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SUMMARY

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 (focusing 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 49% (2005–2011). Indigenous status was complete for
only 44% 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 8 days (interquartile range 4–17 days, jurisdictional range 5–15 days); this
decreased from 11 days (1991–1997) to 5 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

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 dis-
eases, such as Zika virus, Middle Eastern Respiratory
Syndrome Coronavirus and Ebola virus, as well as
ongoing domestic foodborne outbreaks highlight the
importance of a robust and responsive public health
infrastructure, of which infectious disease surveillance
is a vital component [1].

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 surveil-
lance information from notifying doctors and/or
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laboratories; and is responsible for the public health
responses to notified cases. Although notifiable disease
data have been reported nationally since 1917 [2],
Australia lacked a national surveillance system
until 1991 when the National Notifiable Diseases
Surveillance System (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) [3] 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 communic-
able 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 [4]. More
recently, fragmentation of data collection, with juris-
dictions collecting and storing information differently,
has been identified as a barrier to effective national
infectious diseases surveillance [5].

The Australian government funds several important
public health programmes, including the Immunize
Australia Program which provides free vaccination
through the National Immunization Program (NIP),
and is responsible for managing imported infectious
disease risks and national health emergencies [5].
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 [6]. According to the
Australian Burden of Disease Study, in 2010 the
years of life lost due to infections was 3·8 times
higher in Indigenous compared to non-Indigenous
Australians [7]. Furthermore, in an analysis of
NNDSS notifications using the dataset evaluated in
this paper, notification incidence for all nationally
notifiable infectious diseases was 5·3 times higher in
Indigenous compared to non-Indigenous Australians
in the Northern Territory (NT), South Australia and
Western Australia [8]. 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 towards closing the gap in
Indigenous disadvantage for notifiable communicable
diseases [9]. From 2008, this target has been 95% com-
pleteness of Indigenous status reporting for 18 priority

diseases and 80% for remaining notifiable diseases in
NNDSS [10]. The purpose of this study was to
describe selected system attributes and changes in sur-
veillance 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

Information regarding NNDSS and surveillance
practices was obtained through discussion with
Commonwealth and jurisdictional surveillance staff,
annual NNDSS surveillance surveys (2001–2011),
and the 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. This included case notifications
received by NNDSS prior to the year the disease
was included on the NNDL (for most diseases intro-
duced to the NNDL after 1991, jurisdictions collected
case-notification data prior to the disease becoming
nationally notifiable and these data were uploaded
to NNDSS); case notifications of diseases that were
not included on the NNDL during the study period
(chikungunya, non-tuberculous mycobacteria, rota-
virus and yersiniosis); and cases of Creutzfeldt–
Jakob diseases (CJD) which are notifiable to a differ-
ent national surveillance system [3].

The NNDSS was briefly described, including
CDNA goals for national surveillance and relevant
legislation. Selected system attributes were evaluated
according to the CDC’s ‘Updated Guidelines for
Evaluating Surveillance Systems’, including flexibility,
data quality, and timeliness [11].

Flexibility was assessed through description of
changes in notifiable diseases, data fields, case defini-
tions and technology over the 21-year study period.

Data quality was assessed by examining complete-
ness 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 fol-
lows: vaccination history for cases aged <7 years
and diseases included in the childhood vaccination
schedule funded through the NIP; country of acquisi-
tion for diseases that are ‘often travel-associated’
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based on disease epidemiology (brucellosis, chikun-
gunya, cholera, dengue, hepatitis A, hepatitis D, hepa-
titis E, Japanese encephalitis, leprosy, malaria,
measles, mumps, poliomyelitis, rubella, tuberculosis,
tularaemia, typhoid fever); and serogroup/organism
for legionellosis, malaria, meningococcal disease
(invasive), pneumococcal disease (invasive), and
salmonellosis.

