
Annual reports

1 Tuberculosis notifications in Australia, 
2006
Paul  W Roche, Vick i  Krause,  Anastas ios 
Konstant inos,  Ivan Bast ian wi th input  f rom, 
Ral  Ant ic ,  Lynne Brown, Amanda Chr is tensen, 
Sandra Gebbie,  Mark Hurwi tz ,  Avner Misrachi  and 
Just in Waring

12 Tuberculosis in Australia: bacteriologically 
confirmed cases and drug resistance, 
2006: A report of the Australian 
Mycobacterium Reference Laboratory 
Network
Richard Lumb, Ivan Bast ian,  Chr is  Gi lp in, 
Peter  Je l fs ,  Ter i l lee Keehner,  Aina Sievers

18 Invasive pneumococcal disease in 
Australia, 2006
Paul  W Roche, Vick i  Krause,  Heather Cook, wi th 
input  f rom Jenny Barralet  David Coleman, 
Amy Sweeny,  James Fie ld ing, Carol ien Giele, 
Robin Gi lmour,  Ros Hol land, R iemke Kampen

31 Communicable Diseases Network Australia 
National Arbovirus and Malaria Advisory 
Committee annual report, 2006–07
Conan L iu,  Ky l ie Begg, Chery l  Johansen, 
Peter  Whelan, Nina Kurucz,  Lorna Melv i l le ,  and 
the Nat ional  Arbovi rus and Malar ia Advisory 
Commit tee

48 Surveillance of antibiotic resistance in 
Neisseria gonorrhoeae in the WHO Western 
Pacific Region, 2006
The WHO Western Paci f ic  Gonococcal 
Ant imicrobial  Survei l lance Programme

52 Australian Paediatric Surveillance Unit 
annual report, 2006
Yvonne Zurynski ,  E l i zabeth J  E l l io t t

Articles

57 Influenza viruses with reduced sensitivity 
to the NA inhibitor drugs in untreated 
young children
Aeron C Hurt ,  Ian G Barr

Communicable Diseases Intelligence

Volume 32  Number 1  Quarterly report  March 2008

63 Higher than expected seasonal influenza 
activity in Victoria, 2007
Emma R Mi l ler,  James E Fie ld ing, Kr is t ina A Grant, 
Ian G Barr,  Georgina Papadakis ,  Heath A Kel ly

71 Enhanced surveillance for serious compli-
cations of influenza in children: role of the 
Australian Paediatric Surveillance Unit
Yvonne A Zurynski ,  David Les ter-Smith, 
Marino S Festa,  Al ison M Kesson, Rober t  Booy, 
E l i zabeth J  E l l io t t

77 Absence of a Chlamydia trachomatis 
variant, harbouring a deletion in the 
cryptic plasmid, in clients of a sexually 
transmissible infection clinic and antenatal 
patients in Melbourne
Matthew P Stevens,  Sarah E Tan, Leonie Horvath, 
Chr is topher K Fair ley,  Suzanne M Garland, 
Sepehr N Tabr iz i

Short reports

82 Rotavirus surveillance in Australia
Kate A Ward, Peter  B McIntyre,  Car l  D Kirkwood, 
Paul  W Roche, Mark J  Ferson, Paul  G Van Buynder, 
Apr i l  R Rober ts -Wit teveen, Al ison M Kesson, 
Vick i  L  Krause,  Jeremy M McAnul ty

88 A norovirus outbreak associated with 
consumption of NSW oysters: implications 
for quality assurance systems
Clare Huppatz,  Sal ly  A Munnoch, Tory Worgan, 
Tony D Merr i t t ,  Craig Dal ton, Paul  M Kel ly, 
David N Durrheim

92 The public health value of emergency 
department syndromic surveillance 
following a natural disaster
Kirs ty  Hope, Tony Merr i t t ,  Kei th Eastwood, 
Kel ly  Main,  David N Durrheim, David Muscate l lo, 
Kerry Todd, Wei Zheng

94 School-based vaccinations delivered 
by general practice in rural north 
Queensland: an evaluation of a new 
human papilloma virus vaccination 
program
Carole Reeve, Stephanie De La Rue, Dennis Pashen, 
Margaret Culpan, Tracy Cheff ins

Continued on back cover



Quarterly reports

99 OzFoodNet quarterly report, 1 October to 
31 December 2007
The OzFoodNet Working Group

104 Communicable diseases surveillance
104 Highl ights  for  4th quar ter,  2007
108 Tables
117 Addi t ional  repor ts

126 Overseas brief

Administrative

130 Communicable Diseases Intelligence 
instructions for authors

134 Surveillance systems reported in CDI, 
2008

Communicable Diseases Intelligence
Volume 32 Issue 1 March 2008

Table of contents, continued



© Commonwealth of Australia 2008

ISBN 0725-3141

This work is copyright. Apart from any use as permitted under the Copyright Act 1968, no part may be reproduced by any 
process without prior written permission from the Commonwealth. Requests and inquiries concerning reproduction and rights 
should be addressed to the Commonwealth Copyright Administration, Attorney General’s Department, Robert Garran Offi ces, 
National Circuit, Barton ACT 2600 or posted at http://www.ag.gov.au/cca

Communicable Diseases Intelligence aims to diseminate information on the epidemiology and control of communicable 
diseases in Australia. Communicable Diseases Intelligence invites contributions dealing with any aspect of communicable 
disease epidemiology, surveillance or prevention and control in Australia. Submissions can be in the form of original articles, 
short reports, surveillance summaries, reviews or correspondence. Instructions for authors can be found in Commun Dis Intell 
2008;32:xx–xx.

Communicable Diseases Intelligence contributes to the work of the Communicable Diseases Network Australia 
(http://www.health.gov.au/cdna)

Editor
Krissa O’Neil

Editorial and Production Staff
Paul Roche, Conan Liu, Alison Milton

Editorial Advisory Board
Jeremy McAnulty (Chair), Scott Cameron, Charles Guest, John Kaldor, Peter McIntyre, Charles Watson

Website
http://www.health.gov.au/cda

Subscriptions and contacts
Communicable Diseases Intelligence is produced every quarter by:
Surveillance Branch
Offi ce of Health Protection
Australian Government Department of Health and Ageing
GPO Box 9848, (MDP 6)
CANBERRA ACT 2601;
Telephone: +61 2 6289 2717
Facsimile: +61 2 6289 2600
Email: cdi.editor@health.gov.au

This journal is indexed by Index Medicus, Medline and the Australasian Medical Index

Disclaimer
Opinions expressed in Communicable Diseases Intelligence are those of the authors and not necessarily those of the 
Australian Government Department of Health and Ageing or the Communicable Diseases Network Australia. Data may be 
subject to revision.

Printed by Union Offset, Canberra



CDI Vol 32 No 1 2008 1

Tuberculosis notifications in Australia, 2006 Annual report

TUBERCULOSIS NOTIFICATIONS IN AUSTRALIA, 
2006
Paul W Roche, Vicki Krause, Anastasios Konstantinos, Ivan Bastian with input from, Ral Antic, Lynne Brown, Amanda 
Christensen, Sandra Gebbie, Mark Hurwitz, Avner Misrachi and Justin Waring as members of the National Tuberculosis 
Advisory Committee, for the Communicable Disease Network Australia

Annual reports

Abstract

The National Notifiable Disease Surveillance 
System received 1,201 tuberculosis (TB) notifica-
tions in 2006, of which 1,142 were new cases 
and 59 were relapses. The incidence of TB in 
Australia was 5.8 cases per 100,000 population 
in 2006 up from 5.3 per 100,000 in 2005, but 
still below 6 per 100,000 as it has been since 
1985. Eighty-five per cent of TB notifications 
in 2006 were in people born outside Australia. 
The incidence in people born overseas and 
Indigenous Australians were 20.7 and 6.6 cases 
per 100,000 population, respectively. By con-
trast, the incidence of TB in the non-Indigenous 
Australian-born population was 0.9 cases per 
100,000 population. Household or other close 
contact was reported as the most common risk 
factor for TB infection. The number of cases of 
TB reported in health care workers increased in 
2006; these were mostly in health care work-
ers born in TB–endemic countries and there 
were no reports of TB transmission in Australian 
health care settings. Outcome data of the 2005 
TB cohort indicates that treatment success was 
attained in more than 95% of cases. Progress 
towards TB elimination in Australia will rely on 
continued TB awareness, maintenance of high 
standards of TB diagnostic and control practices, 
and promoting regional and global TB control 
activities. Commun Dis Intell 2008;32:1–11.

Keywords: disease surveillance, tuberculosis

Introduction

In 2007, the World Health Organization (WHO) 
reported that although tuberculosis (TB) is still a 
major cause of death worldwide, the global epi-
demic ‘is on the threshold of decline’.1 In 2005, 
8.8 million TB cases and 1.6 million deaths attrib-
utable to TB were reported worldwide. However, 
WHO data show that the TB incidence rates were 
stable or declining in all regions, even while the 
total numbers of cases continue to increase slowly 
due to increased case load in Africa, the Eastern 
Mediterranean and South East Asia. These find-
ings if confirmed, suggest that the Millennium 

Development Goals Target 8: ‘to have halted by 
2015 and begun to reverse the incidence of major 
diseases’ may have been attained. WHO TB case 
detection targets (70%) and successful treatment 
targets (85%) have been met in the WHO Western 
Pacific Region, which includes Australia and in 
the neighbouring South East Asian region. This is 
important for TB control in Australia, since a large 
proportion of TB cases diagnosed in Australia are 
people born in these regions.

Approximately 1.7% of all TB cases world-
wide have multi-drug-resistant (MDR) disease 
(i.e. Mycobacterium tuberculosis resistant to at least 
isoniazid and rifampicin).2 In 2006, extensively 
drug-resistant tuberculosis (XDR-TB; defined as 
MDR-TB plus resistance to any fluoroquinolone 
and at least one injectable agent: kanamycin, ami-
kacin or capreomycin) emerged. The US Centers 
for Disease Control and Prevention (CDC) and 
the WHO reported results of an international sur-
vey that found 2% of more than 17,000 isolates col-
lected between 2000 and 2004 were XDR-TB, with 
cases occurring in 17 countries and the prevalence 
increasing over the study period.3 In the KwaZulu-
Natal region of South Africa, between 2005 and 
2006, 53 cases of XDR-TB were detected, of whom 
55% had not been previous treated; 44 cases were 
HIV-infected and 52 died.4 The spread of XDR-TB 
globally has been fuelled by the HIV epidemic, 
inadequate public health systems, limited access 
to high-quality laboratory resources, and a neglect 
of infection control measures.5

The South African experience provides lessons 
for TB control efforts in Australia. Some of these 
themes will be addressed in this report. For exam-
ple, while HIV-TB co-infection has not been a 
major problem in Australia, determining the HIV 
status of all Australian TB patients has not been 
achieved.6 Notifications of TB in Australian health 
care workers (HCWs) recruited from countries 
with a high TB incidence continue to be moni-
tored. Data on MDR-TB in patients from Papua 
New Guinea accessing Queensland TB services in 
the Torres Strait are also provided as an example 
of how TB control in the region can impact public 
health control of TB in Australia.
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Methods

Data collection

TB is a notifiable disease in Australia. Medical 
practitioners, public health laboratories and 
other health professionals are legally required 
to report cases of TB to the state and territory 
health authorities. Information on notified 
cases for 2006 was collated by jurisdictions and 
sent electronically to the National Notifiable 
Diseases Surveillance System (NNDSS) man-
aged by the Australian Government Department 
of Health and Ageing. Records were dispatched 
in a de-identified format to ensure confiden-
tiality. The National Tuberculosis Advisory 
Committee (NTAC), as a sub-committee of the 
Communicable Diseases Network Australia, was 
responsible for determining the dataset collected 
in 2006 and for data reporting to NNDSS. Key 
data fields in the TB dataset that are analysed 
in this report are listed in Table 1, with a brief 
description of each variable. TB drug susceptibil-
ity data on bacteriologically confirmed cases is 
collected, analysed and reported by the Australian 
Mycobacterial Reference Laboratory Network in 
an accompanying report.7

Data processing and quality control

Data on all TB notifications reported in 2006 were 
received by September 2007. Updated information 
on the outcomes of treatment of patients notified in 
2005 was received by December 2007. Data received 
from the jurisdictions were examined for complete-
ness and accuracy. Any invalid or missing entries 
were returned to the jurisdictions for review and 
correction.

Almost all cases of TB in Australia are reported to 
the surveillance system. Reasons for the high level 
of reporting include the presence of effective TB 
screening programs, a high standard of health care, 
and specialised and multi-disciplinary TB services 
in each jurisdiction. The terms ‘notification rate’ 
and ‘incidence’ are therefore used interchangeably 
in this report.

Additional data were provided from the Queensland 
Tuberculosis Control centre related to the incidence 
of tuberculosis among Papua New Guinea (PNG) 
citizens in the Torres Strait Treaty Zone within 
which Indigenous people on both sides of the 
border are allowed free movement for traditional 
practices. The data for 2007 are incomplete, as full 

Table 1. Description of key data fields in the enhanced tuberculosis data set of the National 
Notifiable Disease Surveillance System used in this report*

Data fi eld Description
TB outcomes Options are:

Cured (bacteriologically confi rmed- pulmonary cases only)• 
Completed treatment (80% of standard regimen completed)• 
Interrupted treatment for less than two months (but still completed)• 
Died of TB during treatment phase• 
Died of other cause during treatment phase• 
Defaulter (failed to complete treatment)• 
Treatment failure (completed treatment but failed to be cured)• 
Transferred out of Australia during treatment phase• 

Indigenous status Whether notifi ed case is Indigenous (Aboriginal and/or Torres Strait Islander) Australian by descent, 
community acceptance or self-identifi cation

Selected risk 
factors

Options are:
Household member or close contact with a TB patient• 
Currently/recently residing in a correctional facility within last fi ve years• 
Currently/recently residing in an aged care facility within last fi ve years• 
Currently/previously employed in an institution within last fi ve years• 
Currently/previously employed in the health industry within last fi ve years• 
HIV status (positive or negative)• 
Past residence (3 months or more) in a high risk country (as defi ned by the Australian Government • 
Department of Immigration and Citizenship)

* Other data collected on each case included country of birth, length of residence in Australia (for overseas-born cases), site of 
tuberculosis disease.
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case ascertainment for the year and completion of 
drug susceptibility testing had not been finalised at 
the time of retrieval of information.

Case definitions

TB cases were classified as new or relapsed. A new 
case required a diagnosis accepted by the Director 
of TB Control (or equivalent) in the relevant 
jurisdiction, based on laboratory or clinical evi-
dence, and in the absence of any previous treated 
or untreated TB diagnosis. Laboratory evidence 
includes either the isolation of Mycobacterium 
tuberculosis complex (M. tuberculosis, M. bovis or 
M. africanum) from a clinical specimen by culture; 
or nucleic acid amplification testing indicating 
M. tuberculosis complex, except where it is likely 
to be due to previously treated or inactive disease. 
Microscopy and culture remain mainstays of TB 
laboratory diagnosis and provide the capacity for 
assessing the level of risk for transmission and drug 
susceptibility testing. Clinical evidence is a diagno-
sis made by a clinician experienced in tuberculosis 
and includes clinical follow-up assessment, with 
or without supporting radiology.

A relapsed TB case was defined as a case of active 
TB diagnosed bacteriologically, radiologically or 
clinically, having been considered inactive or quies-
cent following previous treatment (as deemed by the 
state or territory Director of Tuberculosis). Relapses 
refer to re-treatment cases of which some may be 
reinfections rather than a true relapse of prior dis-
ease. Relapse cases are sub-divided into relapse after 
full or partial treatment, in Australia or overseas.

National Performance Indicators

The performance criteria for the National Perform-
ance Indicators were set by NTAC in 2002 and 
reviewed in 2003. In TB annual reports before 2005, 
the performance criteria for incidence in people born 
overseas applied to people who have been living in 
Australia for more than five years. In this report the 
criteria have been applied to all cases regardless of 
length of residence.

Population estimates for 2006

The rates presented in this report were calculated 
using population data produced by the Australian 
Bureau of Statistics. The estimated resident popu-
lation as at 30 June 2006, in each state and terri-
tory and in Australia as a whole, was used as the 
denominator in crude rate calculations. Estimates 
of the Indigenous Australian population were based 
on projections from the 2001 census estimate of 
the Indigenous population in Australia. Data on 
Migration 2005-6 (ABS Catalogue No: 3412.0) were 
used to calculate incidence rates of TB in people 
born overseas.

Results

Tuberculosis notification rates

The total number of cases reported across Australia 
in 2006 was 1,201 (5.8 cases per 100,000 population). 
This was 129 (12%) cases more than that reported 
in 2005 (1,072 and 5.3 cases per 100,000 population, 
Figure 1). In 2006 there were 1,142 new cases and 
59 relapses. Of the 59 relapsed cases, 12 relapsed 
after full treatment in Australia, two following partial 
treatment in Australia, 26 following full treatment 
overseas and 19 following partial treatment overseas.

Tuberculosis notifications by state or territory

New South Wales reported the largest number 
of TB cases (464) however the highest rate was 
recorded in the Northern Territory (15.5 cases per 
100,000 population, Table 2).

TB notification rates by jurisdiction are shown in 
Figure 2. In 2006, rates were the highest for five 
years in New South Wales, South Australia, and 
Western Australia. When compared with 2005 
totals, increases were seen in Western Australia 
(91% increase, 54 additional cases), South Australia 
(56% increase, 26 additional cases), Queensland 
(27% increase, 30 additional cases), the Northern 
Territory (18% increase, 5 additional cases) and 
New South Wales (4.9% increase, 22 additional 
cases). The number of cases and rates in the other 
three jurisdictions in 2006 were lower than in 2005.

Tuberculosis in non-Indigenous Australian-
born population

Indigenous status was reported for all Australian-
born patients. The incidence of TB in non-
Indigenous Australians for 2006 was 0.9 cases per 

Figure 1. Incidence rates for tuberculosis 
notifications, Australia, 1960 to 2006
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100,000 population (140 cases), which was a small 
increase on the 122 cases (0.8 per 100,000) reported 
in 2005 (Figure 3 and Table 3).

Tuberculosis in Indigenous Australians

The TB incidence rate in the Indigenous 
Australian-born population (6.6 cases per 100,000 
population; 33 cases) was an increase of six cases 

Table 2. New and relapsed cases and rates per 100,000 population, Australia, 2006, by state or 
territory

New cases New cases rate Relapse cases Relapse case rate Total notifi cations Total rate
ACT 14 4.3 0 0.0 14 4.3
NSW 437 6.4 27 0.4 464 6.8
NT 29 14.0 3 1.5 32 15.5
Qld 129 3.2 11 0.3 140 3.5
SA 67 4.3 5 0.3 72 4.6
Tas 8 1.6 0 0.0 8 1.6
Vic 349 6.9 9 0.2 358 7.0
WA 109 5.3 4 0.2 113 5.5
Australia 1,142 5.5 59 0.3 1,201 5.8

Table 3. Tuberculosis notifications and incidence rates in all Australian-born, Australia, 2006, 
by state or territory

Indigenous Indigenous 
rate

Non-Indigenous 
Australian-born

Non-
Indigenous 

rate

Total 
Australian-

born

Total rate

ACT 0 0.0 2 0.8 2 0.8
NSW 4 2.7 44 0.9 48 0.9
NT 9 14.7 2 2.1 11 7.1
Qld 13 9.3 18 0.6 31 1.0
SA 1 3.6 14 1.2 15 1.3
Tas 1 5.4 4 1.1 5 1.4
Vic 2 6.5 41 1.1 43 1.1
WA 3 4.2 15 1.0 18 1.2
Australia 33 6.6 140 0.9 173 1.1

Figure 3. Tuberculosis incidence rates, 
Australia, 1991 to 2006, by indigenous status 
and country of birth
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over the 27 cases reported in 2005 (5.9 per 100,000). 
The crude TB incidence rate in Indigenous 
Australians in 2006 was seven times the rate in 
non-Indigenous Australian-born people.

Tuberculosis notifications in the overseas-born 
population

In 2006, country of birth was reported for 1,200 of 
the 1,201 cases. One thousand and twenty-seven 
(85.5%) cases were overseas-born. The rate of notifi-
cation, 20.7 cases per 100,000, was similar to rates in 
this population in the previous two years (20.6 and 
21.7 per 100,000 population in 2005 and 2004 respec-
tively, Figure 3). Rates of TB in the overseas born have 
shown an increase since 1991. Table 4 shows the cases 
and rates ranked by estimated rate in the Australian 
resident population for country of birth. While the 

highest rates were among those born in Somalia, 
Bangladesh and Ethiopia, these represent a relatively 
small number of cases in a small resident population. 
The largest numbers of TB cases were in those born 
in India, Vietnam, Indonesia, the Philippines and 
China as in previous years (Table 4).

Data on the year of arrival was available for 938 of 
the 1,027 overseas-born cases in 2006. Four hundred 
and sixteen (44%) of the 2006 cases presented within 
two years of arrival in Australia and 794 (85%) 
within 20 years of arrival (Figure 4).

The Australian immigration status was available on 
overseas-born cases of TB from all states and territo-
ries excluding New South Wales and the Australian 
Capital Territory. The majority of the 477 (59%) 
cases were permanent residents, 14% were refugees 

Table 4. Notification of tuberculosis and estimated rate per 100,000 population for selected 
countries of birth, Australia, 2006

Country of birth New Relapse Total 
cases

Estimated resident 
population 2006*

Estimated Rate per 
100,000 population 
in Australia 2006

WHO incidence rate 
per 100,000 2005†

Somalia 20 2 22 5,431 405 224
Bangladesh 20 2 22 13,751 160 227
Ethiopia 12 0 12 7,516 160 344
Papua New Guinea 34 3 37 26,302 141 250
Sudan 34 6 40 29,282 137 228
Indonesia 68 3 71 67,952 104 239
India 148 5 153 153,579 100 168
Vietnam 120 3 123 180,352 68 175
Pakistan 11 2 13 19,768 66 181
Cambodia 18 0 18 28,175 64 506
Afghanistan 11 1 12 21,140 57 168
Zimbabwe 11 0 11 21,142 52 601
Philippines 65 3 68 135,619 50 291
Thailand 14 1 15 32,747 46 142
China‡ 60 8 68 203,143 33 100
Sri Lanka 22 0 22 70,908 31 60
South Korea 12 2 14 49,141 28 96
Egypt 10 0 10 38,782 26 25
Hong Kong 14 2 16 76,303 21 75
United Kingdom 27 1 28 1,153,264 2 14
Other overseas born 242 10 252 2,622,566 10
Total overseas born 973 54 1,027 4,956,863 20.7
Australia 168 5 173 15,648,625 1.1
Total§ 1,141 59 1,201 20,605,488 5.8

* The estimated resident population (ERP) at June 2006 (ABS 3412) except for Somalia ERP 2005.

† Rates from the World Health Organization 2007 Global Tuberculosis Report.

‡ China excludes Hong Kong SAR and Taiwan.

§ Country of birth unknown in one case.
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or humanitarian entrants and 10% were overseas 
students. Unauthorised entrants, made up only 
6% nationally but 85% of cases (n=17) reported in 
the Northern Territory. These were illegal fishermen 
detained by Australian Customs diagnosed with TB 
and commenced on TB treatment. The majority of 
refugees (56/68, 82%), overseas visitors (20/31, 96%), 
and overseas-born students (47/51, 92%) diagnosed 
with TB arrived in Australia between 2002 and 
2006. All unauthorised entrants diagnosed with 
TB in 2006 had arrived within the past 12 months. 
By contrast, overseas-born permanent residents 
diagnosed with TB in 2006 had arrived in Australia 
between 1940 and 2006.

There was an increased number of notifications 
of TB in Queensland in 2006 among Papua New 
Guinea nationals accessing health care in the 
Torres Strait Islands treaty zone. Twenty-one cases, 
four with MDR-TB, were diagnosed in 2006. The 
number of cases (including MDR-TB cases) contin-
ued to increase in 2007 (Figure 5).

Tuberculosis notifications by age and sex

Information on the sex of TB cases was available for 
all cases and age was identified in all but two cases 
(1 non-Indigenous Australian-born and 1 overseas-
born case). The male to female ratio in TB notifica-
tions was 1.5:1 in non-Indigenous Australian-born 
TB cases, 1:1 in Indigenous cases and 1.2:1 in 
overseas-born cases.

One of the most important measures of TB control 
is the incidence in children aged less than 15 years 
because these cases represent recent TB infection. 
TB was notified in 62 children aged less than 
15 years in 2006, slightly lower than the number 

(65) reported in 2005. These were 21 Australian-
born children and 41 children born overseas. Of the 
21 Australian-born children, three were identified 
as Indigenous.

The NTAC target performance indicator for rates 
of TB in children aged less than 15 years is less than 
0.1 cases per 100,000 population for all groups. The 
overall notification rate for the less than 15 years age 
group in 2006 was 1.6 cases per 100,000 population. 
The rate was highest in overseas-born children 
(19.8 cases per 100,000 population) and remained 
low in the non-Indigenous (0.5 cases per 100,000 
population) and Indigenous Australian-born chil-
dren (1.7 cases per 100,000 population, Table 5).

The age group incidence rates for TB in overseas-
born, Indigenous Australian-born and non-Indig-
enous Australian-born populations are shown in 
Figure 6 and Table 5. TB incidence in the overseas-
born population showed three peaks: one among 
infants aged less than five years; a second among 
young adults (15–34 years) and a third peak in the 
over 65 year age group. TB rates among Indigenous 
and non-Indigenous Australians showed increasing 
rates throughout adult life with the highest TB rates 
in those aged 65 years or more.

The age adjusted rate for Indigenous people was 
18.1 per 100,000 (crude 6.6 per 100,000); 28.5 per 
100,000 (crude 20.7 per 100,000)for overseas-born; 
and 0.9 per 100,000 (crude 0.9 per 100,000) in the 
non-Indigenous Australian-born.

Figure 5. Number of tuberculosis cases and 
susceptibilities among Papua New Guinea 
nationals accessing Queensland health 
facilities in the Torres Strait Treaty Zone, 
1995 to 2007*
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Figure 4. Notifications of tuberculosis in the 
overseas-born population, Australia, 2006, by 
year of arrival in Australia
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Tuberculosis and selected risk factors

Information on risk factors for TB disease, exclud-
ing HIV, were reported in 301 cases (Table 6).

Household or other close contact with a TB patient 
was the most common risk factor in all three patient 
groups. Sixty-five cases of TB were reported in people 
who had previously worked or were currently work-
ing in a health care setting; 54 of these were overseas-
born. Past residence of three months or longer in 
duration in a TB high risk country (defined as more 
than 12.5 cases per 100,000) was reported in 29 cases, 
including 18 Australian-born cases.

The number of TB cases reported in health 
care workers has risen from 34 in 2001 to 65 
in 2006. More importantly, among health care 
workers notified with TB, the proportion born 
overseas has increased from 47% (16 of 34 cases) 
in 2001 to 83% (54 of 65 cases) in 2006 (Figure 
7). At diagnosis, most health care workers were 
or had been working in the previous 12 months 
in an Australian health care setting. None of 

the cases were deemed to have acquired TB in 
an Australian health care setting, nor were there 
any reports of TB transmission to patients from 
health care workers in Australia in 2006.

Figure 6. Tuberculosis incidence in 
Australian-born and overseas-born 
population, 2006, by age group
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Table 5. Tuberculosis notifications and estimated incidence rate, Australia, 2006,* by age 
group, indigenous status and country of birth

Age group Indigenous Australian-born Non-Indigenous Australian-born Overseas-born
n Rate n Rate n Rate

0–4 1 1.7 9 0.8 13 60.8
5–14 2 1.8 9 0.4 28 13.9
Subtotal < 15 years 3 1.7 18 0.5 44 19.8
15–24 6 6.4 8 0.3 139 30.5
25–34 3 4.5 21 1.0 254 35.6
35–44 5 10.6 7 0.3 180 20.1
45–54 7 25.6 9 0.5 138 15.3
55–64 5 41.0 14 1.0 78 9.6
65+ 4 60.4 62 3.5 197 65.7

* One non-Indigenous Australian-born and one overseas-born case had no age information.

Table 6. Selected risk factors* in tuberculosis notifications, Australia, 2006, by indigenous 
status and country of birth

Risk factor Indigenous Non-Indigenous Overseas-born Total
Household or other close contact with TB 5 33 139 177
Currently or recently resident in correctional facility 1 1 3 5
Currently or recently residing in aged care facility – 3 2 5
Currently or recently employed in an institution – 3 17 20
Currently or previously employed in health industry 1 10 54 65
Past residence in high risk country – 18 11† 29

* Excludes HIV status (see below); includes multiple risk factors.

† Excludes overseas born in tuberculosis high risk countries (incidence > 12.5 cases/100,000).
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Tuberculosis and HIV status

Information on HIV status was reported in 423 of 
the 1,201 cases (35.2%). Eleven people were iden-
tified with HIV infection at the time of diagnosis. 
All were overseas-born. In 2006, the proportion of 
cases with HIV status reported was similar to that 
in 2005.

Anatomical site of disease

The anatomical site of TB infection was recorded in 
1,168 (97.2%) cases. Of these, 591 (50.6%) cases of 
notified cases had pulmonary disease only, a further 
113 (9.7%) cases had pulmonary disease and disease 
at an extrapulmonary site. Pulmonary TB was 
reported in 78% of the Australian-born cases and 
55% of the overseas-born cases. 464 (39.7%) cases had 
extrapulmonary disease only. The sites of disease in 
new and relapse cases are shown in Table 7.

Treatment outcomes of 2005 tuberculosis 
patient cohort

Treatment outcome data for all TB cases reported 
in 2005 were received by December 2007 (Table 8). 
Treatment success, including those with bacterio-
logically confirmed cure and those who completed 
treatment, was reported in more than 95% of non-
Indigenous Australian born and overseas-born cases 
with assessable outcomes. In contrast, treatment 
success was reported in only 81% (17 of 21 with 
assessable outcomes, p<0.05) of Indigenous TB 
patients. This lower treatment success rate was due 
to a small number of cases (n=4) with poor out-
comes (Table 8). There were no treatment failures. 

National Performance Indicators

Performance criteria for incidence (less than 1 per 
100,000) were met only for the crude incidence rates 
in non-Indigenous Australian-born cases (Table 9). 
Incidence rates in under 15 year age groups exceeded 
the performance criteria (less than 1 case per million) 
in all groups. The completeness of HIV data collec-
tion remains well below the goal of 100%. Outcome 
reporting met the target of 100% for the 2005 patient 
cohort and while overall treatment success rate was 
met in the non-Indigenous and overseas-born, the 
treatment success rate in Indigenous cases (81.1%) 
was below the goal of >95%.

Discussion

In 2006, notification rates of TB in Australia 
remained low despite increases in some jurisdictions 
associated with more reports of TB in those born 
overseas. Increased notifications of TB were reported 
in unauthorised entrants such as Indonesian fisher-
men who were detained, diagnosed and started 

Table 7. New and relapsed tuberculosis cases, Australia, 2006, by site of disease

Site New Relapse Total Per cent of cases
Total pulmonary disease 658 46 704 60.3
Pulmonary only 551 40 591 50.6
Pulmonary plus other sites 107 6 113 9.7
Extrapulmonary only 455 9 464 39.7
Pleural 67 0 67 5.7
Lymph nodes 165 6 171 14.6
Bone/joint 35 3 38 3.3
Genito/urinary 29 0 29 2.5
Milliary 16 1 17 1.5
Meningeal 24 0 24 2.1
Peritoneal 12 0 12 1.0
Other 59 2 61 5.2

Figure 7. Trends in cases of tuberculosis 
reported in health care workers, Australia, 
2001 to 2006, by country of birth
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Table 8. Tuberculosis treatment outcomes, Australia, 2005, by population group

Outcomes Indigenous Non-Indigenous 
Australian-born

Overseas-born Total cases

Assessable outcomes n % assessable n % assessable n % assessable n % assessable
Treatment success 17 81.0 108 95.6 795 95.7 920 95.3
Cured (bacteriologically 
confi rmed)*

5 23.8 6 5.3 41 4.9 52 5.4

Completed treatment 12 57.1 102 90.3 754 90.7 868 89.9
Interrupted treatment† 1 4.8 0 0.0 5 0.6 6 0.6
Died of tuberculosis 1 4.8 3 2.7 9 1.1 13 1.3
Defaulted‡ 2 9.5 2 1.8 9 1.1 13 1.3
Failure§ 0 0.0 0 0.0 0 0.0 0 0.0
Not followed up, outcome 
unknown

0 0.0 0 0.0 13 1.6 13 1.3

Total assessable 21 100.0 113 100.0 831 100.0 965 100.0
Non-assessable 
outcomes

n % total n % total n % total n % total

Transferred out of Australia 0 0.0 1 0.8 44 4.8 45 4.2
Died of other causes 3 12.5 14 10.9 35 3.8 52 4.8
Still under treatment 0 0.0 1 0.8 10 1.1 11 1.0
Total 24 129 920 1,073

* Cured is defi ned as the bacteriologically confi rmed cure of smear or culture positive pulmonary cases.

† Interrupted treatment means treatment interrupted for two months or more but completed.

‡ Defaulted means failed to complete treatment.

§ Failed means treatment completed but failed to be cured.

Table 9. National tuberculosis performance indicators, performance criteria and the current 
status of tuberculosis in Australia, 2005 and 2006

National tuberculosis Performance Indicator Performance criteria 2005 2006
Annual incidence of TB (per 100,000 population)
Crude incidence
Indigenous Australians <1 5.9 6.6
Non-Indigenous Australian-born persons <1 0.8 0.8
Overseas-born persons * 20.8 20.7
Relapse cases initially treated in Australia <2% treated cases 1.4 0.9
Incidence in children <15 years, by risk group (per 100,000 population)
Indigenous Australian children <0.1 0.6 1.7
Non-Indigenous Australian-born children <0.1 0.7 0.5
Overseas-born children * 18 19.8
Collection of HIV status in tuberculosis cases (% of cases with data 
collected)

100% over next 3 years 37 35

Treatment outcome measures (%)
Cases evaluated for outcomes† 100 100 TBA
Cases that have treatment completed and are cured >90 95.3 TBA
Cases recorded as treatment failures† <2 0 TBA

* Performance criteria currently under review.

† Evaluation of outcomes of 2005 patient cohort re-assessed in October 2007.

TBA To be assessed: 2006 patient cohort outcomes to be reported in 2007 annual report.
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on treatment for TB before deportation from 
Western Australia and the Northern Territory. In 
Queensland, Papua New Guinean nationals access-
ing health care in the Torres Strait Islands Treaty 
Zone contributed to an increase in that jurisdiction. 
In South Australia, several factors contributed to the 
increase in TB notifications, including 10 TB noti-
fications in health care workers. These three groups 
are the focus of increased surveillance by tubercu-
losis services. Australian TB services continue to 
provide high quality services as evidenced by very 
high treatment success rates, low rates of relapse, 
the complete absence of treatment failure and low 
case fatality rate.

The number of TB notifications in health care work-
ers has increased since 2001 and the proportion of 
these cases who were born overseas has also increased. 
These increases are linked to increasing recruitment 
of HCWs from countries with a high TB incidence 
in recent years. Ninety-five per cent of overseas-born 
HCWs diagnosed with TB in Australia since 2001 
come from TB ‘high risk’ countries as defined by the 
Australian Government Department of Immigration 
and Citizenship (TB incidence > 12.5 per 100,000). 
In 2006, there were no reports of HCWs infecting 
patients, nor any proven cases of health care workers 
acquiring TB in an Australian health care setting. 
NTAC is developing a set of recommendations for 
screening and assessment of HCWs for TB preven-
tion and control.

It is well recognised that those with HIV are more 
likely to become infected with M. tuberculosis, more 
likely to progress to active TB if M. tuberculosis 
infected, and more likely to have extrapulmonary 
disease than non-HIV infected. While the overlap 
of TB and HIV infection is still considered low in 
the Australian population, knowing the TB patient’s 
HIV status allows for a best standard of care. In 2006, 
however the HIV status was reported for only 35.2% 
of Australia’s TB cases, similar to the 37% reported 
for the 2005 TB cases. Emerson and Post observed 
that in the seven years, 1999 to 2005, only 21% of 
Australian notified TB cases had reported HIV sta-
tus. They advocate an HIV test be offered, despite 
a low perceived risk for HIV infection, to all people 
with TB, with appropriate pretest discussion.8 In 
the United States of America it took 10 years (1993 
to 2003) to increase the HIV testing of TB patients 
from 35% to 68%.9 It is hoped that those managing 
TB cases in Australia will heed the recommendation 
for HIV testing in a timely manner.

Since 1986, the Australian Mycobacterium 
Reference Laboratory Network (AMRLN) have 
collected data on bacteriologically confirmed TB 
cases, including drug susceptibility testing (DST) 

results, and have published annual reports which 
complement the data in this report. The NNDSS 
and AMRLN datasets will be combined during the 
next 12 months. By combining the demographic 
and clinical information in the NNDSS dataset 
with the DST results provided by the AMRLN 
more detailed analyses will be possible. For exam-
ple, future reports will provide drug resistance 
rates among new and re-treatment cases (rather 
than a single combined resistance rate). Drug 
resistance rates will also be computed for migrants 
and refugees from particular high-incidence 
countries (e.g. Indonesia, Somalia, Sudan), where 
MDR-TB rates are currently unknown. This 
information may assist Australian doctors to rec-
ognise patients at increased risk of drug-resistant 
disease and will be informative for international 
TB control organisations, such as the WHO. Of 
note regarding MDR-TB in Australia, a recent 
publication from NTAC, The NTAC Multi-drug 
Resistant Tuberculosis (MDR-TB) Information 
Paper (October 2007), provides background infor-
mation and advice on avoiding the production 
of MDR-TB, on the detection of MDR-TB, and 
approaches to treatment and management of cases 
and contacts on MDR-TB.10

Increased notifications of TB noted in some juris-
dictions in 2006 were attributed to increased notifi-
cation of TB in overseas-born residents. The failure 
to control TB within neighbouring nation states can 
pose direct public health threats to Australia as exem-
plified in the Treaty Zone between the outer Torres 
Strait Islands of Queensland and the various villages 
of the South Fly District of the Western Province of 
Papua New Guinea. Multi-drug-resistant tubercu-
losis has been detected among Papua New Guinean 
nationals accessing health care in the Torres Strait 
Islands within the treaty zone.11 In 2006, 21 cases of 
TB (4 with MDR-TB) were diagnosed among these 
visitors; a significant contribution to the 129 new 
cases notified in Queensland that year. This has 
increased from the 14 (6 MDR) TB cases in 2005 
and 9 (1 MDR) in 2004, and 2007 data show the 
number continues to increase among these visitors 
(A Konstantinos, personal communication).

Clearly, supporting effective TB control in this 
region would significantly decrease the risk of 
transmission of TB (including MDR-TB) across 
this border. With the high proportion of MDR-TB 
(10 of 35 cases diagnosed in 2005 and 2006), it is 
also important that the public health principles of 
TB management are maintained as failure to do so 
could bring not only MDR-TB but XDR-TB directly 
to Australia’s doorstep. Therefore it is in Australia’s 
interest to have regional and global involvement in 
TB control.
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TUBERCULOSIS IN AUSTRALIA: BACTERIOLOGICALLY 
CONFIRMED CASES AND DRUG RESISTANCE, 2006
A REPORT OF THE AUSTRALIAN MYCOBACTERIUM 
REFERENCE LABORATORY NETWORK
Richard Lumb, Ivan Bastian, Chris Gilpin, Peter Jelfs, Terillee Keehner, Aina Sievers

Abstract

In 2006, the Australian Mycobacterium Reference 
Laboratory Network identified 905 bacterio logically 
confirmed cases of disease caused by members of 
the Mycobacterium tuberculosis complex. The annual 
reporting rate was 4.4 cases per 100,000 popula-
tion. Of the 905 isolates, 903 were Mycobacterium 
tuberculosis and two were Mycobacterium bovis. 
Fourteen children aged under 10 years (male n=5, 
female n=9) had bacteriologically confirmed 
tuberculosis. A total of 100 (11.1%) isolates of 
M. tuberculosis were resistant to at least one first-
line anti-tuberculosis agent. Resistance to at least 
H and R (defined as multi-drug resistant – MDR) 
was detected in 22 (2.4%) M. tuberculosis isolates. 
Of the 22 MDR-TB isolates, 17 were from the res-
piratory tract (sputum n=11 bronchoscopy n=5, 
nasogastric aspirate n=1), three from lymph node, 
one from a sacral mass, and one sterile site fluid. 
Smear-positive specimens from the MDR-TB cases 
were found in sputum (n=6), lymph node (n=2), and 
one each of bronchoscopy and nasogastric aspirate 
specimens. The country of birth was known for all 
100 cases with a drug-resistant isolate; 10 of whom 
were born in Australia. The 90 overseas-born cases 
with drug-resistant disease were from 27 countries. 
Two Australian-born cases had MDR-TB; one had 
worked extensively in the Philippines; the other was 
a contact of a known MDR-TB case. No cases of 
extensively drug-resistant TB (XDR-TB) were identi-
fied in 2006. However, an on-going review of labo-
ratory data identified one case of XDR-TB in 2004. 
Commun Dis Intell 2008;32:12–17.

Keywords: Mycobacterium tuberculosis, 
Mycobacterium bovis, laboratory diagnosis, 
tuberculosis, drug resistance

Introduction

Several events in 2007 have highlighted the impor-
tance of a well resourced, quality assured labora-
tory service to national tuberculosis (TB) control 
program in low– and high-income countries. For 
example, the expanding outbreak in South Africa 
of extensively drug-resistant TB (XDR-TB; defined 
as MDR-TB with additional resistance to a fluoro-

quinolone and a second-line injectable agent) has 
emphasised that culture and susceptibility testing 
facilities are necessary in low-income countries 
where HIV and drug-resistant TB are endemic.1 
The case of a lawyer from the United States of 
America who travelled on several international 
flights whilst diagnosed purportedly with XDR-TB 
but who was subsequently confirmed to ‘only’ have 
multidrug-resistant TB (MDR-TB), has reinforced 
the importance of timely and accurate culture 
and drug susceptibility test (DST) results in high 
income countries.2

Laboratories and laboratory networks are a funda-
mental component of TB control, providing testing 
for diagnosis, surveillance and treatment monitoring 
at every level of the health-care system. New tech-
nologies that provide rapid detection, identification 
and drug susceptibility testing of Mycobacterium 
tuberculosis have contributed to the decline of TB 
disease prevalence.1 Australia has been fortunate 
to have five Mycobacterium reference laboratories 
overseeing and supporting a network of public 
and private pathology laboratories providing high-
quality mycobacteriology diagnostic services.

