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TheNSWPublicHealth Bulletin has achievedmuch over the

past 24 years1 and there is a great deal to celebrate. To

support an agile, contemporary, public health environment

the Bulletin is about to enter a new phase in its evolution –

one that builds on its proud history and strongly positions

public health for the future. The Bulletin will be renamed

Public Health Research & Practice and will strengthen its

focus on supporting knowledge-driven policies and the

provision of best practice public/population health services

and programs in NSW and across Australia. This will be

underpinned by original, policy-relevant research and arti-

cles on implementing and evaluating innovative NSW

policies, services and programs. Editorial management

and production will move to the Sax Institute and be

overseen by an Editorial Board (Box 1).

Both the NSW Health and Medical Research Strategic

Review2 and the NSWGovernment Evaluation Framework3

emphasise the potential for research and evaluation to

strengthen policy and practice across health. For this poten-

tial to be realised, new approaches to designing and

conducting research and to sharing our findings will be

required.We intend thatPublic Health Research&Practice

will become a key platform in using research to inform

public health policy and practice across NSW and Australia

more broadly.

The optimal generation and use of evidence will require

many things. For example, strong evaluation embedded into

the rollout of policies and programs will make the most

of opportunities to learn what works and under what condi-

tions. The NSW Government Evaluation Framework3

makes this clear saying:

Evaluation is a key tool to support evidence based

policy and decision making in government, to help

government learn and adapt to changing environments

and as a tool for communicating and sharing valuable

information. When planned, designed and conducted

in accordancewith good practice standards, evaluation

can provide the necessary evidence to improve ser-

vices and guide better resource allocation decisions.

Better tools and methods for the kinds of research that can

inform practice will also be required – for example, how

can we best consider factors like scalability4 and reproduci-

bility? How do we best estimate likely real world costs and

benefits? How can we harness technology to respond to

emerging public health threats? And what can be done to

provide control or comparison groups when randomised

trials are not possible?

Co-creation of research where researchers, policy makers

and practitioners work together to design, implement, inter-

pret and disseminate research will be crucial to this effort.

Each has important expertise to bring to the collaborative

effort. Co-creation of research has the potential to result in

rigorous tests of strategies in a timelyway that could feasibly

be implemented at the state or national levels.

Public Health Research & Practice will strengthen the

connection between research, policy and practice and

support the population health workforce in NSW to find

and use the best available evidence in the time available.5

We will actively seek papers describing research that has

used a co-creation approach and is based in a ‘real world’

setting, and will be particularly interested in papers
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describing the evaluation of innovative policies and pro-

grams in the field. This will instigate a new stream of

discussion to drive forward the development of methods

that work more effectively to understand the impact of

health issues, policies and programs in the field. NSW

Health and the Sax Institute are excited about this new

phase in the development of the journal and we are looking

forward to working with researchers, policy makers and

practitioners to further strengthen our investment into

evidence-informed policy and practice.
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The birth of the Bulletin
The year 1990 was a landmark for public health in New

South Wales (NSW). The Public Health Division at the

then NSWDepartment of Health was in its infancy, having

been formed at the end of 1989, and funding for a program

to enhance public health in NSW led to the establishment

of a network of Public Health Units and the NSW Public

HealthOfficer Training Program.1 TheNSWPublicHealth

Bulletin was established in May 1990 to disseminate

accurate and timely information among this newly formed

public health network and to provide regular feedback to

practitioners on notifiable conditions. It was hoped that the

Bulletin would assist in ‘‘the development of a vibrant

public health network in NSW’’,2 and ‘‘provide a useful

mechanism for exchange of information and ideas on

investigations, programs, and evaluations that (may) affect

the health of the citizens of NSW’’.1

From its inception, the aim of the Bulletin was to provide

its readers with population health information and data

to inform effective public health action. Early editions

were of variable length (although generally short) and

consisted of practical information for the public health

network: short reports, news and comment, letters to the

Editor, summaries of infectious disease notifications, and

public health abstracts. Copies were distributed in collab-

oration with the new Public Health Units to the then Area

Health Services, hospitals,major laboratories, universities,

medical practitioners, and other state health departments.

Enhancement of content, rigour,
role and recognition
By 1995, the landscape was changing: issues of the Bulle-

tin were becoming longer and the papers more academi-

cally rigorous. Infectious disease content still featured

strongly but a broader range of topics was being covered.

Special editions focusing on a specific area of public health

significance commenced, with guest editorials authored

by experts in the field. Peer review was introduced to

maintain standards and ensure rigour and relevance. At the

beginning of 1996, the Bulletin began to be published in an

online format as well as in print.

The transformation of the Bulletin in its first decade

culminated in the successful application in early 2002 to

the Literature Selection Technical Review Committee

(LSTRC) of the National Library of Medicine, National

Institutes of Health (Maryland, USA) for indexing in Index

Medicus and Medline. As the major international source

of citation and the gateway to public health and bio-

medical journals, the decision by the LSTRC to accept

the Bulletin for indexing was to be celebrated. At the time,

around 120 journals were reviewed each year by the

LSTRC and only 15–20% of those were successful in

their applications to be accepted for indexing. Criteria

for acceptance related to: scope and coverage (relevance

to the biomedical field); quality of content (scientific merit

of the papers); quality of the editorial work (including

processes such as peer review); production quality (layout,

design and graphics); audience (intended for health profes-

sionals); and types of content (with statistical compilations

and critical reviews preferred).3 A survey of a sample of

the Bulletin’s readership in 2005 indicated that the inclu-

sion of the Bulletin in Medline was highly valued:

[It] is seen as a measure of the journal’s quality and

thereby adds status to the Bulletin; increases the

accessibility and international exposure for articles

published; and helps showcase public health issues

and endeavours in NSW.4

The 2005 readership review also found substantial support

and respect for the Bulletin, along with a strong sense of

‘ownership’ amongst its stakeholders.4 A valued aspect

was the workforce development role of the Bulletin: it was

not just another avenue for established authors to publish,

but an opportunity for those new to writing for publication

to develop their skills in a supportive environment.

Improved reach, processes and promotion
In 2007 the Bulletin entered into a publishing partnership

with CSIRO Publishing. This was the next phase in the

Bulletin’s evolution, taking it to a larger, more professional

publication with a broader reach. A new design was

unveiled, and an enhanced website hosted by CSIRO

Publishing was launched. The new website allowed for

PDF and HTML versions to be uploaded in advance of

the hard copy distribution and for the introduction of a
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subscription-based ‘EarlyAlert’ service to facilitate imme-

diate access to each new issue as it was published online.

New resources were developed for reviewers, including

guidelines designed to foster the development of critical

peer review skills and a standard reviewer report form

to guide reviewers through the process. Guidelines for

authors were also updated to reflect best publishing prac-

tice. The partnership with CSIRO Publishing also led to

increased exposure and promotion at relevant health con-

ferences. Free access, a cornerstone of the publication, was

preserved: work published in the Bulletin remained freely

available, without any subscription barriers. This will

continue to be the case as the Sax Institute takes over from

CSIRO Publishing as the publisher of the journal.5

Achievements and contributors
Of the past Editors of the Bulletin, three were largely

responsible for its growth and evolution: Professor George

Rubin (May 1990–May 1994), Professor Michael From-

mer (June 1994–March 1998), and the longest running

Editor, Associate Professor Lynne Madden (April 1998–

October 2012, with two sabbaticals in this period). While

ultimately rewarding, the role of Editor is a challenging

one; the past Editors are gratefully acknowledged for their

commitment and contribution to the Bulletin. There have

been many editorial support staff during the Bulletin’s

lifetime, the longest serving of these being Dr Michael

Giffin (November 1998–January 2005), who played an

integral role in shaping the Bulletin, establishing many of

its editorial processes, and securing indexing in Index

Medicus and Medline.

At the completion of Volume 24, close to 1500 items

have been published and an average of 220 000 papers are

downloaded per year. These downloads are from all

volumes, indicating that the Bulletin, as a body of work,

is contributing to a culture of evidence-based practice. The

Bulletin’s Scopus SCImago Journal Rank (SJR), which

measures citations to a publication and weights them

according to the SJR score of the citing journal, has been

rising since 2008, showing that the Bulletin is well posi-

tioned in relation to comparable journals. While the

majority of the readership remains local, download and

access statistics show that the Bulletin is read widely:

within Australia, readership fromVictoria andQueensland

is strong, and internationally, numbers from the USA,

Canada and the United Kingdom are consistent.

On behalf of the editorial team we would like to sincerely

thank the many contributors to the Bulletin over the past

24 years. The strength of the journal has always been the

large investment of time and effort by authors, reviewers,

and editors, all of whom have generously contributed

their expertise.

The future: Public Health Research & Practice
As we enter the next exciting phase in the journal’s

history,5 we hope that the 24 volumes published under

the title ‘NSW Public Health Bulletin’ leave a lasting

legacy and will continue to be referred to, both as an

important historical record of public health in NSW and as

sources of evidence for future practice.
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Abstract: Aim: Postpartum haemorrhage rates

have been increasing in NSW and internationally,

and blood transfusion is required in severe cases.

Using routinely collected administrative data

provides a convenient method with which to

monitor trends in both postpartum haemorrhage

and associated transfusion use. In order for this to

be feasible however, the reliability of reporting of

the conditions needs to be assessed. Methods:

This study used linked data to compare the

reporting of postpartum haemorrhage with trans-

fusion as reported in the NSW Admitted Patient

Data Collection (hospital data), with the same

information obtained from the Perinatal Data

Collection (birth data), for births in NSW

from 2007 to 2010. Results: The rate of post-

partum haemorrhage requiring blood transfu-

sion was 1.0% based on the hospital data and

1.1% based on the birth data, with a rate of 1.7%

if identifying cases from either source. Agree-

ment between the two sources improved from fair

to moderate over the time period. Conclusion:

Postpartum haemorrhage requiring transfusion

recorded in the birth data shows only moderate

agreement with hospital data, so caution is

recommended when using this variable for anal-

ysis. Linkage of both datasets is recommended to

identify birth information from birth data and

postpartum haemorrhage with transfusion from

hospital data until further validation work has

been undertaken.

An important application of population health data is

identifying and monitoring trends in adverse outcomes

which may require further investigation or intervention.1–3

In maternal health, one commonly monitored adverse

outcome of childbirth is severe postpartum haemorrhage

(PPH). Postpartum haemorrhage involves excessive blood

loss post-childbirth, and affects about 6% of women in

NSW,4 with rates increasing locally and internationally.5

Severity of PPH is commonly defined by quantity of blood

lost, however this can be difficult to estimate,6 so blood

product transfusion has become widely used as a marker of

severe maternal morbidity associated with childbirth. In

combination with routinely collected population data col-

lections this marker has been used to monitor changes in

morbidity over time, providing a timely and cost-effective

way of monitoring trends.7,8 In order for a marker to be a

good indicator of the health of the population it needs to be

reported reliably and in a timely fashion.9–12

Currently, local studies reporting PPH requiring transfu-

sion use hospital diagnosis and procedure codes recorded

in hospital separation data.4 Ascertainment of both PPH

(sensitivity 73.8%, specificity 98.9%) and transfusion

(sensitivity 83.1%, specificity 99.9%) is relatively high,

and the sensitivity of PPH in women requiring transfusion

is 92.5% when compared with medical records.13 How-

ever, hospital data are not the best source of birth data.

Identifying birth admissions from hospital records relies

on the presence of a diagnosis code identifying a live or

stillbirth, which differs in reliability when there are multi-

ple births and according to birth outcome and has been

shown to miss some births identified in legislated birth

data.14,15 Additionally, hospital data lack detail on parity,

gestation and obstetric history, which are important risk

factors for PPH. Use of hospital records requires linkage to

birth data to accurately identify hospitalisations related to a

pregnancy or birth. This affects the timeliness of the data,

with linked birth and hospital data available 12–18 months

later than birth data alone. Birth records, collected by

midwives at the time of birth, are more timely, available

after 12 months, and do not require linkage in order to

identify births. Until recently, no data on blood transfusion

was collected in these birth records. In 2007, New South

Wales (NSW) birth data collections included a new vari-

able ‘PPH requiring transfusion’. The reliability of this

variable has not yet been assessed. This project compared
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the reporting of PPH with blood transfusion in the hospital

records to the new variable in the birth data.