In addition to reporting data completeness, we
highlighted changes in diagnostic methods and testing
practices that potentially impact NNDSS data. We
reported changes in the proportion of notified cases
diagnosed using different tests across three sub-peri-
ods (1991–1997, 1998–2004, 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 pos-
sible responses of ‘clinical presentation’, ‘contact tra-
cing 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, campylo-
bacteriosis, pertussis, salmonellosis, influenza, gono-
coccal infection, hepatitis B and Ross River virus)
which made up 85% of all notifications.

Completeness of reporting of Indigenous status was
assessed overall, as well as for 17 of 18 priority dis-
eases for Indigenous status reporting identified by
CDNA (excluding HIV which is not notifiable to
NNDSS) [10]. The 18 priority notifiable diseases for
Indigenous status reporting are: dengue virus (locally
acquired), donovanosis, gonococcal infection,Haemo-
philus 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 550
years), shigellosis, syphilis (congenital), syphilis (<2
years duration), and tuberculosis.

Data validity was assessed by examining unex-
pected patterns in the study dataset and identifying
values outside a plausible range, specifically ages <0
years and 5110 years; and date of disease onset, spe-
cimen collection, and notification outside the study
period (before 1991 or after 2011). Due to an unex-
plained rise in notified cases, the number of cases

notified from the NT in 1994 was compared between
the study dataset (extracted from NNDSS in 2012)
and online (live) NNDSS data that has undergone
subsequent updates and data cleaning [12].

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 jurisdic-
tion (notification received date), where both these
dates were reported and the notification received
date was after the onset date. Time to notification
was calculated by diseases if it could be calculated
for at least 100 cases.

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 mem-
bers. Data were analysed using Stata v. 12
(StataCorp, USA).

Ethical considerations

This project was approved by Monash University
Human Research Ethics Committee (project no.
CF11/2357-201) and the CDNA. This work did not
involve human or animal experimentation.

RESULTS

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 programmes; coordinate response to national
or multi-jurisdictional outbreaks; describe the epi-
demiology of rare diseases; meet international report-
ing requirements (e.g. to the WHO); and support
federal government quarantine activities [8]. The
National Health Security Act 2007 provides a legisla-
tive 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 [14]. All eight
Australian jurisdictions have signed the National
Health Security Agreement which enacts the National
Health Security Act 2007 and enshrines the import-
ance of national surveillance and the role of CDNA.
By 2011, 65 communicable diseases were notifiable
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to NNDSS (Table 1). Under their respective public
health legislations, jurisdictions received notifiable dis-
eases data from clinical sources (doctors and hospi-
tals) 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 respon-
sible for reviewing, cleaning, analysing and interpret-
ing NNDSS data, which were discussed at the
fortnightly CDNA meetings. Aggregate data tables
and fortnightly summaries were available on the inter-
net, and quarterly and annual summaries were pub-
lished in Communicable Disease Intelligence.

Flexibility

Notifiable diseases. In 1991, 37 diseases were nationally
notifiable, increasing to 65 by 2006 (Table 1,
Fig. 1a). 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 (NSW). 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-tuberculous
mycobacterial diseases, rotavirus, and yersiniosis).
Only 45% of case-notifications received were for
diseases that were on the NNDL from 1991.
Therefore, much of the observed increase in annual
notification numbers can be attributed to the addition
of diseases to NNDL (Fig. 1a). Twenty-one diseases
were consistently notifiable across jurisdictions for the
entire study period, accounting for 36% of all
notifications (Table 1). There is an established process
for adding and removing diseases to the NNDL [15].

Case definitions. Case definitions were initially
determined by jurisdictions. Uniform case definitions
were recommended by the National Health and
Medical Research Council (NHMRC) in 1993 [16],
however, national surveillance case definitions were
not used by all jurisdictions until 2005 and have
been continually updated since [4, 17].

Data fields. In 1991, NNDSS comprised 12 core data
fields, expanding to 25 core data fields by 2011
(Table 2). Four of five mandatory fields – notification
identification number, notifying jurisdiction, disease,

and postcode – were included from 1991, with
notification received date added later. Of the non-
mandatory fields, some were relevant to all notified
cases (e.g. age, sex, Indigenous status) while others
only to 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).