There are two sources of TB-related data for 
Australia. Since 1991, the National Notifiable 
Diseases Surveillance System (NNDSS) has 
provided statistics on TB notifications reported to 
public health authorities in Australia’s states and 
territories, and includes cases that were identified on 
the basis of clinical and epidemiological information 
or on non-bacteriological laboratory investigations. 
The Australian Tuberculosis Reporting Scheme has 
been conducted by the Australian Mycobacterium 
Reference Laboratory Network (AMRLN) since 
1986. Statistics compiled by the AMRLN relate to 
cases of bacteriologically confirmed tuberculosis. 
This AMRLN report describes the bacteriologically 
confirmed TB diagnoses for the year 2006.

Methods

The data are based on clinical specimens that were 
culture-positive for Mycobacterium tuberculosis 
complex (MTBC). No information on infections 
due to the bacille Calmette-Guérin strain of 
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Mycobacterium bovis is included in the present 
report. Isolates of MTBC were referred to one of 
the five laboratories comprising the AMRLN for 
species identification and drug susceptibility test-
ing. Comparable methodologies are used in the 
reference laboratories. Relapse cases, as defined 
by the National Strategic Plan for TB Control in 
Australia Beyond 2000 prepared by the National 
TB Advisory Committee,3 were included in the 
laboratory data as laboratories are generally unable 
to differentiate relapse cases from new cases. Data 
include temporary visitors to Australia, illegal 
aliens or persons detained in Australia in correc-
tional services facilities, and asylum seekers.

For each new bacteriologically confirmed case, the 
following information was collected where available:

demography: patient identifier, age, sex, HIV • 
status and state of residence;
specimen: type, site of collection, date of collec-• 
tion and microscopy result;
isolate: • Mycobacterium species and results of 
drug susceptibility testing;
nucleic acid amplification testing results; and• 
drug-resistant isolates: patient country of origin, • 
and history of previous TB treatment to deter-
mine whether resistance was initial or acquired.

Data from contributing laboratories were submit-
ted in standard format to the AMRLN coordina-
tor for collation and analysis. Duplicate entries 
(indicated by identical patient identifier and date 
of birth) were deleted prior to analysis. Rates 
were calculated using mid-year estimates of the 
population for 2006 supplied by the Australian 
Bureau of Statistics.4

For each case, the nature of the first clinical speci-
men that yielded an isolate of MTBC was used to 
record the nominal site of disease. Culture-positive 
specimens collected at bronchoscopy or by gastric 
lavage were counted as pulmonary disease. Patients 
with isolates recovered from multiple sites were 
counted as pulmonary disease (the most important 
category for public health purposes) if a sputum, 
gastric aspirate, bronchoscopy, or lung biopsy speci-
men was culture-positive.

Drug resistance among new cases (proxy for 
primary resistance) was defined as the presence 
of resistant isolates of M. tuberculosis in patients, 
who, in response to direct questioning, denied 
having received any prior anti-TB treatment (for 
more than one month) and, in countries where 
adequate documentation is available, for whom 
there is no evidence of such a history. Drug resist-
ance among previously treated cases (proxy for 
acquired resistance) is defined as the presence of 
resistant isolates of M. tuberculosis, in cases who, in 
response to direct questioning, admit having been 
treated for one month or more or, in countries 
where adequate documentation is available, for 
whom there is evidence of such a history.5

Results

There were 905 bacteriologically confirmed cases of 
tuberculosis in 2006, representing an annual rate of 
4.4 per 100,000 population. State-specific reporting 
rates varied from 1.8 (Tasmania) to 12.9 (Northern 
Territory) cases per 100,000 population (Table 1).

Causative organism

Almost all isolates were identified as M. tuber-
culosis (n=903), the remaining isolates being 
Mycobacterium bovis (n=2).

Table 1. Bacteriologically confirmed cases of tuberculosis in Australia, 1996 and 2004 to 2006, 
cases and rate per 100,000 population, by state or territory

State or territory 2006 2005* 2004* 1996*
n Rate n Rate n Rate n Rate

New South Wales† 342 4.8 346 4.9 308 4.4 341 5.3
Northern Territory 27 12.9 24 11.9 21 10.5 23 12.6
Queensland 120 3.0 91 2.3 88 2.3 90 2.7
South Australia 51 3.3 36 2.3 43 2.8 28 1.9
Tasmania 9 1.8 10 2.1 8 1.7 3 0.6
Victoria 263 5.2 261 5.2 262 5.3 214 4.7
Western Australia 93 4.5 42 2.1 57 2.9 51 2.9
Total 905 4.4 810 4.0 787 3.9 750 4.1

* Data from previous reports of the Australian Mycobacterium Reference Laboratory Network.

† Data from the Australian Capital Territory are included with those from New South Wales.



14 CDI Vol 32 No 1 2008

Annual report Tuberculosis in Australia: bacteriologically confirmed cases, 2006

Distribution by gender, age and site of disease

Complete information for gender and age were 
available for 902 (99.7%) of all patients; 392 (43.5%) 
were from females, 511 (56.7%) were from males, 
and gender was unknown for three cases. Fourteen 
children aged under 10 years (male n=5, female 
n=9) had bacteriologically confirmed tuberculosis 
(lymph node n=5, gastric aspirate n=2, sputum 
n=2, bronchoscopy n=1, cerebrospinal fluid n=2, 
biopsy n=2).

The site of disease was dependent upon age and 
gender. The overall male:female ratio was 1.3:1. For 
respiratory isolates, the male:female percentage was 
1.7:1. For TB lymphadenitis, the female:male per-
centage was 1.7:1. For males, there were two distinct 
peak age groups in bacteriologically-confirmed rates: 
a rise to 8.2 cases of TB per 100,000 population in 
the 25–29 year age group and a second peak in eld-
erly males aged more than 75 years (>13.0 cases per 
100,000 population). The age distribution of female 
cases was similar with 7.5 and 9.3 bacteriologically 
confirmed TB cases per 100,000 population in the 
25–29 years and >84 years age groups, respectively. 
The median age group for patients with bacte-
riologically confirmed disease was 30–34 years for 
males and 35–39 years for females.

The predominant culture-positive specimen type 
was sputum (n=438, 48.4%); a further 122 (13.5%) 
were obtained from bronchoscopy, and five were 
from lung biopsies (Table 2). Fifty-nine pleural 
specimens (38 fluid, 21 biopsy/tissue) were culture-
positive. Of these 59 pleural specimens, five biopsy 

specimens and one pleural fluid was smear-positive. 
The most commonly encountered extrapulmo-
nary culture-positive specimen was lymph tissue 
(n=163, 18.0%) followed by pleural (n=59, 6.5%), 
peritoneal (n=14, 1.5%), bone/joint (n=29, 3.2%), 
and genitorurinary tract (n=28, 3.1%). 

Association with HIV

The AMRLN database recorded the HIV status of 
only 110 (12.2%) patients. Four patients were iden-
tified as HIV-seropositive.

Microscopy

Results of microscopy were available for 889 of 905 
(98.2%) specimens. Microscopy was not performed 
on 14 specimens and no results were provided for 
the remaining two specimens. For specimens where 
smear results were available, 241 of 438 (55.8%) 
sputum and 36 of 122 (29.5%) bronchoscopy 
specimens respectively were positive (Table 2). Of 
59 pleural specimens (21 biopsy and 38 fluids) that 
were culture positive for M. tuberculosis, five biopsies 
and one fluid specimen was smear-positive. Lymph 
node specimens were smear-positive in only 43 of 
163 (26.5%) patients.

Drug susceptibility testing

Results of in vitro drug susceptibility testing 
were available for all 905 isolates for isoniazid 
(H), rifampicin (R), ethambutol (E), and for 904 
of 905 isolates for pyrazinamide (Z). A total of 
100 (11.1%) isolates of M. tuberculosis were resist-
ant to at least one of these anti-tuberculosis agents. 
Results of testing for streptomycin (S) were available 
for 308 of 905 (34.0%) isolates with 46 demonstrat-
ing resistance to at least S; 11 had mono-resistance, 
17 were resistant to S and H, 15 MDR-TB strains 
were also S-resistant, and there were three cases 
of S/E resistance. Resistance to at least H and R 
(defined as MDR) was detected in 22 (2.4%) iso-
lates. All of the MDR isolates were M. tuberculosis 
(Table 3). Of the 22 MDR-TB isolates, 17 were from 
the respiratory tract (sputum n=11 bronchoscopy 
n=5, nasogastric aspirate n=1), three from lymph 
node, one from a sacral mass, and one fluid (site 
not stated). Six of the MDR-TB positive sputum 
specimens were smear-positive, one bronchoscopy 
specimen and the nasogastric aspirate, and two 
lymph node specimens.

Five patients with MDR-TB were from the Papua 
New Guinea–Torres Strait Islands (TSI) cross-bor-
der region who access health services in outer TSI 
and are eligible to receive treatment in Australia. 
MDR-TB was also isolated from patients born in 
India (n=6), Australia (n=2), and Indonesia (n=2) 
with a single case each from England, Lebanon, 

Table 2. Site of specimens smear– and 
culture-positive for Mycobacterium tuberculosis 
complex, 2006

n Smear 
positive (%)*

Sputum 438 241 (55.8)
Bronchoscopy 122 36 (29.5)
Lymph node 163 43 (26.5)
Pleural 59 6 (10.2)†

Genito-urinary 28 ND‡

Bone/joint 29 ND‡

Peritoneal 14 ND‡

Skin 3 ND‡

Cerebrospinal fl uid 7 ND‡

* Based on specimens that reported a microscopy result 
and excludes (i) microscopy not performed or (ii) result 
unknown.

† 5/6 smear positive specimens were pleural biopsies.

‡ Percentage of specimens smear positive not calculated due 
to the small number of cases.
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Nigeria, the Philippines, Somalia, Thailand, and 
Uzbekistan. The English-born patient had been 
a health care worker in South Africa. Of the two 
Australian-born cases, one had worked extensively 
in the Philippines, and the other was a cousin to an 
Indian case of MDR-TB.

Mono-resistance to isoniazid (H) was detected in 
53 isolates, three isolates were resistant to ethambu-
tol (E) alone, and one isolate was resistant to pyrazi-
namide (Z) alone. No rifampicin mono-resistance 
was observed. Ninety-two isolates demonstrated 
resistance to H at a concentration of 0.1 mg/L. Of 
these, 66 (71.2.0%) demonstrated resistance to H 
at the higher level of 0.4 mg/L. Among MDR-TB 
strains, 19/22 (86.4%) demonstrated H resistance 
at the higher concentration (0.4 mg/L). Forty of 
100 (40.0%) specimens culture-positive for drug-
resistant strains, including 33 of 68 (48.5%) sputum 
or bronchoscopy specimens, were smear-positive for 
acid fast bacillus. The two M. bovis isolates, which 
are inherently resistant to pyrazinamide, were not 
included in the above results.

New case or previously treated, and country of 
birth

Of the 100 M. tuberculosis isolates resistant to at least 
one of the standard drugs (H,R,E,Z), 80 were from 
new cases, 14 were from previously treated cases, and 
treatment information was not available for four cases. 
The country of birth was known for all cases with a 
drug-resistant isolate; 10 were born in Australia. The 

90 overseas-born cases with drug-resistant disease 
were from 27 countries, 46 (51.1%) were from four 
countries: India (n=16). Vietnam (n=11), China 
(n=10), and the Philippines (n=9).

Discussion

The AMRLN has collected data on bacteriologically 
confirmed cases of TB since 1986. The results for 
each year have been published in peer reviewed 
journals.6–19 Data from 2006 broke new ground 
for: (i) the greatest number of bacteriologically 
confirmed cases of TB/cases per 100,000 population 
(905/4.4%); (ii) the number of isolates with drug 
resistance to at least one anti-tuberculous drug; and 
(iii) the number/percentage of MDR-TB isolates 
(22/2.4%). Since the AMRLN began collecting data 
in 1986, the number of bacteriologically confirmed 
cases per 100,000 population has remained stable at 
between a low of 3.5 (1992) and a previous high of 
4.1 (1996).

Technological advances in laboratory equipment 
such as automated broth-based culture systems 
have certainly reduced the time to culture positivity 
and may have increased the total number of cases.20 
The radiometric broth-based culture system was 
introduced into Australia in the late 1980’s and was 
the mainstay culture system into the early 2000s. 
All AMRLN laboratories are now using a non-
radiometric automated broth culture system for 
primary culture.

Table 3.  Drug resistance patterns in multi-drug-resistant strains, Australia 1995 to 2006

Resistance pattern
(standard drugs)*

2006 2005 2004 2003 2002 2001 2000

H+R only 16 5 7 4 8 8 3
H+R+E 1 3 2 2 1 1 1
H+R+Z 0 1 1 1 1 3 3
H+R+E+Z 5 3 2 0 2 0 1
XDR-TB 0 0 1 0 0 0 0
Total (%) 22 (2.4) 12 (1.5) 12 (1.5) 7 (0.9) 12 (1.7) 12 (1.6) 8 (1.0)

Resistance pattern
(standard drugs)*

1999 1998 1997 1996 1995

H+R only 2 2 6 10 3
H+R+E 1 1 1 1 1
H+R+Z 1 2 5 4 1
H+R+E+Z 0 1 2 0 0
XDR-TB 0 0 0 0 0
Total (%) 4 (0.5) 6 (0.9) 14 (1.9) 15 (2.0) 5 (0.7)

* The streptomycin result was not considered for this table.

† H = isoniazid, R = rifampicin, E = ethambutol, Z = pyrazinamide
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Drug-resistant TB has emerged as a global prob-
lem that threatens TB control programs in many 
countries. In so many ways, Australia has been 
the ‘lucky country’ and the national TB control 
programs have achieved enviable success. None of 
the MDR-TB cases from 2006 have been acquired 
through treatment within Australia, a tribute to the 
continued high quality of Australian TB clinical 
services. The finding of 2.4% MDR-TB isolates is 
the highest recorded since data collection began in 
1986. The significance or otherwise of the 2006 data 
will depend upon future findings but they must not 
be ignored.

The spectre of MDR-TB makes pre– and post-
arrival screening of overseas-born persons even more 
critical. In particular, health care workers (HCWs) 
require monitoring; as emphasised by the detection 
in 2006 of MDR-TB in an English-born HCW who 
had worked previously in South Africa and similar 
instances of MDR-TB in overseas-born HCWs in 
previous reports. Australia also has a role to assist 
national TB control program and TB laboratory 
networks in our region.

The 2005 report discussed the global emergence 
of extensively drug-resistant TB (XDR-TB) and 
reported that a review of AMRLN data found no cases 
of XDR-TB.19 Subsequently, an on-going review of 
Australian laboratory records found that one con-
firmed XDR-TB case in an overseas-born person 
had been identified in 2004 (personal communica-
tion, Dr M Hurwitz, Director, Thoracic Unit, The 
Canberra Hospital). The retrospective diagnosis of 
XDR-TB has been confounded in Australia and other 
countries by a change in the definition of XDR-TB 
in 2006,21 by changes in laboratory technologies, and 
by revisions to the critical breakpoints for defining 
resistance to individual drugs. Retrospective and pro-
spective surveillance of laboratory data will continue 
in the Australian setting.

The National TB Advisory Committee and 
the AMRLN have produced complementary 
publications for over 15 years focusing on the 
epidemiological and clinical information from 
the NNDSS database, and on DST results from 
bacteriologically-confirmed cases in the AMRLN 
dataset, respectively. This article will be the last 
standalone MRLN publication because the two TB 
databases will be combined before the end of 2008 
so that more detailed analyses can be performed. 
For example, Australia will finally be able to report 
separate ‘primary’ and ‘acquired’ drug resistance 
rates when the clinical information in the NNDSS 
database, which identifies ‘new’ and ‘re-treatment’ 
cases, is combined with the DST results in the 

AMRLN database. Furthermore, combining the two 
Australian TB databases will allow drug resistance 
rates to be calculated by the country of origin for 
overseas-born patients. These analyses may identify 
particular migrant groups at increased risk of drug-
resistant disease. Australian doctors might consider 
adding additional agents to the initial treatment 
regimens of these patients until individual DST 
results become available. These calculations will 
also provide WHO and national TB programs with 
surrogate estimates of the drug resistance rates for 
some countries where quality assured drug suscep-
tibility testing facilities are not widely available (e.g. 
Indonesia, Vietnam, Somalia, Sudan, Papua New 
Guinea).
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INVASIVE PNEUMOCOCCAL DISEASE IN AUSTRALIA, 
2006
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Disease Surveillance Working Group and with laboratory data supplied by Mitchell Brown, Lyn Gilbert, Geoff Hogg, 
Denise Murphy, for the Pneumococcal Working Party of the Communicable Diseases Network Australia

Abstract

Enhanced surveillance for invasive pneumococcal 
disease (IPD) was carried out in all Australian 
states and territories in 2006 with comprehen-
sive comparative data available since 2002. 
There were 1,445 cases of IPD notified to the 
National Notifiable Diseases Surveillance System 
in Australia in 2006; a notification rate of 7 cases 
per 100,000 population. The rates varied between 
states and territories and by geographical region 
with the highest rates in the Northern Territory, 
the jurisdiction with the largest proportion of 
Indigenous people. Invasive pneumococcal dis-
ease was reported most frequently in those aged 
85 years or over (30.8 cases per 100,000 popu-
lation) and in children aged one year (26.5 cases 
per 100,000 population). There were 130 deaths 
attributed to IPD resulting in an overall case 
fatality rate of 9%. The overall rate of IPD in 
Indigenous Australians was 4.3 times the rate 
in non-Indigenous Australians. The rate of IPD 
in the under two years population continued to 
fall in 2006, but the rate in Indigenous children 
(73 cases per 100,000 population) was sig-
nificantly greater than in non-Indigenous children 
(21 cases per 100,000 population). The rates 
of disease caused by serotypes in the 7-valent 
pneumococcal conjugate vaccine (7vPCV) 
decreased between 2002 and 2006 by 78% 
in children aged under two years as a result of 
the introduction of a universal childhood 7vPCV 
immunisation program. Significant decreases in 
IPD caused by 7vPCV serotypes also occurred 
in the 2–14 years and 65 years or over age 
groups. Rates of disease caused by non-7vPCV 
in the same periods were little changed. Serotypes 
were identified in 94% of all notified cases, with 
43% of disease caused by serotypes in the 7vPCV 
and 85% caused by serotypes in the 23-valent 
polysaccharide pneumococcal vaccine (23vPPV). 
The number of invasive pneumococcal isolates 
with reduced penicillin susceptibility remains 
low and reduced susceptibility to third genera-
tion cephalosporins is rare. Commun Dis Intell 
2008;32:18–30.

Keywords: disease surveillance, pneumococcal 
disease, Streptococcus pneumoniae, 
vaccination

Introduction

Since 2001 Australia has had a comprehensive 
surveillance system collecting data on all cases of 
invasive pneumococcal disease (IPD) in children 
aged less than five years and on most cases in 
adults. Surveillance data collected includes data on 
vaccination status, risk factors and clinical presenta-
tion of the patient and the serotype and antibiotic 
susceptibility of the pneumococcal isolate.

Surveillance has documented the impact of 
the 7-valent pneumococcal conjugate vaccine 
(7vPCV) immunisation programs for Indigenous 
children from July 2001 and the universal 7vPCV 
childhood immunisation program and 23-valent 
pneumococcal polysaccharide vaccine (23vPPV) 
immunisation program for adults aged 65 years or 
over, from January 2005 (Table 1).

In 2007, evidence began to emerge in a defined 
geographic area, of an increase in incidence of 
IPD in Alaskan Native children with high levels 
of 7vPCV vaccination caused by non-7vPCV 
serotypes.1 An increase in disease caused by the 
non-7vPCV serotype, 19A, with a significant 
proportion resistant to multiple antibiotics, has 
been reported among children in Massachusetts.2 
Maintaining post-immunisation surveillance in 
Australia is essential to detect such changes in the 
epidemiology of IPD and to direct further reduc-
tion strategies.

Methods and materials

Case definition

A case of IPD was defined as the isolation from or 
the detection by nucleic acid test (NAT) in blood, 
cerebrospinal fluid (CSF) or other sterile site of 
Streptococcus pneumoniae.

Data collection

Invasive pneumococcal disease has been a notifiable 
disease in some Australian states and territories for 
several years. In 2001, IPD was made notifiable in all 
states and territories and data are forwarded to the 
National Notifiable Diseases Surveillance System 



CDI Vol 32 No 1 2008 19

Invasive pneumococcal disease in Australia, 2006 Annual report

(NNDSS). Since this required changes to state 
and territory public health legislation, the data in 
2001 were incomplete in some states and territories, 
but were complete for all jurisdictions from 2002. 
NNDSS data in 2006 comprised core data, which 
is a set of data collected on all cases of all notifiable 
diseases, as well as ‘enhanced’ data specific for IPD. 
Data are continuously cleaned and updated and 
totals may vary from previous years.

Clinical presentation

Clinical presentations were coded as pneumo-
nia, meningitis, bacteraemia, other or unknown. 
Pneumonia was defined as blood culture or NAT 
positive for S. pneumoniae with clinical and/or radio-
logical signs of pneumonia. Meningitis was defined 
as the detection of S. pneumoniae in the CSF and/or 

blood with supportive clinical findings. Bacteraemia 
was defined as the detection of S. pneumoniae in 
blood with no localising signs. ‘Other’ presentations 
included detection of S. pneumoniae in pleural, 
peritoneal or joint fluid. More than one clinical 
presentation could be recorded for each case.

Risk factors

The national surveillance working party defined 
risk factor categories for IPD. They include prema-
turity, (less than 37 weeks gestation), congenital or 
chromosomal abnormality, anatomical or functional 
asplenia, being immunocompromised, chronic ill-
ness, childcare attendee, previous episode of IPD 
and other (e.g. a smoker). Other risk factors defined 
by jurisdictions were also collected. More than one 
risk factor could be recorded for each case.

Table 1. Recommendations and funding initiatives for pneumococcal vaccination in Australia

Vaccine 23-valent polysaccharide vaccine 7-valent conjugate vaccine
Pneumococcal 
serotypes

1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 
17F, 18C, 19A, 19F, 20, 22F, 23F, 33F

4, 6B, 9V, 14, 18C, 19F, 23F

Target 
populations

All individuals aged 65 years or over to receive a single 
dose of vaccine with a booster fi ve years later*
Aboriginal and Torres Strait Islander people aged 50 years 
or over to receive a single dose of vaccine with a booster 
fi ve years later†

Aboriginal and Torres Strait Islander people aged between 
15 and 49 years at high risk to receive a single dose of 
vaccine and appropriate booster(s)‡

Children who have underlying chronic illnesses 
predisposing to invasive pneumococcal disease (including 
asplenia and immunocompromised)§

Immunocompetent individuals with chronic illness including 
chronic cardiac, renal or pulmonary disease, diabetes and 
alcohol-related problems
Individuals with cerebrospinal fl uid leaks||

Tobacco smokers¶

As a booster dose at 18 to 24 months of age following a 
primary course of 7vPCV in Aboriginal and Torres Strait 
Islander children in regions of high incidence**
As a booster dose at 4 to 5 years of age following a 
primary course of 7vPCV in children at risk because of 
predisposing medical conditions**

Children at 2, 4 and 6 months of age.††

Children born between 1 January 2003 
and 31 December 2004.‡‡

Additional booster dose for children in 
specifi c high-risk groups.**

* Funded in Victoria from 1998, Funded nationally from 2005.

† Targeted funded programs in north Western Australia, Far North Queensland and the Northern Territory from 1995, Funded 
nationally from 1999.

‡ Funded nationally from 1999. Funded for all children aged 15 years or over in the Northern Territory from 1999.

§ Targeted funded programs for high risk aged over two years in north Western Australia and the Northern Territory from 1986. 
Recommended nationally for children aged over two years (pre-July 2001) and children aged over fi ve years from July 2001.

|| Recommended nationally for children aged over two years (pre-July 2001) and children aged over fi ve years from July 2001.

¶ Recommended nationally from 2003.

** Funded nationally from July 2001.

†† Funded nationally for Indigenous children from July 2001 and all children from 2005.

‡‡ Funded nationally as a catch-up program in 2005.
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Antibiotic resistance

Antibiotic susceptibility results are reported from 
the patient’s treating institutions and classified as 
sensitive, intermediate resistance or resistant. In 
some cases the results are from referral laboratories. 
Reduced susceptibility includes intermediate and 
fully resistant results.

Vaccination

The definitions of vaccination status, vaccination 
confirmation and vaccine failure used in this report 
are described in Table 2. Vaccine coverage data 
(7vPCV) were provided by the Australian Childhood 
Immunisation Register (ACIR). The ACIR records 
details of vaccinations given to children under the 
age of seven years who live in Australia.

Populations under surveillance

There were different populations under enhanced 
surveillance in jurisdictions in 2006 (Table 3).

Data were analysed by date of diagnosis, which was 
the earliest of the dates recorded in NNDSS (date of 
onset, specimen date, notification date or notifica-
tion received date).

Data analysis

The notification rates presented in this report were 
calculated using population data from the Australian 
Bureau of Statistics (ABS). The Estimated Resident 
Population (ABS 3201.0) in each state and territory 
and in Australia as a whole, as at 30 June 2006, 
was used as the denominator in rate calculations. 
Estimates of the Indigenous Australian population 
were based on projections from the 2001 census. 

Table 2. Definitions of vaccination status and vaccine failure used in this report

Category Defi nition
Fully vaccinated
– aged < 15 years

Those that have completed the primary course of the relevant vaccine(s) required for their age, 
indigenous status, geographical location and/or other risk factor(s) according to the most recent 
edition of the Australian Immunisation Handbook, at least two weeks prior to disease onset with at 
least 28 days between doses of vaccine.
This includes the following;

a child that received a vaccine as ‘catch up’ and therefore does not require a full three dose • 
primary schedule. Providing they have had the number of doses required for the age they were 
at fi rst dose they should be considered fully vaccinated.
a child <15 years who received at least one 23vPPV vaccine at aged over fi ve years and they • 
are not yet due a subsequent dose of 23vPPV.

NB: A young child who has had all the required doses for their age but is not old enough to have 
completed the primary course would not be assessed as fully vaccinated.

Fully vaccinated
– aged ≥ 15 years

Those that have had the number of doses of 23vPPV required for their age, indigenous status, geographical 
location and/or other risk factor(s) according to the most recent edition of the Australian Immunisation 
Handbook, at least two weeks prior to disease onset with at least 28 days between doses of vaccine.
NB: This is calculated on the age they were when they had their fi rst dose of 23vPPV aged at least 
≥ 15 years.

Partially vaccinated
– aged < 15 years

Those that have received at least one dose, but not all the recommended doses of the relevant 
vaccine(s) required for their age, indigenous status, geographical location and/or other risk factor(s) 
according to the most recent edition of the Australian Immunisation Handbook, at least two weeks 
prior to disease onset with at least 28 days between doses of vaccine.
This includes the following;

a child who is too young to have completed their primary course;• 
a child that is overdue (>8 weeks) for a subsequent dose of their primary course; • 
a child that is overdue for a booster dose of the relevant vaccine. • 

Partially vaccinated
– aged ≥ 15 years

Those that have been vaccinated with at least one dose of 23vPPV but the time frame for a 
subsequent dose is outside the recommended schedule according to the Australian Immunisation 
Handbook.

Not vaccinated
 – all ages 

Those that have never received a pneumococcal vaccine.

Vaccination 
validation

Written confi rmation of vaccination through the Australian Childhood Immunisation Register, state or 
territory immunisation register or health record.

Vaccine failure A fully vaccinated person (as defi ned above) with disease due to a serotype found in the 
corresponding vaccine
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The ABS calculated projections based on assump-
tions about future births, deaths and migrations in 
the Indigenous population and a ‘low’ and ‘high’ 
estimate were reported. The ‘low’ estimate has been 
used in this report, consistent with the reporting of 
other national communicable diseases.

The significance of differences in rates and propor-
tions was calculated using the Chi-square test with 
Yates correction.

Results

There were 1,445 notifications of IPD to NNDSS 
in 2006; a 14% decrease on the number of notifi-
cations in 2005 with declines in all jurisdictions of 
between 7.2% in Victoria and 37% in the Australian 

Capital Territory. The number of notifications 
and notification rate per 100,000 population are 
shown in Table 4. The Northern Territory contin-
ued to have the highest notification rate (27.1 per 
100,000 population) while Victoria had the lowest 
(5.4 per 100,000).

When notification rates of IPD were examined by 
geographical distribution, variation within states 
and territories was apparent (Map).

The number of notifications of IPD was greater in 
winter months with the peak number of notifica-
tions in August (210 notifications). The effect of 
season was more evident in the distribution of cases 
aged five years or more compared with younger 
children (Figure 1).

Table 3. Enhanced invasive pneumococcal disease surveillance data collection by states and 
territories in 2006

Age group Jurisdictions
Under 5 years Australian Capital Territory, New South Wales, Queensland (South Brisbane Public Health Unit only), 
Over 50 years New South Wales
All ages Northern Territory, Queensland (except South Brisbane Public Health Unit), Tasmania, South Australia, 

Victoria, Western Australia

Table 4. Notifications, rates and demographics of invasive pneumococcal disease cases 
Australia, 2006, by state or territory

State or territory
ACT NSW* NT Qld SA Tas Vic WA Australia

Notifi cations 19 566 56 253 104 41 276 130 1,445
Rate per 100,000 5.8 8.3 27.1 6.2 6.7 8.4 5.4 6.3 7.0
Male:female ratio 1.7:1 1.3:1 1.7:1 1.4:1 1.1:1 1.3:1 1.3:1 1.1:1 1.3:1
Notifi cations aged < 5 years
Total 8 62 11 46 15 5 31 18 196
Indigenous 0 3 10 5 1 0 0 7 26
Non-Indigenous 4 58 1 35 14 5 30 11 158
Unknown 4 1 0 6 0 0 1 0 12
Notifi cations aged 5 to 64 years
Total 8 286 37 138 50 25 128 82 754
Indigenous 0 1* 33 22 3 0 3 46 108
Non-Indigenous 1 131* 4 106 47 24 117 36 466
Unknown 7 154* 0 10 0 1 8 0 180
Notifi cations ≥ 65 years
Total 3 218 8 69 39 11 117 30 495
Indigenous 0 1 4 1 0 0 1 0 7
Non-Indigenous 1 215 4 59 39 11 108 30 467
Unknown 2 2 0 9 0 0 8 0 21

* Under the NSW Public Health Act 1991, all diagnoses of invasive pneumococcal infection are notifi able by laboratories. 
Aboriginality is not typically provided by laboratories at the time of notifi cation. New South Wales Public Health staff undertake 
enhanced surveillance on cases aged less than fi ve years and 50 years or over. Aboriginality for cases aged 5 to 49 years is 
likely to be incomplete and valid inferences cannot be made from this data.
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The highest rates of IPD disease in 2006 were 
among the elderly aged 85 years or over (30.8 cases 
per 100,000 population) and in children aged one 
year (26.5 cases per 100,000 population, Figure 2). 
In all age groups there were more male than female 
cases (overall male to female ratio 1.3:1).

There were continued declines in notification rates 
between 2005 and 2006, in the under five year age 
group (from 24 to 15 per 100,000) and in children 

aged one year (from 36.5 to 26.5 per 100,000) reflect-
ing the impact of the introduction of the universal 
7vPCV immunisation program in 2005.

In 2006, the proportion of children aged 12 months 
immunised with three doses of 7vPCV was 84.6% in 
Indigenous children and 91.2% in non-Indigenous 
children. The proportion of children who are 
fully vaccinated against pneumococcal disease has 
increased steadily since 2001 (Figure 3).

Map. Notification rates of invasive pneumococcal disease, Australia, 2006, by Statistical 
Division of residence

Figure 1. Notifications of invasive 
pneumococcal disease, Australia, 2006, by 
month of report and age group
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Figure 2. Notification rates of invasive 
pneumococcal disease, Australia, 2006, by age 
group and sex
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An examination of trends in rates of IPD in different 
age groups from 2002 to 2006 is shown in Figure 4. 
The rates in children aged under two years declined 
by 75% (p<0.0001) and in adults aged 65 years or 
over by 30% (p<0.0001) over the five-year period. 
Rates of IPD in other age groups not specifically 
targeted for pneumococcal immunisation also 
declined – there was a 65% (p<0.0001) reduction in 
the 2–14 year age group; a 30% (p<0.0001) decline 
in the 15–49 year age group and a 20% decline 
(p<0.01) in the 50–64 year age group.

Rates in Indigenous people

In 2006, Indigenous status was reported in 
1,232 (85%) notifications. New South Wales and 
the Australian Capital Territory continue to have 
the highest proportion of incomplete reporting. 
There were 141 cases of IPD among Indigenous 
people (9.7% of all cases). This represents a 
rate of 28 cases per 100,000 in the Indigenous 
population—a rate 4.3 times that seen in the non-
Indigenous population (6.5 per 100,000).

Rates in children

Rates in Indigenous children aged less than 
2 years fell from 94 per 100,000 in 2005 (23 cases) 
to 73 cases per 100,000 population (18 cases) in 
2006. In non-Indigenous children in the same age 
group rates fell from 28.7 cases per 100,000 popu-
lation in 2005 (138 cases) to 21 cases per 100,000 
population(107 cases) in 2006 (Figure 5).

Figure 6 shows the annual rates in single year age 
groups in children aged two years or under. In 2006, 
the rates of IPD in Indigenous children aged less 
than one year (0 to 11 months) fell from 97.6 in 2005 
to 48.1 per 100,000 (from 12 to 6 cases). In 2006, 
the number of notifications and rate in Indigenous 
one year olds (12 cases, 98 per 100,000) and two 
year olds (5 cases, 41.5 per 100,000) were similar to 
those in 2005 (11 cases, 91.1 per 100,000 and 6 cases, 
54 per 100,000 respectively). None of these declines 
in rates reached statistical significance.

In non-Indigenous children, rates fell in all three 
age groups: in those aged less than one year from 
23.3 to 19.4 cases per 100,000 population; (57 to 
51 cases); in the one year age group from 33.7 to 
21.9 per 100,000; (81 to 56 cases) and in the two year 
age group from 27.5 to 9.1 cases per 100,000 (popu-
lation 61 to 25 cases, Figure 6). All these declines in 
rates were highly statistically significant.

Figure 3. The proportion of children aged 
12 months fully vaccinated with 7vPCV,* 
Australia, 2001 to 2006, by indigenous status
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Figure 4. Notification rate of pneumococcal 
disease, Australia, 2002 to 2006, by age group
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Figure 5. Notification rates of invasive 
pneumococcal disease in Indigenous and 
non-Indigenous children aged less than two 
years, Australia, 2002 to 2006
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Clinical presentations of invasive pneumococcal 
disease

Clinical presentation was reported on 1,172 (81%) 
cases. More than one clinical presentation could be 
reported. Seven hundred and fifty-one (64%) were 
pneumonia, 307 (26%) were bacteraemia, 101 (8.6%) 
were meningitis and 33 were other sterile site pres-
entations (3%). Trends in clinical presentations of 
IPD in Indigenous and non-Indigenous children 
aged less than two years are shown in Figure 7. The 
relative proportions of pneumonia, bacteraemia and 
meningitis were similar in both groups in 2006.

Deaths in invasive pneumococcal disease cases

There were 130 deaths recorded among IPD cases in 
Australia in 2006, a case fatality rate of 9% (Table 5). 
While the overall number of deaths increased by 
only two over the total in 2005, the case fatality rates 
were higher in all categories because of the lower 

number of cases. The case fatality rate in those aged 
65 years or over (17.4%) was significantly higher 
than in children aged less than five years (3.1%, 
p<0.0001).

A case fatality rate for Indigenous and non-Indige-
nous cases was not calculated because of concerns 
about the completeness of indigenous status report-
ing particularly in the 5–64 year age group in New 
South Wales and the Australian Capital Territory.

Deaths are likely to be under reported as enhanced 
data are not collected in some jurisdictions for age 
groups between 5 and 50 years or 5 and 64 years. 
Further details of the six children aged less than 
five years whose deaths were associated with IPD 
are shown in Table 6. The four unvaccinated chil-
dren all had 7vPCV serotype disease, while the two 
children fully vaccinated for age had non-7vPCV 
serotype disease.

Figure 6. Rates of invasive pneumococcal 
disease in children aged two years and under, 
Australia, 2002 to 2006, by indigenous status 
and single year age group
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Figure 7. Changes in clinical presentation 
of invasive pneumococcal disease in cases 
aged less than two years, 2002 to 2006, by 
indigenous status
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Table 5. Deaths and case fatality rates for invasive pneumococcal disease, Australia, 2006, by 
age, indigenous status and state or territory

State or territory Australia
ACT* NSW* NT Qld SA Tas Vic WA

Cases 19 566 56 253 104 41 276 130 1,445
Deaths 2 66 5 10 3 3 29 12 130
Deaths in under 5 years 0 3 0 0 0 0 1 2 6
Case fatality rate under 5 years 0.0 4.8 0.0 0.0 0.0 0.0 3.2 11.1 3.1
Deaths in ≥65 years 1 53 1 5 3 1 17 5 86
Case fatality rate ≥65 years 33.3 24.3 12.5 7.2 7.7 9.1 14.5 16.7 17.4
Deaths in Indigenous people 0 1 5 4 0 0 0 3 13
Deaths in non-Indigenous people 2 65 0 6 3 3 29 9 117

* Limited indigenous identity data on cases aged between 5 and 64 years in Australian Capital Territory and New South Wales.
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Risk factors for invasive pneumococcal disease

Recognised risk factors were recorded in 47 (24%) 
of 196 cases aged less than five years. Ten (38%) 
Indigenous children aged less than five years with 
IPD had risk factors, compared with 37 non-Indig-
enous children (23%, p=ns, Table 7). Attending 
childcare was identified as an IPD risk factor in a 
higher proportion of non-Indigenous children than 
Indigenous children (p<0.05), while other risk fac-
tors such as exposure to smoke were more common 
in Indigenous children (p<0.001).

Pneumococcal serotypes causing disease in 
Australia

Pneumococcal serotypes were identified for isolates 
from 1,361 (94%) of all notified cases in 2006. Of 
these, 587 (43.1%) were serotypes in the 7vPCV 
and 1,154 (84.8%) were serotypes in the 23vPPV 
(Table 8).

The proportion of 7vPCV serotypes in cases of IPD 
in the Northern Territory (14.8%) and Western 
Australia (39%) were significantly lower than the 
proportion of the national total (43.1%). The propor-
tion of 23vPPV serotypes in the Northern Territory 
(64.8%) was also significantly lower than the pro-
portion in the national total (84.8%, Table 8).

An examination of the rates of IPD disease caused 
by 7vPCV serotypes in Indigenous children aged 
less than two years showed a decline in rates (from 
54.2 to 12 per 100,000) between 2002 and 2006. In 
non-Indigenous children, rates of 7vPCV serotype 
disease, which fell from 73.4 per 100,000 to 15 cases 
per 100,000 population between 2004 and 2005, 
continued to decline in 2006 to 6.7 per 100,000. 
Rates of disease caused by non-7vPCV serotypes 
in the same periods were little changed for both 
Indigenous and non-Indigenous children—62.6 to 
59.8 (2002–2006) and 17.6 to 13.5 (2004–2006 
respectively, Figure 8).

Table 6. Characteristics of childhood deaths from invasive pneumococcal disease, Australia, 
2006

Patient Sex Age 
(mos)

Indigenous 
status

Serotype Vaccination 
status

Vaccine Risk factors

Deaths preventable by 7vPCV
1 Male 1.5 Unknown 19F Unvaccinated Nil Unknown
2 Male 21.6 Indigenous 14 Unvaccinated Nil Unknown
3 Female 46.0 Non-Indigenous 18C Unvaccinated Nil Unknown
4 Male 53.2 Non-Indigenous 4 Unvaccinated Nil No risk factors
Deaths not preventable by 7vPCV
5 Female 6.6 Non-Indigenous 7F Fully for age 7vPCV Unknown
6 Male 13.8 Indigenous 33F Fully for age 7vPCV Premature chronic illness

Table 7. Risk factors* for invasive pneumococcal disease in children aged less than five years 
with invasive pneumococcal disease, Australia, 2006, by indigenous status

Risk factor Indigenous
n=26

Non-Indigenous
n=158

Signifi cance of difference

Premature birth 2 7 ns
Congenital abnormality 0 6 ns
Asplenia 0 0
Immunocompromised 1 4 ns
Chronic illness 1 3 ns
Child-care attendee 0 12 ns
Previous episode of IPD 1 4 ns
Other† 7 4 p<0.0001
No risk factors 16 121

* Child could have more than one risk factor.

† Other risk factors include exposure to smoke.
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The total population rates of IPD caused by 7-valent 
vaccine serotypes fell 89.6% between 2002 and 2006 
in the under two years age group (66.2 to 6.9 per 
100,000), 82% in the 2–14 years age group (7.5 to 
2.1 per 100,000) and 46% in the 65 years or over age 
group (13.7 to 7.5 per 100,000). All these declines 
were statistically significant. There were smaller 
declines in the rates in the 15–49 years (32%, 2.2 to 
1.5 per 100,000) and 50–64 years age group (36%, 
5.1 to 3.3 per 100,000, Figure 9).

A recent study of Alaskan Native children who 
received 7vPCV from 2000 has identified the emer-
gence of replacement pneumococcal disease caused 
by non-7vPCV strains, in particular serotypes 7F 
and 19A.1 Figure 10 shows trends in the rates of 
IPD in Indigenous and non-Indigenous children 
caused by serotypes 6A, 7F and 19A between 2002 
and 2006.

Serotype 7F disease remains infrequent in non-
Indigenous children (less than 5 cases in all years) 
and in Indigenous children (2 cases in all years 
except 2004, Figure 10). Rates of disease caused 
by serotype 19A increased in Indigenous children 
from 1.7 per 100,000 (1 case) in 2002, to 11.9 per 
100,000 (7 cases) in 2004, and declined to four cases 
in both 2005 and in 2006 (6.6 per 100,000). Disease 
caused by serotype 19A increased minimally in non-
Indigenous children from 2 per 100,000 (24 cases) in 
2002 to 3.2 per 100,000 (39 cases) in 2006 (p=0.07). 
Serotype 6A has become the most common non-
vaccine serotype in Indigenous children in 2006 
(8.3 per 100,000, 5 cases) and the second most com-
mon in non-Indigenous children (0.9 per 100,000, 
11 cases).

Rates of IPD caused by 23vPPV serotypes in Indig-
enous adults aged 50 years or over due to 23vPPV 
serotypes increased slightly between 2002 and 2006 
from 9 to 16 cases (18.5 to 28.8 per 100,00). At the 

Table 8. Number and proportion* of pneumococcal serotypes in cases of invasive 
pneumococcal disease covered by the 7-valent and 23-valent pneumococcal vaccines, Australia, 
2006, by state or territory

State or territory
ACT NSW NT Qld SA Tas Vic WA Total

7v serotypes 8 242 8§ 109 43 16 113 48‡ 587
% 42.1 46.9 14.8 45.0 43.9 40.0 41.9 39.3 43.1
23V serotypes 14 446 35§ 206 82 34 235 102 1,154
% 73.7 86.4 64.8 85.1 83.7 85.0 87.0 83.6 84.8
Total serotyped 19 516 54 242 98 40 270 122 1,361

* As a proportion of serotyped isolates, including untypable isolates (2 in New South Wales, 3 in Victoria, 1 in Queensland and 
1 in the Northern Territory).