Methods
Births were identified from the Perinatal Data Collection

(‘birth data’), a statutory collection of all births inNSWof at

least 20weeks gestation or 400 g birthweight. Hospital birth

admissions were identified from the Admitted Patient Data

Collection (‘hospital data’) which is a census of all public

and private hospital separations in NSW, containing infor-

mation on procedures and diagnoses, coded according to the

10th revision of the International Classification of Diseases,

AustralianModification (ICD10-AM),16 and the Australian

Classification of Health Interventions.17 Probabilistic

record linkage between the birth and hospital data was

carried out by the NSW Centre for Health Record Linkage.

All women giving birth in NSW hospitals from 1 January

2007 to 31 December 2010, where a corresponding hospital

birth record was available, were included in this study.

The birth data, including demographic and medical infor-

mation on the mother, as well as information on the labour,

delivery and infant, is collected by the attending midwife

or medical practitioner. PPH requiring transfusion is

recorded if there was a ‘‘postpartum haemorrhage requir-

ing transfusion of whole blood or packed cells’’.18 In the

hospital data, blood transfusion was defined as a record of

transfusion of packed cells or whole blood in any of the

first 20 procedure codes in the maternal birth admission.

Similarly, PPH according to the hospital data was defined

as a diagnosis of PPH in any of the first 20 diagnosis

fields.19 Hospitals were categorised by hospital type and

annual number of deliveries (grouped to reflect similarity

of practice by hospital size).

As neither hospital nor birth data could be considered a

‘gold standard’ for PPH with transfusion reporting, we

assessed agreement based on kappa statistics, and com-

pared characteristics of discordant cases. Kappa statistics

were classified as follows: near perfect (0.81–1), excellent

(0.61–0.80), moderate (0.41–0.60), fair (0.21–0.40), slight

(0.01–0.21) and no agreement (,0.01).20

Results
From2007 to 2010 therewere 371 166 births recorded in the

linked hospital and birth data: 205 (0.1%) were missing the

birth data field for PPH requiring transfusion, leaving 370

961 births for analysis (Figure 1). Based on the hospital data

the rate of PPH was 7.6%, and the rate of transfusion of

packed cells was 1.4%. The rate of PPH with blood

transfusion was 1.0% based on the hospital data and 1.1%

according to the birth data (Table 1). In the hospital data,

blood transfusion rates increased from1.4% in2007 to1.5%

in 2010 (p¼ 0.006), PPH rates increased from 7.1% to 7.8%

(p, 0.0001) and the combination of PPH with transfusion

increased from 1.0% to 1.1% (p¼ 0.02). In the birth data,

Births 2007–2010 in linked hospital and birth data
N � 371 166

Complete records for
analysis

N � 370 961

PPH with transfusion
in birth data
N � 4171 

PPH with transfusion in
hospital data

N �1800

No PPH with
transfusion in hospital

data
N � 2371

No PPH with
transfusion in birth 

data
N � 366 790

PPH with transfusion in
hospital data

N � 2005

No PPH with
transfusion in hospital

data
N � 364 785

Missing PPH with
transfusion in birth data

N � 205

Figure 1. Study population for comparison of reporting of postpartum haemorrhage (PPH)
with transfusion between birth and hospital data, NSW, 2007–2010.
Source: New SouthWales (NSW) Perinatal Data Collection and NSWAdmitted Patient Data Collection,
NSW Ministry of Health.

154 | Vol. 24(4) 2014 NSW Public Health Bulletin



PPH with transfusion increased from 1.2% to 1.3% (p¼
0.03), despite lower rates in 2008–2009. When considering

identification from either source, the rate of PPH with

blood transfusion was 1.7%. In hospitals with an average

of over 50 births per year, the rates of women experiencing

PPH with transfusion as recorded in the birth data ranged

between 0.13% and 5.63%, and in the hospital data between

0% and 2.31%. The range of differences between birth

data and hospital data was �1.33% and 4.24% (data not

shown). Sensitivity analysis was undertaken to determine

if concordance differed between vaginal and caesarean

births, however rates were similar (data not shown).

Overall, the PPH with transfusion as ascertained from

the hospital and birth data had moderate agreement

(kappa¼ 0.45) (Table 2). Agreement tended to increase

from 2007 to 2010 (Table 2). Twenty (17%) of the 116

hospitals reported PPH with transfusion with near perfect

agreement. The proportion of hospitals reporting near

perfect agreement increased from 15% in 2007 to 31% in

2010, while those reporting fair agreement decreased from

30% in 2007 to 15% in 2010. This increase in agreement

was due to increased reporting in the birth data, with the

proportion of PPH with transfusion identified in the hospi-

tal data alone decreasing from 33.3% in 2007 to 22.3% in

2010, and those reported in both data sources increasing

from 22.9% to 42.5% (Table 3).

PPH with transfusion was more likely to be reported only

in the birth data than only in hospital data for primiparae

(29.4% vs 24.9%), pre-labour caesarean sections (17.5%

vs 11.8%) and for births in regional (47.4% vs 9.7%) or

private (31.5% vs 8.4%) hospitals (Table 3), and less likely

to be reported for multiple births (2.7% vs 4.3%), caesarean

section with labour (11.2% vs 14.8%) and births at tertiary

obstetric hospitals (13.9% vs 63.3%).

Of the 4171 women reported in the birth data to have had a

PPHwith transfusion, 68% of women were recorded in the

hospital data as having a PPH, and 53% were recorded in

the hospital data as having received a blood transfusion.

Both PPH and blood transfusion were recorded for 43.2%

of these women (concordant cases). Further investigation

of hospital data reporting indicated that 236 (10.0%) of the

2371 discordant birth data records indicating a PPH with

transfusion may have been for haematomas or antepartum/

intrapartum bleeding. Sixty-eight (2.9%) records identi-

fied as PPH with transfusion in the birth data had a record

of transfusion of another blood product recorded in the

hospital data.

Discussion
We compared the new ‘PPH requiring transfusion’ vari-

able reported in the birth data with the previously validated

‘PPH with transfusion’ variable from the hospital data and

demonstrated moderate agreement. PPH with transfusion

in the hospital data is known to have sensitivity of 92.5%.13

Assuming this rate of underreporting in the hospital data,

having observed 3805 admissions with PPH and transfu-

sion, we would expect the true number to be around 4114,

resulting in a PPH with transfusion rate of 1.1%. In the

birth data we observed a rate of 1.1%. As there is only

Table 1. Concordance of postpartum haemorrhage (PPH) with transfusion cases identified from hospital data and birth data,
NSW, 2007]2010

Hospital data

PPH with transfusion
recorded

PPH with transfusion
not recorded

Total

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

Birth data PPH with transfusion recorded 1800 (0.5) 2371 (0.6) 4171 (1.1)

PPH with transfusion not recorded 2005 (0.5) 364 785 (98.3) 366 790 (98.9)

Total 3805 (1.0) 367 156 (99.0) 370 961 (100.0)

Source: New South Wales (NSW) Perinatal Data Collection and NSW Admitted Patient Data Collection, NSW Ministry of Health.

Table 2. Agreement in reporting of postpartum haemorrhage
between birth data and hospital data, NSW, 2007]2010

Kappa (95% CI) Agreement

Overall 0.45 (0.43–0.46) Moderate

Mode of delivery

Vaginal 0.44 (0.43–0.46) Moderate

Caesarean 0.45 (0.43–0.47) Moderate

Year

2007 0.37 (0.34–0.39) Fair

2008 0.36 (0.33–0.39) Fair

2009 0.44 (0.41–0.47) Moderate

2010 0.59 (0.57–0.62) Moderate

Hospital type

Tertiary obstetric 0.49 (0.47–0.51) Moderate

Regional 0.47 (0.44–0.49) Moderate

Urban/other 0.36 (0.32–0.40) Fair

Private 0.37 (0.34–0.40) Fair

Annual delivery volume

20–499 0.45 (0.42–0.49) Moderate

500–999 0.46 (0.43–0.50) Moderate

1000þ 0.44 (0.43–0.46) Moderate

Source: New South Wales (NSW) Perinatal Data Collection and NSW

Admitted Patient Data Collection, NSW Ministry of Health.

Reporting postpartum haemorrhage with transfusion
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moderate agreement observed between the two sources,

however, considering identification from either source

(1.7%) would lead to a possible 55% overestimation. We

also noted an increase in reliability of the birth data in later

years. This was associated with improved reliability in a

small number of hospitals, particularly in hospitals with a

research interest around postpartum haemorrhage or

transfusion.

Table 3. Characteristics of women with postpartum haemorrhage (PPH) with transfusion identified in either the birth data alone,
hospital data alone, or both, NSW, 2007]2010

Source of identification of PPH with transfusion

Variable Both
n (%)

Hospital data only
n (%)

Birth data only
n (%)

p-value

Overall 1800 (100.0) 2005 (100.0) 2371 (100.0)

Yeara

2007 376 (20.9, 22.9) 546 (27.2, 33.3) 719 (30.3, 43.8) ,.0001

2008 335 (18.6, 22.7) 556 (27.7, 37.6) 589 (24.8, 39.7)

2009 432 (24.0, 28.6) 559 (27.9, 37.0) 519 (21.9, 34.4)

2010 657 (36.5, 42.5) 344 (17.2, 22.3) 544 (22.9, 35.2)

Age (years)

,20 100 (5.6) 95 (4.7) 124 (5.2) 0.0371

20–24 259 (14.4) 330 (16.5) 335 (14.1)

25–29 460 (25.6) 532 (26.5) 609 (25.7)

30–34 530 (29.4) 573 (28.6) 740 (31.2)

35–39 357 (19.8) 373 (18.6) 480 (20.2)

40þ 94 (5.2) 102 (5.1) 83 (3.5)

Multiple birth

Yes 78 (4.3) 87 (4.3) 63 (2.7) 0.003

No 1722 (95.7) 1918 (95.7) 2308 (97.3)

Primiparae

Yes 468 (26.0) 500 (24.9) 696 (29.4) 0.0026

No 1332 (74.0) 1505 (75.1) 1675 (70.6)

Gestational age

(weeks) 20–32 77 (4.3) 82 (4.1) 67 (2.8) 0.0059

33–36 142 (7.9) 159 (7.9) 149 (6.3)

37þ 1560 (86.7) 1732 (86.4) 2130 (89.8)

Delivery type

Normal vaginal 894 (49.7) 996 (49.7) 1238 (52.2) 0.1512

Caesarean section (CS) (total) 512 (28.4) 533 (26.6) 680 (28.7) 0.2586

CS – No labour 234 (13.0) 237 (11.8) 415 (17.5) ,.0001

CS – Labour 278 (15.4) 296 (14.8) 265 (11.2) ,.0001

Instrumental (total) 404 (22.4) 472 (23.5) 465 (19.6) 0.0048

Forceps 198 (11.0) 222 (11.1) 192 (8.1) 0.0008

Vacuum 206 (11.4) 250 (12.5) 273 (11.5) 0.531

Private patient in public hospital

Yes 172 (9.6) 210 (10.5) 193 (8.1) 0.0275

No 1628 (90.4) 1795 (89.5) 2178 (91.9)

Hospital type

Tertiary obstetric 779 (43.3) 1269 (63.3) 330 (13.9) ,.0001

Regional 594 (33.0) 195 (9.7) 1125 (47.4)

Urban/other 154 (8.6) 373 (18.6) 169 (7.1)

Private 273 (15.2) 168 (8.4) 747 (31.5)

Annual delivery volume

20–499 256 (14.2) 51 (2.5) 551 (23.2) ,.0001

500–999 281 (15.6) 126 (6.3) 521 (22.0)

1000þ 1263 (70.2) 1828 (91.2) 1293 (54.5)

aColumn (first) and row (second) percentages are presented. All other reported percentages are column percentages.

