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Abstract 

 

Background: The epidemiology and comparative burden of communicable diseases 

determines which diseases warrant public health resources and intervention. Public health 

surveillance data are useful but are affected by variable case ascertainment. Disability 

Adjusted Life Years (DALYs) better define the population burden of diseases accounting for 

both morbidity and mortality.   

Methods: Infectious disease notification practices in Victoria were examined using case 

notification data from 2013. Data for all nationally notifiable diseases were used to evaluate 

the first 21 years (1991–2011) of the National Notifiable Diseases Surveillance System 

(NNDSS) and the epidemiology of nationally notifiable diseases. The impact of 

socioeconomic disadvantage and remoteness of residence on notification incidence was 

examined nationally, while Indigenous status was examined in three jurisdictions with 

completeness of Indigenous status reporting >75% (the Northern Territory, South Australia 

and Western Australia). Disease burden was estimated and compared for six common 

gastrointestinal pathogens (campylobacteriosis, salmonellosis, cryptosporidiosis, giardiasis, 

rotavirus, and norovirus) in Australia in 2010 using: number of cases, number of deaths, and 

DALYs. Post-infectious sequelae were incorporated into DALY estimates for 

campylobacteriosis and salmonellosis. 

Results: Almost half (49%) the cases notified in Victoria in 2013 were notified by laboratory 

report alone. Indigenous status was complete for 48% of notified cases, with higher 

completion of Indigenous status among doctor-notified cases, diseases with active case 

follow-up, and priority diseases for Indigenous status reporting. Nationally, the number of 

notifiable conditions increased from 37 to 65 from 1991 to 2011, with 2.4 million cases 
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notified to NNDSS. An increasing proportion of cases were diagnosed by PCR, while data 

completeness and notification timeliness improved. The 10 highest notification incidence 

conditions (chlamydial infection, campylobacteriosis, varicella zoster, hepatitis C, influenza, 

pertussis, salmonellosis, hepatitis B, gonococcal infection, and Ross River virus infection) 

comprised 88% of all notifications. Annual notification incidence increased 6·4% per year 

(12% for sexually transmissible infections and 15% for vaccine preventable diseases). 

Notification incidence was higher for Indigenous, remote-living and socioeconomically 

disadvantaged Australians; overall, these inequities lessened over the study period. An 

estimated 16.6 million acute gastroenteritis (AGE) cases occurred in Australia in 2010 

(including undiagnosed community cases), with the most AGE cases attributed to norovirus 

(2,180,145), most deaths to salmonellosis (90), and most DALYs to campylobacteriosis 

(18,222). Inclusion of irritable bowel syndrome increased the DALY estimate for 

campylobacteriosis more than four-fold.   

Conclusions: The NNDSS expanded over its first 21 years including a greater number of 

notifiable conditions and notifications received. Changing testing practices and laboratory-

only notifications have impacted notification practices. A nationally integrated electronic 

surveillance system, including electronic laboratory reporting, would further improve 

infectious diseases surveillance in Australia. Inadequate completeness of Indigenous status 

needs urgent attention, as does reducing the identified health inequities. The choice of burden 

of disease metric influenced the ranking of pathogens. Data on post-infectious sequelae is 

lacking for many gastrointestinal pathogens and their inclusion can profoundly influence 

DALY estimates. Routinely collected surveillance data and more detailed DALY estimates 

can both be used to prioritise diseases and populations for public health action and to assess 

the effectiveness of these interventions.   
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Chapter One: Introduction, thesis rationale and thesis outline 

1.1 Introduction 

In high income countries (i.e. those with a high gross domestic product [GDP]) the 

population generally has a longer life expectancy, and a smaller proportion of all deaths are 

attributable to infectious diseases.
1
 Australia is a developed country with many factors 

contributing to effective control of infectious diseases, including high living and education 

standards, accessible and advanced health systems, and robust public health initiatives, such 

as a comprehensive publicly funded vaccination program. As a result, Australia falls in the 

group of countries with highest GDP, longest life expectancy, and lowest fraction of deaths 

from infectious diseases. Despite this, communicable diseases continue to pose a health and 

economic threat even in Australia. Notification incidence of certain common diseases is 

increasing (e.g. salmonellosis and chlamydial infection), other diseases are emerging or re-

emerging within Australia (e.g. syphilis and Hendra virus), while others have emerged 

internationally with as-yet no local transmission (e.g. Ebola, Middle Eastern respiratory 

syndrome [MERS], Zika, and pandemic influenza viruses – Figure 1.1).  
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Figure 1.1: Major emerging and re-emerging infectious disease outbreaks, epidemics and pandemics, 2002–2015.  

Reproduced with permission from Sands et al. N Engl J Med 2016; 374: 1281–7,
2
 Copyright Massachusetts Medical Society. 
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The health, social and economic burden of infectious diseases can be extreme. It has been 

estimated that in the 1918–19 Spanish influenza pandemic, 40% of Australia’s population 

were infected (two million out of a total population of five million) with 15,000 deaths.
3
 In 

2008 the World Bank estimated that a severe influenza pandemic could result in 71.1 million 

deaths and US$3 trillion in global economic losses, equivalent to 4.8% of GDP.
4
 Modelling 

from Harvard University predicts an average annual loss to the global economy of US$63.7 

billion (more than US$6 trillion per century) as a result of future pandemics, with a 10% 

chance that the average annual loss could exceed US$124 billion.
5
 The 2014–15 Ebola virus 

epidemic in West Africa was perhaps the most dramatic example of the contemporary threat 

of emerging infectious diseases. By the end of March 2016, there had been 28,646 cases of 

Ebola virus disease, 11,323 deaths, and more than 10,000 survivors of Ebola virus disease in 

West Africa.
6
 The World Bank estimates the three countries most affected by the recent 

Ebola epidemic – Guinea, Liberia and Sierra Leone – would lose at least US$2.2 billion in 

foregone economic growth in 2015 as a result of this epidemic.
7
 The World Bank’s Economic 

Impact of Ebola survey demonstrated that nearly half (48%) of Liberians employed before 

the epidemic were unemployed at the peak of the epidemic (58% in urban areas).
8
 In response 

to this disaster, in 2015, the Commission on a Global Health Risk Framework for the Future 

was founded. A key area of recommendation in the Commission’s report was “strengthening 

public health as the foundation of the health system and first line of defense”.
2
 A core 

component of this is effective infectious disease surveillance, with early action potentially 

preventing development of epidemics and pandemics. Infectious diseases epidemiology – 

including public health surveillance and burden of disease estimates – underpins effective 

communicable disease control throughout the world, including Australia. 
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 Public health surveillance 1.1.1

Public health surveillance, referred to as “the cornerstone of public health”,
9
 has a history 

dating back to ancient Egyptian times.
10

 In the 19
th

 century, William Farr, the “founder of 

modern concepts of surveillance” developed a system to collect, analyse and widely report 

mortality and cause of death data in Britain.
10, 11

 The International Sanitary Regulations, 

covering aspects of quarantine for selected diseases including plague and cholera, represent 

another system of surveillance developed in 19
th

 century Europe.
12

 This was mirrored in the 

United States (US) when an act of Congress in 1878 authorised the Public Health Service to 

collect morbidity reports for cholera, plague, smallpox, and yellow fever to inform quarantine 

measures.
13 

A national public health surveillance system was introduced in the US in the mid-

20
th

 century by Alexander Langmuir to fulfil the function of the newly established CDC 

(Centers for Disease Control and Prevention, originally called the Communicable Disease 

Center) to assist the states with control of infectious diseases of national importance. He 

defined disease surveillance as “the continued watchfulness over the distribution and trends 

of incidence” of a disease.
14

 He identified three components of an effective surveillance 

system: 1) systematic data collection; 2) consolidation and evaluation of these data; and 3) 

prompt dissemination of results (basic data and interpretations) to all who needed to know 

and to all who provided the data. The concept of public health surveillance quickly gained 

international acceptance and was endorsed as an essential function of public health practice 

by the World Health Organization (WHO) in 1968.
10, 12

 A technical report of discussions at 

the 21
st
 World Health Assembly in 1968 notes the following:

12
  

 Effective public health surveillance involved the continuous observation of incidence 

of laboratory confirmed disease as well as effectiveness of control measures, 

vaccination coverage, distribution of vectors and their susceptibility to insecticides.   
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 Adequate laboratory capacity is required to support an effective surveillance system, 

and “all diagnostic laboratory services connected with acute communicable diseases 

should be available free of charge.” 

 Assessment and evaluation is essential to gauge the reliability of the surveillance 

system. 

 The purposes of research and surveillance are distinct: “Research seeks new 

knowledge from which better control measures may develop, whereas surveillance 

centres on the application of existing knowledge to control.” 

The global benefits were demonstrated through the pivotal role of surveillance in the rapid 

eradication of smallpox, which reduced from 10 million cases and 2 million deaths in 1967 to 

zero in 1977.
15

 The contemporary definition of surveillance is remarkably similar to that 

offered by Dr Langmuir in 1963.
14

 The CDC now define public health surveillance as “the 

ongoing, systematic collection, analysis and interpretation of health data, essential to the 

planning, implementation and evaluation of public health practice, closely integrated with the 

dissemination of these data to those who need to know and linked to prevention and 

control.”
9, 16

 The WHO has an almost identical definition of public health surveillance as the 

continuous, systematic collection, analysis and interpretation of health-related data needed for 

the planning, implementation, and evaluation of public health practice.
17

 Such surveillance 

can: serve as an early warning system for impending public health emergencies; document 

the impact of an intervention, or track progress towards specified goals; and monitor and 

clarify the epidemiology of health problems – such as their scope and magnitude, 

demographic and geographic distributions – to allow priorities to be set and to inform public 

health policy and strategies.
17, 18

 Some have stressed that public health surveillance systems 

should, by definition, be population-based to avoid sampling errors and biases.
19
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Langmuir identified public health action resulting from intelligence gained through 

surveillance as a logical complement of surveillance but that disease surveillance “does not 

encompass direct responsibility for control activities”.
14, 15

 The World Health Assembly 

report of 1968 agreed that “the purpose of surveillance is to use all appropriate 

epidemiological and other methods as a guide to the control of disease”.
12

 More recently, 

some surveillance systems have explicitly incorporated response in an integrated disease 

surveillance and response (IDSR) strategy.
20

 Since Langmuir’s time, surveillance 

programmes have increased in number and complexity in parallel with advances in systems 

for data collection, analysis and communication.
15

 A myriad of conditions, both 

communicable and non-communicable diseases, are now under surveillance worldwide.  

 The structure of communicable disease control in Australia 1.1.2

Australia became an independent nation in 1901 when legislation was passed in Britain 

allowing six Australian colonies (New South Wales, Victoria, Queensland, Western 

Australia, South Australia and Tasmania) to govern in their own right as part of the 

Commonwealth of Australia (known as Federation).
21

 The two territories (the Australian 

Capital Territory and the Northern Territory) were created in 1911. National communicable 

disease control activities in Australia are organised by Australian, state and territory 

governments through more than 60 joint committees, networks, surveillance systems, and 

national centres.
22

 States and territories are responsible for the collection of notification data 

and public health actions resulting from these data, as outlined in their respective legislation.
 

23
 Because of differing legislation and disease threats, notification requirements and notifiable 

diseases lists differ between jurisdictions.
23, 24

 The Australian Government initially had 

limited involvement in public health issues, focussing only on quarantinable diseases. 

However, since mid-last century the Australian Government has expanded its role to include 

coordination of health emergencies, biosecurity and multi-jurisdictional outbreaks. As such, 
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the Australian Government now shares responsibility for national communicable disease 

control with state and territory governments.
24

  

The Australian Health Protection Principal Committee (AHPPC), chaired by the Australian 

Chief Medical Officer, coordinates the national approach to public health emergencies and 

communicable disease threats. The AHPPC includes (among others) the Chief Health Officer 

of each state and territory; the Communicable Diseases Network Australia (CDNA) chair; the 

Public Health Laboratory Network (PHLN) chair; and high-level representation from the 

New Zealand Ministry of Health. A legislative framework for national public health 

surveillance, information sharing with the WHO and countries affected by a relevant public 

health event, and meeting the requirements of the International Health Regulations (2005) is 

provided by the National Health Security Act 2007.
25

 The International Health Regulations is 

an agreement between 196 countries that requires notification to WHO of four diseases – 

smallpox, (wild-type) poliomyelitis, human influenza caused by a new subtype, and severe 

acute respiratory syndrome (SARS) – as well as events which potentially constitute ‘a public 

health emergency of international concern’.  

 National notifiable diseases surveillance in Australia 1.1.3

Australia’s six states and two territories collect notification data from doctors and laboratories 

under their respective notifiable disease legislation.
23

 Notifiable diseases data have been 

compiled nationally since 1917,
26

 however a national surveillance system was not introduced 

until 1991. National data were published in the Medical Journal of Australia from 1917 to 

1922; Health (a journal of the Commonwealth Department of Health) from 1924 to the 

Second World War; and the Commonwealth Year Book from after the Second World War to 

1990. Annual compilations of notifiable diseases data were also published by the Australian 

Department of Health from 1917–1990, with data missing in 1941, 1943 and 1952 and the 

latter half of 1963.
26

 Prior to 1991 there were no annual reports of national surveillance data 
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and there were marked inconsistencies in which conditions were notifiable in the eight 

jurisdictions.
27

 Several conditions were reclassified according to evolution of medical 

understanding of the aetiology of conditions and laboratory diagnostic capabilities; for 

example, infectious/infective hepatitis became hepatitis A, and homologous serum 

jaundice/serum hepatitis became hepatitis B. 

The CDNA was established in 1989 to provide national public health coordination and 

leadership for communicable disease prevention and control. In 1990, CDNA established the 

National Notifiable Diseases System (NNDSS), which began national data collection in 1991. 

Responsibility for NNDSS management and data monitoring lies with the Office of Health 

Protection in the Australian Government’s Department of Health. De-identified notification 

data collected by the jurisdictions for conditions specified on the NNDL are submitted to 

NNDSS for analysis at the national level. From 1991, annual reports of the NNDSS have 

been published in Communicable Disease Intelligence, a scientific journal published by the 

Australian Department of Health (DH). Aggregated NNDSS data are published on the 

Department of Health’s website and updated daily (www.health.gov.au/nndssdta), with a 

summary report and data table published fortnightly (www.health.gov.au/cdnareport). 

Australia has multiple other national surveillance systems that focus on single diseases (e.g. 

gonococcal infection), transmission pathways (e.g. food-borne diseases), clinical settings 

(e.g. general practitioners and healthcare associated infections), emerging issues (e.g. 

antimicrobial resistance), or population groups (e.g. children);
24, 28

 not all these have the same 

legislative basis as NNDSS, which remains the cornerstone of Australia’s national 

communicable disease surveillance. 

 Evaluation of national communicable disease surveillance in Australia  1.1.4

Evaluation is a central component of public health surveillance systems. Surveillance data 

can be used to evaluate the need for public health intervention and later to evaluate its 
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effectiveness or impact (e.g. comparing incidence of the target disease in the target 

population before and after an intervention). Also important is the need for periodic 

evaluation of the surveillance system itself, including system structure, notification processes, 

data quality, the type of data collected, and diseases under surveillance. In their technical 

discussions of surveillance in 1968, the WHO stated: “Whatever the complexity of the 

surveillance structure, an assessment and evaluation mechanism to gauge the reliability of the 

system is essential”.
12

  

A qualitative and quantitative review of communicable disease notifications in New South 

Wales in 1998 found just over half the hepatitis A, pertussis and measles cases reviewed were 

notified by the treating doctor, despite legislation required treating doctor notification as well 

as laboratory notification. Barriers to medical notification included lack of understanding of 

the notification process, such as what to notify and how to notify, reluctance to notify on 

suspicion (as directed in the legislation) for cases yet to be laboratory confirmed, concerns 

about privacy and undermining the doctor-patient relationship, and the lack of financial 

incentives to notify.
29

 More recently, the 2013 NNDSS annual report indicates that ≥95% of 

all notifications in the Australian Capital Territory, New South Wales, the Northern Territory, 

Queensland and Tasmania were received from a laboratory alone (i.e. without notification 

from the treating doctor).
30

     

During development of NNDSS, four objectives were identified and in each NNDSS annual 

report from 1994, additional objectives of national surveillance have been articulated (Table 

1:1).
 31, 32

 Despite this, in an evaluation of NNDSS undertaken in 2003–2004, stakeholders 

identified a lack of clearly articulated aims and objectives for NNDSS as a weakness of the 

system. This evaluation additionally identified complexity of processes, inflexibility and lack 

of timeliness as areas of NNDSS that needed improvement. NNDSS strengths were 

acceptability, structural simplicity, and active use of the data.
31
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Table 1:1: Stated objectives for national public health surveillance in Australia 

Documented in planning stages for 

NNDSS
31

 

Documented in 2013 NNDSS annual report
30

 

 Control communicable diseases  Guide policy development and resource 

allocation at the national level 

 Alert state and territory health 

authorities to communicable disease 

episodes which require public health 

action across jurisdictional borders 

 Monitor the need for and impact of national 

disease control programs 

 Coordinate national responses to disease 

threats 

 Coordinate the response to national or multi-

jurisdictional outbreaks 

 Act as a clearing house for the 

dissemination of information 

 Identify national trends 

  Describe the epidemiology of rare diseases that 

occur infrequently at state and territory levels 

  Meet international reporting requirements, such 

as providing disease statistics to the WHO 

  Support quarantine activities 

 

Reviewing surveillance data for individual diseases can itself identify gaps in a public health 

surveillance system. The authors of a review of pertussis notifications to NNDSS from 1991–

1997 called for the following changes to improve pertussis surveillance in Australia: 1) 

documentation of method of diagnosis (clinical vs. laboratory confirmed vs. 

epidemiologically-linked to a laboratory confirmed case); 2) documentation of method of 

laboratory confirmation; 3) uniform case definitions and procedures of case ascertainment by 

jurisdictions; 4) more complete reporting of Indigenous status; and 5) inclusion of case 

vaccination data.
33

 By 2004, national case definitions had been developed and NNDSS fields 

had been added to include method of diagnosis, method of laboratory confirmation, and 

vaccination data.
31

 These changes followed release of the first National Communicable 

Diseases Surveillance Strategy in 1996, which recommended improvements to NNDSS, 

including review of data quality, reporting timeliness, notifiable diseases list, and case 

definitions, along with expansion of the core data fields.
31
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More recently the AHPPC commissioned CDNA to produce the System Overview of 

Communicable Disease Control in Australia 2012, which informed the subsequent National 

framework for Communicable Disease Control 2014 (the Framework).
22, 23

 While the scope 

of the Framework is extensive, surveillance is at the forefront: Outcome 1.1 is “Better 

surveillance and public health laboratory testing”. Incompatible data systems, different 

laboratory testing, and inconsistent legislation were identified in the Framework as 

limitations to the control of multijurisdictional outbreaks and emerging national 

communicable disease issues. The Framework, developed in consultation with jurisdictions 

and with extensive stakeholder input, identified “overwhelming support for greater national 

coordination for communicable disease prevention and control”.   

 Limitations of surveillance data 1.1.5

It has long been recognised that surveillance data are incomplete and imperfect, and that in 

general a surveillance system is unable to provide a complete case count or precise 

information regarding disease incidence, prevalence, or severity.
24, 34

 Surveillance gives 

information about patterns of disease in a community, including whether incidence is 

increasing or decreasing and who is most often affected. It has been acknowledged that the 

function of surveillance to inform public health action can be met by imperfect or incomplete 

data, but that it can be problematic to use surveillance data to infer disease incidence in a 

research setting.
34

  

 The surveillance pyramid, case ascertainment and bias 1.1.6

Unless a disease is severe enough to warrant health care in each occurrence and unique 

enough that each presentation is accurately diagnosed and notified (for example, smallpox 

during the global eradication campaign),
34

 there will be incident cases not captured in 

surveillance data. The ‘surveillance pyramid’ is a visual depiction of the under-ascertainment 

of infections by a surveillance system (Figure 1.2). For certain infections, persons with 



 

 

12 

asymptomatic infections have potential to transmit the disease and are therefore relevant to 

public health (e.g. gastrointestinal infections in a food handler, blood-borne viral diseases or 

sexually transmissible infections [STIs]). For other conditions, only symptomatic infections 

contribute to disease transmission and disease burden. In order to appear in national 

surveillance data, a person with a notifiable disease must have symptoms warranting 

presentation to a doctor, the appropriate test ordered and specimen collected, a positive 

laboratory result, notification to the jurisdictional public health unit by the doctor and/or 

laboratory, and transmission of the notification from the jurisdiction to the NNDSS. There 

will be a degree of under-ascertainment at every step of the surveillance pyramid and this will 

be influenced by the host-pathogen interaction, duration and severity of symptoms, individual 

preferences of the patient/caregiver/doctor, and system factors, such as automated reporting 

by laboratories to health departments and by jurisdictions to NNDSS. 

 

Figure 1.2: The surveillance pyramid depicting the under-representation of all infections among 

cases notified to NNDSS 

 

There has been recent interest in quantifying the extent to which surveillance data 

underestimate the true incidence of symptomatic disease in a population, including studies in 

Notified 
 to NNDSS 
Notified to 
jurisdiction 

Laboratory confirmed 

Specimen collected 

Appropriate test ordered 

Attended health care 

Symptomatic cases 

All infections (symptomatic and asymptomatic) 
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Europe, North America, New Zealand, and Australia.
35-40

 Case ascertainment is the 

proportion of all incident symptomatic cases captured by the surveillance system, while the 

multiplication factor is the factor by which the number of notified cases is multiplied to 

approximate true incidence of symptomatic cases in a population (the inverse of case 

ascertainment). There is evidence that case ascertainment varies between notifiable 

conditions, between countries, over time, and by age and sex, indicating potential for 

surveillance data to be biased. The ECDC-funded Burden of Communicable Diseases in 

Europe (BCoDE)-project estimated multiplication factors for salmonellosis and 

campylobacteriosis in European countries and reported that the most appropriate 

multiplication factors are often disease-, country-, age- and sex-specific.
35

 Similarly, using 

Australian NNDSS data, differing multiplication factors have been estimated for 

salmonellosis (7), Shiga toxin-producing Escherichia coli (STEC) (8) and campylobacteriosis 

(10).
36

 The IID2 study examined community incidence, general practitioner (GP) 

presentations and notification to national surveillance of intestinal infectious diseases in the 

United Kingdom (UK) from 2008–2009. This study confirmed that disease severity impacts 

the likelihood of presentation to GPs and notification. Persons with an episode of 

campylobacteriosis were 10 times more likely to present to a GP than those with norovirus, 

and those with salmonellosis were 60 times more likely to be notified than those with 

norovirus.
37

 Compared to a similar study in England in the 1990s, the IID2 study 

demonstrated a ~40% rise in incidence but a ~50% fall in GP consultations for acute 

gastroenteritis in 2008–2009, indicating that health seeking behaviours and therefore case 

ascertainment changes over time. Further contributing to the changes in case ascertainment, 

clinicians’ testing practices have changed for certain infectious diseases. For example, 

Australian GPs were more likely to perform a diagnostic test for pertussis among patients 

presenting with a compatible illness in 2010–2011 compared to 2000–2004 (OR 7.0 [95% CI 
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535–8.8]).
41

 Finally, the completeness of notification of laboratory confirmed cases to the 

surveillance system contributes to the overall case ascertainment. Despite the legislative 

requirement for reporting laboratory confirmed cases, analysis of the first two years of 

invasive pneumococcal disease (IPD) surveillance in Victoria (2001–2003) demonstrated at 

least one-sixth of laboratory confirmed IPD disease were not notified to the state’s 

surveillance system, with age-related differences in case ascertainment.
42

  

 Measuring disease burden  1.1.7

Disease burden measurements are a way of describing the impact of a disease (or group of 

diseases) on a population. They can be used to compare the same disease(s) between 

population groups, different diseases within a population, or changes over time. In addition to 

being an incomplete estimate of disease incidence, surveillance data do not provide reliable 

information on disease severity (e.g. hospitalisations and deaths attributable to notifiable 

diseases), symptom duration, complications resulting from chronic infection (e.g. hepatic 

cirrhosis, liver failure or hepatocellular carcinoma as complications of chronic hepatitis B or 

hepatitis C infections), or post-infectious disease sequelae (e.g. Guillain-Barré syndrome or 

irritable bowel syndrome following campylobacteriosis). Therefore, surveillance data are not 

ideal measures of disease burden within a population. Alternate simple disease burden 

measures include estimates of: incidence, prevalence, medical encounters, hospitalisations, 

and mortality. Several existing data sources can provide data for some of these measures, 

including mortality and hospitalisation datasets, and general practitioner electronic medical 

records. Problems arise with each of these approaches. For example, incidence data give no 

indication of disease severity or impact, while mortality data do not take into account 

morbidity associated with non-fatal illnesses. To address these concerns, population measures 

of health (or disease) incorporating mortality and morbidity into a single number were 
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developed. Overall, these are known as Health Adjusted Life Years (HALYs), and they 

include Disability Adjusted Life Years (DALYs) and Quality Adjusted Life Years (QALYs).  

QALYs were developed in the 1960s primarily as a means of representing a health outcome 

in cost effectiveness analyses (CEA).
43

 QALYs include both the quantity and quality of life 

lived, with one QALY equating to one year lived in perfect health. Imperfect health results in 

QALYs of less than one per year, based on the utility value of the health state ranging from 0 

(dead) to 1 (perfect health). QALYs are widely used in the economic evaluation of clinical 

and public health interventions, including CEA of medications under consideration for listing 

on Australia’s government-subsidised Pharmaceutical Benefits Scheme (PBS). The 

incremental cost-effectiveness ratio (ICER) is the incremental price per unit of health effect 

from a health intervention when compared with an alternative intervention. ICER can be used 

by policymakers to identify ways to minimise expenditure needed to achieve a pre-specified 

health-based target, maximise health benefits while keeping within a specified budget, and 

meet an explicit threshold for what is considered cost-effective.
44

 Australia’s Pharmaceutical 

Benefits Advisory Committee (PBAC) was established in 1953 to make recommendations to 

the Australian health minister about listing medications on the PBS. Australia was the first 

country to include formal mandatory economic evaluation in a national formulary. Although 

no explicit cost-effectiveness threshold is set by PBAC, analysis of submissions from 1993–

2009 indicated the average possibility of a positive recommendation for a medication to be 

listed fell by 4% for each $10,000 increase in the cost per QALY gained, and the likelihood 

of a positive recommendation fell if the predicted annual budgetary expenditure exceeded 

$10 million.
45

  

DALYs were developed at the WHO in the 1990s to document the global population health 

burden due to disability and premature mortality. While QALYs document years of healthy 

life, DALYs document the opposite, namely health burden in terms of years of life lost 
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(YLL) plus years lived with disability (YLD), whereby DALY = YLD + YLL. DALYs 

incorporate information on the incident number of disease cases, illness duration, disease 

severity (disability weight), incident number of deaths, and life expectancy at age of death. 

Differing health outcomes for a single disease (e.g. differing severity levels and disease 

sequelae) can be incorporated into DALY disease models. One DALY equates to loss of one 

year of “healthy” life, and the DALY metric quantifies the gap between a population’s 

current health status and an ideal where everyone lives to advanced age, free from disease 

and disability.
46

 On the global scale, DALYs have been widely used to compare disease 

burden between populations and to examine the relative impact of different diseases to set 

global priorities for public health interventions.  

There have been several Australian Burden of Disease studies, with national DALY estimates 

published for the reference years of 1996, 2003 and 2011,
47-49

 and fatal burden of disease 

estimates overall and for Aboriginal and Torres Strait Islander (Indigenous) people for 

2010.
50, 51

 In the recent Australian Burden of Disease Study, aggregate YLLs and DALYs are 

presented by disease groups (e.g. ‘infection’) but not by individual cause or pathogen. It was 

estimated that in Australia infections accounted for 2.0% of total YLLs in 2010 and 1.6% of 

DALYs in 2011.
49, 50

 Disease burden due to complications and sequelae to some infections 

(e.g. cirrhosis and hepatocellular carcinoma resulting from chronic hepatitis B or C; post-

infectious irritable bowel syndrome or Guillain-Barré syndrome following 

campylobacteriosis) were not included in the ‘infection’ disease group YLL or DALY 

estimates. This likely results in underestimation of the disease burden attributable to 

infections in Australia, as these complications and sequelae can contribute more to overall 

disease burden than the acute infection itself.
52, 53

 Nationally and internationally, DALYs 

have been used to prioritise conditions requiring intervention and identify sections of the 
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community (e.g. Indigenous Australians) with disproportionate disease burden, including 

preventable communicable diseases.  

