaccine at school. Males aged 14–15 years 

also received the vaccine as part of a catch-up program until the end of the 2014 school year.
§§ Annual vaccination, all aged ≥6 months with medical risk factors, Aboriginal and Torres Strait Islander people aged ≥15 

years, non-Indigenous adults aged ≥65 years.
¶¶ Aboriginal and Torres Strait Islander people: aged ≥15 years with medical risk factors; all aged ≥50 years.
*** At any stage of pregnancy.
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wide cohorts are used for all other analyses in 
this report. The 12-month wide cohorts used in 
this report are children born between 1 January 
and 31 December 2013 for the 12-month mile-
stone age; children born between 1 January and 
31 December 2012 for the 24-month milestone 
age; and children born between 1 January and 
31 December 2009 for the 5-year (60-month) mile-
stone age.

The proportion of children designated as ‘fully 
immunised’ is calculated using the number of 
children completely immunised with the vac-
cines of interest by the designated age as the 
numerator, and the total number of Medicare-
registered children in the age cohort as the 
denominator. ‘Fully immunised’ at 12 months 
of age is defined as a child having a record on 
the ACIR of 3 doses of a diphtheria (D), teta-
nus (T) and pertussis-containing (P) vaccine, 

3 doses of polio vaccine, 2 or 3 doses of PRP-
OMP containing Haemophilus influenzae type b 
(Hib) vaccine or 3 doses of any other Hib vac-
cine, 3 doses of hepatitis B vaccine, and 3 doses 
of 13-valent pneumococcal conjugate vaccine. 
‘Fully immunised’ at 24 months of age is 
defined as a child having a record on the ACIR 
of 3 doses of a DTP-containing vaccine, 3 doses 
of polio vaccine, 3 or 4 doses of PRP-OMP 
Hib, Infanrix Hexa or Hiberix vaccine (3 doses 
only of Infanrix Hexa or Hiberix if given after 
11.5 months of age), or 4 doses of any other Hib 
vaccine, 3 doses of hepatitis B vaccine, 2 doses 
of a measles-mumps-rubella-containing (MMR) 
vaccine, 1 dose of meningococcal C vaccine, and 
1 dose of varicella vaccine. ‘Fully immunised’ at 
60 months of age is defined as a child having 
a record on the ACIR of 4 doses of a DTP-
containing vaccine, 4 doses of polio vaccine, and 
2 doses of an MMR-containing vaccine.

Box: Significant changes in immunisation policy, immunisation incentives and coverage calculation 
algorithms, Australia, 2011 to 2014

July 2014 – Immunisation coverage assessment algorithm for the 24-month milestone amended to require 
a dose of meningococcal vaccine, a dose of varicella vaccine and a 2nd dose of measles-mumps-rubella 
(MMR) vaccine to be classified as fully immunised.

July 2013 – Immunisation coverage assessment algorithm for the 12-month milestone amended to 
include a 3rd dose of pneumococcal conjugate vaccine (PCV) in the assessment of fully immunised.

Combined Haemophilus influenzae type b (Hib) and meningococcal serogroup C (Men C) conjugate 
vaccine, Menitorix®, added to the National Immunisation Program (NIP) Schedule at 12 months of 
age, replacing the single dose of monovalent Men C vaccine and booster dose of monovalent Hib vaccine 
previously scheduled at 12 months of age.

Combination measles-mumps-rubella-varicella (MMRV) vaccine added to the NIP at 18 months of 
age, replacing MMR dose previously scheduled at 4 years of age and varicella vaccine dose previously 
scheduled at 18 months of age. MMR vaccination at 4 years of age continued in parallel until first cohort 
eligible for MMRV vaccine reached 4 years of age.

Hepatitis A vaccination schedule for Indigenous children changed so that dose 1 administered at 
12 months of age and dose 2 at 18 months of age in all four relevant jurisdictions (the Northern Territory, 
Western Australia, Queensland and South Australia).

February 2013 – Human papillomavirus vaccine funded under the NIP for males aged 12–13 years, 
delivered in school-based programs.

July 2012 – Eligibility for Family Tax Benefit Part A supplement required that children are assessed 
as fully immunised during the financial years that they turn 1, 2 and 5 years or have an approved 
exemption, replacing the Maternity Immunisation Allowance.

October 2011 – 13-valent PCV (13vPCV) replaced 23-valent pneumococcal polysaccharide vaccine as 
booster dose in Indigenous children living in the Northern Territory, Western Australia, Queensland 
and South Australia.

July 2011 – 13vPCV replaced 7-valent PCV on the NIP for children at 2, 4 and 6 months of age in all 
states and territories except the Northern Territory (adopts 13vPCV from 1 October 2011).
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Immunisation coverage estimates were also cal-
culated for individual NIP vaccines, including the 
3 NIP vaccines given in early childhood but not 
routinely reported in the quarterly coverage reports 
published in Communicable Diseases Intelligence15 
and not part of ‘fully immunised’ calculations at 
12, 24 and 60 months of age. These are: a 2nd or 
3rd dose of rotavirus vaccine by 12 months of age; 
a 2nd dose of hepatitis A vaccine in Indigenous 
children by 30 months of age; and a booster dose of 
pneumococcal vaccine in Indigenous children by 
30 months of age.

Changes to immunisation policy and changes 
to the ‘fully immunised’ coverage algorithms 
have had an impact on vaccination coverage pre-
sented in this report. From July 2012, eligibility 
for the Family Tax Benefit Part A supplement 
required that children needed to be assessed 
as fully immunised, replacing the Maternity 
Immunisation Allowance. To meet the immuni-
sation requirements for the Family Tax Benefit 
Part A supplement, parents needed to have their 
children immunised during the financial years 
that each child turned 1, 2 and 5 years of age. 
Children needed to be up-to-date with immuni-
sation or have an approved exemption.

From the December 2013 quarterly coverage report, 
the 3rd dose of pneumococcal conjugate vaccine 
was included in coverage requirements for ‘fully 
immunised’ at the 12-month milestone. From the 
December 2014 quarterly coverage report, a dose of 
meningococcal vaccine and a dose of varicella vac-
cine were included in the coverage requirements 
for ‘fully immunised’ at the 24-month milestone, 
along with the 2nd dose of MMR instead of the 
1st dose as previously. The 2nd dose of MMR 
remained in the coverage assessment algorithm for 
the 60-month milestone age.

Timeliness

Age-appropriate timely vaccination was defined 
as receipt of a scheduled vaccine dose within 
30 days of the recommended age. For example, a 
child who received the 1st dose of DTPa (due at 
60 days of age) when he or she was more than 
90 days of age was classified as late for that dose. 
For descriptive purposes, we categorised the delay 
outcome measure for each dose as either delay of 
1 to < 6 months or delay ≥6 months. Timeliness 
is measured in 12-month birth cohorts. Children 
included in the timeliness analysis were assessed at 
1 to 3 years after doses were due, to allow time for 
late vaccinations to be recorded. Therefore, cohorts 
assessed for timeliness are not the same as those 
assessed for coverage milestones. The interval 
between doses was not evaluated. Timeliness of 

different vaccines and doses was also compared by 
plotting the cumulative percentage receiving each 
vaccine dose by age.

Remoteness status

The area of residence of children was defined 
as Major cities, Inner regional, Outer regional, 
Remote, and Very remote using the Accessibility/
Remoteness Index of Australia (ARIA+).16 ARIA+ 
is a continuous varying index with values ranging 
from 0 (high accessibility) to 15 (high remoteness), 
and is based on road distance measurements from 
over 12,000 populated localities to the nearest 
Service Centres in 5 categories based on population 
size. For our analysis, we combined the 2 regional 
categories (Inner regional and Outer regional) into 
1 category and the 2 remote categories (Remote and 
Very remote) into 1 category. ARIA Accessibility/
Remoteness categories were assigned for each child 
using their recorded postcode of residence on the 
ACIR.

Indigenous status

Indigenous status on the ACIR is recorded as 
Indigenous, non-Indigenous or unknown, as 
reported by the child’s carer to Medicare or by 
the immunisation provider to the ACIR. For this 
report we considered two categories of children: 
Indigenous and non-Indigenous; children with 
unknown Indigenous status were presumed to be 
non-Indigenous. Coverage estimate time trends 
are presented from 2002 only, due to poor rates of 
reporting Indigenous status prior to then.17

Small area analysis

Analysis for small areas was done by Australian 
Bureau of Statistics (ABS)-defined Statistical 
Area 3 (SA3),18 chosen because each is small 
enough to show differences within jurisdictions 
but not too small to render maps unreadable. Maps 
were created using version 15 of the MapInfo map-
ping software19 and the ABS Census Boundary 
Information. As postcode is the only geographical 
indicator available from the ACIR, the ABS Postal 
Area to SA3 Concordance 2011 was used to match 
ACIR postcodes to SA3s.20

Objection to vaccination and incomplete 
immunisation

Until 2016, parents who registered vaccination 
objection were eligible for parental incentive pay-
ments even if their children were unvaccinated. 
However some parents who objected to vaccination 
did not register an objection. We calculated the 
proportions of children with registered vaccination 
objection status and no vaccines recorded on the 
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ACIR, registered vaccination objection status and 
at least 1 vaccine recorded on the ACIR, no regis-
tered vaccination objection status and no vaccines 
recorded on the ACIR, and no registered vaccina-
tion objection status and not ‘fully immunised’ by 
24 months of age, from the cohort of children reg-
istered with Medicare and born between 1 October 
and 31 December 2012. Some of the children in 
the latter 2 groups may be incompletely immu-
nised due to unregistered vaccination objection. 
We chose this cohort for calculation of proportions 
of these groups in 2014 so that children under the 
age of 12 months were excluded, to allow sufficient 
time for registration of objection.

Human papillomavirus vaccine coverage

Human papillomavirus (HPV) vaccine is included 
on the NIP, with the vaccine delivered to females 
and, since 2013, males through an ongoing school-
based program usually in the 1st year of secondary 
school. From 2007 to 2009, there was a time-limited 
catch-up program delivered through schools, gen-
eral practices and community immunisation ser-
vices for females up to age 26. Males were offered a 
time-limited catch-up program in 2013–2014, at the 
age of 14–15 years. A full course of HPV immuni-
sation was defined as 3 doses of quadrivalent HPV 
vaccine. Data on HPV vaccination are provided by 
the National HPV Vaccination Program Register, 
which is operated by the Victorian Cytology 
Service. Data for males represent the vaccination 
coverage achieved during the catch-up program 
for males aged 14–15 years during 2013–2014. The 
purpose of this legislated register is to support the 
implementation of the vaccination program and to 
provide data for monitoring and evaluation. States 
and territories provide data to the HPV Register 
from their school-based programs. Doses admin-
istered in general practice or by community pro-
viders outside of the school program are notified 
on a voluntary basis, with a notification payment 
provided only to general practitioners (GPs) dur-
ing the 2007 to 2009 catch-up program. The World 
Health Organization recommends using 15 years 
as the reference age for HPV vaccination coverage 
for the purposes of international comparison.

Coverage in the elderly

While an Adult Vaccination Survey (AVS)21 has 
not been undertaken in Australia since 2009, data 
from a Newspoll Omnibus Survey in 2014 are 
presented.22 From September 2016 the ACIR will 
expand to become the Australian Immunisation 
Register. This Register will capture all vaccines 
administered throughout a person’s life (birth to 
death) from that point forward, given through 
general practice and community clinics.

Indigenous adolescent and adult coverage

Indigenous adolescent and adult coverage esti-
mates are obtained from the 2012–2013 Aboriginal 
and Torres Strait Islander Health Survey.

Results

Coverage estimates

Fully immunised

Coverage estimates in 2014 for full-year birth 
cohorts at the 3 milestone ages of 12 months, 
24 months and 60 months are provided in 
Tables 2, 3 and 4. The proportion of Australian 
children classified as ‘fully immunised’ was 
91.5% at 12 months, 86.8% at 24 months and 
92.0% at 60 months of age, compared with 2013 
coverage at these milestones of 90.8%, 92.1% and 
91.2%, respectively. Nationally and for almost all 
jurisdictions, ‘fully immunised’ coverage (except 
at the 24-month age milestone) and coverage for 
all individual vaccines (except rotavirus vaccine, 
varicella vaccine and dose 2 of MMR vaccine) at 
all 3 age milestones was above 90%, the target at 
that time.

Figure 1 shows time trends in ‘fully immu-
nised’ childhood vaccination coverage in 
Australia, assessed at 12 months, 24 months and 
60 months of age, for 3-month cohorts born from 
1 January 1997 to 31 December 2013. Coverage 
has been largely stable at the 12– and 24-month 
age milestones since late 2003. However, during 
2013, ‘fully immunised’ coverage at the 12-month 
age milestone for vaccines due at 6 months of age 
declined by 1.8 percentage points, partly due to 
the inclusion of 13-valent pneumococcal conju-
gate vaccine (PCV) in the coverage assessment 
algorithm, and then increased by 1.2% in 2014. 
In the latter half of 2014, ‘fully immunised’ cov-
erage at the 24-month age milestone declined by 
5.5 percentage points. The bulk of this decrease 
was due to the coverage assessment algorithm 
being amended in July 2014 to include a dose of 
meningococcal vaccine, a dose of varicella vaccine 
and a 2nd dose of MMR vaccine. This is demon-
strated in Table 2, which shows ‘fully immunised’ 
coverage at the 24-month age milestone to have 
only dropped by 0.4 of a percentage point when 
calculated using the old algorithm. For vaccines 
due at 48 months of age, ‘fully immunised’ cover-
age dropped to 80.4% in January 2008, following 
the change in assessment age from 72 months to 
60 months, but then rose substantially in 2009 
and 2010 and kept increasing throughout 2011 to 
2014 to a level higher than that for the 12-month 
and 24-month age milestones in 2014.
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Table 2: Percentage of children as immunised by 12 months of age, Australia, assessed in 2014, by 
vaccine and state or territory*

Vaccine
State or territory

Aust.ACT NSW NT Qld SA Tas. Vic. WA
Total number of children 5,560 98,101 3,641 61,747 19,593 5,893 75,544 33,710 303,789
Diphtheria, tetanus, pertussis 95.1 92.4 91.3 92.8 92.2 92.0 92.7 92.7 92.6
Polio 95.1 92.3 91.3 92.8 92.1 92.0 92.6 92.7 92.5
Haemophilus influenzae type b 94.8 92.0 91.1 92.5 91.9 91.7 92.3 92.3 92.3
Hepatitis B 94.6 92.0 91.3 92.4 91.8 91.7 92.2 92.1 92.2
Pneumococcal conjugate 94.6 91.8 91.1 92.3 91.6 91.7 92.1 91.8 92.0
Fully immunised† 93.9 91.3 90.6 92.0 91.2 91.2 91.6 91.3 91.5
Rotavirus 90.4 87.4 86.4 82.2 83.5 86.1 83.3 80.0 84.3

* Cohort born 1 January 2013 – 31 December 2013.
† ’Fully immunised’ – 3 doses of a diphtheria-tetanus-pertussis-containing vaccine, 3 doses of polio vaccine, 2 or 3 doses 

of PRP-OMP-containing Haemophilus influenzae type b (Hib) vaccine or 3 doses of any other Hib vaccine, 3 doses of any 
hepatitis B vaccine or 2 doses of either Engerix-B (paediatric), Comvax or H-B-VAX II (paediatric), and 3 doses of pneumo-
coccal conjugate vaccine.

Source: Australian Childhood Immunisation Register, data as at 31 March 2015.

Figure 1: Trends in ‘fully immunised’ vaccination coverage estimates, Australia, 2003 to 2014*
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Coverage assessment date for each cohort

Fully immunised by 12 months

Fully immunised by 12 months + PCV

Fully immunised by 24 months - old definition

Fully immunised by 24 months - new definition

Fully immunised by 60 months

Fully immunised by 72 months

Combination vaccines
introduced leading

to less injections

Coverage algorithm 
changed to assess children 
at 60 months, not 72 months

12-month coverage algorithm changed to 
to include pneumococcal

conjugate vaccine

24-month coverage algorithm 
changed to to include MMR2, 
Men C and varicellavaccines

* By 3-month birth cohorts born between 1 January 1999 and 31 December 2013. Coverage assessment date was 12 months 
after the last birth date of each cohort.