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 1991–2005 but was thereafter mandated
by the Health Amendment Act 2006. By 2012, the
proportion of cases notified by laboratory report alone
was 595% in the ACT, NSW, NT, Queensland and
Tasmania but only 5% in South Australia [10].

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 (from 2002 to 2006, three
major pathology providers – each of which notified
electronically – serviced more than 90% of the
Queensland market [18]) 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
standardized case notification data from the electronic
jurisdictional surveillance systems using a data
acquisition system [4].

Data quality

Data completeness is summarized in Table 3.
Indigenous status was complete for 44% of all notifi-
cations (jurisdictional range 19–87%) and >75% in
three jurisdictions (NT, South Australia and Western
Australia). For the 17 priority diseases assessed,
Indigenous status was reported for 68% of cases (jur-
isdictional range 42–92%). Vaccination data were
reported for 62% (jurisdictional range 32–100%) of
relevant cases overall. Country of acquisition was
reported for 24% of cases for diseases that are
‘often travel associated’. Completeness of reporting
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improved for most data fields; however, onset date
completeness dropped from 92% to 51% between the
earliest and latest periods.

Laboratory diagnosis 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%) (Fig. 1b). The median annual number

of cases diagnosed using PCR increased from 492
(1991–1997) to 74 119 (2005–2011). Of cases diagnosed
by PCR, 3·5% were also tested using serology and 3·0%
using culture.

Testing practices were analysed for 756 434 (31%)
cases. Of these, ‘reason for diagnostic test’ was com-
plete in 89%, with 595% of campylobacteriosis,
influenza, pertussis, Ross River virus infection and
salmonellosis cases diagnosed because of clinical pres-
entation. In comparison, 78–80% of notified cases of
chlamydial infection, gonococcal infection, hepatitis

Table 1. 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 Diseases added to NNDSS after 1991 (year introduced)

Arbovirus infection (NEC) Botulism (1993)
Brucellosis†
Campylobacteriosis*† Hepatitis B newly acquired (1994)
Chancroid Ross River virus infection (1994)
Cholera† Rubella (1994)
Dengue
Diphtheria† Chlamydial infection (1995)
Donovanosis
Gonococcal infection† Barmah Forest virus (1996)
Haemophilus influenzae type b Hepatitis C newly acquired (1996)
Hepatitis (NEC) Hepatitis C unspecified (1996)
Hepatitis A virus† Mumps (1996)
Hepatitis B – unspecified
Hydatid infection Haemolytic uraemic syndrome (2000)
Legionellosis† Hepatitis D (2000)
Leprosy† Hepatitis E (2000)
Leptospirosis† Shiga-/Vero-toxin producing Escherichia coli (2000)
Listeriosis
Malaria† Australian bat lyssavirus/Lyssavirus (NEC) (2002)
Measles† Cryptosporidiosis (2002)
Meningococcal disease† Influenza (2002)
Ornithosis Japanese encephalitis (2002)
Pertussis† Kunjin/West Nile virus (2002)
Plague† Murray Valley encephalitis virus (2002)
Poliomyelitis† Pneumococcal disease (invasive) (2002)
Q fever†
Rabies Severe acute respiratory syndrome (2004)
Rubella – congenital† Smallpox (2004)
Salmonellosis† Tularaemia (2004)
Shigellosis
Syphilis Highly pathogenic avian influenza in humans (2005)
Syphilis – congenital† Syphilis >2 years/unspecified duration (2005)
Tetanus Syphilis <2 years duration (2005)
Tuberculosis
Typhoid† Varicella zoster – chickenpox* (2006)
Viral haemorrhagic fever Varicella zoster – shingles* (2006)
Yellow fever† Varicella zoster – unspecified* (2006)

NNDSS, National Notifiable Diseases Surveillance System; NEC, Not elsewhere classified.
* Not notifiable in New South Wales.
† Diseases which were consistently notifiable across states for the entire study period.
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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
1381 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 NT in 1994: 7267 cases were included
in the study dataset compared to 4776 cases
reported online. This discrepancy was caused by a
change to the ‘notification ID’ used by the NT in
2010/2011, resulting in some existing 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 8 days [interquartile range (IQR)