1.2 Thesis rationale and aim  

The WHO defines epidemiology as:  

The study of the distribution and determinants of health-related states or events 

(including disease), and the application of this study to the control of diseases and 

other health problems. Various methods can be used to carry out epidemiological 

investigations: surveillance and descriptive studies can be used to study distribution; 

analytical studies are used to study determinants.
54

  

My thesis, in the field of infectious diseases epidemiology, covers much of this definition. I 

have used the WHO definition of epidemiology as a basis to describe my thesis aim. 

Thesis Aim: To study the distribution, determinants and burden of infectious diseases in 

Australia in order to inform the control of infectious diseases in Australia.  

I will achieve this aim using descriptive studies to explore the distribution and burden of 

infectious diseases and analytical studies to identify disease determinants.  

Periodic evaluation of public health surveillance systems is essential to ensuring their 

relevance to evolving public health issues affecting the population under surveillance. 

Analysis of the surveillance system and processes in a jurisdiction enhances our 

understanding and interpretation of NNDSS data. There has been no evaluation of NNDSS as 

a public health surveillance system for over a decade and significant changes to the system 

have occurred over that time. Furthermore, there has been no longitudinal evaluation of 

infectious disease surveillance data for all nationally notifiable diseases since the inception of 

NNDSS in 1991. Analysis and reporting of surveillance data is an integral component of a 
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surveillance system and this thesis represents a high-level view of all notification data over a 

21-year period. Valuable lessons can be learned regarding the surveillance system as well as 

the epidemiology of notifiable diseases using an inclusive approach to the longitudinal 

analysis of surveillance data. Furthermore, this approach allows assessment of the socio-

demographic influences on disease notification rates, with comparison between diseases and 

disease groups as well as analysis of temporal changes. Finally, although there have been 

several jurisdictional and national burden of disease studies in Australia, these do not provide 

granularity about burden attributable to individual pathogens and sequelae to infectious 

diseases. Such granularity is important if burden of disease measures, such as DALYs 

relating to infectious diseases, are to be used to set health based targets (HBTs) in Australia 

and elsewhere. 

1.3 Thesis outline 

This thesis is arranged in two parts as outlined below, and the contents of each chapter are 

subsequently detailed:  

Part 1: Infectious disease surveillance in Australia 

 Evaluation of a state and national public health surveillance system (Chapter 2) 

 Epidemiology of nationally notifiable diseases in Australia (Chapter 3) 

 Socio-demographic determinants of notifiable diseases in Australia (Chapter 4). 

Part 2: Burden of selected infectious diseases in Australia 

 Burden of selected gastrointestinal diseases in Australia (Chapter 5) 

 Use of disability adjusted life years (DALYs) to set health based targets 

(Chapter 6).  
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Chapter 2 includes two manuscripts relating to evaluation of public health surveillance 

systems. The first relates to notification of infectious diseases to Victoria’s Public Health 

Event Surveillance System (PHESS) in 2013. The second is an evaluation of the NNDSS 

based on notification data from 1991 to 2011. NNDSS is a compilation of notification data 

collected by states and territories, including Victoria. There are similarities in the findings of 

the two papers, in particular the importance of improving completeness of Indigenous status 

reporting for notified cases.  

Chapter 3 includes a published article which describes the epidemiology of 65 nationally 

notifiable diseases in Australia using NNDSS data from 1991 to 2011. It explores some of the 

drivers behind the observed increase in incidence of notifiable diseases, including addition of 

notifiable diseases to the NNDSS, evolution of more sensitive diagnostic tests (particularly 

PCR), and changes in testing patterns along with true changes in disease incidence.  

Chapter 4 is an analysis of socio-demographic determinants of disease notifications in 

Australia based on NNDSS data from 1991 to 2011, with a focus on the eight most 

commonly notified diseases. Persons living in remote and very remote areas and Indigenous 

Australians had higher overall notification incidence than other Australians – particularly for 

STIs – while blood-borne viral hepatitis (BBVH) had higher notification incidence among the 

most socio-economically disadvantaged Australians. These findings can help prioritise 

conditions and populations for targeted public health interventions.  

Chapter 5 presents a published article that contains detailed burden of disease estimates for 

six important gastrointestinal pathogens in Australia – campylobacteriosis, salmonellosis, 

rotavirus, norovirus, cryptosporidiosis, and giardiasis – using several burden of disease 

measures. The ranking of pathogen burden varied according to the measure used, with 

norovirus having the highest incidence while campylobacteriosis had the highest DALY 
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burden. Post-infectious sequelae for the bacterial pathogens had a large impact on the 

estimated DALY burden. A lack of data regarding post-infectious sequelae for these 

pathogens resulted in the planning of a retrospective study of notified cases of 

campylobacteriosis, salmonellosis and cryptosporidiosis in Victoria. The second part of 

Chapter 5 details the rationale for this study and obstacles that resulted in study termination.  

Chapter 6 is a published manuscript in which the benefit of using DALYs to set HBTs is 

discussed. The WHO recommends the use of DALYs to set HBTs for drinking water quality, 

and the National Health and Medical Research Council (NHMRC) is considering use of 

DALY estimates from Chapter 5 in revisions to the Australian Drinking Water Guidelines.  

Chapter 7 (Discussion) highlights the key finding of this thesis, implications for the future 

of public health surveillance in Australia, priorities for public health intervention, and 

research priorities, including acquisition of Australian data on post-infectious sequelae to 

improve the accuracy of future burden of disease estimates.    

References for unpublished work and manuscripts in press are contained at the end of this 

thesis. References for published work are listed within the published document in the relevant 

chapters.  
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Chapter Two: Evaluation of public health surveillance systems  
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Aim: To better understand communicable disease surveillance in Australia and inform 

changes to relevant public health surveillance systems through evaluation of a state-based and 

a national public health surveillance system. 

Preface 

The need for regular evaluation of public health surveillance systems has been recognised 

since the inception of modern infectious disease surveillance. The Updated Guidelines for 

Evaluation Public Health Surveillance Systems published by the CDC identifies the purpose 

of such evaluations as ensuring efficient and effective monitoring of problems of public 

health importance.
55

 This chapter contains two complementary manuscripts; the first has been 

accepted for publication and the second re-submitted for peer-review following revision.   

The first manuscript examines notification practices for infectious diseases in Victoria 

through analysis of cases notified to Victoria’s Public Health Event Surveillance System 

(PHESS) in 2013. It examines conditions notified, notification timeliness and data 

completeness by notification source (doctors vs. laboratories vs. both). Line-listed data from 

PHESS are uploaded into the National Notifiable Diseases Surveillance System (NNDSS). 

Therefore, a focussed evaluation of notifications to PHESS is beneficial at the jurisdictional 

level to identify necessary changes “to ensure that problems of public health importance are 

being monitored efficiently and effectively”,
55

 but also at the national level to understand 

how data are received and handled by jurisdictions prior to being uploaded to NNDSS. 

Although Victoria is just one of eight jurisdictions that contribute data to NNDSS, Victoria is 

the second most populous jurisdiction in Australia and accounts for 25% of the national 

population. Furthermore, PHESS is a customised version of a commercial product known as 

Maven Enhanced Disease Surveillance System (Maven EDSS), developed by Consilience 

Software, Austin Texas USA. Maven EDSS is used in both Victoria and New South Wales – 
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together accounting for more than half the national population. Therefore, familiarity with 

notification practices in Victoria was useful in the subsequent evaluation of the NNDSS, 

which relies on receipt of notification data from jurisdictional surveillance systems.  

The second manuscript is an evaluation of NNDSS over its first 21 years of operation (1991–

2011) using line-listed NNDSS data from that period. It examines changes in notifiable 

conditions, case definitions, notification sources, diagnostic tests, data completeness, and data 

timeliness over that period. This evaluation is significant in future planning of national public 

health surveillance in Australia, as well as informing interpretation of NNDSS data over the 

21-year study period.  
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2.1 Infectious disease notification practices, Victoria 2013 

This manuscript has been accepted for publication in Communicable Disease Intelligence. 

 Abstract  2.1.1

Background: Infectious disease notification practices in Victoria were reviewed to identify 

areas for potential improvement. 

Methods: Confirmed or probable cases notified to the Department of Health & Human 

Services (DHHS) Victoria in 2013 (excluding elevated blood lead, food-borne or water-borne 

illness [≥2 related cases] and chlamydial infection) were analysed according to: notification 

source (doctor [± laboratory] vs. laboratory-only); follow-up by public health staff (routine 

for selected conditions vs. not routine); priority for Indigenous status reporting (18 priority 

conditions with target ≥95% completeness vs. other conditions with target ≥80% 

completeness); and urgency of notification (Group A conditions [immediate (same day) 

notification] vs. Groups B, C and D [notification within five days]).    

Results: Almost half (49%) of the 34,893 confirmed and probable cases were notified by 

laboratory report alone. Indigenous status was complete for 48% of cases, more often for 

conditions with active vs. no active follow-up (RR 1.88 [95%CI 1.84–1.92]) and priority 

conditions for Indigenous status reporting vs. other conditions (RR 1.62 [95%CI 1.59–1.66]). 

Among conditions without active follow-up, doctor-notified cases had more complete 

Indigenous status reporting than laboratory-only notified cases (86% vs. 6%, RR 15.06 

[95%CI 14.15–16.03]). Fewer Group A notifications were received within the legislated 

timeframe (59%) than Group B, C and D notifications (90%).  

Discussion: DHHS Victoria handles a large volume of infectious disease notifications. 

Incomplete Indigenous status reporting (particularly conditions without active public health 
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follow-up) and delayed notification of Group A conditions warrant attention. These findings 

will be used to improve notification practices in Victoria.  
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 Introduction  2.1.2

Infectious disease surveillance data are used to monitor disease epidemiology, detect and 

manage disease outbreaks, inform the need for public health interventions, and monitor the 

impact of these interventions. In Victoria, the Public Health and Wellbeing Act 2008 requires 

doctors and laboratories to notify the Department of Health & Human Services (DHHS) 

when certain infectious diseases are diagnosed or suspected. Seventy-two conditions are 

specified in the Public Health and Wellbeing Regulations 2009 as requiring notification; all 

except elevated blood lead levels are infectious diseases or complications of infectious 

diseases. Twenty-four notifiable conditions are classified as ‘Group A’ conditions and require 

immediate (same day) notification by telephone on initial diagnosis, whether presumptive or 

confirmed, followed by written notification within five days. This allows immediate public 

health action, for example providing prophylactic antibiotics to people who have had contact 

with a case with invasive meningococcal disease. The remaining 48 conditions require 

notification within five days of initial diagnosis. In Victoria, notifications are received 

centrally and entered into the state’s notifiable diseases database – the Public Health Event 

Surveillance System (PHESS) – an electronic platform introduced in 2012, with 2013 the first 

full year of use. Although PHESS has capacity to receive electronic notifications directly,
56

 in 

2013 all notifications (clinical and laboratory) were entered manually. Active case follow-up 

by DHHS staff is undertaken for all Group A conditions and selected other conditions based 

on the need for additional (enhanced) data to inform public health action; for remaining 

conditions there is no active follow-up. Responsibility for public health response to these 

notifications lies with the DHHS. Additionally, for the purposes of national surveillance of 

infectious diseases, de-identified data regarding confirmed and probable cases are forwarded 

daily to the National Notifiable Diseases Surveillance System (NNDSS) for a nationally 

agreed set of 65 communicable diseases.
30
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This paper represents an audit of notifications received in 2013 by DHHS Victoria into 

PHESS. Such audits have been performed every one to three years since 2004
57-61

 to inform 

Victorian public health staff and notifiers of notification practices in Victoria and identify 

notifier and system factors that need improvement. Findings of this audit will be used to 

optimise the utility and efficiency of disease notification in Victoria.       

 Methods 2.1.3

All notifications received by DHHS in 2013 were entered into PHESS; all notifications were 

included in this analysis, excluding the conditions of elevated blood lead (not an infectious 

disease), food-borne and water-borne illness [two or more related cases] (not a single 

pathogen and notified by certain institutions only), and chlamydial infection (notification 

process under review during 2013). De-identified case notification data were extracted from 

PHESS in April 2014. Cases were reported and analysed according to the following 

classifications: ‘confirmed’ and ‘probable’ cases met nationally agreed case definitions;
62

 

‘rejected’ cases did not meet the national case definition; ‘suspected’ cases had not been 

assessed against the national case definition; ‘at-risk’ cases included contacts of known cases; 

and ‘not notifiable’ cases were residents of another Australian jurisdiction and were therefore 

counted in that jurisdiction. Fields relating to the notified case included event identification, 

disease-group, condition, onset date, sex, age, Aboriginal and Torres Strait Islander 

(Indigenous) status, and postcode of residence. Notification details included the notifier, date 

of specimen collection (for laboratory notifications), date the notification was authorised by 

notifying doctor or positive result authorised by the notifying laboratory (signature date), and 

date the notification was received by DHHS (notification received date).  

Case classification, number of notifications per case, and notification source (doctor, 

laboratory, or both) were described for all notifications. All other analyses – including data 

completeness and time to notification – were restricted to confirmed and probable cases. The 
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Communicable Diseases Network Australia (CDNA) has set a target for Indigenous status 

reporting of ≥95% for 18 priority conditions and ≥80% for all other conditions;
30

 confirmed 

and probable notifications were benchmarked against these targets. 

Relative risks (RR) and 95% confidence intervals (95% CI) were calculated to compare 

notification outcomes for different groups, including cases notified by a laboratory but not a 

medical practitioner (laboratory-only notified cases) to cases notified by a medical 

practitioner ± laboratory (doctor-notified cases); follow-up by public health staff (routine for 

all notified cases for certain conditions [all Group A conditions and selected Group B, C and 

D conditions] vs. not routine); and priority for Indigenous status reporting (18 priority 

conditions vs. other). A p-value <0.05 was considered statistically significant. 

Time to notification was calculated as the number of days between earliest signature date and 

earliest notification received date for each notified case. Cases with missing signature date or 

delay >365 days were excluded from the time to notification analysis. Median delay to 

notification and proportion of cases notified within the legislated timeframe of zero days for 

Group A conditions or five days for Group B, C and D conditions were reported.  

Data were analysed using Stata version 13.1. This project was an audit of disease 

notifications made under state legislation and was not subject to human research ethics 

committee review. 

 Results 2.1.4

A total of 94,592 notifications were received by the DHHS relating to 39,389 cases of 

notifiable infectious diseases that met the inclusion criteria. Of these, 33,436/39,389 (85%) 

cases were classified as confirmed and 1,457 (4%) probable. The remaining cases were 

classified as rejected (1,885 cases, 5%), at-risk (1,477 cases, 4%), not-notifiable (1,103 cases, 

3%), and suspected (31 cases, 0.08%). Varicella zoster infection, pertussis and dengue made 
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up 98% of the 1,457 probable cases, with psittacosis, legionellosis, HIV (newly acquired), 

meningococcal infection, and rubella also having cases classified as probable. The majority 

of the 1,477 cases classified as at-risk were tuberculosis (1,327 cases, 90%), followed by 

typhoid (86 cases, 6%), and paratyphoid (56 cases, 4%).  

Of the total 94,592 notifications, 48,913 (52%) were from primary laboratories, 21,417 (23%) 

from reference laboratories, and 22,681 (24%) from medical practitioners. Seventy-eight 

notifications were laboratory results where the testing laboratory was not identified, and 

1,503 notifications were generated by public health staff at DHHS or other public health 

units. Of the included 39,389 cases, 40% were notified on a single occasion, with a median 

two and maximum 64 notifications per case [interquartile range 1–3 notifications per case]. 

Multiple notifications for a single case could result from notification by both clinician and 

laboratory (according to the legislative requirement); notification by more than one clinician; 

and/or multiple laboratory tests which sometimes resulted in a high number of notifications 

for a single case.    

Almost half of the 34,893 cases classified as confirmed or probable were attributable to three 

diseases: Campylobacter infection (5,898 cases, 17%), influenza (5,833 cases, 17%), and 

Varicella zoster infection (5,084 cases, 15%). More confirmed or probable cases were 

notified in 2013 than during the preceding decade (2003–2012) for cryptosporidiosis; dengue; 

gonococcal infection; hepatitis D; HIV – unspecified duration; Q fever; salmonellosis; 

syphilis – infectious (less than two years duration [includes primary, secondary and early 

latent]); syphilis – late (more than two years or unknown duration); and typhoid (Table 2:1). 

More confirmed and probable cases of chikungunya (notifiable from 2005) and Varicella 

zoster infection (notifiable from 2008) were notified in 2013 than in previous years.  
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Among the 34,893 confirmed and probable cases, 49% were notified by laboratory alone, 

45% by both medical practitioner and laboratory, and 6% by medical practitioner alone. The 

remaining 97 (0.3%) cases were identified through other means, including active surveillance 

by DHHS staff and public health units. Four conditions were notified by both laboratory and 

doctor in all confirmed and probable cases—newly acquired HIV infection (110 cases), 

leprosy (three cases), cholera (one case) and congenital rubella (one case). More than 80% of 

confirmed and probable cases were notified by both laboratory and doctor for the following 

diseases: chikungunya; HIV – unspecified duration; listeriosis; meningococcal disease; 

paratyphoid; rubella; shigellosis; syphilis – infectious; tuberculosis; and typhoid (Figure 2.1).  

Medical practitioners made 22,681 separate notifications relating to 19,047 cases. Of these, 

17,594/19,047 (92%) doctor-notified cases were confirmed or probable. The most common 

methods of initial notification for medical practitioners were fax (50%), web and e-

notification (23%), and post (19%) (Table 2:2). Medical practitioners were more likely to 

first notify Group A conditions by telephone than Group B, C or D conditions (51% vs. 5%, 

RR 10.5 [95% CI 9.1–12.2]).  

Of the 70,408 separate notifications received from laboratories, 63,711 (90%) related to 

confirmed or probable cases. Sixty per cent of the 32,850 confirmed or probable cases 

notified by laboratories were notified using a single laboratory notification, 19% had two, 8% 

had three, and 7% had four or more separate laboratory notifications per laboratory-notified 

case.  

Age, sex and postcode were complete in ≥99.5% of confirmed and probable cases notified. 

Country of birth was reported in 41% of cases; more often among cases notified by a doctor 

than by laboratory-report alone (75% vs. 6%, RR 11.7 [95%CI 11.0–12.4], p<0.001).  

 



 

 

32 

Indigenous status was complete in only 48% of confirmed and probable cases. Conditions 

with routine active follow-up by DHHS public health staff were more likely to have 

Indigenous status reported than those without active follow-up (83% vs. 44%, RR 1.88 [95% 

CI 1.84–1.92], p<0.001). This difference in Indigenous status completeness was less marked 

among conditions notified by a doctor (92% with active follow-up vs. 86% with no active 

follow-up, RR 1.07 [95% CI 1.05–1.08], p<0.001) than among laboratory-only notifications 

(63% vs. 6%, RR 10.97 [95% CI 10.13–11.89], p<0.001). Among conditions without routine 

active follow-up, doctor-notified cases were more likely to have Indigenous status reported 

than laboratory-only notified cases (86% vs. 6%, RR 15.06 [95%CI 14.15–16.03], p<0.001) 

(Table 2:3).   

Notifications were received for 15 of the 18 priority conditions for Indigenous status data 

completeness identified by CDNA.
30

 Among these, Indigenous status completeness ranged 

from 58% for gonococcal infection to ≥95% for hepatitis A, hepatitis B (newly acquired), 

HIV, leprosy, and tuberculosis (Table 2:4). These priority conditions for Indigenous status 

reporting were more likely to have Indigenous status complete than other conditions (71% vs. 

44%, RR 1.62 [95%CI 1.59–1.66], p<0.001). Indigenous status was complete for 89% of 

notified priority condition cases for which active follow-up by DHHS public health staff is 

routine compared to 58% for gonococcal infection (the only priority condition without 

routine active follow-up).   

The median time to notification for confirmed and probable Group A conditions was zero 

days [range 0–52 days], with 59% of notifications received on the same day as the signature 

date and within the legislated timeframe for notification (Table 2:5). For Group B, C and D 

conditions the median delay from signature date to notification was one day, with 90% of 

cases notified within the legislated timeframe of five days from the signature date. Among 

medical practitioners, 100% of Group A conditions were notified within the legislated 
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timeframe (same day as diagnosis) when notified by web or e-notification, 79% when 

notified by telephone and 50% when notified by fax (Table 2:5). For Group B, C and D 

conditions notified by medical practitioners, ≥97% were notified within the legislated 

timeframe (within five days of diagnosis) when notified by web or e-notification, telephone 

or fax, and 77% when notified by post.  

 Discussion 2.1.5

A major finding of this audit was the low proportion of notified cases with completed 

Indigenous status. Reporting Indigenous status in health data is essential in order to quantify 

health disparities between Indigenous and non-Indigenous Australians, inform policy 

development and service delivery planning, and measure the effectiveness of interventions 

against targets of improved Indigenous health.
63

 In 2011, CDNA set national targets for data 

completeness of Indigenous status at ≥95% for 18 priority conditions and ≥80% for all other 

notifiable conditions.
30

 In Victoria, in 2013, Indigenous status was complete for 71% of the 

priority diseases and 42% of other diseases. The proportion of all confirmed and probable 

cases with complete Indigenous status was 48% in 2013, similar to previous Victorian reports 

of 45%–51% from 2004–2011.
57-59, 61

 Overall, 48% of cases in the NNDSS in 2013 had 

Indigenous status reported, ranging from 18% in New South Wales to >90% in the Northern 

Territory, South Australia, and Western Australia.
30

 Similarly, ethnicity was reported for 49% 

of cases notified to the U.S. National Notifiable Diseases Surveillance System from 2006 to 

2010.
64

 When restricted to doctor-notified confirmed and probable cases in Victoria, the 

proportion with complete Indigenous status was 87% in 2013, a slight improvement 

compared to 80–84% from 2006 to 2011.
57, 59-61

 Despite awareness of the issue, there has not 

been substantial progress in improving completeness of Indigenous status reporting in 

Victoria. In this study we have provided more detailed analysis of Indigenous status 

reporting, highlighting higher completion rates among doctor-notified cases, conditions with 
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active follow-up, and priority diseases in order to highlight areas that require attention and 

potential strategies for improvement. In particular, more needs to be done to meet the CDNA 

targets for Indigenous status reporting for gonococcal infection, which is the only priority 

condition for which active case follow-up of laboratory notifications is not routine in 

Victoria. Indigenous status was complete for 83% of cases with active follow-up; therefore 

re-instituting routine active case follow-up for laboratory-notified cases of gonococcal 

infection is likely to improve completeness of Indigenous status reporting for gonococcal 

infection to >80%.  

Ideally, Indigenous status would be ascertained at the time of notification. This requires 

educating clinician-notifiers of the importance of completing the Indigenous status field on 

the notification form. As Indigenous status was complete for 87% of doctor-notified cases in 

2013, there is some scope for improvement as a result of clinician education. A DHHS 

communication strategy in 2009 aimed to increase the proportion of notified cases for which 

a notification was received from a doctor. This contributed to a temporary increase in this 

proportion to 58% in 2009,
65

 but by 2013 this had fallen back to the baseline of 50%, 

indicating only modest gains in Indigenous status ascertainment are likely to be achieved 

through clinician education, and that such education needs to be ongoing to maintain these 

gains. Inclusion of an Indigenous status identifier on laboratory request forms has potential to 

do more to improve ascertainment,
66

 particularly for laboratory-only notified cases without 

routine follow-up, such as gonococcal infection. Although this can be encouraged through 

clinician-education, changes to legislation and regulations requiring inclusion of Indigenous 

status on pathology request slips could prove more effective.
66

 This requirement would also 

improve Indigenous status ascertainment in other datasets, such as cancer registries. 

Regardless of the method used to improve completeness of Indigenous status, individuals 
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should retain the right to withhold their Indigenous status through use of the “declined to 

answer” response. 

Another potential approach is to undertake record linkage with other datasets to improve 

Indigenous status reporting completeness. In response to poor completeness of Indigenous 

status identified in previous audits of Victorian notification practices, a data-linkage pilot 

study was performed which aimed to improve Indigenous status reporting for three of the 

nominated priority conditions for Indigenous reporting completeness.
67

 Data from newly 

acquired hepatitis B and C and gonococcal infection cases notified in Victoria in 2009–2010 

were linked with Victorian hospitalisation data (1997–2011). Among the 82% of cases able to 

be linked, the proportion with missing Indigenous status decreased from 62% for hepatitis B, 

68% for hepatitis C, and 33% for gonococcal infection to <0.2% for all conditions. 

Importantly, this resulted in a two- to four-fold increase in notification incidence among 

Indigenous Victorians for each of these conditions. Although the pilot data-linkage study 

illustrated potential use of other Victorian Government datasets to improve completeness of 

Indigenous status for data analysis and reporting, it was a retrospective study that did not 

update or correct the Indigenous status field in PHESS. The use of record linkage to update 

the Indigenous status field in PHESS raise ethical and privacy issues as people have the right 

to withhold their Indigenous status for some or all health-service interactions. At present, 

these ethical and privacy issues prevent updating the Indigenous status field in PHESS using 

information already contained in PHESS (related to an individual’s previous disease 

notification[s]) or other health-related data-sources. However, such record linkage is routine 

in certain countries, indicating these issues may not be insurmountable. For example, a 

National Health Index (NHI) number is assigned to individuals accessing health and 

disability support services in New Zealand. The NHI holds various demographic and health 

data, including self-reported ethnicity. The NHI is included in the national notifiable 
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communicable diseases database (EpiSurv) which facilitates record linkage with the New 

Zealand Health Information Service.
68

 

In Victoria, the Public Health and Wellbeing Act 2008 requires both doctors and laboratories 

to notify all infectious diseases scheduled in the Public Health and Wellbeing Regulations 

2009. In 2013, only 45% of confirmed and probable cases had both medical practitioner and 

laboratory notifications, similar to our findings for 2004 to 2011 (43%–52%).
58-61

 A DHHS 

communication strategy contributed to a temporary increase in the proportion of notified 

cases for which a notification was received from a doctor to 58% in 2009,
65

 but by 2013 this 

had fallen back to 50%. A 2008 survey of 152 Victorian medical practitioners identified the 

most common reasons for not notifying as: 1) assumption that the laboratory would notify; 2) 

belief that doctors notify confirmed, not suspected cases; and 3) notification was a time 

consuming process.
65, 69

 The proportion of notifications received by laboratory alone 

increased from 38% in 2011 to 49% in 2013.
61

 In comparison, in the proportion of 

notifications made by laboratory alone was estimated to be 4% in South Australia, 33% in 

Western Australia, and ≥95% in all other Australian jurisdictions in 2013.
30

 This highlights 

the variability of surveillance practices in different Australian jurisdictions and potential 

issues with comparing notification data between jurisdictions. Unlike Victoria, in New South 

Wales, the Northern Territory, Queensland and Tasmania certain high-incidence conditions 

(e.g. chlamydial genital infection) require notification from the laboratory but not the doctor, 

and in each of these jurisdictions laboratory-only notifications account for ≥98% of all 

notified cases. The value of requiring dual notification by laboratories and clinicians for all 

notifiable conditions is currently under review in Victoria. If doctor notifications were not 

required for all conditions, the notification burden on clinicians and workload of DHHS 

surveillance staff would be reduced without impacting case ascertainment or timeliness of 

notification for high incidence diseases which require laboratory confirmation. However, the 
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trade-off associated with reliance on laboratory-only notifications is the potential loss of 

certain clinical, demographic and epidemiological information that can enable DHHS to 

identify sources of exposure and implement strategies to prevent further cases. For example, 

cases notified by a doctor were 12 times more likely to have completed country of birth 

compared to laboratory-only notifications. For several conditions, additional data were 

collected by public health officers during routine case follow-up with the treating doctor 

and/or case through telephone contact or a request to complete an enhanced surveillance form 

(ESF). To expedite this, DHHS are trialling a system for selected conditions whereby doctors 

making web notifications are immediately directed to the appropriate ESF so that enhanced 

data are collected at the time of notification. Active case follow-up also provides an 

opportunity to collect missing notification data. Among conditions with routine active case 

follow-up, the difference in completeness of reporting of Indigenous status between doctor-

notified and laboratory-only notified cases (RR 1.88) were considerably less marked than 

among conditions with no routine active follow-up (RR 15.06). This suggests that for 

conditions with routine case follow-up, Indigenous status and other missing demographic 

information can be collected during case follow-up for laboratory-only notified cases.   