Source: New South Wales (NSW) Perinatal Data Collection and NSW Admitted Patient Data Collection, NSW Ministry of Health.
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Differences in the collection of data may explain some of

the variation. Birth data is collected by the midwives and

clinicians attending the birth, with the variable ‘PPH requir-

ing transfusion’ being recorded as a check box on an

electronic data entry form. In the hospital data, both transfu-

sion and PPH are coded by hospital coders based on notes

written in themedical record.PPHcanonlybecoded fromthe

medical record if it is specificallywritten as such in the notes.

The lower reporting of PPH with transfusion in birth data

following more complex birth situations (multiple births,

after caesarean section following labour, and at tertiary

obstetric facilities) may be related to differences in data

recording. Obstetric staff compiling birth data may not

have details available of events occurring outside the

labour ward, whereas medical coding departments may

have additional information from operation reports. Vali-

dation studies have demonstrated that birth data more

accurately report labour and delivery factors than subse-

quent events,9 and that procedures (e.g. transfusion) are

well ascertained in hospital data.9

Some of the discordant records may relate to misclassifi-

cation of transfusion type or timing. A French study

compared the reporting of transfusion in a birth database

with records from the blood bank,21 treating the blood bank

data as the gold standard, finding sensitivity of 61.4%, and

positive predictive value of 82.2%, with kappa 0.7. In their

study, birth recordsmisclassified as blood transfusionwere

typically transfusion of another blood product (other than

red cells) or other product for bleeding. This was also the

case in our study. In the French study, transfusions not

recorded in the birth recordwere for transfusions outside of

the obstetric department (intensive care unit, during trans-

fers between hospitals) or were miscoding. Importantly,

the birth data imply that a transfusion occurred post-

haemorrhage, however the timing of diagnoses and proce-

dures recorded in the hospital data cannot be ascertained. It

is possible that some of the transfusions recorded in the

hospital data occurred for antepartum rather than postpar-

tum haemorrhage. An earlier study using NSW hospital

data indicated that 75% of obstetric transfusions were for

postpartum haemorrhage and a further 8% were for ante-

partum haemorrhage (occurring prior to birth).22

Population health datasets can provide a rich source of data

for research, but their usefulness is limited by the quality of

the data they contain.10–13 Previous studies have shown

that accepting diagnoses from more than one data source

can increase ascertainment, without increasing false

positives,10,23,24 however this is not always the case, and

this study suggests that identifying PPH with transfusion

from either birth or hospital data would result in over-

ascertainment of around 55%.

This study used one dataset (hospital data) to validate

another dataset (birth data). While this allows for an initial

assessment of the reliability of the birth data variable, an

ideal assessment would have been to use a ‘gold standard’

such as medical record review for validation. However,

such validation studies are resource intensive and difficult

to justify for single, relatively rare outcomes. Previous

validation studies have shown that PPH and transfusion are

underreported in the hospital data.13

Conclusion
We have shown that the new variable ‘PPH requiring

transfusion’ being collected on the birth data shows only

moderate agreement with hospital data. We would there-

fore recommend that researchers use the birth data variable

with caution until further validation has been undertaken.

Where possible, birth data linked with hospital data can be

used to identify PPHwith transfusion. An advantage of this

approach is that, although there is some under-ascertain-

ment, these data have already been validated. The changes

in ascertainment over time in the birth data indicate that

early years of data collected on PPH requiring transfusion

should be excluded from trend analysis, to prevent

improved ascertainment being interpreted as a change in

incidence.
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Abstract: Salmonella Typhimurium is the most

common bacterial cause of gastrointestinal disease

in NSW. Regular review of surveillance proce-

dures ensures system objectives are met and

informs improvements in system utility and effi-

ciency. This paper assesses the timeliness and data

completeness of NSW Salmonella Typhimurium

surveillance after the routine introduction of mul-

tilocus variable repeat analysis (MLVA), a rapid

sub-typing technique. MLVA results were avail-

able significantly earlier than alternate sub-typing

techniques over the 2 years of this review. Accord-

ingly, from a timeliness perspective,MLVAoffers

a favourable Salmonella Typhimurium sub-typing

option in NSW. Further opportunities to improve

timeliness and data completeness are identified.

This paper was produced as part of a review of

SalmonellaTyphimurium surveillance inNSWfor

the period 2008–2009 by members of OzFoodNet

based at Hunter New England Population Health.

OzFoodNet is a national network established by

the then Commonwealth Department of Health

and Ageing in 2000 to enhance foodborne disease

surveillance in Australia.

Salmonella Typhimurium (STm) is the most common

Salmonella serotype in New South Wales (NSW); in

2009 STm accounted for 54% of all NSW Salmonella

notifications1 and 77% of Australian foodborne out-

breaks with an identified causative agent.2 STm is a

heterogeneous Salmonella serovar, requiring additional

sub-typing to identify outbreak-specific strains. Research

exploring sub-typing techniques proffers multilocus vari-

able repeat analysis (MLVA) as a rapid alternative to

phage typing,3,4 the sub-typing technique historically used

in Australia. MLVA typing has been shown to successfully

differentiate strains within phage types 135a and 170 that

comprise more than half the STm isolates in NSW.5 In

2006 and 2007, routine STm MLVA sub-typing was

implemented in Queensland and NSW, respectively.

Regular review of public health surveillance determines

the success of system objectives and informs refinement of

system utility and efficiency.6,7 The NSW Salmonella

surveillance system involves a complex network of local

and interstate laboratories and notification processes.

Local primary laboratories identify Salmonella species

(spp.), while serovar confirmation and MLVA typing

occur at the closest reference laboratory, and phage

typing at one of the two national phage typing labora-

tories (Institute of Medical and Veterinary Science

(IMVS), Adelaide and Medical Diagnostic Unit (MDU),

Melbourne). The NSW Public Health Act 1991 (and its

subsequent revision in 2010) mandates laboratories to

notify all confirmed Salmonella cases. In 2008 and 2009

notifications were entered into the NSW Notifiable Dis-

eases Database (NDD) by Public Health Units (PHUs) for

data collation, timely outbreak detection and disease

control, key objectives of the NSW surveillance system.8

This paper assesses the timeliness and completeness of

NSW Salmonella Typhimurium surveillance data after the

routine introduction of MLVA. Serovar and MLVA noti-

fications received in 2008 and 2009 were reviewed to

identify opportunities for minimising delays.

Methods
The Centers for Disease Control and Prevention’s Updated

Guidelines for Evaluating Public Health Surveillance

Systems6 were used as an evaluation framework for this

investigation.

Data sources

STm notifications of NSW residents with a specimen

collection date from 1 January 2008 to 31 December

2009 were identified and extracted in August 2010. As a

10.1071/NB13010 Vol. 24(4) 2014 NSW Public Health Bulletin | 159



new data management system (Notifiable Conditions

Information Management System (NCIMS)) was institu-

ted in May 2010, notifications were entered into the NDD

during 2008 and 2009, but data were extracted from

NCIMS in 2010. Additional milestone dates were obtained

from the Institute for Clinical Pathology and Medical

Research (ICPMR) electronic notifications and Queens-

land Health Forensic and Scientific Services (QHFSS), the

NSW and Queensland reference laboratories, respectively.

Other state reference laboratories were excluded asMLVA

typing was not routinely conducted during the period of

interest. NDD data comprised primary laboratory name

and the date of Salmonella spp. receipt at the relevant PHU.

ICPMR data included the following dates: specimen col-

lection, Salmonella spp. identification, isolate receipt at

ICPMR, and the electronic notification of serovar, MLVA

and phage typing. The QHFSS dataset provided specimen

collection date and the electronic notification dates of

serovar and MLVA typing.

Data management and analysis

The relevant ICPMR and QHFSS dates were added to the

NDD data extraction using SAS software (version 9.2,

SAS Institute, Cary, NC, USA).

Eight milestones of public health importance were used in

the analysis (Figure 1). Completeness and accuracy of

milestones affected the number of cases available for

timeliness evaluation; accordingly, a review of data com-

pleteness was conducted. Data cleaning verified the accu-

racy of extracted data and guided exclusion of duplicate

cases and repeat specimens (specimens less than 14 days

apart).8 Additional quality assurance checks involved

scrutiny and possible exclusion of unexpected dates,

established by negative time between sequential surveil-

lance milestones. Time intervals greater than 365 days

were reviewed to determine validity and excluded where

appropriate. A total of 2458 cases (94.3% of all STm

notifications) were included in the analysis (Figure 2).

SAS software and Microsoft Excel 2010 were used for

quality assurance checks, calculation of time intervals

between milestones, and significance testing, using

Wilcoxon rank sum test methodology.

Milestone 2
Salmonella spp. identified at primary laboratory

Milestone 1
Specimen collected from NSW resident 

Milestone 4
Receipt of specimen at reference laboratory

Milestone 5
Salmonella serovar identified at reference laboratory

Milestone 6
Receipt of serovar result at NSW Health

Milestone 7
Receipt of MLVA result at NSW Health

Milestone 8
Receipt of phage type result at NSW Health

Milestone 3
Receipt of Salmonella spp. result at PHU 

Figure 1. Milestones in the NSW Salmonella Typhimurium
surveillance system

MLVA: multilocus variable repeat analysis; PHU: Public Health
Unit.

NDD/NCIMS dataset
2606 cases

No reference laboratory identified
63 cases

Study dataset
2543

Excluded in quality assurance check
85 cases

Final study dataset
2458 cases

Figure 2. Timeliness review of the NSW Salmonella Typhimur-
ium surveillance system, 2008]2009: dataset derivation and
case exclusion

NCIMS: Notifiable Conditions InformationManagement System;
NDD: Notifiable Diseases Database.
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Results
Timeliness

The timeliness of all STm milestones, determined by the

median interval in days, with the exception of receipt of

phage typing, remained relatively consistent over time

(Table 1). MLVA notification occurred 23 days earlier

than phage typing in 2008 (p, 0.001) and 44 days earlier

in 2009 (p, 0.001). The median time interval for MLVA

notifications decreased significantly from 23 days in 2008

to 21 days in 2009 (2 days’ decrease, p, 0.001).

Data completeness

Missing or invalid data were infrequent for most mile-

stones, with a few notable exceptions (Table 2). The

receipt of the initial Salmonella spp. report at PHU level

wasmissing in 16.5% of cases and invalid in 1.3%of cases.

Serovar identification date was missing in 5.4% of cases.

Sub-typing was not recorded for a small number of

STm cases, including 17 serovar, 33 MLVA and 88 phage

type results.

Anomalies in sequential notification

Given the consecutive nature of STm typing, milestone

notification for MLVA and phage typing are expected to

occur after serovar availability. Time interval analysis

indicated this was not always the case. Serovar andMLVA

typing results were received simultaneously in 1% of cases

in 2008 and 6% of cases in 2009.