PCV = pneumococcal conjugate vaccine
Source: Australian Childhood Immunisation Register.
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Individual vaccines

Coverage at 12 months of age for individual anti-
gens in the relevant combination vaccine (DTPa-
hepB-polio-Hib) increased in 2014 (Figure 2). 
Coverage for 3 doses of PCV by 12 months of 
age rose steadily from below 90% in mid-2007 to 
91.4% in late 2014, just below the level for all other 
vaccines assessed at this age except for rotavirus 
vaccine. After being added to the NIP in July 2007, 
rotavirus vaccine coverage for 2 or 3 doses (depend-
ing on whether the vaccine in use is Rotarix® or 

RotaTeq®) at 12 months of age rose steeply from 
about 75% in late 2008 to almost 84% in late 2011 
and has remained largely stable since, with minor 
fluctuations. Rotavirus vaccine coverage was lower 
nationally (Figure 2) and had greater variation 
between jurisdictions than other vaccines given 
at 2, 4 and 6 months of age. Reported coverage in 
2014 at 12 months of age varied from 90.4% in the 
Australian Capital Territory for 2 doses of Rotarix® 
vaccine, to 80.0% in Western Australia for 3 doses 
of RotaTeq® vaccine (Table 2).

Table 3: Percentage of children immunised by 24 months of age, Australia, assessed in 2014, by vaccine 
and state or territory*

Vaccine
State or territory

Aust.ACT NSW NT Qld SA Tas. Vic. WA
Total number of children 5,549 101,937 3,638 63,676 20,223 5,902 77,235 34,355 312,515
Diphtheria, tetanus, pertussis 96.3 95.1 95.4 95.1 94.7 95.2 95.5 94.6 95.2
Polio 96.3 95.1 95.4 95.1 94.7 95.1 95.5 94.5 95.1
Haemophilus influenzae type b 94.8 93.7 94.9 94.1 93.2 93.8 94.0 93.1 93.8
Hepatitis B 95.6 94.6 95.4 94.6 94.2 94.8 94.9 93.8 94.6
Measles, mumps, rubella 91.9 88.7 89.2 90.3 88.5 88.0 89.1 86.2 88.9
Varicella 92.3 89.6 90.1 90.4 88.9 88.6 89.8 87.7 89.6
Meningococcal C 94.6 93.5 94.7 94.1 93.2 94.0 93.7 92.7 93.6
Fully immunised – old 
definition†

93.3 91.5 93.4 92.7 91.5 91.8 92.1 91.1 91.9

Fully immunised‡ 90.1 86.4 86.4 88.7 86.3 85.3 87.0 84.3 86.8

* Cohort born 1 January 2012 to 31 December 2012.
† ‘Fully immunised – old definition’ – 3 doses of a diphtheria-tetanus-pertussis-containing vaccine, 3 doses of polio vaccine, 

3 or 4 doses of PRP-OMP-containing Haemophilus influenzae type b (Hib) vaccine or 4 doses of any other Hib vaccine, and 
3 doses of hepatitis B vaccine.

‡ ‘Fully immunised’ – 3 doses of a diphtheria-tetanus-pertussis-containing vaccine, 3 doses of polio vaccine, 3 or 4 doses of 
PRP-OMP-containing Hib vaccine or 4 doses of any other Hib vaccine, 3 doses of hepatitis B vaccine, 2 doses of a measles-
mumps-rubella-containing vaccine, 1 dose of varicella vaccine, and 1 dose of meningococcal C vaccine.

Source: Australian Childhood Immunisation Register, data as at 31 March 2015.

Table 4: Percentage of children immunised by 60 months of age, Australia, assessed in 2014, by vaccine 
and state or territory*

Vaccine
State or territory

Aust.ACT NSW NT Qld SA Tas. Vic. WA
Total number of children 5,347 100,617 3,532 64,869 20,299 6,399 75,454 33,930 310,447
Diphtheria, tetanus, pertussis 93.9 92.9 92.6 92.6 91.4 92.9 92.9 91.1 92.6
Polio 93.9 92.9 92.6 92.6 91.3 92.9 92.9 91.0 92.6
Measles, mumps, rubella 93.7 92.9 93.0 92.6 91.3 92.8 92.9 91.0 92.5
Fully immunised† 93.3 92.4 92.0 92.2 90.7 92.1 92.4 90.4 92.0

* Cohort born 1 January 2009 to 31 December 2009.
† ‘Fully immunised’ – 4 or 5 doses of a diphtheria-tetanus-pertussis-containing vaccine, 4 doses of polio vaccine, and 2 doses 

of an measles-mumps-rubella-containing vaccine.
Source: Australian Childhood Immunisation Register, data as at 31 March 2015.
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Figure 3: Trends in vaccination coverage 
estimates for individual vaccines* at 24 months 
of age, Australia, 2003 to 2014
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Coverage assessment date for each cohort

DTP
Polio
Hib
Hep B
MMR
MenC
Varicella

* 3rd dose of DTPa, 3rd dose of polio, 3rd or 4th dose 
of Hib, 3rd dose of hepatitis B, 2nd dose of MMR (from 
September 2014), 1st dose of meningococcal C and 
varicella.

By 3-month birth cohorts born between 1 January 1998 
and 31 December 2012. Coverage assessment date was 
24 months after the last birth date of each cohort.
DTPa = Diphtheria-tetanus-acellular pertussis
Hib = Haemophilus influenzae type b
Hep B = Hepatitis B
MMR = Measles-mumps-rubella
MenC = Meningococcal C
MMRV = Measles-mumps-rubella-varicella
Source: Australian Childhood Immunisation Register.

Figure 2: Trends in vaccination coverage 
estimates for individual vaccines* at 12 months 
of age, Australia, 2003 to 2014
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Coverage assessment date for each cohort

DTP
Polio
Hib
Hep B
PCV
Rotavirus

* 3rd dose of DTPa, polio and pneumococcal conjugate 
vaccines, 2nd or 3rd dose of Hib and rotavirus vaccines, 
and 3rd dose of hepatitis B vaccine.

By 3-month birth cohorts born between 1 January 1999 
and 31 December 2013. Coverage assessment date was 
12 months after the last birth date of each cohort.
DTPa = diphtheria-tetanus-acellular pertussis
Hib = Haemophilus influenzae type b
Hep B = Hepatitis B
PCV = Pneumococcal conjugate vaccine
Source: Australian Childhood Immunisation Register.

In 2014, coverage at 24 months of age was around 
93% to 95% for all vaccines (except varicella and 
the 2nd dose of MMR) (Figure 3). In the latter 
half of 2014, coverage for MMR declined by 
5.1 percentage points. This was due to the 2nd 
dose of MMR, now due at 18 months of age, being 
assessed at 24 months of age for the first time, 
instead of the 1st dose as previously. Varicella 
coverage at 24 months of age increased sharply in 
mid-2013, following replacement of monovalent 
varicella vaccine with measles-mumps-rubel-
la-varicella (MMRV) vaccine as the vaccine due at 
18 months of age (a comparison between varicella 
coverage before and after introduction of MMRV 
vaccine is discussed in a separate section). As the 
18-month schedule point has historically been 
associated with lower coverage when assessed 
at the 24-month age milestone, given that there 
is only a 6-month time period for catch-up, 
we compared varicella coverage assessed at 
36 months and 60 months of age to that assessed 
at 24 months, by jurisdiction (Figure 4). Coverage 
by jurisdiction was 6.0 to 10.4 percentage points 
higher at 60 months, with all jurisdictions reach-
ing over 90% varicella coverage when assessed at 
60 months.

For vaccines due at 48 months of age, trends 
in individual vaccine coverage were similar to 

that seen for ‘fully immunised’ coverage, that 
is, a marked drop in January 2008 following the 
change in assessment age from 72 months to 
60 months, followed by a marked increase in 2009 
and 2010 and ongoing increase to a level higher 
than when coverage was assessed at 72 months of 
age (Figure 5). Coverage for both vaccines due at 
48 months (DTPa and MMR) was greater than 
92% in 2014.

A comparison of varicella coverage before and after 
introduction of measles-mumps-rubella-varicella 
vaccine

In July 2013, MMRV was introduced at the 
18 months of age schedule point, replacing the sin-
gle dose of varicella vaccine previously scheduled at 
this age point and the 2nd dose of MMR previously 
scheduled at 48 months of age.

Table 5 provides varicella coverage for two 3-month 
wide birth cohorts 2 years apart, allowing comparison 
of coverage before and after introduction of MMRV 
vaccine. For Australia as a whole, varicella coverage 
increased by 3.7 percentage points from pre– to 
post-introduction of MMRV. Increases occurred in 
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all jurisdictions except the Northern Territory and 
Tasmania, ranging up to a 5.2 percentage point 
increase in South Australia and Victoria.

Indigenous coverage estimates

Individual vaccines

Immunisation coverage estimates in 2014 for the 
3 age milestones by Indigenous status, vaccine 
and jurisdiction are provided in Tables 6 and 7. 
As in previous years, ‘fully immunised’ coverage 
at 12 months of age among Indigenous children 
was lower than for non-Indigenous children in 
all jurisdictions, with the differential varying 
from 6.9 percentage points in Western Australia 
to 0.3 percentage points in the Australian Capital 
Territory, and 3.7% overall. ‘Fully immunised’ 
coverage at 24 months of age among Indigenous 
children in 2014 was 3.3 percentage points lower, 
with the differential varying from 6.4 percentage 

points in Victoria to 0.5 of a percentage point 
in New South Wales. The lower coverage gap 
for New South Wales may reflect the NSW 
Aboriginal Immunisation Health Care Worker 
Program that began as a 3-year pilot program in 
2012. ‘Fully immunised’ coverage at 60 months 
of age in 2014 was 1.6 percentage points higher 
among Indigenous children compared with 
non-Indigenous children, with coverage in 
Indigenous children at this age milestone 
higher in all jurisdictions except Victoria, South 
Australia and Tasmania.

The coverage differential between Indigenous and 
non-Indigenous children for individual vaccines 
varied in 2014, with coverage lower for Indigenous 

Figure 4: Comparison of 1-dose varicella vaccine 
coverage at 24 months of age versus 36 months of 
age and 60 months of age, Australia, assessed in 
December 2014, by state or territory
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Figure 5: Trends in vaccination coverage 
estimates for individual vaccines* at 60 months 
of age (assessed at 72 months prior to 
December 2007), Australia, 2003 to 2014
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Coverage assessment date for each cohort

DTP at 72 months

Polio at 72 months

MMR at 72 months

DTP at 60 months

Polio at 60 months

MMR at 60 months

Coverage algorithm changed
to assess children at 60 months
not 72 months

* 4th dose of DTPa and polio, 2nd dose of MMR.
By 3-month birth cohorts born between 1 January 1996 
and 31 December 2009. Coverage assessment date was 
72 months after the last birth date of each cohort up to 
December 2007 and then 60 months after the last birth date of 
each cohort.
DTPa = Diphtheria-tetanus-acellular pertussis
MMR = Measles-mumps-rubella
Source: Australian Childhood Immunisation Register.

Table 5: Comparison of varicella coverage (%) before and after introduction of measles-mumps-
rubella-varicella vaccine, Australia, by state or territory

State or territory
Aust.ACT NSW NT Qld SA Tas. Vic. WA

Before MMRV introduction* 87.2 85.2 89.2 87.9 83.7 87.1 84.9 83.9 85.6
After MMRV introduction† 91.8 89.2 84.1 89.5 88.9 87.1 90.1 88.5 89.3

* Cohort born 1 April – 30 June 2011, assessed at 24 months.
† Cohort born 1 April – 30 June 2013, assessed at 24 months.
MMRV = measles-mumps-rubella-varicella
Source: Australian Childhood Immunisation Register, data as at 31 March 2015.
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Table 6: Vaccination coverage estimates (%), Australia, assessed in 2014, by age, vaccine and 
Indigenous status

Vaccine Milestone age Indigenous Non-Indigenous
Diphtheria, tetanus, acellular pertussis 12 months* 88.3 92.8

24 months† 95.3 95.1
60 months‡ 94.0 92.5

Polio 12 months* 88.2 92.8
24 months† 95.3 95.1
60 months‡ 94.0 92.5

Haemophilus influenzae type b 12 months* 88.2 92.5
24 months† 94.7 93.7
60 months‡ N/I N/I

Hepatitis B 12 months* 88.2 92.3
24 months† 95.2 94.6
60 months‡ N/I N/I

Measles-mumps-rubella 12 months* N/I N/I
24 months† 86.1 89.0
60 months‡ 94.3 92.4

Varicella 12 months* N/I N/I
24 months† 86.3 89.7
60 months‡ N/I N/I

Meningococcal C conjugate 12 months* N/I N/I
24 months† 94.5 93.6
60 months‡ N/I N/I

Pneumococcal conjugate 12 months* 86.4 91.2
24 months† N/I N/I
60 months‡ N/I N/I

Rotavirus 12 months* 73.9 84.8
24 months† N/I N/I
60 months‡ N/I N/I

* Cohort born 1 January 2013 – 31 December 2013.
† Cohort born 1 January 2012 – 31 December 2012.
‡ Cohort born 1 January 2009 – 31 December 2009.
N/I Not included in coverage estimates for that group.
Source: Australian Childhood Immunisation Register, data as at 31 March 2015.

Table 7: Percentage of children fully immunised by 12 months, 24 months and 60 months of age, 
Australia, assessed in 2014, by Indigenous status and state or territory

ACT NSW NT Qld SA Tas. Vic. WA Aus.
12 months – fully immunised*
Indigenous 93.6 90.5 88.3 86.8 87.5 87.4 87.5 84.8 88.0
Non-Indigenous 93.9 91.3 92.0 92.4 91.4 91.5 91.6 91.7 91.7
24 months – fully immunised†

Indigenous 88.2 85.9 85.4 84.2 80.8 80.8 80.7 79.2 83.7
Non-Indigenous 90.2 86.4 87.0 89.1 86.5 85.6 87.1 84.6 87.0
60 months – fully immunised‡

Indigenous 97.4 95.2 95.4 93.4 89.3 91.4 91.1 92.7 93.6
Non-Indigenous 93.2 92.3 89.9 92.1 90.7 92.2 92.4 90.3 92.0

* ’Fully immunised’ – 3 doses of a diphtheria-tetanus-pertussis-containing vaccine, 3 doses of polio vaccine, 2 or 3 doses of 
PRP-OMP-containing Haemophilus influenzae type b (Hib) vaccine or 3 doses of any other Hib vaccine, 3 doses of hepatitis 
B vaccine, and 3 doses of pneumococcal conjugate vaccine. Cohort born 1 January 2013 – 31 December 2013

† ‘Fully immunised’ – 3 doses of a diphtheria-tetanus-pertussis-containing vaccine, 3 doses of polio vaccine, 3 or 4 doses of 
PRP-OMP-containing Hib vaccine or 4 doses of any other Hib vaccine, 3 doses of hepatitis B vaccine, 2 doses of a mea-
sles-mumps-rubella-containing vaccine, 1 dose of meningococcal C vaccine, and 1 dose of varicella vaccine. Cohort born 
1 January 2012 – 31 December 2012

‡ ‘Fully immunised’ – 4 doses of a DTPa-containing vaccine, 4 doses of polio vaccine, and 2 doses of a measles-mumps-
rubella-containing vaccine. Cohort born 1 January 2009 – 31 December 2009

Source: Australian Childhood Immunisation Register, data as at 31 March 2015.



E78 CDI Vol 41 No 1 2017

Annual reports Immunisation coverage, 2014

children for all vaccines at 12 months of age, but 
higher at 24 months of age for DTPa, polio, hepa-
titis B, Hib and meningococcal C vaccines, and at 
60 months of age for DTPa, polio and MMR.

The proportion of Indigenous children ‘fully 
immunised’ by 24 months of age was consistently 
higher than at 12 and 60 months of age until 2012, 
when coverage at 60 months rose to levels compa-
rable to that at 24 months (Figure 6). During the 
latter half of 2014, the proportion of Indigenous 
children ‘fully immunised’ by 24 months of age 
decreased from 92.9% to 84.4%, due to the changes 
to the ‘fully immunised’ coverage algorithm, as 
noted above.