As several high-incidence conditions are currently not routinely followed up, alternate ways 

to obtain data relevant to notified cases need to be considered. The modernisation of 

surveillance in Australia through formalised data linkages with existing datasets has been 

identified as a national surveillance strategic priority,
22

 while development of secure and 

reliable record linkage has been identified in surveillance strategies in Australian and 

international jurisdictions.
70, 71

 It might be possible to obtain demographic data, including 

Indigenous status, postcode of residence and country of birth from electronic medical records 

if this information was automatically included on electronically generated pathology request 

slips and notification forms.
66

 This would result in more complete data without the need for 
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medical practitioners to separately notify each diagnosed case. Linkage of case notification 

data with extracts from other government databases has the potential to be more easily 

achieved. In New South Wales and Western Australia, linkage of the Australia Childhood 

Immunisation Register data with state-based disease notification data has been successfully 

piloted for a 17-year birth cohort (more than two million children) to improve vaccination 

status reporting.
72

 This allows identification of vaccine failures and population-based 

assessment of vaccine effectiveness and can be used to evaluate and inform Australia’s 

National Immunisation Program. Updating PHESS records regarding vaccination status using 

data obtained via record linkage is unlikely to raise the same ethical and privacy concerns as 

Indigenous status fields.  

Electronic laboratory reporting (ELR), the automated transmission of laboratory results from 

laboratories to public health units, improves notification timeliness and accuracy and 

therefore public health response capacity.
73-75

 PHESS is a customised version of a 

commercial product known as Maven Enhanced Disease Surveillance System (Maven 

EDSS), developed by Consilience Software, Austin Texas USA. In 2014, Maven EDSS was 

used in seven US states, five US cities (including New York City) and New South Wales – 

the most populous Australian state with 32% of the national population.
56

 The use of ELR is 

expanding in New South Wales, with four laboratories commencing ELR in 2013 and 

additional laboratories added subsequently.
76

 Electronic laboratory notifications from some 

laboratories are received directly into the New South Wales surveillance system, the 

Notifiable Conditions Information Management System (NCIMS). As yet, the Victorian 

PHESS database does not receive laboratory reports electronically; however, a pilot is 

underway for ELR from a Victorian public health laboratory with plans to expand this to 

other Victorian laboratories. As >90% of notified cases include a laboratory notification, this 
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has the potential to reduce notification delays as well as reducing data entry workload and 

errors within DHHS.    

DHHS Victoria continues to receive and respond to a high number of notifications of 

communicable diseases. In 2013, fewer than half the notified cases had Indigenous status 

completed, although higher ascertainment was achieved for doctor-notified cases, priority 

conditions for Indigenous reporting, and conditions with active public health follow-up. An 

increasing proportion of cases were notified by laboratory alone in Victoria. This is in 

keeping with national trends, with the potential consequence of incomplete demographic and 

risk factor data for notified cases. Possible actions to ensure adequate data quality and 

completeness in this context include prioritisation of data fields and diseases for which data 

completeness is necessary; education and support of doctors to ensure appropriate and timely 

notification; automation of systems to pre-populate laboratory request slips and notification 

forms with relevant demographic data; and development of ELR and data linkage capacity. 

Notifying doctors should be reminded of the requirement for immediate notification by 

telephone for Group A conditions to facilitate rapid public health response and prevention of 

further cases. DHHS Victoria will continue to work with notifiers and data custodians on 

these issues to ensure timely, complete and efficient notification to inform and monitor public 

health actions.  
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Table 2:1: Conditions for which more confirmed and probable notifications were 

received in 2013 than for any single year in the preceding decade (2003–2012) 

Condition 

Notified cases 

2013 Range 2003–2012 

Chikungunya virus infection* 30 0–17 

Cryptosporidiosis 1,261 215–1,142 

Dengue virus infection 407 6–326 

Gonococcal infection 2,992 922–2,438 

Hepatitis D 23 4–16 

HIV – unspecified duration 208 112–183 

Q fever 50 16–35 

Salmonellosis 2,944 1,160–2,743 

Syphilis – infectious 655 55–467 

Syphilis – late 572 293–537 

Typhoid 46 12–41 

Varicella zoster infection
†
    

Chickenpox 871 222–738 

Shingles 1,209 168–1,111 

Unspecified 3,004 146–2,626 

*Notifiable from 2005 – comparative period 2005–2012 

†Notifiable from 2008 – comparative period 2008–2012 
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Table 2:2: Method of first notification of doctor-notified cases by disease group*, 

Victoria 2013 

Method of 

notification 

Group A Groups B, C, D All 

No. (%) No. (%) No. (%) 

Fax 49 (23) 8,704 (50) 8,753 (50) 

Web/e-notification 34 (16) 3,933 (23) 3,967 (23) 

Post 12 (6) 3,349 (19) 3,361 (19) 

Telephone 107 (51) 847 (5) 954 (5) 

Other 3 (1) 364 (2) 367 (2) 

Unknown 4 (2) 188 (1) 192 (1) 

Total 209  17,385  17,594  

Group A conditions require immediate notification by telephone followed by written notification; groups B, C, 

and D conditions require written notification within 5 days of initial diagnosis  

*Confirmed and probable cases only, excludes elevated blood lead, chlamydial infection and food-borne or 

water-borne illness  
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Table 2:3: Completeness of Indigenous status reporting for conditions with and without active follow-up, by notifier 

 All notifications Doctor-notified Lab-only notified RR* [95% CI] P-value 

 n N (%) n N (%) n N (%)  

Conditions with active follow-up of all notified cases       

Group A 232 293 (79) 172 209 (82) 60 84 (71) 1.15 [0.99–1.34] 0.038 

Group B, C, D 2,464 2,936 (84) 1,961 2,121 (92) 503 815 (62) 1.50 [1.42–1.58] <0.001 

Conditions without active follow-up of all notified cases
†
      

Group B, C, D 14,054 31,664 (44) 13,118 15,264 (86) 936 16,400 (6) 15.06 [14.15–16.03] <0.001 

All conditions 16,750 34,893 (48) 15,251 17,594 (87) 1,499 17,299 (9) 10.00 [9.53–10.50] <0.001 

*Relative risk for having Indigenous status complete if notified by a doctor vs. laboratory only 

†Barmah Forest virus infection, campylobacteriosis, cryptosporidiosis ≥6 months of age, gonococcal infection (laboratory notified), hepatitis B (unspecified duration), hepatitis C 

(unspecified duration), influenza, non-TB mycobacterium infection (excluding M. ulcerans), pertussis (aged ≥5 years), invasive pneumococcal infection (aged 5–49 years), Ross 

River virus infection, salmonellosis, syphilis – late (laboratory notified), and Varicella zoster infection 

Group A conditions require immediate notification by telephone followed by written notification; groups B, C, and D require written notification within five days of initial diagnosis 
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Table 2:4: Completeness of Indigenous status reporting for priority diseases*, Victoria 

2013 

Priority condition Cases 

notified 

Indigenous status 

complete, % 

Dengue virus (locally acquired)  0 -- 

Donovanosis  0 -- 

Gonococcal infection
†
  2,992 58 

Haemophilus influenzae type b  4 75 

Hepatitis A  57 96 

Hepatitis B (newly acquired)  37 95 

Hepatitis C (newly acquired)  141 64 

HIV  369 95 

Leprosy  3 100 

Measles  37 92 

Meningococcal disease (invasive)  26 81 

Pertussis <5 years  227 79 

Pneumococcal disease <5 years  38 89 

Pneumococcal disease ≥ 50 years  235 89 

Shigellosis  101 89 

Syphilis – congenital  0 -- 

Syphilis – infectious  655 86 

Tuberculosis  382 100 

All priority conditions 5,304 71 

 

Other (non-priority) conditions
‡
 

 

29,589 
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*Target for priority diseases is ≥95% Indigenous status complete and ≥80% for all other diseases 

†Gonococcal infection is the only priority condition for Indigenous reporting that is not routinely followed up 

by DHHS staff 
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Table 2:5: Proportion of cases notified within 0 days, 1–5 days, and >5 days of signature 

date, by condition group, Victoria, 2013 

  
Number of 

cases* 

Percent of cases 

within timeframe  

0 

day 

1–5 

days 

>5 

days 

Group A All cases 285 59 30 11 

      

 Notifier      

 Both doctor and laboratory 201 62 29 9 

 Laboratory only 82 50 35 15 

 Doctor only 2 100 0 0 

      

 Method of doctor notifications (if known)   

 Fax 18 50 44 6 

 Web/e-Notification 10 100 0 0 

 Post 2 0 0 100 

 Telephone 77 79 16 5 

 Other
†
 3 67 33 0 

      

Groups B, 

C and D 

All cases 31,779 33 56 10 

     

Notifier     

Both doctor and laboratory 14,659 38 53 9 

 Laboratory only 15,250 27 61 12 

 Doctor only 1,870 51 40 9 

      

 Method of doctor notifications (if known)   

 Fax 6,702 64 32 4 

 Post 1,090 8 69 23 

 Web/e-Notification 1,610 79 18 3 

 Telephone 326 86 14 0.6 

 Other
‡
 80 59 34 7 

      

TOTAL  30,325 47 48 5 

Group A conditions require immediate notification by telephone followed by written notification; groups B, C, 

and D require written notification within five days of initial diagnosis 
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*Confirmed and probable cases only; elevated blood lead, chlamydial infection and food-borne or water-borne 

illness excluded. Excludes notified cases where signature date was missing, or the date difference between 

“signature date” and “date notified” was greater than 365 days or less than 0 days (assuming transcription errors 

by notifier or data entry errors).  

†Number of days between earliest signature date and the earliest notification received date 

‡All other methods of notification 
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Figure 2.1: Method of notification for confirmed and probable cases notified to DHHS 

Victoria in 2013* 

Number of confirmed and probable cases notified in 2013 in parentheses. The following conditions had fewer 

than 25 confirmed and probable cases notified: hepatitis D (23 cases), Mycobacterium infection [non-TB] (22), 

paratyphoid (19), Shiga-toxin and Vero-toxin producing E. coli (12), hepatitis E (9), leptospirosis (9), 

Creutzfeldt-Jakob disease [CJD] (7), rubella (5), Haemophilus influenzae type B (4), leprosy (3), botulism (2), 

haemolytic uraemic syndrome (2), cholera (1), rubella-congenital (1), tetanus (1). 
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2.2 Australia’s National Notifiable Diseases Surveillance System 1991 to 

2011: Expanding, adapting and improving 

This paper has been re-submitted to Epidemiology and Infection following revisions made in 

response to reviewer comments. 

 Summary  2.2.1

We reviewed key attributes (flexibility, data quality and timeliness) of Australia’s National 

Notifiable Diseases Surveillance System (NNDSS) over its first 21 years. Cases notified to 

NNDSS from 1991 to 2011 were examined by jurisdiction (six states and two territories) and 

sub-period to describe changes in the number of notifiable diseases, proportion of cases 

diagnosed using PCR tests, data quality (focussing on data completeness), and notification 

delays. The number of notifiable diseases increased from 37 to 65. The proportion of cases 

diagnosed by PCR increased from 1% (1991–1997) to 50% (2005–2011). Indigenous status 

was complete for only 44% of notifications [jurisdictional range 19%–87%]. Vaccination 

status was complete for 62% [jurisdictional range 32%–100%] and country of acquisition for 

24% of relevant cases. Data completeness improved over the study period with the exception 

of onset date. Median time to notification was eight days [interquartile range 4–17 days; 

jurisdictional range 5–15 days]; this decreased from 11 days (1991–1997) to five days (2005–

2011). NNDSS expanded during the study period. Data completeness and timeliness 

improved, likely related to mandatory laboratory reporting and electronic data transfer. A 

nationally integrated electronic surveillance system, including electronic laboratory reporting, 

would further improve infectious disease surveillance in Australia.  
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 Introduction 2.2.2

Infectious disease surveillance involves the systematic collection of demographic, risk factor 

and event data on diagnosed cases of specified infectious diseases, combined with analysis 

and dissemination of disease information to provide information for action. Recent 

international examples of emerging infectious diseases, such as Zika virus, Middle Eastern 

respiratory syndrome Coronavirus, and Ebola virus, as well as ongoing domestic food-borne 

outbreaks,
77

 highlight the importance of a robust and responsive public health infrastructure, 

of which infectious disease surveillance is a vital component.  

In Australia (population 21.5 million in 2011), each of the six states and two territories has 

legislation mandating notification of selected infectious diseases; defines its own notifiable 

diseases list; collects surveillance information from notifying doctors and/or laboratories; and 

is responsible for the public health responses to notified cases. Although notifiable disease 

data have been reported nationally since 1917,
26

 Australia lacked a national surveillance 

system until 1991 when the NNDSS was established by the Communicable Diseases Network 

Australia (CDNA), on behalf of state, territory and Australian governments. From 1991, de-

identified notification data for diseases on the National Notifiable Diseases List (NNDL)
78

 

have been forwarded from Australian jurisdictions to the NNDSS. An evaluation published in 

2004 concluded that NNDSS was a highly valued and well-used resource on communicable 

disease activity in Australia, with strengths of acceptability, stability and simplicity, plus 

relative weaknesses of inflexibility, lack of timeliness, and lack of clearly stated aims and 

objectives.
31

 More recently, fragmentation of data collection, with jurisdictions collecting and 

storing information differently, has been identified as a barrier to effective national infectious 

diseases surveillance.
22

 

The Australian Government funds several important public health programs, including the 

Immunise Australia Program, which provides free vaccination through the National 
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Immunisation Program (NIP), and is responsible for managing imported infectious disease 

risks and national health emergencies.
22

 Despite a well-resourced healthcare system, a life-

expectancy gap of 11.5 years for males and 9.7 years for females at birth persists between 

Aboriginal and Torres Strait Islander (Indigenous) Australians and non-Indigenous 

Australians.
79

 In line with the National Indigenous Reform Agreement (Closing the Gap), 

CDNA has set targets to improve Indigenous status reporting in NNDSS. This will support 

more accurate reporting of the health of Indigenous Australians and measurement of progress 

toward closing the gap in Indigenous disadvantage for notifiable communicable diseases.
80

 

From 2008, this target has been 95% completeness of Indigenous status reporting for 18 

priority diseases and 80% for the remaining notifiable diseases in NNDSS.
30

 The purpose of 

this study was to describe selected system attributes and changes in surveillance practices 

over the first 21 years of the NNDSS to inform interpretation of NNDSS data and to identify 

aspects of NNDSS that could be improved.  

 Methods 2.2.3

Information regarding NNDSS and surveillance practices was obtained through discussion 

with Commonwealth and jurisdictional surveillance staff, annual NNDSS surveillance 

surveys (2001–2011), and published literature. Line listed data for all cases notified to 

NNDSS from 1 January 1991 to 31 December 2011 were reviewed. The study dataset, 

extracted from NNDSS in 2012, contained 2,438,054 case notifications and included case 

notifications received by NNDSS when the disease was not nationally notifiable and cases of 

Creutzfeldt-Jakob diseases, which are notifiable to a different national surveillance system.
78

  

The NNDSS was briefly described, including CDNA goals for national surveillance and 

relevant legislation. Selected system attributes were evaluated using CDC’s Updated 

Guidelines for Evaluating Surveillance Systems, including flexibility, data quality, and 

timeliness.
55

 Within this structure, we highlighted changes in the NNDSS or in surveillance 
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practice that potentially impact NNDSS data, including diagnostic methods and testing 

practices. We reported changes in the proportion of notified cases diagnosed using different 

tests across three sub-periods (1991–1997, 1998–2004, and 2005–2011). These sub-periods 

were selected to allow meaningful summary comparison of changes in NNDSS across the 

entire study. Testing practices were examined using the data-field “reason for the diagnostic 

test”, with the possible responses of “clinical presentation”, “contact tracing or 

epidemiological link”, and “screening”. Cases notified in a jurisdiction and year in 

which >50% of cases had this data field complete were included in analysis of testing 

practices (Tasmania all years; Victoria from 1998; Western Australia from 2001; South 

Australia from 2007). Reason for testing was compared for the nine most frequently notified 

diseases (chlamydial infection, hepatitis C, campylobacteriosis, pertussis, salmonellosis, 

influenza, gonococcal infection, hepatitis B and Ross River virus), which made up 85% of all 

notifications. 

Flexibility was assessed through description of changes in notifiable diseases, data fields, 

case definitions, and technology over the 21-year study period. 

Data quality was assessed by examining completeness and validity of the study dataset. 

Missing data were defined as an observation field, which was blank; had non-informative 

data (e.g., “no information provided”); or had a value outside the plausible range (e.g., age <0 

years or disease onset date after the study period). For certain variables, data completeness 

was analysed for a subset of all notifiable diseases as follows: vaccination history for cases 

aged <7 years and diseases included in the childhood vaccination schedule funded through 

the NIP; country of acquisition for diseases that are ‘often travel-associated’ based on disease 

epidemiology (brucellosis, chikungunya, cholera, dengue, hepatitis A, hepatitis D, hepatitis 

E, Japanese encephalitis, leprosy, malaria, measles, mumps, poliomyelitis, rubella, 

tuberculosis, tularaemia, and typhoid fever); and serogroup/organism for legionellosis, 
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malaria, meningococcal disease (invasive), pneumococcal disease (invasive), and 

salmonellosis.  

Completeness of reporting of Indigenous status was assessed overall, as well as for 17 of 18 

priority diseases for Indigenous status reporting identified by CDNA (excluding HIV which 

is not notifiable to NNDSS).
30

 The 18 priority notifiable diseases for Indigenous status 

reporting are: dengue virus (locally acquired), donovanosis, gonococcal infection, 

Haemophilus influenzae type b, hepatitis A, hepatitis B (newly acquired), hepatitis C (newly 

acquired), HIV, leprosy, measles, meningococcal disease (invasive), pertussis (age <5 years), 

invasive pneumococcal disease (age <5 years), invasive pneumococcal disease (age ≥50 

years), shigellosis, syphilis (congenital), syphilis (<2 years duration), and tuberculosis. 

Data validity was assessed by examining unexpected patterns in the study dataset and 

identifying values outside a plausible range, specifically age<0 years and ≥110 years; and 

date of disease onset, specimen collection, and notification outside the study period (before 

1991 or after 2011). Due to an unexplained rise in notified cases, the number of cases notified 

from the Northern Territory in 1996 was compared between the study dataset (extracted from 

NNDSS in 2012) and online (live) NNDSS data that has undergone subsequent updates and 

data cleaning.
81

  

Timeliness was assessed by calculating time to notification by disease, jurisdiction, and sub-

period. Time to notification was calculated as the number of days from the date of symptom 

onset (onset date) to the date the notification was received by the jurisdiction (notification 

received date), where both these dates were reported and the notification received date was 

after the onset date. Time to notification was reported by diseases if it could be calculated for 

at least 100 cases.  
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NNDSS data were provided by the Australian Government’s Office of Health Protection on 

behalf of CDNA jurisdictional members in March 2012 as an extract from the national data 

file. The project was approved by the Monash Human Research Ethics Committee and 

CDNA jurisdictional members. Data were analysed using Stata 12 (StataCorp, Texas USA).  

 Results  2.2.4

The CDNA has identified the following goals for national surveillance: identify national 

trends; guide national policy development and resource allocation; monitor the need for and 

impact of national disease control programs; coordinate response to national or multi-

jurisdictional outbreaks; describe the epidemiology of rare diseases; meet international 

reporting requirements (e.g. to the WHO); and support federal government quarantine 

activities.
30

 By 2011, 65 communicable diseases were notifiable to NNDSS (Table 2:6). The 

National Health Security Act 2007 provides a legislative framework for the NNDL and 

exchange of public health surveillance information between Australian state/territory and 

federal governments and with other countries or the WHO.
25

 All eight Australian 

jurisdictions have signed the National Health Security Agreement, which enacts the National 

Health Security Act 2007 and enshrines the importance of national surveillance and the role 

of CDNA. Case notification data were sourced from jurisdictions and population data from 

the Australian Bureau of Statistics. Under their respective public health legislations, 

jurisdictions received notifiable diseases data from clinical sources (doctors and hospitals) 

and laboratories. To protect patient privacy, identifying information was removed from case 

records prior to submission to NNDSS, with the exception of postcode of residence. 

Jurisdictions were able to re-identify cases if required. Australian Government Department of 

Health staff were responsible for reviewing, cleaning, analysing, and interpreting NNDSS 

data, which were discussed at the fortnightly CDNA meetings. Aggregate data tables and 
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fortnightly summaries were available on the Internet, and quarterly and annual summaries 

were published in Communicable Disease Intelligence.  

Flexibility 

Notifiable diseases: In 1991, 37 diseases were nationally notifiable, increasing to 65 by 2006 

(Table 2:6, Figure 2.2a). All 65 diseases were notifiable by all eight jurisdictions, with the 

exception of campylobacteriosis and varicella zoster virus infections, which were not 

notifiable in New South Wales. Two diseases were taken off the NNDL during the study 

period (chancroid and hydatid disease) and four diseases were not included on the NNDL but 

had cases notified (chikungunya virus disease, non-tuberculosis mycobacterial diseases, 

rotavirus, and yersiniosis). Some of the observed increase in annual notification numbers can 

be attributed to the addition of diseases to NNDL (Figure 2.2a). Twenty-one diseases were 

consistently notifiable across jurisdictions for the entire study period, accounting for 36% of 

all notifications (Table 2:6). There is an established process for adding and removing diseases 

to the NNDL.
82

  

Case definitions: Case definitions were initially determined by jurisdictions. Uniform case 

definitions were recommended by the National Health and Medical Research Commission 

(NHMRC) in 1993,
83

 however national surveillance case definitions were not used by all 

jurisdictions until 2005 and have been continually updated since.
31, 84

 

Data fields: In 1991, NNDSS comprised 12 core data fields, expanding to 26 core data fields 

by 2011 (Table 2:7). Four of five mandatory fields – record reference number, notifying 

jurisdiction, disease, and notification received date – were included from 1991, with 

confirmation status (confirmed vs. probable case) added later. Of the non-mandatory fields, 

some were relevant to all notified cases (e.g. age, sex, Indigenous status) while others only to 



 

 

54 

selected notifications (e.g. species, vaccination status, outbreak reference). Twenty-three of 

25 core NNDSS data fields were included in the study dataset (Table 2:7). 

Notifier: Jurisdictions initially relied heavily on clinicians to notify cases, but during the 

study period this shifted toward notification by laboratories, supported by legislative changes. 

For example, laboratory notification was informal in Western Australia from 1991 to 2005 

but was thereafter mandated by the Health Amendment Act 2006. By 2013, the proportion of 

cases notified by laboratory report alone was ≥95% in the Australian Capital Territory, New 

South Wales, the Northern Territory, Queensland and Tasmania but only 4% in South 

Australia.
30

 

Technology: In 1991, jurisdictions received notifications by paper, telephone and fax, with 

several jurisdictions later developing capacity to directly import electronic notifications from 

clinicians. During the study period, electronic laboratory reporting (ELR) became well 

established in Queensland (covering 90% of the population from 2002 to 2006)
85

 but not in 

other jurisdictions. Initially, jurisdictional notification data were sent to the Australian 

Government Department of Health fortnightly in paper form, on diskette or electronically and 

manually entered into the NNDSS. From 2004, NNDSS has received daily electronic uploads 

of standardised case notification data from the electronic jurisdictional surveillance systems 

using a Data Acquisition System.
31

 

Data quality 

Data completeness is summarised in Table 2:8. Indigenous status was complete for 44% of 

all notifications [jurisdictional range 19%–87%] and >75% in three jurisdictions (the 

Northern Territory, South Australia and Western Australia). For the 17 priority diseases 

assessed, Indigenous status was reported for 68% of cases [jurisdictional range 42%–92%]. 

Vaccination data were reported for 62% [jurisdictional range 32%–100%] of relevant cases 
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overall. Country of acquisition was reported for 24% of cases for diseases that are ‘often 

travel associated’. Completeness of reporting improved for most data fields; however, onset 

date completeness dropped from 92% to 51% between the earliest and latest periods.  

Laboratory testing methods were reported for 65% of all notified cases [jurisdictional range 

0%–89%], with completeness increasing over the study period. The proportion of cases 

diagnosed using PCR increased over each sub-period (1% [1991–1997], 16% [1998–2007], 

and 49% [2005–2011]) but remained stable for serology (14%, 16%, 13%) and culture (22%, 

19%, 19%) (Figure 2.2b). The median annual number of cases diagnosed using PCR 

increased from 492 (1991–1997) to 74,119 (2005–2011).  

Testing practices were analysed for 756,434 (31%) cases. Of these, ‘reason for diagnostic 

test’ was complete in 89%, with ≥95% of campylobacteriosis, influenza, pertussis, Ross 

River virus infection and salmonellosis cases diagnosed because of clinical presentation. In 

comparison, 78%–80% of notified cases of chlamydial infection, gonococcal infection, 

hepatitis B and hepatitis C were reported as diagnosed through clinical presentation. The 

reported proportion of cases detected through clinical presentation also differed between 

Indigenous and non-Indigenous cases (52% vs. 90%).  

Data validity: Reported age at onset was <0 years for four cases and >110 years for 36 cases. 

A spike of 1,381 cases aged 99 years likely indicates data entry errors (unknown age was 

coded as 999). Onset, specimen collection, and notification dates were complete in 62%–83% 

cases. When reported, these dates fell outside the study period for 0.06%–0.20% of cases. We 

identified a discrepancy between the study data extract and NNDSS data published online in 

data from the Northern Territory in 1994: 7,267 cases were included in the study dataset 

compared to 4,776 cases reported online. This discrepancy was caused by a change to the 

“notification ID” used by the Northern Territory in 2010/11, resulting in some existing 
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notifications from 1994 appearing again as new notifications; the error was noted and 

corrected after the study dataset was extracted in 2012. 

Timeliness 

Median time to notification (calculated for 1,509,073 [62%] cases) was eight days 

[interquartile range (IQR) 4–17 days] for all diseases, decreasing from 11 days [IQR 6–21 

days] in the earliest period to five days [IQR 3–11 days] in the latest period, albeit with 

jurisdictional variability (Figure 2.3). Median time to notification was shortest for hydatid 

infection, influenza, invasive meningococcal disease, rotavirus, and varicella infection (three 

days) and longest for leprosy (31 days), tuberculosis (59 days), and CJD (99 days), 

potentially reflecting subacute disease onset and diagnostic challenges for these diseases.  

 Discussion 2.2.5

During its first 21 years of operation, Australia’s NNDSS expanded dramatically in terms of 

number of notifiable diseases and data fields included (indicating system flexibility), as well 

as marked increases in annual case notifications. NNDSS performance improved over that 

time, evidenced by better data completeness and timeliness. The increase in notification 

numbers in the latest period appear partly attributable to improved case ascertainment 

resulting from changing diagnostic methods (e.g. adoption of PCR) and more frequent 

testing. Our results will help inform interpretation of NNDSS data, including observed 

changes in notification incidence for selected diseases.
86

  

When compared to the CDNA’s stated goals for national infectious diseases surveillance,
30

 

NNDSS data can be used to describe the epidemiology of rare diseases and meet international 

reporting requirements. The system’s capacity to support quarantine activities and effectively 

coordinate response to national or multi-jurisdictional outbreaks is dependent on notification 

timeliness, which improved on two levels during the study period. First, the time from 
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disease onset to jurisdictional notification reduced. Second, data uploads from jurisdictions to 

NNDSS changed from fortnightly to daily. Data completeness likewise improved, which 

enhances the capacity of NNDSS to guide national policy development and resource 

allocation, and monitor the need for and impact of national disease control programs. Several 

factors likely contributed to improved case ascertainment during the study period, including 

the increased use of PCR testing. This potentially limits the ability to identify national trends 

in the epidemiology of infectious diseases using NNDSS data.  