Discussion
Regular evaluation of public health surveillance is impor-

tant to confirm system utility and efficiency.6 To our

knowledge, this is the first report of MLVA timeliness in

Table 1. Elapsed days from specimen collection to Salmonella Typhimurium surveillance milestones, NSW residents, 2008]2009

Milestone 2008 2009

Available records
(n)

Median days
(range)

Available records
(n)

Median days
(range)

Salmonella spp. identified at primary

laboratory

1047 3 (1–31) 1364 3 (1–13)

Salmonella spp. result received by PHU 812 7 (3–156) 1168 6a (3–69)

Specimen received by reference laboratory 1036 6 (3–13) 1358 6 (3–39)

Salmonella serovar identification 1039 8 (4–32) 1274 7a (4–41)

Salmonella serovar result receivedb 1060c 10 (4–377) 1380c 9 (5–54)

MLVA result receivedb 1047 23 (8–384) 1377 21a (7–376)

Phage type result receivedb 1007 46 (21–786) 1362 65a (20–307)

MLVA: multilocus variable repeat analysis; PHU: Public Health Unit.
aDifference in 2008 and 2009 median (days), p, 0.001.
bReference laboratory results are emailed to NSW Health; subsequent dissemination to the relevant PHU.
cIncludes Queensland Health Forensic and Scientific Services (QHFSS) specimens where earlier milestone dates unavailable (QHFSS results notified

on serovar identification).

Source: Notifiable Conditions Information Management System (SAPHaRI), NSW Ministry of Health.

Table 2. Missing and invalid Salmonella Typhimurium surveillance milestones, NSW residents, 2008]2009

Milestone Missing dates Invalid entriesa

n (%) n (%)

Specimen collection date 0 0.0 0 0.0

Salmonella spp. identified at primary laboratory 41 1.7 6 0.2

Salmonella spp. result received by PHU 405 16.5 32 1.3

Specimen received by reference laboratory 0 0 17 0.7

Salmonella serovar identification 133 5.4 12 0.5

Salmonella serovar result receivedb 17 0.7 1 0.0

MLVA result receivedb 33 1.3 1 0.0

Phage type result receivedb 88 3.6 1 0.0

MLVA: multilocus variable repeat analysis; PHU: Public Health Unit.
aData determined to be impossible values and excluded from analysis.
bReference laboratory results are emailed to NSW Health, with subsequent dissemination to the relevant PHU.

Source: Notifiable Conditions Information Management System (SAPHaRI), NSW Ministry of Health.
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the context of a population level STm surveillance system.

MLVA results were available significantly earlier than

phage typing results over the 2 years of this review. The

availability of NSW MLVA results in 2008 (median 23

days) and 2009 (median 21 days) was also fast in compari-

son to phage typing in a similar timeliness study conducted

in Ireland (median 25 days).9 Notably, median time to

MLVA availability was shorter in 2009 than in 2008. This

reduction during the third year of routine MLVA typing

may be driven by increased efficiency as key players

become accustomed to the MLVA process.

MLVA and phage typing notification was absent for a small

number of cases. It is unclear whether typing was available

but not reported or if typingwas not conducted.One possible

explanation is informed cessation of sub-typing when cases

are epidemiologically linked to a known outbreak. How-

ever, as NDD data entry capabilities did not include case or

outbreak linking during the study period, we cannot assess

the impact of outbreak resolution on missing results.

Occasionally, laboratories did not notify sub-typing results

at the earliest opportunity, as indicated by simultaneous or

non-sequential notification of serovar, MLVA or phage

typing results. While electronic notification via email is

undoubtedly faster than postal mail, human errors in data

collation and transmission between organisations are chal-

lenging to eliminate. Missing dates and notification

sequence anomalies indicated notification lapses by pri-

mary laboratories. These data quality issues impact the

day-to-day operational processes of outbreak identifica-

tion, investigation and control. However, due to the

complex nature of NDD data entry and extraction from

NCIMS, further exploration of this issue was not possible.

Resourcing impacts the time interval from specimen col-

lection to result availability. Phage typing is particularly

affected as two reference laboratories (IMVS and MDU)

service all Australian states. Phage type result timeliness

may also be impacted by isolate ‘batching’, where isolate

dispatch to the reference laboratory is delayed until a

sufficient number of isolates are collated. Batching may

have become more commonplace in NSW after the intro-

duction of routine MLVA and an accompanying reduction

in urgency for phage typing results. A previous study

identified Salmonella spp. identification as the ‘bottle

neck’ in the surveillance system,7 yet we found that the

majority of Salmonella spp. identification occurred within

3 days. Also, the time interval from specimen collection to

Salmonella spp. PHUnotificationwas similar to a previous

international timeliness study.9Nonetheless, the additional

median 4- (2008) or 3- (2009) day time interval from

Salmonella spp. identification to PHU receipt provides an

opportunity to reduce notification delays.

In 2010, the NDD was replaced with NCIMS, an updated

data capture system with enhanced foodborne disease

surveillance capacities. NCIMS capabilities include date

stamping (identifying the date and time of data entry),

outbreak case linking, and recording MLVA and phage

typing results. NCIMS performance enhancements are

expected to improve outbreak identification, establish

historical sub-typing data banks, and advance future sur-

veillance system evaluations through superior data quality.

Indeed, capacity for real-time electronic importation of

notifications directly into NCIMS (electronic laboratory

reporting (ELR)) has been partially realised. In 2013, ELR

was implemented by four laboratories conducting a sub-

stantial proportion of Salmonella spp. identification. The

elimination of transmission delay and human error inher-

ent in multiple data entry points may have already reduced

time from Salmonella spp. identification to PHU receipt.

However, an efficient data extraction method, to facilitate

future timeliness and data quality evaluations, has not yet

been developed.

Further opportunities to improve timeliness and data

completeness include:

1. Dissemination of ELR across all laboratories, thereby

reducing duplication of data entry and expediting data

delivery.

2. Development of NCIMS capability for efficient data

extraction and reporting relevant to future data com-

pleteness and timeliness evaluations. This would enable

evaluation of NCIMS capacity to enhance the NSW

STm surveillance system.

Limitations

Interpretation of our findings requires consideration of

data limitations, including the use of secondary data

collated for operational purposes. NDD data entry and

NCIMS data extraction capabilities, surveillance system

reliance on manual data entry at multiple laboratories and

PHUs, and manual result dispatch from laboratories to

health services, impacted data quality. To minimise this

bias, staff scrutinised each record to assess data for exclu-

sion as necessary.

Conclusion
Given the importance of rapid typing in outbreak res-

ponses and the endemic presence of STm in NSW, timely

receipt of STm sub-typing is of public health importance.

From a timeliness perspective, MLVA offers a favourable

STm sub-typing option in NSW. Further, this project

identified additional opportunities to enhance the STm

surveillance system and improve enteric outbreak detec-

tion and control.
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Abstract: Aim: To investigate the distribution of

public and private dental practices in NSW in

relation to population distribution and socioeco-

nomic status. Methods: Dental practices (public

and private) were mapped and overlayed with

Census data on Collection District population and

Socio-Economic Indexes for Areas (SEIFA).

Results: Overall, there was an uneven geographic

distribution of public and private dental practices

across NSW. When the geographic distribution

was compared to population socioeconomics it

was found that in rural NSW, 12% of the most

disadvantaged residents lived further than 50 km

from a public dental practice, compared to 0% of

the least disadvantaged. In Sydney, 9%of the three

most disadvantaged groups lived greater than

7.5 km from a public dental practice, compared

to 21% of the three least disadvantaged groups.

Conclusion: The findings of this study can con-

tribute to informing decisions to determine future

areas for focus of dental resource development

(infrastructure and workforce) and identifying

subgroups in the population (who are geographi-

cally isolated from accessing care) where public

health initiatives focused on amelioration of dis-

ease consequences should be a focus.

Access to health care, and the relationship between vari-

ables associated with service need and the attributes of the

service delivery system, are important because they affect

peoples’ ability to utilise health services when needed.1,2

One key aspect of accessibility is the physical location of

health services relative to the population they serve.3 The

spatial dimension of access is a critical issue in health care.

Recent studies have used spatial analysis to measure

potential accessibility to primary and secondary health

services in order to identify geographic inequalities in

health care delivery.4,5 Australians are one of the healthiest

populations in the world, however there is evidence of

inequalities and inequities in accessing oral health

services.6,7

Universal healthcare coverage in Australia excludes dental

care; most dental services (80–90%) are delivered by the

private sector on a fee-per-item basis. The public sector

exists with varying eligibility criteria, and is mostly

directed at children, low-income individuals, pensioners

and defined disadvantaged groups.7 Despite the reduction

in dental decay in children and tooth loss in adults, oral

diseases and disorders remain prevalent and are a substan-

tial burden to the Australian population. Poor oral health

is evident in Indigenous communities, and amongst low

income earners, rural and remote area dwellers, and the

elderly;8 evidence exists that access to dental care in

Australia has a strong socioeconomic dimension, as well

as a strong rural–urban dimension.7

Against this backdrop, the aim of this study was to

investigate the distribution of public and private dental

practices inNewSouthWales (NSW) to test the hypothesis

that the distribution of dental practices reflects the geo-

graphic, demographic and socioeconomic features of the

population and therefore the known gradient of oral

disease.

Methods
This study used a cross-sectional study design. All the data

were collected from open access web-based sources; no

ethics approval was therefore necessary. Microsoft Excel

2003 was used for database storage.

Public dental practice locations

The address of each public dental practice in NSW was

obtained from government websites. These were cross-

checked against the Yellow Pages telephone directory as at

June 2011 and entered into the Excel database. The public

dental practices mapped in this study were adult service
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practices and Aboriginal Medical Services. The NSW

Government operates an integrated child and adult service

predominately through shared site facilities (and continues

to extend this position). The small number of practices

which remain embedded in schools were not included in

the sample.

Private dental practice locations

The address for each private dental practice in NSW was

obtained from various sources (e.g. phone books, profes-

sional lists, Google maps, web searches) and cross-

checked against the Yellow Pages as at June 2011.

Population statistics

Population data were obtained from the Australian Census

of Population and Housing of 2006.9 The population data

were divided by Census Collection District (CD), defined

by geographic boundaries. The geographic boundaries

were also obtained from theAustralian Bureau of Statistics

(ABS) website.

Socioeconomic status

The Socio-Economic Indexes for Areas (SEIFA) at CD

level formed the basis of the measure of socioeconomic

disadvantage by geographic areas. SEIFA is a suite of four

summary measures that have been created from Census

information.10 SEIFA values are ranked into deciles. The

most disadvantaged 10% of areas in Australia are given a

decile number of one; the second most disadvantaged 10%

of areas are given a decile number of two, and so on up to

the least disadvantaged 10% of areas which are given a

decile of 10.11

Outcome measures

The main outcome measures for this study were the

distribution of public and private dental practices in

NSW, the distance from CD of residence to these services,

and the differences in access to these services for groups of

different socioeconomic status. Data were analysed for the

Sydney metropolitan area and the rest of NSW (henceforth

rural) separately. The primary post office (GPO) of NSW

(based in Sydney) was used as a central datum point and

metropolitan areas were nominally defined as the area

within 50 km of the GPO. This 50 km area was chosen as it

encompasses most of the densely populated regions of

Sydney, but at the same time remains a relatively simple

shape for clarity. It also encompasses the various defini-

tions of metropolitan areas that are in use (e.g. the Com-

monwealth Government’s definitions of city vs rural).12

Using geographic information system technology, CDs

with a centroid outside of 2.5 km, 5 km, and 7.5 km from

a public dental practice in the city were identified and

further analysed by socioeconomic status. The same was

done for private practices in the city, except that CDswith a

centroid of 1.0 km and 2.5 km were identified and further

analysed by socioeconomic status. Different distances

were used for public and private practices as the number

of public practices is much lower than the number of

private practices and thus they have to cover populations

distributed across far larger geographical areas than the

private practices. CDswith a centroid greater than 12.5 km,

25 km and 50 km from a public dental practice for rural

NSW were also identified and further analysed by socio-

economic status. All distance classifications were cumula-

tive and not mutually exclusive. Straight-line distances

were used as a proxy measure of access. As discussed by

Phibbs and Luft,13 the correlation between travel time and

straight-line distance is high in most cases, lowering for

shorter distances and in dense urban areas with high traffic

congestion and reliance on surface roads.