Adolescents and adults

For Indigenous adults and adolescents, accord-
ing to the 2012/13 Aboriginal and Torres Strait 
Islander Health Survey, 13% of Indigenous 
Australians aged 15 years and over had a pneumo-
coccal vaccination in the previous 5 years and 34% 
of Indigenous Australians aged 15 and over had an 
influenza vaccination in the previous 12 months.

Pneumococcal booster and hepatitis A vaccine for 
Indigenous children in some jurisdictions

Hepatitis A vaccine has been included on the NIP 
since November 2005 for Indigenous children 
in the Northern Territory, Queensland, South 
Australia and Western Australia, but was used 
earlier than this in north Queensland. Since 
March 2007, coverage of 2 doses of hepatitis A vac-

cine for Indigenous children by 30 months of age 
in Western Australia and the Northern Territory 
and 36 months of age in Queensland and South 
Australia had increased from 30.5% to 60.1% in 
December 2013 (Figure 7). By the latter half of 
2014, coverage had increased to its highest recorded 
level of 62.9% with all 4 jurisdictions assessing 
2 doses at 30 months of age from July 2013. An 
additional 17% of children had received 1 dose of 
hepatitis A vaccine by 18 months of age, putting 
national coverage in 2014 for Indigenous children 
(the Northern Territory, Queensland, South 
Australia and Western Australia only) for at least 
1 dose of hepatitis A vaccine at 79.8% (Table 8). 
There was variation in reported hepatitis A vaccine 
coverage by jurisdiction, from a low of 37.5% in 
South Australia to a high of 86.2% in the Northern 
Territory for 2-dose coverage (Table 8).

A pneumococcal booster dose at 18–24 months 
of age has been recommended and funded for 
Indigenous children in the same 4 jurisdictions 
(the Northern Territory, Queensland, South 
Australia and Western Australia) since 2001; 
firstly as 23-valent pneumococcal polysaccharide 
vaccine then as 13-valent pneumococcal conjugate 
vaccine (13vPCV), from July 2013 in Queensland, 
South Australia and Western Australia, and from 
October 2013 in the Northern Territory. Coverage 
gradually increased from 47.0% in March 2007 
to 63.4% in December 2011 (Figure 7). In 2012 

Figure 6: Trends in ‘fully immunised’ 
vaccination coverage estimates for Indigenous 
children in Australia, 2003 to 2014, by age 
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Figure 7: Trends in coverage estimates for 
hepatitis A* and pneumococcal† vaccines for 
Indigenous children, Australia,‡ 2007 to 2014
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coverage increased by 15 percentage points fol-
lowing the 13vPCV catch-up campaign that took 
place that year. Coverage then fell 14 percentage 
points during 2013 but increased by 9 percentage 
points in 2014 to 67.5%. There was a large variation 
between jurisdictions in coverage for the booster 
dose of pneumococcal conjugate vaccine, from a 
low of 41.2% in South Australia to a high of 85.4% 
in the Northern Territory (Table 8).

Seasonal influenza vaccine coverage

Seasonal influenza vaccine has been recommended 
and funded for children with underlying medi-
cal conditions for many years. In 2008 a funded 
seasonal influenza vaccination program for all 
children aged from 6 months to less than 5 years 
was introduced in Western Australia. In 2013 
seasonal influenza vaccine was recommended (but 
not funded) for all Australian children aged from 
6 months to less than 5 years, and in 2015 it was 
included on the NIP for all Aboriginal and Torres 
Strait Islander children aged 6 months to less than 
5 years. This report provides baseline coverage data 
up to 2014 to inform future monitoring of coverage 
under this program, although these data should 
be interpreted with caution due to the potential 
for under-reporting, possibly due to influenza 
vaccine notifications by immunisation providers 
not resulting in any notification payments unlike 
other vaccines on the NIP. Influenza vaccine 
coverage recorded in the ACIR in this age group 
was less than 2.5% in both Indigenous and non-In-

digenous Australian children (excluding Western 
Australia) from 2005 through to 2014 (Figure 8). 
Coverage in Western Australian children rose 
to around 28% in 2009 following introduction 
of their universal funded program, but has been 
substantially lower since, following the much pub-
licised issues of increased incidence of high fevers 
and febrile convulsions post-vaccination with one 
particular vaccine brand in 2010. The percentage 
of influenza vaccinated children aged 6 months to 
less than 5 years recorded in the ACIR as having 
received 2 doses in their first year of influenza 
vaccination, as recommended, ranged from 32% to 
61% between 2007 and 2014 for both Indigenous 
and non-Indigenous children, apart from a sharp 
decline to less than 10% in 2010 following suspen-
sion of influenza vaccine use in this age group in 
that year (data not shown).

Timeliness of immunisation

We examined timeliness of immunisation in 2014 
for vaccines requiring multiple doses (DTPa, PCV 
and MMR) or a single dose (meningococcal C) at 
12 and 24 months of age.

As demonstrated in previous reports, the propor-
tion with vaccination delay increased with older 
age (Figure 9). The greatest proportion with any 
delay was seen with the 2nd dose of MMR vaccine 
due at 48 months, with 38.5% of doses given late 

Figure 8: Trends in coverage estimates* for 
seasonal influenza vaccine in children aged 6 
months to less than 5 years, Australia, 2005 to 
2014, by Indigenous status and state or territory
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Source: Australian Childhood Immunisation Register.

Table 8: Vaccination coverage* (%) for 
Indigenous children for hepatitis A and 
pneumococcal, Australia, 2014, by state or 
territory

State or territory

Vaccine type
Hepatitis A† 

2 dose (1 dose) 13vPCV‡

NT 86.2 (92.1) 85.4
Qld 59.2 (77.4) 68.2
SA 37.5 (65.6) 41.2
WA 65.5 (82.1) 60.1
Australia§ 63.0 (79.8) 66.9

* Cohort born 1 April 2012 – 30 June 2012.
† Indigenous only: 2 doses by 30 months of age.
‡ Indigenous only: 4th dose of 13-valent pneumococcal 

conjugate vaccine (13vPCV) by 30 months of age.
§ Northern Territory, Queensland, South Australia and 

Western Australia only.
Source: Australian Childhood Immunisation Register, data 
as at 31 March 2015.
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and 5.9% given very late at ≥6 months (Figure 9). 
These figures are an improvement from the 2013 
report (50.7% and 6.9%, respectively).

For the 3rd dose of DTPa vaccine, there was greater 

delay for Indigenous children than for non-Indige-
nous children, with a 20.2% differential in on-time 
vaccination by 7 months of age (Figure 10). The 
same pattern was found for timeliness of the 1st 
dose of MMR vaccine by 13 months of age, but 
with a smaller differential of 11.5% (Figure 11). 
This differential in on-time vaccination between 
Indigenous and non-Indigenous children was 
slightly improved from the 2013 report, where 
the corresponding differentials for the 3rd dose of 
DTPa and 1st dose of MMR were 21.6% and 12.9%, 
respectively. In contrast to the 3rd dose of DTPa 
and the 1st dose of MMR, analysis of timeliness 
of immunisation for a vaccine due at 48 months 
of age, the 2nd dose of MMR, showed a much 
smaller differential in delayed receipt between 
Indigenous and non-Indigenous children, of 3% by 
49 months of age (Figure 12a). We also examined 
the timeliness of immunisation for the 2nd dose of 
MMR as the coverage algorithm for the 24-month 
age group changed in July 2014 to include this 
dose at 18 months of age. Timeliness of the 2nd 
dose of MMR improved for non-Indigenous 

children from 58.0% (when due at 48 months) to 
68.0% (when due at 18 months) but decreased for 
Indigenous children (from 55.0% to 52.7%, respec-
tively) (Figure 12b). As a consequence, there was a 
greater differential in on-time vaccination between 
Indigenous and non-Indigenous children in 2014 
(15.3 percentage points).

Figure 9: Vaccination delay for cohorts born 
in 2012 (DTPa3, MMR1, MENC1) and 2008 
(MMR2), Australia, assessed in 2014
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Figure 10: Timeliness* of the 3rd dose of 
diphtheria-tetanus-acellular pertussis vaccine 
(DTPa3), Australia, by Indigenous status
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Figure 11: Timeliness* of the 1st dose of measles-
mumps-rubella vaccine (MMR1), Australia, by 
Indigenous status
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Table 9: Vaccination delay for children 2 year of age,* Australia, 2014, by Indigenous and remoteness 
status

Vaccine 
dose Indigenous status Remoteness category 

1–<6 months after 
schedule point %

≥6 months after 
schedule point %

DTPa3 Indigenous Major cities 27.7 9.6
Inner and Outer regional 29.4 10.5
Remote and Very remote 37.5 8.8

Non-Indigenous Major cities 16.5 2.9
Inner and Outer regional 18.1 3.2
Remote and Very remote 18.3 2.4

MMR1 Indigenous Major cities 31.5 5.5
Inner and Outer regional 31.3 5.8
Remote and Very remote 33.0 3.7

Non-Indigenous Major cities 23.2 2.2
Inner and Outer regional 23.3 2.1
Remote and Very remote 23.5 2.0

* The cohort of children born in 2012 and assessed in 2014.
DTPa3 = 3rd dose of diphtheria-tetanus-acellular pertussis vaccine
MMR1 = 1st dose of measles-mumps-rubella vaccine
Source: Australian Childhood Immunisation Register, data as at 31 March 2015.

Delayed receipt of the 3rd dose of DTPa and the 
1st dose of MMR by 1 to <6 months was found 
in 28% to 38% of Indigenous children and 17% to 
24% of non-Indigenous children in 2014, depend-
ing on remoteness status (Table 9). Vaccination 
delay was greater for Indigenous children than for 
non-Indigenous children for both vaccines across 
all categories (major cities, inner/outer regional 
and remote/very remote areas).

Vaccination delay for Indigenous children by 
jurisdiction was measured for the 3rd dose of PCV, 
with the highest proportions experiencing delays 
of 1 to <6 months in Western Australia (34.5%) 
and the Northern Territory (33.6%), and delays 
of ≥ 6 months in South Australia (12.6%) and 
Western Australia (11.5%) (Figure 13).

Figure 12a: Timeliness* of the 2nd dose of 
measles-mumps-rubella vaccine (MMR2) due at 
48 months, Australia, by Indigenous status
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Figure 12b: Timeliness* of the 2nd dose of 
measles-mumps-rubella vaccine (MMR2) due at 
18 months, Australia, by Indigenous status
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Trends in timeliness of the 3rd dose of PCV and 
the 1st dose of MMR vaccine by Indigenous status 
are provided in Figures 14 and 15. Timeliness for 
the 3rd dose of PCV improved marginally over 
time for non-Indigenous children, from 78% in 
the 2007 birth cohort to 80% in the 2012 birth 
cohort; however, no improvements were seen 
for Indigenous children (Figure 14). Timeliness 
for the 1st dose of MMR vaccine improved over 
time for non-Indigenous children, from 70.0% in 
the 2007 birth cohort to 75.0% in the 2012 birth 
cohort. Timeliness also improved marginally over 
time for Indigenous children, from 61.0% in the 
2007 birth cohort to 63.0% in the 2012 birth cohort 
(Figure 15).

Recommendation to give 1st dose of DTPa from 
6 weeks of age and the 4th dose of DTPa from 
3.5 years of age

In response to a pertussis epidemic, and to provide 
early protection to young infants, the Australian 
Technical Advisory Group on Immunisation 
(ATAGI) recommended in March 2009 that 
immunisation providers give the 1st dose of DTPa 
vaccine at 6 weeks of age instead of 8 weeks 
(2 months) of age. This was promoted in that 
year during epidemics in New South Wales and 
Tasmania and later in other jurisdictions. Prior to 
this, very few children received the vaccine dose at 
less than 8 weeks of age. Over the next few years the 
percentage rose and by late 2014 it was greater than 
70% in all jurisdictions except Western Australia 
and the Northern Territory (Figure 16).

ATAGI also recommended in October 2009 that 
the pre-school booster dose of DTPa-IPV could be 
given from 3.5 rather than 4 years of age. Take-up 
of this recommendation was slower, with no 
jurisdiction giving the vaccine in any great num-
bers at 3.5 to 4 years of age until November 2010 
(Figure 17). As at December 2014, more than 35% 
of children in three jurisdictions (the Australian 
Capital Territory, the Northern Territory and 
South Australia) were receiving the dose at 3.5 to 
4 years of age (Figure 17).

Figure 13: Vaccination delay for Indigenous 
children for the 3rd dose of pneumococcal 
conjugate vaccine, Australia, 2014, by state or 
territory
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Figure 15: Timeliness of the 1st dose of measles-
mumps-rubella vaccine, Australia, 2007 to 2012, 
assessed in 2014, by Indigenous status and year 
of birth
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Figure 14: Timeliness of the 3rd dose of 
pneumococcal vaccine, Australia, 2007 to 2012, 
assessed in 2014, by Indigenous status and year 
of birth
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Figure 16: Percentage of children who received their 1st dose of DTPa/Hexa vaccine at age 6 to < 8 
weeks, Australia, 2009 to 2014, by state or territory and month of receipt
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Figure 17: Percentage of children who received their 4th dose of DTPa/Hexa vaccine at age 3.5 years to 
< 4 years, Australia, 2009 to 2014, by state or territory and month of receipt
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Objection to vaccination and incomplete 
immunisation

Registered objection

The proportions of children with registered vacci-
nation objection status and no vaccines recorded 
on the ACIR, registered vaccination objection 
status and at least 1 vaccine recorded on the 
ACIR, no registered vaccination objection status 
and no vaccines recorded on the ACIR, and no 
registered vaccination objection status and not 
‘fully immunised’ by 24 months of age (partially 
immunised), for all jurisdictions and Australia, is 
shown in Table 10. Some of the children in the lat-
ter 2 groups may be incompletely immunised due 
to unregistered vaccine objection. Of the 4 groups, 
the largest is those without a registered objection 
and partially immunised.

The rate of registered objection in 2014 for 
Australia was 1.8%. This varied by jurisdiction 
with a high of 2.4% in Queensland and a low of 
1.1% in Tasmania.

The proportions of children with a registered 
objection to vaccination are presented by Statistical 
Area 3 (SA3) in Figure 18. The map shows pock-
ets of high levels of registered objection in 2014, 

particularly in coastal areas of northern and south-
east Queensland, northern New South Wales, the 
Adelaide Hills and the Margaret River/Busselton 
region. These areas have had consistently high 
levels of registered objection over many years.

Partially immunised children

The percentage of partially immunised children 
(excluding those with a registered vaccination 
objection) who were up-to-date in 2014 for specific 
vaccines due by 24 months of age is shown in 
Table  1, by jurisdiction. The vaccines that partially 
immunised children were most commonly missing 
by 24 months of age were the 2nd dose of MMR 
and the dose of varicella (Table 11).

Human papillomavirus vaccine coverage

Vaccination coverage, as notified to the HPV 
Register, for dose 3 of the HPV vaccine for females 
and males aged 15 years in 2014 is shown in 
Table 12. For females in Australia, 73.4% com-
pleted a full course of the vaccine, up from 71.4% 
in 2013. Coverage varied by jurisdiction from a 
low of 67.7% in Tasmania to a high of 77.4% in 
Victoria in 2014. Coverage in all age groups was 
higher for earlier doses, as high as 87.0% for the 
1st dose in females aged 12–13 years (Figure 19). 

Figure 18: Proportion of children with recorded vaccination objection, Australia, 2014, by Statistical 
Area 3

Source: Australian Childhood Immunisation Register
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Coverage was higher in the younger age groups 
than the older age groups, with only 52.0% of 
females aged 20–26 years fully vaccinated. For 
males in Australia, 61.4% completed a full course 
of the vaccine. Coverage varied by jurisdiction 
from a low of 55.1% in Tasmania to a high of 
67.8% in Victoria in 2014 (Table 12). As with data 
for females, coverage in all age groups was higher 
for earlier doses, as high as 75.0% for the 1st dose 
in males aged 14–15 years (data not shown). HPV 
coverage by Indigenous status is not available due 
to limitations in Indigenous status reporting on 
the HPV Register.