The addition (and removal) of diseases and fields, and ongoing case definition modifications 

indicates a flexible system. More recently however, the system has demonstrated greater 

constancy, evidenced by fewer changes to the list of nationally notifiable disease and data 

fields, and greater consistency between jurisdictions, evidenced by adoption of nationally 

agreed case definitions and development of the Series of National Guidelines (SoNGs) which 

promote nationally consistent responses to notifiable disease events.
30, 84, 87

  

Data completeness improved over the study period for all data fields except onset date. This 

reflects increasing reliance on notifications from laboratories rather than clinicians. While 

automated electronic laboratory notifications improve the completeness and timeliness of 

notifications,
88-90

 increased reliance on laboratory-only notifications could result in reduced 

data completeness and accuracy for certain clinical, demographic and risk factor fields 

including onset date and Indigenous status. Jurisdictions can contact the treating doctor 

and/or case patient and request further data, such as onset date; however active follow-up of 

cases does not occur routinely for all diseases and is not feasible in the era of ELR with 

jurisdictions receiving tens of thousands of notifications per year. Jurisdictions must decide 

which diseases warrant active follow-up for public health action, including identification and 

management of susceptible contacts. 
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Indigenous Australians, who account for approximately 3% of Australia’s population, 

continue to have worse health outcomes and shorter life expectancy than non-Indigenous 

Australians.
79

 Improving identification in communicable disease reporting should contribute 

to better health for Indigenous Australians,
91

 with more accurate quantification of the 

differential burden of notifiable infectious diseases to inform development and evaluation of 

targeted policies. During the study period, the CDNA targets for completeness of Indigenous 

status reporting were not met, although completeness did improve. Additional strategies to 

improve Indigenous status identification in communicable disease reporting include 

legislation of mandatory reporting of Indigenous status; documentation of Indigenous status 

on pathology request forms; a non-defaulting, mandatory data item on Indigenous status in 

electronic health records; and data linkages with other health-related data sources.
66, 67, 91-93

 In 

Victoria, linkage of hepatitis B, hepatitis C and gonococcal infection notification data with 

hospital datasets improved completeness of Indigenous status reporting from 38% to >99% 

and resulted in a two- to four-fold increase in notification incidence for these diseases among 

Indigenous Victorians.
67

  

Completeness of vaccination history for relevant diseases improved during the study period, 

although missing data remained for 17% of cases in the most recent study period. The 

Australian Childhood Immunisation Register (ACIR) has recorded details of vaccinations 

received by children aged <7 years since 1996.
94

 Recently, ACIR records for around two 

million children were linked to notification datasets in Western Australia and New South 

Wales to evaluate and inform Australia’s immunisation program.
72

 Until such data linkage is 

routinely available throughout Australia, NNDSS must continue to strive for complete and 

accurate vaccination status data for notified vaccine preventable disease cases. 

Country of acquisition provides useful information about the epidemiology of infectious 

diseases in destination countries, as well as disease risks for travellers to those destinations.
95
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It is also important to identify when diseases, such as dengue, are locally acquired to facilitate 

appropriate public health interventions. Country of acquisition was only collected for one 

quarter of cases for diseases defined as ‘often travel-associated’, although this would have 

improved with retrospective addition of data from two jurisdictions after extraction of study 

data in 2012. Another risk factor for many infectious diseases, country of birth, is not 

collected in NNDSS core data fields but could be used to identify at-risk groups requiring 

targeted interventions to diagnose and/or prevent infection. Country of birth, country of 

acquisition and postcode data from England’s national surveillance system were used to 

identify large communities of south Asian heritage at particular risk for Plasmodium vivax 

malaria, specifically when visiting friends and relatives (VFR-travel) in India and Pakistan.
96

 

Country of birth is collected in six of eight Australian jurisdictions,
97

 and its addition to 

NNDSS could enhance the system without imposing significant additional work on notifiers 

or jurisdictional public health staff.   

We identified a discrepancy between the study data extract and NNDSS data published online 

relating to notifications from the Northern Territory in 1994. Notification data is uploaded 

daily from jurisdictions to NNDSS and changes made at the jurisdictional level will affect the 

NNDSS dataset. The ongoing cleaning of NNDSS data, with identification and correction of 

data errors indicates a robust data quality system, which is essential for a passive national 

surveillance system. 

The system improvement allowing daily electronic data uploads to NNDSS is critical to 

support coordinated responses to national or multi-jurisdictional outbreaks. Following 

introduction of an Internet-based communicable-disease reporting system in China in 2004, 

the mean length of time to report from county-level health facility to central level fell from 29 

days to one day.
98

 Our observed differences in time to notification between diseases reflect 

the acuteness of symptom onset; notification source and method also influence notification 
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delay.
90

 In Sweden, shorter notification delay was noted for laboratory compared to clinical 

notifications and electronic compared to paper notifications,
89

 with subsequent 

discouragement of paper-based notification.
99

 The US CDC aim to receive 80% of laboratory 

reports to public health agencies electronically by 2016 to improve timeliness.
100

 Transition 

of all Australian jurisdictions to ELR would further improve notification timeliness.  

The National Framework for Communicable Disease Control (2014) highlights 

fragmentation of data collection and incompatible data systems as barriers to effective 

national infectious diseases surveillance in Australia.
22

 Several countries, including China, 

Germany, Ireland, the Netherlands, and Sweden have introduced electronic communicable 

disease surveillance systems that are consistent between the national and sub-national 

jurisdictions.
90, 98, 99, 101, 102

 Sweden’s integrated surveillance system receives almost all 

notifications electronically.
99

 In contrast, some Australian jurisdictions manually entered all 

case notification data, which is time and resource intensive. Electronic notification from both 

clinicians and laboratories in Australia has potential to improve system simplicity, sensitivity, 

data completeness, and timeliness. A nationally integrated system, which includes the same 

electronic platform and user interface across jurisdictions, would promote consistent 

collection and storage of notification data and contribute to a less fragmented system of 

national surveillance.  

Evaluation of sensitivity, predictive value positive, and representativeness of NNDSS is 

beyond the scope of this study, particularly as these parameters vary markedly between 

different diseases. Even among bacterial gastrointestinal pathogens, it was estimated NNDSS 

detected one in seven salmonellosis but one in 10 campylobacteriosis cases.
36

 Data from the 

ECDC-funded Burden of Communicable Diseases in Europe (BCoDE) project suggest that 

case ascertainment for salmonellosis and campylobacteriosis in European countries are 

disease-, country-, age- and sex-specific.
35

 It is likely that case ascertainment improved over 
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the study period, including as a result of legislative changes mandating laboratory 

notification. We were not able to quantify case ascertainment for all diseases and 

jurisdictions, however there was no apparent increase in notification incidence in Western 

Australia as a result of legislation mandating laboratory notification introduced in 2006.
86

 

Our data also suggest that case ascertainment improved over the study period through 

improved diagnostic tests (particularly PCR) and an increase in testing. Other Australian 

studies have attempted to quantify the effect of more frequent testing on increased 

notification rates for chlamydial infection, gonococcal infection, pertussis and influenza.
41, 

103-105
  

In summary, the NNDSS expanded and evolved over its first 21 years, demonstrating 

flexibility along with improvements in data quality and notification timeliness. Data linkage 

strategies designed to improve completeness of Indigenous status and vaccination status 

should be explored to optimise planning and assessment of public health interventions. An 

increasing proportion of notified cases were diagnosed by PCR, and NNDSS will need to 

continue to accommodate evolving laboratory diagnostics and testing practices, including 

whole genome sequencing and antibiotic resistance data, to support optimal public health 

prevention and control activities. International experience supports the benefits and feasibility 

of an electronic communicable disease surveillance system that is consistent between the 

national and sub-national jurisdictions, as well as electronic reporting from laboratories and 

clinicians. Our findings support the National Framework for Communicable Disease 

Control’s recommendations for an integrated platform that enables real-time assessment of 

potential outbreaks, automatic ELR of notifiable diseases to jurisdictional and federal health 

departments, and formalised linkages with existing data to assure optimised prevention and 

control of communicable diseases.
22
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Table 2:6:  Diseases included in NNDSS in 1991 (foundation year) and diseases 

subsequently added to NNDSS by year, Australia 1991–2011 

Diseases included in NNDSS in 

1991 

Study 

year 

Diseases added in NNDSS after 1991 

Arbovirus infection (NEC) 1993 Botulism 

Brucellosis
†
   

Campylobacteriosis*
†
 1994 Hepatitis B – newly acquired 

Chancroid  Ross River virus infection 

Cholera
†
  Rubella 

Dengue    

Diphtheria
†
 1995 Chlamydial infection

†
 

Donovanosis   

Gonococcal infection
†
 1996 Barmah Forest virus 

Haemophilus influenzae type b  Hepatitis C – newly acquired 

Hepatitis (NEC)  Hepatitis C – unspecified 

Hepatitis A virus
†
  Mumps 

Hepatitis B – unspecified   

Hydatid infection 2000  Haemolytic uraemic syndrome 

Legionellosis
†
  Hepatitis D 

Leprosy
†
  Hepatitis E 

Leptospirosis
†
  Shiga-/Vero-toxin producing Escherichia coli 

Listeriosis   

Malaria
†
 2002 Australian bat lyssavirus/Lyssavirus (NEC) 

Measles
†
  Cryptosporidiosis 

Meningococcal disease
†
  Influenza 

Ornithosis  Japanese encephalitis 

Pertussis
†
  Kunjin / West Nile virus 

Plague
†
  Murray Valley encephalitis virus 

Poliomyelitis
†
  Pneumococcal disease (invasive) 

Q fever
†
   

Rabies 2004 Severe acute respiratory syndrome (SARS) 

Rubella – congenital
†
  Smallpox 

Salmonellosis
†
  Tularaemia 

Shigellosis   

Syphilis 2005 Highly pathogenic avian influenza in humans 

Syphilis – congenital
†
  Syphilis >2 years / unspecified duration 

Tetanus  Syphilis <2 years duration 

Tuberculosis   

Typhoid
†
 2006 Varicella zoster – chickenpox* 

Viral haemorrhagic fever  Varicella zoster – shingles* 

Yellow fever
†
  Varicella zoster – unspecified* 

NEC – not elsewhere classified 

†diseases which were consistently notifiable across states for the entire study period 

* not notifiable in New South Wales 
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Table 2:7: Core data fields of the National Notifiable Diseases Surveillance System, Australia 1991–2011 

Data field (all included in the 

study dataset) 

Included in Manda

tory 

field 

Comments 

1991 2003* 2011 

Age /  Date of birth Yes Yes Yes No Only ‘age’ included in study dataset 

Case identification number Yes Yes Yes Yes Not included in study dataset 

Confirmation status Yes Yes Yes Yes ‘Confirmed’ or ‘Probable’ 

Date of symptom onset Yes Yes Yes No  

Disease Yes Yes Yes Yes  

Fortnight of report to CDNA Yes No No  Not included in study dataset 

Indigenous status Yes Yes Yes No Aboriginal and/or Torres Strait Islander 

Jurisdiction Yes Yes Yes Yes  

Notification date  Yes Yes Yes No Date notifying doctor or laboratory signed / authorised the notification 

Notification received date Yes Yes Yes Yes Date jurisdiction received the notification 

Postcode of residence Yes Yes Yes No  

Sex Yes Yes Yes No  

Case found by  No Yes Yes No Reason for diagnostic test: Clinical presentation, contact tracing or epidemiologic link, screening 

Country of acquisition  No Yes Yes No  

Died from disease  No Yes Yes No  

Laboratory diagnosis method No Yes Yes No  

Organism  No Yes Yes No From 1995, e.g. malaria, legionellosis 

Outbreak reference  No Yes Yes No Selected cases only 

Serogroup  No Yes Yes No From 1995, e.g. Neisseria meningitides, Streptococcal pneumoniae, Salmonella 

Specimen date No Yes Yes No Date diagnostic specimen was collected 

Vaccination status  No Yes Yes No Older vaccination fields 

Doses of vaccine  No Yes Yes No Older vaccination fields 

Vaccination validation  No Yes Yes No Older vaccination fields 

Date of last vaccination  No No Yes No Newer (replacement) vaccination fields 

Combined vaccination schedule  No No Yes No Newer (replacement) vaccination fields 

*Data from Miller et. al. 2004
31
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Table 2:8: Data completeness by sub-period, National Notifiable Diseases Surveillance 

System—Australia, 1991–2011 

 

Completeness, % [jurisdictional range] 

 
1991–1997 1998–2004 2005–2001 

Case found by 3.2 [0–100] 28.6 [0–99.4] 38.2 [0–99.99] 

Country of acquisition* 8.8 [0–89.0] 29.6 [0–60.6] 59.1 [0–80.2] 

Death 17.3 [0–100] 29.1 [0.1–99.97] 44.0 [0.3–100] 

Indigenous status 30.4 [2.1–78.8] 43.4 [21.7–89.4] 50.0 [19.8–93.2] 

Lab diagnosis method 20.8 [0.9–69.2] 56.0 [89.8–2.1] 88.1 [30.3–99.7] 

Notification date 59.5 [0.8–100] 82.0 [9.6–100] 92.9 [63.6–99.8] 

Onset date 92.2 [70.1–99.99] 61.9 [29.5–100] 50.6 [9.9–100] 

Outbreak reference no. 12.1 [0–99.8] 9.8 [0–99.9] 6.3 [0–100] 

Serogroup* 19.4 [5.5–53.8] 50.1 [26.2–71.0] 47.5 [16.9–68.6] 

Specimen date 59.0 [0–99.8] 74.1 [0–99.99] 94.9 [0.6–99.8] 

Vaccination status* 36.8 [0–100] 56.9 [38.4–100] 83.2 [71.5–100] 

Data complete for 97.6%–100% of cases for the following fields: Age, confirmation status, disease, jurisdiction, 

notification received date, postcode of residence, sex, and organism 

*Completeness assessed for relevant subset of notified cases



 

 

65 

Figure 2.2: Cases notified to the National Notifiable Diseases Surveillance System (NNDSS) by year, Australia 1991–2011 

2.2a. According to year the disease became nationally notifiable 2.2b. According to year and diagnostic test used 
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Figure 2.3: Time (in days) from disease onset to notification received, period and disease 

group, Australia 1991–2011 
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Chapter Three: Overview of the epidemiology of nationally notifiable 

infectious diseases in Australia  
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Aim: To understand the epidemiology of nationally notifiable diseases in Australia over a 21-

year period using data from NNDSS in order to inform changes to communicable disease 

surveillance and control in Australia. 

Preface 

In keeping with the reporting requirement of a public health surveillance system, NNDSS 

data are freely available online in the form of aggregate data tables which are updated daily; 

fortnightly summary reports; and annual reports. More detailed longitudinal analyses of 

selected individual diseases have also been published. However, in Australia there has been 

no overview of all notifiable conditions since NNDSS began collecting data in 1991. 

Longitudinal and inclusive analyses of national surveillance data can highlight the value of 

public health programmes. In a recent dramatic demonstration of this, analysis of 

communicable disease surveillance data in the US from 1888 to 2011 (Project Tycho) 

estimated that immunisation programmes in the US prevented 103 million cases of childhood 

vaccine preventable diseases (95% of those that would have otherwise occurred) from 1924 

to 2011, including 26 million cases (99% of those that would otherwise have occurred) from 

2002 to 2011.
106

 The objective of Project Tycho – to advance the availability and use of 

public health data for science and policy – is echoed in the analyses presented in this thesis 

which, despite not being solely focussed on vaccine preventable diseases, aims to inform 

changes to communicable disease surveillance and control in Australia. 

Chapter 3 contains a manuscript accepted for publication in Epidemiology and Infection, 

which summarises the first 21 years of NNDSS notifications for all nationally notifiable 

diseases. This represents a unique longitudinal overview of notifiable diseases in Australia, 

including analyses of temporal trends and comparisons between disease groups and diseases. 

Such analyses can be used by policymakers to prioritise conditions requiring public health 
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intervention, due either to high notification incidence, increasing notification incidence, or 

observed differences in incidence between jurisdictions or populations.  

 

3.1 An overview of the epidemiology of notifiable infectious diseases in 

Australia, 1991–2011 

This article has been accepted for publication in Epidemiology and Infection.  
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 Supplementary material 3.1.1

Table 3.3: Annual incidence of disease notification by jurisdiction, Australia 1991–2011 (Supplementary Appendix Table) 

 ACT NSW NT QLD SA TAS VIC WA 

 Inc RR Inc RR Inc RR Inc RR Inc RR Inc RR Inc RR Inc RR 

All diseases 560·1 1·3 429·8 Ref 2,598·5 6·0 849·9 2·0 693·6 1·6 482·7 1·1 493·9 1·1 684·2 1·6 

Blood-borne viral hepatitis 94·5 0·7 128·1 Ref 144·4 1·1 101·0 0·8 74·7 0·6 64·4 0·5 101·2 0·8 81·9 0·6 

 Hepatitis B  24·6 0·5 46·5  90·8 2·0 26·6 0·6 26·5 0·6 10·9 0·2 37·4 0·8 26·1 0·6 

 Hepatitis C  71·9 0·9 83·4  109·8 1·3 73·1 0·9 66·3 0·8 58·9 0·7 69·1 0·8 59·7 0·7 

 Hepatitis D 0·0  0·2  0·04 0·2 0·2 1·2 0·005 0·03 0·0 0·0 0·2 1·0 0·08 0·4 

Gastrointestinal diseases 151·7 3·5 42·8 Ref 481·4 11·2 189·5 4·4 202·7 4·7 161·3 3·8 137·1 3·2 156·4 3·7 

 Campylobacter† 103·7 1·1 NN -- 130·4 1·3 102·7 1·1 147·1 1·5 118·0 1·2 96·9 Ref 93·5 1·0 

 Cryptosporidiosis 8·4 1·1 7·8  59·3 7·6 19·6 2·5 8·8 1·1 9·2 1·2 10·0 1·3 13·0 1·7 

 Hepatitis A virus 4·5 0·7 6·5  24·9 3·8 8·1 1·3 3·1 0·5 1·2 0·2 3·7 0·6 5·1 0·8 

 Listeriosis 0·3 1·0 0·3  0·2 0·5 0·3 0·8 0·3 0·9 0·3 1·0 0·3 1·1 0·4 1·3 

 Salmonellosis 29·3 1·0 29·0  206·7 7·1 59·9 2·1 39·1 1·3 34·4 1·2 27·7 1·0 41·5 1·4 

 STEC/VTEC  0·11 0·8 0·14  0·3 1·8 0·4 2·9 2·5 17·6 0·06 0·4 0·14 1·0 0·2 1·3 

 Shigellosis 1·5 1·0 1·6  73·4 47·3 3·3 2·1 4·1 2·6 0·6 0·4 1·8 1·2 7·8 5·0 

 Typhoid 0·3 0·6 0·5  0·5 1·1 0·3 0·5 0·2 0·5 0·2 0·3 0·4 0·8 0·6 1·2 

Sexually transmissible infections 159·0 1·3 125·9 Ref 1,527·3 12·1 263·0 2·1 165·7 1·3 151·2 1·2 155·9 1·2 284·8 2·3 

 Chlamydia 164·4 1·1 156·3  749·9 4·8 234·1 1·5 153·5 1·0 157·1 1·0 147·3 0·9 236·1 1·5 

 Donovanosis 0·0  0·0  6·8  0·0  0·0  0·0  0·0  0·08  

 Gonococcal infection 9·2 0·5 18·4  656·7 35·7 33·0 1·8 21·7 1·2 3·5 0·2 17·0 0·9 66·5 3·6 

 Syphilis  4·9 0·8 6·4  164·7 25·8 13·2 2·1 2·8* 0·4 2·9 0·5 7·6 1·2 9·1 1·4 

Vaccine preventable disease 138·6 1·4 99·8 Ref 239·4 2·4 187·8 1·9 217·9 2·2 91·3 0·9 76·9 0·8 110·2 1·1 

 Haemophilus influenza type B  0·5 0·9 0·6  1·6 2·8 0·6 1·0 0·6 1·1 0·5 0·8 0·4 0·8 0·15 0·3 

 Influenza  64·6 1·7 38·9  165·3 4·3 105·7 2·7 313·0 8·1 49·1 1·3 31·7 0·8 58·0 1·5 

 Measles 8·0 1·6 4·9  7·2 1·5 5·7 1·2 1·9 0·4 10·8 2·2 1·8 0·4 1·5 0·3 

 Mumps 1·3 1·2 1·1  5·0 4·7 0·8 0·7 0·8 0·8 0·4 0·4 0·7 0·6 1·6 1·5 

 Pertussis 58·5 1·0 61·2  51·3 0·8 60·3 1·0 97·0 1·6 30·2 0·5 36·1 0·6 33·8 0·6 

 Pneumococcal disease  8·8 1·0 9·1  36·6 4·0 8·8 1·0 9·0 1·0 9·6 1·1 7·5 0·8 8·3 0·9 

 Rubella 8·1 2·0 4·1  1·4 0·3 10·0 2·4 3·6 0·9 3·0 0·7 3·8 0·9 5·4 1·3 

 Varicella zoster † 32·3 0·7 NN -- 116·5 2·4 96·3 2·0 115·8 2·3 41·7 0·8 49·4 Ref 73·2 1·5 

Vector-borne diseases 9·2 0·5 18·8 Ref 175·2 9·3 91·9 4·9 20·3 1·1 8·6 0·5 9·9 0·5 40·4 2·2 

 Arbovirus infection (NEC) 0·01 0·3 0·06  0·8 14·5 0·5 8·5 0·2 4·0 0·00  0·3 5·4 0·00  

 Barmah Forest virus infection 0·8 0·14 5·4  24·1 4·4 17·2 3·2 2·3 0·4 0·2 0·0 0·7 0·1 4·1 0·8 
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 ACT NSW NT QLD SA TAS VIC WA 

 Inc RR Inc RR Inc RR Inc RR Inc RR Inc RR Inc RR Inc RR 

3 

 Dengue  1·7 1·9 0·9  11·5 13·2 6·5 7·5 0·6 0·7 0·3 0·3 0·4 0·5 3·8 4·3 

 Malaria 4·9 2·2 2·2  19·2 8·7 7·4 3·4 1·7 0·8 2·3 1·1 1·9 0·9 2·8 1·3 

 Ross River virus 2·3 0·2 11·6  111·0 9·5 58·4 5·0 17·1 1·5 6·1 0·5 6·6 0·6 31·1 2·7 

Zoonoses 0·6 0·1 4·2 Ref 3·4 0·8 10·0 2·4 2·8 0·7 0·7 0·2 3·1 0·7 1·2 0·3 

 Brucellosis 0·03 0·6 0·05  0·05 1·0 0·8 15·9 0·03 0·5 0·01 0·2 0·04 0·8 0·01 0·3 

 Leptospirosis 0·09 0·2 0·5  1·2 2·4 2·6 5·4 0·2 0·4 0·4 0·9 0·7 1·4 0·2 0·5 

 Ornithosis 0·3 0·3 0·9  0·3 0·3 0·10 0·11 0·5 0·5 0·2 0·3 1·4 1·5 0·2 0·2 

 Q fever 
0·2 0·06 3·2  0·6 0·2 6·6 2·1 

1·1 0·3 0·03 

0·0

09 0·7 0·2 0·6 0·2 

Other bacterial diseases 6·6 0·7 10·1 Ref 27·4 2·7 6·7 0·7 9·5 0·9 5·1 0·5 9·7 1·0 9·1 0·9 

 Legionellosis 0·6 0·6 1·1  1·2 1·1 1·0 0·9 2·8 2·6 0·5 0·5 1·4 1·3 2·5 2·3 

 Meningococcal disease  1·7 0·7 2·3  4·6 2·0 2·2 1·0 1·5 0·7 2·3 1·0 1·9 0·8 2·3 1·0 

 Tuberculosis 4·3 0·6 6·6  20·8 3·1 3·4 0·5 3·8 0·6 2·3 0·3 6·6 1·0 4·1 0·6 

                  
Hib – Haemophilus influenzae type B; Inc – Incidence per 100,000 person-years; RR – relative risk compared to NSW (most populous jurisdiction); NEC – not elsewhere classified; NN – not 

notifiable; Ref – reference state for RR; STEC/VTEC – Shiga- or Vero-toxin producing E. coli ;  

†RR compared to Victoria (not notifiable in NSW); *SA only reported infectious syphilis (primary, secondary or early latent) 

ACT – Australian Captial Territory; NSW – New South Wales; NT – Northern Territory; Qld – Queensland; SA – South Australia; Tas – Tasmania; Vic – Victoria; WA – Western Australia; 

Aus - Australia 
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Table 3.2: Disease group notifications across jurisdictions, Australia 1991—2011 (Supplementary Appendix Figure) 

a· Notification relative risks (RR) for jurisdictions compared to 

NSW, by disease group 

b· Average annual change in notification incidence over 

study period, by disease group and jurisdiction, % 

c· Percentage of all disease notifications in each disease 

group by jurisdiction, % 

ACT 0·7 3·5 0·7 1·3 1·4 0·5 0·1 1·3 ACT -2 4 1 15 9 1 0 6·8 ACT 17 27 1·2 28 25 2 0·1 

NSW 1·0 1·0 1·0 1·0 1·0 1·0 1·0 1·0 NSW -2 3 -1 18 12 3 -2 6·6 NSW 30 10 2·4 29 23 4 1·0 

NT 1·1 11·2 2·7 12·1 2·4 9·3 0·8 6·0 NT 3 -3 -4 4 19 0 -6 3·3 NT 6 19 1·0 58 10 7 0·1 

QLD 0·8 4·4 0·7 2·1 1·9 4·9 2·4 2·0 QLD -2 1 0 9 16 -2 -3 5·0 QLD 12 23 0·8 31 21 11 1·2 

SA 0·6 4·7 0·9 1·3 2·2 1·1 0·7 1·6 SA 0 0 -2 8 22 6 -10 7·2 SA 11 30 1·2 24 31 3 0·3 

TAS 0·5 3·8 0·5 1·2 0·9 0·5 0·2 1·1 TAS 2 2 -1 13 11 2 -8 6·7 TAS 13 34 1·1 32 18 2 0·2 

VIC 0·8 3·2 1·0 1·2 0·8 0·5 0·7 1·1 VIC 0 4 2 15 15 0 -7 7·2 VIC 21 28 2·0 32 16 2 0·6 

WA 0·6 3·7 0·9 2·3 1·1 2·2 0·3 1·6 WA 1 2 0 11 18 4 -5 7·3 WA 12 23 1·3 42 15 6 0·2 

         

AUS -1 2 0 12 15 1 -3 6·4 AUS 18 21 1·5 33 20 6 0·7 
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a. Relative risk (reference state NSW = 1); red = higher notification incidence, green = lower notificatoin incidence· – no notifications recived 

b. Change in disease incidence dark red=greatest increase in incidence, white = no significant change in incidence, dark green = greatest decrease in incidence of notifications over study period; numbers 

show average annual change (%) in disease incidence over study period 

c. Dark red = greatest proportion of jurisdiction’s total notifications in that disease group; White = lowest proportion of jurisdiction’s totatl notifications in that disease group  

*Campylobacteriosis not notifiable in NSW 

ACT – Australian Captial Territory; NSW – New South Wales; NT – Northern Territory; Qld – Queensland; SA – South Australia; Tas – Tasmania; Vic – Victoria; WA – Western Australia; Aus - Australia 
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Chapter Four: Socio-demographic determinants of notifiable 

infectious diseases in Australia  
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Aim: To explore the socio-demographic determinants of notifiable communicable diseases in 

Australia. 