Signifi cantly lower proportion of 7vPCV and 23vPPV serotypes compared with national total (‡ p<0.05, § p<0.0001).

Figure 8. Notification rates of 7-valent 
and non-7-valent serotypes causing cases of 
invasive pneumococcal disease in children 
aged less than two years, 2002 to 2006, by 
indigenous status
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Figure 9. Rates of invasive pneumococcal 
disease caused by 7-valent pneumococcal 
vaccine serotypes, 2002 to 2006, by age group
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same time rates of disease caused by non-23vPPV 
serotypes increased from 4 to 18 per 100,000 (from 
2 to 10 cases).

In non-Indigenous adults aged 65 years or over 
rates of IPD caused by 23vPPV serotypes decreased 
slightly between 2005 and 2006 (from 15.5 to 14 per 
100,000) and rates of non-23PPV serotype disease 
remained low (1.7 per 100,000 in 2005 and 2.8 per 
100,000 in 2006, Figure 11).

Antibiotic resistance in invasive pneumococcal 
disease

The penicillin susceptibility was tested in 1,351 iso-
lates and ceftriaxone/cefotaxime susceptibility was 
tested in 1,046 isolates (Table 9).

A total of 143 (10.6%) isolates had reduced sus-
ceptibility to penicillin, which was lower than the 
number and proportion of isolates with reduced 

penicillin susceptibility in 2005 (176 isolates, 
12%). Thirty isolates (2.9%) had reduced suscep-
tibility to ceftriaxone/cefotaxime in 2006, which 
was also lower than the number and proportion of 
isolates with reduced susceptibility to ceftriaxone/
cefotaxime reported in 2005 (44 isolates, 3.8%).

Of the 143 isolates with reduced susceptibility 
to penicillin, 138 were serotyped. Ninety-three 
(67.4%) isolates with reduced penicillin suscepti-
bility were serotypes in the 7vPCV and 132 (95.7%) 
were serotypes in the 23vPPV. Of the penicillin 
insensitive isolates: 36 were serotype 19A; 31 were 
serotype 9V; and 26 were serotype 19F, account-
ing for 67.4% of isolates with reduced penicillin 
susceptibility and with known serotypes.

Figure 10. Rates of invasive pneumococcal 
disease due to serotypes 19A, 6A and 7F in 
Indigenous and non-Indigenous children 
aged less than five years, 2002 to 2006
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Figure 11. Notification rates of 23-valent 
and non-23-valent serotypes causing cases of 
invasive pneumococcal disease in Indigenous 
adults (aged more than 50 years) and non-
Indigenous adults (aged 65 years or over), 
2002 to 2006
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Table 9. Streptococcus pneumoniae susceptibility to penicillin and ceftriaxone/cefotaxime, 
Australia, 2006, by state or territory

State or territory
Antibiotic Description ACT NSW NT Qld SA Tas Vic WA Australia
Penicillin Resistant 0 15 1 12 1 0 3 0 32

Intermediate 1 29 4 26 14 0 21 16 111
Sensitive 17 450 50 220 86 40 237 108 1,208
Total tested 18 494 55 258 101 40 261 124 1,351
% reduced susceptibility 5.6 8.9 9.1 14.7 14.9 0.0 9.2 12.9 10.6

Ceftriaxone Resistant 0 6 0 2 0 0 1 0 9
Intermediate 0 11 1 3 2 0 4 0 21
Sensitive 18 348 43 231 40 39 172 125 1,016
Total tested 18 365 44 236 42 39 177 125 1,046
% reduced susceptibility 0.0 4.7 2.3 2.1 4.8 0.0 2.8 0.0 2.9
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Of the 30 isolates with reduced susceptibility to 
ceftriaxone/cefotaxime in 2006, 27 were serotyped. 
Twenty-five (92.6%) were serotypes in the 7vPCV and 
26 (96.3%) were serotypes in the 23vPPV. There were 
13 serotype 19F and 7 9V serotypes which together 
accounted for 74% of the ceftriaxone/cefotaxime 
insensitive isolates where serotype was known.

Vaccination status

Vaccination data were available for 94% of children 
with IPD aged less than five years and 82% of 
those aged 65 years or over. Seventy-two per cent 
of children aged less than five years with a known 
vaccine history were recorded as having received at 
least one dose of 7vPCV with 32 developing 7vPCV 
serotype disease. The 17 vaccine failures (based on 
those children who had received all the required 
doses of 7vPCV according to their age at 1st dose) 
were aged between 10 and 17 months with 19F 
being the most common serotype (9 cases), four 
cases due to 6B, two due to 18C and one case due to 
serotypes 23F and 4. Only one of these children was 
Indigenous. Three cases had risk factors for IPD 
disease recorded. There were no deaths among the 
7vPCV vaccine failures.

Of the 403 IPD cases reported in adults aged 
65 years or over with available vaccine history, 
210 had received at least one vaccine. A total of 
131 cases developed disease due to a 23vPPV 
serotype following vaccination within the recom-
mended time frame. Of the 754 cases in persons 
aged between 5 and 64 years, 396 (53%) had vac-
cine data available. The majority (314) of these 
were reported as not vaccinated. A total of 42 cases 
of 23vPPV serotype disease occurred in persons 
aged 5–64 years who were fully vaccinated with 
23vPPV. A large proportion of vaccine failures 
in cases of IPD aged more than five years were 
associated with one or more identified risk factors 
(Figure 12).

Discussion

In 2006, rates of IPD due to 7vPCV serotypes con-
tinued to fall in all age groups, particularly in those 
targeted for immunisation. Non-vaccine serotype 
disease has remained unchanged, specifically in 
those aged less than two years. Overall rates of 
IPD with reduced antimicrobial susceptibility have 
remained low and stable.

Considerations for optimal immunisation schedules 
for IPD in Australia are ongoing under the auspices 
of the Australian Technical Advisory Group on 
Immunisation (ATAGI). ATAGI will examine the 
optimal 7vPCV schedule for high-risk Indigenous 
children; examine evidence for various 7vPCV 
schedules in the first two years of life; review the 

direct and indirect effects of the 7vPCV immunisa-
tion program; review data on the immunologic 
responses to a primary 7vPCV schedule followed by 
a 23vPPV boost in infants; and estimate the impact 
of the 7vPCV with a 23vPPV booster schedule on 
IPD in eligible Indigenous children. ATAGI’s rec-
ommendations on the use of 23vPPV in this group 
are expected to be made early in 2008.

Serotypes associated with disease in populations 
with high levels of 7vPCV immunisation coverage 
attracted a lot of attention in 2006/07. In Alaskan 
Native children, rates of IPD fell between 1995 
and 1998 after the introduction of the 7vPCV. This 
trend was reversed between 2001 and 2006 when 
the incidence increased by 82%, driven by a 140% 
increase in disease caused by non-vaccine serotypes. 
Serotype 19A represented 28% of the non-vaccine 
type disease. These increases were not seen in 
non-Native Alaskan children.1 In Massachusetts, 
serotype 19A has emerged as a dominant serotype in 
all children aged less than 18 years, increasing from 
10% of serotypes in this age group in 2001/02 to 40% 
in 2006. While overall rates of IPD fell in the same 
period by 70%, the emergence of the 19A serotype 
was significant because of the large proportion in 
2006, were resistant to penicillin (61%), ceftriaxone 
(24%), and other antibiotics.2,3

In Australia, disease due to 19A serotype, as well 
as that due to 7F and 6A in the Indigenous under 
5 years population has been minimal with no trends 
emerging. In the non-Indigenous under five years 
age group there has been a minimal increase in 
19A serotype disease however, with recognition of 
natural serotype fluctuation over time, continued 
observation is prudent. Continued comprehensive 
surveillance of IPD cases will be essential to moni-
tor the serotypes, drug resistance and the prevalence 
of modifiable risk factors.

Figure 12. Number of risk factors for cases of 
vaccine failure over five years, Australia, 2006, 
by age group
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Abstract
This report describes the epidemiology of 
mosquito-borne disease in Australia for the 
mosquito-borne disease season 1 July 2006 
to 30 June 2007, which was moderately low 
compared to previous seasons. Ross River virus 
(RRV) infections (55%), Barmah Forest virus (BFV) 
infections (29%) and overseas acquired malaria 
(11%) were the most common mosquito-borne 
diseases reported in 2006–07. The number, 
proportion and rate of national BFV notifica-
tions were the second highest on record since 
1998–99. The Northern Territory reported 
the highest BFV notification rate this season. 
BFV notification rates were the highest in the 
40–59 year age groups when compared to 
other age groups. The number, proportion and 
rate of RRV notifications were moderately low 
this season compared with previous seasons. 
The highest RRV rate was reported by Western 
Australia from the Kimberley region. The highest 
age-specific RRV notification rate was observed 
in the 40–59 year age groups. Locally acquired 
dengue virus notifications were low this season 
compared to previous seasons, with a small 
outbreak of dengue serotype 3 in 39 cases 
confined to the greater Townsville region. There 
were 640 notifications of malaria in 2006–07 of 
which none were reported as locally acquired. 
This was the third highest number of malaria 
notifications since 2001. Plasmodium falciparum 
was reported as the infecting species in 47% of 
the malaria notifications and Plasmodium vivax 
for 40% of cases. Young adolescents and adults 
in the 15–29 year age group had the highest 
number of cases accounting for 32% of notifi-
cations. Sentinel chicken surveillance data for 
flaviviruses and sentinel pig surveillance data for 
Japanese encephalitis virus are also reported. 
Commun Dis Intell 2008;32:31–47.

Keywords: arbovirus; Barmah Forest virus, 
chikungunya, dengue, disease surveillance; 
epidemiology, flavivirus, Japanese encephalitis, 
Kunjin, malaria, mosquitoes, Murray Valley 
encephalitis virus, Ross River virus, vectorborne 
disease

Introduction

This report describes the epidemiology of nationally 
notifiable mosquito-borne disease in Australia for 
the season 1 July 2006 to 30 June 2007.

The eight notifiable mosquito-borne diseases under 
national surveillance include the alphaviruses 
(Barmah Forest virus and Ross River virus), the 
flaviviruses (dengue, Japanese encephalitis, Kunjin, 
Murray Valley encephalitis and flavivirus not else-
where classified), and malaria.

Alphaviruses are ribonucleic acid (RNA) viruses 
which cause disease epidemics characterised by 
fever, rash and polyarthritis. In Australia, Barmah 
Forest virus (BFV) infection and Ross River virus 
(RRV) infection are the alphaviruses of major 
public health significance. There are a variety of 
mosquito vectors which facilitate the transmission 
of these viruses in diverse environments (freshwater 
habitats, coastal regions, salt marshes, floodwaters, 
established wetlands and urban areas).1,2 At this 
time, the alphavirus chikungunya virus has not 
become established in Australia despite its increased 
activity in southern Asia and the Indian Ocean over 
the past year, and its occasional diagnosis in return-
ing travellers.

Flaviviruses are single-stranded RNA viruses, some 
of which are associated with epidemic encephalitis 
in various regions of the world. In Australia, the 
flaviviruses of public health importance are the 
dengue viruses (DENV) with frequent seasonal 
outbreaks,3–6 Japanese encephalitis virus (JEV) 
with occasional outbreaks,7–12 and sporadic cases of 
Murray Valley encephalitis virus (MVEV) or Kunjin 
virus (KUNV) infections.13 The International 
Committee for Taxonomy of Viruses refers to 
Kunjin as a strain of West Nile virus (WNV)14 and 
the Australian Kunjin strains are phylogenetically 
located in the WNV lineage 1, clade B.15

Malaria is caused by infection with a protozoan 
blood parasite from the genus Plasmodium that 
has been transmitted by a species of mosquito 
from the genus Anopheles. Malaria was eradicated 
from Australia in 1981 and Australia was certified 
malaria-free by the World Health Organization in 
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1983,16 but the region of northern Australia above 
19°S latitude in particular, remains receptive to 
malaria transmission. Since 1981, malaria acquired 
in Australia has been rare, but there have been 
several documented reports of outbreaks17,18 and 
sporadic locally acquired cases in Queensland,19,20 
malaria acquired in the Torres Strait,21 and the arti-
ficial induction of malaria by blood transfusion.22

Methods

Eight nationally notifiable mosquito-borne diseases 
were analysed for the seasonal period 1 July 2006 to 
30 June 2007. Historical data from 2001, and in some 
cases from 1991, are also included for comparison. Data 
were extracted by diagnosis date from the National 
Notifiable Diseases Surveillance System (NNDSS) 
on 21 September 2007 and finalised with state and ter-
ritory public health surveillance managers.

Epidemic curves by state or territory were produced 
for each of the eight diseases. Notifiable mosquito-
borne disease activity is shown compared with a 
five-year mean for the same period, by jurisdiction. 
The rolling monthly mean was calculated for the 
mosquito-borne disease activity for the equivalent 
month over five years. The number of notifica-
tions and annual or annualised notification rates 
for locally acquired mosquito-borne disease were 
calculated using the December 2006 population 
estimates from the Australian Bureau of Statistics 
(ABS), for each year. Age– and sex-specific noti-
fication rates were calculated using age and sex 
population estimates for each jurisdiction.

A survey was conducted with state and territory 
surveillance managers and public health labora-
tories about imported cases of chikungunya virus 
infections during 2006–2007.

The geographical distribution of selected diseases 
was mapped using ArcGIS (ESRI, Redlands, 
CA, USA). Maps were based on the postcode of 
residence of each notification aggregated to the 
appropriate Statistical Division, and rates were 
calculated using the number of notifications 
(numerator) divided by the estimated 2006 ABS 
populations for each division (denominator).

Sentinel chicken surveillance data for flaviviruses 
and sentinel pig surveillance data for Japanese 
encephalitis virus are reported.

Results

Alphaviruses

During this reporting period, there were 
5,134 alphavirus notifications (BFV and RRV) 
reported in Australia, which was a moderate season 

when compared with other seasons since 1995–96 
(mean: 4,933, range: 612–8,422 notifications). The 
highest alphavirus season on record was observed 
in 1995–96. During 2005–06, Australia experienced 
the second highest alphavirus season on record with 
7,552 notifications.

During 2006–07, RRV infections accounted for 
55% (n=3,369) of notifications (Figure 1), which as 
a proportion of total mosquito-borne disease activ-
ity is moderately low when compared to previous 
seasons (range: 47–73%). The number and propor-
tion of BFV notifications (n=1,765, 29%) were the 
second highest on record since 1998–99 and the 
BFV notification activity for 2006–07 was 1.4 times 
the five-year mean.

The crude annual BFV notification rate in 2006–07 
of 8.6 cases per 100,000 population was the second 
highest notification rate since reliable reporting of 
this disease commenced in 1991 (Figure 2). The 
crude annual RRV notification rate was moderately 
low in 2006–07 (16.4 cases per 100,000 population) 
when compared to 2005–06 and other seasons in 
which there was significantly higher epidemic activ-
ity (1991–93, 1995–97, 1998–00, 2003–04).

Barmah Forest virus infections

Figure 3 shows the epidemic curves of BFV noti-
fications by month and season since 2002–03 
with a rolling mean of BFV activity for the same 
month over five years. During 2006–07, there were 
1,765 BFV notifications, the majority of which were 
reported by Queensland (n=875, 50%) and New 
South Wales (n=590, 33%). The peak number of 
notifications was observed in April 2007 (n=245) 
and was smaller than the previous peak month in 
2003 and 2006. The most striking feature of the BFV 
season in 2006–07 was the unusually high and sig-

Figure 1. Notifications of select mosquito-
borne diseases, Australia, 1 July 2001 to 
30 June 2007, by season of onset
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during this quarter. One explanation is that the 
laboratory-based notifications diagnosed from July 
to September 2006 may be the result of late onset 
or late presentations from possible exposure during 
the epidemic peak months in February–May 2006. 
Another possible explanation may be that climatic 
conditions were favourable for earlier than usual 
breeding of vectors leading to an earlier period for 
transmission.

During 2006–07, all jurisdictions except Tasmania 
and Victoria reported BFV activity above the five-
year mean (Figure 4). The Northern Territory and 
South Australia notified more than two times the 
five-year mean and notifications from these juris-
dictions have been increasing since the 2004–05 
season (Figure 3).

Table 1 and Map 1 show that the highest rates of BFV 
notifications in Statistical Divisions during 2006–07 
were reported from the Northern Territory (74.4 per 
100,000 population), which excludes Darwin, 
Palmerston and Darwin rural areas (as there are only 
two Statistical Divisions in the Northern Territory). 
There is a higher rate of alphavirus notification in 
the Darwin rural area when compared with Darwin, 
with Palmerston having an intermediate rate (Peter 
Whelan, personal communication).

nificant notification activity occurring outside of the 
peak seasonal months, with notifications exceeding 
two standard deviations above the five year monthly 
rolling mean from July to October 2006. New South 
Wales, the Northern Territory, Queensland, and 
South Australia notified the majority of activity 
from June to October 2006, with between 25%–47% 
of their jurisdictional total for the season reported 

Figure 2. Crude annual notification rates 
for Barmah Forest virus and Ross River virus, 
Australia, 1 July 1991 to 30 June 2007, by 
season of diagnosis
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Figure 3. Epidemic curves of Barmah Forest virus infection notifications, Australia, 1 July 2002 
to 30 June 2007, by month and season of diagnosis
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Moderately high rates of BFV notification in 
Australia were reported from the Central West and 
Northern Statistical Divisions in Queensland, and 
the Mid-North Coast Statistical Division in New 

South Wales. The second highest BFV notifica-
tion rate in New South Wales (45.9 notifications 
per 100,000 population) was reported in the South 
Eastern Statistical Division, and this was linked to 

Map 1. Notifications and notification rates of Barmah Forest virus infection, Australia, 
1 July 2006 to 30 June 07, by Statistical Division of residence

Table 1. Highest notification rates of Barmah Forest virus infection in select jurisdictions, 
Australia, 1 July 2006 to 30 June 2007, by Statistical Division of residence

Notifying jurisdiction Statistical Division Rate (per 100,000) Notifi cations (n) ABS population 
estimate

Northern Territory Northern Territory* 74.4 69 92,733 
Queensland Central West 57.6 7 12,155 
New South Wales Mid-North Coast 51.1 152 297,409 
Queensland Northern 48.4 102 210,943 
New South Wales South Eastern 45.9 94 204,854 
Queensland Fitzroy 42.4 82 193,182 
Queensland Far North 37.7 92 243,948 
Northern Territory Darwin 34.2 39 113,955 
New South Wales Richmond-Tweed 33.8 77 227,815 
South Australia Murray Lands 31.9 22 69,066 
Victoria East Gippsland 13.1 11 84,222 

* Excludes Darwin, Palmerston and Darwin rural area.
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the largest documented outbreak of BFV along the 
South Coast, particularly the Eurobodalla region, 
which peaked in April 2007.23

The national notification rate of BFV was high-
est in the 55–59 year age group (Figure 5). The 
highest notification rates in males were in the 
55–59 year age group (16.5 cases per 100,000 pop-
ulation) and females in the 40–44 year age group 
(14.8 cases per 100,000 population).

With the exception of the 60–79 year age group, 
the age-specific rates of BFV notifications in 
2006–07 decreased slightly when compared to 
2005–06 (Figure 6). The BFV age-specific noti-
fication rates for all age groups in 2006–07 were 
still above the five-year mean.

Ross River virus infections

During 2006–07, Australia experienced a moder-
ately low RRV season (n=3,369) when compared 
to the previous five seasons (mean=3,395), similar 
to the low activity observed during the 2004–05 
season. The majority of RRV notifications during 
2006–07 were reported by Queensland (n=1,753, 
52%), New South Wales (n=674, 20%) and 
Western Australia (n=397, 12%).

The monthly notifications of RRV were above the 
five-year monthly rolling mean at the start of the 
season in October and November 2006, but the 
numbers of notifications dropped well below the 
five-year monthly mean from December 2006 to 
April 2007 (Figure 7).

In contrast to last season, only four jurisdictions 
(the Australian Capital Territory, New South 
Wales, the Northern Territory and South Australia) 
reported RRV activity above the five-year mean for 
their jurisdiction (Figure 8).

Table 2 and Map 2 show that the highest rates of 
RRV notifications in Australia during 2006–07 were 
reported from the Kimberley region of Western 
Australia (242.6 notifications per 100,000 popula-
tion), the Northern Territory (170.4 notifications 
per 100,000 population) and the Central West 
Statistical Division in Queensland (156.3 notifica-
tions per 100,000 population). Moderately high 
rates of RRV notification were reported in the 
Mackay, Far North and North West Statistical 
Divisions in Queensland, and the Wide Bay 
Burnett, North Western and Mid-North Coast 
Statistical Divisions in New South Wales.

Figure 5. Notification rate for Barmah Forest 
virus infections, Australia, 1 July 2006 to 
30 June 2007, by age group and sex
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Figure 6. Trends in Barmah Forest virus 
infection notification rates, Australia, 1 July 
2001 to 30 June 2007, by age group
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Figure 4. Ratio of Barmah Forest virus 
infection notifications to mean of previous five 
years, Australia, 1 July 2006 to 30 June 2007, by 
state or territory*
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Table 2. Highest notification rates of Ross River virus infection in select jurisdictions, Australia, 
1 July 2006 to 30 June 2007, by Statistical Division of residence

Notifying jurisdiction Statistical Division Rate (per 100,000) Notifi cations (n) ABS population 
estimate

Western Australia Kimberley 242.6 87 35,865 
Queensland South West 191.9 52 27,095 
Northern Territory Northern Territory* 170.4 158 92,733 
Queensland Central West 156.3 19 12,155 
Queensland Northern 147.9 312 210,943 
Queensland Fitzroy 102.0 197 193,182 
Northern Territory Darwin 92.1 105 113,955 
Queensland Mackay 71.9 109 151,572 
Queensland North West 66.6 23 34,558 
New South Wales North Western 63.7 76 119,276 
Queensland Far North 57.8 141 243,948 
New South Wales Mid-North Coast 55.5 165 297,409 
Queensland Wide Bay-Burnett 44.7 118 264,201 
South Australia Murray Lands 40.5 28 69,066 
Victoria Mallee 22.5 21 93,415 

* Excludes Darwin, Palmerston and Darwin rural area.

Map 2. Notifications and notification rates of Ross River virus infections, Australia, 2006–07, 
by Statistical Division of residence
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The rate of national notifications for RRV was high-
est in the 40–44 year age group (Figure 9). Females 
in the 35–39 year age group (28.6 cases per 100,000 
population) and males in 40–44 year age group 
(28.6 cases per 100,000 population) had the highest 
national age– and sex-specific notification rates.

The age-specific notification rates for RRV were 
lower for all age groups when compared to last 
season. The overall pattern of the susceptible 
age groups has not changed, with the 20–39 and 
40–59 age groups recording the highest age-specific 
notification rates (Figure 10).

Figure 9. Notification rate for Ross River 
virus infections, Australia, 1 July 2006 to 
30 June 2007, by age group and sex
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Figure 8. Ratio of Ross River virus infection 
notifications to mean of previous five years, 
Australia, 1 July 2006 to 30 June 2007, by state 
or territory
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Figure 7. Epidemic curves of Ross River virus infection notifications, Australia, 1 July 2002 to 
30 June 2007, by month and season of diagnosis
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Chikungunya virus infections

In January and March 2005 there was a large epi-
demic of chikungunya virus infection on Comoros 
and Reunion Island, in the south-west Indian 
Ocean. Chikungunya virus subsequently spread 
to Mauritius, the Seychelles and Madagascar in 
2006. Epidemics were also reported in India dur-
ing 2005–2007 with well over a million cases from 
13 states. The largest outbreaks were reported from 
Kerala state. Epidemic activity also occurred in Sri 
Lanka and the Maldives in 2006. At the time of writ-
ing there have been several large outbreaks reported 
from Indonesia and Malaysia.

The Northern Territory reported the first known 
imported cases of chikungunya virus infection 
(n=2) in 2004 (Peter Markey, personal communica-
tion), one of which was reported in a 30-year-old 
woman who most probably acquired the infection 

in East Timor.24 Table 3 shows that there have 
been at least 30 cases of imported chikungunya 
infections diagnosed in Australia since 2006, with 
the majority detected by PathWest Laboratory 
Medicine, (Western Australia) (n=14); the Institute 
of Clinical Pathology and Medical Research, and 
Westmead Hospital, (New South Wales) (n=7); 
and the Victorian Infectious Diseases Reference 
Laboratory.25 The majority of chikungunya virus 
infections were acquired in Sri Lanka (n=10), 
India (n=7) and Mauritius (n=6). There were no 
reports of cases imported from Indonesia during 
2006–2007. 

The National Arbovirus and Malaria Advisory 
Committee has recently developed a provisional 
national case definition for chikungunya virus infec-
tion (Appendix), which is pending endorsement from 
the Communicable Diseases Network Australia and 
Public Health Laboratory Network. It is important 
to note that at the time of writing, chikungunya is not 
nationally notifiable but is notifiable in New South 
Wales and the Northern Territory under the disease 
category arbovirus not elsewhere classified. The pro-
visional case definition attempts to distinguish past 
and recent chikungunya infections from endemic 
Australian alphaviruses such as Barmah Forest virus 
and Ross River virus. As chikungunya is most closely 
related to the o’nyong-nyong virus and is a member 
of the Semliki Forest antigenic complex,26 it is impor-
tant to be aware of false-positive reactions with other 
arboviruses, particularly when travellers may be 
arriving from countries with endemic alphaviruses.

Flaviviruses

Table 4 shows human notifications of flavivirus 
infections from 1 July 2006 to 30 June 2007, by state 
or territory. There were 276 notifications of human 

Figure 10. Trends in Ross River virus 
infections notification rates, Australia, 1 July 
2001 to 30 June 2007, by age group
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Table 3. Number of imported chikungunya cases to Australia (n=30), 2006–2007, by state or 
territory

Notifying 
jurisdiction

Cases Year of 
diagnosis

Laboratory tests Source Country of acquisition 

Western 
Australia

14 2006 (n=9)
2007 (n=5)

High HI, IgM pos (9), high rise 
HI, IgM pos (3), IgM only (2)

David Smith, 
PathWest Laboratory

India (4), Mauritius (3), 
Sri Lanka (2), China (1), 
overseas (2), unknown (2)

Victoria 8 2006 (n=5), 
2007 (n=3)

PCR, then sequencing Johnson et al,25 Druce 
et al,27 Liu et al,28 
James Fielding DHS

Sri Lanka (6), 
Mauritius (1), India (1)

New South 
Wales

7 2006 (n=4)
2007 (n=3)

Culture negative, negative for 
BFV, RRV, DENV, fl avivirus by 
ELISA and neutralisation, IgM 
pos for chikungunya by IFA, 
high neutralisation titres and 
clinical histories

Linda Hueston, 
ICPMR

Mauritis (2) Seychelles (2) 
India (1) Sri Lanka (2)

Northern 
Territory

1 2007 (n=1) DENV negative, fl avivirus and 
chikungunya positive

Peter Markey, NT 
CDC DHCS

India (1)
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flavivirus infection during 2006–07, the majority of 
which were locally acquired and imported DENV 
notifications.

The Sentinel Chicken Programme is a surveillance 
network involving New South Wales, the Northern 
Territory, Victoria and Western Australia, and is 
designed to detect flavivirus activity (including the 
endemic arboviruses MVEV and KUNV).29

Northern Territory

The Northern Territory sentinel chicken program 
commenced in January 1992 and replaced an ear-
lier program run by the Australian Quarantine 
and Inspection Service (AQIS). Sentinel chicken 
flocks in the Northern Territory are maintained, 
bled and analysed for flavivirus infection in 
a combined program between the Northern 
Territory Department of Health and Community 
Services, the Northern Territory Department of 
Primary Industry, Fisheries and Mines (DPIFM), 
and volunteers.

Sentinel chicken flocks are presently at Darwin 
urban (Leanyer), Darwin rural (Howard Springs), 
Beatrice Hill (Coastal Plains Research Station), 
Kakadu (Jabiru), Katherine, Nhulunbuy, Tennant 
Creek, Alyangula, Nathan River and Alice Springs 
(Ilparpa and Arid Zone Research Station).

DPIFM officers or volunteers usually bleed flocks 
once a month and the samples are sent to the  
DPIFM for specific testing for MVEV and KUNV. 
Sometimes for operational reasons, chickens are 
not bled during a schedule month and hence 
seroconversion shown in the next bleed could have 
occurred in the previous month. When chickens 
from a flock show new antibodies to MVEV dur-
ing a prime risk period, a media warning is issued 

for the region for the risk period. These warnings 
advise the public of the need to take added pre-
cautions to avoid mosquito bites. Chickens are 
replaced at least annually and more frequently if 
birds die or if a large proportion seroconvert. They 
are well positioned to detect flavivirus activity near 
the principal towns of the Northern Territory and 
hence provide timely and accurate indication of 
risk to people in those towns.

In the 2006–07 season, MVEV activity was detected 
in Howard Springs in November, Adelaide River 
in June, Nhulunbuy in October and February, 
Katherine in February and May, Tennant Creek in 
April and Nathan River in May. The MVEV total 
seroconversions this season (n=11) was slightly 
less compared to last season (n=15), with most 
seroconversions this reporting period (n=3) occur-
ring in Katherine and Nathan River, followed by 
the Nhulunbuy flock (n=2). Most seroconversion 
this season occurred in May (n=4), which is the 
month when the long-term seroconversion peak 
occurs, followed by February (n=3).

There were no seroconversions in the two Alice 
Springs flocks, most probably due to low seasonal 
vector numbers. In addition, the successful effluent 
swamp drainage and better effluent management 
from nearby sewage facilities in the Ilparpa area, 
have led to an overall reduction in vector numbers 
near the Alice Springs outskirts during summer. 
There were also no seroconversions in the Leanyer 
and the Alyangula flock. However, the Alyangula 
flock was last bled in February 2007, due to opera-
tional issues.

No human cases of MVEV disease were reported 
in the Northern Territory in 2006–07 and the last 
reported case was in March 2005, when a 3-year-old 
boy from a community in Arnhem Land had a rela-
tively mild illness and made a complete recovery.

Kunjin virus activity was present throughout the 
Northern Territory, with seroconversions to KUNV 
in Darwin (Howard Springs) in June; Darwin 
(Leanyer) in April, May and June, Adelaide River 
in June; Nhulunbuy in October; Katherine in 
August, February, March and May; Tennant Creek 
in April; Jabiru in May and June; and Nathan River 
in August. The virus activity from July to October is 
probably a result of activity extending from the last 
arbovirus season rather than an indication of early 
activity this season. There has been a trend over the 
last 10 years to increasing numbers of seroconver-
sions to KUNV, with this season’s total (n=24) 
nearly double the number from last season (n=13) 
and the highest since the program started in 1992. 
Most seroconversions occurred in the Leanyer 
(n=6), Katherine (n=6) and Jabiru (n=5) flocks. 
Seroconversions mostly occurred this season in 

Table 4. Number of flavivirus notifications, 
1 July 2006 to 30 June 2007, Australia, by state 
or territory

State or 
territory

Notifi cations
DENV Flavi NEC KUNV MVEV

ACT 2 0 0 0
NSW 72 0 0 0
NT 15 0 0 0
Qld 113 22 0 0
SA 12 0 0 0
Tas 0 0 0 0
Vic 8 3 0 0
WA 28 1 0 0
Australia 250 26 0 0
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May (n=9) and June (n=6), while the long term 
peak is also in May in the Northern Territory. The 
high number of seroconversions to KUNV was most 
likely due to significant late wet season rain in the 
Top End, leading to an extended period of relatively 
high Culex vector numbers.

The Northern Territory did not report any human 
cases of KUNV infection this season. The last 
reported KUNV case from the Northern Territory 
was in a 23-year-old female from Alice Springs in 
May 2001.

Western Australia

Sentinel chicken flocks in Western Australia 
are maintained, bled and analysed for specific 
antibodies to MVEV and KUNV in a combined 
program between The University of Western 
Australia, the Western Australian Department of 
Health (WA DOH), local governments and com-
munity volunteers. Twenty-eight sentinel chicken 
flocks are located at major towns and communities 
in the Kimberley, Pilbara, Gascoyne, Goldfields, 
Midwest and Central Coastal regions of Western 
Australia. Environmental health officers or trained 
volunteers take blood samples from the chickens 
each fortnight from December to June (the major 
MVEV ‘risk’ season) and monthly at other times. 
Samples are tested by the Arbovirus Surveillance 
and Research Laboratory at The University of 
Western Australia.30 Sometimes for operational 
reasons, chickens are not bled fortnightly and a 
seroconversion detected in the next bleed may have 
occurred earlier.

With the exception of August, rainfall was generally 
above average and temperatures were usually aver-
age to above average in northern Western Australia 
between July and December 2006. Seasonal mon-
soonal rains occurred in January. The monsoonal 
period quietened in February before becoming 
active again in March and April, and a series of 
tropical cyclones also caused heavy widespread 
rainfall and flooding in the Kimberley, Pilbara and 
Gascoyne regions. Heavy rainfall in north-eastern 
parts of the Kimberley region continued into the 
late wet season in May and June.

A total of 3,405 serum samples from the 27 flocks 
located in Western Australia were screened 
for antibodies to flaviviruses during 2006–07. 
Seroconversions to flaviviruses were detected in 
68 (2.0%) of the samples. Thirty-six seroconver-
sions detected between July and September 2006 
were associated with a prolonged period of activity 
extending from the 2005–06 wet season, possibly due 
to continued rainfall in northern Western Australia 
in July 2006. The majority of these seroconversions 
were due to MVEV activity (n=22), and to a lesser 
degree KUNV activity (n=7).

The first activity associated with the 2006–07 wet 
season was detected in January when KUNV 
was simultaneously detected at Kununurra in the 
north-east Kimberley region and in the Ophthalmia 
sentinel chicken flock near Newman in the Pilbara 
region. MVEV activity was first detected in April at 
Wyndham and Halls Creek in the north-east and 
south-east Kimberley region, respectively, and in the 
sentinel chicken flock at Marble Bar in the north-east 
Pilbara region in June 2007. A total of 32 flavivirus 
seroconversions were associated with the 2006–07 
wet season. Most of these flavivirus seroconversions 
were due to KUNV activity (56%), whilst MVEV 
accounted for 25% of the flavivirus seroconver-
sions. Seroconversions continued in Kimberley and 
Pilbara sentinel chicken flocks beyond June 2007, 
possibly facilitated by continued late wet season 
rainfall in northern Western Australia in May and 
June 2007. No flavivirus activity was detected south 
of Newman in the Pilbara region in 2006–07. The 
level of MVEV activity was substantially lower than 
the previous year, however the level of activity of 
KUNV in sentinel chickens was greater, particularly 
in the Kimberley region. Unidentified flavivirus 
infections were detected at several locations in the 
Kimberley and Pilbara regions. These are possibly 
due to activity of other flaviviruses that are occasion-
ally isolated from mosquitoes collected in northern 
Western Australia.

The WA DOH initially issued health warnings of 
increased risk of KUNV to residents and visitors to 
northern Western Australia on 15 February 2007, 
following seroconversions to KUNV in the east 
Kimberley and east Pilbara regions. An additional 
warning was issued on 3 May 2007 advising residents 
and travellers to the north-east Kimberley region of 
the increased risk of MVEV after seroconversions 
to MVEV were detected in sentinel flocks in this 
region. A third warning was issued on 25 June 2007 
following continued detections of MVEV and 
KUNV in the Kimberley and east Pilbara regions, 
including the first activity for the season at Marble 
Bar. No locally-acquired flavivirus human cases 
were reported from Western Australia during the 
2006–07 season.

New South Wales

Samples from four sentinel chicken sites were tested 
weekly for KUNV and MVEV antibodies in New 
South Wales over a six month period in 2006–07.23 
There were no seroconversions to MVEV or KUNV 
during this period. There were no human cases 
reported from New South Wales for either MVEV 
or KUNV. The last reported case of KUNV from 
New South Wales was notified in May 2001 in a 
58-year-old female from Griffith. There have been 
no recorded cases of MVEV to date in NNDSS from 
New South Wales.
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Victoria
Samples from sentinel chicken flocks located 
throughout northern inland Victoria (10 sites along 
the Murray River, Map 3) were tested weekly for 
flavivirus antibodies from 6 November 2006 to 
early March 2007. No KUNV or MVEV activity 
was detected in any of the samples. There were no 
human cases of KUNV or MVEV reported from 
Victoria during 2006–07. The last reported case of 
KUNV infection in Victoria was in October 2004. 
There have been no recorded cases of MVEV in 
NNDSS from Victoria.

Queensland

There were no sentinel chicken flocks in 
Queensland during 2006–07 although flocks were 
maintained in 2002–03. There were no cases of 
KUNV or MVEV reported by Queensland during 

2006–07. The last reported cases of KUNV from 
Queensland were three sporadic cases notified in 
July 2004, December 2004, and February 2005. 
The last reported MVEV case from Queensland 
was in a 3-year-old boy from Mount Isa in 2001.

Japanese encephalitis virus infections

Japanese encephalitis virus appears nearly annually 
in the Torres Strait in far northern Queensland and 
surveillance has involved the use of sentinel pigs 
that develop detectable viraemia and antibody titres 
to JEV.

AQIS, through its Northern Australia Quarantine 
Strategy program, conducted monitoring for JEV 
for the 2007 wet season using sentinel pigs at 
Injinoo airport, Northern Peninsula Area, Cape 
York. The five sentinel pigs did not seroconvert 

Map 3. Sentinel chicken testing sites, Australia 2006–07
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NT2.    Beatrice Hill Farm
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NT4.    Gove
NT5.    Katherine
NT6.    Tennant Creek
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NT9.    Nathan River
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and there was no evidence of transmission of JEV 
to the mainland in 2007 (based on results of testing 
at Queensland Health Scientific Services and the 
CSIRO Australian Animal Health Laboratory).

There were no human cases of JEV in Australia 
during 2006–07. The last reported JEV case was in 
February 2004, when Queensland Health notified 
that a 66-year-old male acquired JEV from Papua 
New Guinea. There have been nine other cases 
of JEV reported to NNDSS since 1995, although 
JEV was not nationally notifiable until 2001. Four 
of these notifications were reported in Torres Strait 
Islanders from the Badu Island community, two of 
which were fatal (1995). Another locally-acquired 
JEV case was reported in a resident from the 
mouth of the Mitchell River, Cape York Peninsula, 
Queensland in 1998. The remaining four cases were 
reported as acquired from overseas countries.

Flavivirus infections (not elsewhere classified)

There were 26 flavivirus (not elsewhere classified or 
NEC) notifications during the 2006–07 season, the 
majority of which were reported by Queensland. Of 
the 26 flavivirus NEC notifications, five were due 
to Kokobera infection with the virus unidentified 
for the remaining 21 notifications. The importation 
status was reported in four notifications with two 
acquired in Australia, and one each from Uruguay 
and Indonesia. The country of acquisition was not 
reported for the remaining 22 notifications.

Dengue virus infections

There were 250 notifications of DENV infections 
during the 2006–07 season. Table 5 shows that 
the cases were mainly from Queensland (n=113, 
45%), New South Wales (n=72, 29%) and Western 
Australia (n=28, 11%).

Notifications from New South Wales, South 
Australia, Victoria and Western Australia exceeded 
the five-year mean in each jurisdiction (Figure 11), 
reflecting an increase in imported cases of dengue 
virus from overseas countries or from Queensland.

Queensland reported that of the 113 DENV noti-
fications, only 39 were acquired locally. Figure 12 
shows that the local outbreak of DENV this season 
began in February and peaked in April 2007. The 
notifications were reported in residents mainly 
from the Townsville area. One resident of Brisbane 
acquired the infection in Townsville (Christine 
Selvey, personal communication.) The DENV 
serotype for this outbreak was Type 3 in 67% of 
notifications (n=26 of 39) and the serotype was not 
typed in the remaining 13 cases.

Table 5. Number of dengue notifications, 
Australia, 1 July 2006 to 30 June 2007, by state 
or territory

Notifying jurisdiction n % of total
ACT 2 1
NSW 72 29
NT 15 6
Qld 113 45
SA 12 5
Tas. 0 0
Vic. 8 3
WA 28 11
Total 250 100

Figure 11. Ratio of dengue virus infection 
notifications to mean of previous five years, 
Australia, 1 July 2006 to 30 June 2007, by state 
or territory
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Figure 12. Epidemic curve of locally-acquired 
dengue notifications (n=39), 1 July 2006 
to 30 June 2007, by month of diagnosis and 
residential location
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For DENV notifications which were acquired 
overseas (Table 6), the country of acquisition was 
reported to NNDSS in 20% of notifications (n=42 
of 211). Indonesia, the Philippines, and Thailand 
were the most frequently reported country in which 
DENV infection was acquired. The most commonly 
reported dengue serotype acquired overseas was 
Type 1 (n=25), Type 2 and 3 (n=16 each). The den-
gue serotype was not supplied in 72% of the overseas-
acquired dengue notifications (n=152 of 211).

Table 6. Dengue notifications, Australia, 1 July 2006 to 30 June 2007, by serotype and country 
of acquisition

Country of acquisition Total Serotype
Not typed Type 1 Type 2 Type 3 Type 4

Country unknown 169 138 14 8 8 1
Australia 39 13 0 0 26 0
Indonesia 7 4 1 1 0 1
Philippines 6 1 1 1 3 0
Thailand 6 1 0 3 2 0
Cook Islands 4 0 4 0 0 0
India 3 2 0 1 0 0
Papua New Guinea 3 2 0 1 0 0
Fiji 2 0 2 0 0 0
Samoa 2 2 0 0 0 0
Sri Lanka 2 1 1 0 0 0
Bangladesh 1 0 0 1 0 0
Cambodia 1 0 0 0 1 0
Mexico 1 0 1 0 0 0
Pakistan 1 0 0 0 1 0
Singapore 1 1 0 0 0 0
South America 1 0 0 0 1 0
Vietnam 1 0 1 0 0 0
Total 250 165 25 16 42 2

Figure 13 shows that imported DENV notifications 
in Australia were most frequently reported across 
the 20–49 year age groups (n=136, 64%) whereas 
in locally acquired cases from Queensland, noti-
fications were scattered across age groups with a 
significant peak in the 50–54 year age group (n=8, 
10%), which were mostly male (n=7).