Coverage in the elderly

According to a Newspoll Omnibus Survey, 73% of 
Australian adults aged 65 years or over had received 
an influenza vaccination in 2014 as at mid-June.

Provider type

GPs administer the large majority of immuni-
sations in Australia (Figure 20); the proportion 
given by GPs has increased over the past 12 years 
by almost 5% (data not shown). Regional differ-

Table 11: Percentage of partially immunised* children aged 2 years† who have received individual 
vaccines, Australia, 2014, by state or territory

State or territory
Aust.ACT NSW NT Qld SA Tas. Vic. WA

Total number of children 100 2,597 84 1,202 526 194 1,930 865 7,498
3 doses of diphtheria, tetanus, acellular pertussis 
vaccine

88.0 77.9 83.3 79.2 80.6 75.3 81.6 79.5 79.6

3 doses of polio vaccine 88.0 77.2 83.3 79.0 80.4 75.3 81.3 78.5 79.1
4 doses of Haemophilus influenzae type b vaccine 59.0 58.5 61.9 61.7 60.1 60.3 56.6 59.4 58.8
3 doses of hepatitis B vaccine 82.0 74.0 83.3 76.0 76.6 74.7 78.2 74.3 75.8
1 dose of meningococcal C conjugate vaccine 62.0 63.5 73.8 69.6 68.6 68.0 65.3 66.1 65.8
2 doses of measles, mumps, rubella vaccine 23.0 27.2 34.5 28.0 28.5 29.4 28.7 23.7 27.5
1 dose of varicella vaccine 25.0 27.1 21.4 21.3 25.3 26.8 26.3 23.0 25.3

* Record of at least 1 vaccine recorded on the Australian Childhood Immunisation Register, no recorded vaccination 
objection, and not ‘fully immunised’ by 24 months of age. ‘Fully immunised’ – 3 doses of a diphtheria-tetanus-acellular 
pertussis-containing vaccine, 3 doses of polio vaccine, 3 or 4 doses of PRP-OMP-containing Haemophilus influenzae 
type b vaccine or 4 doses of any other Haemophilus influenzae type b vaccine, 3 doses of hepatitis B vaccine, 2 doses of a 
measles-mumps-rubella-containing vaccine, 1 dose of varicella vaccine, and 1 dose of meningococcal C vaccine.

† Cohort born 1 October – 31 December 2012 and assessed in 2014.
Source: Australian Childhood Immunisation Register, data as at 31 March 2015.

Table 10: Percentage of children aged 2 years* with registered vaccination objection and whether no/
some vaccines recorded on the Australian Childhood Immunisation Register, Australia, assessed in 
2014, by state or territory

State or territory
Aus.ACT NSW NT Qld SA Tas. Vic. WA

Total number of children 1,273 22,002 737 13,716 4,383 1,270 17,280 7,334 67,995
Objection† and no vaccines recorded 1.0 1.0 0.6 1.7 1.4 0.7 1.0 1.3 1.2
Objection† and at least 1 vaccine recorded 0.6 0.4 0.6 0.7 0.7 0.4 0.6 0.8 0.6
No objection and no vaccines recorded 1.5 1.7 2.6 1.7 1.6 0.9 1.6 1.8 1.7
No objection and partially immunised‡ 6.9 9.9 9.2 7.4 9.8 12.5 9.2 9.7 9.2

* Cohort born 1 October – 31 December 2012 and assessed in 2014.
† Vaccination objection recorded on the Australian Childhood Immunisation Register.
‡ Record of at least 1 vaccine recorded on the Australian Childhood Immunisation Register, no recorded vaccination 

objection, and not ‘fully immunised’ by 24 months of age. ‘Fully immunised’ – 3 doses of a diphtheria-tetanus-acellular 
pertussis-containing vaccine, 3 doses of polio vaccine, 3 or 4 doses of PRP-OMP-containing Haemophilus influenzae 
type b vaccine or 4 doses of any other Haemophilus influenzae type b vaccine, 3 doses of hepatitis B vaccine, 2 doses of a 
measles-mumps-rubella-containing vaccine, 1 dose of varicella vaccine, and 1 dose of meningococcal C vaccine.

Source: Australian Childhood Immunisation Register, data as at 31 March 2015.
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ences are marked, with over 80% of immunisa-
tions administered by GPs in New South Wales, 
Queensland and Tasmania, and the majority of 
immunisations given by GPs in all other jurisdic-
tions except for the Northern Territory.

Mechanisms of reporting to the Australian 
Childhood Immunisation Register

The proportions of vaccinations on the ACIR 
lodged by electronic/online mechanisms versus 
non-electronic mechanisms by jurisdiction are 
shown in Figure 21. Most reporting in 2014 

Table 12: Coverage (%) for 3 doses of human papillomavirus vaccine for girls 15 years of age in 2011, 
2012, 2013 and 2014, and males age 15 years in 2014, by state or territory, Australia

State or territory
Aust.ACT NSW NT Qld SA Tas. Vic. WA

2011 74.2 74.5 87.0 72.4 68.0 66.5 76.5 64.6 72.9
2012 74.4 71.0 84.5 69.4 71.0 64.7 74.2 70.1 71.4
2013 74.0 68.6 81.4 71.0 72.4 64.1 75.2 71.2 71.4
2014 70.0 69.8 77.3 73.5 73.1 67.7 77.4 76.0 73.4
2014 males* 64.2 56.9 55.4 61.1 63.3 55.1 67.8 61.0 61.4

* Reflects male catch-up vaccination program 2013–2014. Routine immunisation ongoing at age 12–13 years.
Includes doses that comply with the recommended vaccine dosage and administration as per The Australian Immunisation 
Handbook (up to 3 doses administered at prescribed intervals).
Denominator data used is Australian Bureau of Statistics Estimated Resident Population on 2012 boundaries (final) as at 30 June 
in the relevant year.
Earlier coverage reports utilised interim Australian Bureau of Statistics Estimated Resident Population data. As a result, small 
changes in coverage rates may be apparent if compared with earlier reports.
Source: National Human Papillomavirus Vaccination Program Register, January 2016.

Figure 19: Human papillomavirus vaccination 
coverage for females, Australia, mid-2014, by 
dose number and age group
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19 January 2016.
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recorded on the HPV Register.
Source: National HPV Vaccination Program Register, 
June 2016.

Figure 20: Proportion of vaccinations on 
the Australian Childhood Immunisation 
Register given by provider type, January to 
December 2014, by state or territory, Australia
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occurred through electronic/online mechanisms, 
for all jurisdictions, with the proportion reported 
through this method varying from 96.3% in the 
Northern Territory to 84.6% in New South Wales.

Discussion

In 2014, ‘fully immunised’ coverage was higher than 
in 2013 nationally for children at 12 and 60 months 
of age (91.5% and 92.0% versus 90.8% and 91.2%, 
respectively) but lower for children at 24 months 
of age (86.8% versus 92.1%). However, this decline 
in coverage at the 24-month age milestone was 
predominantly a measurement artefact due to the 
immunisation coverage assessment algorithm for 
‘fully immunised’ at the 24-month milestone being 
amended in July 2014 to include a dose of meningo-
coccal vaccine, a dose of varicella vaccine and a 2nd 
dose of MMR vaccine.

Aside from minor fluctuations and the impact of 
changes to assessment algorithms, ‘fully immu-
nised’ coverage has been largely stable at the 12– 
and 24-month age milestones since late 2003. The 
more than 10 percentage points increase in cover-
age at 60 months of age since 2009 is likely due 
to a focus on improved timeliness of vaccination, 
facilitated by a change to the ACIR overdue rules 
in January 2009, where children became overdue 
for their pre-school boosters at 49 months of age 
instead of the previous 60 months. This change 
had an impact on eligibility for parent incentive 
payments and outcome payments for providers.

Coverage estimates for varicella vaccine and the 
2nd dose of MMR were substantially lower than for 
other vaccines included in the algorithm for ‘fully 
immunised’ at the 24-month milestone. Varicella 
vaccine coverage is probably lower due to both the 
shorter time it has been on the NIP and the age of 
administration (18 months). The 18-month schedule 
point was historically associated with lower coverage 
levels prior to 2003, when there was an 18-month 
pertussis booster, and there was a gap of over 2 years 
from 2003 to 2005 when no vaccine was adminis-
tered at 18 months. When we assessed varicella 
vaccine coverage at 60 months of age instead of 24 
months, we observed much higher estimates across 
all jurisdictions, ranging from 6.0 to 10.4 percentage 
points higher. We also found that national varicella 
vaccine coverage increased by 3.7 percentage points 
after the introduction of MMRV vaccine in mid-
2013, so further increases in coverage may occur 
as a result of this schedule change. For rotavirus 
vaccines, strict upper age limits for administration, 
which reduce the ability to receive late doses, are 
likely to explain lower coverage when compared to 
other vaccines assessed at 12 months of age. The 
implications of lower coverage for rotavirus and 
varicella vaccines also differ. In the case of rotavirus 
vaccine, coverage of 80% or greater has resulted in 
substantial herd immunity and decreases in rotavi-
rus hospitalisations in Australia and elsewhere.23,24 
In contrast, modelling studies suggest that low cov-
erage (70%–90%) with varicella vaccine may result 
in a shift of disease to older age groups with higher 
disease severity.25

Coverage for vaccines recommended for 
Indigenous children only (i.e. hepatitis A and a 
booster dose of pneumococcal vaccine) remained 
suboptimal in 2014. The extent of under-reporting 
to the ACIR for these vaccines is unknown but may 
be more than for universal vaccines, given the lack 
of incentive payments for notification to the ACIR. 
However, lower coverage for vaccines targeted at 
Indigenous people has been a relatively consistent 
finding using a range of different methods for both 
children26 and adults.27 Both a lack of provider 
knowledge about the recommendations for high-

Figure 21: Proportion of immunisations on the 
Australian Childhood Immunisation Register 
lodged by type of reporting mechanism, 
January to December 2014, by state or territory, 
Australia
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risk groups, and poor identification of Indigenous 
children by immunisation providers, are likely to 
be important contributing factors. While coverage 
for 2 doses of hepatitis A vaccine was only 63%, an 
additional 17% of Indigenous children received a 
single dose, which provides a protective antibody 
response in most children.28

Although most children eventually complete the 
scheduled vaccination series by the 24-month mile-
stone, many still do not do so in a timely manner. 
On-time vaccination for vaccines assessed at 12 and 
24 months of age in 2014 increased for Indigenous 
children but decreased for non-Indigenous chil-
dren. However, while the differential in on-time 
vaccination between Indigenous and non-Indige-
nous children in 2014 did improve marginally from 
2013, timeliness is still a significant problem for 
Indigenous children in Australia. Poorer timeli-
ness in Indigenous children aged 2 years of age has 
been noted previously.29 Timeliness continued to 
improve for vaccines due at 48 months of age and 
assessed at 60 months of age, for both Indigenous 
and non-Indigenous children. In 2014 more than 
70% of children in all jurisdictions except Western 
Australia and the Northern Territory received the 
1st dose of DTPa vaccine prior to 8 weeks of age, in 
line with recommendations encouraging early pro-
tection of young infants from pertussis infection.

Immunisation at the earliest appropriate age 
should be a public health goal for countries such 
as Australia where high levels of vaccine coverage 
at milestone ages have been achieved. This is espe-
cially so for the 2nd dose of the measles vaccine 
where vaccination delay has consistently been an 
issue. The change in scheduling of this dose to 
18 months of age that occurred in mid-2013 has led 
to an improvement in the timeliness of this dose 
but in non-Indigenous children only.

Analysis of ACIR data has demonstrated the rapid 
uptake by the population of new vaccines in the 
Australian setting, unlike some other developed 
countries.30,31 Only 1.8% of children are registered 
as having parental vaccination objection and some 
others are likely unvaccinated due to unregistered 
objection. However, incomplete immunisation is 
also often due to access and logistic issues. Further 
in-depth analysis and interpretation of the data about 
incompletely immunised children will be the subject 
of an upcoming National Centre for Immunisation 
Research and Surveillance of Vaccine Preventable 
Diseases report. Further vaccination coverage 
estimates in small areas have been provided by the 
National Health Performance Authority for children 
in 2013 to 2015.32

Coverage data for the HPV vaccine from the 
National HPV Vaccination Program Register 

reflect a successful school-based program with 
lower but still substantial coverage for the catch-up 
program in older females.33,34 The coverage 
achieved in the program has resulted in demon-
strable decreases in HPV prevalence in young 
women,36 and in genital warts37 and cervical abnor-
malities.38 Coverage achieved during the catch-up 
program for males aged 14–15 years in 2013 to 2014 
indicates that the vaccine is acceptable to most par-
ents of boys but that further work may be needed 
to normalise HPV vaccination for males and raise 
coverage to the same level as achieved in females. 
Ongoing routine HPV vaccination of both sexes, 
and a possible change to a 2-dose schedule for ado-
lescents aged under 15 years at 1st dose in future, 
as endorsed by the World Health Organization in 
2014,39 will hopefully facilitate further increases in 
HPV vaccine coverage.

Data provided in this report reflect continuing 
successful delivery of the NIP in Australia, while 
identifying some areas for improvement. Coverage 
for rotavirus vaccine, varicella vaccine and the 2nd 
dose of MMR vaccine is below that for other vac-
cines. Timeliness of vaccination could be improved, 
particularly for Indigenous children, and coverage 
for vaccines recommended only for Indigenous 
children is lower than for other vaccines.
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List of vaccine abbreviations

13vPCV 13-valent pneumococcal conjugate vaccine

23vPPV 23-valent pneumococcal polysaccharide vaccine

Comvax Haemophilus influenzae type b conjugate (meningococcal protein conjugate) and hepatitis B 
(recombinant) vaccine

dTpa diphtheria-tetanus-acellular pertussis (adults, adolescents and children aged ≥ 10 years 
formulation)

DTPa diphtheria-tetanus-acellular pertussis (children aged < 10 years formulation)

DTPa-IPV diphtheria-tetanus-acellular pertussis-inactivated poliovirus

Engerix-B recombinant DNA hepatitis B vaccine (paediatric formulation)

Flu influenza

H-B-VAX II hepatitis B (paediatric formulation)

Hep A hepatitis A

Hep B hepatitis B

Hib Haemophilus influenzae type b

HPV human papillomavirus

MMR measles-mumps-rubella

MMRV measles-mumps-rubella-varicella

PCV pneumococcal conjugate vaccine

PRP-OMP Haemophilus influenzae type b conjugate vaccine

VZV varicella-zoster virus
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Introduction

The Australian Government Department of 
Health established the OzFoodNet network 
in 2000 to collaborate nationally to investigate 
foodborne disease. In each Australian state and 
territory, OzFoodNet epidemiologists investi-
gate outbreaks of enteric infection. In addition, 
OzFoodNet conducts studies on the burden 
of illness and coordinates national investiga-
tions into outbreaks of foodborne disease. This 
quarterly report documents investigations of 
outbreaks of gastrointestinal illness and clusters 
of disease potentially related to food that com-
menced in Australia between 1 October and 
31 December 2014.

Data were received from OzFoodNet epidemiol-
ogists in all Australian states and territories. The 
data in this report are provisional and subject to 
change at any given time.

Summary

During the 4th quarter of 2014 (1 October to 
31 December), OzFoodNet sites reported 601 out-
breaks of enteric illness, including those trans-
mitted by contaminated food or water. Outbreaks 
of gastroenteritis are often not reported to health 
authorities, which results in current figures 
under-representing the true burden of enteric 
disease outbreaks within Australia. There were 

10,072 people affected in these outbreaks with 310 
hospitalisations and 35 deaths. This was similar 
to the number of people affected, hospitalised and 
who died compared with the 5-year average for 
the 4th quarter from 2009 to 2013 (9,665 affected; 
267 hospitalised; 31 deaths). The majority of 
reported outbreaks of gastrointestinal illness in 
Australia are due to person-to-person transmis-
sion. In this quarter, 78% of outbreaks (n=469) 
were due to transmission via this route (Table 1). 
This was lower than the same quarter in 2013 
(n=543) but slightly higher than the 5-year mean 
(4th quarter, 2009–2013) of 423 outbreaks due to 
person-to-person transmission. Of the reported 
person-to-person outbreaks this quarter, 53% (247 
outbreaks) occurred in aged care facilities and 32% 
(150 outbreaks) occurred in child care facilities.