No distance or socioeconomic analyseswere conducted for

the private dental practices in rural NSW as the density of

practices was low (out of a total of 3289 private practices,

only 683 were distributed across rural NSW). As private

practice locations are determined by the market and

economic drivers, practices outside of capital metropolitan

areas have previously been found to be located in higher

population density, large regional centres.14 In addition,

public dental practices play a strategic role for the wider

geographic regions of NSW.

Geocoding

All dental practices were geocoded using Google maps.

The geographic boundary data for each CD were obtained

from the ABS. These were integrated with the population

and socioeconomic data, and the geocoded practices using

ArcGIS (version 9, ESRI, Redlands, California, USA). The

geographic measures analysis was also completed using

ArcGIS.

Results
The total number of public dental practices that were

geocoded in NSWwas 170 and the total number of private

practices was 3289, of which 2606 (80%) were in city

areas. NSWhad a total of 11 811 CDs, representing 10% of

the Australian total land mass, and with a total population

of 7.2 million (which represents one-third of Australia’s

total population). There was an uneven distribution of

public and private dental practices across NSW, with a

high concentration of both in the city (Figure 1). The

majority of public dental practices in the city were located

in similar areas as the private dental practices.

Public dental practices

Public dental practices were widely scattered in rural areas

(Figure 1). In population terms, in rural NSW, 2.1 million

people lived within 50 km of a public dental practice; of

Public and private dental services in NSW
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these, 1.4 million people lived within 12.5 km. In metro-

politan Sydney the number of people who lived within

7.5 km of a public dental practice was 3.4 million; of these,

1.3 million people lived within 2.5 km.

Twelve percent of the population in the most disadvan-

taged SEIFA decile lived greater than 50 km from a public

dental practice in rural NSW (Figure 2). SEIFAs 1–6 had

8–12% of the population living greater than 50 km from a
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Figure 1. Distribution of public ( ), private ( ) and Aboriginal Medical Service (��) based dental practices in NSW (top) and at
higher magnification for Sydney (bottom), 2011
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public dental practice. However, the percentage of the

population was low for SEIFA deciles 7–9, and no-one in

SEIFA 10 lived more than 50 km from a public practice.

In the city the reverse was true; 9% of the three most

disadvantaged groups lived greater than 7.5 km from a

public dental practice while the three least disadvantaged

SEIFA deciles had a higher percentage (21%) who

lived greater than 7.5 km from a public dental practice.

SEIFAs 1–4 had a lower percentage of the population

living greater than 7.5 km from a public practice than

SEIFAs 5–10 (Figure 3).
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Figure 2. Proportion of people in rural NSW who live greater
than 50 km from a public dental practice, by SEIFA decile, 2011

SEIFA: Socio-Economic Indexes for Areas
Decile 1 is the most disadvantaged 10% of the population;
decile 10 is the most advantaged 10% of the population.

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10
SEIFA (decile)

P
er

ce
nt

Figure 3. Proportion of people in Sydney, NSW, who live
greater than 7.5 km from a public dental practice, by SEIFA
decile, 2011

SEIFA: Socio-Economic Indexes for Areas
Decile 1 is the most disadvantaged 10% of the population;
decile 10 is the most advantaged 10% of the population.
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Figure 5. Proportion of people in Sydney, NSW, who live
greater than 1 km from a private dental practice, by SEIFA
decile, 2011

SEIFA: Socio-Economic Indexes for Areas
Decile 1 is the most disadvantaged 10% of the population;
decile 10 is the most advantaged 10% of the population.
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Figure 4. Proportion of people in Sydney, NSW, who live
greater than 2.5 km from a private dental practice, by SEIFA
decile, 2011

SEIFA: Socio-Economic Indexes for Areas
Decile 1 is the most disadvantaged 10% of the population;
decile 10 is the most advantaged 10% of the population.

Figure 6. An iso-density map of the number of private
dental practices in Sydney, NSW, and surrounding areas
(approximately 50 km), 2011

Areas highlighted in darker shades have the highest densities.
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Private practices

Therewere far fewer private practices in ruralNSW; the vast

majoritywere concentrated in the city (Figure 1). In Sydney,

people in SEIFAs 1 and 5–8 were more likely to live greater

than 2.5 km from aprivate dental practice (Figure 4). Further

analysis of the distribution by SEIFA found that SEIFAs 1

and 6–8 had the highest proportion of people living greater

than 1.0 km from a private dental practice in the city

(Figure 5). The density of private dental practices increased

closer to the centre of the city (Figure 1).

Further distributional analyses

Sydney has a high population density and the majority of

residents living in the city belonged to the least disadvan-

taged groups (SEIFA 8, 9, 10), while the minority were

from the most disadvantaged groups (SEIFA 1, 2, 3).

Figure 6 shows the density of private practices across

Sydney. There was also a very high density of public

dentists in the city. Figure 7 shows the relative density of

public dental practices across NSW. Coverage of metro-

politanSydney by the ‘‘catchment zones’’ is dense and even.

Figure 7. Public dental practices overlaying SEIFA deciles, NSW, 2011

Buffers for rural NSW (top) were 12.5, 25 and 50 km and were 2.5, 5 and 7.5 km for
metropolitan Sydney (bottom).
Dark blue (deciles 1, 2 and 3; most disadvantaged) and light blue (deciles 8, 9 and 10;
least disadvantaged).
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Discussion
Despite the reduction in dental decay in children and tooth

loss in adults, oral diseases and disorders remain prevalent

and a substantial burden in the Australian population.8

Accessing health care is not equal across the population15

and this is reflected in accessing oral health care in

Australia.7

The overall findings of this study demonstrate that the

distribution of public and private dental practices does not

entirely reflect the population characteristics and the

burden of oral health diseases. The drivers of economic

sustainability complicate the picture of clinical distribu-

tion, especially in private practice. In general, private

dental practices in Sydney were distributed according to

population density and income distribution.

An uneven distribution of dental practices relative to

population can also be seen in other countries. A similar

situation to NSW is found in Ohio in terms of the distribu-

tion of private dentists.16 Geographic information system

research using spatial analysis was used to explore access

to community-based oral health care services inManhattan

and the Bronx for adults aged 65 years and over by race/

ethnicity and poverty status. The study revealed that race/

ethnicity and poverty status co-occurs spatially among

seniors in the two areas, with poorer and minority ethnic

groups having less access to oral health services.17 Loca-

tion-based accessibility to dental services was also

assessed using the spatial approach, in a second study from

Ohio, again finding similar distribution patterns as the

current study.1 Spatial analysis has also been used to assess

the distribution of fixed public dental practices in three

Australian states (Western Australia, Queensland and

Victoria) by CDs and socioeconomic status and private

practices in Western Australia, and these studies found

similar distribution patterns to the present study.18,19

It is known that the locations of private dental practices are

driven by market forces and economy.20 Private dental

services cannot be sustained inmany rural and remote areas

in part due to lack of dentists, high costs and lowpopulation

density. These communities are reliant on state govern-

ments to fund or provide dental health services. Public

dental practices are widely scattered in rural NSW.21–24

This study extended on these findings to also report a

gradient of accessibility based on socioeconomic status:

the greatest numbers of those who reside outside 50 km

from a public dental practice were from lower socioeco-

nomic communities. These findings confirm the situation

where people from lower socioeconomic backgrounds in

rural areas carry a higher burden of oral disease but have

less access to dental care compared to higher socioeco-

nomic groups; this may contribute to widening oral health

inequalities among Australians.6,24–26 These results also

agree with Susi and Mascarenhas’16 findings that socio-

economic and access disparities are obvious in rural areas.

Most of the wealthier residents in this study (SEIFA 8, 9,

10) lived in the city, where the majority of private dental

practices were also located. This finding supports previous

research that per capita income is a good predictor of

dentists’ location in the private sector.27,28 With private

practice remuneration being a core of the small business

free market economic model of private dental practice this

is not an unreasonable outcome. The number of dental

clinicians per practice was not investigated in the study but

the effects of workforce shortage and maldistribution are

likely tomagnify the results of this study, as the shortage of

workforce is mainly experienced by the public sector and

in rural areas.

Conclusion
The distribution of public and private dental practices did

not entirely reflect the population characteristics and the

burden of oral health diseases. The findings of this study

can contribute to policy makers’ determination of areas

where additional resources are required and areas where

incentive programs can be created that will attract dentists

to rural and remote areas. The results can inform decisions

to determine practice locations and identify such sub-

groups in the population that need significant attention

for public health initiatives, reflecting the population

characteristics and the burden of oral diseases. This will

be a foundation that will help narrow the gap of inequalities

and inequities in oral health care services in the Australian

population.
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Abstract: Aim: To quantify the proportion of

selected notified diseases in NSW attributable to

overseas travel and assess the quality of data on

travel-associated risk factors, to inform preven-

tion strategies.Methods: 2010 and 2011 notifica-

tion data for dengue, hepatitis A, hepatitis E,

malaria, paratyphoid fever, shigellosis and

typhoid fever were extracted from the NSW

Notifiable Conditions Information Management

System and analysed for travel-associated risk

factors. Results: Where place of acquisition was

known, the proportion of cases for whom the

disease was acquired overseas ranged from

48.7% for shigellosis to 100% for hepatitis E,

malaria and typhoid. Over half of hepatitis A

(53.3%), hepatitis E (74.2%), malaria (54.5%),

paratyphoid (53.3%) and typhoid (65.7%) cases

were associated with travel to the person’s coun-

try of birth. Hepatitis A vaccination rates were

significantly lower among overseas-acquired than

locally-acquired cases (4.8% vs 22.2%, X2¼
6.58, p, 0.02). Conclusion: A large proportion

of selected enteric and vectorborne disease case

notifications were associatedwith overseas travel.

All potential travellers should be made aware of

the risks and available preventive measures, such

as vaccination against hepatitis A and typhoid

fever, taking precautions with food and water

and use of malaria chemoprophylaxis, where

appropriate. Improvements in data on risk factors,

reason for travel and barriers to the use of preven-

tive measures would better inform prevention

strategies.

Evidence from developed countries suggests that many

case notifications for particular infectious diseases are

associated with overseas travel. For example, a review of

typhoid fever surveillance data indicated that most case

notifications in developed countries are imported.1

Malaria surveillance in the United Kingdom (UK)

(1987–2006) and the United States (2011) also showed a

consistently high number of case notifications, all of which

are believed to have been acquired overseas.2,3

Analysis of notifiable diseases data in Australia has also

highlighted travel as a risk factor for a range of infections.

Over half of all cases of enteric fever in Queensland from

2006 to 2008, and half of all cases of hepatitis A in New

SouthWales (NSW) from 2002 to 2006, had travel as a risk

factor.4,5 Australia-wide in 2008 and 2009, all malaria case

notifications and almost half of dengue case notifications

were acquired overseas.6

The destination and reason for travel have implications for

disease risk. A relationship exists between travel to an area

where a particular disease is endemic and risk of that

disease, with data showing that malaria diagnoses are most

common in travellers to sub-Saharan Africa, while dengue

diagnoses are associatedwith travel to South-East Asia and

hepatitis E diagnoses with travel to South Asia.7–9

Also critical is the reason for travel, with travellers visiting

friends and relatives (VFR) found to be at greater risk of

some diseases compared to tourist travellers. For example,

a UK study showed that where the reason for travel was

known, 76% of malaria infections and 88% of typhoid and

paratyphoid infections were acquired during VFR travel.10

Data from the GeoSentinel Surveillance database collected

from 210 sites in several countries showed similar results.11

Short-term international departures (with a duration of less

than 1 year) amongst NSW residents increased by 50%

from 1.8 million in 2005 to 2.7 million in 2011.12 This

study sought to quantify the proportion of selected notified

diseases attributable to overseas travel and to assess the

quality of data on travel-associated risk factors such as

place of acquisition, in order to inform the development of

appropriately targeted prevention strategies.