Preface 

Health inequalities are differences in health status between different population groups. In 

certain situations these inequalities are attributable to biological variations and are therefore 

considered unavoidable. Health inequities refer to differences in health status between 

different population groups, which are unnecessary and avoidable as well as unjust and 

unfair.
107

 Social determinants of health – the conditions in which people are born, grow, live, 

work and age – are responsible for most health inequities.
108

 One of the most striking health 

inequities in Australia relate to the shorter life expectancy of Indigenous Australians 

compared to non-Indigenous Australians (a gap of 10.6 years for boys and 9.5 years for girls 

at birth).
109

 Australians in remote areas also have shorter life expectancy and poorer health, 

relating to social determinants of health, access to goods and services, and health 

behaviours.
109

 Socioeconomic disadvantage in Australia is likewise associated with poorer 

health. Compared to those in the least disadvantaged areas, Australians living in the most 

socioeconomically disadvantaged areas are more likely to: have poorer self-reported health 

status; have very high levels of psychological distress; be obese; smoke; be teenage parents; 

have children who are developmentally delayed; and have lower five-year survival rates 

following cancer diagnosis.
110

 In 2011, the DALY burden of all infectious diseases was 2.9 

times higher among Australians living in very remote areas compared to those living in major 

cities, and 1.7 times higher among those in the lowest compared to highest socioeconomic 

group.
49

 

Socioeconomic status and access to services can be measured at the individual, household or 

area-based (neighbourhood, state, country) level. Use of area-based analysis of surveillance 
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data permits examination of the social distribution of communicable diseases and temporal 

trends, although the associations between socioeconomic status and specified health 

outcomes tend to be underestimated when using area-level rather than individual- or 

household-level socioeconomic status as the health determinant.
111

 NNDSS data are de-

identified but include postcode of residence. The Australian Bureau of Statistics (ABS) 

census data include area-based measures of a socioeconomic status and remoteness 

(determined by distance to services), which can be accessed at the postcode-level.  

The following analysis of socioeconomic disadvantage and remoteness used ABS census data 

but applied these to non-census postcode defined areas. Postcodes are maintained for mail 

processing purposes only, however the line-listed NNDSS data provided only postcode of 

residence for geolocation. For analysis of remoteness, we used a '2012 Postcode to 2011 

Remoteness Area' concordance file provided by the ABS and applied 2011 Remoteness Area 

classifications to all study years. This could lead to misclassification of the remoteness of 

certain areas early in the study period. Postal area-level population data by Indigenous status 

were only available for 2011 and these were retrospectively applied to the entire study period. 

Results of remoteness and Indigenous status analyses would be more accurate in the latter 

years of the study. 

This chapter contains a manuscript that examines the socio-demographic influences on 

incidence of nationally notifiable infectious diseases in Australia. By combining the NNDSS 

and ABS variables relating to age-group, sex, Indigenous status, socioeconomic disadvantage 

and remoteness we undertook an area-based analysis of social determinants of health for all 

nationally notifiable infectious diseases in Australia.   
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4.1 Socio-demographic and geographic inequalities in notifiable 

communicable diseases in Australia: An analysis of 21-years of 

national disease surveillance data 

 

This paper has been accepted for publication in Lancet Infectious Diseases.  

 

 Abstract   4.1.1

Background: Australia is a high-income country with a well-established and largely 

publically-funded health care system. Despite this, certain populations within Australia 

experience shorter life expectancy and worse health outcomes. We aim to explore geographic 

variations and socio-demographic inequities in infectious disease notifications in Australia.  

Methods: National Notifiable Diseases Surveillance System (NNDSS) notifications from 

1991–2011 (n=2·4 million) were analysed by disease group and disease (eight most 

commonly notified diseases) at postcode-level. The impact of socioeconomic disadvantage 

and remoteness of residence on notification incidence was examined nationally. We reported 

Gini co-efficients; adjusted relative risks (aRRs); population attributable fractions (PAF); and 

attributable notifications. We reported aRRs for Indigenous status in three jurisdictions with 

completeness of Indigenous status reporting >75% (the Northern Territory, South Australia 

and Western Australia). 

Findings: Of the eight most commonly notified diseases, gonococcal infection was the most 

concentrated and campylobacteriosis the most evenly distributed. Overall notification 

incidence was higher in remote/very remote areas compared to major cities (aRR 3·37) and 

the most socioeconomically disadvantaged compared to less disadvantaged quintiles (aRR 

1·15). PAF for socioeconomic disadvantage remained high for blood-borne viral hepatitis but 
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fell in other disease groups. In 2011, sexually transmissible infections had 11,093 

notifications attributed to remoteness and 5,597 notifications attributable to socioeconomic 

disadvantage. Notification incidence was higher among Indigenous Australians (aRR 5·3). 

Interpretation: Diseases had differing geographic concentration and sociodemographic risk. 

Overall, sociodemographic inequities in infectious disease notifications have reduced but 

remain unacceptably high. National communicable disease control is complex, requiring both 

targeted and population-wide interventions.  

 Introduction 4.1.2

Australia is one of the most privileged countries in the world, ranking second on the United 

Nation’s Human Development Index.
112

 With six states and two territories, the Australian 

population in 2011 was 22·5 million,
113

 of whom 27% were born overseas, 70% lived in 

major cities and 1% lived in remote or very remote areas.
109

 Aboriginal and Torres Strait 

Islander (Indigenous) Australians comprise 3% of the national population (~670,000 people) 

but up to 16% of the population in remote and 45% in very remote areas.
109

  

Social and economic circumstances affect health, even in wealthy nations, with higher 

disease burden and shorter life expectancy among disadvantaged populations.
114

 Despite 

government-funded health care and education, social and health inequalities persist in 

Australia. Life expectancy of Indigenous Australians is approximately 10 years lower than 

non-Indigenous Australians at birth. Indigenous Australians, people living in rural and remote 

areas, the lowest socioeconomic status groups, and people with disabilities experience poorer 

health outcomes.
109

  Improvements in living standards, along with public health programmes 

such as vaccination, have resulted in lower burden of communicable diseases in recent 

decades; the proportion of deaths in Australia attributed to infections fell from 13% in 1907 
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to 1.3% in 2009.
110

 Despite this, notification incidence of some communicable diseases is 

both increasing and unequally distributed.
86, 115, 116

  

National communicable disease surveillance in Australia is achieved through aggregation of 

line-listed surveillance data provided by the states and territories; responsibility for public 

health action resulting from these notifications lies with the jurisdictions. From 1991, de-

identified case notification data for diseases on the National Notifiable Disease List (NNDL) 

have been transmitted to Australia’s National Notifiable Diseases System (NNDSS).
78

 

HIV/AIDS and Creutzfeldt-Jakob disease are notifiable to other national surveillance 

systems.
 117, 118 

A separate analysis of NNDSS notification data from 1991–2011 provides an 

overview of the time trends in incidence of disease notifications (3.1). We reviewed the first 

21 years of NNDSS data to quantify inequalities in communicable disease notification 

incidence in Australia based on geography and sociodemographic factors.  

 Methods 4.1.3

Cases notified to the NNDSS from 1991–2011 were included. We analysed 

sociodemographic factors by disease group for all notified cases (blood-borne viral hepatitis 

[BBVH], gastrointestinal diseases, STIs, vaccine-preventable diseases [VPDs], and other 

diseases [incorporating other bacterial, quarantinable, vector-borne and zoonotic disease 

groups from the NNDL]).
78

 We separately analysed the eight most commonly notified 

diseases which each had >100,000 cases notified over the study period (campylobacteriosis 

[not notifiable in New South Wales], chlamydial infection, gonococcal infection, hepatitis B 

[newly acquired and unspecified], hepatitis C [newly acquired and unspecified], influenza, 

pertussis, and salmonellosis). Data were analysed for the entire study period (1991–2011) and 

by sub-period (1991–1997, 1998–2004, and 2005–2011). 
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Annual notification incidences per 100,000 population were calculated using mid-year 

populations nationally and by postal area (matched to >2,300 postcodes). Notification and 

population data were included for all years in which a disease was notifiable at both the 

national and jurisdictional levels with the exceptions (as described in 3.1) listed in Table 4:1. 

The proportion of eligible cases included in the analyses is outlined in the Appendix (4.1.7). 

The Australian Bureau of Statistics’ (ABS) Index of Relative Socioeconomic Disadvantage 

(IRSD) and Accessibility/Remoteness Index of Australia (ARIA+) were used to examine the 

impact of socioeconomic disadvantage and remoteness on notification incidence at the small-

area (postcode) level.
 119, 120

 The population was divided into quintiles based on IRSD scores, 

with the first quintile (Q1) representing the most socioeconomically disadvantaged areas. 

Remoteness was reported in five groups (major cities, inner regional, outer regional, remote 

and very remote) and dichotomised for analysis (remote [remote and very remote areas] vs. 

non-remote [major cities, inner regional and outer regional areas]). Postal area-level 

population and IRSD data were available for census years (1991, 1996, 2001, 2006 and 2011) 

and interpolated for inter-census year estimates. Postcode-level remoteness data for 2011 was 

applied to all study years.  

Geographical variability: Notification incidence was analysed at postcode level to identify 

diseases with a high degree of geographical concentration. Postcodes were sorted from lowest 

to highest incidence to generate Lorenz curves, plotting cumulative proportion of the 

population (x-axis) against cumulative proportion of notified cases (y-axis)(Figure 4.1). The 

diagonal ‘line of equality’ demonstrates a theoretical situation whereby notifications are 

equally distributed across the population; the further the Lorenz curve deviates from this line 

of equality, the more unequal (or concentrated) the distribution of notifications. We 

calculated Gini coefficients (equivalent to twice the area between the line of equality and the 

Lorenz curve) for which higher values represent greater inequality (theoretical range from 0 
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[perfect equality] to 1 [absolute inequality]) using the –ineqdec0– code in Stata
121

 for disease 

groups and most commonly notified diseases in 1991, 2001 and 2011, provided >1,000 cases 

were notified and the postcode population was >100 in that year.  

Adjusted relative risks (aRRs). Relative risks for disease notification  were calculated using 

multivariable Poisson regression models that adjusted for sex, age-group, socioeconomic 

disadvantage (most disadvantaged IRSD quintile [Q1] vs. other [Q2–5]) and remoteness 

(remote vs. non-remote). Separate models were constructed for each disease group and most 

commonly notified diseases.  

Population attributable fraction (PAF) and attributable notifications: The relative contribution 

of socioeconomic disadvantage and remoteness to notification incidence was quantified using 

PAF, calculated separately for each by disease group and period. PAF indicates the expected 

percentage reduction in notifications if the entire population was at an ideal exposure level – 

namely the least disadvantaged IRSD quintile (Q5) or major city residence. The multivariable 

models above were re-run with dichotomous categorisation of socioeconomic disadvantage 

(IRSD Q1–4 vs. Q5) and remoteness (regional/remote vs. major city) and the resultant aRRs 

were included in the following: 

𝑃𝐴𝐹 =
𝑝𝑐(𝑅𝑅 − 1)

𝑅𝑅
 

where pc is the proportion of cases in the suboptimal exposure level (IRSD Q1–4 or 

regional/remote residence).
122

  

The absolute contribution of socioeconomic status and remoteness to case notifications in 

2011 was estimated by disease group and disease, whereby: 

𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑎𝑏𝑙𝑒 𝑛𝑜𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠2011 = 𝑃𝐴𝐹2005–2011 ×  𝑛𝑜𝑡𝑖𝑓𝑖𝑒𝑑 𝑐𝑎𝑠𝑒𝑠2011 
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Indigenous status sub-analysis: Incidence rates for Indigenous Australians were calculated for 

the three jurisdictions with >75% completeness of Indigenous status reporting among notified 

cases across the study period (the Northern Territory, South Australia, and Western Australia) 

using ABS population estimates;
 123, 124

 cases with unknown Indigenous status were presumed 

non-Indigenous. These jurisdictions included account for approximately 19% of the national 

population and 29% of the national Indigenous population. Postal area-level Indigenous 

population data were available for 2011 and applied retrospectively to all study years for 

analysis of socioeconomic disadvantage and remoteness. RRs for Indigenous compared to 

non-Indigenous Australians were calculated using univariate Poisson regression; 

multivariable Poisson regression models including Indigenous status, socioeconomic 

disadvantage and remoteness were used to generate aRRs for each disease group/disease.  

Sensitivity analysis for cases with missing Indigenous status: Our primary analysis assumed 

all cases with missing Indigenous status were non-Indigenous. We also calculated RRs for the 

three included jurisdictions assuming Indigenous status was missing at random. 

Exploratory analyses of co-linearity: A Spearman’s correlation was used to assess the 

relationship between remoteness (remote vs. non-remote) and socioeconomic disadvantage 

(most disadvantaged IRSD quintile vs. other) nationally, with a weak positive correlation 

noted (rs=0·22). For the Northern Territory, South Australia and Western Australia, a positive 

correlation was demonstrated between Indigenous status and remoteness (rs=0·61); 

Indigenous status and socioeconomic disadvantage (rs=0·36); and remoteness and 

socioeconomic disadvantage (rs=0.29). 

NNDSS data were provided by the Australian Government’s Office of Health Protection in 

March 2012 as an extract from the national data file. The project was approved by the 
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Monash Human Research Ethics Committee and Communicable Diseases Network Australia 

(CDNA) jurisdictional members. Data were analysed using Stata 12 (StataCorp, Texas USA). 

Tests for statistical significance were not performed as population-based data were used and 

results are not being generalized to a larger target population.  

 Results 4.1.4

We analysed 2,421,134 cases notified to the NNDSS from 1991–2011, of which STIs 

comprised 33%, gastrointestinal diseases 21%, VPDs 20%, BBVH 18% and other diseases 

8%.
86

 The eight most commonly notified diseases analysed separately comprised 82% of all 

notified cases.  

Geographical variations and remoteness: In 1991, gonococcal infection was the most 

concentrated of the commonly notified diseases, with a Gini coefficient of 0·936 and 87% of 

notified cases concentrated in areas occupied by 10% of the population (Table 4:2). By 2011, 

the ‘other diseases’ group (0·827), gonococcal infection (0·738) and hepatitis B (0·658) were 

the most concentrated, with gastrointestinal infections (0·417) and VPDs (0·403) the most 

equally distributed. Among STIs, chlamydial infections more equally distributed than 

gonococcal infections, and for BBVHs, hepatitis C was more equally distributed than 

hepatitis B (Figure 4.1). Distribution became more equal over the study period for all disease 

groups and commonly notified diseases.  

Two-thirds (63%) of notifications were from residents of major cities and 8% from residents 

of remote/very remote areas. STI incidence was markedly higher among residents of remote 

and very remote areas (Figure 4.2). On multivariable analysis, notification incidence overall 

was three-fold higher for residents of remote/very remote areas; most marked for gonococcal 

infection (aRR 20·11) and salmonellosis (3·54) (Figure 4.3). Hepatitis B (aRR 1·44) was 
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more commonly notified and hepatitis C (0·63) less commonly notified among residents of 

remote/very remote areas. 

Socioeconomic disadvantage: Notification incidence was highest in the most disadvantaged 

IRSD quintile (Q1) for BBVH and STIs (Figure 4.2).  On multivariable analysis, residents of 

the most disadvantaged areas (IRSD Q1) had higher notification incidence overall (aRR 

1·15), most marked for hepatitis B (2·40), gonococcal infection (1·83) and hepatitis C 

(1·73)(Figure 4.3).  

Attributable notifications: The PAF for both socioeconomic disadvantage and living outside a 

major city decreased overall during the study period (Figure 4.4a). PAF for both 

socioeconomic disadvantage and non-city living was initially high for STI notifications with 

significant reduction for socioeconomic disadvantage (PAF 38% [1991–1997] to 6% [2005–

2011]) and non-city residence (PAF 47% to 13%). For BBVH notifications, no reduction in 

PAF was seen for socioeconomic disadvantage. The number of notifications in 2011 

attributable to socioeconomic disadvantage was highest for hepatitis C (PAF 35%, 

attributable notifications 3,680), followed by hepatitis B (34%, 2,351) and chlamydial 

infection (2%, 1,984)(Figure 4.4b). For non-city residence, gonococcal infection had higher 

PAF than chlamydial infection (31% vs. 9%) but fewer attributable notifications (3,801 vs. 

7,660). 

Indigenous status and other sociodemographic factors: Within the three jurisdictions analysed 

(Northern Territory, South Australia and Western Australia), notification RR for Indigenous 

compared to non-Indigenous Australians was 5·8 for all diseases – highest for STIs (14·5, 

gonococcal infection 64·7), females (6·4), ages 15–39 years (6·7), the most 

socioeconomically disadvantaged IRSD quintile (8·0), remote (7·8) and very remote (5·8) 

areas (Figure 4.5a). Overall, the RR for Indigenous Australians decreased from 7·0 [1991–
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1997] to 4·7 [2005–2011]. STI notifications demonstrated the greatest decrease (RR 27·0 to 

10·0) while notification RR increased for BBVH from 2·0 to 3·1. Indigenous status was 

missing for 20% of included notifications. On sensitivity analysis, the overall RR increased 

from 5·8 (assuming cases with missing data were non-Indigenous) to 7·8 (assuming 

Indigenous status was missing at random). 

On multivariable analysis of all diseases, Indigenous status (aRR 5·3) had greater influence 

on notification incidence than remoteness (remote vs. non-remote aRR 1·9) or socioeconomic 

disadvantage (IRSD Q1 vs. Q2–5 aRR 0·9)(Figure 4.5 b). For Indigenous Australians, the 

greatest disparity in notification incidence was seen for gonococcal infection (aRR 25) 

followed by chlamydial infection (5·9), then influenza, hepatitis B, salmonellosis and 

hepatitis C (aRR 2·2–2·7).  

 Discussion 4.1.5

Our comprehensive analysis of 21 years of NNDSS data, incorporating 65 nationally 

notifiable communicable diseases and focussing on the most commonly notified diseases, 

reveals major inequalities in communicable disease burden in Australia. Australia’s National 

Framework for Communicable Disease Control identifies populations suffering 

disproportionally high burden of communicable diseases as a high priority and recognises 

that disease- or population-specific strategies and programmes, in addition to an overarching 

national approach, are required to address these inequities.
22

 Our analysis quantifies these 

inequalities and identifies diseases and populations in greatest need of targeted interventions, 

as well as diseases requiring community-based rather than targeted interventions. 

Studies in Australia, Canada, the UK, and the US confirm our observation that notifications 

of gonococcal infection were more concentrated than chlamydial infection.
125-129

 In a New 

South Wales study, 44% of gonococcal infection notifications concentrated in areas occupied 
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by 3.6% of the population.
129

 Nationally, we found 87% of gonococcal infection notifications 

in 1991 and 61% in 2011 were concentrated in areas occupied by 10% of the population, 

confirming postcode of residence as an important risk factor for gonococcal infection. Gini 

coefficients can be influenced by notification incidence,
125-128

 as we demonstrated with lower 

Gini coefficients for the highest compared to second-highest incidence diseases in each 

disease group (chlamydial/gonococcal infections; hepatitis C/B; and 

campylobacteriosis/salmonellosis). The observed reduction in geographic clustering over the 

study period might in part be attributable to an overall increase in notification incidence over 

the study period (3.1). Combined with notification incidence data, geospatial observations for 

disease concentration can inform the appropriateness of specific interventions.
130

 In general, 

highly concentrated diseases require interventions targeted to high-incidence communities 

(e.g. gonococcal infection in remote Indigenous communities), while less concentrated 

diseases require population-wide interventions. (e.g. improving food safety nationally to 

prevent campylobacteriosis). 

To identify and quantify drivers of geospatial disease concentration we examined the 

influence of socioeconomic disadvantage and remoteness on notification incidence. The 

impact of these factors differed between disease groups and even between high incidence 

diseases within the same disease group, highlighting the importance and novelty of our 

approach to compare these factors across all notifiable disease groups and high incidence 

diseases nationally. This also demonstrates the complexity of tailoring public health 

responses to the spectrum of notifiable diseases. Overall, socioeconomic disadvantage had 

less of an impact on notification incidence than remoteness (aRR 1·15 vs. 3·37, respectively). 

In the Australian Burden of Disease study, the DALY burden of all infectious diseases was 

1·7 higher among Australians in the lowest compared to highest socioeconomic group and 

2·9 times higher among those living in very remote areas compared to major cities.
49

 One 



101 

 

strength of our study is that we examined high-incidence diseases separately. We found 

remoteness was an overwhelming risk factor for gonococcal infection notifications nationally 

(aRR 20). Furthermore, for the jurisdictions in which Indigenous status could be analysed, 

Indigenous status was even more strongly associated with gonococcal infection notifications 

than remoteness (aRR 25 vs. 7, respectively). This reflects our observed correlation between 

remoteness and Indigenous status; however it clearly identifies remote Indigenous 

communities as having the highest incidence of notified gonococcal infection. The 

complexities of appropriately targeting interventions are highlighted by a study indicating the 

observed gonococcal epidemics would not be sustained in small Indigenous communities 

without population movement,
131

 and other reports that gonococcal infection incidence is also 

concentrated among men who have sex with men in urban settings.
115, 129

 We found hepatitis 

C notification incidence was higher in non-remote areas, likely reflecting the distribution of 

people who inject drugs (PWID)–an important target population for public health 

interventions. The higher incidence of salmonellosis in remote areas (aRR 3·54) might reflect 

issues with food handling and food storage, particularly chicken meat and eggs.
132

  

Socioeconomic inequalities in BBVH notifications persisted throughout the study period, 

indicating a need for public health action. Long-term sequelae to BBVH, namely cirrhosis 

and hepatocellular carcinoma (HCC), contribute significantly to mortality. Hepatitis C is now 

the leading cause of liver transplantation in Australia.
133

 In Queensland, residence in an area 

where ≥10% of the population were Indigenous was associated with higher HCC incidence 

and poorer survival, while socioeconomic disadvantage was also associated with poorer 

survival.
134

  

Indigenous Australians experience an unacceptable burden of communicable diseases.
109

 The 

excess notification incidence for gonococcal infection in this study (aRR 25) echoes the 

findings of previous Australian surveillance-based reports but was ten-fold higher than for 
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American Indians/Alaskan Natives compared to whites in the United States from 2007–2011 

(RR 2.4).
115, 116,

 
134

 While it is encouraging that the relatively higher notification incidence for 

Indigenous compared to non-Indigenous Australians decreased over the study period, the gap 

persists and requires initiatives that target both upstream (e.g. education, employment and 

housing) and downstream (communicable disease screening and treatment programmes) 

determinants of health. Improving completeness of reporting of Indigenous status among 

notified cases in NNDSS has been identified as a surveillance priority.
30

 As completeness 

improves, a better national picture of the true disparity in notification incidence based on 

Indigenous status will become available.   

Importantly, geographic concentration of notifications and the relative inequalities attributed 

to socioeconomic disadvantage, remoteness and Indigenous status decreased over the study 

period. This contrasts with an increase in socioeconomic and ethnic inequalities in infectious 

disease hospitalisations in New Zealand from 1989–2008.
136

 Proportionally, VPDs were the 

disease group least affected by sociodemographic disadvantage in our study, potentially 

reflecting a robust and successful national immunisation programme reaching children in 

remote and disadvantaged areas. Our analysis highlighted the marked reduction in PAF for 

STI notifications for both remoteness and socioeconomic disadvantage. However, the 

absolute number of STI notifications attributable to socioeconomic disadvantage and non-city 

residence in 2011 remained high (>5,000 and >11,000, respectively), indicating more needs 

to be done to reduce this inequity, particularly among Indigenous and remote-living 

Australians.  

Our study has certain limitations. Differences in testing practices impact the observed 

notification incidences, distribution of notified cases and relative risks, thereby potentially 

biasing our results. Changing health seeking, testing and notification practices could each 

contribute to changes in case ascertainment over the study period. Laboratory notification of 
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relevant diseases is now mandated in all Australian jurisdictions. With widespread use of 

automated- (and increasing use of electronic-) laboratory reporting, near complete 

ascertainment of laboratory diagnosed notifiable disease cases in NNDSS is expected.
30

 

However, early in the study period notification by laboratories was not a legislative 

requirement and surveillance case definitions less frequently required laboratory 

confirmation.
27 

For STIs in particular, introduction of duplex PCR testing for chlamydial and 

gonococcal infection using less invasive urine specimens, along with promotion of 

widespread testing and screening, have contributed to increased diagnoses.
115

 The reduced 

inequalities in notification incidence that we observed might be partly explained by 

differential changes in case ascertainment between population groups. Between 2000 and 

2009, chlamydial infection notification incidence increased by 80% among Indigenous 

Australians compared to 335% among non-Indigenous Australia.
116

 If Chlamydia testing has 

shifted from primarily symptomatic testing in high risk populations to increased 

asymptomatic testing among a lower risk population, then our findings may be an artefact of 

changed testing practices rather than a true reduction in the inequality of infectious disease 

burden. Overall, notification data likely underestimate the true excess in disease incidence for 

people living in disadvantaged or remote areas. However, notifications resulting from 

targeted screening programmes (e.g. STIs in remote Indigenous communities or BBVH in 

inner-urban settings) might sometimes over-estimate geographic and sociodemographic 

inequalities.  

We have not attempted to draw statistical conclusions from this descriptive study and we did 

not undertake formal spatial or temporospatial cluster analysis as the study summarized 65 

diseases over a 21-year period. Use of postcode-defined areas for classifying social class 

composition has limitations as postcodes can span relatively large geographical areas, differ 

greatly in population size, and include markedly different types of neighbourhoods.
111
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Socioeconomic status and access to services can be measured at the individual, household or 

area-based (neighbourhood, state, country) level. Use of area-based analysis of surveillance 

data permits examination of the social distribution of communicable diseases and temporal 

trends, although the associations between socioeconomic status and specified health 

outcomes tend to be underestimated when using area-level rather than individual- or 

household-level socioeconomic status as the health determinant.
111

 Spatial clustering and 

spatial autocorrelation are potential issues in small unit-area analyses. It is therefore possible 

that this analysis could conceal effects or generate false associations. More complex 

statistical analyses of one or more disease could generate detailed information for planning 

program or service delivery, taking into consideration issues such as increasing notification 

incidence, spatial autocorrelation and variation in population size between postcodes.
129

  

Incomplete reporting of Indigenous status of notified cases precluded national analysis of the 

impact of Indigenous status on notification incidence. Interjurisdictional differences prevent 

generalisation of our findings nationally, particularly given our observed correlation between 

Indigenous status and remoteness in the included jurisdictions which likely differ in other 

jurisdictions. Sensitivity analysis suggests our reported RRs for Indigenous status 

underestimates the true gap in notification incidence between Indigenous and non-Indigenous 

Australians. Due to limitations in the NNDSS core data fields, other marginalized sub-

populations with anticipated higher communicable disease burden could not be analysed, 

including PWID, sex workers, and culturally and linguistically diverse populations.  

This analysis was designed to detect inequalities in notification incidence to better understand 

the determinants of communicable disease burden. As a high-level overview analysis, it was 

not designed to identify specific control programmes. However, our analysis of the eight 

most commonly notified diseases (all high-incidence) highlighted the following diseases as 

warranting public health intervention based on observed inequality: gonococcal infection 
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(higher notification incidence among Indigenous, remote-living, socioeconomically 

disadvantaged and males, along with marked geographic clustering); chlamydial infection 

(Indigenous and remote-living); influenza (Indigenous and geographic clustering); 

salmonellosis (remote-living and young children); hepatitis B (socioeconomic disadvantage 

and geographic clustering); and hepatitis C (socioeconomic disadvantage and males). The 

improved understanding of determinants of disease burden gained from this study is a starting 

point to identifying diseases and populations requiring targeted public health interventions.  

The next step is to identify evidence-based disease-, population-, and location-specific 

interventions that will reduce disease burden among vulnerable Australians. As an example 

of such a targeted intervention, in 2015 seasonal influenza vaccine was funded for Indigenous 

children under the National Immunisation Program.
94

 

We present a population-based 21-year analysis of communicable disease notifications in 

Australia, comparing notification rates based on measurable social determinants of health. 

Infectious disease notification incidence remains high in remote areas and among Indigenous 

Australians, and although the relative disparities diminished over the study period, important 

differences remain. This analysis identifies high risk communities and high incidence/burden 

diseases that need to be a focus of public health interventions.   