Figure 13. Dengue notifications, locally acquired and imported cases, 1 July 2006 to 30 June 2007, 
by age group and sex
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Figure 17 shows that since 2000–01 there has been 
a steady increase in the proportion of children 
under the age of 15 years notified with malaria, 
starting at 7% in 2000–01 and peaking in 2004–05 
at over 30% (n=260). In 2006–07 the proportion 
of notifications in children aged under 15 years 
has dropped slightly to 25% but this proportion 
remains the second highest for this age group over 

Table 7. Malaria notifications in Australia, 1 July 2006 to 30 June 2007, by parasite type

Parasite type Type
%

ACT NSW NT Qld SA Tas Vic WA Australia

Plasmodium falciparum 47 2 48 36 77 21 13 40 63 300
Plasmodium vivax 40 5 56 14 87 6 5 69 11 253
Other Plasmodium spp 6 1 9 0 10 1 0 9 8 38
Mixed Plasmodium spp 3 0 1 0 3 2 0 9 3 18
Plasmodium species not typed 5 0 5 1 0 2 1 0 22 31
Total 100 8 119 51 177 32 19 127 107 640

Malaria

There were 640 notifications of overseas-acquired 
malaria in Australia in the period 1 July 2006 to 
30 June 2007 with no reports of locally-acquired 
malaria. The majority of malaria notifications were 
reported by Queensland (28%, n=177, Table 7), 
Victoria (20%, n=177), New South Wales (19%, 
n=119) and Western Australia (17%, n=107). 
The number of malaria notifications reported 
from Victoria and Western Australia exceeded two 
standard deviations above their five-year average 
(Figure 14).

Figure 15 shows that the 2006–07 reporting period 
was the third largest for malaria notifications since 
2001–02.

Overall, malaria notifications were highest in the 
young adult 20–24 year age group (Figure 16). This 
trend was also observed in 2005–06 and in years 
prior to 2004–05 (Figure 17).

Figure 16. Number of imported malaria 
notifications, Australia, 1 July 2006 to 30 June 
2007, by age group and sex

0

10

20

30

40

50

60
0-

4

5-
9

10
-1

4

15
-1

9

20
-2

4

25
-2

9

30
-3

4

35
-3

9

40
-4

4

45
-4

9

50
-5

4

55
-5

9

60
-6

4

65
-6

9

70
-7

4

75
-7

9

80
-8

4

85
+

Age group (years)

N
um

be
r o

f n
ot

ifi
ca

tio
ns

Male

Female

Figure 14. Ratio of malaria notifications to 
mean of previous five years, Australia, 1 July 
2006 to 30 June 2007, by state or territory
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Figure 15. Number of notifications of malaria, 
Australia, 2000 to 2006, by year of onset
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the past seven years. This trend in malaria noti-
fications from young children has been discussed 
elsewhere and is related to refugee arrivals.29

The infecting Plasmodium species were reported for 
95% of malaria notifications in 2006–07 (Table 8). 
The majority of the 640 malaria notifications were 
due to P. falciparum (47%, n=300) and P. vivax 
(40%, n=253) while other Plasmodium species and 
mixed Plasmodium species infections accounted for 
6% and 3% respectively.

Figure 18 shows that in 2006–07 the proportion of 
notifications due to P. falciparum malaria (47%) 
increased slightly from last year (45%) and the number 
of P. falciparum malaria notifications was up 1.4 times 
from the five-year mean for the same species.
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Other Plasmodium spp 25 19 21 34 22 38 24.2 1.6
Mixed Plasmodium spp 6 12 19 27 41 18 21.0 0.9
Plasmodium species not typed 9 8 2 19 14 31 10.4 3.0
Total 580 516 465 729 702 640

Figure 18. Trends in malaria notifications, by 
infecting species and year of onset
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Appendix. Provisional case definition for chikungunya virus infection (Communicable 
Diseases Network Australia and Public Health Laboratory Network endorsement still pending)

Reporting

Only confi rmed cases should be notifi ed

Confi rmed case

A confi rmed case requires either:

Laboratory defi nitive evidence

OR

Laboratory suggestive evidence AND epidemiological evidence AND clinical evidence.

Laboratory defi nitive evidence

Isolation of chikungunya virus1. 

OR

Detection of chikungunya virus by nucleic acid testing2. 

Laboratory suggestive evidence

Seroconversion or a signifi cant rise in antibody level or a fourfold or greater rise in titre to chikungunya virus, 1. 
in the absence of a corresponding change in antibody levels to Ross River virus or Barmah Forest virus

OR

Detection of chikungunya virus-specifi c IgM,2. 1 in the absence of IgM to Ross River virus or Barmah Forest 
virus

Epidemiological evidence

A history of travel to a chikungunya affected area1. 2 within the two weeks prior to the onset of illness

Clinical evidence

Arthralgia OR myalgia OR rash1. 

Note

An IgG level should always accompany and IgM as this may help to interpret the signifi cance of a single IgM. If IgM 1. 
only is detected it is important that a convalescent sample is collected to test for seroconversion.

These may vary but include (at the time of writing) parts of Africa (including South Africa, Uganda, Congo, Nigeria, 2. 
Ghana, Zimbabwe, Senegal, Burkina Faso, the Central African Republic, Cameroon, Guinea-Bissau), South East Asia 
(including Cambodia, Indonesia, Malaysia, Philippines and Timor Leste), islands in the Indian Ocean (La Réunion, 
Madagascar, Mauritius, Mayotte, Seychelles) and the Indian-sub-continent (including Pakistan and India).
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SURVEILLANCE OF ANTIBIOTIC RESISTANCE IN 
NEISSERIA GONORRHOEAE IN THE WHO WESTERN 
PACIFIC REGION, 2006
The WHO Western Pacific Gonococcal Antimicrobial Surveillance Programme

Abstract
The World Health Organization Western Pacific 
Region Gonococcal Antimicrobial Surveillance 
Programme (WHO WPR GASP) examined approx-
imately 8,400 isolates of Neisseria gonorrhoeae 
from 16 countries for resistance to relevant 
antibiotics in 2006. Antimicrobial resistance was 
at record levels in the region and poses major 
problems for the management of this important 
disease. High rates of resistance to penicillins and 
quinolones persisted. Gonococci ‘non-susceptible’ 
to third generation cephalosporins were found in 
several centres. There were infrequent instances 
of spectinomycin resistance. Commun Dis Intell 
2008;32:48–51.

Keywords: disease surveillance, Neisseria 
gonorrhoeae, Western Pacific Region

Introduction

The impact of increasing antimicrobial resistance 
(AMR) in Neisseria gonorrhoeae (GC), in terms of 
rendering treatment for gonorrhoea ineffective for 
infected individuals and compromising wider dis-
ease control efforts for gonococcal disease, is all-too 
familiar in the World Health Organization (WHO) 
Western Pacific Region (WPR). This undesirable 
outcome is increasingly evident in many parts of the 
world where the progressive loss of therapeutic effec-
tiveness of the penicillins, tetracyclines, macrolides 
(including azithromycin), spectinomycin and, most 
recently, quinolone antibiotics is well documented 
over many years.1 The WHO recommends that use 
of an antibiotic for routine treatment be discontin-
ued when therapeutic failure reaches a level of 5%.2 
Currently in the WHO WPR, rates of gonococcal 
resistance to some of the above antibiotics are well in 
excess of 50%. The WPR Gonococcal Antimicrobial 
Surveillance Programme (WPR GASP) has docu-
mented the emergence and spread of this resistance 
in gonococci at a regional level from 1992 onwards3,4 
to provide information for action and to optimise 
the antibiotic treatment for gonorrhoea.

Because of the progressive loss of effectiveness of 
other antibiotics, in parts of the WPR treatment 
for gonorrhoea has become increasingly reliant on 
use of injectable (ceftriaxone) and oral (cefixime, 

ceftibuten, cefpodoxime, cefdinir and cefropozan) 
later-generation cephalosporins. Worryingly, the 
appearance and spread of GC ‘non-susceptible’ to 
these later-generation cephalosporins (and usu-
ally also resistant to other antibiotics4,5) has been 
documented over several years and in an increasing 
number of countries in the WPR, and is sometimes 
accompanied by evidence of treatment failure.6

This report provides an analysis of antimicrobial 
resistance in N. gonorrhoeae in the WHO WPR 
derived from the results of the WPR GASP surveil-
lance for 2006.

Methods

The methods used by the WHO WPR GASP 
have been published3 and provide full details 
of the source of isolates, sample populations, 
laboratory test methods and quality assurance 
programs used to generate data. These methods 
were unaltered in 2006.

Results

A total of 8,374 isolates of N. gonorrhoeae were 
examined for susceptibility to one or more antibiot-
ics in 16 participating countries in 2006.

Quinolone antibiotics

Table 1 shows the distribution of quinolone-
resistant N. gonorrhoeae (QRNG) in 14 countries 
that examined a total of 7,954 isolates in 2006. 
The proportion of QRNG in most of these centres 
was high to very high. The exceptions were New 
Caledonia where there were no QRNG detected, 
and Papua New Guinea where only a single QRNG 
was found. Very high rates of quinolone resistance 
(more than 80% of isolates tested) were present in 
Brunei, China, Hong Kong, Japan, Korea, Laos 
and Vietnam. The proportion of QRNG found in 
isolates from Malaysia (62%), the Philippines (69%) 
and Singapore (70%) was also high, while those 
from Australia (38%) and New Zealand (14%) 
while lower, were still substantial. When compared 
to earlier data, these rates were in general as high or 
higher as rates in previous years although a lower 
rate was noted in New Zealand.
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Cephalosporins

Strains ‘non-susceptible’ to ceftriaxone and/or other 
later generation cephalosporins were again reported 
amongst isolates from Australia and Brunei and 
were especially prominent in China. The correla-
tion between clinical outcomes and in vitro tests for 
‘resistance’ to this group of antibiotics has not been 
reliably performed to date so that published param-
eters for decreased sensitivity to ceftriaxone and oral 
agents remains arbitrary. Because of this and some 
other methodological issues, minimal inhibitory 
concentrations (MIC) values are not directly com-
parable between different centres.

Spectinomycin

Only very small numbers of spectinomycin resist-
ant gonococci have been reported in recent years in 
WPR GASP surveys and these sporadically, and this 
continued to be the case in 2006.

Penicillins

Resistance to penicillins has been widespread and 
at high levels for many years in the WPR, and may 
be the result of penicillinase production (PPNG) or 
aggregation of a number of chromosomally medi-
ated mechanisms (CMRP). These mechanisms 
may co-exist in the one strain. Table 2 shows the 
penicillin susceptibility of 8,374 gonococci isolated 
in 16 WHO WPR centres in 2006. Because the 
penicillins have not been used for treatment of 
gonorrhoea for many years in some WPR countries, 
only testing for PPNG is performed in these centres. 
For example, China found 48% PPNG, but did not 

test for chromosomally mediated resistance. Once 
again penicillin resistance was widespread and, 
although less than that for quinolone antibiotics 
in most centres, was present in a high proportion 
of isolates in most countries. Rates of resistance to 
the penicillins above 50% in decreasing order of 
magnitude, were Laos, 100% (in a small sample), 
the Philippines 78%, Korea 69%, Brunei 64%, 
Hong Kong 63% and Singapore 59%. Rates rang-
ing between 34% in Malaysia and Australia, 30%  
in Vietnam to 23% in Japan and 21.5% in New 
Zealand, were also recorded. In previous reports, 
some Pacific Island states have consistently reported 
low levels of penicillin resistance. In Fiji, 12% of 
409 gonococci were penicillin resistant in 2006 with 
7% of all isolates being PPNG. Papua New Guinea 
currently monitors AMR in GC every two years, 
and 43% of isolates tested from a number of centres 
in 2006 were PPNG. In Tonga, 9% of 32 gonococci 
tested were penicillin resistant, but no penicillin 
resistance was observed in New Caledonia.

Tetracyclines

These antibiotics are still widely available in the 
WPR. Approximately 7,650 isolates in 10 countries 
in 2006 were examined for one particular form of 
resistance, namely, the high-level plasmid-mediated 
form referred to as TRNG (Table 3). The highest 
rates of TRNG were reported from Singapore 
(77%), Hong Kong (49%), China (35%) and the 
Philippines (31%). Only low numbers were present 
in Japan and New Caledonia. Low proportions of 
TRNG (at or around 10%) were found in Korea 
and Australia, and slightly higher rates were found 
in New Zealand (25%) and Vietnam (16.5%).

Table 1. Quinolone resistance in 7,954 strains of Neisseria gonorrhoeae isolated in 
14 countries in the WHO Western Pacific Region, 2006

Country Number of 
isolates

Less susceptible Resistant All QRNG
n % n % n %

Australia 3,850 42 1.2 1,413 36.7 1,455 37.8
Brunei 208 50 24 120 57.7 170 81.7
China 1,134 61 5.4 1,068 94.2 1,129 99.6
Hong Kong SAR 1,622 32 2 1,554 95.8 1,586 97.8
Japan 211 16 7.6 160 75.8 176 83.4
Korea 47 7 14.9 35 74.5 42 89.4
Lao PDR 9 9 100
Malaysia 29 5 17.2 13 44.8 18 62
New Caledonia 93 0 0 0 0 0 0
New Zealand 284 0 0 39 13.7 39 13.7
Papua New Guinea 53 0 0 1 1.8 1 1.8
Philippines 42 0 0 29 69 29 69
Singapore 160 13 8.2 99 61.8 112 70
Vietnam 212 54 25.5 120 56.6 174 82.1
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Discussion

The now well-documented picture of increasing 
antimicrobial resistance in Neisseria gonorrhoeae to 
many of the antibiotics used for treatment of gon-
orrhoea in the WHO WPR was reinforced by data 
obtained in this survey. As in previous surveys,3,4 
there were considerable differences in rates of 
resistance to several important groups of antibiotics 
across the WHO WPR, with a high proportion of 
both penicillin and quinolone resistance amongst 
isolates tested in north Asia, but much lower rates 
of penicillin resistance and little if any quinolone 
resistance present in Pacific Island states.

While the situation in regard to resistance to peni-
cillins and quinolones was little changed, concerns 
continue over increasing numbers of isolates ‘non-
susceptible’ to later-generation cephalosporins. This 
has been manifested as a rise in the MICs for these 
cephalosporins,7 and at least some of this increase 
in MICs has been shown to be due to alterations 
in PBP2, the site of action of these antibiotics.8–10 
Particular attention has been paid to ‘mosaic’ penA 
genes that encode these PBP2 alterations. In gonor-
rhoea caused by GC with altered PBP2, treatment 
failures have been reported following therapy with a 
number of oral cephalosporins,6 but so far not with 
the injectable agent ceftriaxone. However, there 
is much that is still unclear regarding these GC 
that are cephalosporin ‘non-susceptible’ in regard 
to the resistance mechanisms involved, the dif-
ferential effect of these mechanisms on the various 
cephalosporin agents and how these phenomena 
affect treatment outcomes. Further clarification 
regarding the correlations between laboratory and 
clinical findings, and the extent of spread of GC 
with these alterations in the region is required 
before the longer term implications that arise from 
these events can be fully elucidated.

Surveys of this kind suffer from a number of limita-
tions. The most obvious of these is that low sample 
numbers only are available in some centres, for 
several reasons, and the resource limitations that 
restrict capacity for testing, even when isolates are 
available. Other antibiotics, such as azithromycin, 
are being used either as a primary treatment or as 
adjunctive treatment for other pathogens, but sub-

Table 2. Penicillin resistance in 8,374 strains of Neisseria gonorrhoeae isolated in 16 countries 
in the WHO Western Pacific Region, 2006

Country Number of 
isolates

PPNG CMRP All Pen R
n % n % n %

Australia 3,850 342 9 964 25 1,306 34
Brunei 308 119 38.6 79 25.6 198 64.2
China 1,013 483 47.7
Fiji 409 30 7.3 20 4.9 50 12.2
Hong Kong SAR 1,622 553 34.1 464 28.6 1,017 62.7
Japan 211 2 0.9 46 21.8 48 22.7
Korea 47 5 10.6 30 63.8 35 74.5
Lao PDR 9 9 100
Malaysia 29 10 34.4
New Caledonia 93 0 0 0 0 0 0
New Zealand 284 3 1 58 20.4 61 21.5
Papua New Guinea 53 23 43.4 53 43.4
Philippines 42 21 50 12 28.5 33 78.5
Singapore 160 79 49.4 16 10 95 59.4
Tonga 32 2 6 1 3 3 9
Vietnam 212 65 30.7 1 0.5 66 30.2

Table 3. High-level tetracycline resistance 
in 7,654 strains of Neisseria gonorrhoeae 
isolated in 10 countries in the WHO Western 
Pacific Region, 2006

Country Number 
of isolates

Number 
of TRNG

% TRNG

Australia 3,850 462 12
China 1,133 399 35.2
Hong Kong SAR 1,622 793 48.9
Japan 211 2 0.9
Korea 47 4 8.5
New Caledonia 93 2 2.1
New Zealand 284 71 25
Philippines 42 13 31
Singapore 160 123 76.8
Vietnam 212 35 16.5
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stantive data on emerging azithromycin resistance 
in WPRO is not available. Some incomplete data 
suggest that azithromycin resistance is present, albeit 
in low proportions. Despite these limitations, in the 
absence of other data sources, and when conducted 
over extended periods under the same conditions, 
this series provides reasonably reliable guides to 
AMR trends in the region. The difficulties associ-
ated with surveillance in the WHO WPR GASP 
have increased and become more complex over 
time, but the ongoing need to meet these challenges 
is shown in the continuing problems posed by AMR 
in GC. Further, given the past history of the spread 
of antibiotic resistant GC from the WPR to other 
parts of the world,1 there is a high likelihood that, 
unless better disease control becomes a reality, they 
will continue to spread well beyond the region.
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AUSTRALIAN PAEDIATRIC SURVEILLANCE UNIT 
ANNUAL REPORT, 2006
Yvonne Zurynski, Elizabeth J Elliott

Background

The Australian Paediatric Surveillance Unit (APSU) 
conducts national active surveillance of rare dis-
eases of childhood, including infectious and vaccine 
preventable diseases, genetic disorders, childhood 
injuries and mental health conditions.1 The study 
of communicable and vaccine preventable diseases 
is supported in part by the Australian Government 
Department of Health and Ageing through its com-
municable diseases program. This report is a sum-
mary of surveillance results for communicable and/
or vaccine preventable diseases studied through the 
APSU in 2006.

In 2006, nine communicable or vaccine preventable 
conditions were studied:

acute flaccid paralysis (AFP);• 
congenital cytomegalovirus infection;• 
congenital rubella infection;• 
perinatal exposure to HIV and HIV infection;• 
neonatal herpes simplex virus infection;• 
hepatitis C virus infection;• 
non-tuberculous mycobacterium infection (sur-• 
veillance to end in 2007);
neonatal group B streptococcus infection;• 
varicella: neonatal, congenital and severe • 
complications of varicella infection requiring 
hospitalisation.

Methods

APSU study protocols are developed with col-
laborating investigators and/or institutions and the 
objectives and chief investigators for each study are 
listed in Table 1. Detailed protocols including case 
definitions for each disease under surveillance are 
available at www.apsu.org.au

The APSU aims to provide epidemiological infor-
mation that is representative of the Australian pop-
ulation and maximal case ascertainment is a high 
priority. Despite a representative mailing list (92% 
of all paediatricians in active clinical practice in 
Australia participate in monthly surveillance) and 
high response rates (97% for 2006), complete case 
ascertainment is unlikely. This is particularly rel-
evant in remote communities where children have 
limited access to paediatricians. However, for most 

conditions studied by the APSU no national data 
are available to estimate completeness of ascertain-
ment. APSU encourages the use of complementary 
data sources where available and reporting by a 
range of specialists to maximise cases identified. 
Reported rates for conditions ascertained through 
the APSU therefore represent a minimum estimate 
of the incidence of these conditions in the relevant 
Australian populations.

Results

All data provided in this report are accurate as at 
30 July 2007. It is possible that some notifications 
may be reclassified or the outcomes may change as 
additional clinical data are received. In 2006, 1,248 
clinicians participated in the monthly surveillance 
of 16 uncommon childhood conditions, includ-
ing the nine communicable diseases listed above. 
The report card return rate for 2006 was 97%. 
Enhanced data detailing diagnosis, clinical man-
agement and short-term outcome were available 
for more than 85% for all cases notified. Table 2 
shows the number of cases reported in 2006 and 
for the whole study period and the reported rate 
per 100,000 population.

APSU data contribute significantly to the national 
surveillance effort, providing valuable information 
for clinicians, policymakers and the community.1,2 
The APSU is often the only source of national data 
that includes clinical and/or laboratory details, and 
data on both inpatients and outpatients.1,2 The key 
findings for infectious diseases under surveillance 
by the APSU in 2006 are summarised in Table 1.

Studies due to finish in 2007

Surveillance for non-tuberculous mycobacterial 
infection finished in 2007. Adequate data have been 
collected in order to address the specific aims for 
this surveillance as determined by the investigators 
group leading this study, and a journal article is in 
preparation.
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Table 1. Results summary

Condition and 
principal investigator

Objectives Key fi ndings

Acute fl accid paralysis 
(AFP)
Prof. Heath Kelly, 
Victorian Infectious 
Diseases Reference 
Laboratory

To determine the notifi cation rate of AFP 
in children aged < 15 years
To determine whether AFP is caused by 
poliovirus infection and if so, whether 
it is a wild, vaccine, or vaccine-derived 
strain of poliovirus
To determine other causes and the 
clinical picture of AFP in Australia

In 2006, Australia reached the WHO AFP surveillance 
target of one case /105 children aged <15 years per 
annum.
The primary diagnoses for AFP remain Guillain-Barre 
syndrome and transverse myelitis.
Only approximately 20% of cases had adequate faecal 
specimen collection in 2006 – well below the 80% 
WHO target.
An outbreak of approximately 300 cases of wild 
poliovirus recorded in Indonesia in 2005 and the 
recent importation into Australia of polio by an adult 
from Pakistan, highlights the need for continued 
surveillance to keep Australia polio free.3

Congenital 
cytomegalovirus 
(cCMV) infection
Prof. William Rawlinson, 
Virology Division, 
Department of 
Microbiology, Prince of 
Wales Hospital, Sydney

To determine the incidence of congenital 
and suspected congenital CMV infection
To determine the presenting features 
and clinical spectrum of disease due to 
congenital CMV
To determine the genotypes of CMV 
which cause congenital disease
To determine current therapy for 
congenital CMV infection
To determine the epidemiology of 
congenital CMV prior to trials of 
vaccines and antivirals

cCMV continues to be the most common infectious 
cause of malformations in Australia.
cCMV infection was not associated with maternal 
illness in approximately one third of cases, and should 
be considered regardless of maternal history.
cCMV remains under-diagnosed. Although most cases 
are diagnosed by urine culture; use of PCR for urinary 
screening for CMV may increase diagnostic yield.
Universal neonatal hearing screening programs may 
also help identify new cases.

Congenital rubella 
(with defects)
A/Prof. Cheryl Jones, 
The Children’s Hospital 
at Westmead & 
Discipline of Paediatrics 
& Child Health, 
University of Sydney

To document the incidence of congenital 
rubella infection
To determine the vaccination status of 
mothers of infected infants
To monitor the effectiveness of the 
current vaccination program

There were no cases of congenital rubella reported in 
2006.
As the risk of congenital rubella remains, particularly 
among immigrant women born in countries with poorly 
developed vaccination programs, such women should 
have serological testing for rubella after arrival in 
Australia, and vaccination when appropriate.
Travel to rubella endemic counties in the fi rst trimester 
by women with no prior rubella immunity poses a risk 
to the foetus of congenital rubella.

Perinatal exposure to 
HIV and HIV infection
Ms Ann McDonald, 
National Centre in 
HIV Epidemiology and 
Clinical Research

To identify new cases of perinatal 
exposure to HIV, paediatric HIV 
infection, and AIDS
To describe the pattern of perinatal 
exposure to HIV in Australia
To monitor the perinatal HIV infection 
transmission rate and use of 
interventions for reducing the risk of 
mother-to-child transmission
To describe the natural history of 
paediatric HIV infection

Data from this study informed the section on perinatal 
HIV testing in the HIV Testing Policy 2006.
In 2006, 14 cases of perinatal exposure were reported.
11 mothers were diagnosed prenatally; nine of these 
made use of interventions, and no child in this group 
has acquired HIV infection to date (7 HIV status 
negative, 2 indeterminate).
For the two mothers who did not use intervention one 
child acquired HIV infection
Three mothers were diagnosed postnatally – two of 
these were migrants from sub-Saharan Africa.
Antenatal diagnosis of the mother’s HIV infection and 
use of interventions is required to minimise the risk of 
mother-to-child HIV transmission.4

Neonatal herpes 
simplex virus infection 
(HSV)
A/Prof. Cheryl Jones, 
Herpes Virus Research 
Unit, The Children’s 
Hospital at Westmead & 
Discipline of Paediatrics 
& Child Health, 
University of Sydney

To determine the incidence of neonatal 
HSV infection in Australia, its mortality 
and morbidity
To determine its mode of presentation 
e.g. localised, disseminated or 
complicated by encephalitis or 
pneumonitis and mode of transmission
To determine whether there is a delay 
between presentation, diagnosis and 
initiation of treatment

Over a half of neonatal HSV infections in Australia are 
caused by HSV type 1, in contrast to the USA where 
HSV type 2 predominates.
Typical herpetic lesions of the skin, eye or mouth were 
not evident in half of infants identifi ed with neonatal 
HSV infection, which makes early diagnosis diffi cult.
Disseminated HSV infection in the newborn may be 
associated with the early onset of pneumonitis in 
infants (in whom the chest X-ray may be normal). This 
is highly lethal unless antiretroviral therapy is initiated.
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Condition and 
principal investigator

Objectives Key fi ndings

Hepatitis C virus 
infection (HCV)
A/Prof Cheryl Jones, 
The Children’s Hospital 
at Westmead & 
Discipline of Paediatrics 
& Child Health, 
University of Sydney

To determine the reported incidence 
of newly diagnosed HCV infection in 
Australian children
To describe the clinical presentation, 
investigation and management of newly 
diagnosed HCV infection in Australian 
children
To document the presence of known risk 
factors for HCV infection in an Australian 
paediatric population
To determine the prevalence of 
co-infection with hepatitis B virus and/
or HIV in Australian children with newly 
diagnosed HCV infection

Perinatal transmission is the main source of HCV 
infection in Australian children.
In the APSU study infants at risk were born to mothers 
who used IV drugs, had invasive procedures overseas 
or had tattoos.
Most HCV-infected children are clinically asymptomatic 
with mildly elevated liver function test at diagnosis, 
however, HCV induced chronic liver disease and liver 
failure have been reported among children.6

Given that 1%–2% of Australian women of childbearing 
age are infected with HCV, the reported rates of 
infection are lower than predicted. This may be due to 
the lack of a consistent approach to identifying children 
with HCV infection.6

Non-tuberculous 
mycobacterium 
infection (NTMI)
Dr Pamela 
Palasanthiran, 
Paediatric Infectious 
Diseases Specialist, 
Department of 
Immunology and 
Infectious Diseases, 
Sydney Children’s 
Hospital Randwick, 
NSW

To estimate the incidence of newly 
diagnosed NTM infection in children 
seen by child health specialists in 
Australia
To describe the epidemiology and 
spectrum of disease and document 
known risk factors
To describe diagnostic investigations 
used in Australia; frequency of use of 
skin testing and the clinical utility of the 
test, including differential skin testing
To describe the management of NTM in 
Australia and the response to treatment

This infection most often presents as lymphadenitis 
predominantly in immunocompetent children.
Mycobacterium avium intracellulare and 
Mycobacterium fortuitum are the most common 
organisms isolated in Australian children.
Surgery is the most commonly offered therapy and in 
NTMI lymphadenitis complete excision is associated 
with a lower risk of relapse.
There is marked heterogeneity in the antimicrobials 
and course prescribed.
Despite therapy, relapse occurs in about 20% of 
cases.7

Neonatal and infant 
Streptococcus 
agalactiae (group B 
streptococcus – GBS) 
sepsis
Prof Lyn Gilbert, Centre 
for Infectious Diseases 
and Microbiology, 
Institute for Clinical 
Pathology and Medical 
Research, Westmead 
Hospital, Westmead, 
NSW

To determine the current incidence 
of early and late onset neonatal GBS 
infection
To determine the incidence of maternal 
and infant risk factors
To determine the proportion of early 
onset GBS infection in infants of women 
who have been given intrapartum 
antibiotic prophylaxis
To determine the short-term mortality 
and morbidity of early and late onset 
GBS infection
To determine the distribution of GBS 
genotypes between isolates

Over half (57%) of the reported cases have been early 
onset at less than eight days of age.
The number of notifi cations received so far is 
consistent with other available data.
Reported rates of GBS infection are higher in 
Queensland than in any other state.
Meningitis is associated with late-onset cases (children 
aged 9 days or more).
Group B streptococcus isolates have been collected 
for approximately 75% of cases and these will be 
genotyped.

Severe complications 
of varicella infection
Prof Robert Booy, 
National Centre for 
Immunisation Research 
and Surveillance, The 
Children’s Hospital at 
Westmead, NSW 

To describe the incidence in children 
aged one month to 15 years
To describe the demographics of 
affected children
To describe the vaccination status
To describe the management of the 
disease
To describe The genotypes of varicella 
zoster viruses associated with severe 
complications of varicella in Australia8

Preliminary results – surveillance period of seven 
months only
Fourteen children were hospitalised with complications 
of varicella; average age = 5; range 8 months to 
12 years.
The average stay in hospital was seven days; range 
2–14 days.
Complications included bacteraemia, osteomyelitis, 
cellulitis, pneumonia, hepatitis, encephalitis and ataxia.
The main source of contact were siblings, other family 
members or friends at school or daycare.
All but one affected child were unvaccinated.

Congenital and 
neonatal varicella
As above

To describe the epidemiology of 
neonatal and congenital varicella and 
to compare results to a previous APSU 
study conducted in 1997.

One case of congenital varicella was reported in New 
South Wales.
Fourteen cases of neonatal varicella were reported.
Further analysis of these data is currently being 
completed by the investigators.

Table 1. Results summary, continued
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New surveillance studies

Acute rheumatic fever

The acute rheumatic fever (ARF) surveillance 
is a joint project between the Menzies School of 
Public Health, The National Heart Foundation 
of Australia and the APSU. Surveillance com-
menced in September 2007. The burden of ARF 
has been recognised among Indigenous children 
and control programs and data collections in the 
top end of Australia have been invaluable. However, 
we know little about the incidence of ARF in the 
rest of Australia although the Australian Bureau 
of Statistics estimates that approximately 30% of 
Australia’s Indigenous population lives in New 
South Wales.10 The incidence of ARF in the non-
Indigenous population is unknown, and this study 
may provide preliminary information on other high 
risk groups such as refugees. In order to improve 
surveillance coverage in rural and remote regions 

the APSU will recruit additional key clinicians from 
these areas. This is an important capacity building 
step for the surveillance mechanism.

Intussusception

Surveillance for intussusception commenced in 
July 2007. Intussusception has been recognised as a 
potential complication of rotavirus vaccination and 
the APSU study will provide information on the 
diagnosis and clinical management of intussuscep-
tion and any temporal association between rotavirus 
vaccination and intussusception.
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Table 2. Confirmed cases identified for 2006 and for the total study period

Condition Date study 
commenced

Questionnaire 
response (%) for 
total study period

Number of 
confi rmed 
cases for 

2006

Reported 
Rate for 2006 

(per 105)

Number of 
confi rmed 
cases for 

total study 
period

Reported rate 
for total study 
period (per 105 

per annum)

Acute fl accid 
paralysis

March 1995 90 44* 1.1† 412* 0.87†

Congenital 
cytomegalovirus 

Jan 1999 69 18 6.8‡ 75 3.70‡

Congenital rubella 
(with defects)

May 1993 96 NIL NIL 50 0.09†

Perinatal exposure 
to HIV

May 1993 90 14 5.2‡ 282 7.90‡

Neonatal herpes 
simplex virus 
infection

Jan 1997 95 11 4.1‡ 88 3.52‡

Hepatitis C virus 
infection

Jan 2003 85 9 0.22† 41 0.26†

Non-tuberculous 
mycobacteria

July 2004 80 33§ 0.81† 77§ 0.64†

Neonatal B group 
streptococcus 
Infection

July 2005 86 55 20.7‡ 92 23.20‡

Congenital varicella May 2006 100 1 || 1 ||
Neonatal varicella May 2006 91 8 || 8 ||
Severe complications 
of varicella

May 2006 90 14 || 14 ||

* All reported cases that have been classifi ed by the Polio Expert Committee were ‘non-polio acute fl accid paralysis’ 
according to World Health Organization criteria.

† Based on population of children aged ≤ 15 years as estimated by the Australian Bureau of Statistics.9

‡ Based on number of births as estimated by the Australian Bureau of Statistics.9

§ Includes confi rmed and probable cases.
|| Surveillance for varicella commenced in May 2006. Due to the short surveillance period of only seven months, a 

rate is not reported for 2006.
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INFLUENZA VIRUSES WITH REDUCED SENSITIVITY 
TO THE NEURAMINIDASE INHIBITOR DRUGS IN 
UNTREATED YOUNG CHILDREN
Aeron C Hurt, Ian G Barr

Articles

Abstract

The neuraminidase inhibitors are a class of 
antiviral drugs used for both the prophylaxis and 
treatment of influenza infections. Clinical trials of 
these inhibitors detected a low level of resistant 
viruses from treated individuals, although a higher 
frequency was detected in children (5%–6%) 
compared to adults (1%–4%). In addition, there 
have been some previous reports of NA inhibitor 
resistant viruses being isolated from untreated 
individuals. Here we report on the NA inhibitor 
sensitivity of over 1,000 influenza isolates collected 
through the World Health Organization (WHO) 
global influenza surveillance program. Of the total 
number of viruses analysed, only 2 (0.2%) strains 
(an A(H1N1) strain and an influenza B strain) were 
considered to have a significant reduction in sen-
sitivity to at least one of the neuraminidase inhibi-
tor drugs. Interestingly, both of these strains were 
isolated from untreated patients in the youngest 
age cohort (less than 2 years). Although the influ-
enza B strain is unlikely to be clinically resistant, 
the A(H1N1) virus contained the same His274Tyr 
neuraminidase mutation that has been observed in 
resistant mutants following oseltamivir treatment. 
Given these results it may be important to enhance 
neuraminidase inhibitor susceptibility testing of 
viruses from patients in the less than two years 
cohort. Commun Dis Intell 2008;32:57–62.

Keywords: drug resistance, influenza, 
neuraminidase inhibitors

Introduction

Influenza causes significant morbidity and mor-
tality worldwide each year.1 While the disease is 
generally self-limiting in healthy adults, deaths 
occur in infants and the elderly, usually due to life 
threatening complications associated with second-
ary bacterial infections such as pneumonia.2 Annual 
vaccination is the primary option for the prevention 
of influenza, but efficacy relies on a good match 
between the strains currently circulating and those 
in the vaccine, and is estimated to be 60%–90% in 
children and healthy adults, but only 50%–60% in 
the elderly.3 In Australia, influenza vaccine uptake 

within the elderly population (aged ≥ 65 years) is 
high, with states such as Victoria having an estimated 
74.5% coverage in 2002.4 In comparison, influenza 
vaccination of Australian children aged six months 
to five years is extremely low. Influenza vaccina-
tion of this age group is neither recommended nor 
funded by the Australian Government.

While influenza vaccination continues to be the 
most cost effective means of influenza preven-
tion in the community, antiviral drugs provide an 
additional control measure for either the treatment 
or short-term prevention of influenza. Two classes 
of influenza antivirals exist – the adamantanes, or 
M2 ion channel inhibitors, and the neuraminidase 
(NA) inhibitors. The adamantanes, including 
amantadine and rimantadine, were first shown to 
be inhibitory for influenza A viruses in 1964,5 and 
since this time have been widely used in many 
countries around the world, although amantadine 
is rarely used for influenza treatment in Australia 
and rimantadine is not licensed. Resistance to this 
class of drugs has however been identified with a 
high frequency, particularly in recent years where 
over 90% of A(H3N2) strains from North America 
and China were found to be resistant.6 Adamantane 
resistant viruses have demonstrated no reduction 
in viral fitness compared to wild type viruses, and 
may in fact have some selective advantage given 
that adamantane resistance in A(H3N2) viruses is 
greater than 50% in Australia, even though very lit-
tle of the drug is used.7,8

As a result of the high level of adamantane resist-
ant viruses currently circulating, more emphasis 
has been placed on the role of the newer class of 
influenza antiviral drugs, the NA inhibitors (NAIs), 
in the management of influenza. This class of influ-
enza drugs has two currently licensed products, 
zanamivir and oseltamivir, which are available in 
many countries, including Australia.9 These inhibi-
tors act by binding to the NA and preventing the 
release of newly formed virions from the host cell, 
disrupting further replication of the virus. Clinical 
studies and post marketing surveillance have shown 
that the frequency of NAI is significantly lower 
than that observed for the adamantanes.9 Clinical 
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studies identified 1%–4% resistance in oseltamivir-
treated adults,10 while higher levels of resistance 
(5%–6%) were observed in oseltamivir treated 
children.11 However more recent studies have 
identified levels of resistance as high as 16%–18% in 
oseltamivir-treated children.12,13 Only one incident 
of significant resistance has been reported follow-
ing zanamivir treatment and this was concerning 
an immunocompromised patient,14 although this 
low incidence of resistance to zanamivir may be 
a result of the low usage of this drug compared to 
oseltamivir. In addition to the occurrence of NAI 
resistance following oseltamivir treatment, resist-
ant strains have also been isolated from untreated 
individuals,15 including one strain isolated from an 
8-month old infant in Australia.16 As NAI resist-
ance has been more common in oseltamivir-treated 
children than in adults, together with our previous 
finding of a naturally occurring NAI resistant virus 
in Australia isolated from an infant, we decided to 
investigate further whether there was any variation 
in the levels of viral NAI resistance from influenza 
cases in different age cohorts. Given the low levels 
of NAI usage, it was assumed that all or nearly all of 
the samples that were tested in the study came from 
untreated patients. To achieve this, over 1,000 influ-
enza viruses isolated between 2001 and 2006 were 
tested for their susceptibility to the NAI drugs and 
the data analysed based on the age of the patient.

Materials and methods

Viruses

All influenza viruses tested in this study were submit-
ted to the WHO Collaborating Centre for Reference 
and Research on Influenza as part of the WHO 
global influenza surveillance program. Only speci-
mens with patient age data available were included 
in the study (approximately 70% of the specimens 
or isolates received at the Centre). A total of 1,097 
influenza viruses from Australasia (Australia 468, 
and New Zealand 150), South East Asia (Thailand 
209, Philippines 45, Singapore 108, Vietnam 1, 
Cambodia 1, and Indonesia 14), South Pacific (New 
Caledonia 19, Solomon Islands 4, and Fiji 1), Eastern 
Asia (Republic of Korea 16, and Taiwan 45), and South 
Africa (16) were tested for their susceptibility to the 
NAIs. The number of viruses isolated from patients 
from different age groups and from different regions 
is shown in Table 1. The viruses tested were made 
up of influenza A(H1N1) (288 isolates), A(H1N2) 
(5 isolates), A(H3N2) (535 isolates) and influenza B 
strains (270 isolates). All viruses were isolated and 
passaged in Madin-Darby canine kidney (MDCK) 
cells [American Type Culture Collection (CCL-34)] 
maintained in DMEM Coons Basal Medium con-
taining sodium bicarbonate (3%) with the addition 
of 2 mM glutamine, 1% non-essential amino acids, 

0.05% NaHCO3, 0.02M HEPES, 4% penicillin and 
streptomycin, 2 μg/ml amphotericin B and 4 μg/ml 
trypsin (all media were obtained from CSL Limited, 
Australia) and tested within a maximum of five pas-
sages from isolation.

NA inhibitors

Zanamivir was used directly from the blister 
packaging of Relenza (5 mg zanamivir and 20 mg 
lactose) (GlaxoSmithKline) as distributed through 
pharmacies. Oseltamivir carboxylate (GS 4071), the 
active form of the ethyl ester prodrug oseltamivir 
phosphate, was kindly provided by Dr James Smith, 
F Hoffmann-La Roche Ltd, Basal, Switzerland. 
Each of the drugs was dissolved in assay buffer and 
stored for up to three months as a stock solution at 
4°C prior to use.

NA inhibition assay

A fluorescence-based NAI assay was used to 
determine the sensitivity of viruses to the NAI com-
pounds. The assay was based on the release of the 
fluorescent product 4-methylumbelliferone from 
the substrate 2-(4-methylumbelliferyl)-a-D-N-
acetylneuraminic acid (MUNANA) as a measure 
of NA activity.17 Methods followed those described 
previously.18 The data were plotted as the percentage 
of fluorescence activity inhibited against the log NA 
inhibitor concentration. A logistic curve fit program 
(kindly provided by Dr Trevor Rae, Roche Products, 
Welwyn Garden City) was used to produce a curve 
of best fit and calculate an IC50 value for each virus. 
Known susceptible viruses and known resistant 
viruses were used as controls in each assay.

RT-PCR and sequencing

RNA extraction was performed using the RNEasy 
kit (QIAGEN) and RT-PCR was performed using 
the SuperScript III One-Step RT-PCR System 
with Platinum Taq DNA Polymerase (Invitrogen, 
Australia) according to the manufacturer’s protocol. 
Sequencing was performed using a Big Dye III 
kit (Perkin Elmer) and an ABI 310 genetic ana-
lyser (Institute of Medical and Veterinary Science, 
Adelaide). Nucleotide sequences were analysed 
using DNASTAR V.5 (Lasergene, USA).

Results

One thousand and ninety-eight influenza viruses 
isolated between 2001 and 2006 were analysed 
for their susceptibility to the NAIs zanamivir 
and oseltamivir carboxylate. The data from this 
study demonstrated small differences in NA 
inhibitor susceptibility between the N1, N2 and 
B neuraminidases to both antiviral agents zanamivir 
and oseltamivir carboxylate (Table 2), similar to that 
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reported previously.18 IC50 values (concentration of 
antiviral required to inhibit NA activity by 50%) for 
each virus were compared based on the age of the 
patient, to determine both the mean NAI suscepti-
bility and the number of viruses within that cohort 
that had an IC50 value that differed by 10-fold or 
greater from the mean IC50 value (termed an ‘out-
lier’). Of the total number of viruses analysed, only 
2 (0.2%) strains were considered to be outliers to at 
least one of the NAIs (Table 3). Interestingly, both of 
these outliers were from patients in the youngest age 
cohort (less than 2 years) (Table 2). However, when 
the IC50 data for the outlying strains were removed 
from the overall analysis (Table 2), the mean IC50 
values were very similar between all age cohorts for 
all subtypes and against both NAIs.