Methods
Under the NSW Public Health Act 2010, doctors, hospitals

and laboratories must notify cases of selected infectious

diseases to NSW Health. Seven of these notifiable
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diseases – dengue, hepatitis A, hepatitis E, malaria, para-

typhoid fever (excluding that which is caused by Salmo-

nella paratyphi B Java, which is believed to be mainly

locally acquired), shigellosis and typhoid fever – were

chosen for analysis on the basis that: (i) a significant

proportion of cases were expected to be overseas acquired;

and (ii) these diseases are easily preventable and could be

the target of public health action with high-risk groups.

In NSW, Public Health Unit staff investigate notified

cases and record demographic, clinical and risk informa-

tion in the NSW Notifiable Conditions Information Man-

agement System (NCIMS) as per response protocols for

individual diseases in the NSW Notifiable Diseases

Manual.13

Notification data for confirmed cases (and probable cases

for hepatitis A) of each of the seven diseases with an onset

date from 1 January 2010 to 31 December 2011 were

exported from NCIMS and reviewed for quality and

completeness. Completeness of data on travel-associated

variables and the use of preventive measures was increased

by cross-referencing data fields with free text information

recorded in the ‘Notes’ field, and working with responsible

PHUs to fill missing data fields where possible. Specifi-

cally, whether an infection was locally or overseas acquired

was derived from the ‘Import Status’ data field or ‘Notes’

field for the majority of case notifications for all diseases.

Descriptive analyses were performed using Microsoft

Excel for demographic variables (age, sex, country of

birth), travel-associated variables (percentage acquired

overseas or reporting recent travel, country acquired),

and use of preventive measures (vaccination for hepatitis

A or typhoid, anti-malarial medication). Epi-Info 7 (Cen-

ters for Disease Control and Prevention, Atlanta, USA)

was used to calculate proportions and to perform X2 tests

for significance for hepatitis A vaccination. Significance

was set at the 5% level. Numbers for other preventive

measures were too small to warrant testing for statistical

significance.

Data on country of birth and country of disease acquisition

were grouped into regions using the World Bank

classification system, with Australia and New Zealand

extracted as a separate category.14 Rates were calculated

using population figures taken from Australian Bureau of

Statistics (ABS) estimates and averaged over 2010 and

2011.15

Results
The quality of data available on travel-associated risk

factors and use of preventive measures varied by disease.

Information on place of acquisition was largely complete,

with the exception of shigellosis where this remained

unknown for 37.9% of case notifications. Country of birth

was missing for 10% or more of overseas-acquired cases

with dengue, malaria, paratyphoid or shigellosis. Informa-

tion on the use of prophylaxis was missing in one-third of

malaria case notifications, and on use of vaccines for over

10% of hepatitis A case notifications and over 20% of

typhoid fever case notifications. Reason for travel was not

routinely recorded.

Case notifications for the selected diseases by place of

acquisition are presented in Table 1. For case notifications

where place of acquisition was known, the proportion

acquired overseas ranged from 48.7% for shigellosis to

100% for hepatitis E, malaria and typhoid. Males

accounted for a higher proportion of overseas-acquired

infections for all diseases, from 51.5% of dengue case

notifications to 68.7% of malaria case notifications. The

age distribution of overseas-acquired case notifications

differed by disease. Age-specific rates were highest in

the 5–9 and 10–14-year age groups for hepatitis A (4.5 and

4.6 per 100 000 population respectively), the 25–29-year

age group for hepatitis E (1.6 per 100 000 population),

malaria (4.8 per 100 000 population), paratyphoid (2.4 per

100 000 population) and typhoid (4.4 per 100 000 popula-

tion) and the 30–34-year age group for shigellosis (2.4 per

100 000 population).

For themajority of case notifications, the countrywhere the

disease was most likely acquired was reported (Table 2).

Overseas-acquired hepatitis E, paratyphoid fever and

typhoid fever were predominantly from South Asia. East

and South-EastAsia accounted for the largest proportion of

Table 1. Selected infectious diseases by place of acquisition, NSW, 2010]2011

Place of acquisition Dengue
N5 345
(%)

HAV
N5 138
(%)

HEV
N5 35
(%)

Malaria
N5 196
(%)

Paratyphoid
N5 56
(%)

Shigellosis
N5 248
(%)

Typhoid
N5 71
(%)

Acquired in Australia 2 (0.6) 41 (29.7) 0 (0.0) 0 (0.0) 4 (7.1) 79 (31.9) 0 (0.0)

Acquired overseas 342 (99.1) 95 (68.8) 31 (88.6) 196 (100.0) 52 (92.9) 75 (30.2) 71 (100.0)

Missing 1 (0.3) 2 (1.4) 4 (11.4) 0 (0.0) 0 (0.0) 94 (37.9) 0 (0.0)

HAV: hepatitis A virus; HEV: hepatitis E virus.

Source: Notifiable Conditions Information Management System, NSW Ministry of Health.
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imported dengue and shigellosis case notifications, with

almost half of dengue case notifications being acquired in

Indonesia in particular. Just under half of malaria infec-

tions were acquired in sub-Saharan Africa, with another

quarter acquired in the Pacific.

The proportion of overseas-acquired diseases by country of

birth, where information on country of birth was available,

is presented in Table 3. At least half of overseas-acquired

hepatitis E, paratyphoid and typhoid fever infections,

where country of birth was known, were in people born

in South Asia, while over one-third of malaria cases were

born in sub-Saharan Africa.

For overseas-acquired diseases where country of birth was

known, over half of hepatitis A (53.3%), hepatitis E

(74.2%), malaria (54.5%), paratyphoid (53.3%) and

typhoid (65.7%) cases were associated with travel to, and

disease acquisition in, the person’s country of birth.

Dengue and shigellosis cases were more likely to be born

in Australia or New Zealand, so the proportion of case

notifications associated with travel to country of birth was

lower, at 22.3% and 10.0% respectively.

The proportion of cases requiring hospitalisation was high

for typhoid (94.2%), malaria (60.6%) and hepatitis E

(67.7%), and lower but still substantial for hepatitis A

(41.9%), dengue (34.6%) and shigellosis (24.0%). Hospi-

talisation was uncommon for paratyphoid fever (0.8%).

Information on vaccination status was available for 121

(87.7%) hepatitis A cases and 55 (77.5%) typhoid cases.

For hepatitis A, both locally and overseas-acquired

cases were unlikely to be vaccinated, however locally-

acquired cases (22.2%) were significantly more likely than

overseas-acquired cases (4.8%) to have received at least

one dose of the hepatitis A vaccine (X2¼ 6.58, p, 0.02).

For typhoid, 92.9% of cases – all overseas acquired – had

not been vaccinated.

Information on the use of chemoprophylaxis was available

for 147 (75.0%) malaria cases. Of these, 27 (67.5%)

Table 2. Selected infectious diseases acquired outside Australia by likely region of acquisition, NSW, 2010]2011

Region of acquisition Dengue
N5 342
(%)

HAV
N5 95
(%)

HEV
N5 31
(%)

Malaria
N5 196
(%)

Paratyphoid
N5 52
(%)

Shigellosis
N5 75
(%)

Typhoid
N5 71
(%)

East and South East Asia 269 (78.7) 20 (21.1) 5 (16.1) 13 (6.6) 5 (9.6) 29 (38.7) 7 (9.9)

Europe and Central Asia 0 (0.0) 2 (2.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Latin America and Caribbean 13 (3.8) 0 (0.0) 0 (0.0) 1 (0.5) 2 (3.8) 4 (5.3) 0 (0.0)

Middle East and North Africa 0 (0.0) 11 (11.6) 0 (0.0) 0 (0.0) 1 (1.9) 8 (10.7) 1 (1.4)

Pacific 9 (2.6) 20 (21.1) 1 (3.2) 50 (25.5) 0 (0.0) 14 (18.7) 8 (11.3)

South Asia 48 (14.0) 31(32.6) 24 (77.4) 38 (19.4) 43 (82.7) 16 (21.3) 55 (77.5)

Sub-Saharan Africa 1 (0.3) 10 (10.5) 1 (3.2) 90 (45.9) 0 (0.0) 3 (4.0) 0 (0.0)

Missing 2 (0.6) 1 (1.1) 0 (0.0) 4 (2.0) 1 (1.9) 1 (1.3) 0 (0.0)

HAV: hepatitis A virus; HEV: hepatitis E virus.

Source: Notifiable Conditions Incident Management System, NSW Ministry of Health.

Table 3. Selected infectious diseases acquired outside Australia by region of birth, NSW, 2010]2011

Region of birth Dengue
N5 342
(%)

HAV
N5 95
(%)

HEV
N5 31
(%)

Malaria
N5 196
(%)

Paratyphoid
N5 52
(%)

Shigellosis
N5 75
(%)

Typhoid
N5 71
(%)

Australia and New Zealand 149 (43.6) 34 (35.8) 4 (12.9) 45 (23.0) 13 (25.0) 36 (48.0) 16 (22.5)

East and South East Asia 29 (8.5) 12 (12.6) 3(9.7) 3 (1.5) 3 (5.8) 1 (1.3) 4 (5.6)

Europe and Central Asia 16 (4.7) 3 (3.2) 1 (3.2) 6 (3.1) 3 (5.8) 4 (5.3) 1 (1.4)

Latin America and Caribbean 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (2.7) 0 (0.0)

Middle East and North Africa 1 (0.3) 9 (9.5) 2 (6.5) 1 (0.5) 2 (3.8) 1 (1.3) 0 (0.0)

North America 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pacific 1 (0.3) 5 (5.3) 0 (0.0) 10 (5.1) 1 (1.9) 3 (4.0) 7 (9.9)

South Asia 24 (7.0) 23 (24.2) 21 (67.7) 32 (16.3) 23 (44.2) 1 (1.3) 39 (54.9)

Sub-Saharan Africa 2 (0.6) 4 (4.2) 0 (0.0) 59 (30.1) 0 (0.0) 2 (2.7) 0 (0.0)

Missing 118 (34.5) 5 (5.3) 0 (0.0) 40 (20.4) 6 (11.5) 25 (33.3) 4 (5.6)

HAV: hepatitis A virus; HEV: hepatitis E virus.

Source: Notifiable Conditions Incident Management System, NSW Ministry of Health.
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Australian and New Zealand-born cases reported using

chemoprophylaxis, compared to 45 (50.5%) cases born in

other countries. Information on the extent to which che-

moprophylaxis was used correctly was unavailable.

Discussion
This study confirms that a large number of selected

enteric and vectorborne disease case notifications are

associated with overseas travel. Males and travellers in

the 25–34-year age group are most likely to be affected.

Australia-wide data suggests these are also the groupsmost

likely to travel.16 Uptake of vaccination was poor amongst

typhoid fever and hepatitis A cases, and use of chemopro-

phylaxis for malaria was low, particularly among cases

born outside Australia or New Zealand.

Similar to other studies, this analysis indicates that case

notifications of hepatitis A, hepatitis E, paratyphoid and

typhoid are strongly associated with return to the person’s

country of birth in South Asia, and case notifications of

malaria with return to the person’s country of birth in sub-

Saharan Africa. Visiting friends and family is a likely

reason for travel in these instances. Dengue and shigellosis

case notifications are perhaps more likely found among

tourists and other types of travellers but existing

surveillance information cannot illustrate this definitively.

A recent review of typhoid fever case notifications in

NSW found information on reason for travel available in

the ‘Notes’ field in NCIMS, but this is limited and cannot

be used to assess if VFR travellers in NSW are at signifi-

cantly higher risk than other types of travellers.17

Reason for travel is important as VFR travellers have

specific risk factors. These include longer stays, incom-

plete childhood vaccination, not seeking pre-travel advice

and not taking appropriate preventive measures such as

chemoprophylaxis.18–21 While overseas, they may also

adopt the practices of the local community such as drinking

untreated water, or not perceive themselves to be at risk

due to the familiarity of the surroundings.18–20

All people travelling toendemicareas shouldbemade aware

of the risks and encouraged to take preventive measures.