Foodborne and suspected foodborne 
disease outbreaks

There were 54 outbreaks during this quarter 
where consumption of contaminated food was 
suspected or confirmed as being the primary 
mode of transmission (Table 1,  Appendix). There 
were 683 people affected by these outbreaks, with 
59 hospitalisations and 1 death reported. This was 
the highest number of foodborne and suspected 
foodborne disease outbreaks ever reported for a 
quarter by OzFoodNet (2001–2014). The second 
highest number was the 1st quarter in 2012 (n=51). 
The second highest number for the 4th quarter 

OzFOOdNet quarterly repOrt, 1 OctOber 
tO 31 december 2014
The OzFoodNet Working Group

Table 1: Outbreaks and clusters of gastrointestinal illness and number ill reported by OzFoodNet, 
1 October to 31 December 2014, by mode of transmission

Transmission mode
Number of outbreaks 

and clusters

Per cent of total 
outbreaks and 

clusters* Number ill
Foodborne and suspected foodborne 54 9 683
Suspected waterborne 1 < 1 6
Person-to-person 469 78 8,703
Unknown (Salmonella cluster) 9 1 82
Unknown (other or multiple pathogens) cluster 2 < 1 31
Unknown 66 11 567
Total 601 100 10,072

* Percentages do not add to 100 due to rounding.



E92 CDI Vol 41 No 1 2017

Quarterly reports OzFoodNet

was in 2009 (n=49). These figures are more than 
double the number of foodborne outbreaks that 
were reported in the 3rd quarter of 2014 (n=25) 
and a 46% increase on the 5-year mean for the 4th 
quarter between 2009 and 2013 (n=37). Despite 
the increased total number of outbreaks, the total 
number of people affected (n=682) was only 65% 
of that for the same quarter in 2013 (n=1,044). 
A limitation of the outbreak data provided by 
OzFoodNet sites for this report was the potential 
for variation in the categorisation of the features 
of outbreaks depending on circumstances and 
investigator interpretation. Hence, changes in the 
number of foodborne outbreaks should be inter-
preted with caution.

Salmonella Typhimurium was identified as or sus-
pected to be the aetiological agent in 41% (22/54) 
of foodborne or suspected foodborne outbreaks 
during this quarter, a higher proportion than 
the number from the same quarter in 2013 (27%; 
10/37). The aetiological agents for the remaining 
outbreaks during this quarter included: noro-
virus (8 outbreaks); ciguatoxin (6 outbreaks); 
Salmonella Chester (2 outbreaks); Staphylococcus 
aureus (2 outbreaks); and Salmonella Singapore, 
Clostridium perfringens, C. bifermentans, 
Cryptosporidium and Campylobacter (1 outbreak 
each). For 9 outbreaks, the aetiological agent was 
unknown.

Approximately 54% (29/54) of all the foodborne 
or suspected foodborne outbreaks reported in 
this quarter were associated with food prepared 
in restaurants (Table 2), which was higher than 

the average percentage of foodborne or suspected 
foodborne outbreaks associated with restaurants in 
the 4th quarter from 2009 to 2013 (39%).

To investigate these outbreaks, OzFoodNet sites 
conducted 9 cohort studies, 3 case control stud-
ies and collected descriptive case series data for 
36 investigations. No individual patient data were 
collected for 6 outbreaks. The evidence used to 
implicate food vehicles included the following: 
analytical evidence in 10 outbreaks; microbiologi-
cal evidence in 14 outbreaks; descriptive evidence 
in 29 outbreaks; and both analytical and microbio-
logical evidence in 1 outbreak. Of the 25 confirmed 
foodborne outbreaks for which an analytical and/
or a microbiological link to a food vehicle was 
established, S. Typhimurium was the aetiological 
agent for 36% (9/25).

The following jurisdictional summaries describe 
key outbreaks and public health actions that 
occurred during the quarter.

Australian Capital Territory

During this quarter, the Australian Capital 
Territory reported 1 outbreak of foodborne or 
suspected foodborne illness. The aetiological agent 
identified was S. Typhimurium phage type (PT) 
135, with multi-locus variable number tandem 
repeat analysis (MLVA) profile 03-17-09-11-523.

Description of key outbreak

Three people became ill after drinking eggnog 
made with raw egg at a Christmas luncheon in 
a private residence. Two of the 3 cases were con-

Table 2: Outbreaks of foodborne or suspected foodborne disease and number ill reported by 
OzFoodNet, 1 October to 31 December 2014, by food preparation setting

Food preparation setting Outbreaks
Per cent of foodborne 

outbreaks* Number ill
Restaurant 29 54 405
Primary produce 7 13 23
Private residence 5 9 33
Commercial caterer 4 7 105
Aged care 2 4 13
Camp 1 2 30
Takeaway 1 2 26
Other 1 2 16
Bakery 1 2 13
Community 1 2 5
Fair/festival/mobile service 1 2 4
Total 54 100 683

* Percentages may not add to 100 due to rounding.
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firmed positive with S. Typhimurium PT 135, 
MLVA 03-17-09-11-523; both of whom presented to 
an emergency department, resulting in 1 hospital 
admission. The median incubation period was 
19 hours. The eggs used in the drink were com-
mercially produced free range eggs. Four leftover 
eggs from the implicated carton tested negative for 
Salmonella.

New South Wales

There were 11 outbreaks of foodborne or sus-
pected foodborne illness reported in New South 
Wales during this quarter. S. Typhimurium was 
the aetiological agent identified for 9 outbreaks. 
Sta. aureus was the aetiological agent identified 
in 1 outbreak, and for 1 outbreak the aetiological 
agent was unknown.

Description of key outbreaks

In October 2014, an outbreak of acute gastroin-
testinal illness was investigated in 27 members of 
a tour group: 11 showed symptoms of diarrhoea 
and vomiting (all without fever); and 4 were 
hospitalised. The group had flown to New South 
Wales from the Gold Coast in Queensland that 
morning and had consumed restaurant-pre-
pared sushi rolls prior to their departure. Onset 
of symptoms began 4 hours after consumption 
and all cases developed vomiting within 10 to 
20 minutes of each other. All symptoms ceased 
within 8.5 hours. Three stool samples tested pos-
itive for Sta. aureus enterotoxin. Environmental 
health officers from Queensland conducted an 
inspection of the restaurant and detected hygiene 
deficits. Hand washing was only performed with 
hand sanitiser and not with soap and water. 
Surfaces and utensils also showed inadequate 
cleaning and sanitising. Swabs of kitchen surfaces 
were positive for Sta. aureus and Bacillus cereus 
but boiled rice tested negative for the pathogens. 
Contaminated sushi from the restaurant was the 
likely source of illness for this outbreak.

In November, 35 of 75 people developed gastro-
enteritis 24 hours after consuming a meal at a 
sports club. The food was prepared by a catering 
company. Ten stool samples were positive for 
S. Typhimurium MLVA 03-12-11-14-523. All 
cases reported consuming lamb ragout. Health 
authorities inspected the caterers and found that 
leftovers at the venue, a sample of cooked pork, 
and a floor swab of the cool room were all positive 
for S. Typhimurium MLVA 03-12-11-14-523. It 
remains unclear how the food became contam-
inated as the cooking step of the dishes served 
should have been sufficient to kill any Salmonella 
present at that stage. The contamination is sus-
pected to be due to post cooking cross-contami-

nation of the batch served to this sports club. The 
same product served to other groups did not cause 
any illness.

Northern Territory

There were 4 outbreaks of suspected foodborne 
illness reported in the Northern Territory during 
this quarter. No aetiological agent was identified 
for any of these outbreaks.

Queensland

There were 15 outbreaks of foodborne or suspected 
foodborne illness reported in Queensland during 
this quarter. The aetiological agents identified 
were: ciguatoxin (6 outbreaks); S. Typhimurium 
(4 outbreaks); S. Chester (2 outbreaks); and 
C. bifermentans and Sta aureus (1 outbreak each). 
The remaining outbreak had an unknown aetiology.

Description of key outbreaks

Three separate outbreaks of S. Typhimurium PT 
U307 MLVA 03-12-11-12-524 were reported in 
December 2014 affecting at least 28 people (23 lab-
oratory-confirmed). All 3 outbreaks occurred in 
restaurant settings (Brisbane and the Gold Coast). 
Traceback investigations identified that eggs sup-
plied to the restaurants were obtained from the 
same egg producer. Following an investigation 
of the implicated egg farm, the same Salmonella 
strain (MLVA 03-12-11-12-524) found in the cases, 
was also identified in samples of used chicken feed 
and drag swabs. This strain was also detected in 
the implicated eggs sampled from a retail store. 
A voluntary trade level recall was subsequently 
undertaken by the egg producer.

Two outbreaks of S. Chester were investigated 
during the quarter that affected at least 9 people. 
In both outbreaks, the cases were from an African 
community and the consumption of lamb offal 
was reported. The first outbreak involved 3 cases 
who developed illness following a church function. 
One case was hospitalised as a result of their infec-
tion. The suspect meal was a stew made from lamb 
intestine, tripe, kidney and liver that was shared 
among attendees. In the 2nd outbreak, 6 cases 
(4 laboratory-confirmed) reportedly consumed a 
lamb intestine dish that had been prepared at a 
private residence for a function. Three cases were 
hospitalised. Poor food handling and temperature 
abuse were suspected to have contributed to both 
outbreaks. Following these outbreaks, health 
authorities contacted community leaders to pro-
vide food safety advice to the African community. 
OzFoodNet has only previously investigated 
2 other S. Chester outbreaks, 1 in 2009 associated 



E94 CDI Vol 41 No 1 2017

Quarterly reports OzFoodNet

with fresh chillies used to make chilli sauce, and 
no food vehicle was determined for the other out-
break in 2004.

South Australia

There were 7 outbreaks of foodborne or suspected 
foodborne illness reported in South Australia 
during this quarter. The aetiological agents 
identified were S. Typhimurium in 5 outbreaks 
and Campylobacter in 1 outbreak. The remaining 
outbreak had an unknown aetiology.

Description of key outbreaks

Four Salmonella outbreaks were linked to restau-
rants in Adelaide affecting a total of 36 people in 
October and December 2014. In 1 café outbreak 
reported in December, 11 cases were positive for 
S. Typhimurium PT 9 MLVA 03-14-06-12-550, 
including 4 hospitalisations. Environmental inves-
tigations of the food premises identified a number 
of food handling and preparation practices that 
could have contributed to the outbreak. A raw 
egg aioli made at the café tested positive for the 
same Salmonella strain identified in the cases. The 
investigation also reported that the egg brand used 
in this café was the same as that found in another 
café with a concurrent outbreak under investiga-
tion. In this outbreak, 7 cases of S. Typhimurium 
PT 9 MLVA 03-15-06-12-550 were identified in 
individuals who had eaten at the second café over 
a 4-day period. No common food item was con-
sumed by all cases at the café. The MLVA profile 
of cases from both outbreaks was closely related 
with only one repeat difference at the third locus. 
Food samples taken from the second café were 
negative for Salmonella. An inspection at the egg 
processing plant demonstrated appropriate food 
safety practices. Advice was provided to the staff 
and owner of the second café on the production, 
storage and handling of raw egg products.

An outbreak of campylobacteriosis was investigated 
after 3 children who ate at a hotel on the same 
evening developed gastroenteritis. A case control 
study was conducted by contacting individuals on 
the booking list from the hotel. Twenty-two people 
reported having diarrhoea after the event and 5 tested 
positive for Campylobacter. A multivariate analysis 
indicated consumption of freshly cooked prawns 
was significantly associated with diarrhoeal illness 
(adjusted odds ratio (aOR) 8.5, 95% confidence 
interval (CI) 2.6–27.9, P < 0.005). An additional 
case of campylobacteriosis was reported from an 
individual who ate at the hotel the following night. 
An environmental inspection was conducted and no 
issues were identified at the premises. A trace-back 
indicated that the batch of prawns used at the hotel 
was distributed to other food businesses, but there 

were no reports of cases associated with any other 
premises. No sporadic cases of campylobacteriosis 
interviewed concurrently with the outbreak reported 
consuming prawns.

Tasmania

One outbreak of suspected foodborne illness 
was reported in Tasmania during this quarter. 
Norovirus was identified as the aetiological agent.

Description of key outbreak

An outbreak was investigated in November 
following reports of illnesses among a group of 
interstate visitors. Nine cases of gastroenteritis 
were identified among the 18 persons who could 
be contacted. Six people could not be contacted. 
The majority of the cases were female (78%) with 
a median age of 73 years. Diarrhoea and vomit-
ing were experienced by 89% of the cases. Other 
symptoms reported included: lethargy (85%); fever 
(75%); nausea (63%); abdominal pain (57%); and 
headaches (33%). Onsets occurred between 8 and 
10 November 2014. The median duration of illness 
was 36 hours. Three specimens were collected, 
with 2 being positive for norovirus. Four cases were 
admitted to hospital. A cohort study was conducted 
as part of the investigation. Fruit salad eaten at a 
dinner held on 7 November was the only statisti-
cally significant food item in the analysis (risk ratio 
(RR) 3.3, CI 1.2–9.5, P < 0.005). However, 3 cases 
did not report eating this food item. This finding 
appeared unlikely to explain all illnesses, and may 
have been a chance finding among many exposures 
in a relatively small cohort. No other exposure had 
a statistically significant positive association with 
illness. Inconspicuous environmental contamina-
tion at one or more sites to which the group was 
exposed early in the tour remains a possible source 
of the outbreak. The environmental investigation 
identified that the rain water supply at the busi-
ness where guests stayed for the majority of their 
tour was insufficiently managed and operating 
in contravention of the Private Water Supply pro-
visions of the Public Health Act 1997. Immediate 
guidance was provided to the business on how to 
manage and treat the tank water supply to ensure 
potability. This matter was managed separately 
to the outbreak investigation by the local council 
environmental health officer. The result of the epi-
demiological study showed no association between 
the consumption of this water and the develop-
ment of illness. No definitive source of illness was 
identified for the outbreak.

Victoria

There were 11 outbreaks of foodborne or suspected 
foodborne illness reported in Victoria during this 
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quarter. The aetiological agents were identified 
as: norovirus (5 outbreaks); S. Typhimurium 
(2 outbreaks); and S. Singapore, C. perfringens, and 
Cryptosporidium (1 outbreak each). The aetiology 
for the remaining outbreak was unknown.

Description of key outbreaks

Two cases of haemolytic uraemic syndrome (HUS) 
were reported by 2 metropolitan hospitals on the 
same day in late October. The cases were both 
young children who lived in neighbouring suburbs. 
Investigation of both cases revealed that they had 
consumed the same brand of ‘bath milk’, which is 
unpasteurised cow’s milk, not intended for human 
consumption. A 3rd case of HUS, notified earlier 
in the year had also reported consuming the same 
brand of unpasteurised milk. One of the HUS cases 
was also confirmed with cryptosporidiosis, so an 
investigation of recently notified cases of crypto-
sporidiosis living in the same geographical location 
as the HUS cases commenced. Twelve cases of 
cryptosporidiosis were identified for follow up and 
11 were interviewed. Two of these cases reported 
consuming the same brand of unpasteurised milk 
as the HUS cases in their incubation period. Onset 
dates for these 2 cases of cryptosporidiosis and the 
2 recent HUS cases were within 10 days of each 
other. This outbreak investigation led to the intro-
duction of tighter controls around the sale of unpas-
teurised milk sold for cosmetic purposes in Victoria, 
as detailed in the comments section below.