 Research in Context 4.1.6

Evidence before this study 

We aimed to identify national-level epidemiological studies addressing inequities in 

notifiable infectious disease burden in developed countries. PubMed search terms included 

‘communicable diseases’, ‘national’, ‘Indigenous’, ‘rural’, ‘remote’, ‘socioeconomic’, ‘health 

equity’, ‘health status disparities’, ‘spatial analysis’, and ‘Gini coefficient’. Reference lists 

and Australian Government websites were examined for relevant publications.  
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Australian Government reports highlighted shorter life expectancy among remote-living and 

Indigenous Australians. The recently published Australian Burden of Disease Study reported 

the disability adjusted life years (DALY) burden of all infectious diseases was 2.9 times 

higher among Australians living in very remote areas compared to major cities, and 1.7 

higher among those in the lowest compared to highest socioeconomic group.
49

 However, the 

impact of socioeconomic disadvantage on notification incidence has been variable in 

published literature. Higher notification incidence for selected infectious diseases has been 

noted for Indigenous people in Australia (particularly those living remotely), North America 

and New Zealand. Few studies reported trend analysis; however Indigenous status and lower 

socioeconomic status were associated with higher hospitalization rates for serious infections 

in New Zealand.
136

 The Gini coefficient has predominately been used to assess geographic 

concentration of sexually transmissible infections.
125-129

 

Added value of this study 

Ours is the first study we are aware of to quantify sociodemographic health inequities and 

geographic concentration for all nationally notifiable infectious diseases over more than two 

decades. By reporting our results for all nationally notifiable diseases combined, by disease 

group, and by individual disease for the eight most commonly notified infections and by 

including trend analysis, some important (and novel) findings emerged. First, the risk patterns 

were quite different between the diseases / disease groups. Remoteness and Indigenous status 

were very strongly associated with STI (particularly gonococcal infection) notification 

incidence, and to a lesser extent gastrointestinal disease (particularly salmonellosis). Second, 

socioeconomic disadvantage was not associated with increased risk of gastrointestinal or 

vaccine preventable diseases, but was important for blood-borne viral hepatitis. Third, 

although in most areas the ‘gap’ was decreasing, this improvement was not seen for 

socioeconomic disadvantage and blood-borne viral hepatitis. Finally, Indigenous Australians 
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had higher notification incidence for all disease groups, although the ‘gap’ for gastrointestinal 

diseases and vaccine preventable diseases was less marked. Incomplete reporting of 

Indigenous status precluded national analysis of this important risk factor. 

Implications of all the available evidence   

Health inequities are apparent for notifiable infectious diseases in Australia, with broadly 

similar patterns as identified internationally. The relative disparity in notification incidence 

for gonococcal infection among Indigenous compared to non-Indigenous people was ten-fold 

higher in Australia from 1991–2011 (aRR 25) compared to the United States from 2007–

2011 (RR 2.4).
135

 We demonstrated some progress in ‘closing the gap’ in burden infectious 

diseases based on sociodemographic inequities, which contrasts with an observed increase in 

socioeconomic and ethnic inequalities in infectious disease hospitalisations in New Zealand 

from 1989–2008.
136

 Lesser observed inequities for vaccine preventable diseases might be 

attributable to Australia’s national funded vaccination program. Important health inequities 

persist in Australia and progress has not been made in reducing the inequity in blood borne 

viral hepatitis burden. The different patterns of geographic clustering and sociodemographic 

inequity highlight the need for disease-specific (and sometimes population-specific) 

prevention programmes. More complete documentation of Indigenous status will allow 

national analysis in the future, thus contributing to ‘closing the gap’ for health of Indigenous 

Australians. 
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Table 4:1 Included years for the eight most commonly notified diseases analysed in this study 

Disease Years included* Variation by jurisdiction 

Chlamydial infection 1994–2011 1999–2011 in New South Wales 

Hepatitis C 1993–2011 1998–2011 in Victoria
†
; newly acquired and unspecified infections analysed together 

Hepatitis C (newly acquired) 1993–2011 1995–2011 in the Australian Capital Territory, Tasmania and Western Australia;  2005–2011 in the Northern 

Territory; not notifiable in Queensland 

Hepatitis C (unspecified) 1995–2011 Included incident cases until hepatitis C newly acquired introduced 

Campylobacteriosis 1991–2011 Not notifiable in New South Wales 

Pertussis 1991–2011  

Salmonellosis (non typhoidal) 1991–2011  

Influenza (laboratory confirmed) 2001–2011 2008–2011 in South Australia  

Hepatitis B 1991–2011 1998–2011 in Victoria
†
; 1996–2011 in South Australia

†
; 2005–2011 in the Northern Territory; newly 

acquired and unspecified infections analysed together 

Hepatitis B (newly acquired) 1993–2011 1994–2011 in Queensland and Western Australia; 1995–2011 in the Australian Capital Territory 

Hepatitis B (unspecified) 1991–2011 2005–2011 in the Northern Territory  

Gonococcal infection 1991–2011  

*Based on year the disease became nationally notifiable to the National Notifiable Diseases Surveillance System (NNDSS); †Earlier years excluded because of discrepancies 

with online (updated) NNDSS data – all notifications from the Northern Territory  in 1994 excluded because of discrepancies with online (updated) NNDSS data  
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Table 4:2: Spatial inequality in disease notification according to postcode of residence for disease groups and highest-incidence diseases, 

by period, Australia 1991–2011 

 
Annual notification 

incidence per 100,000 
Gini coefficient 

% of all cases among 10% 

of population living in 

highest-incidence postcodes 

% of total population 

living in postcodes 

with no cases notified 

Year 1991 2001 2011 1991 2001 2011 1991 2001 2011 1991 2001 2011 

Disease group             

Blood-borne viruses 42.8 133.3 77.3 0.697 0.533 0.517 48 34 26 25 5 5 

Gastrointestinal 101.3 135.3 147.0 0.568 0.494 0.417 33 18 16 8 3 2 

Sexually transmitted 54.3 145.8 427.6 0.910 0.617 0.474 82 48 31 60 6 1 

Vaccine preventable 17.4 68.0 366.1 0.637 0.512 0.403 44 26 19 34 8 0.8 

Other diseases 11.8 11.4 14.6 0.876 0.825 0.827 72 62 62 69 62 62 

Most commonly notified diseases         

Gonococcal infection 15.4 32.5 54.3 0.936 0.848 0.738 87 75 61 76 38 19 

Hepatitis B 29.6 41.8 30.7 0.739 0.679 0.658 53 48 43 32 22 26 

Influenza NN 6.5 121.1 NN 0.724 0.529 NN 47 31 NN 53 5 

Hepatitis C NN 91.8 46.5 NN 0.520 0.522 NN 31 28 NN 6 10 

Pertussis 1.9 49.4 172.9 -- 0.592 0.446 -- 31 21 -- 16 3 

Chlamydial infection NN 104.8 361.9 NN 0.554 0.442 NN 37 27 NN 6 1 

Salmonellosis 31.5 36.5 55.0 0.614 0.497 0.399 38 25 13 20 10 5 

Campylobacteriosis 77.1 126.4 117.3 0.513 0.379 0.369 24 12 13 8 3 2 

Notified incidence by postcode were used to calculate Gini coefficient and Lorenz curves  

-- fewer than 1000 cases notified; NN – not notifiable 
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Figure 4.1: Lorenz curves demonstrating geographical inequality in disease notification incidence according to postcode of residence — 

Australia 1991, 2001 and 2011 

Disease group Most common disease within disease group 2
nd

 most common disease within disease group 
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Disease group Most common disease within disease group 2
nd

 most common disease within disease group 
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Figure 4.2: Notification incidence by sociodemographic factors and disease group, 

Australia 1991–2011 

 

 

 

 

BBVH – blood-borne viral hepatitis; GI – gastrointestinal; IRSD – index of relative socioeconomic 

disadvantage; Q – quintile; STI – sexually transmissible infections; VPD – vaccine preventable diseases 
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Figure 4.3: Adjusted relative risks (aRR) for sociodemographic factors, by disease group and most common diseases, Australia 1991–

2011 

  All 

diseases  

Blood-borne viral 

hepatitis 
Gastrointestinal diseases 

Sexually transmissible 

infections 

Vaccine preventable 

diseases 

Other 

diseases  

  Group Hep B Hep C Group Camp Salmo Group Chlam Gono Group ‘Flu Pertus Group 

Female (reference) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Male 1.03 1.56 1.29 1.75 1.12 1.19 1.00 0.82 0.67 1.98 0.91 0.95 0.78 1.22 

                              

 Age <5 years  0.78 0.03 0.04 0.02 3.56 2.26 6.48 0.01 0.01 0.02 2.59 2.17 2.36 0.30 

5–14 years 0.70 0.04 0.10 0.01 0.90 0.74 1.14 0.04 0.03 0.07 2.03 1.36 2.91 0.20 

15–39 years (reference) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

40–64 years 0.42 0.55 0.60 0.59 0.67 0.72 0.70 0.11 0.07 0.20 0.74 0.62 1.32 1.12 

≥65 years 0.28 0.15 0.18 0.13 0.72 0.8 0.82 0.02 0.01 0.02 0.97 0.52 1.03 0.70 

                              

 IRSD Q2–5 (reference) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Q1 (most disadvantaged) 1.15 1.86 2.40 1.73 0.91 0.87 1.05 1.14 1.08 1.83 0.87 1.04 0.89 1.23 

                              

City / regional (reference) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Remote / Very remote 3.37 0.84 1.44 0.63 2.87 1.11 3.54 6.62 3.38 20.11 1.63 2.06 0.98 3.64 

 
Darker colours indicate greater relative difference in incidence rate – red indicates higher and green lower incidence rate than reference group (aRR >1 and <1, 
respectively) 
Camp – campylobacteriosis; Chlam – chlamydial infection; ‘flu – influenza; Gono – gonococcal infection; Hep – hepatitis (includes newly acquired and unspecified 
notifications); Other – other diseases group; Pertus – pertussis; Salmo – salmonellosis 
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Figure 4.4: Population attributable fraction and notifications attributable to 

remoteness and socioeconomic disadvantage adjusted for age and sex — Australia 

1991–2011 

 

 

Figure 4.4b: Attributable notifications by disease group and most commonly notified diseases, 2011 

 

‘Ideal’ exposure levels (reference groups) are the least disadvantaged Index of Relative Socioeconomic 

Disadvantage quintile (IRSD Q5) and residence in a major city; models also adjusted for age-group and sex. 

Negative values indicate higher notification incidence in the reference groups than in the comparison groups.  

BBVH – blood-borne viral hepatitis; GI – gastrointestinal; IRSD – index of relative socioeconomic 

disadvantage; Other – other disease groups; STI – sexually transmissible infection; VPD – vaccine preventable 

disease;  
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Figure 4.5: Notification relative risk based on sociodemographic factors and disease group—

Northern Territory, South Australia and Western Australia, 1991–1998 
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Figure 4.5a: Univariate analysis of Indigenous compared to non-Indigenous Australians 
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IRSD – Index of relative socioeconomic disadvantage; Q - quintile 

Indigenous status missing for 20% of cases – these were assumed to be non-Indigenous 
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Figure 4.5b: Multivariable analysis including Indigenous status, remoteness and socioeconomic disadvantage, by disease group and disease 
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 Appendix: Case definitions, data cleaning, and the proportion of eligible 4.1.7

cases included in analyses.  

Case definitions for notifiable diseases were initially determined by jurisdictions. Uniform 

case definitions were recommended by the National Health and Medical Research 

Commission (NHMRC) in 1993; however national surveillance case definitions were not 

used by all jurisdictions until 2005 and have been continually updated since.
31,83,  84

 

NNDSS data were provided by the Australian Government’s Office of Health Protection in 

March 2012 as an extract from the national data file. Staff in the Office of Health Protection 

undertook cleaning and de-duplication of NNDSS data prior to data extraction. Cases were 

eligible for inclusion in this analysis if they were notified in years when the disease was 

notifiable to NNDSS and included on the jurisdictional notifiable diseases list, with the 

following exceptions: cases notified in the Northern Territory in 1994; hepatitis B and C 

(Victoria 1991–1997); hepatitis B (South Australia 1991–1997); tuberculosis (Victoria 1991) 

and varicella zoster (Victoria 2006–2007). These exclusions were based on observed 

discrepancies between the study dataset and online (live) NNDSS data that has undergone 

subsequent additional data cleaning.
81

 This reflects the fact that NNDSS data are dynamic 

with routine and targeted retrospective data cleaning processes occurring that may affect 

concordance between the dataset analysed and current NNDSS data. 

In total, 2,421,134 notified cases were eligible for inclusion, of which 97.4% were 

successfully matched with Australian Bureau of Statistics data and analysed. Indigenous 

status analyses were restricted to the three jurisdictions with >75% completeness of 

Indigenous status reporting among notified cases – the Northern Territory, South Australia, 

and Western Australia – with 609,145 cases eligible for analysis. Of these, Indigenous status 

was missing for 20.4% (presumed non-Indigenous and included in the analysis), while age, 

sex, remoteness and socioeconomic disadvantage data were available for 95.4%. 
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Aim: To estimate and compare burden of six gastrointestinal pathogens in Australia using 

several burden of disease metrics, including collection of Australian data to inform these 

estimates. 

Preface 

Minimising the public health impact of gastroenteritis is a focus of the communicable disease 

control and prevention, food safety, and water units of jurisdictional health departments in 

Australia. Accurate burden of disease measures allow prioritisation and optimal use of 

limited resources and setting health based targets (HBTs) in guidelines and policies. There 

are a variety of metrics used to measure burden of disease; the choice of metric along with 

means of data acquisition, methods chosen and assumptions made will influence the resulting 

estimate.  

This chapter has two parts. The first part comprises a published article that compares disease 

burden of six gastrointestinal pathogens in Australia using several different metrics – namely 

incidence, mortality, and disability adjusted life years (DALYs). Analysis of the impact of 

inclusion of sequelae is included in the DALY estimates for campylobacteriosis and 

salmonellosis. It is proposed that these DALY estimates be included in revised Australian 

Drinking Water Guidelines.   

This article is based on an NHMRC Partnership Project report of which I was first author:  

 

 Gibney KB, Sinclair M, O’Toole J, Leder M (2012). Establishing Australian health 

based targets for microbial water quality. Final Report Project 1004/09. Water Quality 

Research Australia, Adelaide. 

The second part of Chapter 5 is a description of a planned doctoral study examining the 

frequency, severity and duration of sequelae following notified campylobacteriosis, 
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salmonellosis and cryptosporidiosis. This study was terminated by the Victorian Department 

of Health over concerns that release of data to researchers might contravene the Health 

Records Act 2001. The benefits and consequences of legislative restrictions on the use of 

health data for research are discussed.  
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5.1 Disease burden of selected gastrointestinal pathogens in Australia, 

2010 

This paper has been published in the International Journal of Infectious Diseases: 

http://www.sciencedirect.com/science/article/pii/S1201971214016191  

 

http://www.sciencedirect.com/science/article/pii/S1201971214016191


 

 

122 
 



 

 

123 
 



 

 

124 
 



 

 

125 
 



 

 

126 
 



 

 

127 

 



 

 

128 

 



 

 

129 

 



 

 

130 
 



 

 

131 

 

 

 Supplementary material 5.1.1

The online supplementary material relating to this paper is included in Appendix One.  
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5.2 A Victorian cohort study to quantify sequelae among notified cases of 

campylobacteriosis, salmonellosis and cryptosporidiosis 

One of the most striking findings of the paper above (5.1) was the impact of sequelae on 

DALY estimates for campylobacteriosis and salmonellosis. In the absence of Australian data, 

we used estimates of sequelae incidence and duration from international studies in our DALY 

calculations. A study published after ours estimated that in Australia in 2010 there were 70 

GBS cases, 19,500 IBS cases, and 16,200 ReA cases as sequelae of bacterial foodborne AGE; 

each of these estimates had increased between 2000 and 2010.
137

 Differences from our 

estimates indicate uncertainty in the burden of these conditions in Australia. The exact burden 

and contribution of sequelae to medical service utilisation, healthcare costs and reduced 

economic productivity in Australia is unknown. Additionally, the frequency and burden of 

these complications following parasitic and viral gastroenteritis have not been well studied.  

Post-gastroenteritis sequelae are associated with a significant burden of illness. 

Previous studies suggest between 3.7% and 36% of Campylobacter and Salmonella AGE 

cases develop PI-IBS.
138, 139

 In the absence of specific local data, we estimated 8.8% of 

Campylobacter AGE cases developed PI-IBS,
 140

 and the inclusion of PI-IBS more than 

quadrupled our estimated Campylobacter DALY burden, with 88% of the total DALY 

burden then being attributable to sequelae. There is less evidence about the occurrence of IBS 

following protozoal infection; however, six years following a Giardia outbreak in Norway, 

39% of laboratory-confirmed Giardia cases were diagnosed with IBS, 71% of which was 

attributed to the giardiasis.
141

 No studies have estimated the likelihood of PI-IBS following 

cryptosporidiosis. Similarly, while international studies estimate ReA affects approximately 

7% of notified Campylobacter cases and 4% of notified Salmonella cases,
142, 143

 there are 

only case reports of ReA following cryptosporidiosis.
144-149

 In addition to case reports of ReA 

triggered by giardiasis,
150-152

 in a US study, 12% of 290 notified giardiasis cases reported 
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joint symptoms.
153

 Approximately 30% of GBS is triggered by campylobacteriosis and it has 

been estimated that 30 per 100,000 notified campylobacteriosis cases develop GBS.
154

 In the 

US, more than half the estimated economic costs associated with campylobacteriosis has 

been attributed to GBS.
155

  

An aborted doctoral study of post-infectious sequelae to notified gastroenteritis. 

Following the above study (5.1), I initiated a study involving primary data collection – the 

Victorian Infection Follow-Up Survey (VIFUS) – which I planned to include in my doctoral 

thesis. In 2014 VIFUS was launched to attempt to identify the proportion of notified 

campylobacteriosis, cryptosporidiosis, and salmonellosis cases that develop PI-IBS and ReA. 

At that time, giardiasis, rotavirus or norovirus (included in the paper above) were not 

notifiable in Victoria and therefore could not be included in VIFUS. Results would inform 

future burden-of-gastrointestinal-disease estimates and prioritisation of high-burden 

pathogens for public health intervention. This retrospective cohort study aimed to enrol 

Victorian residents notified between December 2012 and November 2013 with these 

gastroenteritis pathogens, along with varicella or pertussis (as a non-gastroenteritis group). 

This study was approved by the Monash University Human Research Ethics Committee 

(HREC), and the opt-out approach to recruitment was considered in detail by the Monash 

University HREC and Monash University researchers in the planning phases of this study. 

The Victorian Department of Health (DH) provided Monash University with funds to cover 

some costs of this study. 

An initial letter was sent from the DH (signed by the Chief Health Officer) in March 2014 

informing 8,708 potential participants of the study and providing the opportunity to opt-out of 

the study prior to their information being released to me at Monash University. Participants 

could opt-out by returning an ‘opt-out slip’ in the reply-paid envelope provided, or using the 

dedicated telephone and email contacts provided in the letter. Following this, a letter of 
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complaint was received by the Health Services Commissioner (with a copy sent to the Chief 

Health Officer) raising concerns that the opt-out approach used in this study was in breach of 

privacy legislation. The Acting Chief Health Officer requested an opinion from the DH legal 

team regarding the opt-out approach to consent to release personal information from the DH 

to Monash. The DH legal team advised that the DH not release the health information to 

Monash for the VIFUS project as to do so would breach the Health Records Act 2001. Based 

on this legal advice, the VIFUS study was terminated. A letter was sent to the study cohort 

informing them of this in July 2014.  

The Health Records Act 2001 and the Victorian Infection Follow-Up Survey (VIFUS). 

The Act establishes the Health Privacy Principles with the purpose of protecting the privacy 

of an individual’s health information “whilst also ensuring safe and effective service delivery, 

and the continued improvement of health services”.
156

 The Health Privacy Principles apply to 

all personal information collected in providing a health service and all health information, 

thereby incorporating notification data. The DH must comply with the Health Records Act. 

The DH legal team stated that consent to the disclosure of health information held by the DH 

to researchers for the VIFUS study is governed by the Health Records Act. Specifically, they 

expressed concern that the introductory letter sent from the DH did not explicitly state that if 

the potential participants do not return the ‘opt-out’ form, the DH would provide their health 

information to Monash. Further, the disclosure of the health information to Monash was not 

for a purpose relating to the primary purpose of the collection of health information under the 

Public Health and Wellbeing Act 2008. The Health Records Act allows disclosure of health 

information for a secondary purpose (i.e. other than the primary purpose of data collection), 

including research, under certain conditions. However, the DH legal team did not believe 

these conditions were met in the VIFUS study.  
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Opt-out consent for recruitment of patients to low-risk medical research. There are 

two possible approaches to recruiting patients to low-risk medical research: opt-in and opt-

out. In the example of VIFUS, opt-in would require potential participants to actively signal 

willingness to participate in research by mail, email or telephone. In an opt-out model, 

personal and health information about the notified cases would be released to researchers and 

potential participants contacted about the research unless they signalled unwillingness to 

participate. The NHMRC support an opt-out approach to participant recruitment under certain 

conditions, including: the proposal is reviewed by an HREC; the research is of low risk to 

participants; the research is likely to be compromised if participation rate is lowered by the 

requirement for explicit consent; and prospective participants are provided with a mechanism 

to decline to participate.
157

 In the ethics application, I identified the possibility that potential 

participants might be concerned about the DH sharing their contact details and details of the 

notified condition with researchers; this issue was considered by the Monash University 

HREC who approved the project. The opt-out approach was chosen in order to optimise 

response rate among potential participants, and justified on the grounds that release of 

information to Monash University researchers was low risk (researchers are bound to protect 

the privacy and confidentiality of the data) and involvement was low risk as participation was 

voluntary and required only completion of a short health-related questionnaire. There was no 

potential for serious events or emergencies to occur during the conduct of the research. 

Participants were invited to contact their general practitioner and/or myself (as an infectious 

diseases physician) if they had any concerns about their diagnosis or ongoing symptoms as a 

result of completing the study questionnaire. 

It is well documented that an opt-in approach to recruitment results in lower response rates 

and participant bias.
158-160

 For example, an RCT of opt-in versus opt-out recruitment for a 

study of patients with angina in London demonstrated that compared to an opt-out approach, 
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opt-in recruitment resulted in a lower response rate (38% opt-in arm vs. 50% opt-out arm) 

and a biased sample of healthier patients.
159

 One hypothesis for the observed difference was 

that people willing to participate might find it burdensome to opt-in. The authors proposed 

the opt-out approach as the default recruitment strategy for studies with low risk to 

participants. 

Discordant interpretation of legislation relevant to opt-out consent. In our cancelled 

study, the Monash University HREC and the data custodians (DH) came to different 

conclusions about the appropriateness of opt-out consent. Although HREC approval is 

required prior to the DH considering release of data for research, HREC approval does not 

guarantee data release. In our study the opt-out approach related to release of data to 

researchers in order for potential participants to be contacted for recruitment, rather than 

consent to the study per se. In another Australian study of road safety that used police crash 

databases to identify potential participants, the police department ethics review boards in 

Queensland and New South Wales came to different conclusions about release of data to 

researchers with respect to the Privacy Act 1988.
161

 In New South Wales, the police 

department sent details of eligible persons directly to researchers without seeking 

participants’ consent while in Queensland an opt-in approach was used – eligible persons 

received a letter from the police department and contacted researchers directly if they were 

interested in the study (with no release of personal data from the police department to 

researchers). The two approaches resulted in vastly different response rates – 54% in New 

South Wales vs. 16% in Queensland. Data collected from the Queensland arm of the study 

were excluded from the analysis because of inadequate response rate and concerns about a 

biased sample.
161

 Similar to our experience, concerns raised by data custodians about the 

Health Records Act resulted in cancellation of an HREC-approved Victorian community-
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based vaccine trial.
162

 It is likely that the majority of studies cancelled for this reason are not 

represented in the published literature.  

Lower participation rates associated with opt-in research has important implications for the 

validity of study findings, as well as sample size calculations, research costs and study 

feasibility. Legislation requiring opt-in consent (or interpretation of legislation as requiring 

opt-in consent) to release of information to medical researchers has significant implications 

for health research in Australia and internationally.
160-164

 Although such legislation is 

designed to protect individual privacy and confidentiality of health records, its deleterious 

impact on health research needs to be carefully considered.  
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Chapter Six: Use of DALYs to set Health Based Targets 
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Aim: To explore the implications of using DALYs to set health-based targets (HBTs), with 

reference to ongoing revisions of the Australian Drinking Water Guidelines.  

Preface 

Following the 1990 Global Burden of Disease (GBD) study, DALYs have been used widely 

to quantify the population health burden of diseases and to prioritise and evaluate the impact 

of specific public health interventions. This chapter comprises a published commentary on 

the novel use of DALYs to determine HBTs. This was published in the context of the release 

of the 2010 GBD study results. As with the more traditional use of DALYs, the main 

advantage of using DALYs as HBTs is the ability to account for differential disease severity, 

identify the most appropriate public health interventions, and measure the positive and 

negative outcomes of these interventions. Australia is currently considering adopting DALYs 

for setting HBTs for drinking water quality, as recommended by the WHO. If adopted, the 

DALY estimates for campylobacteriosis, cryptosporidiosis and rotavirus/norovirus from 

Chapter 5 will be used to specify the specific HBTs.   
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6.1 Using disability-adjusted life years to set health-based targets: A novel 

use of an established burden of disease metric 

This article has been published in the Journal of Public Health Policy: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730237/  

 

  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730237/


 

 

141   



 

 

142 
 



 

 

143 
 



 

 

144 
 



 

 

145 
 



 

 

146 

 



 

 

147 
 



 

 

148 
 



 

 

149 

 

6.2 Additional papers relating to health based targets for drinking water 

quality  

The current debate around adopting HBTs for guidelines related to drinking water quality 

was the motivating factor behind the DALY estimates for potentially waterborne 

gastrointestinal pathogens in Chapter 5. In addition to the paper above (6.1), this public 

policy debate has resulted in two published articles, which I co-authored and which are 

included in Appendix Two: 

 0: Sinclair M, O'Toole J, Gibney K, Leder K. Evolution of regulatory targets for 

drinking water quality. J Water Health. 2015 Jun; 13(2):413-26. doi: 

10.2166/wh.2014.242. PMID: 26042974 

 0: O'Toole J, Sinclair M, Gibney K, Leder K. Adoption of a microbial health-based 

target for Australian drinking water regulation. J Water Health. 2015 Sep; 13(3):662-

70. doi: 10.2166/wh.2015.201. PMID: 26322752 
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Chapter Seven: Integrative discussion  

This thesis provides an overview of public health surveillance and communicable disease 

epidemiology in Australia through analysis of surveillance data for all nationally notifiable 

diseases and estimation of burden of disease of six gastrointestinal pathogens. The 

longitudinal analyses of 21-years of NNDSS data in Chapters 2–4 represents a unique and 

comprehensive picture of the NNDSS and of the epidemiology of nationally notifiable 

diseases in Australia; while the burden of disease estimates in Chapter 5 are based on detailed 

pathogen-specific data on the incidence of disease and duration of symptoms at each severity 

level with inclusion of disease sequelae for the bacterial pathogens. The two approaches are 

complementary, and findings of Chapters 2–6 can be used by public health decision makers – 

both jurisdictional and national – to inform changes to public health surveillance and 

priorities for communicable disease control in Australia.  

7.1 Key findings 

 Australia has robust jurisdictional and national communicable disease surveillance 

systems. The NNDSS has expanded over its first 21 years in terms of number of 

nationally notifiable conditions, number of data fields, and number of notifications 

received. There has been a shift from receiving the majority of notifications from 

clinicians to automated (and increasingly electronic) notification by laboratories. 

There were significant interjurisdictional differences in the data completeness, data 

timeliness, and notification source, which limit comparison of notification data 

between jurisdictions.  

 Completeness of Indigenous status reporting remains suboptimal both in Victoria and 

in the NNDSS. These data are essential to ensure surveillance usefully contributes to 

monitoring the gap in communicable disease burden between Indigenous and non-
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Indigenous Australians. Collecting Indigenous status data is increasingly challenging 

in the setting of laboratory-only notifications.  