For foodborne and waterborne diseases, these measures

include vaccination for hepatitis A and typhoid, only using

boiled or bottled water, not eating uncooked foods, and

washing hands thoroughly after going to the toilet and

before eating. For vectorborne diseases, chemoprophylaxis

where appropriate should be taken (for malaria), and mos-

quito bites avoided through the use of insect repellent (for

dengue andmalaria).22,23 Sleeping under bed nets at night is

also recommended to avoid malaria.23

There are several limitations to this study. Firstly, there

was a substantial amount of missing data on travel-

associated risk factors, particularly for dengue, malaria

and shigellosis. Country of acquisition was missing for

over one-third of shigellosis case notifications, though

shigellosis follow-up became mandatory for Public Health

Units in 2012, which should improve completeness. Of

cases known to be overseas acquired, country of birth was

missing for 34.5% of dengue case notifications, 20.4% of

malaria case notifications and 33.3% of shigellosis case

notifications.

Data on vaccination status and use of malaria chemopro-

phylaxis were incomplete, and available information was

based on self-report, which can be unreliable. Data on

vaccination amongst hepatitis A case notifications partic-

ularly should be interpreted with caution as vaccine

failures are rare, and misreporting or confusion about

vaccination status possible.22

Finally, information on reason for travel is not routinely

collected. Assuming return to country of birth is associated

with VFR travel is a proxy measure for the number of case

notifications associated with this reason for travel, but

incorrectly excludes people who may be born in Australia

but travel to a country of their ethnic origin for VFR

purposes, and includes people who return to their country

of birth for another reason, such as business.

Improved completeness of data is required before routine

surveillance can be used to reliably monitor trends in

disease importation or target particular communitieswhich

may be at risk. Enhanced surveillance, periodic studies

and/or targeted surveys could also gather information on

the association between reason for travel and disease risk,

risk perception and risk behaviours, and barriers to the use

of preventive measures. With this information it may be

possible to develop novel strategies to reduce the incidence

of these important travel-acquired infections among NSW

residents.

Conclusion
A large proportion of selected enteric and vectorborne

disease case notifications in NSW are associated with

overseas travel. Improvements in data on risk factors, reason

for travel and barriers to the use of preventive measures

would better inform targeted prevention strategies.
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Cyanobacteria: health and research possibilities
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Cyanobacteria are a subset of prokaryotic bacteria (also

known as blue-green algae) possessing a cell wall and

chlorophyll A, contributing about 35% of global photo-

synthesis. Cyanobacteria are found on all continents in

soils and fresh, brackish and salt water, living indepen-

dently or in symbiosis.1 As cyanobacteria are found in all

water bodies, they have the potential to affect the quality of

drinking and recreational water and pose a potential health

risk to the public.

Cyanobacteria can produce blooms under particular envi-

ronmental conditions (e.g. nutrient run off, low or no water

flow, low or minimal wind, and consistent warm tempera-

tures).2 Blooms decrease oxygenation of water, which can

suffocate fish, and can produce cyanotoxins that can lead

to animal and human sickness or death.

Cyanotoxins are secondary metabolic products. Various

cyanobacteria can produce cyanotoxins that may be hepa-

totoxic or neurotoxic.1 Other molecules may affect the

colour, taste and smell of water. Humans can ingest

cyanotoxins when drinking contaminated water or through

recreational water use. Symptoms in humans include

gastroenteritis, skin irritation, ear and eye irritation, fever

and in severe cases, weakness, staggering, muscle twitch-

ing and gasping.1,2

In New South Wales, the three most common species of

cyanobacteria, Microcystis auruginosa; Anabaena circi-

nalis and Cylindrospermopsis raciborskii, can all produce

cyanotoxins.1

Microcystins are produced by the cyanobacterial genera

Microcystis, Anabaena and Planktothrix, among others.

There are approximately 90 known isoforms of microcys-

tins, varying in toxicity. The most toxic isoform is Micro-

cystin-LR. Microcystins are hepatotoxins that inhibit

protein phosphatases, damaging hepatocyte cytoskeletal

structures, causing cells to shrink and blood to seep into

liver structures.1

The Australian Drinking Water Guidelines (2004) and the

Australian Guidelines for Managing Risk in Recreational

Water (2008) provide water quality criteria to protect the

public from contaminated drinking water and recreational

exposure. To achieve this, a three-level alert system has

been developed. Both guidelines acknowledge a paucity

of epidemiological evidence on the relationship between

cyanobacteria and human health.3,4

Potential for future research
The genes encoding biosynthesis of the major cyanobac-

terial toxins have been identified and characterised in

the past 11 years. This has opened up possibilities to use

advanced molecular biology techniques to gain a better

understanding of environmental factors that influence the

toxicity of cyanobacterial genera. Research is being con-

ducted to identify how cyanobacterial cells sense their

environment via the production of regulatory proteins.

These proteins bind to DNA regions associated with toxin

genes resulting in an increase or decrease in the transcrip-

tion of genes and the amount of toxin biosynthetic enzymes

within the cell. Outcomes of this research will make it

possible to predict changes in toxicity of a bloom based on

the chemistry of the water.5

Penrith Lakes assessment
The Penrith Lakes, located 60 kmwest of the SydneyCBD,

are rehabilitated quarries forming a closed system from the

nearby Nepean River. The Lakes offer various recreational

activities at Penrith Whitewater Stadium and Sydney

International Regatta Centre. The Penrith Lakes Develop-

ment Corporation (PLDC) is responsible for managing and

testing the water within the Lakes.

Public Health Units have a role in advising water managers

about potential health effects of cyanobacteria-affected

water. The Nepean Blue Mountains Public Health Unit

(NBMPHU), together with the PLDC and staff from

Whitewater Stadium and the Regatta Centre, has devel-

oped a public health response to cyanobacterial blooms

at the Lakes which may impact on the health of recrea-

tional users. The NBMPHU, in consultation with the

PLDC, has developed site-specific cyanobacteria and

cyanotoxin guidelines for cylindrospermopsin and

saxitoxins to protect recreational users of the Lakes.

Both guidelines have been endorsed by the NSW State

Algal Authority.
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Communicable Diseases Report, NSW,
July–September 2013
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Health Protection NSW

This will be the final edition of the Commu-

nicable Diseases Report published in the NSW

Public Health Bulletin. Further reports and

updated data will be available at: www.health.

nsw.gov.au/Infectious/reports/Pages/default.aspx.

Figure 1 and Table 2 show notifications of communicable

diseases with onset between July and September 2013 in

New South Wales (NSW).

Enteric infections
Outbreaks of suspected foodborne disease

There were nine outbreaks of foodborne or suspected

foodborne disease reported by members of the public or

identified through routine surveillance of Salmonella data

in the third quarter of 2013, affecting at least 97 people.

One outbreak was due to Campylobacter, two were due

to norovirus, and the other six were due to unknown

pathogens.

Only one foodborne outbreak investigation was able to

provide sufficient evidence to identify the source of the

infection. This outbreak occurred in a group who attended

a wedding reception in July 2013. A cohort study was

conducted and 30 of the 50 attendees were interviewed.

Seventeen of these people reported illness and the only

food with a significant association with illness was a duck

liver parfait entree. One stool specimen was collected

and was positive for Campylobacter. The NSW Food

Authority inspected the premises and reviewed the hand-

ling of foods served. No foods were available for sampling

but the chefs were advised of the proper cooking method

required to render poultry livers free from bacterial patho-

gens with which they are known to be infected.

Another outbreak associated with a wedding at a restau-

rant occurred in July 2013. Thirty of the 94 guests were

reported to be unwell with symptoms of vomiting, diar-

rhoea, fever, headache, lethargy and myalgia/arthralgia.

One household reported secondary transmission. A cohort

study was initiated using an online survey. Two stool

specimens were collected and one was positive for nor-

ovirus. No one food item showed evidence of being the

vehicle for contamination. The premises were inspected

by the local council. No food safety issues or reports of

gastrointestinal illness in staff were identified by council

officers. This was a point source norovirus outbreak likely

due to contaminated food, but the introduction mechanism

of the pathogen could not be identified. This often occurs

during periods of high norovirus activity. Due to the highly

infectious nature of the disease, contamination of more

than one source is common if a sick food handler does not

have stringent hand hygiene standards.

Viral gastrointestinal disease

There were 212 reported outbreaks of (suspected) viral

gastrointestinal disease in institutions in the third quar-

ter of 2013. Of these, 106 (50%) occurred in aged-care

facilities, 58 (27%) occurred in childcare centres, 40 (19%)

in hospitals and eight (4%) in other facilities. The out-

breaks affected a total of 3356 people.

In 57% (n¼ 120) of institutional outbreaks, one or more

stool specimens were laboratory tested to identify a pos-

sible cause of the outbreak. Norovirus was identified

in 56% (n¼ 67) of these outbreaks and rotavirus was

identified in 4% (n¼ 5). In seven outbreaks, one or more

pathogens were detected alongside norovirus (rotavirus in

one outbreak, and Clostridium difficile in six outbreaks).

Also, in two other outbreaks C. difficile was detected

alongside rotavirus. In seven other outbreaks a single stool

detected C. difficile (five outbreaks), Campylobacter (one

outbreak) and giardia (one outbreak). These results in

single stools were thought to be coincidental findings

during viral gastroenteritis outbreaks. Of the 120 outbreaks

where one or more stool specimens were tested, 34%

(n¼ 41) of all results were negative for any pathogens.

There was also one gastrointestinal illness outbreak in a

non-institutional setting. A PublicHealth Unit was notified

that 26 people from a tour group of 40 reported vomiting

and abdominal pain with some diarrhoea on a return flight

from Santiago, Chile to Sydney, arriving on 1 August

2013. One or more people experienced some abdominal

pain prior to boarding the plane with other onsets of illness

from 1 to 8 hours into the flight. Illness did not last longer

than 24 hours. Fifteen people were taken to emergency

departments upon landing in Sydney and one sample was
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collected which was initially negative for all pathogens.

The group had been travelling and eating together, and had

staggered onsets of symptoms, so person-to-person spread

of a viral pathogen was suspected. The one stool sample

collected was sent for toxin testing and tested again for

norovirus by polymerase chain reaction; this was negative

for bacterial toxins but was positive for norovirus. The

finding of norovirus is consistent with the clinical and

epidemiological features of the outbreak.

Respiratory infections
Influenza

Influenza activity increased to moderate levels during

the third quarter of 2013, with a peak in late August. There

was evidence of co-circulation of influenza A(H1N1)

pdm2009, influenza A(H3N2), and influenza B strains.

The number of influenza cases notified in this quarter

was much higher than for the same period in the previous

year, which had an earlier start to its influenza season.

For a more detailed report on respiratory activity in

NSW see: http://www.health.nsw.gov.au/PublicHealth/

Infectious/influenza_reports.asp

Legionellosis

There were 15 cases of legionellosis due to Legionella

pneumophila strains notified in the third quarter of 2013,

an increase from the six cases notified for the same period

in 2012. No clusters or common sources of infection were

identified during public health follow-up. There were also

12 notifications of legionellosis due to L. longbeachae

strains, compared with seven in the same period in the

previous year.

Vaccine-preventable diseases
Meningococcal disease

Eighteen cases of meningococcal disease were notified

in NSW in the third quarter of 2013 (four in July, nine in

August and five in September), a decrease from 27 notified

for the same period in 2012. The age of the cases ranged

from 8 months to 92 years, with five cases aged less than

5 years. Of the 18 notifications, eight (44%) were due to

serogroup B (for which there is no vaccine), five (28%)

were due to serogroup W135, and four (22%) were due to

serogroup Y. No serogroup was detected for the remaining

notification.

Immunisation against meningococcal C disease is recom-

mended for all children at the age of 12 months, as well as

people at high risk of disease.