Five people from 2 separate groups who had eaten 
food from the same café in October were reported 
to be ill. The groups had eaten 1 day apart and 
both groups reported consumption of fried chicken 
and beef wraps. An investigation commenced in 
conjunction with the local government health 
department. The initial cases were subsequently 
confirmed with S. Singapore. No booking list 
was kept at the café so case finding was limited to 
self-reported illness to the council or the depart-
ment and detection of cases of S. Singapore in the 
notifiable diseases surveillance system. A total of 
15 cases of illness were identified in people who 
consumed food from the café on 1 of 5 consecu-
tive days in October. Eight of the 15 cases were 
confirmed with S. Singapore. Fourteen cases 
consumed a beef wrap and for 3 of the cases, it was 
the only food item consumed from the café during 
the outbreak period. Despite a thorough inves-
tigation of the preparation method and source of 
ingredients for the beef wraps, it was not possible 
to identify the exact means by which they became 
contaminated. However, the council identified 
several cleanliness issues during their investigation 
and a possible explanation was that a raw ingre-
dient used in the wraps, such as a fresh herb, was 
cross contaminated during preparation.

Western Australia

There were 4 outbreaks of foodborne or suspected 
foodborne illness reported in Western Australia 
during this quarter. The aetiological agents 
were identified as norovirus in 2 outbreaks and 
Salmonella Typhimurium in 1 outbreak. The aeti-
ology for the remaining outbreak was unknown.

Description of key outbreaks

In December 2014, gastroenteritis was reported 
among attendees of a graduation dinner at a 
restaurant. Interviews were conducted with 40 of 
48 attendees and 21/40 reported diarrhoea and/or 
vomiting after the event. The median incubation 
period was 36 hours (range 12 to 53 hours) and the 
median duration of illness was 2 days (range 1 to 
5 days). One faecal specimen was positive for noro-
virus. Food was served as a buffet, which included 
hot pasta dishes, salads, roast potatoes and roast 
beef, and several desserts. Consumption of salads 
was statistically associated with illness (odds ratio 
(OR) 7.35, CI 1.3–42.4, P=0.03). There were 
no reports of staff illness prior to the meal. The 
evidence suggests the outbreak was due to salad(s) 
contaminated with norovirus, but the source of the 
norovirus was unknown.

Cases of gastroenteritis were reported following 
a function at a bowling club in December 2014. 
Nineteen of the 60 attendees were interviewed, with 
13 reporting illness. Symptoms reported included 
diarrhoea (100%), abdominal pain (92%) and 
vomiting (8%) with a median incubation period 
of 12 hours and median duration of diarrhoea of 
11 hours. No faecal specimens were tested, but the 
characteristics were suggestive of C. perfringens food 
poisoning. Food had been prepared by a caterer and 
included roast meats salads and several desserts. The 
result of the analytical study found a statistical asso-
ciation between eating roast meats and becoming 
ill (OR not defined, CI 1.65–not defined, P = 0.015. 
The OR and upper CI were undefined because all 
the cases ate the roast meats. The local government 
conducted the environmental health investigation of 
the food business and at the time of the investiga-
tion, the food business could not provide evidence of 
safe food handling, processing and hygiene.

Comments

Whilst the sale of unpasteurised (raw) cow’s milk 
for human consumption is illegal in all states and 
territories of Australia, a niche market existed 
in 2014 selling raw milk for cosmetic use, often 
labelled as ‘bath milk’. Raw milk can contain a 
number of disease-causing pathogens, including 
Campylobacter and Salmonella species, Listeria 
monocytogenes, Shiga toxin-producing Escherichia 
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coli, Cryptosporidium, and Sta. aureus.1 Following 
the outbreak reported above, in February 2015, 
Dairy Food Safety Victoria (DFSV) introduced 
a new licence condition for the Victorian dairy 
industry, stating that ‘any licence holders who 
intend to sell, deliver or supply milk or milk prod-
ucts not intended for human consumption must 
advise DFSV and obtain approval of the proposed 
treatment of these products to ensure they are 
clearly differentiated from dairy food.2

Cluster investigations

OzFoodNet sites conducted investigations into 
11 clusters of infection during this quarter. No 
common food vehicle or source of infection could 
be identified. Aetiological agents identified during 
the investigations were: S. Typhimurium (7 clus-
ters); S. Bovismorbificans, S. Saintpaul, Clostridium 
perfringens (1 cluster each); and a cluster with 
multiple aetiological agents detected (norovirus, 
astrovirus, sapovirus, and Campylobacter).
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national notifiable Diseases surveillance 
system, 1 october to 31 December 2016
A summary of diseases currently being reported by each jurisdiction is provided in Table 1. There were 
69,209 notifications to the National Notifiable Diseases Surveillance System (NNDSS) between 1 October 
and 31 December 2016 (Table 2). The notification rate of diseases per 100,000 population for each state or 
territory is presented in Table 3.

Table 1:  Reporting of notifiable diseases by jurisdiction

Disease Data received from:
Bloodborne diseases
Hepatitis (NEC) All jurisdictions
Hepatitis B (newly acquired) All jurisdictions
Hepatitis B (unspecified) All jurisdictions
Hepatitis C (newly acquired) All jurisdictions
Hepatitis C (unspecified) All jurisdictions
Hepatitis D All jurisdictions
Gastrointestinal diseases
Botulism All jurisdictions
Campylobacteriosis All jurisdictions except New South Wales
Cryptosporidiosis All jurisdictions
Haemolytic uraemic syndrome All jurisdictions
Hepatitis A All jurisdictions
Hepatitis E All jurisdictions
Listeriosis All jurisdictions
Paratyphoid All jurisdictions
Shiga toxin/verotoxin-producing Escherichia coli All jurisdictions
Salmonellosis All jurisdictions
Shigellosis All jurisdictions
Typhoid fever All jurisdictions
Quarantinable diseases
Avian influenza in humans All jurisdictions
Cholera All jurisdictions
Middle East respiratory syndrome coronavirus All jurisdictions
Plague All jurisdictions
Rabies All jurisdictions
Severe acute respiratory syndrome All jurisdictions 
Smallpox All jurisdictions
Viral haemorrhagic fever All jurisdictions
Yellow fever All jurisdictions
Sexually transmissible infections
Chlamydial infection All jurisdictions
Donovanosis All jurisdictions
Gonococcal infection All jurisdictions
Syphilis < 2 years duration All jurisdictions 
Syphilis > 2 years or unspecified duration All jurisdictions
Syphilis - congenital All jurisdictions
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Disease Data received from:
Vaccine preventable diseases
Diphtheria All jurisdictions
Haemophilus influenzae type b All jurisdictions
Influenza (laboratory confirmed) All jurisdictions
Measles All jurisdictions
Mumps All jurisdictions
Pertussis All jurisdictions
Pneumococcal disease – invasive All jurisdictions
Poliovirus infection All jurisdictions
Rubella All jurisdictions
Rubella - congenital All jurisdictions
Tetanus All jurisdictions

Varicella zoster (chickenpox) All jurisdictions except New South Wales
Varicella zoster (shingles) All jurisdictions except New South Wales
Varicella zoster (unspecified) All jurisdictions except New South Wales
Vectorborne diseases
Barmah Forest virus infection All jurisdictions
Chikungunya virus infection All jurisdictions except Australian Capital Territory
Dengue virus infection All jurisdictions
Flavivirus infection (unspecified) All jurisdictions
Japanese encephalitis virus infection All jurisdictions
Malaria All jurisdictions
Murray Valley encephalitis virus infection All jurisdictions
Ross River virus infection All jurisdictions
West Nile/Kunjin virus infection All jurisdictions
Zoonoses
Anthrax All jurisdictions
Australian bat lyssavirus infection All jurisdictions
Brucellosis All jurisdictions
Leptospirosis All jurisdictions
Lyssavirus infection (NEC) All jurisdictions
Ornithosis All jurisdictions
Q fever All jurisdictions
Tularaemia All jurisdictions
Other bacterial infections
Legionellosis All jurisdictions
Leprosy All jurisdictions
Meningococcal infection – invasive All jurisdictions
Tuberculosis All jurisdictions

NEC Not elsewhere classified.

Table 1 continued:  Reporting of notifiable diseases by jurisdiction
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Table 3:  Notification rates of diseases, 1 October to 31 December 2016, by state or territory. 
(Annualised rate per 100,000 population)*,†

Disease

State or territory
Aust.ACT NSW NT Qld SA Tas. Vic. WA

Bloodborne diseases
Hepatitis (NEC) 0 0 0 0 0 0 0 0 0

Hepatitis B (newly acquired)‡ 0 0.3 0 0.8 0.5 0 0.9 0.9 0.6
Hepatitis B (unspecified)§ 21.5 28 37.6 22 13.4 7 25.6 22.9 24.1
Hepatitis C (newly acquired)‡ 3.1 0.1 1.6 8.2 1.9 5.4 1.7 4.3 2.9
Hepatitis C (unspecified)§ 27.6 58.8 88.3 47.6 18.6 53.4 37.4 42.6 46.2
Hepatitis D 0 0.3 0 0.3 0.5 0 0.2 0 0.2
Gastrointestinal diseases
Botulism 0 0 0 0 0 0 0 0 0
Campylobacteriosis 171.9 NN 139.1 170.4 275.2 172.6 165.8 145.9 175.4
Cryptosporidiosis 12.3 18.8 37.6 24.7 8.2 6.2 12 5.1 15.8
Haemolytic uraemic syndrome 0 0.1 0 0 0 0.8 0 0.3 0.1
Hepatitis A 0 0.7 0 0.7 0.7 0 0.8 0.6 0.7
Hepatitis E 1 0.2 0 0.2 0.2 0 0.3 0 0.2
Listeriosis 0 0.3 0 0.3 0.5 0 0.6 0 0.4
Paratyphoid 2 0.2 1.6 0.2 0.2 0 0.5 0 0.3
STEC|| 0 1.8 3.3 0.3 18.1 1.5 0.8 2 2.4
Salmonellosis 51.1 50.1 255.2 89.9 71.6 39.5 59.4 77.5 66.8
Shigellosis 1 4.1 63.8 5.9 1.6 3.1 9.4 3.2 6.1
Typhoid fever 2 0.4 0 0.3 0.7 0 0.4 0.5 0.4
Quarantinable diseases
Avian influenza in humans 0 0 0 0 0 0 0 0 0
Cholera 0 0 0 0 0 0 0.1 0 0
Middle East respiratory syndrome coronavirus 0 0 0 0 0 0 0 0 0
Plague 0 0 0 0 0 0 0 0 0
Rabies 0 0 0 0 0 0 0 0 0
Severe acute respiratory syndrome 0 0 0 0 0 0 0 0 0
Smallpox 0 0 0 0 0 0 0 0 0
Viral haemorrhagic fever 0 0 0 0 0 0 0 0 0
Yellow fever 0 0 0 0 0 0 0 0 0
Sexually transmitted infections
Chlamydial infection¶,** 302.8 334.6 1074.8 437 307 250.8 47.1 421.1 296.1
Donovanosis 0 0 0 0 0 0 0 0 0
Gonococcal infection** 57.3 94 703.5 95.5 55.3 19.4 71.8 138.2 94.8
Syphilis < 2 years duration** 2 9.1 124.3 12.3 5.4 2.3 15.6 11.6 12.3
Syphilis > 2 years or unspecified duration§,** 4.1 4.9 24.5 5.8 6.8 7 13.7 3.7 7.5
Syphilis – congenital 0 0 0 0 0 0 0 0 0
Vaccine preventable diseases
Diphtheria 0 0 0 0.3 0 0 0 0 0.1
Haemophilus influenzae type b 0 0.1 1.6 0.2 0 0 0 0 0.1
Influenza (laboratory confirmed) 124.8 194.2 356.6 341.2 729.1 150.2 178.7 154.3 253.3
Measles 2 0.4 0 0.7 0.5 0 0.1 1.1 0.5
Mumps 0 1.2 67.1 1.6 1.9 0 0.3 2 1.8
Pertussis 190.3 150.7 186.5 40.2 183.2 2.3 47.8 59.4 92.9
Pneumococcal disease – invasive 5.1 6.3 26.2 4.7 8.7 11.6 6.7 7.3 6.6
Poliovirus infection 0 0 0 0 0 0 0 0 0
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Disease

State or territory
Aust.ACT NSW NT Qld SA Tas. Vic. WA

Vaccine preventable diseases, cont’d
Rubella 0 0.1 0 0 0 0 0 0.2 0
Rubella – congenital 0 0 0 0 0 0 0 0 0
Tetanus 0 0 0 0.1 0 0 0 0 0
Varicella zoster (chickenpox) 35.8 NN 54 6.6 30.1 10.8 2.5 29.8 12.8
Varicella zoster (shingles) 67.5 NN 140.7 2 138.7 65 2.2 72.3 33.4
Varicella zoster (unspecified) 48.1 NN 0 154.7 26.6 25.5 0.3 61.8 60.5
Vectorborne diseases
Barmah Forest virus infection 0 0.4 6.5 4.2 0.5 0 0 0.6 1.1
Chikungunya virus infection 0 0.9 0 0.2 0.5 0 0.9 1.5 0.7
Dengue virus infection 4.1 5.2 22.9 4.2 4.5 3.1 3 10.7 5.1
Flavivirus infection (unspecified) 1 0.4 0 0.4 0 0 0 0.2 0.2
Japanese encephalitis virus infection 0 0 0 0 0 0 0 0 0
Malaria 2 0.9 6.5 1.3 0 1.5 1.6 1.4 1.2
Murray Valley encephalitis virus infection 0 0 0 0 0 0 0 0 0
Ross River virus infection 6.1 13.7 47.4 14.2 20.2 1.5 18.9 31.5 17.5
West Nile/Kunjin virus infection 0 0 0 0 0 0 0 0 0
Zoonoses
Anthrax 0 0 0 0 0 0 0 0 0
Australia bat lyssavirus infection 0 0 0 0 0 0 0 0 0
Brucellosis 0 0.1 1.6 0.2 0 0 0 0.3 0.1
Leptospirosis 0 0.1 1.6 0.8 0.2 0.8 0.4 0.6 0.4
Lyssavirus infection (NEC) 0 0 0 0 0 0 0 0 0
Ornithosis 0 0.4 0 0 0 0 0.1 0 0.2
Q fever 0 3.1 0 4.9 2.6 0 0.5 0.5 2.4
Tularaemia 0 0 0 0 0 0 0 0 0
Other bacterial diseases
Legionellosis 0 1.7 0 0.9 2.1 0.8 1.4 3.6 1.6
Leprosy 0 0.2 0 0.1 0 0 0 0.3 0.1
Meningococcal infection – invasive†† 0 0.8 1.6 1.3 1.6 0.8 2.4 1.5 1.4
Tuberculosis 3.1 8.4 6.5 4.6 4.9 2.3 6.9 6.5 6.6

* The date of diagnosis is the onset date or where the date of onset was not known, the earliest of the specimen collection 
date, the notification date, or the notification receive date. For hepatitis B (unspecified), hepatitis C (unspecified), leprosy, 
syphilis (> 2 years or unspecified duration) and tuberculosis, the public health unit notification receive date was used.

† Rate per 100,000 of population. Annualisation Factor was 4.0
‡ Newly acquired hepatitis includes cases where the infection was determined to be acquired within 24 months prior to 

diagnosis. Queensland began reporting hepatitis C newly acquired from 1 September 2016. Previous notifications are 
reported under hepatitis unspecified.

§ Unspecified hepatitis and syphilis includes cases where the duration of infection could not be determined or is greater than 
24 months.

|| Infection with Shiga toxin/verotoxin-producing Escherichia coli.
¶ Includes Chlamydia trachomatis identified from cervical, rectal, urine, urethral and throat samples, except for South 

Australia, which reports only cervical, urine and urethral specimens.
** The national case definitions for chlamydia, gonococcal and syphilis diagnoses include infections that may be acquired 

through a non-sexual mode (especially in children – e.g. perinatal infections, epidemic gonococcal conjunctivitis).
†† Only invasive meningococcal disease is nationally notifiable. However, New South Wales and the Australian Capital 

Territory also report conjunctival cases.
NEC Not elsewhere classified.
NN Not notifiable.