Of the two strains with raised IC50 values, there 
was no predominance of one NA subtype, with 
one outlier being detected in each of the N1 and B 
NA subtypes. The outlying virus with the high-
est IC50 was an A(H1N1) strain designated as A/
Victoria/124/2005. This virus was isolated from a 
15-month-old infant who had presented to a general 
practitioner with cough and fever on 7 June 2005. As 
part of the Victorian GP sentinel influenza surveil-
lance program,19 a combined nose and throat swab 
was taken from the patient and sent in viral trans-
port medium to the Victorian Infectious Diseases 
Reference Laboratory for respiratory virus identifica-
tion. Following influenza A detection by RT-PCR, the 
specimen was forwarded to the WHO Collaborating 
Centre for Reference and Research on Influenza for 
further analysis. After a single passage in MDCK 
cells the viral isolate was tested for NAI susceptibility 
and this revealed an IC50 value for oseltamivir car-
boxylate that was approximately 900-fold higher than 
the mean oseltamivir carboxylate IC50 value for other 
N1 viruses. The virus however was found to be fully 
sensitive to zanamivir (IC50 = 0.4 nM). Sequence 
analysis of the NA gene from the virus revealed a 
His274Tyr mutation. Interestingly, the patient from 
whom the specimen was taken had not been treated 
with either NAI. It could not be determined if the 
child had contracted influenza from a drug treated 
individual.

The other outlier, B/Perth/211/2001, had sig-
nificantly less resistance than was observed for A/
Victoria/124/2005. B/Perth/211/2001, which we have 
reported previously,16 demonstrated a 7-fold increase 
in IC50 to zanamivir and an 18-fold increase to 
oseltamivir carboxylate. This virus was isolated from 
an 8-month-old infant from Western Australia who 
had also not been treated with either zanamivir or 
oseltamivir. Initial sequence analysis of the virus did 
not reveal any NA mutations. However on further 
analysis the isolate was found to contain a mixed 
viral population, from which a proportion contained 
a Asp197Glu amino acid mutation in the NA gene.16

Discussion

The NAIs were the first class of drugs to be spe-
cifically designed for the treatment or prevention 
of influenza. However since their release into the 
market in 1999 there has been limited use of these 
drugs in most countries except Japan and the United 
States of America. In Japan, up to 18% of oseltamivir 
treated patients have been shown to shed resistant 
influenza viruses but, unlike the spread of adaman-
tane resistant influenza viruses into populations 
where little drug is being used, there is little evidence 
of the subsequent spread of NAI resistant strains to 
other individuals. The results from this study found 
that only 0.2% of the influenza strains tested were 
found to have a significant reduction in sensitivity 
to at least one of the NAIs. While it is not possible to 
be definitive, it is highly likely based on the patients’ 
records (both patients were confirmed not to have 
received either NAI drugs) and the low usage of 
NAI drugs in Australia, that these resistant strains 
did not arise as a result of drug selective pressure.

Although the IC50 values of the two strains in this 
study were found to be significantly higher than the 
other viruses tested, one of these, B/Perth/211/2001, 
would probably not be considered clinically sig-
nificant, as the IC50 levels of this virus are exceeded 
following administration of the normal dosage of 
either drug.20,21 However, the A/Victoria/124/2005 
strain had an IC50 value (585 nM for oseltamivir 
carboxylate) which was higher than the reported 

Table 1. Number of viruses isolated from patients from different age groups and regions

Region Age group of patient
<2 2–17 18–50 >50

Australasia 270 (69%) 155 (39%) 129 (59%) 64 (71%)
South East Asia 108 (27%) 185 (47%) 64 (29%) 21(23%)
South Pacifi c 5 (1%) 12 (3%) 6 (3%) 1 (1%)
East Asia 6 (2%) 40 (10%) 14 (6%) 2 (2%)
South Africa 4 (1%) 5 (1%) 5 (2%) 2 (2%)
Total 393 397 218 90
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oseltamivir carboxylate steady-state plasma Cmin of 
138 ng/ml (approximately 485 nM) achieved with 
the normal 75 mg twice daily oseltamivir dosing.21 
This suggests that oseltamivir carboxylate treatment 
of the patient with this strain may not be effective. 
The amino acid mutation His274Tyr observed in the 
NA gene of A/Victoria/124/2005 has been the most 
commonly NA mutation detected in NAI resistant 
N1 viruses, which includes both the commonly cir-
culating human A(H1N1) viruses as well as highly 
pathogenic A(H5N1) influenza viruses.9 To date there 
have been three reported cases of oseltamivir resist-
ant A(H5N1) viruses that have been isolated from 
infected Vietnamese patients undergoing oseltamivir 
treatment.22,23 In all cases the resistance was due to the 
His274Tyr mutation in the NA gene, the same muta-
tion that was detected in the A/Victoria/124/2005 
strain in this study. It should be remembered how-
ever that the resistance mutation in the strain from 
Victoria appears to have occurred spontaneously in 
an untreated individual, unlike the A(H5N1) viruses 
where resistance was likely to have been generated as 
a result of drug selective pressure. While A(H1N1) 
or A(H5N1) viruses with a His274Tyr NA mutation 
are resistant to oseltamivir, these viruses remain fully 
sensitive to the other NAI, zanamivir (the zanamivir 
IC50 of A/Victoria/124/2005 was 0.4nM). As a result, 
zanamivir may be a better option for the treatment of 
patients who shed these viruses, although this drug 
is only licensed for use in patients aged five years or 
older.

Two previous studies have investigated the impact 
that a His274Tyr NA mutation has had on the 
infectivity and transmissibility of viruses in ferrets. 
While one study found that mutant viruses had sig-
nificantly compromised fitness24 (as is the case with 
many other NAI resistant mutants9), a second study 
found that transmissibility was possible, although a 
higher dose of the virus was necessary for infection 
compared to the wild type virus.25 If the data from 
this second ferret study are indicative of the fitness 
of this virus in humans, it is therefore possible that 
infants may be able to facilitate the replication and 
transmission of NAI resistant strains better than 
adults due to the high titres and prolonged dura-
tion of influenza virus shed by individuals in the 
younger age group.26,27 While further work is neces-
sary to understand the risk that the two strains (with 
high IC50) identified in this study may pose if they 
become widely circulating in the human popula-
tion, it is of note that all of these isolates were from 
children aged 18 months or less. Given these results 
and the previous reports showing the significantly 
higher incidence of drug resistance in oseltamivir 
treated children compared to adults, it essential in 
the future to enhance NAI susceptibility testing in 
both treated and untreated individuals within this 
young age group.
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HIGHER THAN EXPECTED SEASONAL INFLUENZA 
ACTIVITY IN VICTORIA, 2007
Emma R Miller, James E Fielding, Kristina A Grant, Ian G Barr, Georgina Papadakis, Heath A Kelly

Abstract
In 2007, the Victorian influenza season exceeded 
normal seasonal activity thresholds. The average 
rate of influenza-like illness (ILI) reported by gen-
eral practitioners (GPs) participating in sentinel 
surveillance was 9.0 cases per 1,000 consulta-
tions, peaking at 22 cases per 1,000 consulta-
tions in mid-August. The average ILI rate reported 
by the Melbourne Medical Locum Service (MMLS) 
was 11.5 per 1,000 consultations over the sea-
son. The MMLS ILI rate peaked at 30 per 1,000 
consultations at the same time as peak rates were 
reported by GPs, with a secondary peak observed 
three weeks later (22 cases per 1,000 consulta-
tions). Influenza cases notified to the Victorian 
Department of Human Services peaked in mid-
August with a secondary peak of influenza A in 
early September. Of the influenza positive swabs 
collected by GPs and among those collected 
throughout the state, 92% were type A and 8% 
were type B. The most common strains identified 
in Victoria in the 2007 influenza season were A/
Brisbane/10/2007-like followed by A/Solomon 
Islands/3/2006-like. While neither virus strain 
was specifically included in the 2007 Australian 
influenza vaccine, reasonable cross protec-
tion was afforded by the strains in the vaccine. 
Commun Dis Intell 2008;32:63–70.

Keywords: surveillance, epidemiology, influenza

Introduction

A sentinel general practice (GP) program for the 
surveillance of influenza like illness (ILI) has been 
conducted in Victoria since 1993. Laboratory testing 
for cases meeting selection criteria was introduced 
to the GP sentinel system in 1998.1 The Victorian 
Infectious Diseases Reference Laboratory (VIDRL) 
also monitors diagnoses of ILI made by GPs in 
the Melbourne Medical Locum Service (MMLS). 
Under the Health (Infectious Disease) Regulations 
2001,2 the Department of Human Services (DHS) 
coordinates the surveillance of laboratory notifica-
tions of influenza. These three elements (sentinel 
GP surveillance, MMLS monitoring and DHS 
surveillance) constitute the Victorian Influenza 
Surveillance System.

Supplementing the Victorian Influenza Surveillance 
System, the World Health Organization (WHO) 
Collaborating Centre for Reference and Research 

on Influenza (also based in Melbourne) undertakes 
strain typing of influenza isolates and influenza 
specimens identified through the GP sentinel sur-
veillance programs as well as those forwarded by 
two Melbourne hospital-based laboratories.

The Victorian influenza surveillance system aims to:

monitor the occurrence of laboratory-confirmed • 
influenza in Victoria;
describe the epidemiology of influenza in Victoria • 
– identifying the onset, duration and magnitude 
of each influenza season; and
characterise the strains of influenza in the com-• 
munity to assist in monitoring the impact of the 
current vaccine and the formulation of vaccines 
for the subsequent season.

In this paper we summarise findings from the 
Victorian Influenza Surveillance System in 2007.

Methods

General practice sentinel surveillance

Participating GPs were asked to report weekly on 
the total number of consultations they had for the 
week, and the age, sex and vaccination status of any 
patients presenting with ILI. In line with accepted 
case criteria, ILI was defined as history of fever, 
cough and fatigue/malaise.3 Nose and throat swabs 
were offered to patients presenting within three days 
of the onset of their symptoms. Once formal consent 
was obtained from these patients, GPs collected data 
on their age, sex, symptoms (fever, cough, fatigue, 
myalgia, other) and vaccination status. GPs were 
also asked to provide an indication of their confi-
dence in their clinical diagnosis of influenza (‘almost 
certain,’ ‘probable’ or ‘less likely’). Registered as 
approved activities by the Royal Australian College 
of General Practitioners and the Australian College 
of Rural and Remote Medicine, GPs were offered 
Continuing Professional Development for their 
participation in the program.

Swabs were transported to VIDRL by courier 
where they were tested using an in-house res-
piratory multiplex polymerase chain reaction 
(PCR) test identifying influenza, adenovirus, 
picornavirus (enterovirus and rhinovirus), respi-
ratory syncytial virus and parainfluenza viruses. 
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A development of a previous assay,4 the current 
test uses type specific primers that identify influ-
enza B and all influenza A sub-types.

Data for the 22-week period 30 April to 
30 September 2007 were analysed using the set 
of threshold values previously established for 
Victorian influenza seasons.5 Rates of ILI cases 
per 1,000 consultations for baseline activity, nor-
mal seasonality and higher than expected activity 
were defined as below 2.5, between 2.5 and <15, 
and between 15 and <35 respectively. According 
to these thresholds, ‘epidemic influenza activity’ 
is defined by rates exceeding 35 cases per 1,000 
consultations.

The recommendation of the Framework for an 
Australian Influenza Pandemic Plan (1999)6 was for 
sentinel surveillance to achieve recruitment cover-
age of approximately one practice per 200,000 in 
metropolitan areas and one practice per 100,000 
population in rural areas. These recommendations, 
however, do not take into account the number of 
GPs participating in each practice or the fraction 
of time each GP spends consulting. We have pre-
viously suggested that a relatively small number 
of practices with better response rates is able to 
provide data on seasonal influenza activity that 

are as useful as those provided by a larger number 
of practices with poorer participation.7 We dem-
onstrated that the number of GP consultations 
per population in a given region better measured 
geographic representation than the number of 
practices per population, and we proposed that 
a small number of ‘dedicated’ participating sites 
seeing around 2,000 consultations per 100,000 
population over the influenza season should be 
used as the recruiting target.

In 2007 there were 50 GPs participating in 15 metro-
politan practices and 15 GPs participating in six rural 
practices. The geographical locations of recruited 
practices are presented in Figures 1a and 1b.

Melbourne Medical Locum Service

The largest medical locum service in Australia, 
the Melbourne Medical Locum Service oper-
ates a 24-hour service throughout metropolitan 
Melbourne each day. Weekly searches of the clini-
cal database maintained by the MMLS, using the 
search terms ‘influenza’ or ‘flu,’ provides data on 
the number of influenza-related diagnoses made 
by MMLS GPs. These data and the total number 
of consultations made by the MMLS are available 
from the password protected MMLS website.

Figure 1a. Distribution of sentinel surveillance sites in metropolitan Victoria 2007
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Notified laboratory-confirmed influenza

Under the Health (Infectious Diseases) Regulations 
2001,2 medical practitioners and pathology services 
are required to notify confirmed influenza cases to 
the DHS within five days of the positive test. Data 
on cases notified during the surveillance period were 
identified in the DHS Notifiable Infectious Disease 
Surveillance database and extracted for analysis on 
22 October 2007.

Data collation and reporting

As well as requesting laboratory tests, GPs reported 
ILI cases to VIDRL by facsimile, each week. Data 
on influenza related diagnoses were extracted from 
the MMLS database each week. Weekly information 
was reported to the DHS Communicable Disease 
Control Unit and to the Australian Government 
Department of Health and Ageing. Every two 
weeks, structured reports on the previous fortnight 
were distributed to all participating GPs, state and 
Australian health departments and other interested 
health professionals and health agencies, and were 
also made available on the VIDRL web site (at http://
www.vidrl.org.au). Summary reports of (laboratory-
confirmed) influenza notifications were updated 
daily and posted on the DHS Communicable 
Disease Control Unit web site (http://www.health.
vic.gov.au/ideas/surveillance/daily.htm).

Results

ILI surveillance

Across the 22 weeks of surveillance, an average of 
95% (61/65) of GPs returned tally sheets to VIDRL 
each week (range 86% to 98%). GPs reported hav-
ing conducted 115,646 consultations and identified 
1,045 ILI cases during the season – an overall rate 
of 9.0 per 1,000 consultations. From a baseline rate 
averaging around 3.0 cases per 1,000 consultations 
in the first weeks of surveillance, the rate peaked 
in mid-August (week beginning 20 August) at 
21.9 cases per 1,000 consultations, before declin-
ing to 7.1 ILI cases per 1,000 consultations at the 
end of the surveillance period – over two times the 
baseline rate. There appeared to be a differential 
metro–rural pattern of disease in 2007 (Figure 2). 
The rural peak (25.6 ILI cases per 1,000 consulta-
tions) occurred a week earlier than the metropolitan 
peak, and declined less steeply before a secondary 
peak was reported at the end of the surveillance 
period, or the last week in September (16.4 ILI cases 
per 1,000 consultations). In 2007, overall ILI rates 
reported by GPs did not return to baseline until 
mid-October (data not shown).

Among the total ILI cases reported by GPs, 55% 
(572/1,045) were female and 45% (472/1,045) were 
male. The median age of ILI cases was 32 years 

Figure 1b. Distribution of sentinel surveillance sites in rural Victoria 2007
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(range one to 95 years) and 82% (854/1,045) were 
reported as being unvaccinated for the season. 
Among the cases aged 65 years or older, 16% (11/69) 
were unvaccinated.

Among consultations conducted by the MMLS 
during the 2007 season, 362 patients were diag-
nosed with ‘flu’ or ‘influenza.’ The average ILI rate 
in 2007 reported by the MMLS was 11.5 cases per 
1,000 consultations. ILI rates followed a similar 
pattern to that reported by rural GPs with a peak 
over two weeks in mid-August (30.0 ILI cases per 
1,000 consultations) and a secondary peak in mid-
September (21.4 ILI cases per 1,000 consultations). 
By the final week of the surveillance period the ILI 
rate per 1,000 consultations had declined to 8.4, but 
did not return to baseline until mid-October (data 
not shown).

Using the previously described thresholds for GP 
sentinel surveillance in Victoria, ILI rates in 2007 
exceeded those of the previous three seasons and, 
for the first time since 2003, were in the range of 
‘higher than expected activity’ (Figure 3). The peak 
was not as high as earlier seasons in which higher 
than expected activity was reported (i.e. 1997, 1998 
and 2003).

Laboratory surveillance

Participating GPs submitted a total of 403 patient 
swabs to VIDRL, with a median of five swabs sub-
mitted per GP (range one to 24 swabs). Overall, 62% 
(248/403) of the total swabs tested positive to any of 
the respiratory viruses forming part of the multiplex 
PCR. As can be seen in Table 1, 67% (165/248) of 
those testing positive for respiratory viruses were 
positive for influenza A and 10% (24/248) were 
influenza B positive (including two swabs positive 
for both influenza A and B). Over 80% of influ-
enza diagnoses were made between weeks 29 to 

36 (16 July to 9 September). Approximately 17% 
(43/165) of the swabs tested positive for picornavi-
rus, the diagnoses of which were distributed rela-
tively equally throughout the surveillance period. 
The overall positive predictive value (PPV) for all 
clinical diagnoses of influenza made by all GPs was 
47% (the median for individual GPs was 33%). PPV 
rose with the certainty of the diagnosis, with those 
reporting they were ‘almost certain’ of their clinical 
diagnosis achieving an overall positive predictive 
value of 64% (individual GP median 69%). PPV 
for the years 2002 to 2007 are presented in Table 2. 
Although not apparent in the 2003 season, also a 
year of above expected activity, PPVs can ordinarily 
be expected to increase with increasing prevalence 
of influenza in the population.8

Among those testing positive for influenza A or B, 
45% (83/185) of the specimens were provided by 
female patients and 55% (102/185) by male patients. 
The median age of these patients was 27 years (range 
0 to 92 years) and 70% (128/183) reported being 
unvaccinated for the 2007 season, 11% (21/183) 
reported being vaccinated and 19% (34/183) had 
unknown vaccination status.

VIDRL provided approximately 55% of all notifica-
tions to DHS during the surveillance period, with 
12 other Victorian laboratories providing notifica-
tions for approximately 51% of cases; the sum of 
the percentages is greater than 100% because some 
cases were tested and notified by multiple labora-
tories. During the surveillance period, a total of 
1,343 laboratory-confirmed cases of influenza were 
notified to the DHS, representing a 256% increase 
on the numbers notified during the 2006 surveil-
lance period (377 cases). Approximately 15% of this 
total included the laboratory-confirmed cases iden-
tified through GP sentinel surveillance, and around 
8% were identified during outbreak investigations. 
Around 54% (723/1,343) of the notifications were in 

Figure 2. Weekly influenza-like illness 
rates reported, Victoria, 2007, by rural and 
metropolitan practices
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Figure 3. Fortnightly GP sentinel surveill-
ance influenza-like illness rates, Victoria, 
seasons 1997 to 2007
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females and 46% (611/1,343) were in males (sex was 
not reported in nine cases) and the median age was 
31 years (range 0 to 97 years).

The majority of the DHS notifications—nearly 
77%—resulted from clinical presentations not form-
ing part of the surveillance system. Of the total cases, 
86% (1156/1343) were influenza A, 14% (186/1,343) 
were influenza B and one case was notified with 
both influenza A and B. As can be seen in Figure 4, 
the number of notified influenza A cases increased 
in line with the MMLS and GP surveillance ILI 
rates, with a peak in mid-August (weeks 33 and 34). 
A secondary peak of influenza A occurred in early 
September (week 36), one week prior to the second-
ary peak in ILI cases diagnoses reported by the 
MMLS. Notifications for influenza B, which made 
up 16% of all influenza notifications in 2007, had 
a later peak in mid-September (weeks 37 and 38), 
which was preceded by a smaller peak in mid-
August (week 34). A further peak in DHS notifica-
tions of laboratory-confirmed cases of influenza B 
occurred after the end of the surveillance period, in 
late October to early December (data not shown).

Figure 5 presents laboratory-confirmed influenza A 
and B are stratified according to source of identi-
fication. Broadly reminiscent of the bimodal pres-
entation of DHS notifications, influenza A cases 

identified by the GP surveillance program peaked 
a week earlier than the DHS influenza A cases and 
plateaued two weeks ahead of the secondary DHS 
influenza A peak. The number of influenza B cases 
identified by GPs was too small to identify trends 
over time.

Table 1. Respiratory viruses detected from general practice sentinel surveillance influenza-like 
illness patient swabs, 2007

Respiratory virus n detected % detected (total swabs) % detected (PCR positive swabs)
Infl uenza A 165 41 67
Infl uenza B 24 6 10
Picornavirus 43 11 17
Adenovirus 4 1 2
Parainfl uenza virus 4 1 2
Respiratory syncytial virus 8 2 3
Total 248 62 100

Table 2. Positive predictive value of clinical diagnoses of influenza, 2002 to 2007, by general 
practitioner certainty of diagnosis

Year of 
surveillance

General practice certainty of diagnosis – number laboratory confi rmed (PPV)
Almost certain Probable Less likely Not stated Total

n PPV% n PPV% n PPV% n PPV% n PPV%
2002 25 45 94 35 23 24 25 45 167 38
2003 87 45 73 29 4 9 20 38 184 34
2004 12 26 23 16 6 13 2 9 43 16
2005 74 61 90 41 8 15 10 43 182 43
2006 48 51 56 27 11 21 11 41 126 33
2007 85 64 91 44 5 13 8 38 189 47

Figure 4. Notified cases of laboratory-
confirmed influenza and general practitioner 
sentinel surveillance and Melbourne Medical 
Locum Service influenza-like illness rates, 
Victoria, 30 April to 27 September 2007, by 
week
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The relative age distributions of cases according to 
notification source, DHS and GP sentinel surveil-
lance (ILI cases and laboratory-confirmed cases) are 
presented in Figure 6. There were differences in the 
age distributions from the two surveillance sources. 
Around 14% (188/1,343) of the DHS notifications 
were in cases aged under five years, compared to 
4% (8/187) of GP laboratory-confirmed cases and 
7% (65/902) of ILI cases reported by GPs. Those 
aged 75 years or older made up 12% (168/1,343) of 
DHS notifications but only 3% of GP laboratory-
confirmed cases (5/187) and GP reported ILI cases 
(26/902). GP laboratory-confirmed cases were most 
prevalent in those aged 20 to 24 years, who made up 
18% (35/187) of cases from this source. In contrast, 
8% of both DHS notifications (102/1,343) and GP 
ILI cases (73/902) were in the 20 to 24 year age group. 
Two cases among those notified during the surveil-
lance period were reported to have died as a result 
of type A influenza virus infection: an 84-year-old 

female and a 91-year-old male. A further five cases 
aged five years and between 68 and 90 years were 
reported to have died with a type A influenza virus 
infection, but death was attributed to other causes.

A total of 105 isolates and 224 specimens collected 
in Victoria were referred to the WHO Collaborating 
Centre for Reference and Research on Influenza. Of 
these, 187 specimens (57%) were collected through 
GP sentinel surveillance. At time of writing, data were 
available from 170 of the influenza positive specimens 
sent (149 were influenza A, 21 influenza B). Only 
24% (40/170) of specimens (mostly collected through 
the sentinel surveillance) yielded recoverable isolates. 
Of the 34 influenza A isolates, 56% (19/34) were A/
Solomon Islands/3/2006-like (H1) and 29% (10/34) 
were A/Wisconsin/67/2005-like (H3) and (5/34) 15% 
were A/Brisbane/10/2007-like (H3). Three of the six 
influenza B samples were B/Malaysia/2506/2004-like, 
two were B/Shanghai/361/2002-like and one was B/
Florida/4/2006-like.

Among the 329 specimens and isolates collected 
throughout Victoria during 2007 and referred to the 
WHO Centre, 50% (165/329) were recoverable of 
which 90% (148/165) were type A and 10% (17/165) 
were type B. Thirty-seven per cent (55/148) of the 
type A isolates were further characterised as H1N1 
strains comprised of: A/Solomon Islands/3/2006-
like (96%, including nine low reactors); and A/New 
Caledonia/20/99-like (4%). Approximately 63% 
(93/148) of the remaining influenza A isolates were 
H3N2 strains comprised of: A/Brisbane/10/2007-
like (58%, including nine low reactors); and A/
Wisconsin/67/2005-like [42%, most of which 
(30/39) were low reactors]. The 17 influenza type B 
isolates were designated as B/Florida/4/2006-like, 
41% (7/17) and B/Shanghai/361/2002-like (low 
reactor), 35% (6/17) – giving a total of 76% B/
Yamagata/16/88-like lineage virus. The remaining 
24% (4/17) were B/Malaysia/2506/2004-like (low 
reactor), being of the B/Victoria/2/87-like lineage.

The Australian influenza vaccine for 2007 contained 
A/New Caledonia/20/99, A/Wisconsin/67/2005 and 
B/Malaysia/2506/67/2004 strains.9

Outbreak investigations

 The Communicable Disease Control Unit (DHS) 
investigated 24 respiratory outbreaks during the 
reporting period, of which 16 were confirmed 
as due to type A influenza virus, one was due to 
type B influenza virus, three were due to respiratory 
syncytial virus and a cause was unable to be estab-
lished for four outbreaks. With the exceptions of a 
defence facility and rehabilitation centre, all notified 
influenza outbreaks occurred in aged care settings. 
Outbreaks occurred in aged care facilities, which 
accommodated between 24 and 107 residents, with 

Figure 5. Laboratory-confirmed influenza, 
Victoria, 30 April to 27 September 2007, by 
type and notification source
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Figure 6. Laboratory-confirmed influenza 
and influenza-like illness cases, Victoria, 
30 April to 27 September 2007, by proportion 
of age group and notification source
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attack rates among residents ranging from 9% to 
46%. These outbreaks were investigated and appro-
priate control measures implemented in accordance 
with the Guidelines for the Control of Respiratory 
Disease Outbreaks in Aged Care Facilities in Victoria.

Discussion

Across Australia, more influenza cases were notified 
in 2007 relative to the past few years. The 2007 year-
to-date national laboratory-confirmed notifications 
to the end of October were increased by close to 240% 
on the previous year and were 3.4 times the five-year 
mean number of notifications.10 Consistent with the 
national influenza season, Victoria experienced a 
270% increase in notifications this year compared 
with the same period in 2006 and ILI rates from GP 
sentinel surveillance were in the range of ‘higher 
than expected activity.’ While higher than at any 
time since 2003, the ILI rate was below that expe-
rienced in 2003 and considerably lower than during 
the influenza epidemic of 1997. The importance of 
historical threshold data in evaluating the relative 
severity of seasons is clearly demonstrated by these 
figures. While notification numbers were increased 
in Victoria in line with the national increase, thresh-
old analysis indicated that the 2007 season was no 
worse than the 2003 season.

Regardless of the source of notification, the Victorian 
influenza season was characterised by a bimodal fre-
quency distribution over time; reaching peak activity 
in mid-August in 2007. A secondary peak in early 
September was observed in notification data, in mid-
September in MMLS data and in late September in 
the rural component of GP sentinel surveillance.

As has been noted in previous years, population 
age-structure varies according to reporting source. 
The DHS notifications contained a large propor-
tion of notifications of laboratory-confirmed influ-
enza in children below five years of age, as well as a 
relatively large proportion of notifications in elderly 
patients. This is largely because these notifications 
are predominantly made from hospitals, with these 
age groups most at risk of hospitalisation. In con-
trast, those aged between 20 and 24 years were the 
largest group with laboratory-confirmed influenza 
presenting with ILI to sentinel surveillance GPs. 
The age structure for non-laboratory-confirmed ILI 
cases reported by sentinel surveillance GPs, however, 
was more symmetrically distributed. The increased 
proportion of positive swabs from young adults, 
which also featured in previous years of GP senti-
nel surveillance, may be due to several factors. For 
instance, workplace or university requirements for 
sick certificates may increase the number of patients 
in this age group presenting to the GP within the 
first three days of symptoms appearing (one of the 
defined case criteria for swabbing). Although this 

was not reported by participating GPs, there may be 
greater compliance with the swabbing procedure in 
this age group.

The influenza typing and strain data available for 
Victoria suggest that the pattern of approximately 
90% type A and 10% type B was distributed 
relatively evenly over the season. The Australian 
influenza vaccine for 2007 contained A/New 
Caledonia/20/99-like, A/Wisconsin/67/2005-like 
and B/Malaysia/2506/67/2004-like strains.9 The 
most commonly isolated strains of influenza A 
were A/Solomon Islands/3/2006-like A(H1) and 
A/Brisbane/10/2007-like A(H3) strains, while B/
Florida/4/2006 and B/Shanghai/361/2002–like 
strains were the most commonly isolated influ-
enza B strains in Victoria. Both the influenza 
A(H1) and A(H3) strains most commonly 
circulating in Victoria in 2007 represented drift 
variants from the virus contained in the 2007 
vaccines. While these viruses can be distin-
guished antigenically using specific ferret sera or 
by molecular sequencing of the haemagglutinin 
gene, a reasonable level of cross reactivity between 
vaccine and circulating influenza A strains would 
be expected for the influenza A viruses.

For the influenza B viruses, the most commonly 
circulating viruses were of the B/Yamagata/16/88-
lineage (B/Florida/4/2006 and B/Shanghai/361/2002-
like viruses) while the minority were similar to the 
2007 vaccine strain, B/Malaysia/2506/2004. While 
there is some measurable cross reactivity generated 
with one B-lineage against the other, higher levels of 
immunity would be expected against viruses of the 
same lineage. As it is currently only possible to have 
one influenza B-lineage in the influenza vaccine, it 
is not possible to have a perfect match while both the 
influenza B-lineages are co-circulating.

The GP sentinel program continues to enhance 
Victoria’s overall influenza surveillance effort by 
contributing additional information not easily 
obtained through passive surveillance systems. In 
2007, the GP surveillance period was extended in 
order to accommodate the piloting of GP surveil-
lance for varicella-zoster virus (chickenpox and 
shingles), which does not tend to follow a marked 
seasonal pattern in the manner of influenza.11 
While the increased demands on GPs resulted in 
the withdrawal of some GPs from both surveillance 
programs (65 GPs participated in 2007, compared 
to 74 in 2006), the average GP response rate of 95% 
was considerable higher than previous years. For 
instance in 2005, average response rate was 85% 
and it was as low as 68% in 2006. As we have previ-
ously canvassed,7 high participation from a smaller 
number of participating practices may provide more 
representative surveillance data than larger numbers 
of practices with poorer response rates.
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ENHANCED SURVEILLANCE FOR SERIOUS COMPLI-
CATIONS OF INFLUENZA IN CHILDREN: ROLE OF THE 
AUSTRALIAN PAEDIATRIC SURVEILLANCE UNIT
Yvonne A Zurynski, David Lester-Smith, Marino S Festa, Alison M Kesson, Robert Booy, Elizabeth J Elliott

Abstract
Influenza contributes significantly to disease bur-
den among children aged less than five years. 
Existing influenza surveillance systems do not 
provide detailed data on clinical presentation, 
management, vaccination status, risk factors and 
complications in hospitalised children, or link 
such data with laboratory results. Following a 
number of child deaths due to influenza in 2007, 
the Australian Government Department of Health 
and Ageing approached the Australian Paediatric 
Surveillance Unit (APSU) to examine the feasibil-
ity of enhancing APSU surveillance to identify 
children hospitalised with severe complications of 
influenza. Active, national, weekly surveillance was 
conducted during September 2007 with report-
ing by 1,256 Australian paediatricians working 
in hospitals and outpatient settings. The weekly 
report card return rate was 93%; detailed clinical 
data were provided on 88% of all notified cases 
and 15 children met the case criteria for severe 
complications of influenza. Admission to hospital 
occurred within 48 hours of onset of symptoms in 
over half of the children, of whom 13 had influ-
enza A and two had influenza B, confirmed mostly 
by polymerase chain reaction on nasopharyngeal 
aspirate. Serious complications included pneumo-
nia, presumed viral (67%), secondary bacterial 
infection, shock, cardiomyopathy, myocarditis 
and hypoglycaemia. No child aged six months 
or older had been vaccinated against influenza, 
including three children with underlying chronic 
conditions. No eligible child received an antiviral 
agent for influenza. Length of hospital stay ranged 
from 2 to 34 days; four children were admitted 
to a Paediatric Intensive Care Unit and one was 
ventilated. This study demonstrates the feasibil-
ity of using the established APSU mechanism for 
enhanced emergency surveillance during disease 
outbreaks, emergence or importation. Commun 
Dis Intell 2008;32:71–76.

Keywords: influenza, surveillance, child, 
diagnosis, immunisation

Introduction

Influenza is a common childhood disease with 
a wide spectrum of severity from minor respira-
tory symptoms to severe respiratory illness and 

life-threatening multi-system complications.1–9 
Significant morbidity and mortality of influenza 
has been reported in Australian children, with an 
estimated hospitalisation rate of 82 per 100,000 and 
death rate of 0.2 per 100,000 children aged less than 
five years.10 Of 22 children admitted with complica-
tions of influenza to one paediatric intensive care 
unit (PICU) over a short period in 2003, three 
died and none had been immunised.7 Compared 
with 2006, during the 2007 influenza season there 
were increased numbers of hospital admissions,11 
including a number of child deaths, attributed to 
influenza and its complications. In response to this, 
the Australian Paediatric Surveillance Unit (APSU, 
www.apsu.org.au) was approached in late August 
2007 by the Office for Health Protection, Australian 
Government Department of Health and Ageing to 
conduct enhanced surveillance for children aged 
less than five years, hospitalised with serious com-
plications of influenza. Surveillance commenced 
10 days later on 1 September and continued until 
the end of the month.

Currently, influenza surveillance systems in 
Australia are based on laboratory reporting and 
sentinel surveillance for influenza-like illness with 
reporting by general practitioners and hospital emer-
gency departments.11,12 They provide the number of 
confirmed cases, trends over time and geographic 
distribution, however, limited timely information 
is available on clinical presentation and risk factors, 
investigations and hospital management, compli-
cations, treatment, and outcomes. A surveillance 
system able to rapidly provide detailed clinical and 
laboratory data on children with serious complica-
tions of influenza would add value to existing sys-
tems. It would enable us to identify clusters of severe 
disease, diagnostic and management practice, and 
raise awareness amongst clinicians. Surveillance 
would inform us of sub-groups at most risk of seri-
ous complications and these data would be useful in 
the development of future immunisation policy and 
guidelines for diagnosis and treatment of influenza 
in children.

APSU conducts active, national surveillance for inci-
dent cases of rare conditions or rare complications 
of common conditions in children.13 Paediatricians 
and other child health specialists respond to a 
monthly report card that lists up to 16 different 
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conditions. The report card, sent by email (68%) 
or post, is expected to be returned whether a case 
has been seen or not. Currently, 96% of the monthly 
report cards sent to 1,256 clinicians (representing 
approximately 92% of paediatricians practicing 
in Australia and listed on the Royal Australasian 
College of Physicians list of Fellows) are returned.13 
Clinicians reporting cases are sent a two-page ques-
tionnaire (adapted for each condition) requesting 
information on the demographics, management 
and short-term outcomes for the child.

Our aim was to determine whether APSU can 
provide timely enhanced data during outbreaks, 
emergence or importation.

Methods

A modified version of the routine APSU surveil-
lance mechanism was used for surveillance of seri-
ous complications of influenza. A separate report 
card, case definition, study protocol and question-
naire was developed and sent by post to all 1,256 
clinicians participating in routine APSU surveil-
lance. Each week during the month of September 
2007 a separate influenza report card was sent by 
post or email, reminding clinicians to report newly 
diagnosed cases. The questionnaire was included as 
an attachment to the email report card or as a paper 
copy with the paper card to clinicians who prefer this 
method. Clinicians reporting a case were encour-
aged to complete and return the questionnaire 
directly via facsimile, email or post. In addition, 
study materials including the case definition, study 
protocol and questionnaire were made available on 

the APSU website www.apsu.org.au. To raise aware-
ness of this surveillance study, an item was placed in 
the weekly email newsletter of the RACP Division 
of Paediatrics and Child Health. Urgent ethics 
clearance was obtained from the Human Research 
Ethics Committee at the Children’s Hospital at 
Westmead.

Case definition

Clinicians were asked to report any child aged less 
than five years admitted to hospital with laboratory-
confirmed influenza and with any of the complica-
tions listed in Table 1.

The questionnaire included items about demo-
graphics, presenting symptoms, method of diagno-
sis, investigations, complications, length of stay in 
hospital and/or PICU, immunisation status, risk 
factors such as pre-existing chronic conditions; and 
other factors of public health interest such as recent 
overseas travel, close contact with farm animals, and 
contact with other people infected with influenza.

Results

Surveillance results

In September 2007, a total of 5,073 report cards 
were sent either by email (65%) or surface mail 
(35%) to practising paediatricians and 4,745 (93%) 
cards were returned, confirming a high participa-
tion rate. There were 4,710 cards received indicating 
‘nothing to report’ and 35 cards reporting a total of 

Table 1. Case definition criteria

Any child aged less than fi ve years and admitted to hospital with laboratory confi rmed infl uenza and any of the 
following complications:

pneumonia (x-ray confi rmed)• 
requirement for ventilation• 
encephalitis/encephalopathy with or without seizures• 
myocarditis; pericarditis; cardiomyopathy• 
rhabdomyolysis• 
purpura fulminans• 
disseminated coagulopathy• 
transverse myelitis• 
polyneuritis• 
Guillain-Barré syndrome• 
shock (requiring >40 ml/kg fl uid resuscitation)• 
acute renal failure• 
Reye’s syndrome• 
laboratory proven secondary bacterial infection; bacteraemia, septicaemia, bacterial pneumonia• 
death• 

Exclusion: simple febrile seizures
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58 potential cases of influenza. Questionnaires were 
completed for 51 of 58 (88%) notifications, allow-
ing for case classification. Of the 51 cases, 15 were 
confirmed influenza cases, reported from five of 
the seven Australian states and territories (Table 2). 
There were 36 reporting errors including four cases 
that met all case definition criteria but were aged 
five years or more; 23 cases that did not meet the 
clinical case definition, most commonly because 
they had no serious complications; and eight cases 
were diagnosed outside of the study period, before 
September 2007 (Table 2).

Demographics and diagnosis

Among the 15 confirmed cases hospitalised with 
complications of influenza, all were born in 
Australia, three (20%) identified as Aboriginal or 
Torres Strait Islander and most (78%) were male. 
At diagnosis, children ranged in age from 4 days to 
3.7 years (median 1.5 years): over half (60%) were 
aged under two years and three (20%) were aged 
less than six months. Nasopharyngeal aspirate was 
the most common sampling method (n=13); a 
throat swab was taken in one child and the sampling 
method is not known in the other case. Thirteen 
children had influenza A and two had influenza B. 
Influenza was confirmed by polymerase chain reac-
tion in 11 and immunofluorescence in four cases.

Presenting features and complications

The most common symptoms at onset of illness 
were fever, cough, dyspnoea, and headache. Over 
half (53%) the children had a rapid clinical deterio-
ration with admission to hospital within 48 hours 
of the onset of symptoms. Four (27%) children 
were admitted to a PICU and one child required 
ventilation (Table 3). The majority of children were 
seriously ill as indicated by the range of complica-
tions (Table 3). The most common complication 
was x-ray confirmed pneumonia, presumed viral in 
10 (67%) children; secondary bacterial pneumonia 

was identified in only one case (Table 3). Other 
complications included shock, myocarditis, cardio-
myopathy, need for ventilation and hypoglycaemia.

Table 2. Number of reports and case classification, by state or territory

State Total notifi cations Errors Questionnaire not 
returned 

Confi rmed cases

New South Wales 9 7* 0 2
Northern Territory – – – –
Queensland 13 9 2 2
South Australia 11 2 3 6
Tasmania – – – –
Victoria 12 6 2 4
Western Australia 13 12 0 1
Total 58 36 7 15

* One of these notifi cations was a duplicate report.

Table 3. Symptoms and signs at onset of 
illness and complications at presentation to 
hospital

Symptoms and complications Confi rmed 
cases 
(n=15)

Admitted to Intensive Care Unit 4
Symptoms and signs at onset of illness*
Cough 12
Fever 10
Dyspnea 8
Sore throat 3
Vomiting 2
Headache 5
Stridor 2
Other 3
Complications*
Pneumonia (presumed viral) 10
Ventilation 1
Shock 1
Secondary infection

blood culture +ve for • Moraxella catarrhali
norovirus and • Clostridium diffi cile toxin A 
isolated from stool

3

Hypoglycaemia 2
Cardiomyopathy 1
Dehydration 1

* Some children had more than one symptom or sign and 
more than one complication.
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Known risk factors, contacts, vaccination status 
and treatment

Among the 15 confirmed cases, one was a neonate 
and four had pre-existing chronic conditions, 
including one child with Down’s syndrome, laryn-
gomalacia and hypothyroidism; one 12-week-old 
infant who was clinically malnourished; one child 
with congenital heart disease; and one child with 
asthma.

A contact with laboratory confirmed influenza 
(a sibling) was identified for only one child. No 
child had travelled overseas in the 10 days prior to 
onset of symptoms and no child had close recent 
contact with pigs, poultry or birds.

None of the 10 children aged six months or older 
had been vaccinated against influenza, including 
three children with pre-existing chronic conditions. 
Only four children had been vaccinated against 
pneumococcus. None of nine children aged over 
12 months and eligible for treatment with the anti-
influenza drug TamifluTM (oseltamivir phosphate) 
received the drug.

Outcomes

Admission to hospital occurred within 48 hours of 
onset of symptoms in over half of children. Length 
of hospital stay ranged from 2 to 30 days (median 
6.5 days). Length of stay in PICU ranged from 3 to 
20 days (3 cases). At the time of reporting, 13 of the 
15 children hospitalised with complicated influenza 
had been discharged with no ongoing medical 
problems. There were no deaths reported. One 
child remained in PICU for 20 days after admission 
and one child remained in hospital 34 days after 
admission and final outcome data are not available 
for these two children.

Discussion

We have demonstrated that the APSU surveillance 
system can be modified and mobilised quickly, 
in the event of an epidemic, to enable enhanced 
surveillance for diseases of public health interest, 
such as severe complications of influenza. Within 
10 days of being commissioned by the Department 
of Health and Ageing to undertake this project, 
we had consulted experts in the field and formed 
an investigators group; developed a case definition, 
study protocol, reporting instructions, report card 
and questionnaire; obtained ethics approval; publi-
cised the study among reporting paediatricians; and 
begun surveillance.

Our data demonstrate that the 1,256 clinicians 
who report each month to the APSU are willing 
to participate in emergency surveillance, for exam-

ple during an epidemic. This is confirmed by the 
93% response rate to the weekly report card and 
provision of clinical data for 88% of notified cases. 
Furthermore, the study provided an educational 
opportunity. At the outset of the study APSU pro-
vided all paediatricians with important information 
about the method of diagnosis, investigation, man-
agement and known risk factors for influenza and 
highlighted the importance of asking about vac-
cination status, pre-existing conditions and recent 
overseas travel in children presenting with flu-like 
symptoms. The data collected were timely, detailed, 
and nationally representative and clinical and labo-
ratory data could be linked immediately and related 
to outcomes. Such data are currently not available 
from any other source. Potentially, such enhanced 
APSU surveillance could also be used to collect data 
on new, emerging, or introduced diseases and to 
inform public health response for disease manage-
ment and prevention.