 There was a significant increase in notification incidence over the first 21 years of 

NNDSS, driven by increases in sexually transmissible infections (STIs) and vaccine 

preventable diseases. Some of this is due to addition of conditions to NNDSS as well 

as more sensitive diagnostic tests, less invasive specimen requirements, and changing 

testing practices. Decreasing notification incidence for certain diseases indicates 

success of public health programs, such as immunisation (rubella, measles, 

Haemophilus influenzae type B) and eradication campaigns (e.g. donovanosis).  

 There are significant socioeconomic and demographic inequities in notification 

incidence in Australia, particularly for Indigenous Australians and those living 

remotely. Although these inequities lessened over the 21-year study period for most 

disease groups, the differences remained high for blood-borne viral hepatitis among 

socioeconomically disadvantaged people. Of the eight most commonly notified 

conditions, gonococcal infection was the most geographically concentrated and the 

most over-represented among Indigenous Australians and in remote/very remote 

areas. 

 A number of criteria can be used to prioritise diseases for public health intervention. 

Table 7:1 summarises the three highest priority diseases from analyses based on each 

of these criteria. Notification data can identify diseases with highest notification 

incidence, most rapidly changing epidemiology, and most unequal or inequitable 

distribution; each of these should be considered when prioritising diseases for action. 

Chlamydial and gonococcal infection, campylobacteriosis, and influenza were 

identified as high priority conditions following analysis of NNDSS data.  
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 Surveillance data underestimate disease incidence and therefore disease burden. Case 

ascertainment varies between population groups, introducing potential bias to 

surveillance data. When comparing burden between diseases, the choice of disease 

burden metric affects the ranking of pathogens. DALYs were considered the most 

useful disease burden metric for prioritising public health action as they take into 

account both morbidity and mortality. Disease sequelae dominated the DALY burden 

for campylobacteriosis, which had the highest DALY burden (Table 7.1).  
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Table 7:1: Priority infectious diseases for public health intervention identified using several criteria  

Source Criteria Three priority diseases 

  Highest ranked  2
nd

 highest ranked  3
rd

 highest ranked  

S
u

rv
ei

ll
a

n
ce

 d
a

ta
 

P
a

rt
 A

 (
C

h
a

p
te

rs
 3

 &
 4

)*
 

High notification incidence Chlamydial infection Campylobacteriosis Varicella zoster 

Increasing notification incidence Chlamydial infection Influenza Pertussis 

Unequal ± inequitable distribution    

Children <5years
†
 Cryptosporidiosis Salmonellosis Shigellosis 

Older adults ≥65 years Listeriosis Legionellosis Pneumococcal disease 

Geographic clustering
‡
 Gonococcal infection Hepatitis B Influenza 

Indigenous
‡
 Gonococcal infection Chlamydial infection Influenza 

Remote residence
‡
 Gonococcal infection Salmonellosis Chlamydial infection 

Socioeconomic disadvantage
‡
 Hepatitis B Gonococcal infection Hepatitis C 

B
u

rd
e
n

 o
f 

d
is

ea
se

 

P
a

rt
 B

 (
C

h
. 

5
)*

*
 

Incidence Norovirus Campylobacteriosis Giardiasis 

Mortality or disease severity  Salmonellosis Campylobacteriosis Rotavirus 

Population burden (DALYs) Campylobacteriosis Salmonellosis Rotavirus 

*All nationally notifiable disease; **Six gastrointestinal pathogens only; †Haemophilus influenzae type B, measles and invasive meningococcal disease not listed as 

these are now uncommon following inclusion in funded childhood immunisation schedule; ‡Eight most commonly notified conditions analysed 

Cells are colour coded according to pathogen group: STIs (orange); gastroenteritis (purple); vaccine preventable (green); blood-borne viral hepatitis (yellow)
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7.2 Implications for policy, practice and research 

Based on the research presented in this thesis and experience gained during my candidature,  

I make17 recommendations which are summarised in Table 7:2 and discussed below. Some 

of the detail in these recommendations is based on data and experience outside the 

information presented in this thesis; however the data indicating need for change or action in 

each of these areas is based on research presented in this thesis.  
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 Table 7:2: Recommendations for policy, practice and research 

 Recommendation 

Su
rv

e
ill

an
ce

  

(P
a

rt
 A

) 

1. Achieve consistency in public health surveillance across Australia 

2. Promote electronic notification, including electronic laboratory reporting 

3. Formalise and automate data linkages 

4. Improve completeness of Indigenous status reporting 

5. Incorporate emerging data of public health significance, particularly antimicrobial resistance 

(AMR) and whole genome sequencing (WGS) 

6. Adapt to changes in testing practices that impact surveillance 

D
is

e
a
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u
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e
n

 

(P
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t 
B

) 

7. Incorporate sequelae into DALY estimates of infectious disease burden 

8. Promote pathogen-specific DALY estimates for communicable diseases in Australia  

9. Use DALYs to set HBTs 

P
u

b
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e
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n

  

(P
a
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s 

A
 &

 B
) 

10. Use both surveillance data and DALY estimates to inform public health action 

11. Nationwide and targeted STI treatment and prevention programmes 

12. Nationwide food safety strategy with initial focus on chicken-meat and eggs  

13. Review immunisation schedules for influenza, varicella and pertussis 

14. Targeted programmes to diagnose, treat and prevent hepatitis B and C 

R
e

se
ar

ch
 

(P
a

rt
s 

A
 &

 B
) 

15. Clarify legislation to enable use of notification data for public health research 

16. Establish studies to determine DALY burden of post-infectious sequelae   

17. Quantify burden of disease averted by public health interventions  
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 Surveillance 7.2.1

Achieve consistency in public health surveillance across Australia. National 

surveillance would be enhanced if there were uniformity in the surveillance practices between 

jurisdictions. This includes applying nationally agreed: notifiable disease list; case 

definitions; methods of case ascertainment, including laboratory practices; data fields; 

notification source, i.e. agreement on which diseases require clinician and laboratory 

notification vs. laboratory-only notification; and surveillance platform (i.e. the same 

electronic surveillance system used in jurisdictions and nationally).  

It is striking that high incidence diseases, namely campylobacteriosis and varicella infection, 

are not notifiable in New South Wales, Australia’s most populous jurisdiction. Ideally, 

diseases on the NNDL would all be notifiable in all Australian jurisdictions. All jurisdictional 

notifiable diseases lists contain diseases not included on the NNDL.
165

 In some cases this 

reflects diseases that are endemic in parts but not all of Australia, for example melioidosis is 

notifiable in the Northern Territory, Queensland and Western Australia which reflects its 

distribution in the tropical north of Australia.
166

 Periodic review of national and jurisdictional 

notifiable diseases lists using established criteria could ensure the highest priority diseases are 

included in an integrated national surveillance system.
55, 167, 168

 There is an established 

process in Australia for adding a disease to the NNDL.
82

 A recent analysis of diseases on the 

NNDL identified only hepatitis (not elsewhere classified) as not warranting inclusion, while 

recommending the addition of rotavirus and chikungunya.
169

 However, this review did not 

refer to other conditions that might be priorities for national surveillance, such as methicillin 

resistant Staphylococcus aureus (MRSA).  

A national integrated electronic surveillance system would require careful planning and 

agreement between public health agencies on multiple levels (national, jurisdictional, and 

sub-jurisdictional, such as local public health units), but would significantly enhance 
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surveillance at each of these levels. Currently in Australia, regular teleconferences and other 

communication between CDNA jurisdictional members provide a structure for detecting 

multijurisdictional outbreaks. Other public health networks, including OzFoodNet, also hold 

regular teleconferences to review notification data across jurisdictions. In my proposed 

nationally integrated system, the basic structure of communicable disease control would not 

change; states and territories would continue to be responsible for receiving notifications and 

the public health actions resulting from these notifications. A nationally integrated system, 

which includes the same electronic platform and user interface across jurisdictions, would 

promote consistent collection and storage of notification data and contribute to a less 

fragmented system of national surveillance. De-identified notification data could be viewed 

by other jurisdictions and national surveillance staff, which would aid detection of 

multijurisdictional events and nationally coordinated responses. One potential downside of 

such a nationally coordinated system is a loss of responsiveness if agreement from multiple 

stakeholders is required before changes and adaptations are made to the system. However, it 

is likely that a redesigned surveillance system would be accompanied by a rationalisation of 

committees involved in communicable disease control and hence more streamlined and 

integrated decision-making processes. Furthermore, jurisdictions might be reluctant to agree 

to a revised system in which they perceive a loss of autonomy of decision making regarding 

surveillance practices and responses. This should not be insurmountable, as several countries 

already have electronic communicable disease surveillance systems that are consistent 

between the national and sub-national jurisdictions, including China, Germany, Ireland, the 

Netherlands, and Sweden.
90, 98, 99, 101, 102

 

Promote electronic notification, including electronic laboratory reporting. Some, but 

not all, Australian jurisdictions have capacity to receive electronic notifications from 

clinicians and electronic laboratory notifications.
76, 85

 Sweden’s integrated surveillance 
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system receives almost all notifications electronically, with shorter notification delays for 

electronic compared to paper notifications.
89, 99

 The US CDC aim to receive 80% of 

laboratory reports to public health agencies electronically by 2016 to improve timeliness.
100

 

Electronic notification by clinicians and laboratories into a nationally integrated system has 

potential to improve data completeness and timeliness, as well as reducing workload and 

potential errors associated with manual data entry.  

Formalise and automate data linkages to improve completeness of surveillance data and 

inform timely public health intervention. For example, linkages have potential to improve 

completeness of Indigenous status reporting,
67

 vaccination status of cases via linkage with the 

Australian Childhood Immunisation Register (ACIR),
93

 and information on disease severity 

through linkage with hospitalisation and mortality databases. A national surveillance 

objective in the US is that death reports are transmitted electronically to public health within 

one day of registration and nationally within 10 days of the event in order to support near 

real-time public health surveillance.
100

 Timely linkage of mortality data with communicable 

disease notification data would provide important information on severe and emerging public 

health threats in Australia. Formalised linkage with laboratory testing data would inform 

interpretation of the role of increased testing in observed changes in notification incidence for 

conditions such as chlamydial and gonococcal infection (for which PCR testing is now 

widespread) and gastrointestinal infections (for which PCR testing is being increasingly 

used).
103, 170, 171

 

Improve completeness of Indigenous status reporting in order to meet the National 

Surveillance Committee’s target of 95% completeness for 18 priority notifiable diseases and 

80% completeness for the remaining notifiable diseases.
30

 This should contribute to better 

health for Indigenous Australians,
91

 with more accurate quantification of the differential 

burden of notifiable diseases to inform development and evaluation of targeted policies. 



 

 

159 

Strategies include legislation of mandatory reporting of Indigenous status with notifications; 

documentation of Indigenous status on pathology request forms; a non-defaulting, mandatory 

data item on Indigenous status in electronic health records; and data linkages with other 

health-related data sources.
66, 67, 91-93

  

Incorporate emerging data of public health significance, particularly surveillance 

for antibiotic resistance (AMR) and whole genome sequencing (WGS). Although it is 

likely much of these data would sit outside NNDSS, relevant data fields should be added to 

NNDSS and data linkages formalised to ensure this additional information is incorporated in 

timely public health responses to notifications. Australia’s First National Antimicrobial 

Resistance Strategy 2015–2019 includes the objective to develop “nationally coordinated One 

Health surveillance of antimicrobial resistance and antimicrobial usage”.
172

 Such a 

surveillance system should be carefully designed to ensure it complements, rather than 

duplicates, NNDSS. Relevant pathogens could be added to the NNDL and notification data 

for human cases stored in NNDSS. The role of WGS in public health is yet to be realised in 

Australia, although it could potentially provide data useful to outbreak investigations, disease 

transmission pathways, and AMR.
173

 A Public Health Laboratory Network (PHLN) WGS 

expert advisory group expects all laboratories within the PHLN will eventually perform WGS 

in-house.
174

 This group identified a lack of “robust, streamlined, simple to use bioinformatics 

pipelines” as a key limitation to the widespread utilisation of WGS in Australia.
174

 The 

Doherty Institute in Melbourne contribute to the US-based Genome Trakr Network, a 

distributed network of laboratories that utilise WGS for pathogen identification. This network 

has demonstrated the utility of WGS in foodborne outbreak investigations, including 

salmonellosis and listeriosis outbreaks in the US. WGS is routinely used as part of Public 

Health England’s specialist microbiology and epidemiology services, with particular utility in 

outbreak investigations and understanding patterns of AMR.
175
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Understand changes in testing practices that impact surveillance. Routinely collected 

laboratory data can inform interpretation of notification trends, as demonstrated by 

concurrent evaluation of chlamydial infection notifications, number of requested tests and test 

positivity rates.
176

 Medicare Benefits Schedule (MBS) data could also be routinely utilised 

through data linkages to track testing practices for notifiable conditions.
103

 However, this 

would currently miss tests undertaken in public health laboratories outside the federally 

funded MBS. Increased use of culture-independent diagnostic tests impacts the laboratory 

AMR surveillance necessary for national and regional treatment guidelines, requiring 

consideration of alternate approaches, such as sentinel surveillance or development of 

molecular testing for AMR detection.
177-179

 Use of molecular point-of-care testing might lead 

to under-notification of cases;
180

 if these were utilised in specific high-risk populations (e.g. 

in remote Indigenous communities), the excess burden of disease in these populations might 

be underappreciated (due to under-notification) and NNDSS might lose the ability to detect 

and monitor health inequities.  

 Burden of disease 7.2.2

Incorporate sequelae into DALY estimates of infectious disease burden to avoid 

underestimation of their burden. In our DALY estimates for campylobacteriosis, the inclusion 

of PI-IBS more than quadrupled our estimated DALY burden (5.1). For many conditions, this 

will require additional research to quantify the frequency of sequelae following infection 

(7.2.4). 

Promote pathogen-specific DALY estimates for communicable diseases in Australia. 

This involves utilising a variety of existing data sources (e.g. surveillance data [combined 

with multiplication factors to account for under-notification], healthcare usage data [general 

practitioner, emergency department and hospitalisation data] and mortality data) along with 
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published studies. Estimates would be strengthened by further research studies to fill data 

gaps (7.2.4). These estimates will allow appropriate prioritisation of diseases for interventions 

based on a complete understanding of disease burden, rather than incomplete summary data, 

such as surveillance or mortality data.  

Use of DALYs to set health based targets. The main advantage of using DALYs as HBTs 

is the ability to account for differential disease severity and to target and measure public 

health interventions more meaningfully. Australia is currently considering adopting DALYs 

for setting HBTs for drinking water quality, in line with WHO recommendations. Adoption 

of DALY HBTs could also be relevant in other areas, such as air-quality, food-safety, 

healthcare associated infections, and surgical complications. 

 Public health action  7.2.3

Results from this thesis have been used to identify priority infectious diseases for public 

health intervention (Table 7:1). Some current and potential preventive strategies for these 

high-priority infectious diseases are discussed below, however generating or evaluating an 

evidence-base for these interventions is beyond the scope of this thesis. It is essential that any 

intervention is evidence based and the impact and cost effectiveness of the intervention is 

properly evaluated as part of the implementation plan.  

Use of both surveillance data and DALY estimates as information for public health 

action. Table 7:1 identifies the three highest priority conditions based on selected criteria. 

Notification data can be used to identify diseases with highest notification incidence, most 

rapidly increasing notification incidence, and most unequal or inequitable distribution. 

Information from each of these analyses is valuable and should be considered when using 

notification data to prioritise conditions for interventions. In addition, DALYs usefully 
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incorporate information on incidence, morbidity and mortality and can be used to set HBTs 

and monitor progress in disease prevention.  

Nationwide and targeted STI treatment and prevention programmes. Chlamydial 

infection cases constituted one quarter of all NNDSS notifications, while gonococcal 

infection showed marked geographic clustering and strong association with Indigenous 

status, remote residence, and socioeconomic disadvantage. Syphilis, although less common, 

had increasing notification incidence over the study period (3.1). Australia needs both a 

nationwide STI programme (driven by chlamydial infection) and a targeted STI programme 

(driven by gonococcal infection) for high-risk communities, particularly Indigenous and 

remote-living Australians, and men who have sex with men. Potential national and targeted 

strategies are listed in Table 7:3. Many appropriate recommendations are already in place; 

however attention needs to focus on actioning these. Australia’s Third National Sexually 

Transmissible Infections Strategy includes targets to reduce the incidence of chlamydial 

infection, gonococcal infection and infectious syphilis and eliminate congenital syphilis.
181
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Table 7:3: National and targeted strategies for diagnosis, treatment and prevention of 

sexually transmissible infections 

National strategies Additional strategies targeting high-risk 

groups 

 Annual STI screening for all sexually 

active persons by urinary PCR for N. 

gonorrhoeae and Chlamydia trachomatis. 

Potentially limit to young women 

 More regular STI screening of high-risk 

persons (e.g. six monthly) and inclusion of 

serology for syphilis ± HIV infection 

 STI screen for pregnant women at first 

antenatal visit  

 STI screening for pregnant women at first 

antenatal visit and repeat prior to delivery 

 Re-test persons approximately three 

months after STI diagnosis/treatment to 

detect reinfection or relapse 

 Annual community-wide test-and-treat days 

in high-incidence communities (age range 

dependant on local epidemiology) 

 Partner notification and treatment   Point of care STI testing to promote 

immediate treatment and contract tracing 

 Free services, including testing, treatment, 

contact tracing, condoms 

 

 

Nationwide food safety strategy with initial focus on chicken meat and eggs. 

Campylobacteriosis had the second highest notification incidence of all nationally notifiable 

conditions, with both campylobacteriosis and salmonellosis in the eight diseases most 

frequently notified to NNDSS. Salmonellosis disproportionately affected young children and 

remote living Australians and was more severe (higher DALY/case) than other common 

gastrointestinal pathogens. Sequelae to bacterial gastrointestinal pathogens are common, with 

IBS accounting for the majority of the DALY burden of campylobacteriosis.  

Notification incidence of campylobacteriosis and salmonellosis in Australia are high by 

international standards. Among 17 OECD countries, Australia has the highest 

campylobacteriosis notification incidence and second highest salmonellosis notification 

incidence.
182

 More rigorous food-safety regulations would reduce the burden of these 

pathogens, with 77% of campylobacteriosis and 75% salmonellosis cases in Australia 

attributed to contaminated food.
183

 For sporadic cases of salmonellosis notified in South 
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Australia, 35% were attributed to chicken meat and 37% to eggs; for outbreak-related 

salmonellosis cases, 33% were attributed to chicken meat and 59% to eggs.
132

 Among 

Australians aged ≥5 years, 29% of campylobacteriosis cases were attributed to consumption 

of chicken (>50,000 cases/year).
184

  

In New Zealand, regulatory and industry interventions and activities to reduce 

Campylobacter contamination of poultry resulted in a 52% reduction in campylobacteriosis 

notifications and 13% drop in hospitalisations for GBS, with substantial cost savings.
185, 186

 

Enhanced human surveillance and source attribution work using molecular tools was 

undertaken, in conjunction with a coordinated suite of interventions targeting primary 

production, processing, retail, and the consumer.
186

 Such coordinated interventions should be 

possible in Australia, although full cooperation of the food industry would be required and 

legislative changes might be required. The 2015 Nationwide workshops on Salmonella and 

eggs was a positive step for galvanising action in this area; egg washing, vaccination of layer 

flocks, and inclusion of organic acids as dietary supplements for poultry were discussed as 

potential control strategies.
187

  

Review immunisation schedules for influenza, varicella and pertussis. Analyses of 

surveillance data presented in this thesis demonstrate the success of Australia’s National 

Immunisation Programme (NIP).
94

 Notification incidence of rubella fell almost 100-fold, 

measles 30-fold, and Haemophilus influenzae type B 15-fold between the earliest and latest 

study period (1991–1997 vs. 2005–2011) (3.1). This is in addition to the significant 

reductions in notified vaccine preventable diseases documented in Australia in the pre-

NNDSS era.
26

  

Despite these successes, we have demonstrated that notification incidence of influenza and 

pertussis was increasing in Australia, while varicella (notifiable from 2006) had the third 
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highest notification incidence of all nationally notifiable diseases (3.1). The national 

approach to these three vaccine preventable diseases therefore needs review, and indeed 

recent changes to the NIP indicate responsiveness to this surveillance data. In 2015, seasonal 

influenza vaccine was funded for Indigenous children aged six months to <5 years.
188

 To 

prevent latent reactivation of varicella zoster virus (shingles), the shingles vaccine will be 

provided free of charge to people aged 70 years with a catch-up program for people aged 71–

79 years from November 2016, subject to vaccine supply.
94

 This will coincide with the roll 

out of a national adult vaccination register. For pertussis, changes have been made to the 

childhood vaccination schedule in 2016, and vaccination for pregnant women ± new 

parents/carers of newborn infants (the cocoon strategy) has been funded in several 

jurisdictions starting with the Northern Territory in 2008.
189

 The impact of each of these 

interventions must be carefully monitored and the need for future modifications assessed. 

Surveillance data is easily available for such analyses, while DALY measures would be 

useful to monitor the population impact of these changes given the differential severity of 

diseases in different population groups, for example the disproportionate severity of pertussis 

in infants <6 months of age and influenza in pregnant women.
190, 191

  

Targeted programmes to diagnose, treat and prevent hepatitis B and C. The 

population attributable fraction (PAF) for socioeconomic disadvantage associated with 

hepatitis B and C was notable because it remained high throughout the 21-year study period 

(0). Hepatitis C is now the leading cause of liver transplantation in Australia, accounting for 

31% of adult liver transplants in 2013.
192

 The burden of chronic hepatitis B and C, namely 

chronic liver disease, cirrhosis and hepatocellular carcinoma (HCC), is better measured using 

DALYs than surveillance data. The inequities in viral hepatitis incidence and prevalence 

observed in surveillance data are likely amplified in DALY estimates. Socioeconomic 

disadvantage has been associated with poorer five-year cancer survival in Australia.
110
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Socioeconomic disadvantage and residence in an area with a large Indigenous population 

were associated with poorer survival for persons with HCC in Queensland.
134

  

The Fourth National Hepatitis C Strategy 2014–2017 sets the targets of reducing the 

incidence of newly acquired hepatitis C infections by 50% and increasing the number of 

people on treatment.
193

 However, the 2016 listing of new generation, direct acting antiviral 

medications on the Pharmaceutical Benefits Scheme (PBS) raises the possibility of 

eradication of hepatitis C from Australia.  

The WHO recommends all infants are vaccinated against hepatitis B as soon as possible after 

birth.
194

 Hepatitis B vaccine was nationally funded for adolescents in 1996 and infants in 

2000.
195

 Vaccination is the primary tool in eliminating hepatitis B transmission in Australia. 

Improving hepatitis B vaccination in childhood and coverage of priority populations are 

targets set in the Second National Hepatitis B Strategy, as are increasing the proportion of 

people with chronic hepatitis B who are diagnosed to 80% and who are receiving antiviral 

treatment to 15%.
196

 More than 95% of new chronic hepatitis B infections in Australia are 

attributable to migration,
197

 and mathematical modelling demonstrates that support for 

comprehensive hepatitis B vaccination programs in endemic countries with high levels of 

migration to Australia would be several times more cost effective at preventing chronic 

hepatitis B in Australia than vaccination of Australian infants.
198

  

 Research  7.2.4

Several research-related issues were identified during this thesis, including: appropriate use 

of notification data for research; generating data for DALY estimates; and using DALYs to 

estimate the benefits of historical public health interventions.   

Clarify legislation to enable use of notification data for public health research. The 

interpretation by the Victorian Government’s Department of Health legal team that the 
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Health Records Act 2001 precluded release of personal and health data of notified cases to 

researchers for the Victorian Infection Follow-Up Survey (VIFUS) had a significant impact 

on the contents of this thesis. However, this interpretation has wider implications in terms of 

the ability to use notification data for public health research in Australia. It is clear that there 

is some lack of clarity around this, with the Monash University HREC considering the issue 

of data release follow opt-out consent and approving the study. Use of opt-out consent has 

proven benefits in terms of levels of recruitment and avoidance of bias.
159

 Public health 

surveillance systems can be used to identify potential research participants for population-

level public health research into notifiable infectious diseases. It would be helpful for 

researchers if the legislation, or interpretation of legislation by the data custodians, was 

clarified to allow appropriate access to surveillance data for HREC-approved public health 

research. 

Establish studies to determine DALY burden of post-infectious sequelae. Post-

infectious sequelae often contribute more to the DALY or economic burden of the disease 

than the acute infection. Inclusion of IBS more than quadrupled our DALY estimate for 

campylobacteriosis in Australia (5.1). Internationally, a recent analysis of the global burden 

of dengue estimated that 90% of the disability burden (YLD) and 37% of the DALY burden 

was attributable to chronic fatigue.
199

 There is also emerging evidence of significant sequelae 

associated with recent epidemics, including Zika and Ebola.
200, 201

 

There is scarce Australian data regarding the burden of sequelae following infectious 

diseases, and international data is often also lacking. Prospectively following notified cases of 

selected infectious diseases to establish the frequency and impact of post-infectious sequelae 

would allow more complete understanding of the DALY burden of infectious diseases 

nationally and globally. This information would inform local, national and international 
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public health action, and could be used to estimate and measure the impact of public health 

interventions.  

Quantify burden of disease averted through public health interventions, such as the 

National Immunisation Programme (NIP). Longitudinal analysis of surveillance data 

demonstrated success of public health interventions in reducing the notified incidence of 

several infectious diseases. Use of surveillance data to model the number of cases of disease 

and estimation of DALYs averted through public health interventions, such as the NIP, would 

highlight the importance of such measures and promote ongoing funding and public support 

for communicable disease control programmes in Australia. Project Tycho, which used US 

surveillance data to calculate the number of vaccine-preventable disease cases avoided 

through immunisation, is a good example of the power of such analyses. That study estimated 

that immunisation programmes prevented 103 million cases of childhood vaccine preventable 

diseases in the US (95% of those that would otherwise have occurred) from 1924 to 2011, 

including 26 million cases (99% of those that would otherwise have occurred) from 2002 to 

2011.
106

  

7.3 Limitations 

This thesis has certain limitations. The surveillance system evaluations were based purely on 

available notification data and therefore did not cover the whole scope of the CDC’s Updated 

Guidelines for Evaluating Surveillance Systems,
55

 although most of the suggested framework 

was covered in Chapters 1 and 2. Despite this, the evaluations demonstrated both strengths 

and weaknesses of these systems and led to many of the recommendations of this thesis. The 

changes noted in the national and jurisdictional notifiable diseases lists, case definitions, 

diagnostic test availability, and testing practices influenced notification incidence and likely 

impacted epidemiologic analyses presented in Chapters 3 and 4. Some authors have sought to 
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use additional data, e.g. laboratory testing or MBS data, to quantify the impact of these 

changes on a disease caused by a single pathogen in a selected jurisdiction and time-period. 

However, this was beyond the scope of this thesis, which offered a 21-year overview of all 

nationally notifiable conditions. The findings of the analysis of Chapter 4, examining 

inequalities and inequities in notification incidence, could be affected by bias introduced by 

differential case ascertainment in different population groups. Furthermore, inadequate 

completeness of Indigenous status in most jurisdictions meant that analysis of notifications 

among Indigenous versus non-Indigenous Australians was limited to the Northern Territory, 

South Australia and Western Australia; missing data within these jurisdictions could also 

impact results, however this was at least partially addressed by the sensitivity analysis. There 

was evidence of a strong positive correlation between Indigenous status and remoteness 

(rs=0.61) in the three jurisdictions analysed, indicating that Indigenous Australians were more 

likely to live remotely. While acknowledging this, we chose to keep both Indigenous status 

and remoteness in our sub-analysis as we felt both variables were important.  

Our burden of disease analysis in Chapter 5 was based on existing data, both published and 

unpublished. Although we comprehensively reviewed available data and selected the most 

appropriate estimates based on pre-determined criteria, the precision of our estimates depends 

on the accuracy of these pre-existing data. We provided uncertainty analysis for the 

DALY/case estimates, but not number of cases, number of deaths or DALYs. The impact of 

sequelae was significant for bacterial enteric pathogens, prompting the planned VIFUS study 

aimed to determine the frequency, duration and severity of sequelae following notified 

campylobacteriosis, salmonellosis and cryptosporidiosis in Victoria. The decision by the 

Victorian Department of Health to terminate this study based on the use of opt-out consent in 

the recruitment process affected the contents of this thesis; there was neither the time nor 

funding to re-design and re-launch this study using opt-in consent.  
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7.4 Conclusion 

This thesis provides a high-level longitudinal overview of the first 21 years of national 

infectious disease surveillance in Australia (Part A), as well as a more focussed and detailed 

analysis of six gastrointestinal pathogens in Australia, comparing pathogen-specific disease 

burden using several different metrics (Part B).  