4–17 days] for all diseases, decreasing from 11 days
(IQR 6–21 days) in the earliest period to 5 days
(IQR 3–11 days) in the latest period albeit with juris-
dictional variability (Fig. 2). Median time to notifica-
tion was shortest for hydatid infection, influenza,
invasive meningococcal disease, rotavirus, and vari-
cella infection (3 days) and longest for leprosy (31
days), tuberculosis (59 days), and CJD (99 days),
potentially reflecting subacute disease onset and diag-
nostic challenges for these diseases.

DISCUSSION

During its first 21 years of operation, Australia’s
NNDSS expanded markedly 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 notifica-
tion numbers in the latest period appear partly attrib-
utable to improved case ascertainment resulting from
changing diagnostic methods (e.g. adoption of PCR),
more frequent testing, and a shift from manual clinical
notification towards automatic laboratory notifica-
tion. Our results will help inform interpretation of
NNDSS data, including observed changes in notifica-
tion incidence for selected diseases [19].

Fig. 1. Cases notified to the National Notifiable Diseases Surveillance System (NNDSS) by year, Australia 1991–2011.
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When compared to the CDNA’s stated goals for
national infectious diseases surveillance [10],
NNDSS data can be used to describe the epidemi-
ology of diseases that occur infrequently at state and
territory levels, and meet international reporting
requirements. The system’s capacity to support quar-
antine 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 disease onset to jurisdictional notification
reduced. Second, data uploads from jurisdictions to
NNDSS changed from fortnightly to daily. Data com-
pleteness likewise improved, which enhances the cap-
acity of NNDSS to guide national policy development
and resource allocation, and monitor the need for and

impact of national disease control programs. Several
factors, including the increased use of PCR testing,
likely contributed to improved case ascertainment
during the study period. 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 demon-
strated greater constancy, evidenced by fewer changes to
the list of nationally notifiable diseases 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 [10, 17, 20].

Table 2. Core data fields of the National Notifiable Diseases Surveillance System, Australia 1991–2011

Data field

Included in
Mandatory
field Comments1991 2003 2011

Age Yes Yes Yes No
Date of birth Yes Yes Yes No Not included in study dataset
Notification identification
number

Yes Yes Yes Yes Not included in study dataset

Confirmation status Yes Yes Yes No ‘Confirmed’ or ‘probable’
Date of symptom onset Yes Yes Yes No
Disease Yes Yes Yes Yes
Fortnight of report to CDNA Yes No 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/

authorized the notification
Notification received date No Yes Yes Yes Date jurisdiction received the notification
Postcode of residence Yes Yes Yes Yes
Sex Yes Yes Yes No
Case found by No Yes Yes No Reason for diagnostic test: Clinical presentation,

contact tracing or epidemiological 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,

Streptococcus 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

CDNA, Communicable Diseases Network Australia.
Information on included data fields derived from Ponnuthurai et al. 1992 (for 1991) [13]; Miller et al. 2004 (for 2003) [4]; and
the study dataset (for 2011).
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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 [21–23], increased reli-
ance 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 dis-
eases and is not feasible in the era of ELR with juris-
dictions 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 suscep-
tible contacts.

Indigenous Australians, who account for approxi-
mately 3% of Australia’s population, continue to
have worse health outcomes and shorter life

Table 3. Data completeness by sub-period, National Notifiable Diseases Surveillance System – Australia, 1991–
2011

Completeness, % (jurisdictional range)

1991–1997 1998–2004 2005–2011

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 (0·3–100)
Indigenous status 30·4 (2·1–78·8) 43·4 (21·7–89·4) 50 (19·8–93·2)
Laboratory diagnosis method 20·8 (0·9–69·2) 56 (89·8–2·1) 88·1 (30·3–99·7)
Notification date 59·5 (0·8–100) 82 (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 (0–99·8) 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.