Our data highlight a number of important issues 
for clinicians. Young children who are subsequently 
hospitalised with complications of influenza present 
with typical ‘flu-like’ symptoms but deteriorate 
quickly (over a half were admitted within 48 hours 
of onset of symptoms); presumed viral pneumonia 
is the most common complication; and prognosis is 
usually excellent. None of the children in our study 
had been diagnosed before presenting to hospital. 
None of the children eligible for treatment with 
oseltamivir had been treated, despite evidence that 
treatment shortens the duration of illness.14 Trials 
of point-of-care testing for influenza in the primary 
health care setting and in emergency departments, 
coupled with early treatment using oseltamivir are 
needed to determine whether such measures will 
reduce the number of children hospitalised due to 
influenza and the number of serious complications 
in children. Such trials may also inform the devel-
opment of Australian clinical practice guidelines for 
diagnosis and treatment of children presenting with 
influenza-like illness.

None of the children in our study, who were eli-
gible for vaccination, had been vaccinated against 
influenza, including four with pre-existing chronic 
conditions. Because influenza contributes to a sig-
nificant disease burden among children, the USA 
Advisory Committee on Immunization Practices 
now recommends vaccination for all children aged 
six months to five years.15 In 2003, Milne, et al. called 
for further discussion regarding inclusion of similar 
recommendations on the Australian Immunisation 
Schedule.7 The 2007 Australian Immunisation 
Handbook includes a recommendation for the vac-
cination of children aged six months or older who 
are immunocompromised or who have chronic 
conditions that may predispose them to severe 
complications of influenza and states that ‘influ-
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enza vaccine should be administered to any person 
who wishes to reduce the likelihood of becoming ill 
with influenza’.16 However, influenza vaccination 
for healthy children is not currently funded under 
the National Immunisation Schedule. Enhanced 
surveillance data and detailed review of hospital 
records of children admitted to hospital with lab-
oratory-confirmed influenza will be important to 
inform changes to immunisation recommendations 
and to monitor the effectiveness of such changes. We 
are currently undertaking an audit of all (122) cases 
of influenza admitted to the Children’s Hospital at 
Westmead in 2007.

Although the number of children identified in this 
short (one month) surveillance period at the end of 
the influenza season is small, our data show that 
children are hospitalised with a range of serious, 
often multiple, complications of influenza. We can-
not compare the reporting rate in our study with 
data provided by laboratory and sentinel surveil-
lance systems currently operating in Australia, as 
these existing systems do not provide information 
about severity of illness and specific complications 
by age group. The highest burden of influenza 
admissions is known to be in children aged under 
two years10 and this is reflected in our study, in which 
60% were aged under two years. However, four 
additional cases reported among older children but 
excluded from our analysis illustrate that children 
aged over five years may also suffer severe multi-
system complications. Of the three males and one 
female (aged 7.5, 7.9, 9.4 and 13.7 years), three were 
admitted to PICU and two required ventilation (for 
5 days and 11 days). Three had influenza A and 
one had influenza B. Their complications included 
pneumonia, encephalopathy, disseminated coagu-
lopathy, seizure, shock, Reye’s syndrome and acute 
necrotising encephalopathy. One of these children 
had cystic fibrosis; the other three were previously 
healthy. None had been vaccinated against influ-
enza and two were treated with oseltamivir. These 
data suggest that future surveillance studies should 
include children up to the age of 15 years.

With the support of the Department of Health and 
Ageing we are currently piloting a new Paediatric 
Active Enhanced Disease Surveillance (PAEDS) 
system in four major paediatric hospitals in four 
states (Princess Margaret Hospital for Children 
in Perth, Women’s and Children’s Hospital in 
Adelaide, Royal Children’s Hospital in Melbourne 
and the Children’s Hospital at Westmead in 
Sydney). This hospital based surveillance system 
involves active case identification by specialist 
nurses and is modelled on the IMPACT system 
developed in Canada.17 The strength of PAEDS lies 
in its ability to facilitate collection of timely, detailed 
clinical data in addition to biological specimens. 

PAEDS, is a collaboration between the APSU and 
the National Centre for Immunisation Research and 
Surveillance for Vaccine Preventable Diseases. If 
sucessfully rolled out to all major paediatric centres 
around Australia, PAEDS could offer an additional 
complementary source of ascertaining hospitalised 
cases of severe complications of influenza.

Conclusions and recommendations

We have demonstrated the potential for using the 
APSU for emergency surveillance of uncommon 
conditions. This surveillance system has the advan-
tage of being well established, cheap and enabling 
linkage of and timely access to epidemiological, 
clinical and virological data. With an extended 
period of surveillance (June to September) APSU 
and/or PAEDS could in future provide prospective 
enhanced data on hospitalised cases of severe sea-
sonal influenza in Australian children aged under 
15 years.
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ABSENCE OF A CHLAMYDIA TRACHOMATIS VARIANT, 
HARBOURING A DELETION IN THE CRYPTIC PLASMID, 
IN CLIENTS OF A SEXUALLY TRANSMISSIBLE INFECTION 
CLINIC AND ANTENATAL PATIENTS IN MELBOURNE
Matthew P Stevens, Sarah E Tan, Leonie Horvath, Christopher K Fairley, Suzanne M Garland, Sepehr N Tabrizi

Abstract
A Chlamydia trachomatis (CT) variant, harbouring 
a 377 bp deletion in the cryptic plasmid, recently 
identified in Europe, has caused false-negative 
reporting of CT infections by various assays. This 
report aimed at identifying whether this variant is 
present among clients of a sexual health clinic, or 
antenatal screening patients in Melbourne. Two 
hundred CT-positive specimens (by BDProbeTec™ 
ET assay) from Melbourne Sexual Health Centre 
(August 2005–November 2006) were tested by 
COBAS TaqMan 48 PCR assay. Discrepancies were 
tested by an in-house real-time (Re-Ti) polymerase 
chain reaction (PCR) assay, amplifying a 274-bp 
region of the omp1 gene. Additionally, 1,071 
consecutive specimens from antenatal screening 
patients at the Royal Women’s Hospital (December 
2006–April 2007) were tested by COBAS TaqMan 
48 and omp1 Re-Ti PCR. The CT variant was not 
detected among the 200 CT-positive specimens 
(95% confidence interval 0–2.3%). Three tested 
CT-negative by COBAS TaqMan 48, omp1 Re-Ti 
PCR and CT mutant-specific PCR, suggesting sam-
ple degradation or differential assay sensitivity. Of 
the 1,071 antenatal screening specimens, 56 tested 
CT-positive and 1,015 CT-negative by COBAS 
TaqMan 48. All of the CT-negatives tested nega-
tive by omp1 Re-Ti PCR (95% confidence interval 
0–0.5%), with 51 of 56 CT-positives testing posi-
tive. These findings show there were no CT variants 
among attendees of a Melbourne sexual health 
clinic, nor among antenatal screening patients. It 
is likely that the variant strain has not yet entered 
circulation in these populations. However, given the 
current upsurge in urogenital CT-infections, contin-
ued surveillance is necessary to ensure timely detec-
tion of this variant, should it be introduced into the 
population. Commun Dis Intell 2008;32:77–81.

Keywords: Chlamydia trachomatis, variant, 
cryptic plasmid, real-time polymerase chain 
reaction

Introduction

Chlamydia trachomatis (CT) infections are the most 
frequently reported bacterial sexually transmitted 
infection in the developed world, with the urogenital 

tract being the most common site of CT infection.1,2 
However, the majority of CT infections are asymp-
tomatic (approximately 80% in women, and 50% in 
men) and thereby often remain undiagnosed.3 Left 
untreated, chlamydial infections can lead to com-
plications such as epididymitis in men, and pelvic 
inflammatory disease with long-term concomitant 
ectopic pregnancy or tubal infertility in women.

The CT bacterium contains approximately 7 to 
10 copies of a 7.5-kb cryptic plasmid, which has an 
unknown function.4,5 Given the cryptic plasmid is 
highly conserved in sequence, present in multiple 
copies and within all serovars, it has been the tar-
get for sensitive CT detection with several assays. 
However, in late 2006, a new CT variant was 
identified in Sweden, containing a 377-base pair 
deletion in the cryptic plasmid.6 This finding came 
after the observation of an unexpected decrease in 
CT infections of up to 25% between November 
2005 and August 2006 in Halland County, south-
west Sweden.6 To date, the CT variant has been 
detected throughout Sweden, with single cases 
reported in Denmark, France and Ireland, and two 
in Norway.7–10 None have been detected in other 
parts of Europe, including the Netherlands and the 
United Kingdom.11,12

This finding has important ramifications in the 
diagnoses of CT infections, given that several 
commercially available CT assays target the cryp-
tic plasmid, including the COBAS Amplicor and 
COBAS TaqMan 48 assays (Roche Diagnostics) 
and Abbott CT/NG test (Abbott Laboratories).13,14 
Assays targeting this deleted region of the cryp-
tic plasmid would result in the false-negative 
reporting of specimens harbouring the CT vari-
ant. According to a recent Microbiology Quality 
Assurance Program report by the Royal College 
of Pathologists of Australia, approximately 65% 
of Australian laboratories are using CT assays 
potentially susceptible to false-negative CT diag-
nosis should this CT variant enter circulation.15 
Alternative assays which target areas of the cryptic 
plasmid outside this deletion region, such as the 
BDProbeTec™ ET assay (Becton Dickinson); or 
those targeting the omp1 gene, such as the ARTUS 
CT kit (Qiagen); or rRNA, such as the Aptima 
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Combo 2 assay (Gen-Probe), can effectively detect 
this new CT variant. The failure to detect CT 
infections due to this variant provides a selection 
advantage over the ‘wild-type’ CT strains assuming 
it is at no biological disadvantage. The CT variant 
would go undetected, the infection left untreated 
and allowed to persist and potentially spread more 
widely. Therefore, vigilance to monitor the pres-
ence of such variant strains in a given population is 
of considerable importance. A knowledge of which 
CT strains are in general circulation, particularly 
new variants, will improve our understanding of 
their epidemiology and may improve strategies for 
diagnosis and disease control.

In this study, we describe a comparative study 
testing two cohorts from the Melbourne popula-
tion with the omp1 Re-Ti genomic assay and the 
TaqMan 48 and BDProbeTec™ ET assays. We 
detected no CT variants among the current popu-
lation, as determined by this alternative target 
assay for CT detection.

Methods

Specimens

Specimens included in this study consisted of 
CT-positive specimens from the Melbourne 
Sexual Health Centre (MSHC) (collected from 
August 2005 to November 2006). These speci-
mens were collected from both male (88.5%) and 
female (11.5%) clientele. In addition, consecutive 
antenatal screening clinical specimens routinely 
tested at the Royal Women’s Hospital (RWH) 
Department of Microbiology (collected from 
December 2006 to April 2007) were included. All 
specimens comprised of first pass urine (FPU). 
Specimens from the MSHC (n = 200) all previ-
ously tested CT-positive by BDProbeTec™ ET 
assay. Consecutive specimens tested at the RWH 
(n = 1,071) by COBAS TaqMan 48 assay com-
prised: CT-negative (n = 1,015), or CT-positive 
(n = 56).

DNA extracts from two CT strains harbouring 
the deletion mutation were kindly supplied by 
Dr P Nilsson from the Uppsala University Hospital, 
Uppsala, Sweden.

The Alfred Hospital ethics committee approved the 
use of anonymous specimens (from MSHC clients) 
for research purposes using an ‘opt out’ consent 
procedure. Analysis of antenatal screening patient 
specimens was undertaken with approval covered 
by public health legislation. All specimens were 
tested anonymously.

BDProbeTec ET and COBAS TaqMan 48 assay

Two hundred CT-positive FPU specimens, as 
detected by the BDProbeTec™ ET assay, were 
tested using the COBAS TaqMan 48 PCR Analyzer 
according to the manufacturer’s instructions. Both 
assays target the CT cryptic plasmid, though at dif-
ferent locations. Given there are up to 10 copies of 
the cryptic plasmid per bacterium, these assays were 
designed for their high sensitivity.

CT-consensus real-time PCR assay – Re-Ti PCR assay

All 1,071 consecutive antenatal screening speci-
mens from RWH were tested by CT Re-Ti PCR 
assay. CT-specific forward and reverse primers 
and hydrolysis ‘TaqMan’ probe were manually 
designed using alignment of the omp1 nucleotide 
sequences of CT reference strains obtained from 
GenBank (accession numbers in parentheses): A/
Sa1/OT (M58938), B/Alpha-95 (U80075), B-Jali-20 
(M33636), Ba/Apache-2 (AF063194), C/TW3/OT 
(M17343), D/B120 (X62918), D/B185 (X62919), 
D/IC-Cal8 (X62920), E/Bour-1990 (X52557), F/
IC-Cal3 (X52080), G/UW57/Cx (AF063199), H/
Wash (X16007), I/UW-12 (AF063200), J/UW36/
Cx (AF063202), K/UW31/Cx (AF063204), 
L1/440-Bu (M36533), L2/434-Bu (M14738), 
and L3/404-Bu (X55700). The primers (CT-F: 
5´-CATGARTGGCAAGCAAGTTTA-3´ and 
CT-R: 5´-GCAATACCGCAAGATTTTCTAG-3´) 
were directed to amplify a 274 bp region span-
ning VD-IV and the hydrolysis probe (5´- HEX-
TGTTCACTCCYTACATTGGAGT-BHQ1-3´) 
targeting a consensus region upstream of VDIV. 
Underlined nucleotides represent locked nucleic acid 
bases.

The polymerase chain reaction (PCR) was pre-
pared in a LightCycler® 480 Multiwell Plate 96 
containing 1 μM of primer (CT-F and CT-R), 
0.2 μM of probe and 1x LightCycler® 480 Probes 
Master (Roche Diagnostics) per well. The DNA 
template (7 μl) was added to the appropriate 
well resulting in a final reaction volume of 20 μl. 
The PCR was performed under the following 
parameters: initial enzyme activation at 95°C 
for 10 minutes; followed by 45 cycles of 95°C for 
10 seconds, 60°C for 20 seconds, and 65°C for 
30 seconds. Following the amplification phase, a 
cooling step was performed at 40°C for 10 seconds 
(ramp rate of 1.5°C per second). Acquisition of 
the fluorescence signal was performed using the 
Mono Hydrolysis Probe setting (483–523 nm) fol-
lowing the 65°C extension phase of each cycle.
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CT mutant-specific real-time PCR assay
Specimens testing CT-negative by COBAS 
TaqMan 48 and CT-positive by either BDProbeTec™ 
ET assay or omp1 Re-Ti PCR were further tested by a 
CT mutant-specific real-time PCR assay, previously 
published.14 Minor changes to the method included 
the use of 1.0 μM of each primer and 0.2 μM of 
each probe. In addition, a melting curve step was 
incorporated.

Statistical analysis

The 95% confidence intervals (CI) of proportions 
were calculated using the modified Wald method.16

Results

Of the 200 CT-positive specimens identified at the 
MSHC, as determined by BDProbeTec, three tested 
CT-negative using the COBAS TaqMan 48 assay 
(Table 1), and were thus potential CT variants. These 
three specimens subsequently tested CT-negative 
by both omp1 Re-Ti PCR and CT mutant-specific 
PCR assays. These three discrepancies could be 
due to sample degradation or differential sensitivity 
between BDProbeTec and other assays. The fact 
that none of the three CT-positives (BD ProbeTec)/ 
CT-negative (COBAS TaqMan 48) were positive by 
omp1 Re-Ti PCR, confirms that the CT variant was 
not present among this cohort (95% CI 0–2.3%).

Of the 1,071 clinical specimens derived from con-
secutive routine antenatal screening at the RWH, 
94.8% (1,015/1,071) tested CT-negative by COBAS 
TaqMan 48. Among these 1,015 CT-negative speci-
mens, none tested CT-positive by the Re-Ti PCR 
assay, confirming the CT variant was not present in 
this cohort (95% CI 0–0.5%). Conversely, among the 
56 CT-positive specimens, five tested CT-negative 
using the Re-Ti PCR assay (Table 2). The overall 

concordance between the COBAS TaqMan 48 and 
Re-Ti PCR results was 99.5% (kappa = 0.951), 
indicating a near perfect agreement.

Two CT strains harbouring the deletion mutation 
were tested by omp1 Re-Ti PCR and CT mutant-
specific PCR to confirm that the omp1 Re-Ti PCR 
could detect the CT variant. The omp1 Re-Ti PCR 
was able to detect both variant CT strains, as well 
as CT-positive specimens, such as from the ante-
natal screening cohort (Figure). However, the CT 

Table 1. Comparative detection of 
Chlamydia trachomatis-positive infections 
among Melbourne Sexual Health Centre 
clientele, by BDProbeTec ET assay and 
COBAS TaqMan 48 assay

BDProbeTec ET* COBAS TaqMan 48† Total
Positive Negative

Positive 197 3 200
Negative 0 0 0
Total 197 3 200

* BD ProbeTec ET assay targets a region of the cryptic 
plasmid outside of where the mutation occurs.

† COBAS TaqMan 48 assay targets the region of the 
cryptic plasmid where the mutation occurs.

Table 2. Comparative detection of 
Chlamydia trachomatis infections among a 
Royal Women’s Hospital antenatal screening 
cohort by polymerase chain reaction targeting 
the cryptic plasmid or omp1 gene

Chlamydia 
trachomatis 
real-time PCR*

COBAS TaqMan 48 assay Total
Positive Negative

Positive 51 0 51
Negative 5 1,015 1,020
Total 56 1,015 1,071

* Chlamydia trachomatis real-time polymerase chain 
reaction (PCR) assay targets the genomic omp1 gene.

Figure. Omp1 real-time polymerase chain 
reaction of Chlamydia trachomatis variants 
and ‘wild-type’ strains
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Confi rmation of the omp1 real-time PCR assay’s capability 
of detecting the CT variant. Two CT strains, harbouring the 
deletion mutation, tested positive by omp1 Re-Ti PCR (2 and  
3), as did ‘wild-type’ CT-positive specimens from the antenatal 
screening cohort (1 and 4). Conversely, two CT-negative 
specimens are shown (5 and 6), in which no amplifi cation 
curves are present.
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mutant-specific assay was more sensitive in detect-
ing CT positivity than the omp1 Re-Ti PCR, as seen 
through the later crossing point (average: 2.7 cycles 
difference) (Table 3).

Discussion

This report describes the absence of CT variants 
among two study cohorts in the Melbourne popula-
tion using a novel real-time PCR assay targeting the 
CT omp1 gene encoding the major outer membrane 
protein. This Re-Ti assay was utilised for the detec-
tion of CT infections, including both ‘wild-type’ and 
variant strains. The assay was shown to successfully 
detect CT DNA among 91.1% of antenatal screen-
ing specimens previously identified as CT-positive 
by COBAS TaqMan 48. The lower sensitivity of the 
current assay was not unexpected, given that the 
COBAS TaqMan 48 assay is based on amplification 
of a region within the multi-copy cryptic plasmid 
whilst the Re-Ti assay targets the single copy omp1 
gene. Therefore, we would anticipate a tenfold dif-
ference in sensitivity as was indeed demonstrated 
through comparison of the crossing point values of 
the Re-Ti omp1 assay and Roche mutant-specific 
assay. In addition, the five discrepancies (nega-
tive by Re-Ti omp1 positive by TaqMan 48) were 
demonstrated as containing CT DNA in low copy 
numbers, with TaqMan 48 CP values of >40.

Given the lack of detection of the CT variant among 
the current study cohorts it was imperative to verify 
that the omp1 PCR assay was indeed capable of 
detecting the CT variant. DNA extracts from two 
separate CT strains harbouring the deletion muta-
tion, confirmed by DNA sequencing,6,14 were readily 
detected by the Re-Ti omp1 PCR, providing confi-
dence that we were seeing true negative findings.

It is important to highlight two potential limitations 
of this study. The first being that collection of the 
MSHC specimens preceded initial reports of CT 

variant detection in Sweden. The second is that 
the antenatal screening cohort could be considered 
one of lower risk and thus less likely to have the CT 
variant in circulation.

This was the first description of a CT consensus 
real-time PCR assay utilising the recently released 
LC 480 platform. From these results, it is probable 
that the CT variant strains have not yet entered 
circulation in Australia. The continued use of CT 
assays targeting the cryptic plasmid is appropriate in 
Australia and there is no immediate requirement for 
performing supplementary assays for CT variants 
by routine diagnostic laboratories. However, given 
the current upsurge in urogenital CT infections 
worldwide, continued surveillance is necessary to 
ensure timely detection of this variant strain.
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Table 3. Comparison of assay sensitivity (using CP values) in the detection of the Chlamydia 
trachomatis variant

Chlamydia trachomatis 
mutants strain and dilution

CP values CP difference
Mutant-specifi c PCR* omp1 Re-Ti PCR

1 1/10 26.41 30.56 4.15
1/100 30.60 33.84 3.24
1/1000 37.61 39.45 1.84

2 1/10 29.02 31.20 2.18
1/100 33.39 36.70 3.31
1/1000 36.91 38.52 1.61

* The Chlamydia trachomatis mutant-specifi c polymerase chain reaction (PCR) targets the region of the cryptic plasmid 
whereby the mutation occurs.

CP Crossing point.
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Short reports

Background

Rotavirus

Globally, rotavirus is the most common cause of 
severe gastroenteritis in early childhood1 infecting 
almost all children by five years of age. Rotavirus is 
estimated to be responsible for more than 600,000 
deaths per year in these children with 85% occur-
ring in low-income countries.2

In Australia, an estimated 10,000 hospitalisations 
and one death occur annually in children under 
5 years, mostly in children aged under two years.3 
Among those under one year, hospitalisation rates 
are five times greater in Indigenous Australians 
compared with non-Indigenous children.4 In 
addition to hospital admissions, 22,000 emergency 
department visits attributable to rotavirus are esti-
mated to occur annually.3 Direct medical costs in 
Australia are estimated at over $30 million.3

Rotaviruses are primarily spread by the faecal-oral 
route. Symptoms include diarrhoea, vomiting and 
fever. In severe cases acidosis, electrolyte abnor-
malities, severe dehydration and death can occur. 
Infection can be asymptomatic, especially in infants 
aged under three months. Diagnosis is usually con-
firmed by detection of rotavirus in stool samples.5

Rotaviruses are RNA viruses. They are classified 
into serogroups (A–G) with most human infections 
caused by Group A. They can be further subdivided 
into G and P serotypes by the VP7 and VP4 outer 
proteins of the virus (e.g. G1-4, G9, P[4], P[8]).5

In Australia, from 1 July 2005 to 30 June 2006, national 
rotavirus serotype surveillance data indicated that 
serotype G1 was the most dominant serotype repre-
senting 40% of all strains. Serotype G1 continues to 
be the most frequently reported serotype worldwide 
and has been the most common Australian serotype, 
for all but two years since 1999. From July 2001 to 
June 2003, serotype G1 was replaced by G9 as the 
most dominant serotype. Substantial geographi-
cal variation in prevalent serotypes has also been 
identified within Australia.6 This geographical and 
temporal variation in strains along with the diver-
sity of strains capable of causing severe disease in 
children in Australia has potential implications for 

vaccine effectiveness should the prevalent strains 
diverge from those primarily targeted by the avail-
able vaccines.

Two vaccines have been recently developed. Rotarix® 
(GlaxoSmithKline) is a live attenuated G1P[8] human 
rotavirus, which provides cross protection against most 
other serotypes when administered in two doses, one 
to two months apart.7 Rotateq® (Merck) is a live pen-
tavalent human-bovine (WC3 strain) reassortant rota-
virus vaccine providing protection against five human 
serotypes G1, G2, G3, G4 and P[8] when administered 
in three doses four to ten weeks apart.8

In 2006, Rotateq was licensed for use in the United 
States of America (USA) and Rotarix was licensed 
for use in the United Kingdom. Both vaccines have 
been shown to be highly efficacious against severe 
rotavirus disease with 85% efficacy for Rotarix,7 and 
98% efficacy for Rotateq.8

Rotarix and Rotateq were licensed in Australia 
in 2006. Both vaccines have been available on the 
private market since June 2006 and Rotarix was 
publicly funded for babies in the Northern Territory 
from August 2006. Rotavirus vaccination has been 
included in the National Immunisation Program, 
commencing from 1 July 2007, with all infants born 
after 1 May 2007 eligible for vaccination. Victoria, 
South Australia and Queensland have included 
Rotateq in their vaccination program while the 
remaining jurisdictions have elected to use the 
Rotarix vaccine.

Surveillance

According to published US Centers for Disease 
Control and Prevention (CDC) guidelines,9 the 
public health importance of a disease can be meas-
ured using the following parameters:

frequency of disease;• 
severity of disease;• 
inequities associated with disease;• 
costs;• 
preventability (or amenability to public health • 
intervention); and
public interest.• 
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Prior to establishing a surveillance system for any 
condition, it is crucial to identify specific aims and 
ensure that any system is adequately sensitive and 
specific to achieve these aims.

The aims of surveillance vary depending on the 
health condition of interest, and may include to:

control the spread of disease (with public health • 
follow up for each case);
estimate the burden of disease;• 
monitor trends in the burden over time;• 
assess the effectiveness of interventions • 
(e.g. vaccines);
monitor changes in disease characteristics over • 
time (e.g. change in serotypes, strains);
enhance understanding of the epidemiology and • 
clinical course of the disease;
provide a basis for epidemiologic research; and• 
inform policy makers.• 

Following the identification of surveillance system 
aims, further consideration needs to be given to the 
specific analyses that will be conducted, the impor-
tance of timeliness and the potential public health 
actions in response to surveillance data. Finally, the 
resources (including funding and personnel) that 
would be required to operate the system must be 
allocated and key stakeholders consulted prior to its 
introduction.

Rotavirus surveillance

Aims

Based on the above criteria, the following is a list of 
possible aims of rotavirus surveillance in Australia 
with a brief discussion surrounding each aim.

Control the spread of disease

Laboratories and doctors are likely to identify only 
a small proportion of all rotavirus cases (Figure). 
Public health follow-up on individual cases for rota-
virus will therefore not be a feasible or appropriate 
method to control the spread of rotavirus.

Estimate the burden of a disease, monitor trends in 
the burden of disease over time and provide a basis 
for epidemiologic research

Given that many rotavirus cases do not make con-
tact with a health provider, the burden of rotavirus 
infection must be estimated.

Laboratory counts of patients who test positive 
for rotavirus depend on the number of tests done 
that is influenced by a number of factors including 
physician practice and access to laboratory facilities. 
While access to laboratory testing may remain stable 
within regions, other more unpredictable changes 
such as physician practices following the introduc-
tion of the vaccination and epidemics of gastroen-
teritis infection due to norovirus, may influence 
testing requests (Table). Thus interpreting trends 
over time in positive laboratory tests for rotavirus 
requires caution, especially at the national level.

Assuming that moderate to severe cases of rotavirus 
make contact with the hospital system, monitoring 
rotavirus coded hospitalisation data and mortal-
ity from all gastroenteritis-related codes over time 
could broadly detect changes in the burden of severe 
rotavirus.

Case surveillance could direct future scientific 
studies with clearly defined hypotheses and study 
population e.g. an increase in incidence in certain 
groups or geographic areas may warrant further 
research. With the introduction of the vaccine and 
expected decline in cases, outbreaks will provide an 
increasingly valuable opportunity to assess vaccine 
effectiveness.

Assess the effectiveness of vaccines

The two rotavirus vaccines have undergone rigor-
ous safety and efficacy trials each involving approxi-
mately 70,000 children.7,8 While public funding 
is not contingent on national effectiveness data, 
evaluating the impact of any rotavirus vaccination 
program is worthwhile to ensure maximum impact 
of the vaccination. The absence of a stable national 
baseline of rotavirus notification patterns and rates 
prior to vaccine introduction and the fact that labo-
ratory data reflect only a proportion of the true inci-
dence of rotavirus disease makes it difficult to assess 
the impact of vaccination at the national level. The 
opportunity cost of investing public health resources 
into individual case follow-up to determine vaccine 
status must be considered at the jurisdictional level. 
Specific scientific studies to better assess vaccine 
efficacy in defined populations may be appropriate 
and feasible under some circumstances, especially 
in areas of high incidence such as the Northern 
Territory.10 Australia may have the unique oppor-
tunity to compare the two vaccines, given that indi-
vidual jurisdictions have chosen different vaccines.

Monitor changes in serotypes over time

The National Rotavirus Reference Centre has 
documented temporal and geographical variations 
in strain type in isolates sent from participating labo-
ratories throughout Australia since 1999. Given the 
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introduction of a vaccine in subgroups of the popula-
tion, understanding the impact of vaccination on cir-
culating serotypes is important. The prevalent strains 
of rotavirus have been shown to vary substantially in 
the absence of vaccine pressure so interpretation of 
changes following vaccine introduction is complex 
and likely to require a long time period. To maximise 
the usefulness of such data, the National Rotavirus 
Reference Centre must receive specimens from a suf-
ficiently large and representative sample across the 
country.

Enhance understanding of the epidemiology of the 
disease

Laboratory and hospitalisation data following vac-
cine introduction will add to the available descrip-
tive epidemiological data from the pre-vaccine 
period. Analysis of additional risk factors including 
indigenous status would require follow-up of indi-
vidual cases.

Figure. Diagram of children infected with rotavirus captured by laboratory surveillance
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Current rotavirus surveillance systems 
in similar countries

United States of America

Rotavirus is not a notifiable disease in the USA. The 
CDC recommendations for national surveillance 
systems for rotavirus infections include national hos-
pital discharge databases for rotavirus diagnoses and 
laboratory reports from sentinel laboratories. A sys-
tem of sentinel laboratories has also been established 
by the CDC to monitor the prevalence of rotavirus 
serotypes over time. Special studies (e.g. case control 
and retrospective cohort studies) are planned to assess 
vaccine effectiveness at state and local levels.11

United Kingdom

Rotavirus is not a notifiable disease in England or 
Wales. Surveillance is based on routine laboratory 
reports to monitor secular trends.12 Ad hoc disease 
burden studies have estimated the proportion of 
acute gastroenteritis that is attributable to rotavirus 
using data from laboratories, general practitioners, 
hospital admissions and deaths.13

Canada

Rotavirus is not a notifiable disease in Canada. 
Surveillance is based on laboratory data reported 
through the National Enteric Surveillance Program. 

Table. Potential sources of data for rotavirus surveillance

Advantages Limitations
Mortality data Mortality due to any gastroenteritis-related 

codes could be evaluated
Mortality extremely low in Australia therefore not likely 
to be very informative source of data

Captures most severe cases Biased sample given that only the most severe cases 
will die

Additional resources required for data 
analysis and reporting

Delays in accessing data (approximately 1 month)
Potential coding/ cause of death assignment errors

Inpatient 
statistics data

Has been shown in Australia to provide a 
good source of information on moderate 
to severe disease over time (of primary 
importance for vaccination)

Limited to rotavirus cases associated with moderate to 
severe disease

Specifi c in the inpatient data collection code 
for rotavirus already collected

Potentially underestimate cases if rotavirus ICD code 
not assigned4

Captures sex, age, aboriginality and length of 
time in hospital

Hospital practices/admission rates may change over 
time

Can be used to help assess the economic 
burden of rotavirus

Variations in admission practices between jurisdictions 
complicates national summary data

Additional resources required for data 
analysis and reporting

Delays in accessing data (available within six months)

Laboratory data – 
sentinel
(e.g. LabVISE) or 
all laboratories

Timely Only represent a proportion of all rotavirus cases 
(moderate to severe disease)

Accurate May be variations in testing practice over time 
(especially considering the introduction of a vaccine)
Can be infl uenced by other factors e.g. epidemic season 
of norovirus can result in increased in all virus testing
Additional resources required for data entry, reporting 
and analysis

Emergency 
department (ED) 
surveillance 

Timely Low specifi city: only captures data on ED presentations 
that are allocated a provisional diagnosis of 
gastrointestinal disease. Laboratory results not usually 
available in ED setting

Resource intensive to set up but minimal 
additional resources required once 
established as reports can be automated

Data not captured nationally

Sentinel GPs More representative sample than hospital data Resource intensive to maintain
Vaccine information available

Institutional 
outbreak reports

Identifi es outbreak, which enables public 
health intervention

Incomplete reporting as reliant on institution notifying 
public health unit

No additional resources required as data 
already collected by OzFoodNet
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These data represent a subset of infections and are 
meant to monitor trends rather than provide an esti-
mate of incidence. Ad hoc cohort studies have been 
conducted to estimate the burden of rotavirus in 
Canada. Prospective hospital based studies will be 
used to assess vaccine effectiveness in the future.14

Current rotavirus surveillance systems 
in Australia

In Western Australia (since 2006), Queensland (since 
2005) and the Northern Territory (since 1994), all 
laboratory-confirmed cases of rotavirus infection 
are notifiable conditions, which are reported to the 
health department under public health legislation. 
On the basis of notifications to health departments 
in 2006, there were 605 cases (rate = 311/100,000) 
in the Northern Territory and 2,508 cases 
(rate = 64/100,000) reported in Queensland. 
Laboratory surveys in New South Wales suggest 
that  just over 1,000 (rate = 18/100,000) stool sam-
ples tested positive for rotavirus in 2006.

The National Rotavirus Reference Centre in 
Melbourne currently collects specimens from nine 
collaborating centres in New South Wales, the 
Northern Territory, South Australia, Victoria and 
Western Australia in order to characterise rotavirus 
strains causing annual epidemics of severe diarrhoea 
in young children. Participating laboratories predom-
inantly test specimens from hospitalised children.

Potential data sources in Australia include death 
registry data (although this is limited by small 
numbers), inpatient statistics for all gastroenteritis 
and episodes coded as due to rotavirus, emergency 
department presentations and institutional outbreak 
reports. Hospital and mortality data are delayed and 
are currently only analysed by researchers on an ad 
hoc basis.

Laboratory diagnoses and sentinel general practice 
presentations are two potential data sources for rota-
virus surveillance but such data are not currently 
collected nationally. The advantages and limitations 
of these data sources are discussed in the Table.

Monitoring adverse events

Extensive safety data exists for both rotavirus 
vaccines7,8 and post licensure studies are underway 
in the USA. While intussusception was identified 
as an adverse event of the older rotavirus vaccine 
licensed in 1998 in the USA15  (prompting its later 
withdrawal), no association with intussusception 
has been found for the two new rotavirus vaccines. 
The existing reporting through the Adverse Drug 
Reactions Advisory Committee can be used to 
monitor any adverse events associated with rotavi-

rus vaccines but has substantial limitations, as it is a 
passive reporting system. In 2007, to coincide with 
the introduction of rotavirus vaccines into Australia, 
the Australian Paediatric Surveillance Unit com-
menced a national study to monitor intussusception 
incidence in children aged less than 24 months.

Summary

Rotavirus is a cause of significant morbidity in chil-
dren aged under five years in Australia. Clinical tri-
als have shown that two available vaccines are highly 
efficacious in the prevention of severe diarrhoea and 
hospitalisation due to rotavirus. A national rotavi-
rus vaccination program was initiated in Australia 
in July 2007.

Apart from immunisation, current tools are unlikely 
to be effective in controlling the spread of rotavirus 
in the wider community. Routine surveillance has 
limited value in assessing vaccine effectiveness.

The available evidence indicates that surveillance is 
likely to be useful for (and therefore aim to):

Detect changes in the rotavirus serotypes to track 1. 
whether prevalent strains match the available 
vaccine. This requires the National Rotavirus 
Surveillance Program to test a representative 
sample of rotavirus cases across Australia.
Monitor trends in the burden of rotavirus over 2. 
time using data on positive laboratory tests strat-
ified by jurisdiction and hospitalisations from all 
gastroenteritis-related codes and those coded as 
due to rotavirus. Mortality data are likely to be of 
limited value but are important to evaluate over 
a longer time period.
Provide a basis for further epidemiologic 3. 
research.

Recommendations

States and territories should consider mandat-1. 
ing laboratory reporting of patients with rotavi-
rus infection under public health legislation to 
broadly monitor the burden due to rotavirus and 
facilitate collection of representative specimens 
for the National Rotavirus Reference Centre.
States and territories should ensure represent-2. 
ative samples are submitted to the National 
Rotavirus Reference Centre for serotyping.
The National Rotavirus Reference Centre will 3. 
continue to distribute annual reports to labora-
tories for circulation to stakeholders.
The Surveillance Branch of the Australian Gov-4. 
ernment Department of Health and Ageing and 
the National Centre for Immunisation Research 
and Surveillance should regularly monitor mor-
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tality, hospitalisation data already collected and 
additional laboratory data, for changes in the 
burden of rotavirus over time.
Special studies that address specific research 5. 
questions such as vaccine efficacy in certain 
groups may be undertaken by jurisdictions with 
the interest and capacity to do so, especially for 
groups at special risk such as Indigenous chil-
dren in high incidence areas.
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A NOROVIRUS OUTBREAK ASSOCIATED WITH 
CONSUMPTION OF NSW OYSTERS: IMPLICATIONS 
FOR QUALITY ASSURANCE SYSTEMS
Clare Huppatz, Sally A Munnoch, Tory Worgan, Tony D Merritt, Craig Dalton, Paul M Kelly, David N Durrheim

Abstract
Norovirus is a common cause of gastroenteritis 
outbreaks associated with raw shellfish consump-
tion. In Australia there have been several reports 
of norovirus outbreaks associated with oysters 
despite the application of regulatory measures 
recommended by Food Standards Australia New 
Zealand. This study describes an outbreak of 
norovirus gastroenteritis following the consump-
tion of New South Wales oysters. In September 
2007, OzFoodNet conducted a cohort study of 
a gastroenteritis outbreak amongst people that 
had dined at a Port Macquarie restaurant. Illness 
was strongly associated with oyster consumption, 
with all cases having eaten oysters from the same 
lease (RR undefined, p<0.0001). Norovirus 
was detected in a faecal specimen. Although 
no pathogen was identified during the environ-
mental investigation, the source oyster lease had 
been closed just prior to harvesting due to sew-
age contamination. Australian quality assurance 
programs do not routinely test oysters for viral 
contamination that pose a risk to human health. 
It is recommended that the feasibility of testing 
oysters for norovirus, particularly after known fae-
cal contamination of oyster leases, be assessed. 
Commun Dis Intell 2008;32:88–91.

Keywords: disease outbreak, environmental 
investigation, foodborne disease, norovirus

Introduction

In Australia, there have been several published 
outbreaks of norovirus, which have implicated 
oysters.1–5 Between 2001–2006 in Australia, there 
were 13 outbreaks of gastroenteritis due to oysters 
reported to OzFoodNet; half of these outbreaks 
were due to norovirus (OzFoodNet, unpublished 
data, 2007). However, norovirus is a reasonably 
common gastroenteritis-causing pathogen in the 
community and disease can be mild. It is likely that 
there is significant under-reporting of norovirus 
gastroenteritis related to oyster consumption.

This report describes the epidemiological investiga-
tion of a norovirus outbreak following consumption 
of a meal at a northern New South Wales restaurant. 

The ability of current quality assurance control 
measures to protect the public from viral infections 
is questioned.

Methods

On 24 September 2007, Hunter New England 
OzFoodNet was informed of 19 cases of 
gastrointestinal illness amongst 54 individuals who 
had attended a golfing event in Port Macquarie in 
mid-September. Hypothesis generating interviews 
established that the point source of the outbreak 
was a restaurant dinner function on 11 September. 
This was the only meal shared by all cases and no 
attendees had been unwell at the function.

A retrospective cohort investigation of attendees of the 
function on 11 September was undertaken to identify 
the source of the outbreak. A questionnaire was admin-
istered by telephone between 25 and 28 September. 
Information was gathered regarding the onset and 
nature of any gastrointestinal illness, food and drink 
exposures, and contact with ill people.

A case was defined as a person who attended the 
restaurant for dinner and subsequently developed 
diarrhoea plus one or more additional symptoms of 
gastroenteritis (nausea, vomiting, abdominal pain, 
fever or lethargy).

Data were entered into a Microsoft Access database 
and then imported into STATA™ (version 8.0, 
Stata Corporation, College Station, Texas, USA) for 
analysis using Fisher’s exact test for exploring rates 
by exposure status.

To investigate the environmental cause of the out-
break, the local council inspected the restaurant and 
the NSW Food Authority commenced a trace-back 
investigation of the oysters. This involved a site visit 
to the oyster wholesaler premises and to the oyster 
grower.

Faecal specimens were examined for parasitic, bacte-
rial and viral pathogens by microscopy and culture, 
and enzyme immunoassay (EIA) and polymerase 
chain reaction for norovirus. Oysters obtained dur-
ing the environmental investigation were tested for 
bacterial and viral pathogens.
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Results

Cohort study

Interviews were undertaken with 53/54 people in 
the cohort, with one person being uncontactable. 
Nineteen cases were identified, with a median 
incubation period of 35 hours (range 10–59 hours) 
and the median duration of illness was 2.5 days 
(range 1–8 days). Two cases visited a doctor (11%), 
and no cases were hospitalised. All cases reported 
diarrhoea, and 18/19 (95%) experienced watery diar-
rhoea and one (5%) reported possible blood in the 
stool. Other symptoms reported included: abdominal 
pain (95%), lethargy (79%), nausea (79%), vomiting 
(58%), fever (58%) and headache (63%).

The dinner consisted of a choice of two entrée dishes, 
a buffet style main meal and a selection of desserts. 
The entrée choices were a plate of chicken skewers, 
served with risotto or a plate of six prawns and six 
natural oysters in the half-shell, served with cocktail 
sauce (served on the side) and lettuce garnish.

Illness was strongly associated with oyster consump-
tion, with all cases having eaten oysters (RR unde-
fined, p<0.0001)(Table). Other food items that were 
associated with illness included: prawns (RR=3.7, 
95% CI 1.0–14.1), lettuce garnish (RR=2.8, 95%CI 

1.4–5.5), cocktail sauce (RR=2.3, 95%CI 1.1–4.7), 
cucumber and tomato salad (RR=2.3, 95%CI 
1.2–4.5) and pavlova (RR= 2.3, 95%CI 1.2–4.3). 
Stratified analysis could not be performed, as all 
cases consumed oysters.

Environmental investigation

The restaurant inspection found the facility to be 
compliant with the Australia New Zealand Food 
Standards Code6 with no breaches in the handling 
or storage of food items.

The trace-back investigation identified that the 
estuary from which the oysters were harvested 
had been closed for three months prior to opening 
on 4 September, the day on which the implicated 
batch of oysters supplied to the restaurant was har-
vested. The estuary had been closed on 4 June due 
to rainfall, with continued closure due to a faecal 
spill from a sewage treatment plant near the oyster 
lease in the estuary on 20 August. The implicated 
oysters underwent post-harvest depuration for 
36 hours, a process during which oysters are held in 
tanks of disinfected sea-water, allowing the oysters 
to feed in clean water prior to sale.7 Quality assur-
ance sampling performed post-depuration reported 
Escherichia coli <0.5 CFU/g, which is the limit of 
detection for the method used.