The major strength of Part A is the inclusion of all nationally notifiable diseases in the 

analyses, with a focus on the most frequently notified conditions. The availability of 21 years 

of continuous line-listed data allowed comprehensive longitudinal assessment of the national 

surveillance system as well as the epidemiology of nationally notifiable diseases in Australia. 

In addition to being the first time that such an analysis has been undertaken in Australia, this 

thesis is unique internationally for providing a comprehensive analysis of all nationally 

notifiable conditions for an entire country over more than two decades.   

A number of recommendations regarding infectious disease surveillance were made, 

particularly the need for an integrated electronic system that is consistent between 

jurisdictions and the NNDSS, with formalised data linkages and renewed focus on complete 

reporting of Indigenous status for notified cases. There is a need to incorporate antimicrobial 

resistance and whole genome sequencing data to further modernise public health surveillance 

in Australia. Changes in surveillance and testing practices make interpretation of longitudinal 

surveillance data challenging, and incorporation of testing data through formal data linkages 

would be beneficial.  

Our epidemiological overview identified the ten highest notification incidence conditions, 

which accounted for 88% of all notifications. Chlamydial infection stood out as the most 

frequently notified condition with the most rapidly increasing notification incidence. 

Campylobacter and varicella zoster were the next highest-incidence conditions, while 
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influenza and pertussis demonstrated marked increases in notification incidence over the 

study period. Socio-demographic analysis highlighted health inequities based on remoteness 

of residence and Indigenous status. These inequities were not uniform across all notifiable 

diseases; gonococcal infection was notable for its extremely strong association with 

remoteness and Indigenous status and marked geographic clustering, necessitating targeted 

public health interventions. Overall the observed health inequities lessened over the 21-year 

study period, except for the association between low socioeconomic status and blood-borne 

viral hepatitis (particularly hepatitis B), which remained unacceptably high. More needs to be 

done to address the health inequities highlighted in this thesis, particularly as Australia, 

which ranks second on the United Nation’s Human Development Index, is one of the most 

privileged countries in the world.
112

  

The strength of Part B of the thesis was the detailed analysis of disease burden for six 

common gastrointestinal pathogens. The use of several methods to determine disease burden 

(incidence, number of deaths, DALYs, and DALYs/case) demonstrated that the choice of 

metric influences the ranking of pathogens. It also demonstrated the benefits of DALYs, 

which incorporate data on morbidity associated with the acute infection and post-infectious 

sequelae as well as mortality. Inclusion of sequelae, particularly IBS, increased the DALY 

burden of campylobacteriosis more than four-fold. Of the pathogens examined, the highest 

DALY burden was associated with campylobacteriosis followed by salmonellosis. Prevention 

of these pathogens should be the focus of food-safety interventions, with initial focus on 

chicken meat and eggs. The benefits of using DALYs to set HBTs were discussed, with the 

potential application of the DALY/case estimates from this thesis in upcoming revisions of 

the Australian Drinking Water Guidelines. Future research should focus on generating DALY 

estimates for other infectious diseases of public health significance in Australia (particularly 

STIs); collecting primary data on the frequency, duration and severity of sequelae to 
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infectious diseases; and quantifying the historical and future impact of public health 

interventions in Australia in terms of cases, deaths or DALYs averted, to highlight the 

ongoing need for public health programmes, such as the National Immunisation Programme.   

The findings of this thesis contribute to our understanding of public health surveillance and 

the epidemiology of infectious diseases in Australia. The analyses presented in this thesis 

have enabled prioritisation of conditions for public health interventions based on notification 

incidence, changing epidemiology, health inequities, and DALY burden. Based on these 

criteria a number of priority conditions were identified and potential interventions discussed. 

The methods and results of this work have potential to contribute to a reduction in the burden 

of infectious diseases in Australia through improvements to the jurisdictional and national 

public health surveillance systems, identification of priority conditions for intervention, and 

provision of baseline measurements that can be repeated to assess the impact of these disease 

control strategies.  
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Appendix 1. Online supplementary material for Chapter 5.1 

The following supplementary material is available on the Int J Infect Dis website. 

Gibney KB, O’Toole J, Sinclair M, Leder K. Disease burden of selected gastrointestinal 

pathogens in Australia, 2010. Int J Infect Dis. Supplementary Material. 

 

Single input values were used to obtain the point estimate for the number of cases, DALY 

and DALY/case estimates. These single input values were considered the ‘most likely’ 

values, based on assessment of the quality of the study from which the values were derived 

and generalizability of results to the Australian population. In addition, Monte Carlo analyses 

(10,000 iterations) using PERT distributions was used to calculate 95% credible intervals 

(95%CrI) for DALY/case estimates. For the Monte Caro analyses the ‘most likely’ value 

included in the primary disease models was included as the mode value in the PERT 

distribution. Data extracted from additional studies were included in the PERT distributions 

as minimum or maximum values. These values were considered plausible alternatives to the 

single input ‘most likely’ values included in the primary disease models, again based on 

assessment of the quality of the study and generalizability to the Australian population. 

Where the ‘most likely’ value was also found to be higher or lower than the plausible 

alternatives, this value was included in the PERT distribution as the maximum or minimum 

values respectively, as well as the mode. Minimum, mode, and maximum values used in the 

PERT distributions, along with the data sources and approaches to calculate these, are 

included in this Appendix. 
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Supplementary Table S5.1: Estimated number of norovirus-AGE cases and deaths—

Australia, 2010: input data for PERT distributions 

Severity Calculated 

number 
Sources / Calculation 

Total cases 

Minimum 1,023,258  Norovirus incidence in England (Phillips 2010)202 applied to the 2010 Australian population by age-group 

Most likely 2,180,145 
NGSII-2008 AGE rate203 X  ABS 2010 population X norovirus-fraction for  community AGE in Sensor204 (by age-

group) 

Maximum 2,732,394 
NGSII-2008 AGE rate203 X ABS 2010 population X norovirus-fraction for  community AGE in IID2205 (age < or ≥5 

years) 

Moderate   

Minimum 61,959 

GP AGE encounters (BEACH/Medicare) x age-specific norovirus fraction (NIVEL)206 

PLUS 
0.5 x ED AGE visits (AIWH/ States) x age-standardised norovirus fraction (NIVEL) 

Most likely 

/Maximum 

157,081 

 

GP AGE encounters (BEACH/Medicare) x age-specific norovirus-fraction (IID2)205 

PLUS 
0.5 x ED AGE visits (AIWH/ States) x age-standardised norovirus-fraction (IID2) 

Severe   

Minimum 9,632 
AGE hospitalisation rate (AIWH) X age-specific norovirus-fraction (Lopman 2011)207 

PLUS 

0.5 x ED AGE visits (AIWH/ States) X age-standardised norovirus-fraction (Lopman 2011) 

Most likely 
12,757 
 

AGE hospitalisation rate (AIWH) X norovirus-fraction in adults (Jansen 2008), 5–15yo (Lorrot 2011) and <5yo (Patel 

2008) 
PLUS 

0.5 x ED AGE visits (AIWH/ States) X age-standardised norovirus-fraction (Jansen / Lorrot / Patel)208-210 

Maximum 13,651 

AGE hospitalisation rate (AIWH) X age-specific norovirus-fraction (Lau 2004)211 

PLUS 
0.5 x ED AGE visits (AIWH/ States) X age-standardised norovirus-fraction (Lau 2004) 

Fatal   

Minimum 1 AIHW 1997–2007: death records with norovirus as underlying (n=7) or associated (n=6) cause – likely underestimate  

Most likely 17 
Population case-fatality rate of notified norovirus deaths in Germany, 2001–09 (Bernard 2014)212 applied to the 2010 
Australian population  

Maximum 20 
Average annual number of deaths reported during norovirus outbreaks in long-term care facilities, 2002–08 (Kirk 

2010)213  
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Supplementary Table S5.2: Estimated number rotavirus AGE cases and deaths—

Australia, 2010: input data for PERT distributions 

Severity Total population, not vaccinated <5 years of age, not vaccinated 

Total cases 
Calculated 

number 
Sources / Calculation 

Calculated 

number 
Sources / Calculation 

Minimum 

/Most likely  
592,745 

NGSII-2008 AGE rate203  X ABS 2010 

population X rotavirus fraction in Sensor204 (all 
by age-group) 

223,370 
NGSII-2008 AGE rate203  X ABS 2010 population 

X rotavirus fraction in Sensor204 (all by age-group) 

Maximum 663,034  

NGSII-2008  AGE rate203 X ABS 2010 

population X rotavirus fraction for community 

AGE in IID2205 (age < or ≥5 years) 

230,319 
 

NGSII-2008  AGE rate203 X ABS 2010 population 
X rotavirus fraction for community AGE in IID2205  

Moderate   

Minimum/ 
Most likely  

60,396 

GP AGE encounters (BEACH/Medicare) x 
age-specific rotavirus fraction (NIVEL)206 

PLUS 
0.5 x ED AGE visits (AIWH/ States) x overall 

rotavirus fraction (NIVEL) 

34,557 
 

As for total population but limited to <5yo age 
group 

Maximum 
80,996 

 

GP AGE encounters (BEACH/Medicare) x 

age-specific rotavirus fraction (IID2)205 
PLUS 

0.5 x ED AGE visits (AIWH/ States) x overall 

rotavirus fraction (IID2) 

77,674 

 

GP encounters for AGE (BEACH / Medicare) by 

rotavirus-fraction for GP visits (Galati)214 
PLUS 

0.5 x ED encounters for AGE (AIWH/States) x 

rotavirus-fraction for ED visits (Galati) 

Severe   

Minimum 
22,596 
 

AGE hospitalisations (AIWH/ABS) X 

rotavirus fraction in ≥15 years (Loosli) and 
children <15 (Barnes 1998) 

PLUS 

0.5 x ED AGE visits (AIWH/ States) by 
average rotavirus-fraction (from Barnes / 

Loosli)215, 216 

13,328 

[AGE hospitalisations (AIWH / ABS) 
PLUS 

0.5 x ED AGE visits (AIWH/ States)] 

MULTIPLIED BY 
rotavirus fraction (Widdowson 2007)217  

Most likely/ 

Maximum 

29,343  

 

AGE hospitalisations (AIWH / ABS) X 

rotavirus-fraction in adults ≥18 years (Jansen 
2008), children 5–17 years (Lopman 2011) and 

children <5 years (Carlin 1998) 

PLUS 
0.5 x ED AGE visits (AIWH/ States) X 

average rotavirus-fraction 

(Jansen/Lopman/Carlin)207, 208, 218 

19,657 As above, rotavirus fraction (Barnes 1998)215 

Fatal  

Minimum 1 
AIHW 1997-2007: death records with rotavirus 
as underlying cause – likely underestimate 

0.5 

Based on Australian death records with rotavirus as 

underlying cause from 1990–2003 (Brotherton 

2007) 219 – likely underestimate 

Most likely/ 

Maximum 
20 

Population mortality for rotavirus in Germany 

(0.09/100,000/year) (Werber 2013)220 
6.6 

Population mortality for rotavirus in Germany 

(0.45/100,000/year) (Werber 2013)220 
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Supplementary Table S5.3: Estimated number Cryptosporidium-AGE cases and 

deaths—Australia, 2010: input data for PERT distributions 

Severity  
Calculated 

number 
Sources / Calculation 

Total    

Minimum 60,022 NGSII-2008  AGE rate 203 X ABS 2010 population X Cryptosporidium-fraction in IID2 205 (age < or ≥5 years) 

Most likely 195,495 NGSII-2008 AGE rate 203 X ABS 2010 population X Cryptosporidium-fraction in Sensor 204 (all by age-group) 

Maximum 265,702 
Estimated under-diagnosis factor for cryptosporidiosis (Scallan 2011221) applied to average age-specific rate of 

cryptosporidiosis notifications (NNDSS 2001–2010) multiplied by 2010 Australian population 

Moderate   

Minimum 18,744 

GP AGE encounters (BEACH/Medicare) x age-specific Cryptosporidium fraction (IID2)205 

PLUS 

0.5 x ED AGE visits (AIWH/States) x overall Cryptosporidium fraction (IID2) 

Most likely/ 

Maximum 
24,105 

GP AGE encounters (BEACH/Medicare) x age-specific Cryptosporidium fraction (NIVEL)206 

PLUS 

0.5 x ED AGE visits (AIWH/ States) x overall Cryptosporidium fraction (NIVEL) 

Severe   

Minimum 2,770 

AGE hospitalisations (AIWH/ABS) by Cryptosporidium fraction in children (Essers 2000) and adults (Jansen 

2008) 

PLUS 
0.5 x ED AGE visits (AIWH/ States) by average Cryptosporidium-fraction (from Essers / Jansen)208, 222 

Most likely 3,283 

AGE hospitalisations (AIWH / ABS) x age-specific Cryptosporidium-fraction (Tzipori 1983)223 

PLUS 

0.5 x ED AGE visits (AIWH/ States) by average Cryptosporidium-fraction (Tzipori 1983) 

Maximum 5,020 
AGE hospitalisations (AIWH / ABS) x age-specific Cryptosporidium-fraction (Thomson 1987)224 

PLUS 

0.5 x ED AGE visits (AIWH/States) by average Cryptosporidium-fraction (Thomson 1987) 

Fatal   

Minimum / 

Most likely  
0 

AIHW 1997–2007: death records with Cryptosporidium as underlying or associated cause – likely underestimate (0 
reports of Cryptosporidium as underlying cause of death, <3 reports of Cryptosporidium as associated cause of 

death) 

Maximum 5 
Average Cryptosporidium-fraction for AGE hospitalisations (Tzipori)223 X estimated number gastroenteritis deaths 

in Australia in 2010 (AIWH underlying or associated cause A01–A09, 1997–2008) – likely overestimate 
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Supplementary Table S5.4: Estimated number Giardia AGE cases—Australia, 2010: 

input data for PERT distributions 

Severity  Calculated 

number 
Calculation Giardia fraction 

Total  

Minimum 75,301 
NGSII-2008 AGE rate applied to ABS 2010 population then 

multiplied by Giardia-fraction for  community AGE 

IID225 

Most likely 

/Maximum 
614,740 Sensor204 

Moderate   Calculation Giardia fraction 

Minimum 13,783 GP AGE encounters (BEACH/Medicare) x giardia fraction 
PLUS 

0.5 x ED AGE visits (AIWH/NPHED/States) x giardia fraction 

IID2 (1.0%)205 

Most likely 56,981 Hilmarsdottir 2012 (3.9%)226  

Maximum 72,462 Nivel (5.4%)206 

Severe   Giardia fraction 

Minimum / 
Most likely 

1,117 AGE hospitalisations (AIWH / ABS) x giardia fraction 

PLUS 

0.5 x ED AGE visits (AIWH/NPHED/States) x giardia fraction 

Children – Essers 2000 (1.3%)222 
Adults – Jansen 2008 (1.0%) 208 

Maximum 3,054 Goldsmid 1980 (3.3%)227 

Fatal  Sources / Calculation 

Minimum / 
Most likely 

0 
AIHW 1997–2007: <3 death records with A07 ‘other protozoal disease’ as underlying cause and 10 with A07 
‘other protozoal disease’ as associated cause over the 11 year period – possible underestimate 

Maximum 16 
CFR for domestically acquired foodborne giardiasis in US (0.003%) from Scallan 2011221 and applied this to the 

base estimate of giardiasis cases 
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Supplementary Table S5.5: Estimated number of Campylobacter-AGE and sequelae 

cases and deaths—Australia, 2010: input data for PERT distributions 

Category  Calculat

ed 

number 

Sources / Calculation 

Total AGE 

Minimum 259,192 
Applied the multiplication-factor of 10 (for under-diagnosis and under-reporting, Hall 2008)36 to estimated Campylobacter 
notifications in 2010 (the average rate of notifications from 2001–2010 applied to the 2010 population) 

Most likely/ 

Maximum 
774,003 

NGSII-2008 AGE rate203 applied to ABS 2010 population then multiplied by Campylobacter-fraction for  community AGE 

in IID2205 (age < or ≥5 years) 

Moderate AGE   

Minimum 79,099 
Proportion of Campylobacter cases who sought outpatient medical care (proportion hospitalised subtracted from proportion 
who sought medical care in Unicomb 2009)228 applied to ‘minimum’ model estimate for total Campylobacter cases  

Most likely 140,047 

GP AGE encounters (BEACH/Medicare) x age-specific Campylobacter-fraction (NIVEL)206 

PLUS 

0.5 x ED AGE visits (AIWH/ States) x age-standardised Campylobacter-fraction (NIVEL) 

Maximum 177,155 
GP AGE encounters (BEACH/Medicare) x age-specific Campylobacter-fraction (IID2)205 

PLUS 

0.5 x ED AGE visits (AIWH/ States) x age-standardised Campylobacter-fraction (IID2) 

Severe AGE  

Minimum 8,191 

AGE hospitalisations (AIWH / ABS) X Campylobacter-fraction in adults (Svenungsson 2000) and children (Elliott 1996) 

PLUS 
0.5 x ED AGE visits (AIWH/ States) X age-standardised Campylobacter-fraction (Svenungsson / Elliott)229, 230 

Most likely 12,228 

AGE hospitalisations (AIWH / ABS) X Campylobacter-fraction in adults (Jansen 2008) and children (Barnes 1998) 

PLUS 

0.5 x ED AGE visits (AIWH/ States) X age-standardised Campylobacter-fraction (Jansen / Barnes)208, 215 

Maximum 17,656 
Proportion of Campylobacter cases who were hospitalised reported by Unicomb 2009228 applied to ‘minimum’ estimate for 
total Campylobacter cases  

Fatal AGE  

Minimum 2 
AIHW 1997–2007: death records with Campylobacter (A04.5) as underlying (n=12) or associated (n=7) cause – likely 

underestimate  

Most likely  52 Case fatality ratio ( 0.2%) applied to estimated 2010 Campylobacter notifications (NNDSS 2001–2010) (Scallan 2011) 221 

Maximum 82 
Standardised mortality ratio for <1 and 1–2 months following Campylobacter infection (Ternhag 2005)231 applied to average 

mortality rates (2000–10, ABS) by age-group to determine expected number of deaths among notified Campylobacter cases  

GBS cases  

Minimum 79 
Incidence of GBS following notified Campylobacter AGE (McCarthy 2001)154 X estimate of 2010 Campylobacter 

notifications X multiplication factor of 10 to account for under-diagnosis (Hall 200836)  

Most likely 102 Campylobacter fraction (Poropatich 2010)232 applied to incidence-based Australian estimate of GBS (Hankey 1987)233 

Maximum 112 
Campylobacter fraction (Poropatich 2010)232 applied to GBS incidence based on a systematic review of 63 papers 
(McGrogan 2009)234 

GBS Deaths  

Minimum 2 
Case fatality rate for GBS (van der Meche 1992)235 applied to ‘most likely’ estimate of Campylobacter-associated GBS 

cases (Poropatich / Hankey)232, 233 

Most likely 3 
Campylobacter fraction (Poropatich 2010)232 applied to average number of deaths/year with GBS listed as underlying cause 
(AIHW 1997–2007) 

Maximum 7 
Campylobacter fraction (Poropatich 2010)232 applied to average number of deaths/year with GBS listed as underlying or 

associated cause (AIHW 1997–2007) 

ReA cases  

Minimum 4,568 
Midpoint of range of ReA fraction presented in a systematic review (Pope 2007)236 applied to the base-model estimate of 

moderate + severe Campylobacter AGE  

Most likely 11,252 ReA fraction (Hannu 2002)142 applied to the base-model estimate of moderate + severe Campylobacter AGE  

Maximum 23,765 ReA fraction (Locht 2002)237 applied to the base-model estimate of moderate + severe Campylobacter AGE  

IBS cases   

Minimum 4,644 
Standardised IBS ratio in the year following culture-confirmed Campylobacter infection (Ternhag 2008)238 X incidence IBS 

in general population (Lock 2004)239 X base-model estimate of all Campylobacter AGE cases  

Most likely 68,112 IBS fraction (8.8% - Haagsma 2010)140 applied to the base-model estimate of all Campylobacter AGE cases 

Maximum 177,712 
IBS fraction for children (Thabane 2010)240 and adults (Marshall 2006)241 from Canada’s Walkerton Health Study applied to 

the base-model estimate of all AGE cases  
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Supplementary Table S5.6: Estimated number of Salmonella AGE and sequelae cases 

and deaths — Australia, 2010: input data for PERT distributions 

Category  Calculated 

number 
Sources / Calculation 

Total AGE 

Minimum 43,272 
OzFoodNet NGSII-2008 AGE rate X ABS 2010 population X Salmonella -fraction for  community AGE in 

IID2205 (age < or ≥5 years) 

Most likely/ 
Maximum 

71,255 
OzFoodNet NGSII-2008 AGE rate applied to ABS 2010 population (age-weighted) then multiplied by 
Salmonella -fraction for community AGE in Sensor (0.4%)203, 204 

Moderate AGE  

Minimum 10,641 
GP AGE encounters (BEACH/Medicare) x age-specific Salmonella-fraction (IID2)205 

PLUS 

0.5 x ED AGE visits (AIWH/NPHED/States) x age-standardised Salmonella-fraction (IID2) 

Most likely 46,726 

GP AGE encounters (BEACH/Medicare) x age-specific Salmonella -fraction (NIVEL)206 

PLUS 
0.5 x ED AGE visits (AIWH/NPHED/States) x age-standardised Salmonella -fraction (NIVEL) 

Maximum 66,665 

GP AGE encounters (BEACH/Medicare) x age-specific Salmonella -fraction (Hilmarsdottir 2011)226  

PLUS 
0.5 x ED AGE visits (AIWH/NPHED/States) x age-standardised Salmonella -fraction (Hilmarsdottir) 

Severe cases  

Minimum 4,919 Applied hospitalisation rate to notified Salmonella cases (Scallan 2011)221  

Most likely 

/Maximum 
9,742 

AGE hospitalisations (AIWH / ABS) X Salmonella-fraction in adults (Jansen 2008) and children (Barnes 1998) 
PLUS 

0.5 x ED AGE visits (AIWH/NPHED/States) X age-standardised Salmonella-fraction (Jansen / Barnes)208, 215 

Fatal AGE  

Minimum 6 
Average age-adjusted Salmonella-fraction for AGE hospitalisations (Jansen 2008/ Barnes 1998)208, 215 applied 
to estimated number AGE deaths in Australia in 2010 (AIHW underlying cause A01–A09, 1997–2008) 

Most likely 90 
Case fatality ratio (1%) applied to estimated 2010 Salmonella notifications (NNDSS 2001–2010) (Scallan 
2011) 221  

Maximum 182 
Excess deaths among notified Salmonella cases (Helms 2003242, 2%) applied to estimated Salmonella 

notifications in Australia in 2010 

ReA cases  

Minimum/ 

Most likely 
2,505 ReA fraction (Tuompo 2013)143 applied to moderate + severe Salmonella AGE cases (4.4%) 

Maximum 8,244 ReA fraction (Lee 2005)243 applied to moderate + severe Salmonella AGE cases (14.6%)  

IBS cases   

Minimum 242 
Standardised IBS ratio in the year following culture-confirmed Salmonella (1.7) infection (Ternhag 2008)238 X 
incidence IBS in general population (0.2%, Lock 2004)239 X all Salmonella AGE cases  

Most likely 6,270 IBS fraction (8.8% - Haagsma 2010)140 applied to all Salmonella AGE cases 

Maximum 16,068 
IBS fraction for children (13.2%, Thabane 2010)240 and adults (26.4%, Marshall 2006)241 from Canada’s 

Walkerton Health Study applied to all Salmonella AGE cases  
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Supplementary Table S5.7: Duration of AGE for selected pathogens—Australia, 2010: 

input data for PERT distributions 

Pathogen Severity Duration 

(days) 

Sources  

Norovirus   

Mild Minimum 1.0 Atmar 2008 244 

 Most likely 2.1 Unpublished data, Water Quality Study 245 

 Maximum 5.0 Rockx 2002 246 

Moderate Minimum 2.3 Unpublished data, Water Quality Study 245 

 Most likely 2.4 Unpublished data, OzFoodNet National Outbreak Register 247 

 Maximum 5.8 IID 225 

Severe Minimum 4 Colomba 2007 248 

Most likely / maximum 7.2 Kemmeren 2006 249 

Rotavirus Mild   

Mild Minimum 2.5 Unpublished data, Water Quality Study 245 

 Most likely 4.9 Kemmeren 2006 249 

 Maximum 5.5 Ford-Jones 2000 250 

Moderate Minimum 3.7 Unpublished data, OzFoodNet National Outbreak Register 247 

 Most likely 7.1 Kemmeren 2006 249 

 Maximum 7.5 Stein 2010 251 

Severe Minimum 6.0 DeWit 2000 252 

 Most likely 7.7 Kemmeren 2006 249 

 Maximum 8.3 Lacroix 2010 253 

Cryptosporidium     

Mild Minimum / most likely 4.0 Unpublished data, Water Quality Study 245 

 Maximum 5.0 Tangermann 1991 254 

Moderate Minimum 9.0 MacKenzie 1994 255 

 Most likely 12.5 Unpublished data, Water Quality Study 245 

 Maximum 26.0 Boehmer 2009 256 

Severe Minimum 8.2 UK Public Health Laboratory Service Study Group 1990 257 

 Most likely 21.4 Unpublished data from Australian Cryptosporidium case-control studies 258 

 Maximum 23.4 Corso 2003259 

Giardia    

Mild Minimum 2 Unpublished data, Water Quality Study 245 

 Most likely / maximum 5 Nash 1987 260 

Moderate Minimum 4 Unpublished data, Water Quality Study 245 

 Most likely 15 Homan 2001 261 

 Maximum 35 Rimhanen-Finne 2010 262 

Severe Minimum 13 Sum duration moderate-severe disease (10 days, López 1980 263 ) and average 

length hospital stay for giardiasis (3 days, AIHW 1998–99 to 2007–08) 

 Most likely / maximum 33 As above, using Nygård 2006 264 (30 days) and AIHW 1998–99 to 2007–08 

Campylobacter     

Mild Minimum / most likely 3.5 Kemmeren 2006 249 

 Maximum 5.1 Havelaar 2000 265 

Moderate Minimum 2.2 Unpublished data, Water Quality Study 245 

Most likely / maximum 9.7 Kemmeren 2006 249 

Severe Minimum 7.1 Unpublished data from Australian Campylobacter case-control studies 266, 267 

Most likely / maximum 14.4 Kemmeren 2006 249 

Salmonella    

Mild Minimum / most likely 2.5 Unpublished data, Water Quality Study 245 

 Maximum 5.6 Kemmeren 2006 249 

Moderate Minimum 4.0 Unpublished data, Water Quality Study 245 

 Most likely 6 IID 225 

 Maximum 10.6 Kemmeren 2006 249 

Severe Minimum 11 Sum duration moderate-severe disease (Munnoch 2009 268) and average length 

hospital stay for Salmonella AGE (4 days, AIHW 1998–99 to 2007–08) 

 Most likely 12 As above, using McPherson 2006269 and AIHW 1998–99 to 2007–08 

 Maximum 16.1 Kemmeren 2006 249 
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Appendix 2. Co-authored publications related to Chapter 6 

Appendix 2.1: Sinclair M, O'Toole J, Gibney K, Leder K. Evolution of regulatory targets for 

drinking water quality. J Water Health. 2015 Jun;13(2):413-26. doi: 0.2166/wh.2014.242.  
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Appendix 2.2: O'Toole J, Sinclair M, Gibney K, Leder K. Adoption of a microbial health-based 

target for Australian drinking water regulation. J Water Health. 2015 Sep;13(3):662-70. doi: 

10.2166/wh.2015.201. 
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