Table 3 continued:  Notification rates of diseases, 1 October to 31 December 2016, by state or territory. 
(Annualised rate per 100,000 population)*,†
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australian chilDhooD immunisation 
coverage, 1 July 2015 anD 30 June 2016 
cohort, assesseD as at 30 september 2016
Alexandra Hendry for the National Centre for Immunisation Research and Surveillance of Vaccine Preventable Diseases

Introduction

The National Centre for Immunisation Research 
and Surveillance of Vaccine Preventable Diseases 
(NCIRS) provides commentary on the trends in 
Australian Immunisation Register (AIR) data. 
For further information please contact NCIRS 
at: telephone +61 2 9845 1423, email: alexandra.
hendry@health.nsw.gov.au

Tables 1, 2 and 3 provide the latest rolling annual-
ised quarterly report on childhood immunisation 
coverage from the AIR.

The data show the percentage of all children 
‘fully immunised’ at 12 months, 24 months and 
60 months of age, for four 3-month birth cohorts 
of children assessed at the stated ages between 
1 July 2015 and 30 June 2016 using AIR data up 
to 30 September 2016. ‘Fully immunised’ refers to 
vaccines on the National Immunisation Program 
Schedule, but excludes rotavirus, and is outlined in 
more detail below.

‘Fully immunised’ at 12 months of age is defined 
as a child having a record on the AIR of 3 doses of 
a diphtheria (D), tetanus (T) and pertussis-con-
taining (P) vaccine, 3 doses of polio vaccine, 2 or 
3 doses of Haemophilus B conjugate (PRP-OMP) 
containing Haemophilus influenzae type b (Hib) 
vaccine or 3 doses of any other Hib vaccine, 
3 doses of hepatitis B vaccine, and 3 doses of 
13-valent pneumococcal conjugate vaccine. ‘Fully 
immunised’ at 24 months of age is defined as a 

child having a record on the AIR of 3 doses of a 
DTP-containing vaccine, 3 doses of polio vaccine, 
3 or 4 doses of PRP-OMP Hib, Infanrix Hexa or 
Hiberix vaccine (3 doses only of Infanrix Hexa 
or Hiberix if given after 11.5 months of age), 
or 4 doses of any other Hib vaccine, 3 doses of 
hepatitis B vaccine, 2 doses of a measles, mumps 
and rubella-containing (MMR) vaccine, 1 dose of 
meningococcal C vaccine, and 1 dose of varicella 
vaccine. ‘Fully immunised’ at 60 months of age is 
defined as a child having a record on the AIR of 
4 doses of a DTP-containing vaccine, 4 doses of 
polio vaccine, and 2 doses of an MMR-containing 
vaccine.

A full description of the basic methodology used 
can be found in Communicable Diseases Intelligence 
1998;22(3):36–37.

Results

The rolling annualised percentage of all children 
‘fully immunised’ by 12 months of age for Australia 
increased marginally from the previous report by 
0.2 of a percentage point to 93.2% (Table 1). All 
states and territories, except Tasmania, experi-
enced small increases in the percentage of children 
‘fully immunised’ by 12 months of age. Coverage 
for ‘fully immunised’ by 12 months of age is 
now greater than 93% in all jurisdictions, apart 
from Western Australia. Coverage for individual 
vaccines due by 12 months of age also remained 
greater than 93% in all jurisdictions.

Table 1.  Percentage of children immunised at 12 months of age for the birth cohort 1 July 2014 to 
30 June 2015, preliminary results, by disease and state or territory; assessment date 30 September 2016

Vaccine
State or territory

Aust.ACT NSW NT Qld SA Tas. Vic. WA
Total number of children 5,680 97,874 3,807 61,898 19,800 5,737 76,915 34,238 305,949
Diphtheria, tetanus, pertussis (%) 95.7 94.1 93.8 94.1 93.8 93.8 94.3 93.6 94.1
Poliomyelitis (%) 95.6 94.1 93.7 94.1 93.8 93.8 94.2 93.6 94.1
Haemophilus influenzae type b (%) 95.2 93.8 93.6 93.9 93.5 93.6 93.8 93.3 93.8
Hepatitis B (%) 95.6 94.0 94.0 94.2 93.7 93.9 94.1 93.3 94.0
Pneumococcal 95.5 93.7 93.7 93.9 93.5 93.7 93.8 93.2 93.7
Fully immunised (%) 94.9 93.2 93.2 93.5 93.1 93.3 93.2 92.7 93.2
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The rolling annualised percentage of all children 
‘fully immunised’ by 24 months of age for Australia 
increased by 0.4 percentage points to reach 91.1% 
(Table 2). Coverage for individual vaccines due 
by 24 months of age is now above 94.5% in all 
jurisdictions, except for the measles, mumps and 
rubella vaccine and varicella vaccine. Coverage for 
these antigens at 24 months of age have however 
continued to improve from the previous report with 
measles, mumps and rubella coverage increasing 
by 0.3 of a percentage point to 92.6% and varicella 
coverage also increasing by 0.3 of a percentage 
point to 92.7%.

The rolling annualised percentage of all chil-
dren ‘fully immunised’ by 60 months of age for 
Australia increased marginally from the previ-
ous report by 0.2 of a percentage point to 93.1% 
(Table 3). Coverage for individual vaccines due by 
60 months of age remained greater than 92% in all 
jurisdictions.

The Figure shows the trends in vaccination cov-
erage from the first published coverage estimates 
in 1997 to the current AIR estimates. Overall 
there is a clear trend of increasing vaccination 
coverage over time for children aged 12 months, 
24 months and 60 months (from December 2007). 

Coverage by 24 months did fall below the 12 and 
60 month coverage estimates following the change 
in the 24 month coverage assessment algorithm 
to include MMR dose 2 instead of MMR dose 
1, varicella dose 1, and meningococcal C dose 1. 
However, ‘fully immunised’ coverage by 24 months 
has been steadily increasing since this change and 
as at 30 June 2016 reached 91.9%, which was an 
increase of 0.6 of a percentage point from the 
previous quarterly report. A similar increase has 
been seen in the ‘fully immunised’ coverage by 
12 months of age, reaching 93.9% and the ‘fully 
immunised’ coverage by 60 months increased by 
0.4 of a percentage point to 93.4%.

Disclaimer

The National Centre for Immunisation Research 
and Surveillance of Vaccine Preventable Diseases 
is supported by the Australian Government 
Department of Health, the NSW Ministry of 
Health and The Children’s Hospital at Westmead. 
The opinions expressed in this paper are those of 
the authors, and do not necessarily represent the 
views of these agencies.

Table 2.  Percentage of children immunised at 24 months of age for the birth cohort 1 July 2013 to 
30 June 2014, preliminary results, by disease and state or territory; assessment date 30 September 2016

Vaccine
State or territory

Aust.ACT NSW NT Qld SA Tas. Vic. WA
Total number of children 5,697 99,525 3,566 62,419 19,993 5,923 77,228 34,259 308,610
Diphtheria, tetanus, pertussis (%) 97.1 95.7 96.1 95.8 96.0 96.3 96.3 95.9 96.0
Poliomyelitis (%) 97.1 95.7 96.0 95.8 95.9 96.4 96.2 95.9 95.9
Haemophilus influenzae type b (%) 95.9 94.7 95.1 95.2 95.0 95.4 95.4 94.9 95.1
Measles, mumps, rubella (%) 93.6 92.4 91.7 93.1 92.9 93.6 92.9 91.6 92.6
Hepatitis B (%) 96.9 95.5 96.3 95.7 95.7 96.3 96.1 95.6 95.8
Meningococcal C (%) 95.6 94.6 94.9 95.1 95.0 95.4 95.1 94.5 94.9
Varicella (%) 93.6 92.5 91.0 92.9 92.8 93.2 93.1 91.5 92.7
Fully immunised (%) 91.9 90.6 89.4 91.9 91.2 91.4 91.4 90.1 91.1

Table 3.  Percentage of children immunised at 60 months of age for the birth cohort 1 July 2010 to 
30 June 2011, preliminary results, by disease and state or territory; assessment date 30 September 2016

Vaccine
State or territory

Aust.ACT NSW NT Qld SA Tas. Vic. WA
Total number of children 5,577 101,428 3,552 65,148 20,148 6,269 76,256 34,587 312,965
Diphtheria, tetanus, pertussis (%) 94.0 94.0 93.1 93.6 93.3 94.7 94.2 92.2 93.7
Poliomyelitis (%) 94.1 94.1 93.2 93.6 93.3 94.7 94.2 92.2 93.8
Measles, mumps, rubella (%) 94.3 94.1 93.4 93.6 93.4 94.7 94.2 92.5 93.8
Fully immunised (%) 93.4 93.5 92.3 92.9 92.7 94.0 93.5 91.5 93.1
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Figure:  Trends in vaccination coverage, Australia, 1997 to 30 June 2016, by age cohorts
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australian gonococcal surveillance 
programme, 1 July to 30 september 2016
Monica M Lahra, Rodney P Enriquez, The Prince of Wales Hospital, Randwick, for The National Neisseria Network

Introduction

The National Neisseria Network (NNN), 
Australia comprises reference laboratories in each 
State and Territory that report data on sensitivity 
to an agreed group of antimicrobial agents for the 
Australian Gonococcal Surveillance Programme 
(AGSP). The antibiotics are penicillin, ceftriaxone, 
azithromycin and ciprofloxacin. These are current 
or potential agents used for the treatment of gon-
orrhoea. Azithromycin combined with ceftriaxone 
is the recommended treatment regimen for gonor-
rhoea in the majority of Australia. However, there 
are substantial geographic differences in suscepti-
bility patterns in Australia and in certain remote 
regions of the Northern Territory and Western 
Australia gonococcal antimicrobial resistance rates 
are low, and an oral treatment regimen compris-
ing amoxycillin, probenecid and azithromycin is 
recommended for the treatment of gonorrhoea. 

Additional data on other antibiotics are reported 
in the AGSP annual report. The AGSP has a pro-
gram-specific quality assurance process.

Results

A summary of the proportion of isolates with 
decreased susceptibility to ceftriaxone, and the 
proportion resistant to azithromycin, penicillin, 
and ciprofloxacin for the 3rd quarter of 2016 are 
shown in Table 1.

Ceftriaxone MIC values in the range 0.06–
0.125 mg/L have been reported by the AGSP in 
the category decreased susceptibility since 2005. 
There was no isolate with a ceftriaxone MIC value 
greater than 0.125 mg/L in this quarter. A sum-
mary of the proportion of isolates with decreased 
susceptibility to ceftriaxone for 2011 to 2015, and 
the first 3 quarters of 2016 is shown in Table 2.

Table 1: Gonococcal isolates showing decreased susceptibility to ceftriaxone and resistance to 
azithromycin, penicillin, and ciprofloxacin, Australia, 1 July to 30 September 2016, by state or 
territory

State or territory

Number 
of 

isolates 
tested

Decreased 
susceptibility Resistance

Ceftriaxone MIC  
≥0.06–0.125 mg/L

Azithromycin  
MIC ≥1.0 mg/L

Penicillin*  
MIC ≥1.0 mg/L

Ciprofloxacin  
MIC ≥1.0 mg/L

n % n % n % n %
Australian Capital 
Territory

32 0 0.0 1 3.1 4 12.5 3 9.4

New South Wales 532 23 4.3 32 6.0 272 51.1 172 32.3
Queensland 235 8 3.4 4 1.7 59 25.1 36 55.4
South Australia 65 0 0.0 5 7.7 28 43.1 36 55.4
Tasmania 5 0 0.0 1 20.0 2 40.0 2 40.0
Victoria 441 5 1.1 29 6.6 204 46.3 175 39.7
Northern Territory 
Urban & Rural

22 0 0.0 0 0.0 1 4.5 5 22.7

Northern Territory 
Remote

34 0 0.0 0 0.0 0 0.0 0 0.0

Western Australia 
Urban & Rural

168 3 1.8 19 11.3 26 15.5 38 22.6

Western Australia 
Remote

39 0 0.0 0 0.0 3 7.7 3 7.7

Australia 1,573 39 2.5 91 5.8 599 38.1 491 31.2

* Penicillin resistance includes MIC value of ≥1.0 mg/L, or penicillinase production.
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Ceftriaxone

In the 3rd quarter of 2016, the jurisdictions that 
reported isolates with decreased susceptibility to 
ceftriaxone were New South Wales, Queensland, 
Victoria, and urban/rural Western Australia.

Those Neisseria gonorrhoeae isolates that have 
decreased susceptibility to ceftriaxone and are 
penicillin and ciprofloxacin resistant are referred 
to as multidrug-resistant (MDR) for the purposes 
of the AGSP. From New South Wales there were 
23/532 strains with decreased susceptibility to cef-
triaxone and of those 10 (44%) were MDR, 17/23 
(74%) were from males and 8 (35%) were isolated 
from extragenital sites (rectal and pharyngeal). 
From Queensland, there were 8/235 strains with 
decreased susceptibility to ceftriaxone and of those 
8 (100%) were MDR, 7 (88%) were from males 
and 2 (25%) were from extragenital sites. From 
Victoria, there were 5/441 strains with decreased 
susceptibility to ceftriaxone and of those all were 
MDR, all were from males and none were isolated 
from extragenital sites. From urban/rural Western 
Australia there were 3/168 strains with decreased 
susceptibility to ceftriaxone and of those 2 (67%) 
were MDR, all were from males and 2 (67%) were 
isolated from an extragenital site.

Azithromycin

In the 3rd quarter of 2016, all states, with the 
exception of the Northern Territory and remote 
Western Australia, reported isolates with resist-
ance to azithromycin. Notably, the reported pro-
portion of N. gonorrhoeae isolates with resistance 
to azithromycin in South Australia for the 3rd 
quarter 2016 was 5/65 (7.7%). This was lower 
than that reported in the first 2 quarters of 2016: 
26/88 (29.5%) and 25/110 (22.7%) respectively; and 
compares with 7/251 (2.8%) for 2015. None of the 
South Australian strains had high level azithromy-
cin resistance (MIC ≥ 256 mg/L). Also of note, 
there was an increase in azithromycin resistance 
reported from urban/rural Western Australia, 
(11.3%) with 1 isolate being of high level resistance 
(MIC ≥ 256 mg/L).

Author details
Monica M Lahra
Rodney P Enriquez

The World Health Organisation Collaborating Centre for 
STD and Neisseria Reference Laboratory, South Eastern Area 
Laboratory Services, Prince of Wales Hospital, Randwick, 
New South Wales

Table 2: Percentage of gonococcal isolates with decreased susceptibility to ceftriaxone 
MIC 0.06-0.125 mg/L, Australia, 2011 to 30 September 2016

Ceftriaxone MIC 
mg/L 2011 2012 2013 2014 2015 2016 Q1 2016 Q2 2016 Q3

0.06 3.2% 4.1% 8.2% 4.8% 1.7% 1.5% 3.4% 2.2%
0.125 0.1% 0.3% 0.6% 0.6% 0.1% 0.0% 0.1% 0.3%
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the australian sentinel practices research 
network, 1 october to 31 December 2016
Monique B-N Chilver, Daniel Blakeley, Nigel P Stocks for the Australian Sentinel Practices Research Network

Figure 1: Consultation rates for influenza-
like illness, ASPREN, 1 January 2015 to 
31 December 2016, by week of report
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Introduction

The Australian Sentinel Practices Research 
Network (ASPREN) is a national influenza and 
infectious diseases surveillance system that is 
funded by the Australian Government Department 
of Health. ASPREN was established by the Royal 
Australian College of General Practitioners in 1991 
and is currently directed through the Discipline of 
General Practice at the University of Adelaide.

The network consists of general practitioners and 
nurse practitioners, Australia wide, who report 
syndromic presentations on a number of defined 
medical conditions each week. ASPREN was 
established in 1991 to provide a rapid monitoring 
scheme for infectious diseases that can inform 
public health officials of the epidemiology of pan-
demic threats in the early stages of a pandemic, as 
well as play a role in the evaluation of public health 
campaigns and research of conditions commonly 
seen in general practice. Reporters currently submit 
data via automated data extraction from patient 
records, web-based data collection or paper form.

In 2010, virological surveillance was established 
allowing ASPREN practitioners to collect nasal 
swab samples for laboratory viral testing of a pro-
portion of influenza-like illness (ILI) patients for 
a range of respiratory viruses including influenza 
A and influenza B. In 2016, practitioners are 
instructed to swab 20% of all patients presenting 
with an ILI.