Table. Attack rates and relative risk for foods eaten at the restaurant dinner in Port 
Macquarie, 11 September 2007

Food Ate Did not eat Relative 
risk

95% CI
Ill

n=19
Total Attack 

rate
(%)

Ill Total Attack 
rate
(%)

Entrée
 Oysters 19 34 55.9 0 19 0.0 undefi ned
 Prawns 17 37 45.9 2 16 12.5 3.7 1.0 – 14.1
 Lettuce garnish 10 15 66.7 9 38 23.7 2.8 1.4–5.5
 Cocktail sauce 11 20 55.0 8 33 24.2 2.3 1.1–4.7
 Chicken skewers 1 16 6.3 18 37 48.6 0.1 0.0–0.9
Main course
 Leg ham 17 40 42.5 2 13 15.4 2.8 0.7–10.4
 Lamb 15 42 35.7 4 11 36.3 1.0 0.4–2.4
 Beef 11 41 26.8 8 12 66.7 0.4 0.2–0.8
 Chicken 12 37 32.4 7 16 43.8 0.7 0.4–1.5
 Cucumber and tomato salad 5 7 71.4 14 46 30.4 2.3 1.2–4.5
Dessert
 Pavlova 6 9 66.7 13 44 29.5 2.3 1.2–4.3
 Toffee pudding 0 6 0.0 19 47 40.4 0.0 –
 Apple strudel 3 6 50.0 16 47 34.0 1.4 0.6–3.6
 Fruit salad 3 8 37.5 16 45 35.6 1.1 0.4–2.8
 Cream 11 25 44.0 8 28 28.6 1.5 0.7–3.2
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The environmental investigation revealed that there 
were no sick food handlers at the time of the function, 
either at the restaurant, wholesaler or oyster farm.

Microbiology

Faecal specimens were collected from only one case. 
Of two collected specimens, one was tested by EIA 
and found to be positive for norovirus.

Fresh oysters obtained during the environmental 
investigation were negative for pathogens, includ-
ing norovirus, but were from a different batch to 
that consumed on the night of the function.

Discussion

This outbreak of norovirus gastroenteritis was 
associated with oyster consumption. While con-
sumption of prawns, lettuce and cocktail sauce were 
associated with illness, their association was likely 
to represent confounding, as the oysters were served 
on a plate with these food items. All of those cases 
that ate prawns (n=17), lettuce (n=10) or cocktail 
sauce (n=11), had also consumed oysters (n=19). 
Other foods (cucumber and tomato salad and pav-
lova) accounted for fewer cases of illness (5/19 and 
6/19 respectively).

This study highlights the importance of quality 
assurance processes within the oyster industry. In 
New South Wales there is a mandatory, industry-
funded Shellfish Program, which is administered 
by the NSW Food Authority.8 The NSW Shellfish 
Program incorporates the principles and objec-
tives of the Australian Shellfish Quality Assurance 
Program.9 Quality assurance programs monitor 
E. coli and faecal coliforms as indicator organisms 
for contamination of shellfish.9

Reviews of foodborne viral illness have suggested 
that bacteriological testing of shellfish provides 
an unreliable indication of viral contamination.4,10 
Several studies have detected norovirus in oysters 
which have met bacteriologic standards required 
for human consumption.11,12 In addition, shellfish 
have the ability to accumulate viruses in their 
digestive tracts to levels that are much higher than 
those of the surrounding water.10 One study found 
that Eastern oysters accumulate a viral surrogate, 
F+ coliphage, to densities that were on average 
19 times greater than the levels in the surrounding 
estuarine water.13

Although depuration effectively decreases bacte-
rial levels, including E. coli,7,10 it is generally 
accepted that this process is inadequate for viral 

decontamination.10,14 It has been demonstrated 
experimentally that radio-labelled virus particles can 
persist in oysters for 64 hours after depuration.15

While norovirus usually causes a mild illness, its 
presence may indicate increased risk of other viruses, 
including hepatitis A.16 Some have suggested that 
warning labels accompany oysters at points of sale to 
warn of the potential risks.14,17 An alternative could be 
to test specifically for norovirus and other viral patho-
gens, however, the cost effectiveness and feasibility of 
this in Australia would require evaluation.

Several countries in the Asia-Pacific region are 
currently evaluating or instituting norovirus 
testing of oysters. In 2007, the Agri-Food 
and Veterinary Authority (AVA) of Singapore 
introduced the mandatory testing of imported 
oysters.18 The AVA requires all consignments of 
frozen oysters to be tested by the exporting coun-
try and certified as being free from norovirus.18 
In New Zealand, the Environmental Science and 
Research (ESR) laboratory is working with the 
New Zealand Food Safety Authority to improve 
methods for norovirus testing of shellfish.19 The 
goal of the ESR oyster research program is to 
establish protocols and quality systems suitable 
for regulatory use in New Zealand.19

Conclusion

Epidemiological evidence from this cohort study 
showed a significant association between oysters 
and gastroenteritis. Although environmental evi-
dence was lacking, a potential mechanism for viral 
contamination leading to accumulation of virus 
within the oysters was the reported sewage spill in 
the vicinity of the oyster lease less than two weeks 
prior to harvesting. Current quality assurance sys-
tems may be inadequate to guarantee public safety 
from viral contamination of oysters. The feasibility 
and cost effectiveness of enterovirus testing of oys-
ters, particularly after high risk events such as faecal 
spills, should be further evaluated.
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THE PUBLIC HEALTH VALUE OF EMERGENCY 
DEPARTMENT SYNDROMIC SURVEILLANCE 
FOLLOWING A NATURAL DISASTER
Kirsty Hope, Tony Merritt, Keith Eastwood, Kelly Main, David N Durrheim, David Muscatello, Kerry Todd, Wei Zheng

Abstract

During a recent natural disaster public health staff 
required timely and comprehensive surveillance 
of priority health conditions, including injury, 
mental health disorders and selected infectious 
diseases, to inform response and recovery activi-
ties. Although traditional surveillance is of value 
in such settings it is constrained by a focus on 
notifiable conditions and delays in reporting. The 
application of an electronic emergency depart-
ment syndromic surveillance system proved valu-
able and timely in informing public health activities 
following a natural disaster in New South Wales. 
Commun Dis Intell 2008;32:92–94.

Keywords: syndromic surveillance, natural 
disaster, disease surveillance

Introduction

The coastal region of Newcastle, north of Sydney 
in New South Wales, Australia, experienced severe 
storms over a two day period from 7 June 2007. Wind 
gusts exceeding 120 km/hour and rainfall of 209 mm 
in one day1,2 fell in Newcastle and the inland Hunter 
region resulting in extensive damage, power failures 
and flooding to houses, businesses, schools, aged 
care facilities, hospitals and local infrastructure, 
severely affecting roads, power, water supplies and 
sewage systems. Over 200,000 homes were without 
power for up to seven days, resulting in loss of heat-
ing and considerable food spoilage. Seven evacua-
tion centres were established for displaced residents. 
The storm also resulted in the grounding of a coal 
ship, the Pasha Bulker, storing over 700 tonnes of 
fuel oil,2 on a Newcastle beach.

Hunter New England Population Health (HNEPH) 
contributed to the acute disaster response and was 
the lead health agency during the recovery phase. 
While maintaining core public health services, 
additional responsibilities included: environmental 
health field assessments, oversight of water quality, 
enhanced surveillance for health events, and main-
taining communication systems by providing daily 
situation reports to relevant agencies, and preparing 
information for the public and media.

Natural disasters of a similar type and magnitude 
internationally have underlined the importance of 
timely surveillance systems for early identification of 
infectious disease outbreaks. In developed countries 
gastrointestinal and respiratory illnesses following 
flooding events are common.3,4 Early identification 
allows appropriate resource allocation and preventa-
tive measures to be implemented to prevent further 
illness and to minimise the impact on the hospital/
medical system and the community in general. 
Early identification is also vital in ensuring timely 
and accurate messages to the community.

Traditional surveillance focuses on notifiable infec-
tious diseases with significant time delays while 
awaiting laboratory confirmation. Thus, new infor-
mation sources were required to obtain a timely and 
comprehensive picture of priority health related 
events including infectious disease clusters, injury 
and mental health issues. Emergency Department 
(ED) data were regarded as the most reliable and 
timely source for this health intelligence.

Method

The NSW Department of Health had previously 
established syndromic surveillance using a database 
of data routinely entered into computerised ED 
patient management information systems of 30 EDs 
in New South Wales; but this database did not cover 
the Hunter storm-affected region at the time of the 
storm. Following intense advocacy in the immediate 
period following the storm event, the network was 
extended to include 11 EDs in the disaster area from 
16 June. From this time, standard reports from the 
New South Wales ED syndromic surveillance sys-
tem were available, listing presentations for 37 syn-
dromes based on ED provisional diagnosis. These 
syndromes included gastrointestinal, influenza, 
pneumonia, other/unspecified respiratory infec-
tions, all injury and mental health presentations. 
The reports were updated four times per day using 
data extracted from the ED surveillance database 
six times per day.

The New South Wales ED surveillance system 
standard reports are described elsewhere.5 Briefly, 
statistical control charts are used to automatically 
detect increases in syndrome activity, using Poisson 
z-scores of observed versus expected day-of-week 
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and weekly counts, and a modified cumulative sum 
(cusum) method for counts. Expected syndrome 
incidence is determined using a baseline of the 
previous 51 weeks.5

Prior to these reports being available, ED data were 
manually extracted from the computerised patient 
management information system of all EDs in 
storm-affected areas, and stored in an Excel spread-
sheet. The data extracted provided information on all 
gastroenteritis using ICD-10 codes and a summary 
of all visits that were identified as related to the storm 
event. Triage staff were requested to flag all storm-
related presentations using a specific incident flag 
available in the standard computerised patient man-
agement software. In addition, further storm-related 
presentations were identified retrospectively using 
keyword searches in the nursing assessment field.

Results

Prior to 16 June, the initial manual extraction of data 
required a hospital staff member to set aside their 
normal tasks and extract the information separately 
for each hospital each day. Due to the time required 
to extract data, we were obliged to limit syndromic 
surveillance to only one syndrome, gastroenteritis. 
Once the electronic ED-based syndromic surveil-
lance system was implemented it provided reports on 
37 syndromes. These reports were updated four times 
daily and were also run retrospectively for the period 
immediately following the storm to ensure that no 
post-storm presentation increases had been missed.

No gastroenteritis outbreaks were identified during 
the recovery phase. The New South Wales syndro-
mic surveillance system detected increases in pres-
entations of respiratory syndromes. However, these 
increases were within seasonally expected levels 
given the onset of winter when compared with ED 
data for the previous five years.

In the first two days following the storm event, 60% 
of the storm-related ED visits were due to hypo-
thermia and the majority of the remainder resulted 
from traumatic injuries, including fractures and 
lacerations. The incident flag was poorly utilised by 
triage staff and the bulk of storm-related visits were 
identified retrospectively. 

Discussion

The initial manual extraction of ED data was time 
consuming and this limited the range of data that 
could be realistically obtained. The actual preva-
lence of hypothermia was not realised until after 
retrospective coding had occurred. In addition, as 
coding was conducted using keywords in the triage 
nursing assessment text, it is possible that additional 
presentations related to the storm were missed.

Once implemented the electronic ED-based syn-
dromic surveillance system provided easily acces-
sible and timely reports on a wide range of indicator 
syndromes. A hypothermia syndrome, based on 
ICD-10 codes can be made available through the 
electronic ED-based system for future incidents. 
If required a syndrome can also be made available 
for incident related presentations using key word 
searches in the nursing assessment field, negating 
the need for staff to manually flag presentations.

ED syndromic data proved a valuable source of 
information for public health staff and comple-
mented existing surveillance. The data informed 
response planning, while also reassuring the public 
that measures taken were successfully mitigating 
the threat of infectious disease outbreaks.

The use of ED data during this natural disaster has 
shown that the timeliness and coverage of ED data 
captured through the New South Wales syndromic 
surveillance system makes it a valuable surveillance 
tool for the response and recovery phases following 
natural emergencies.
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SCHOOL-BASED VACCINATIONS DELIVERED BY 
GENERAL PRACTICE IN RURAL NORTH QUEENSLAND: 
AN EVALUATION OF A NEW HUMAN PAPILLOMA 
VIRUS VACCINATION PROGRAM
Carole Reeve, Stephanie De La Rue, Dennis Pashen, Margaret Culpan, Tracy Cheffins

Abstract

A local general practice was contracted to provide 
the school-based immunisation program over two 
years in Mount Isa, Queensland. The schedule 
was for female Year 10, 11 and 12 students to 
receive three doses of human papilloma virus 
(HPV) vaccination (Gardasil). This was provided 
as part of the broader immunisation program 
that involved providing Year 8 students with two 
doses of hepatitis B vaccination and one dose of 
varicella-zoster, and Year 10 students with one 
dose of diphtheria-tetanus-pertussis (DTPa). Data 
were collected on the number of consent forms 
returned and how many declined vaccination, 
how many students were vaccinated and those 
requiring catch-up vaccinations, as well as the 
total number completing the full course of immu-
nisations. Adverse events were also recorded. The 
total cohort of girls eligible for HPV vaccination 
was 304 (consented to vaccination – 275 (90%), 
declined vaccination – 13 (4%), coverage for first 
HPV dose – 89%, coverage for second HPV dose 
– 88%, coverage for third HPV dose – 79%). When 
compared with other adolescent vaccinations given 
concurrently as part of the broader vaccination 
program, HPV coverage was higher. There were 
only three significant adverse events. Three girls 
fainted at the time of immunisation but recovered 
immediately. The HPV immunisation had a good 
uptake and was well tolerated. Integrating school 
immunisation provision with general practice pro-
vides continuity with preschool immunisations and 
provides a convenient location for parents to bring 
children who have missed out on immunisations 
or would like to discuss the immunisation program 
further. Commun Dis Intell 2008;32:94–98.

Keywords: human papilloma virus, vaccination, 
school-based immunisation, consent, 
immunisation coverage

Introduction

Worldwide, cervical cancer is the second most com-
mon cancer in women. Human papilloma virus 
(HPV) DNA is found in virtually all invasive cervi-
cal cancers.1 There are over 100 HPV subtypes and 
at least 15 (HPV) types are human carcinogens that 
play a role in the pathogenesis of cervical and other 
cancers.2

Although the incidence of cervical cancer in 
Australia is low, the incidence of psychological and 
physical morbidity due to precancerous lesions 
is high.3 Every year in Australia, pap screening 
detects about 100,000 abnormal smears and about 
15,000 women undergo treatment for high-grade 
lesions.4,5 Therefore the prophylactic prevention 
of HPV-related dysplasia and cancer would save 
lives, and reduce the need for colposcopy and other 
procedures.

The quadrivalent vaccine Gardasil (Merck) was 
developed in Australia and was approved in August 
2006 for use in young females aged 9–25 years. If 
administered prior to sexual activity, Gardasil pro-
vides 90%–100% protection against persistent infec-
tion and cervical/genital disease due to HPV types 
16 and 18 which cause 70% of cervical cancer cases 
and 50% of high grade cervical abnormalities, and 
HPV types 6 and 11,6,7 which are associated with 
90% of cases of genital warts and approximately 
10% of low grade cervical abnormalities.3

3. Watson J, Gayer M, Connolly M. Epidemics after 
Natural Disasters. EID 2007;13:1-5.

4. Centers for Disease Control and Prevention. After 
a Hurricane: Key facts about infectious disease. 
Available from: www.bt.cdc.gov/disasters/hurricanes/
infectiousdisease.asp Accessed August 2007.

5. Muscatello D, Churches T, Kaldor J, Zheng W, Chiu C, 
Correll P, et al. An automated, broad-based, near real-
time public health surveillance system using presenta-
tions to hospital Emergency Departments in New South 
Wales, Australia. BMC Pub Hlth 2005;5:141-152.
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Though Gardasil is very effective in providing pro-
tection against HPV infection it is not a treatment 
and consequently has no effect in women with 
infection prior to vaccination. However, clinical tri-
als have found that many women are only infected 
with one type of the virus so sexually active women 
are still likely to benefit from vaccination.7

In November 2006 the Australian Government 
announced that a national school-based HPV 
immunisation program would be funded from 
April 2007. The program has two phases delivered 
in schools (Box):

a two year catch-up for girls aged 13–18 years • 
provided in schools;
from 2009, an on-going program for girls aged • 
12–13 years.

A further catch-up program for women up to and 
including 26 years will be funded for two years from 
2007 and is to be delivered through general practice.

This paper presents data regarding the implemen-
tation of the HPV vaccination program in Mount 
Isa, a rural north Queensland city with two high 
schools and an Indigenous population of 19% based 
on census figures.8

Method

In Mount Isa, the school-based vaccination pro-
gram was tendered out to a local general practice. 
The program was carried out in the two local high 
schools. The practice manager, administration staff 
and practice nurse organised the program and nurse 
immunisers were employed on a casual basis to pro-
vide the immunisations in the schools.

Consent forms were delivered to the schools by the 
immunisation team and sent home to parents with 
the students for signing. The immunisation team 
then collected them from the school office.

An immunisation day was allocated for each age 
group and the team vaccinated all students with 
signed consent forms. Follow-up days were allocated 
to provide vaccinations for students who were absent 
on the initial day of immunisation. In addition, stu-
dents who missed out on immunisation at school 
could be brought in by their parents to the general 
practice providing the school-based program.

Data were collected on the number of consent forms 
returned, the number declined, the number of stu-
dents actually vaccinated and the number requiring 
catch-up vaccination. Also recorded were minor and 
significant adverse events.

These data were entered into the Queensland Health 
MS Excel datasheet provided as part of the contract. 
The rates of consent form return and immunisation 
coverage were calculated automatically using the 
total cohort of students as the denominator. The 
data presented in this paper are from the first six 
months of the program, July–December 2007.

Results

Human papilloma virus consent

The total cohort of girls eligible for HPV vaccina-
tion was 304, of which:

285 (94%) returned consent forms;• 
275 (90%) consented to vaccination; and• 
13 (4.3%) declined vaccination.• 

Table. Schedule for the Queensland school-based vaccination program

HPV
2007
Three doses of HPV vaccination for females in Years 10, 11 and 12 with one to two months between 1st and 2nd doses 
and four months for the 3rd (abbreviated catch-up schedule)
2008
Three doses of HPV vaccination for females in Years 8, 9 and 10 with one to two months between 1st and 2nd doses and 
six months for the 3rd
2009
HPV will form part of the ongoing school based vaccination program delivered to female Year 8 students in conjunction with 
hepatitis B and varicella 
Hepatitis B vaccination
Two doses for Year 8 students not previously vaccinated, with an interval of four to six months.
Varicella-zoster
One dose for Year 8 students not previously infected or vaccinated, given at the same time as hepatitis B.
Diphtheria-tetanus-pertussis (DTPa)
One dose for Year 10 students with no previous booster who have had a previous primary course.
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The overall rate of consent form return for HPV 
was 97% in School One and 94% in School Two. 
Consent rates of greater than 80% were achieved 
for HPV, hepatitis B and varicella-zoster in School 
One, while in School Two only the HPV vaccina-
tion achieved consent rates above 85% (Figure 1).

One parent declined to consent to the HPV vac-
cination in School One.

In School Two, 12 parents declined HPV vaccina-
tion for their daughters.

A combined coverage rate of 82% was achieved 
for both schools for the first HPV dose. After the 
catch-up program had been administered this rose 
to 89%.

Coverage rate for the second dose was 76% and was 
particularly low among Year 10 students in School 
Two, a large number of whom were absent on the 
day of immunisation. Coverage for the second HPV 
dose was 88% after parents brought their adolescents 
into the practice for catch-up doses. Coverage for 
the third dose was 72%, and 79% after the catch-up 
program (Figure 2).

Fifty-three adolescents had their catch-up doses 
through the general practice.

Adverse events

There were only three significant adverse events. 
Three girls fainted at the time of immunisation but 
recovered immediately. Quite a few girls complained 
of nausea and feeling dizzy but did not require any 
medical intervention.

Queensland immunisation coverage

The school based immunisation program com-
menced simultaneously across Queensland in 
June 2007 and was divided into Northern, Central 
and Southern regions.

Vaccination coverage data from the Central region 
was provided by written communication from 
Queensland Health for comparative purposes. This 
program was delivered at the same time and using 
the same schedule as the Mount Isa program and 
involved a cohort of 39,000 students in 228 schools. 
Central Queensland HPV coverage rates for doses 
one and two were 72% and 66% respectively. Overall 
immunisation rates achieved in Mount Isa were 
higher than those in Central Queensland, although 
hepatitis B was lower (Figure 3).

Discussion

HPV vaccination is a new program and there are 
little data available on HPV immunisation coverage 
in Australia. In this study two comparisons were 
made.

The overall rate of consent form return and coverage 
for HPV was higher than for the other vaccinations 
administered as part of the broader immunisation 
program. Coverage decreased with subsequent 

Figure 1. HPV consent form return rates and 
actual vaccination coverage compared with 
the other vaccinations given as part of the 
same vaccination program HPV coverage
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Figure 2. Consent and coverage rates for 
human papilloma virus vaccination doses 
administered as part of the Mount Isa school-
based vaccination program
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doses of HPV. This has also been noted with school 
hepatitis B programs.9 When compared with other 
adolescent vaccinations given in Mount Isa, HPV 
coverage was the highest.

Overall North Queensland data are currently 
unavailable, but comparisons can be made with 
data from Central Queensland programs that were 
conducted mostly through local councils rather 
than general practice. Overall immunisation rates 
achieved in Mount Isa were higher than those in 
Central Queensland, although hepatitis B was 
lower. This is thought to be due to the fact that 
many children had already been immunised against 
hepatitis B in childhood.

High overall coverage in Mount Isa was likely to be 
due to the relatively small number of adolescents in 
the cohort. The prominent and convenient location 
of the practice also made it easy for parents to bring 
their adolescents in for catch-up doses.

Two surveys prior to the introduction of HPV pre-
dicted consent rates of 77% and 54% in spite of the 
fact that few participants linked HPV with cervical 
cancer.10,11 Coverage rates achieved for HPV in this 
study were higher than these predictions.

Importantly, significant adverse events from HPV 
vaccination experienced during this study were lim-
ited to vasovagal events. Anecdotally, it was noted 
that students complained that each subsequent dose 
was more painful that the first with increased sting-
ing occurring immediately at the site of injection 
but resolving over several minutes.

Getting signed consent forms back from parents in 
a timely manner was the most challenging aspect of 
the program. In 2008, the HPV immunisation pro-
gram will cover girls in Years 8–10 and from 2009 
HPV will become part of the Year 8 schedule. This 
study found that the Years 8–10 students had lower 
consent and coverage rates, which could impact 
coverage levels in the future.

The other difficulty encountered was adolescents 
being absent from school. This was addressed, in 
part, by allowing parents to bring students into the 
practice themselves to ensure that the immunisa-
tions were administered.

Of the 53 adolescents who had their catch-up doses 
through the general practice, most had signed 
consent forms but were absent from school on 
the immunisation day. However, eight doses were 
given opportunistically to adolescents when they 
presented at the practice for other reasons and the 
parents signed their consent forms.

Australia has had immunisation programs since 
the 1920s. However, it wasn’t until the polio 
campaigns of the 1950s that these programs were 
delivered in schools. Since then, there has been a 
move towards immunisation in general practice as 
part of the National Immunisation Strategy.12 With 
more immunisations being given in childhood and 
the potential loss of lifetime immunity provided by 
the disease, boosters are now being required during 
adolescence and schools provide a suitable environ-
ment for their administration.

Based on this experience, we believe general practice 
to be an ideal provider of school based immunisation 
programs. Utilising a combined approach of mass 
school based vaccination programs and catch-up 
and opportunistic doses given in the general prac-
tice, very good coverage rates can be achieved.

This approach also provides good continuity with 
existing preschool immunisation, and HPV immu-
nisation of women who have left school.
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31 DECEMBER 2007
The OzFoodNet Working Group

Quarterly reports

Introduction

The Australian Government Department of Health 
and Ageing established the OzFoodNet network 
in 2000 to collaborate nationally to investigate 
foodborne disease. OzFoodNet conducts studies 
on the burden of illness and coordinates national 
investigations into outbreaks of foodborne disease. 
This quarterly report documents investigations of 
outbreaks of gastrointestinal illness and clusters 
of disease potentially related to food, occurring in 
Australia from 1 October to 31 December 2007.

Data were received from OzFoodNet representa-
tives in all Australian states and territories and a 
sentinel site in the Hunter/New England region 
of New South Wales. The data in this report are 
provisional and subject to change as the results of 
outbreak investigations can take months to finalise.

During the fourth quarter of 2007, OzFoodNet sites 
reported 565 outbreaks of enteric illness, including 
those transmitted by contaminated food. Outbreaks 
of gastroenteritis are often not reported to health 
agencies or the reports are delayed, meaning that 
these figures under-represent the true burden of 
enteric illness. In total, these outbreaks affected 
9,891 people, of which 256 were hospitalised and 
29 people died. The majority (88%, n=497) of 
outbreaks resulted from infections due to person-
to-person transmission (Figure).

Foodborne disease outbreaks

There were 27 outbreaks during this quarter where 
consumption of contaminated food was suspected 
or confirmed as the primary mode of transmission 
(Table). These outbreaks affected 314 people and 
resulted in 31 people being admitted to hospital. 
There were no deaths reported. This compares with 
34 outbreaks for the fourth quarter of 2006 and 
36 outbreaks in the previous quarter of 2007.

Salmonella was responsible for 13 outbreaks during 
this quarter, with Salmonella Typhimurium being 
the most common serotype. Various phage types of 
S. Typhimurium were reported as the cause of these 
outbreaks including S. Typhimurium 44 in four out-
breaks, S. Typhimurium U307 and S. Typhimurium 
29 each in two outbreaks, and S. Typhimurium 135a 

and S. Typhimurium 9 each in one outbreak. The 
other Salmonella serotypes causing outbreaks were 
S. Kiambu, S. Saintpaul, and S. Tennessee.

Norovirus was associated with six foodborne 
outbreaks during this quarter. Campylobacter was 
reported in a single outbreak. There were four 
toxin-related outbreaks during the quarter includ-
ing two ciguatera fish poisoning outbreaks, and 
single outbreaks of Bacillus cereus intoxication and 
Clostridium perfringens intoxication. The remaining 
three outbreaks were caused by unknown aetiologi-
cal agents.

Seven outbreaks reported in this quarter were associ-
ated with food prepared at restaurants, six from food 
prepared at private residences and four with food 
prepared by commercial caterers. Food prepared by 
takeaway outlets, institutions and aged care facili-
ties were each associated with two outbreaks. Two 
outbreaks resulted from contaminated primary 
produce—Spanish mackerel and coral trout. Single 
outbreaks were associated with food prepared for a 
camp and by a bakery.

To investigate these outbreaks, sites conducted 
one cohort study, and collected case series data 
in 19 investigations. There were seven outbreaks 
where no individual patient data were collected. 

Figure. Mode of transmission for outbreaks 
of gastrointestinal illness reported by 
OzFoodNet sites, 1 October to 31 December 
2007
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Investigators obtained analytical epidemiologi-
cal evidence in one outbreak and microbiological 
evidence in three outbreaks. For the remaining 
23 outbreaks, investigators obtained descriptive 
evidence implicating the food vehicle or suggesting 
foodborne transmission.

The following jurisdictional summaries describe 
key outbreaks that occurred in this quarter.

New South Wales

New South Wales reported seven outbreaks of 
foodborne illness during this quarter. An outbreak 
of Salmonella Typhimurium 9 affected 11 of 13 
people attending a private residence. Illness was 
associated with a shared meal of multiple foods 
that included raw eggs as ingredients.

Table. Outbreaks of foodborne disease reported by OzFoodNet sites,* 1 October to 
31 December 2007

State Month of 
outbreak

Setting prepared Aetiological agent Number 
affected

Evidence Responsible vehicles

NSW October Private residence Unknown 7 D Suspected watermelon
Bakery S. Typhimurium 44 27 D Uncooked cheese/cream 

cake 
November Takeaway Campylobacter 2 D Meat kebab

Private residence S. Typhimurium 9 11 D Multiple foods
Restaurant Unknown 3 D Unknown
Private residence S. Typhimurium 29 8 D Suspected beef patties/

home made icecream 
Private residence S. Typhimurium 29 3 D Eggnog

Qld October Aged care S. Kiambu 2 D Unknown
November Takeaway Bacillus cereus 3 M Fried rice/honey chicken

Primary produce Ciguatera fi sh poisoning 2 D Coral trout
Restaurant S. Typhimurium U307 3 D Unknown
Institution S. Typhimurium U307 6 D Unknown

December Primary produce Ciguatera fi sh poisoning 2 D Spanish mackerel
Restaurant Norovirus 34 D Unknown
Private residence Norovirus 5 D Salad 

Tas October Restaurant Unknown 12 D Unknown
Restaurant S. Typhimurium 135a 2 D Unknown

Vic October Commercial caterer Norovirus 18 A Fruit salad 
Restaurant S. Typhimurium 44 16 M Chicken foccacia/raw egg 

aioli
Aged care S. Saintpaul 3 D Unknown
Commercial caterer Norovirus 34 D Unknown
Commercial caterer Norovirus 53 D Unknown

November Private residence S. Typhimurium 44 13 D Unknown
Institution Clostridium perfringens 7 D Unknown

December Restaurant S. Typhimurium 44 13 M Eggs used in an 
undercooked food (risottini) 
and cross contamination

WA November Camp S. Tennessee 12 D Unknown
December Commercial caterer Norovirus 13 D Unknown

* No foodborne outbreaks were reported in the Australian Capital Territory, South Australia or the Northern Territory during the 
quarter.

D Descriptive evidence implicating the suspected vehicle or suggesting foodborne transmission.

A Analytical epidemiological association between illness and one or more foods.

M Microbiological confi rmation of agent in the suspect vehicle and cases.
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S. Typhimurium 29 was identified as the aetiologic 
agent in two outbreaks. One outbreak affected 
three people who drank an eggnog milkshake that 
included raw egg as an ingredient. The second 
outbreak affected eight family members attending 
a home-catered party. The food source for the party 
was not identified but the meal included beef patties, 
eggs and a home-made icecream.

New South Wales also investigated a geographic 
cluster (27 cases) of S.Typhimurium 44. Interviews 
of some cases (11/17) showed that they had eaten 
either a cheese or cream cake from one bakery. The 
New South Wales Food Authority noted that raw 
egg was an ingredient used in the preparation of the 
base for these cakes. New South Wales also reported 
an outbreak of two cases of campylobacteriosis 
associated with meat kebabs and prepared by a 
takeaway outlet.

Queensland

Queensland reported eight outbreaks during this 
quarter. Salmonella Kiambu caused illness in two 
residents of a Queensland aged care facility. Two 
outbreaks of Salmonella Typhimurium U307 caused 
three cases of illness among patrons of the same 
restaurant and six cases of illness among residents 
of a mental health residential facility. Investigators 
were unable to identify the food or environmental 
cause for these three Salmonella outbreaks.

Queensland reported two ciguatera fish poisoning 
outbreaks during the quarter. Coral trout purchased 
from a fish market in Gladstone caused two cases 
of this toxin-related illness. The other outbreak 
of two cases was from consumption of a Spanish 
mackerel caught by a recreational fisherman in a 
channel between Upolu, Vlasoff and Michaelmas 
Cays (Great Barrier Reef).

Queensland investigated an outbreak of three 
cases of Bacillus cereus intoxication from a meal 
of fried rice and honey chicken. Both food and 
vomitus specimens were positive for Bacillus 
cereus toxin gene.

Norovirus caused two outbreaks of gastrointestinal 
illness; both were likely due to food handlers 
working while they were infectious. These outbreaks 
of norovirus involved illness among 34 patrons who 
had dined at a restaurant and five people eating at a 
private residence.

Tasmania

Tasmania reported two outbreaks during this quarter. 
Two cases of Salmonella Typhimurium 135a were 
notified from the same household in north-west 
Tasmania. A restaurant was suspected as being the 

source of infection. No other salmonellosis cases, 
associated with this business, were identified nor 
any links identified between these cases and recent 
S. Typhimurium 135a clusters.1

Tasmania investigated foodborne illness among 
12 patrons who had eaten the same meal at 
a restaurant. Cases onset of symptoms began 
30–40 hours after meals were consumed and 
included abdominal pains, vomiting and diarrhoea. 
A source for the outbreak was not identified.

Victoria

Victoria reported eight outbreaks of foodborne 
illness during this quarter. Two cases became sick 
within one day of each other in an outbreak caused 
by Salmonella Saintpaul in an aged care facility. 
Both cases were residents of the facility but did not 
have contact with each other. A third case was a staff 
member who had an onset of illness at the same time 
as the residents – this staff member was negative for 
Salmonella. A source for this outbreak was unable to 
be identified despite an extensive investigation.

There were three outbreaks caused by Salmonella 
Typhimurium 44 investigated in Victoria during the 
quarter. S. Typhimurium 44 affected 16 patrons of 
a restaurant. All cases ate the chicken foccacia that 
included a raw egg aioli. A sample from the outside 
of the blender used to make the aioli was positive for 
S. Typhimurium 44.

A second outbreak caused by S. Typhimurium 44 was 
reported in 13 cases (patrons and staff) of a restaurant. 
Food (risottini and stuffed mushrooms) and a sample 
from the outside of the blender that was used to make 
a raw egg aioli were positive for S. Typhimurium 44. 
This outbreak was suspected to have been caused by 
the use of raw eggs in an undercooked food, and cross 
contamination of other food within the restaurant.

Victoria investigated a third outbreak of S. Typhi-
murium 44 where several home prepared foods 
were served at a private residence. Thirteen cases 
of illness were identified including two cases who 
provided faecal specimens that were positive for 
S. Typhimurium 44. The cause of this outbreak was 
unable to be identified.

Three outbreaks were suspected to have been caused 
by food handlers working while they were infectious 
with norovirus. The first outbreak involved a 
commercial caterer who provided a lunch that 
included various meats, vegetables and desserts. A 
food handler was symptomatic with vomiting and 
diarrhoea a few days prior to preparing food for the 
function. An investigation showed a statistically 
significant association between consumption of fruit 
salad and illness (RR 4.5; 95%CI 1.2–16.7). The 
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second norovirus outbreak was confirmed in four 
separate groups who had a catered lunch provided 
by the same commercial caterer over a two day 
period. One food handler was ill with abdominal 
pain and nausea on the day prior to the food being 
provided to customers. Three further staff became 
ill with vomiting and diarrhoea at the same time 
the customers became ill three days later. One of the 
positive specimens was from a food handler. The 
third of these norovirus outbreaks saw two separate 
groups of illness on successive weekends. The first 
group involved 53 guests who became ill. It is likely 
that a child who had vomited in the dining room was 
the source of illness for the guests and some of the 
staff. Two staff became ill after this function, and their 
illness was consistent with the guests. The following 
weekend there were two separate groups who dined 
at the same function centre and illness was reported 
in guests of both groups. It is suspected that an 
infectious food handler contaminated multiple foods 
during preparation and was the source of illness for 
the people who dined on this second weekend.

Western Australia

Western Australia reported two outbreaks of 
foodborne illness during this quarter. An outbreak of 
gastroenteritis caused by norovirus occurred among 
people who ate at a Western Australia function 
centre on two evenings. The cause of illness in the 
13 cases was suspected to be foodborne as two food 
handers prepared food while ill with symptoms 
consistent with norovirus infection.

An outbreak of S. Tennessee infection that 
occurred at a railway construction camp in the 
north of Western Australia was suspected to be 
either food– or water-borne. S. Tennessee has 
been detected previously in drinking water from 
this region and drinking water at the camp had 
a history of contamination. A treatment system 
was fitted and the drinking water sampled was 
subsequently free of microbial contamination. 
In addition, a food handler who had prepared 
salads for lunches had S. Tennessee infection. 
Lunches were prepared in the morning and 
stored at ambient temperature until consumption. 
Ambient temperatures at the time of the outbreak 
were greater than 40°C.

Comments

During the quarter, Western Australia also investi-
gated a travel-acquired outbreak of Cyclospora 
cayetanensis, which is rarely reported as a cause of 
illness in Australia. It involved a cluster of eight 
cases from a family of 13 members, including 
two cases who provided faecal specimens that 
were positive for C. cayetanensis. The family had 

recently completed a five day cruise on a ship that 
departed and returned to Singapore. Symptoms 
reported by cases included diarrhoea, nausea and 
abdominal discomfort. A source for the infection 
was not identified.

C. cayetanensis infection is usually via a food– or 
water-borne contamination typically associated 
with imported produce or with international 
travel.2 The mode of transmission is faecal–oral or 
ingestion through ingestion of contaminated food 
or water. Person to person exposure is unlikely as 
oocysts typically become infectious after maturing 
days to weeks after excretion. Outbreaks have not 
been associated with cooked or frozen food.3

C. cayetanensis gastroenteritis causes watery diarrhoea, 
anorexia, fatigue and weight loss. In Australia, the 
infection should be considered as a potential cause 
of traveller’s diarrhoea in people returning from 
overseas.2,4 However, a seemingly isolated case of C. 
cayetanensis without a travel history may be outbreak 
related and the need for further action discussed with 
public health officials.4

Eggs and egg-containing dishes were identified as 
the most common outbreak food vehicle in 2006 
and responsible for 14% (16/115) of foodborne 
outbreaks.3 This continued in 2007 and the fourth 
quarter with 19% (5/27) of foodborne outbreaks 
associated with uncooked or lightly cooked foods 
that had raw eggs as an ingredient. All jurisdictions, 
except for the Northern Territory, have reported egg-
related Salmonella outbreaks due to various strains 
of Salmonella Typhimurium in 2006 and 2007.3 An 
assortment of food vehicles were identified in these 
outbreaks, including dessert, salad dressing, sauce, 
milkshake and under/lightly cooked egg.

The reasons for the increase in outbreaks linked 
with eggs are unclear, but it has stimulated national 
discussions about means to prevent disease from 
potentially contaminated eggs. In August 2007, 
Federal, State and Territory governments met with 
industry and stakeholders at the National Egg Food 
Safety Summit to discuss how to tackle the problem 
of egg-associated illness.

Continued liaison between food safety agencies and 
the egg industry are paramount given egg-associated 
outbreaks of salmonellosis. There would be value in 
the development of nationally consistent guidelines 
on the use of eggs for the entire food service industry, 
specifically targeting restaurants and bakeries that 
have been the source of many of these outbreaks. 
In addition, the general public require continuing 
education on the safe handling and use of eggs in 
the home.
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Highlights for 4th quarter, 2007

Communicable diseases surveillance highlights report on data from various sources, including the National Notifiable 
Diseases Surveillance System (NNDSS) and several disease specific surveillance systems that provide regular reports 
to Communicable Diseases Intelligence. These national data collections are complemented by intelligence provided 
by state and territory communicable disease epidemiologists and/or data managers. This additional information has 
enabled the reporting of more informative highlights each quarter.

The NNDSS is conducted under the auspices of the Communicable Diseases Network Australia. NNDSS collates 
data on notifiable communicable diseases from state and territory health departments. The Virology and Serology 
Laboratory Reporting Scheme (LabVISE) is a sentinel surveillance scheme which collates information on labora-
tory diagnosis of communicable diseases. In this report, data from the NNDSS are referred to as ‘notifications’ or 
‘cases’ while data from the LabVISE scheme are referred to as ‘laboratory reports’.

Communicable diseases surveillance

Figure 1 shows the changes in selected disease 
notifications to the National Notifiable Diseases 
Surveillance System (NNDSS) with an onset in the 
fourth quarter (October to December) 2007, in com-
parison with the five-year mean for the same period. 
Notifications were above the five-year mean for 
chlamydial infections, cryptosporidiosis, influenza 

(laboratory confirmed), mumps, Ross River virus 
and Shiga toxin-producing/verotoxin-producing 
Escherichia coli (STEC/VTEC). Notifications were 
below the five-year mean for meningococcal infec-
tion, pertussis, invasive pneumococcal disease and 
rubella.

Figure 1. Selected* diseases from the National Notifiable Diseases Surveillance System, 
comparison of provisional totals for the period 1 October to 31 December 2007 with historical 
data*
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Ratio

* Selected diseases are chosen each quarter according to current activity. Five year averages and the ratios of notifi cations 
in the reporting period in the fi ve year mean should be interpreted with caution. Changes in surveillance practice, diagnostic 
techniques and reporting, may contribute to increases or decreases in the total notifi cations received over a fi ve year period. 
Ratios are to be taken as a crude measure of current disease activity and may refl ect changes in reporting rather than 
changes in disease activity. See Table 1 for all diseases.

† Ratio of current quarter total to mean of corresponding quarter for the previous fi ve years.
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Gastrointestinal diseases

Cryptosporidiosis

There were 805 notifications of cryptosporidiosis 
between 1 October and 31 December 2007, which 
was 80% higher than the five-year mean for previous 
corresponding quarters. All jurisdictions reported 
cases during the fourth quarter, with the majority 
from New South Wales (300), Queensland (207) 
and Victoria (207) (Figure 2). 

The total for the quarter represented a substantive 
increase from the previous quarter and the same 
quarter for 2006. Notifications of cryptosporidiosis 
peak in the summer months, with increases in 
notifications commencing in the fourth quarter and 
peaking in the first quarter of the following year.

New South Wales reported 37% (300) of the total 
number of cases reported nationally. Over a third 
of the New South Wales cases notified were in the 
age range of 1 to 4 years. A range of possible risk fac-
tors reported in a New South Wales media release 
included: contact with farm animals, consumption of 
untreated water and swimming; however there were 
no significant common source outbreaks identified.1

Haemolytic uraemic syndrome

Haemolytic uraemic syndrome (HUS) is a rare 
condition characterised by progressive renal 
failure associated with microangiopathic haemo-
lytic anaemia (red blood cell destruction), and 

thrombocytopaenia (platelet reduction and bleeding 
into the skin). HUS can occur following a variety of 
associated diseases, diarrhoeal and non-diarrhoeal. 
Diarrhoeal associated disease is the most common 
cause of HUS, specifically, infections associated 
with Shigella dysenteriae type 1 and, most commonly, 
STEC/VTEC.2

Reporting of a confirmed case of HUS on the 
NNDSS requires clinical evidence based on 
acute microangiopathic anaemia on a peripheral 
blood smear and either acute renal impairment or 
thrombocytopaenia.3

Approximately 10% of persons with an infection of 
STEC/VTEC will go on to develop this condition.4,5 
Where STEC/VTEC is isolated in the context of 
HUS, they are notified as both STEC/VTEC and 
HUS in NNDSS.

There were seven cases of HUS notified in the 
fourth quarter of 2007. This was 16% higher then 
the five-year mean for the corresponding period. 
Six of the cases notified were in New South Wales, 
however no common associations or exposures were 
identified between the cases.