Measles

There were eight measles notifications in NSW in the third

quarter of 2013 (two in July, one in August and five in

September), a decline from the 130 reported in the same

period in 2012. Two cases were acquired overseas: one in

Europe (measles virus genotype D8) and the other in Bali,

Indonesia. One case was linked to an overseas-acquired

case and was likely infected at Melbourne airport. Five

locally-acquired cases in young adults were reported in

inner metropolitan Sydney; four were due to measles virus

genotype D9.

Two doses of measles-containing vaccine are recom-

mended for all children at 12 and 18 months age. All

young adults planning international travel should ensure

they have had two doses of measles-containing vaccine in

their lifetime before they travel. Infants aged 9–12 months

travelling to an area with ongoing measles transmission

should also be vaccinated prior to departure.

Pertussis

There were 560 pertussis cases notified in NSW during the

third quarter of 2013 (184 in July, 181 in August and 195 in

September). This is less than half of the 1205 notifications

for the same period in 2012, and represents the lowest

number of notifications for a third quarter since 2002.Most

cases were in the 5–9-year age group (n¼ 128), followed

by the 10–14-year (n¼ 79) and 0–4-year age groups

(n¼ 75).

Direct protection for young infants remains available

through free vaccination for pertussis that is administered

at 2, 4 and 6 months of age. The first dose can be provided

as early as 6 weeks of age, with a booster dose at 3½ to

4 years. Whooping cough vaccination is strongly recom-

mended for adults in contact with young babies too young

to be vaccinated. Women planning a pregnancy or in their

third trimester are encouraged to receive a whooping

cough vaccine on prescription to protect their very young

babies.

Sexually transmissible infections and bloodborne
viruses
Chlamydia

There were 5088 chlamydia cases notified in NSW during

the third quarter of 2013, similar to the number notified

in the same period in 2012 (n¼ 5048). Fifty-four percent of

the cases were female. More than half (56%) of all cases

were aged 15–24 years and a further 38% were aged

25–44 years.

Gonorrhoea

There were 1060 gonorrhoea cases notified in NSWduring

the third quarter of 2013, a 2.5% increase compared with

the same period in 2012. Just over half (52%) of gonococ-

cal infections were in men aged 25–44 years, and a further

21% were in younger men aged 15–24 years.
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Syphilis

There were 252 syphilis cases notified in NSW during the

third quarter of 2013, a 10% increase compared with the

same period in 2012. Eighty-six percent of the cases were

men. Most cases (54%) were aged 25–44 years, followed

by 45–64 years (26%).

Lymphogranuloma venereum (LGV)

There were five cases of LGV notified in NSW during the

third quarter of 2013, a decrease from nine notified in the

same period in 2012. All of the cases were men aged 25–44

years living in inner Sydney.

HIV

In the first 9 months of 2013, 271 people newly diagnosed

with HIV infection were notified in NSW. This compares

with 308 notifications for the same period in 2012, a

decrease in 2013 of 12%. In 2011, there were 263 notifica-

tions during the same period. The decrease in the number

of new diagnoses to date in 2013 compared to 2012 has

occurred in the context of an overall small increase in

testing for HIV infection, and increases in testing at

publicly funded sexual health clinics and among high-risk

groups, suggesting that the lower number of notifications

in 2013 is not due to a reduction in testing.

Ninety-four percent of people newly diagnosed with HIV

infection in the first three quarters of 2013 were male and

6% were females, a gender breakdown consistent with

previous years. Most of the infections reported were in gay

and homosexually active men (82%), with heterosexual

contact accounting for 15% and injecting drug use for 1%

of notifications. This is also similar to previous years.

A summary of HIV notification data for the third quarter of

2013 is available at: www.health.nsw.gov.au/endinghiv/

Pages/tools-and-data.aspx

Arboviral infections
Ross River virus

There were 85 cases of Ross River virus infection notified

in NSW in the third quarter of 2013, an increase from the

same period in 2012 (n¼ 65). Notifications of Ross River

virus infection continued to be highest in coastal regions,

particularly along the north coast of NSW.

Barmah Forest virus

There were 75 cases of Barmah Forest virus infection

notified in NSW in the third quarter of 2013, an increase

from the same period in 2012 (n¼ 59). However, there

continue to be concerns about false-positive laboratory

reports for Barmah Forest virus and so the figures for 2013

should be interpreted with caution.

Dengue virus

There were 82 cases of dengue virus infection notified in

NSW in the third quarter of 2013, an increase from the

same period in 2012 (n¼ 57). All cases were overseas-

acquired infections; 43% of all cases are believed to

have acquired the infection in Indonesia, and 21% of all

cases are believed to have acquired the infection in

Thailand.

NSW Denominator Data Project
Notifications of positive laboratory results for notifiable

conditions provide information about the number of new

cases of disease. Data on the level of testing is useful to

indicate whether an apparent increase in notifications may

be due to increased testing.

The NSW Denominator Data Project commenced in

January 2012 to collect the total number of tests per-

formed per month (the denominator data) for 10 selected

notifiable conditions for which the testing rate might

impact the notification rate. Data provided each month

from 14 public and private laboratories in NSW is collated

to give monthly aggregated data per condition. No demo-

graphic information is provided.

The positivity rate for all conditions from January 2012 to

September 2013 ranged from 0.07% (shigellosis) to 5.52%

(chlamydia) (Table 1). Notifications for chlamydia and

gonorrhoea were well correlated with testing, while the

incidence of enteric conditions suggests that seasonal fac-

tors rather than testing patterns influence notification rates.

Trends in testing and notification are best identified by

comparing similar periods to avoid seasonal variation. For

the third quarter (July–September 2013), the positivity

rates overall were similar to the same period in 2012, and

ranged from 0.07% (shigellosis) to 5.24% (chlamydia).

Exceptions for this period were Ross River virus (up to

2.55% from 1.87% in 2012) and pertussis (down to 1.56%

from 2.66% in 2012). Pertussis has shown a generally

downward trend in both notifications and positivity

since 2012.
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Table 1. Number and positivity (%) of tests performed for selected notifiable conditions, NSW, quarter 3 of 2012 and quarter 3
of 2013

Condition Test Jan 2012 to Sep 2013 Quarter 3 of 2012 Quarter 3 of 2013

Number

of tests

Positivity

(%)

Number

of tests

Positivity

(%)

Number

of tests

Positivity

(%)

Chlamydia C. trachomatis nucleic

acid test (NAT)

668 433 5.52 93 456 5.41 97 032 5.24

Gonorrhoea Neisseria gonorrhoea

NAT, culture

820 863 0.9 113 606 0.91 121 001 0.88

HIVa Serology 703 608 – 96 496 – 102 773 –

Ross River virus

infection

Serology 29 402 3.33 3467 1.87 3258 2.55

Barmah Forest

virus infection

Serology 22 731 3.25 2721 2.13 2645 2.83

Pertussis NAT, serology, culture 229 072 3.38 44 513 2.66 35 464 1.56

Salmonellosis NAT, culture 329 235 1.66 44 481 1.22 46 245 1.16

Shigellosis 0.07 0.06 0.07

Cryptosporidiosis Antigen, microscopy 279 565 0.59 38 396 0.23 42 098 0.18

Giardiasis 1.66 0.99 1.12

aAnalysis of positivity rates for HIV is not possible due to the impact of repeat testing.
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Measles vaccination has been available in Australia since

1969, but some groups remain at risk through inadequate

vaccination. There were 90 measles notifications in New

SouthWales (NSW) in 2011, of which 10%were imported

from overseas; the remainder were either linked to these

cases or locally acquired. The number of cases recorded

was the highest since 1998, the year of the Australian

Measles Control Campaign.1 Lack of awareness of

measles among both the public and clinicians can lead

to delayed presentation and diagnosis, increasing the

transmission risk.2 We sought to evaluate whether the

awareness of incoming travellers of the risk of measles

was increased by using a poster campaign at Sydney

International Airport.

Methods
Aposter (0.57m� 0.97m)was placed in a rotating display

(as one of three different posters each displayed for 10

seconds at a time) for 4 weeks in October 2011 above

the baggage collection carousels at Sydney International

Airport. All international arrivals could view the poster,

including travellers returning from New Zealand, which

was experiencing measles outbreaks at the time.3 The

poster was eye-catching (brightly coloured, showing a

human figure covered with red spots) with six key mes-

sages about measles, including: alerting the public to the

presence of the disease and the serious risk to health posed

by measles, risk to travellers, typical symptoms, advice to

phone ahead before visiting a doctor, and to tell your doctor

of your overseas travel. The cost of displaying the poster

for 4 weeks was approximately $12 000.

Two interviewers conducted a survey of travellers at the

public arrivals gate for 2 hours on a mid-week morning,

using a brief questionnaire to assess recall of the poster.

Travellers were chosen by alternating genders, at the two

international arrival gates, until a sufficient sample was

collected. Travellers were asked if they saw any health

messages, and were prompted once about the measles

poster. Those who recalled the poster were asked if they

remembered any of the messages. The interviewers

recorded the gender and approximate age of the intervie-

wees (18–30, 31–65 and over 65 years). People with

limited spoken English were excluded.

Results
Ninety-six people were approached; 83 (86%) agreed and

were eligible to participate (Table A).

Nine interviewees (11%) recalled seeing the poster; five

(6%) could recall anymessages, and themaximum number

of messages recalled was two out of six. Fifty percent of

those who recalled seeing the poster recalled the poster

title, ‘measles is about’. No-one recalled the advice to

phone ahead if developing symptoms, important in mini-

mising spread to others. One person recalled a message not

on the poster (‘no spitting’). No interviewees aged over

65 years recalled the poster.

Likelihood of seeing the poster was increased with shorter

flights but this difference was not statistically significant

(RR 1.5 (CI 0.5–4.7)) (Table B). The likelihood of having

seen the poster did not differ by gender (M:F) RR 1.1

(CI 0.6–2.0).

Table A. Study participants by gender and estimated age group, measles poster campaign, Sydney International Airport, 2011

Age group (years) Male

n

Female

n

Gender not recorded

n

Total

n %

18–30 15 15 30 36

31–65 20 20 1 41 49

Over 65 6 3 9 11

Age and gender not recorded 3 3 4

Total 41 (49%) 38 (46%) 4 (5%) 83 100

Table B. Flight length and people who saw the poster,
measles poster campaign, Sydney International Airport, 2011

Length of flight (hours) Saw the poster

n (%)*

o10 3 (30)

410 6 (19)

*Of those for whom ‘length of flight’ data were available.
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Discussion
Posters are used to provide health alerts as well as health

information. Previous evaluations have shown that posters

have varying success in conveying health messages.4–6

The setting and length of time between seeing the poster

and acting on themessages, as well as the length of time the

poster is displayed, appear to affect recall and behaviour

change. Posters have been less successful than other media

in multimedia campaigns.7–9

Our survey found that a low percentage of people remem-

bered a poster about measles located above the baggage

collection carousels at Sydney International Airport, even

shortly after exposure. It is possible that the distraction of

identifying and collecting luggage, and fatigue, reduced

receptivity to the information, as well as the rotation of the

poster with two other unrelated posters. Limitations of the

survey method include using a convenience sample: for

instance, recall and age of arrivals could have been

different at other times of the day, or on other days of the

week. The questionnaire was deliberately brief to increase

participation but this limited the information collected.

Conclusion
Posters displaying health alerts to incoming airline pas-

sengers did not appear to be an effective method for

increasing awareness of the risk of measles.
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Figure 1. Reports of selected communicable diseases, NSW, Jan 2005 to Sept 2013, by month of onset.
Preliminary data: case-counts in recent months may increase because of reporting delays.
Laboratory-confirmed cases only, except for measles, meningococcal disease and pertussis.
NB: Multiple series in graphs are stacked, except gastroenteritis outbreaks.
NB: Outbreaks are more likely to be reported by nursing homes and hospitals than by other institutions.
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