Fig. 2. Time (in days) from disease onset to notification received by period and disease group, Australia 1991–2011.
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expectancy than non-Indigenous Australians [6].
Improving identification in communicable disease
reporting should contribute to better health for
Indigenous Australians [24], with more accurate quan-
tification of the differential burden of notifiable infec-
tious 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 dis-
ease 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 [24–28]. In
Victoria, linkage of hepatitis B, hepatitis C and gono-
coccal infection notification data with hospital data-
sets improved completeness of Indigenous status
reporting from 38% to >99% and resulted in a two-
to fourfold increase in notification incidence for
these diseases among Indigenous Victorians [26].
Although the analysis of testing practices was limited
to less than one third of notified cases due to incom-
plete data, it was notable that non-Indigenous cases
were more often tested as a result of clinical presenta-
tion than Indigenous cases. This suggests that some of
the excess notification incidence observed for
Indigenous Australians [8] might be a result of screen-
ing programmes in this high-risk population.

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 [29]. Recently, ACIR records for around
2 million children were linked to notification datasets
in Western Australia and NSW to evaluate and
inform Australia’s immunization programme [30].
Until such data linkage is routinely available through-
out Australia, NNDSS must continue to strive for
complete and accurate vaccination status data for
notified VPD cases.

Country of acquisition provides useful information
about the epidemiology of infectious diseases in des-
tination countries, as well as disease risks for travellers
to those destinations [31]. It is also important to iden-
tify 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 mal-
aria, specifically when visiting friends and relatives
in India and Pakistan [32]. Country of birth is col-
lected in six of eight Australian jurisdictions [33] and
its addition to NNDSS could enhance the system
without imposing significant additional work on
notifiers or jurisdictional public health staff.

The system improvement allowing daily electronic
data uploads to NNDSS is critical to support coordi-
nated 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 1 day [34]. Our observed differences
in time to notification between diseases reflect the
acuteness of symptom onset; notification source and
method also influence notification delay [23]. In
Sweden, shorter notification delay was noted for
laboratory compared to clinical notifications and elec-
tronic compared to paper notifications [22], with sub-
sequent discouragement of paper-based notification
[35]. The US CDC aims to receive 80% of laboratory
reports to public health agencies electronically by
2016 to improve timeliness [36]. 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 bar-
riers to effective national infectious diseases surveil-
lance in Australia [5]. Several countries, including
China, Germany, Ireland, the Netherlands, and
Sweden have introduced electronic communicable dis-
ease surveillance systems that are consistent between
the national and sub-national jurisdictions [23, 34,
35, 37, 38]. Sweden’s integrated surveillance system
receives almost all notifications electronically [35]. In
contrast, some Australian jurisdictions manually
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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 com-
pleteness and timeliness. A nationally integrated sys-
tem, 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 as such an evaluation would
require additional data sources that provide the
‘true’ occurrence of disease in the community. These
parameters vary markedly between different diseases.
Data from the ECDC-funded Burden of Communic-
able Diseases in Europe (BCoDE) project suggest
that case ascertainment for salmonellosis and campy-
lobacteriosis in European countries are disease-, coun-
try-, age- and sex-specific [39]. It is likely that case
ascertainment improved over the study period, includ-
ing as a result of legislative changes mandating labora-
tory notification. Our data also suggest that case
ascertainment improved over the study period through
improved diagnostic tests (particularly NAT) and an
increase in testing. Other Australian studies have
attempted to quantify the effect of more frequent test-
ing on increased notification rates for chlamydial
infection, gonococcal infection, pertussis and
influenza [40–43].

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 vac-
cination status should be explored to optimise plan-
ning and assessment of public health interventions.
An increasing proportion of notified cases were diag-
nosed 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 sur-
veillance 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 elec-
tronic laboratory reporting of notifiable diseases to
jurisdictional and federal health departments, and for-
malized linkages with existing data to assure opti-
mised prevention and control of communicable
diseases [5].
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