The list of conditions reported is reviewed annu-
ally by the ASPREN management committee. 
In 2016, 4 conditions were being monitored. 
They included ILI, gastroenteritis and varicella 
infections (chickenpox and shingles). Definitions 
of these conditions are described in surveillance 
systems reported in CDI, published in Commun 
Dis Intell 2016;40(1):11.

Results

Sentinel practices contributing to ASPREN were 
located in all 8 states and territories in Australia. A 
total of 203 general practitioners regularly contrib-
uted data to ASPREN in the 4th quarter of 2016. 

Each week an average of 176 general practitioners 
provided information to ASPREN at an average 
of 13,435 (range 5,901 to 15,461) consultations per 
week and an average of 113 (range 51 to 151) noti-
fications per week (all conditions).

ILI rates reported from 1 October to 
31 December 2016 averaged 3.3 cases per 1,000 
consultations (range 1.6 to 6.4 cases). This was 
similar to the rates in the same reporting period in 
2015, which averaged 2.9 cases per 1,000 consulta-
tions (range 0.8 to 8.1 cases, Figure 1). Overall, ILI 
rates reported in 2016 were lower than in 2015.

The ASPREN ILI swab testing program contin-
ued in 2016 with 196 tests being undertaken from 
1 October to 31 December. The most commonly 
reported virus during this reporting period was 
rhinovirus (20.4% of all swabs performed), with 
the second most common virus being influenza 
A (11.2% of all swabs performed, Figure 2). It is 
important to note that virological data from week 
34 (week ending 4 September 2016) onwards is 
inclusive of data from the Sentinel Practitioners 
Network of Western Australia, who were formally 
merged into ASPREN.
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Figure 2: Influenza-like illness swab testing results, ASPREN, 1 January to 31 December 2016, by 
week of report
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Figure 3: Consultation rates for gastroenteritis, 
ASPREN, 2015 and 1 January to 
31 December 2016, by week of report
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Figure 4: Consultation rates for chickenpox, 
ASPREN, 2015 and 1 January to 
31 December 2016, by week of report
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In 2016, a total of 457 cases of influenza were 
detected with 362 of these typed as influenza A 
(20.8% of all swabs performed) and the remaining 
95 being influenza B (5.5% of all swabs performed) 
(Figure 2).

During this reporting period, consultation rates for 
gastroenteritis averaged 4 cases per 1,000 consulta-
tions (range 2.2 to 6.9 cases per 1,000, Figure 3). 
This was lower than the rates in the same report-
ing period in 2015 where the average was 5.7 cases 
per 1,000 consultations (range 3.2 to 8.1 cases).

Varicella infections were reported at a lower rate 
for the 4th quarter of 2016 compared with the same 
period in 2015. From 1 October to 31 December 
2016, recorded rates for chickenpox averaged 
0.1 case per 1,000 consultations (range 0.0 to 
0.4 cases, Figure 4).

In the 4th quarter of 2016, reported rates for shin-
gles averaged 1 case per 1,000 consultations (range 
0.4 to 2 cases, Figure 5). This was slightly lower 
than the rates in the same reporting period in 2015 
where the average shingles rate was 1.2 cases per 
1,000 consultations (range 0.4 to 1.8 cases).
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Figure 5: Consultation rates for shingles, 
ASPREN, 2015 and 1 January to 
31 December 2016, by week of report
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invasive pneumococcal Disease surveillance, 
1 october to 31 December 2016
Kate Pennington and the Enhanced Invasive Pneumococcal Disease Surveillance Working Group, for the Communicable 
Diseases Network Australia

Summary

The number of notified cases of invasive pneu-
mococcal disease (IPD) in the 4th quarter of 
2016 (n = 389) was less than the previous quarter 
(n = 643), but more than the number of notified 
cases in the 4th quarter of 2015 (n = 314). Overall, 
the decline in disease due to the serotypes targeted 
by the 13-valent pneumococcal conjugate vaccine 
(13vPCV) has been maintained across all age 
groups, since the 13vPCV replaced the 7-valent 
pneumococcal conjugate vaccine (7vPCV) in the 
childhood immunisation program from July 2011 
(Figure 1).

Key points

In the 4th quarter of 2016, there were 389 cases of 
IPD reported to the National Notifiable Diseases 
Surveillance System (NNDSS). This represented 
a 40% decrease compared with the 3rd quarter of 
2016 (n = 643) and a 23% increase when compared 
with the same period in 2015 (n = 314) (Table 1).

For the 2016 calendar year, there were 1,655 noti-
fied cases, which was 10% higher when compared 
with 2015 (n = 1,498). In the 4th quarter of 2016 
the most common pneumococcal serotypes caus-
ing IPD were 3 (11.3%), 19A (8.2%), 9N (8.0%) 
and 22F (7.2%) (Table 2). For the reporting 
quarter and 2016 calendar year, serotypes 3, 19A, 
9N and 22F were the most common serotypes, 
which together accounted for 32% of annual cases 
(523/1,655).In non-Indigenous Australians this 
quarter, the number of notified cases was highest 
in children aged less than 5 years and older adult 
age groups, especially those aged 60 years or over 
(Table 3). In Indigenous Australians, cases were 
highest in children aged less than 5 years and in 
the 40–44 years age group. The proportion of cases 
reported as Indigenous this quarter (11%; 42/389) 
was lower compared with what was observed in 
the 4th quarter of 2015 (17%; 53/314), and similar 
to the proportion reported in the 3rd quarter of 
2016 (12%; 74/643).

Figure 1: Notifications of invasive pneumococcal disease, Australia, 2002 to 2016, year and quarter, by 
vaccine serotype group
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Table 1: Notified cases of invasive pneumococcal disease, Australia, 1 October to 31 December 2016, by 
Indigenous status, serotype completeness and state or territory

Indigenous status ACT NSW NT Qld SA Tas. Vic. WA

Total 
4th 
qtr 

2016

Total 
3rd 
qtr 

2016

Total 
4th 
qtr 

2015

Year 
to 

date 
2016

Indigenous 0 4 13 6 2 0 1 16 42 74 53 174
Non-Indigenous 5 87 3 50 33 15 69 30 292 509 233 1,314
Not stated / Unknown 0 25 0 0 1 0 29 0 55 60 28 167
Total 5 116 16 56 36 15 99 46 389 643 314 1,655
Indigenous status completeness* (%) 100 78 100 100 97 100 71 100 86 91 91 90
Indigenous status completeness in 
targeted groups *† (%)

100 86 100 100 96 92 86 100 91 97 100 96

Serotype completeness‡ (%) 100 81 94 93 61 93 93 96 87 93 96 92

* Indigenous status completeness is defined as the reporting of a known Indigenous status, excluding the reporting of not 
stated or unknown Indigenous status.

† Targeted groups for follow-up by almost all jurisdictions and public health units are cases aged less than 5 years and 
50 years or over.

‡ Serotype completeness is the proportion of all cases of invasive pneumococcal disease that were reported with a serotype 
or reported as non-typable. Serotype incompleteness may include when no isolate was available as diagnosis was by 
polymerase chain reaction and no molecular typing was attempted or was not possible due to insufficient genetic material; 
the isolate was not referred to the reference laboratory or was not viable; typing was pending at the time of reporting, or no 
serotype was reported by the notifying jurisdiction to the National Notifiable Diseases Surveillance System.

Table 2: Distribution of serotypes causing invasive pneumococcal disease in notified cases, Australia, 
1 October to 31 December 2016, by age group

Serotype Vaccine type
Age groups

Serotype totalUnder 5 years 5–64 years Over 65 years
19F 7vPCV 2 9 7 18
4 7vPCV – 6 – 6
3 13vPCV non-7vPCV 9 16 19 44
19A 13vPCV non-7vPCV 8 14 10 32
7F 13vPCV non-7vPCV – 11 1 12
9N 23vPPV non-13vPCV 1 16 14 31
22F 23vPPV non-13vPCV 1 17 10 28
33F 23vPPV non-13vPCV 3 5 6 14
11A 23vPPV non-13vPCV 1 6 5 12
8 23vPPV non-13vPCV – 6 4 10
23A Non-vaccine type 1 7 15 23
23B Non-vaccine type 2 12 3 17
6C Non-vaccine type – 5 9 14
35B Non-vaccine type – 5 7 12
15A Non-vaccine type 2 3 7 12
15C Non-vaccine type 3 5 1 9
16F Non-vaccine type 1 3 1 5
31 Non-vaccine type – 3 2 5
Unknown – 14 25 12 51
Other – 5 18 11 34
Total 53 192 144 389

* Serotypes that only occur in less than 5 cases per quarter are grouped as ‘Other’ and include ‘non-typable’ isolates this 
quarter.

† ‘Serotype unknown’ includes those serotypes reported as ‘no isolate’, ‘not referred’, ‘not viable’, ‘typing pending’ and 
‘untyped’.



E116 CDI Vol 41 No 1 2017

Quarterly reports 

In children aged less than 5 years, there were 
53 cases of IPD reported, representing 14% of all 
cases reported in this quarter. The proportion of 
cases notified in this age group was similar in 
this reporting period when compared with the 
4th quarter of 2015 (13%; 40/314). Of those cases 
with a known serotype, 54% (21/39) were due to a 
serotype included in the 13vPCV compared with 
22% (36/40) of cases in the 4th quarter of 2015 
(Figure 2). Serotypes 3 and 19A were the most 
common serotypes affecting this age group in this 
quarter, noting that both of these serotypes are 
included in the 13vPCV (Table 2).

In the 4th quarter of 2016, there were 13 cases 
reported in fully vaccinated children aged less 
than 5 years who were considered to be 13vPCV 
failures. Serotype 3 (n=4) was the most common 
serotype associated with 13vPCV failure reported 
this quarter (n=7), followed by serotype 19A (n=4) 
(Table 4).

Among Indigenous Australians aged 50 years or 
over, there were 11 cases of IPD reported this quar-
ter. Of those cases with a reported serotype, whilst 
no particular serotype was dominant, 80% (8/10) 
were due to a serotype included in the 23-valent 
pneumococcal polysaccharide vaccine (23vPPV) 
(Figure 3). The number of notified cases of IPD 
in this age group were less than half of the num-
ber reported in the previous quarter (n=26) and 

Table 3: Notified cases of invasive pneumococcal 
disease, Australia, 1 October to 31 December 
2016, by Indigenous status and age group

Age 
group

Indigenous status

TotalIndigenous
Non-

Indigenous
Not 

reported*
0–4 6 46 1 53
5–9 2 5 4 11
10–14 1 3 1 5
15–19 5 2 2 9
20–24 1 1 1 3
25–29 1 1 3 5
30–34 6 3 9
35–39 3 7 4 14
40–44 9 9 6 24
45–49 3 12 7 22
50–54 1 20 3 24
55–59 4 23 3 30
60–64 2 31 3 36
69–69 2 25 6 33
70–74 1 27 5 33
75–79 19 4 23
80–84 19 19
85+ 1 35 36
Total 42 291 56 389

* Not reported is defined as not stated, blank or unknown 
Indigenous status.

Figure 2: Notifications and annual rates* of invasive pneumococcal disease in children aged less than 
5 years, Australia, 2007 to 2016, by vaccine serotype group
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the 4th quarter of 2015 (n=23). Compared with 
the previous quarter, the proportion of cases in 
this population group that were due to serotypes 
included in the 23vPPV increased markedly from 
63% to 80% among cases with a known serotype.

Among non-Indigenous Australians* aged 65 years 
or over there were 140 cases of IPD reported this 
quarter. The number of notified cases of IPD in 
this age group decreased by 40% when compared 
with the previous quarter (n=232) but was 25% 
higher than the number reported in the 4th quar-

* Non-Indigenous Australians includes cases reported as 
non-Indigenous, not stated, blank or unknown.

Table 4: Characteristics of 13vPCV failures in children aged less than 5 years, Australia, 1 October to 
31 December 2016

Age Indigenous status Serotype Clinical category Risk factor/s
10 months Non-Indigenous 3 Pneumonia Childcare attendee
1 year Non-Indigenous 19A Bacteraemia No data available
1 year Non-Indigenous 3 Pneumonia No data available
1 year Non-Indigenous 19A Pneumonia Childcare attendee
2 years Non-Indigenous 19F Bacteraemia No risk factor identified
2 years Indigenous 3 Pneumonia Other
2 years Non-Indigenous 14 Pneumonia and other (other sterile site) Childcare attendee
2 years Non-Indigenous 19A Pneumonia Other
2 years Non-Indigenous 3 Pneumonia Childcare attendee
3 years Non-Indigenous 3 Pneumonia and other (pleural empyema) Childcare attendee
3 years Non-Indigenous 19A Pneumonia Other
3 years Non-Indigenous 3 Pneumonia No data available
4 years Non-Indigenous 3 Meningitis Childcare attendee

Figure 3: Notifications and annual rates* of all invasive pneumococcal disease in Indigenous 
Australians aged 50 years or over, Australia, 2007 to 2016, by vaccine serotype group
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ter of 2015 (n=112). Of those cases with a reported 
serotype, 63% (80/128) were due to a serotype 
included in the 23vPPV (Figure 4), which repre-
sented an increase of 50% when compared with 
the previous quarter (114/227). For this quarter, 
serotypes 3 (n=18), 23A (n=15) and 9N (n=14) 
were the predominant serotypes for this population 
group, noting that serotype 23A is not included in 
the 23vPPV.

During this quarter there were 18 deaths attrib-
uted to a variety of IPD serotypes, with serotypes 3 
(n=6) and 35B (n=3) predominant. Almost all of 
the reported deaths (17/18) occurred in non-Indig-
enous Australians. The median age of those who 
died was 71 years (range 0 to 97 years). Two deaths 
were reported in children aged less than 5 years, 
which were associated with serotypes 3 and 10A.

Notes

The data in this report are provisional and subject 
to change as laboratory results and additional 
case information become available. More detailed 
data analysis of IPD in Australia and surveillance 
methodology are described in the IPD annual 
report series published in Communicable Diseases 
Intelligence.

In Australia, pneumococcal vaccination is rec-
ommended as part of routine immunisation for 
children, individuals with specific underlying 
conditions associated with increased risk of IPD 
and older Australians. More information on the 
scheduling of the pneumococcal vaccination can 
be found on the Immunise Australia Program 
website (www.immunise.health.gov.au).

In this report, a ‘vaccine failure’ is where a fully 
vaccinated child is diagnosed with IPD due to a 
serotype covered by the administered vaccine. 
‘Fully vaccinated’ describes cases that have com-
pleted the primary course of the relevant vaccine(s) 
required for their age according to the most recent 
edition of The Australian Immunisation Handbook, 
at least 2 weeks prior to disease onset with at least 
28 days between doses of vaccine. NB: A young 
child who has had all the required doses for their 
age but is not old enough to have completed the 
primary course would not be classified as fully 
vaccinated.

There are 3 pneumococcal vaccines available 
in Australia, each targeting multiple serotypes 
(Table 5). Note that in this report serotype 
analysis is generally grouped according to vaccine 
composition.

Figure 4: Notifications and annual rates* of all invasive pneumococcal disease in non-indigenous 
Australians† aged 65 years or over, Australia, 2007 to 2016, by vaccine serotype group
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Follow-up of all notified cases of IPD is under-
taken in all states and territories except New South 
Wales and Victoria who conduct targeted follow-up 
of notified cases aged under 5 years, and 50 years 
or over for enhanced data. Follow-up of notified 
cases of IPD in Queensland is undertaken in all 
areas except Metro South and Gold Coast Public 
Health Units who conduct targeted follow-up of 
notified cases for those aged under 5 years only.
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Table 5: Streptococcus pneumoniae serotypes targeted by pneumococcal vaccines

Serotypes

7- valent 
pneumococcal 

conjugate vaccine 
(7vPCV)

10-valent 
pneumococcal 

conjugate vaccine 
(10vPCV)

13-valent 
pneumococcal 

conjugate vaccine 
(13vPCV)

23-valent 
pneumococcal 
polysaccharide 

vaccine (23vPPV)
1   

2 

3  

4    

5   

6A 

6B    

7F   

8 

9N 

9V    

10A 

11A 

12F 

14    

15B 

17F 

18C    

19A  

19F    

20 

22F 

23F    

33F 
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