Of these six HUS cases notified in New South 
Wales, one case was co-notified with a STEC 
infection. The number of STEC/VTEC cases noti-
fied during this period was 41, New South Wales 
notified 39% (16) of these cases, and nationally 
this was 2.5 times the five-year mean for the cor-
responding period. Figure 3 shows the notification 
rates of HUS and STEC/VTEC in New South 
Wales between 2002 and 2007.

Figure 2. Notification rates of cryptospor-
idiosis, New South Wales, Queensland and 
Victoria, 2002 to 2007
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Figure 3. Notification rates of haemolytic 
uraemic syndrome and Shiga toxin-
producing/verotoxin-producing Escherichia 
coli, New South Wales, 2002 to 2007
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Quarantinable diseases

Cholera

Cholera is one of eight human diseases that are cur-
rently subject to quarantine controls in Australia. 
The notifiable serogroups for cholera are toxigenic 
Vibrio cholerae O1 and O139.3 Although there are 
over 200 V. cholerae serogroups, non-O1 and non-
O139 groups rarely elaborate cholera enterotoxin.4

One case of cholera was notified in Queensland 
during the fourth quarter of 2007. The case was 
a 46-year-old female who acquired the infection 
whilst travelling through India as part of a tour 
group. The infecting organism was identified as 
toxigenic Vibrio cholerae O1 Ogawa. Investigations 
undertaken by Queensland Health noted that other 
members of the tour group also became ill during 
the tour, however no additional cases were discov-
ered in Australia.

This case represented one of three cholera notifica-
tions that were reported in Australia in 2007. The 
average number of cases over the last five years was 
3.4 cases per year.

Vaccine preventable diseases

Mumps

During the fourth quarter of 2007, 290 cases of 
mumps were reported. Over half of the cases noti-
fied to NNDSS (155) were from New South Wales. 
Western Australia reported 86 cases (30%) and the 
Northern Territory reported 32 cases (11%). In com-
parison to the five-year mean for the corresponding 
period (32.2), the fourth quarter of 2007 was nine 
times higher and exceeded the 95th percentile of the 
five-year mean by 233 cases.

In Western Australia, 86 cases of mumps were noti-
fied during the quarter. The majority of these cases 
(76, 88%) were from the Kimberley region, and 
almost all were Indigenous persons (71, 93%); and 
aged between 10 and 29 years (54, 71%). Some of the 
Indigenous cases had epidemiological links to cases 
in a Northern Territory outbreak. Of all cases noti-
fied in the Kimberley region of Western Australia, 
38 (50%) were fully vaccinated, 10 (13%) were 
partially vaccinated, 9 (12%) were not vaccinated 
and information was unknown, not applicable or 
missing for 22% of cases.

Ten of the cases reported in the Northern Territory 
occurred in students at a boarding school. Following 
public health investigation, it was noted that these 
cases were likely to have received early immunisa-
tion with the measles-mumps-rubella (MMR) 

vaccine at 9–10 months of age. This was consistent 
with historical recommendations in the Northern 
Territory, which no longer apply.

The current National Immunisation Program 
Schedule recommends two doses of MMR at 
12 months and at four years, unless there is a con-
traindication. The efficacy following immunisation 
at less than 12 months may be reduced when com-
pared to those who are immunised at 12 months, 
due to the natural persistence of maternal antibodies 
in the child. The Australian Immunisation Handbook 
recommends that when MMR is given under 
12 months of age, that the dose be repeated at or 
after 12 months.6,7 Figure 4 highlights the number 
of notifications associated with each age group, 
highlighting mumps vaccine eligibility based on 
historical vaccination policies.7

Other bacterial infections

Meningococcal infections

There were 79 notifications of meningococcal 
infection reported in the fourth quarter of 2007, 
22% more than the corresponding period in 2006. 
Serogroup data were available on 72 (92%) of the 
notified cases in the quarter. Sixty-two (79%) were 
serogroup B, 3 (4%) were serogroup C, 2 (3%) were 
serogroup W135, 3 (4%) were serogroup Y, and in 
8 (10%) the serogroup was either not typed or no 
data were provided.

Figure 4. Notifications of mumps and 
mumps vaccine eligibility, Australia, 
1 October to 31 December 2007, by age group
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Those notified were aged from one month to 
79 years; nine cases (11%) were aged less then 
12 months, 18 cases (23%) were aged 1–years, and 
there were 19 (24%) cases aged 15–20 years.

There were three deaths associated with 
meningococcal infection reported from New South 
Wales (2) and Queensland (1). One case was in a 
15-year-old female with serogroup Y infection, 
another case in a 6-month-old male with serogroup 
B infection and one case in an 8-month-old male 
with serogroup C infection. The case with serogroup 
C infection was too young to be vaccinated under 
the current immunisation schedule.

The current National Immunisation Program 
Schedule recommends one dose of the meningococcal 
C vaccine at 12 months of age.6
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Tables

National Notifiable Diseases Surveillance System
A summary of diseases currently being reported by each jurisdiction is provided in Table 1. There were 35,690 
notifications to the National Notifiable Diseases Surveillance System (NNDSS) with a notification date 
between 1 October and 31 December 2007 (Table 2). The notification rate of diseases per 100,000 population 
for each state or territory is presented in Table 3.

Table 1. Reporting of notifiable diseases by jurisdiction

           

Disease Data received from:
Bloodborne diseases
Hepatitis (NEC)

Hepatitis B (incident) All jurisdictions

Hepatitis B (unspecifi ed) All jurisdictions

Hepatitis C (incident) All jurisdictions except Qld

Hepatitis C (unspecifi ed) All jurisdictions

Hepatitis D All jurisdictions

Gastrointestinal diseases
Botulism All jurisdictions

Campylobacteriosis All jurisdictions except NSW

Cryptosporidiosis All jurisdictions

Haemolytic uraemic syndrome All jurisdictions

Hepatitis A All jurisdictions

Hepatitis E All jurisdictions

Listeriosis All jurisdictions

Salmonellosis All jurisdictions

Shigellosis All jurisdictions

STEC, VTEC All jurisdictions

Typhoid All jurisdictions

Quarantinable diseases
Cholera All jurisdictions

Highly pathogenic avian 
infl uenza

All jurisdictions

Plague All jurisdictions

Rabies All jurisdictions

Severe acute respiratory 
syndrome

All jurisdictions

Smallpox All jurisdictions 

Viral haemorrhagic fever All jurisdictions

Yellow fever All jurisdictions

Sexually transmissible infections
Chlamydial infection All jurisdictions

Donovanosis All jurisdictions

Gonococcal infection All jurisdictions

Syphilis (all) All jurisdictions

Syphilis <2 years duration All jurisdictions

Syphilis >2 years or 
unspecifi ed duration

All jurisdictions 

Syphilis - congenital All jurisdictions 

Disease Data received from:
Vaccine preventable diseases
Diphtheria All jurisdictions

Haemophilus infl uenzae type b All jurisdictions

Infl uenza - laboratory confi rmed* All jurisdictions

Measles All jurisdictions

Mumps All jurisdictions

Pertussis All jurisdictions

Pneumococcal disease 
(invasive)

All jurisdictions

Poliomyelitis All jurisdictions

Rubella All jurisdictions

Rubella - congenital All jurisdictions

Tetanus All jurisdictions

Varicella zoster (chickenpox) All jurisdictions except NSW

Varicella zoster (shingles) All jurisdictions except NSW

Varicella zoster (unspecifi ed) All jurisdictions except NSW

Vectorborne diseases
Arbovirus infection (NEC) All jurisdictions

Barmah Forest virus infection All jurisdictions

Dengue virus infection All jurisdictions

Japanese encephalitis virus 
infection

All jurisdictions

Kunjin virus infection All jurisdictions

Malaria All jurisdictions

Murray Valley encephalitis 
virus infection

All jurisdictions

Ross River virus infection All jurisdictions

Zoonoses
Anthrax All jurisdictions

Australian bat lyssavirus All jurisdictions

Brucellosis All jurisdictions

Leptospirosis All jurisdictions

Lyssaviruses (unspecifi ed) All jurisdictions

Ornithosis All jurisdictions

Q fever All jurisdictions

Tularaemia All jurisdictions

Other bacterial infections
Legionellosis All jurisdictions

Leprosy All jurisdictions

Meningococcal infection - 
invasive

All jurisdictions

Tuberculosis All jurisdictions

* Laboratory confi rmed infl uenza is not notifi able in South 
Australia but reports are forwarded to NNDSS.

NEC Not elsewhere classifi ed
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Disease* State or territory Aust
ACT NSW NT Qld SA Tas Vic WA

Bloodborne diseases
Hepatitis (NEC) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hepatitis B (incident) 2.4 0.9 1.9 0.9 1.0 3.2 1.9 2.1 1.4
Hepatitis B (unspecifi ed) 15.3 40.1 106.1 21.9 27.8 15.4 35.7 27.9 32.9
Hepatitis C (incident) 4.7 0.2 0.0 NN 1.3 3.2 2.5 3.6 1.3
Hepatitis C (unspecifi ed) 37.7 79.5 83.7 63.0 34.8 59.2 52.3 66.5 63.5
Hepatitis D 0.0 0.1 0.0 0.3 0.0 0.0 0.2 0.0 0.1
Gastrointestinal diseases
Botulism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Campylobacteriosis† 156.5 NN 83.7 138.4 139.9 122.4 138.0 108.1 89.4
Cryptosporidiosis 8.2 17.4 33.5 19.8 1.3 8.9 15.9 9.5 15.3
Haemolytic uraemic syndrome 0.0 0.3 0.0 0.0 0.0 0.0 0.1 0.0 0.1
Hepatitis A 0.0 0.8 0.0 0.6 0.3 0.8 0.6 0.8 0.6
Hepatitis E 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
Listeriosis 0.0 0.3 0.0 0.2 1.0 0.0 0.2 0.2 0.3
Salmonellosis 25.9 30.9 243.7 48.9 49.0 31.6 39.7 40.1 41.0
Shigellosis 0.0 0.8 93.0 2.5 7.8 0.8 1.1 4.2 3.0
STEC, VTEC‡ 0.0 0.9 1.9 1.1 2.5 0.0 0.2 0.0 0.8
Typhoid 0.0 0.2 1.9 0.3 0.0 0.0 0.5 0.4 0.3
Quarantinable diseases
Cholera 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Highly pathogenic avian 
infl uenza

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Plague 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rabies 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Severe acute respiratory 
syndrome

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Smallpox 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Viral haemorrhagic fever 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yellow fever 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sexually transmissible 
infections
Chlamydial infection§ 230.7 177.8 898.7 315.2 198.7 246.5 213.2 362.1 243.7
Donovanosis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gonococcal infection 20.0 19.3 612.2 33.0 24.2 6.5 17.5 82.2 34.0
Syphilis (all) 10.5 20.0 107.9 9.3 2.5 5.7 14.7 8.7 14.5

Syphilis <2 years duration 7.1 5.1 31.6 5.1 0.0 0.0 5.9 4.4 5.0
Syphilis >2 years or 
unspecifi ed duration

3.5 14.9 76.3 4.2 2.5 5.7 8.8 4.4 9.5

Syphilis - congenital 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vaccine preventable diseases
Diphtheria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Haemophilus infl uenzae type b 0.0 0.2 3.7 0.0 0.0 0.0 0.1 0.0 0.1
Infl uenza - laboratory confi rmed 20.0 7.4 14.9 35.0 NDP 9.7 10.0 17.9 14.4
Measles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mumps 3.5 9.0 59.5 0.6 0.8 0.0 0.4 16.1 5.5
Pertussis 22.4 41.2 9.3 37.0 22.2 2.4 17.4 6.6 28.0

Table 3. Notification rates of diseases, 1 October to 31 December 2007, by state or territory. 
(Annualised rate per 100,000 population) 
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Disease* State or territory Aust
ACT NSW NT Qld SA Tas Vic WA

Vaccine preventable 
diseases, continued
Pneumococcal disease 
(invasive)

8.2 5.7 24.2 4.8 5.6 7.3 5.3 3.8 5.5

Poliomyelitis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rubella 0.0 0.1 0.0 0.2 0.0 0.0 0.1 0.2 0.1
Rubella - congenital 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tetanus 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Varicella zoster (chickenpox) NDP NN 124.7 10.5 47.7 2.4 NN 22.2 9.3
Varicella zoster (shingles) NDP NN 39.1 9.5 25.0 25.9 NN 20.1 6.8
Varicella zoster (unspecifi ed) NDP NN 0.0 80.2 41.1 9.7 NN 31.2 22.4
Vectorborne diseases
Arbovirus infection (NEC) 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.1
Barmah Forest virus infection 1.2 6.2 22.3 20.5 2.8 0.0 0.5 4.6 7.1
Dengue virus infection 2.4 0.9 7.4 1.7 1.5 1.6 0.5 3.6 1.4
Japanese encephalitis virus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kunjin virus infection 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malaria 3.5 1.3 22.3 5.0 1.5 3.2 1.5 4.4 2.7
Murray Valley encephalitis virus 
infection

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Ross River virus infection 3.5 13.8 115.4 48.3 14.9 1.6 2.2 41.8 21.3
Zoonoses
Anthrax 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Australian bat lyssavirus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Brucellosis 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.1
Leptospirosis 0.0 0.0 0.0 0.7 0.0 0.0 0.5 0.4 0.3
Lyssavirus (unspecifi ed) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ornithosis 0.0 0.5 0.0 0.1 0.0 0.0 1.4 0.4 0.6
Q fever 0.0 3.5 0.0 3.3 0.8 0.0 0.5 0.4 2.0
Tularaemia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other bacterial infections
Legionellosis 0.0 1.6 1.9 1.2 1.3 0.8 0.8 6.8 1.8
Leprosy 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Meningococcal infection - 
invasive| |

1.2 1.8 0.0 2.2 0.8 0.8 1.0 1.3 1.5

Tuberculosis 5.9 4.5 37.2 5.0 5.3 2.4 7.9 4.4 5.8

* Rates are subject to retrospective revision.

† Not reported for New South Wales where it is only notifi able as ‘foodborne disease’ or ‘gastroenteritis in an institution’.

‡ Infections with Shiga toxin (verotoxin) producing Escherichia coli (STEC/VTEC).

§ Includes Chlamydia trachomatis identifi ed from cervical, rectal, urine, urethral, throat and eye samples, except for South 
Australia which reports only genital tract specimens, Northern Territory which excludes ocular specimens, and Western 
Australia which excludes ocular and perinatal infections.

|| Only invasive meningococcal disease is nationally notifi able. However, New South Wales, the Australian Capital Territory 
and South Australia also report conjunctival cases.

NN Not notifi able.

NEC Not elsewhere classifi ed.

NDP No data provided.

Table 3. Notification rates of diseases, 1 October to 31 December 2007, by state or territory. 
(Annualised rate per 100,000 population), continued
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Laboratory Serology and Virology Reporting Scheme

There were 6,058 reports received by the Virology and Serology Laboratory Reporting Scheme (LabVISE) in 
the reporting period, 1 October to 31 December 2007 (Tables 4 and 5).

Table 4. Virology and serology laboratory reports by state or territory* for the reporting period 
1 October to 31 December 2007, and total reports for the year†.

State or territory This 
period 
2007

This 
period 
2006

Year 
to date 
2007

Year 
to date 
2006ACT NSW NT Qld SA Tas Vic WA

Measles, mumps, rubella
Measles virus – – – – 1 – – – 1 3 19 57
Mumps virus – 3 1 2 3 – 2 – 12 2 53 27
Hepatitis viruses
Hepatitis A virus – 2 – 6 1 – – – 10 7 41 31
Hepatitis D virus – – – – 2 – – – 2 2 22 7
Arboviruses
Barmah Forest virus – 8 – 79 10 – – – 97 23 506 288
Flavivirus (unspecifi ed) – – – 15 – – – 1 16 4 97 47
Ross River virus 1 5 7 156 27 – 1 6 203 41 1,090 1,062
Adenoviruses
Adenovirus not typed/
pending

– 77 – 44 156 1 25 – 309 144 1,199 636

Herpes viruses
Cytomegalovirus – 22 1 111 100 3 14 – 251 137 1,196 872
Epstein–Barr virus – 9 18 268 109 3 11 75 493 261 2,458 1,445
Varicella–zoster virus 1 108 4 413 121 4 33 – 684 142 2,809 1,039
Other DNA viruses
Parvovirus – 2 – 91 6 – 22 – 121 37 410 186
Poxvirus group not typed – – – – – – 1 – 1 1 3 3
Picornavirus family
Enterovirus not typed/
pending

– 21 – 11 17 1 1 – 51 9 173 103

Picornavirus not typed – – – – – 2 – – 2 – 9 2
Rhinovirus (all types) – 68 – – 10 – – – 78 65 323 207
Ortho/paramyxoviruses
Infl uenza A virus – 2 1 25 22 – 16 – 66 39 2,293 340
Infl uenza B virus – 3 – 3 12 – 16 – 34 6 165 176
Parainfl uenza virus type 1 – 6 – 1 3 – 1 – 11 – 50 74
Parainfl uenza virus type 2 – – – 2 – – – – 2 3 61 15
Parainfl uenza virus type 3 – 28 – 46 45 – 9 – 134 118 507 233
Respiratory syncytial virus 2 35 1 82 26 11 10 – 176 62 2,239 1,816
Other RNA viruses
HTLV–1 – – – – 2 – – – 2 2 14 6
Norwalk agent – 23 – 1 – 1 346 – 371 440 1,138 1,550
Rotavirus – 57 – – 150 3 25 – 253 428 617 1,318
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State or territory This 
period 
2007

This 
period 
2006

Year 
to date 
2007

Year 
to date 
2006ACT NSW NT Qld SA Tas Vic WA

Other
Chlamydia pneumoniae 1 – – – – – 2 – 3 – 4 1
Chlamydia psittaci – – – 1 – 1 25 – 27 21 66 64
Chlamydia trachomatis – 
not typed

3 133 – 1,025 328 14 6 1 1,512 471 7,837 3,875

Chlamydia species – 1 – – – – – – 1 – 3 2
Coxiella burnetii (Q fever) 1 33 – 28 9 – 19 3 93 11 276 106
Mycoplasma pneumoniae – 5 2 70 25 6 47 11 166 134 1,155 1,035
Rickettsia – spotted fever 
group

– 3 – 1 2 1 7 – 14 2 112 87

Streptococcus group A – 7 35 197 – 1 21 – 261 48 1,087 377
Bordetella pertussis – 7 – 97 32 2 13 – 152 90 818 1,313
Brucella species – – – 3 – – – – 3 – 10 5
Legionella longbeachae – – – – – – 2 – 2 6 8 21
Legionella pneumophila – 1 – – – – 1 – 2 3 30 28
Cryptococcus species – 1 – 1 1 – – – 3 2 45 19
Leptospira species – – – 8 1 – – – 9 2 61 18
Treponema pallidum – 25 9 211 143 – 1 1 412 99 2,196 785
Entamoeba histolytica – – – 1 – – 1 – 2 – 8 1
Toxoplasma gondii – 1 – 2 1 1 3 – 8 3 29 39
Echinococcus granulosus – – – – 4 1 3 – 8 – 24 3
Total 9 696 79 3,001 1,369 56 684 98 6,058 2,868 31,261 19,319

* State or territory of postcode, if reported, otherwise state or territory of reporting laboratory.

† Data presented are for reports with reports dates in the current period.

– No data received this period.

Table 4. Virology and serology laboratory reports by state or territory* for the reporting period 
1 October to 31 December 2007, and total reports for the year,† continued
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Table 5.  Virology and serology reports by laboratories for the reporting period 1 October to 
31 December 2007*

State or territory Laboratory October 
2007

November 
2007

December 
2007

Total 
this 

period
Australian Capital 
Territory

The Canberra Hospital – – – –

New South Wales Institute of Clinical Pathology and Medical 
Research, Westmead

49 3 90 142

New Children’s Hospital, Westmead 118 73 50 241
Repatriation General Hospital, Concord – – – –
Royal Prince Alfred Hospital, Camperdown 15 22 11 48
South West Area Pathology Service, Liverpool 57 9 31 97

Queensland Queensland Medical Laboratory, West End 1,594 1,341 351 3,286
Townsville General Hospital – – – –

South Australia Institute of Medical and Veterinary Science, 
Adelaide

746 73 574 1,363

Tasmania Northern Tasmanian Pathology Service, Launceston 25 15 14 54
Royal Hobart Hospital, Hobart – – – –

Victoria Australian Rickettsial Reference Laboratory 38 38 14 90
Monash Medical Centre, Melbourne 17 28 25 70
Royal Children’s Hospital, Melbourne 20 13 12 45
Victorian Infectious Diseases Reference Laboratory, 
Fairfi eld

398 60 49 507

Western Australia PathWest Virology, Perth – – – –
Princess Margaret Hospital, Perth – – – –
Western Diagnostic Pathology 85 – 30 115

Total 3,162 1,675 1,251 6,058

* The complete list of laboratories reporting for the 12 months, January to December 2007, will appear in every report regard-
less of whether reports were received in this reporting period. Reports are not always received from all laboratories.

– No data received this period.
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Australian Sentinel Practice 
Research Network

The Australian Sentinel Practices Research Network 
(ASPREN) is a national surveillance system that is 
owned and operated by the Royal Australian College 
of General Practitioners and directed through the 
Discipline of General Practice at the University of 
Adelaide.

The network consists of general practitioners who 
report presentations on a number of defined medical 
conditions each week. ASPREN was established in 
1991 to provide a rapid monitoring scheme for infec-
tious diseases that can alert public health officials of 
epidemics in their early stages as well as play a role in 
the evaluation of public health campaigns and research 
of conditions commonly seen in general practice. The 
aim of ASPREN is to also provide an indicator of the 
burden of disease in the primary health care setting and 
to detect trends in consultation rates.

The list of conditions is reviewed annually by the 
ASPREN management committee and an annual 
report is published. In 2007, four conditions are being 
monitored all of which are related to communicable 
diseases. They include influenza like illness (ILI), 
gastroenteritis and varicella infections (chickenpox and 
shingles). Definitions of these conditions are described 
in Surveillance systems reported in CDI, published in 
Commun Dis Intell 2008;32:134–135.

Data on influenza-like illness, gastronenteri-
tis, chicken pox and shingles from 1 January to 
31 December 2007 compared with 2006, are shown 
as the rate per 1,000 consultations in Figures 1, 2, 3 
and 4, respectively.

Reporting period 1 October to 31 December 2007

Sentinel practices contributing to ASPREN were 
located in all jurisdictions other than the Northern 
Territory. A total of 92 general practitioners contrib-
uted data to ASPREN in the fourth quarter of 2007. 
Each week an average of 72 general practitioners 
provided information to ASPREN at an average of 
7,231 (range 3,008 to 8,197) consultations per week.

In the fourth quarter of 2007, influenza-like illness 
(ILI) rates began to decrease from early November. 
From November to end of December, ILI rates were 
lower (4 to 8 cases per 1,000 consultations) com-
pared with 8 to 18 cases per 1,000 consultations for 
the same period in 2006 (Figure 1).

Reports of gastroenteritis from 1 October to 
31 December 2007 were lower compared with the 
same period in 2006 (Figure 2). During this report-
ing period, consultation rates for gastroenteritis 
remained constant (between 7 to 10 cases per 1,000 
consultations).

Reports of varicella infections were reported at a 
lower rate for the fourth quarter of 2007 compared 
with the same period in 2006, but there was no 
recognisable seasonal pattern. From 1 October to 
31 December 2007, rates for chickenpox fluctu-
ated between 0 to 1.3 case per 1,000 consultations 
(Figure 3).

Figure 1. Consultation rates for influenza-
like illness, ASPREN, 2006 to 31 December 
2007, by week of report
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Figure 2. Consultation rates for 
gastroenteritis, ASPREN, 2006 to 
31 December 2007, by week of report
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and currently used in Australia to treat gonorrhoea. 
When in vitro resistance to a recommended agent is 
demonstrated in 5% or more of isolates from a general 
population, it is usual to remove that agent from the 
list of recommended treatment.1 Additional data are 
also provided on other antibiotics from time to time. 
At present all laboratories also test isolates for the pres-
ence of high level (plasmid-mediated) resistance to 
the tetracyclines, known as TRNG. Tetracyclines are 
however, not a recommended therapy for gonorrhoea 
in Australia. Comparability of data is achieved by 
means of a standardised system of testing and a pro-
gram-specific quality assurance process. Because of the 
substantial geographic differences in susceptibility pat-
terns in Australia, regional as well as aggregated data 
are presented. For more information see Commun Dis 
Intell 2008;32:134.

Reporting period 1 July to 30 September 2007

The AGSP laboratories received a total of 651 gono-
coccal isolates of which 636 remained viable for sus-
ceptibility testing. This was about 25% less than the 
869 gonococci reported for the same period in 2006. 
About 30% of this total was from New South Wales, 
20% from Victoria, 17% from Queensland, 13% 
from each of Western Australia and the Northern 
Territory and 5% from South Australia. There were 
nine isolates from Tasmania and three from the 
Australian Capital Territory.

Penicillins

Two hundred and sixty-two (41.1%) of the 636 iso-
lates examined were penicillin resistant by one or 
more mechanisms. One hundred and nine (17.1%) 
were penicillinase producing Neisseria gonorrhoeae 
(PPNG) and 153 (24%) resistant by chromosomal 
mechanisms, (CMRP). The proportion of all strains 
resistant to the penicillins by any mechanism 
ranged from 7.5% in the Northern Territory to 54% 
in New South Wales and 52% in Victoria. High 
rates of penicillin resistance were also found in 
South Australia (44%), Queensland (34.6%) and in 
Western Australia (28.2%). All nine gonococci tested 
in Tasmania, but none of the three in the Australian 
Capital Territory, were penicillin resistant.

Figure 5 shows the proportions of gonococci 
fully sensitive (MIC ≤ 0.03 mg/L), less sensitive 
(MIC 0.06–0.5 mg/L), relatively resistant (MIC 
≥ 1 mg/L) or else penicillinase producing (PPNG) 
aggregated for Australia and by state or territory. A 
high proportion those strains classified as PPNG 
or else resistant by chromosomal mechanisms fail 
to respond to treatment with penicillins (penicil-
lin, amoxycillin, ampicillin) and early generation 
cephalosporins.

In the fourth quarter of 2007, rates for shingles 
fluctuated between less than 1 to 1.4 cases per 1,000 
consultations (Figure 4).

Gonococcal surveillance

John Tapsall, The Prince of Wales Hospital, Randwick 
NSW 2031 for the Australian Gonococcal Surveillance 
Programme.

The Australian Gonococcal Surveillance Programme 
(AGSP) reference laboratories in the various States 
and Territories report data on sensitivity to an agreed 
‘core’ group of antimicrobial agents quarterly. The 
antibiotics currently routinely surveyed are penicil-
lin, ceftriaxone, ciprofloxacin and spectinomycin, 
all of which are administered as single dose regimens 

Figure 4. Consultation rates for shingles, 
ASPREN, 2006 to 31 December 2007, by week 
of report
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Figure 3. Consultation rates for chickenpox, 
ASPREN, 2006 to 31 December 2007, by week 
of report
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Spectinomycin

All isolates susceptible to this injectable agent.

Quinolone antibiotics

Nationally, the 321 quinolone resistant N. gonorr-
hoeae (QRNG) detected in this quarter represented 
50.5% of all isolates tested. In the third quarter of 
2006, the 325 QRNG represented 38% of all isolates 
while in 2005 there were 35.5% QRNG and in 
2004 QRNG were 24% of all gonococci tested. The 
majority of QRNG (272 of 321, 98.6%) had higher-
level resistance to ciprofloxacin of 1 mg/L or more. 
QRNG are defined as those isolates with an MIC 
to ciprofloxacin equal to or greater than 0.06 mg/L. 
QRNG are further subdivided into less sensitive (cip-
rofloxacin MICs 0.06–0.5 mg/L) or resistant (MIC ≥ 
1 mg/L) groups.

QRNG were detected in all states and territories with 
the exception of the Australian Capital Territory 
(Figure 6). The highest proportion of QRNG was 
found in Victoria where 94 QRNG represented 
70.7% of isolates tested and South Australia where 
there were 24 QRNG (70.6% of isolates). In New 
South Wales there were 123 QRNG (64.7%), in 
Queensland 44 (42.3%) and in Western Australia 22 
(25.9 %) with five QRNG detected the Northern 
Territory and nine (of 9 tested) in Tasmania.

In New South Wales most of the penicillin resist-
ance was with CMRP (63, 33.2%) with 40 PPNG 
(21%) and a similar distribution was also present 
in Victoria where 25 PPNG represented 18.8% of 
isolates tested, but 44 CMRP was 33% of isolates 
tested. In Queensland CMRP represented 15.4% of 
isolates tested, while PPNG were 19.2%, in South 
Australia PPNG were 17.6% and CMRP 26.5% 
and in Western Australia PPNG 15.3% and CMRP 
12.9%. PPNG were also present in Tasmania and 
Northern Territory (3 and 2 isolates respectively), 
but there were no PPNG in the Australian Capital 
Territory. CMRP were present in Tasmania (6 iso-
lates) and the Northern Territory (4). All the 
penicillin resistant strains in the Northern Territory 
were from Darwin.

Ceftriaxone

Four isolates with decreased susceptibility to 
ceftriaxone (MIC range 0.06–0.12 mg/L) were 
detected, one each in New South Wales and South 
Australia and two in Queensland. It is emphasised 
that no treatment failures have been documented 
locally when a 250 mg IM dose of ceftriaxone has 
been used.

Figure 5. Categorisation of gonococci 
isolated in Australia, 1 July to 30 September 
2007, by penicillin susceptibility and region
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Figure 6. The distribution of quinolone 
resistant isolates of Neisseria gonorrhoeae 
in Australia, 1 July to 30 September 2007, by 
jurisdiction

0

10

20

30

40

50

60

70

80

NSW NT Qld SA WA Vic Aus

P
er

ce
nt

ag
e

All QRNG
LS QRNG
R QRNG

LS QRNG Ciprofl oxacin MICs 0.06–0.5 mg/L.

R QRNG Ciprofl oxacin MICs ≥1 mg/L.



120 CDI Vol 32 No 1 2008

Communicable Diseases Surveillance Additional reports

South Australia, Western Australia). Cases of AIDS are 
notified through the State and Territory health authori-
ties to the National AIDS Registry. Diagnoses of both 
HIV infection and AIDS are notified with the person’s 
date of birth and name code, to minimise duplicate 
notifications while maintaining confidentiality.

Tabulations of diagnoses of HIV infection and AIDS 
are based on data available three months after the 
end of the reporting interval indicated, to allow for 
reporting delay and to incorporate newly available 
information. More detailed information on diagnoses of 
HIV infection and AIDS is published in the quarterly 
Australian HIV Surveillance Report, and annually in 
‘HIV/AIDS, viral hepatitis and sexually transmissible 
infections in Australia, annual surveillance report’. 
The reports are available from the National Centre in 
HIV Epidemiology and Clinical Research, 376 Victoria 
Street, Darlinghurst NSW 2010. Internet: http://www.
med.unsw.edu.au/nchecr. Telephone: +61 2 9332 4648. 
Facsimile: +61 2 9332 1837. For more information see 
Commun Dis Intell 2005;29:91–92.

HIV and AIDS diagnoses and deaths following AIDS 
reported for 1 April to 30 June 2007, as reported 
to 30 September 2007, and reported for 1 July to 
30 September 2007, as reported to 31 December 2007 
are included in this issue of Communicable Diseases 
Intelligence (Tables 1, 2, 3 and 4).

High level tetracycline resistance

The number (129) and proportion (20.3%) of high 
level tetracycline resistance (TRNG) detected was 
higher than that recorded in this quarter in 2006 
(102, 11.9%). TRNG were found in all states and 
territories except for Tasmania and the Australian 
Capital Territory and represented between 3.8% 
(Northern Territory) and 36.5% (Western Australia) 
of all isolates tested.

Reference
1. Management of sexually transmitted diseases. World 

Health Organization 1997; Document WHO/GPA/

TEM94.1 Rev.1 p 37.

HIV and AIDS surveillance

National surveillance for HIV disease is coordinated by 
the National Centre in HIV Epidemiology and Clinical 
Research (NCHECR), in collaboration with State and 
Territory health authorities and the Commonwealth 
of Australia. Cases of HIV infection are notified to 
the National HIV Database on the first occasion of 
diagnosis in Australia, by either the diagnosing labora-
tory (Australian Capital Territory, New South Wales, 
Tasmania, Victoria) or by a combination of laboratory 
and doctor sources (Northern Territory, Queensland, 

Table 1. New diagnoses of HIV infection, new diagnoses of AIDS and deaths following AIDS 
occurring in the period 1 April to 30 June 2007, by sex and state or territory of diagnosis

Sex State or territory Totals for Australia

ACT NSW NT Qld SA Tas Vic WA This period 
2007

This period 
2006

YTD 
2007

YTD 
2006

HIV 
diagnoses

Female 0 13 0 6 2 0 5 2 28 30 64 69
Male 0 101 2 40 9 1 68 8 229 195 488 416
Not reported 0 0 0 0 0 0 0 0 0 0 0 0
Total* 0 116 2 46 11 1 73 10 259 225 554 485

AIDS 
diagnoses

Female 0 0 0 0 0 0 0 0 0 6 1 10
Male 0 5 0 5 0 0 9 1 20 39 44 85
Total* 0 5 0 5 0 0 10 1 21 45 46 96

AIDS 
deaths

Female 0 0 0 0 0 0 1 1 2 1 2 4
Male 0 0 0 3 0 0 1 0 4 17 15 33
Total* 0 0 0 3 0 0 2 1 6 19 17 39

*  Totals include people whose sex was reported as transgender.
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Table 4.  Cumulative diagnoses of HIV infection, AIDS, and deaths following AIDS since the 
introduction of HIV antibody testing to 30 September 2007, and reported by 31 December 2007, 
by sex and state or territory

Sex State or territory
ACT NSW NT Qld SA Tas Vic WA Australia

HIV diagnoses Female 32 914 23 291 108 12 389 217 1,986
Male 262 13,740 135 2,851 972 111 5,449 1,262 24,782
Not reported 0 232 0 0 0 0 22 0 254
Total* 294 14,917 158 3,151 1,081 123 5,882 1,486 27,092

AIDS diagnoses Female 10 252 4 73 32 4 113 41 529
Male 92 5,438 45 1,046 409 55 2,035 434 9,554
Total* 102 5,708 49 1,121 442 59 2,161 477 10,119

AIDS deaths Female 7 136 1 42 20 2 64 28 300
Male 73 3,589 29 673 280 33 1,418 297 6,392
Total* 80 3,736 30 717 300 35 1,491 326 6,715

*  Totals include people whose sex was reported as transgender.

Table 3. New diagnoses of HIV infection, new diagnoses of AIDS and deaths following AIDS 
occurring in the period 1 July to 30 September 2007, by sex and state or territory of diagnosis

Sex State or territory Totals for Australia

ACT NSW NT Qld SA Tas Vic WA This period 
2007

This period 
2006

YTD 
2007

YTD 
2006

HIV 
diagnoses

Female 0 17 0 5 4 0 10 3 39 31 105 100
Male 2 80 0 36 7 1 69 18 213 203 707 619
Not reported 0 2 0 0 0 0 0 0 2 0 4 0
Total* 2 101 0 41 11 1 79 21 256 236 818 721

AIDS 
diagnoses

Female 0 1 0 0 0 0 1 0 2 6 4 16
Male 0 3 0 3 0 2 10 2 20 49 71 134
Total* 0 4 0 3 0 2 11 2 22 57 76 153

AIDS 
deaths

Female 0 0 0 0 0 0 0 1 1 0 5 4
Male 0 3 0 0 0 0 1 1 5 24 23 57
Total* 0 3 0 0 0 0 1 2 6 24 28 63

*  Totals include people whose sex was reported as transgender.

Table 2.  Cumulative diagnoses of HIV infection, AIDS, and deaths following AIDS since the 
introduction of HIV antibody testing to 30 June 2007, and reported by 30 September 2007, by sex 
and state or territory

Sex State or territory
ACT NSW NT Qld SA Tas Vic WA Australia

HIV diagnoses Female 32 898 23 285 104 12 379 212 1,945
Male 260 13,661 135 2,814 964 110 5,380 1,239 24,563
Not reported 0 230 0 0 0 0 22 0 252
Total* 292 14,818 158 3,108 1,069 122 5,803 1,458 26,828

AIDS diagnoses Female 10 251 4 72 32 4 111 41 525
Male 92 5,432 45 1,043 409 53 2,015 428 9,517
Total* 102 5,701 49 1,117 442 57 2,139 471 10,078

AIDS deaths Female 7 136 1 42 20 2 62 27 297
Male 73 3,586 28 672 280 33 1,416 295 6,383
Total* 80 3,733 29 716 300 35 1,487 323 6,703

*  Totals include people whose sex was reported as transgender.
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Childhood immunisation coverage

Tables 5, 6 and 7 provide the latest quarterly report on 
childhood immunisation coverage from the Australian 
Childhood Immunisation Register (ACIR).

The data show the percentage of children fully immu-
nised at 12 months of age for the cohort born between 
1 July and 30 September 2006, at 24 months of age for 
the cohort born between 1 July and 30 September 2005, 
and at 6 years of age for the cohort born between 1 July 
and 30 September 2001 according to the National 
Immunisation Program.

For information about the Australian Childhood 
Immunisation Register see Surveillance systems 
reported in CDI, published in Commun Dis Intell 
2008;32:133–134 and for a full description of the 
methodology used by the Register see Commun Dis 
Intell 1998;22:36-37.

Commentary on the trends in ACIR data is provided 
by the National Centre for Immunisation Research and 
Surveillance of Vaccine Preventable Diseases (NCIRS). 
For further information please contact the NCIRS at 
telephone: +61 2 9845 1435, Email: brynleyh@chw.
edu.au.

Immunisation coverage for children ‘fully immu-
nised’ at 12 months of age for Australia increased 
marginally by 0.2 percentage points to 91.5% 
(Table 5). There were no important changes in cov-
erage for any individual vaccines due at 12 months 
of age or by jurisdiction.

Immunisation coverage for children ‘fully immu-
nised’ at 24 months of age for Australia increased 
by 0.5 percentage points to 93.0% and is now at 
its highest recorded level (Table 6). The greatest 
increase occurred in Western Australia where ‘fully 
immunised’ coverage increased by a significant 
0.9 percentage points and coverage for individual 

Table 5.  Percentage of children immunised at 1 year of age, preliminary results by disease and state 
or territory for the birth cohort 1 July to 30 September 2006; assessment date 31 December 2007

Vaccine State or territory
ACT NSW NT Qld SA Tas Vic WA Australia

Total number of children 1,206 24,414 866 14,845 4,848 1,687 18,023 7,581 73,470
Diphtheria, tetanus, pertussis (%) 93.0 92.0 90.9 92.3 92.3 93.8 93.1 89.4 92.1
Poliomyelitis (%) 93.0 92.0 90.9 92.2 92.3 93.7 93.1 89.4 92.1
Haemophilus infl uenzae type b (%) 95.4 94.8 95.3 93.9 94.6 96.1 94.8 92.7 94.4
Hepatitis B (%) 95.4 94.8 95.4 93.8 94.5 96.0 94.8 92.9 94.4
Fully immunised (%) 92.8 91.7 90.7 91.4 91.6 93.5 92.2 88.8 91.5
Change in fully immunised since 
last quarter (%)

-1.6 +0.0 +0.0 +0.5 +0.4 +1.9 +0.7 -0.8 +0.2

Table 6.  Percentage of children immunised at 2 years of age, preliminary results by disease and 
state or territory for the birth cohort 1 July to 30 September 2005; assessment date 31 December 2007

Vaccine State or territory
ACT NSW NT Qld SA Tas Vic WA Australia

Total number of children 1,106 23,440 945 14,679 4,610 1,571 16,716 6,982 70,049

Diphtheria, tetanus, pertussis (%) 95.5 95.3 95.8 94.6 95.2 96.9 95.9 94.5 95.3
Poliomyelitis (%) 95.4 95.2 95.8 94.5 95.1 96.9 95.9 94.5 95.2
Haemophilus infl uenzae type b (%) 95.7 95.4 94.8 93.6 94.2 96.8 95.1 94.4 94.8
Measles, mumps, rubella (%) 94.7 94.0 95.6 93.6 94.2 96.1 95.3 93.2 94.3
Hepatitis B (%) 96.2 96.0 97.1 95.5 95.7 97.3 96.6 95.3 96.0
Fully immunised (%) 93.9 92.9 94.1 92.1 92.9 95.7 94.1 91.4 93.0
Change in fully immunised since 
last quarter (%)

-0.1 +0.6 +0.3 +0.3 +0.3 +0.8 +0.6 +0.9 +0.5

* The 12 months age data for this cohort was published in Commun Dis Intell 2007;32:148.
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vaccines also increased in similar amounts, up to 1.2  
percentage points for Haemophilus influenzae type b 
vaccine.

Immunisation coverage for children ‘fully immu-
nised’ at six years of age for Australia increased a 
further 0.2 percentage points from the last quarter’s 
0.7 percentage points increase to reach 88.8%, its 
highest recorded level (Table 7). There were no 
important changes in coverage for any individual 
vaccines due at six years of age or by jurisdiction.

Figure 7 shows the trends in vaccination coverage 
from the first ACIR-derived published coverage 
estimates in 1997 to the current estimates. There is 
a clear trend of increasing vaccination coverage over 
time for children aged 12 months, 24 months and 
six years, although the rate of increase has slowed 
over the past few years for all age groups. It should 
be noted that currently, coverage for the vaccines 
added to the NIP since 2003 (varicella at 18 months, 

Table 7.  Percentage of children immunised at 6 years of age, preliminary results by disease and 
state or territory for the birth cohort 1 July to 30 September 2001; assessment date 31 December 2007

Vaccine State or territory

ACT NSW NT Qld SA Tas Vic WA Australia
Total number of children 1,061 22,548 877 14,350 4,721 1,511 16,472 6,878 68,418
Diphtheria, tetanus, pertussis (%) 89.6 89.8 88.8 88.2 88.0 89.0 91.7 86.0 89.4
Poliomyelitis (%) 90.1 89.8 88.9 88.3 88.2 88.9 91.9 86.3 89.5
Measles, mumps, rubella (%) 89.3 89.8 88.7 88.3 88.1 89.7 91.9 86.2 89.5
Fully immunised (%) 88.8 89.1 88.4 87.6 87.6 88.2 91.4 85.2 88.8
Change in fully immunised since 
last quarter (%)

-0.3 +0.9 +1.1 -0.9 -0.2 -2.1 +0.3 +0.5 +0.2

* The 12 months age data for this cohort was published in Commun Dis Intell 2002;26:88

meningococcal C conjugate at 12 months and 
pneumococcal conjugate at 2, 4, and 6 months) are 
not included in the 12 or 24 months coverage data 
respectively.

National Enteric Pathogens 
Surveillance System

The National Enteric Pathogens Surveillance System 
(NEPSS) collects, analyses and disseminates data 
on human enteric bacterial infections diagnosed in 
Australia. Communicable Diseases Intelligence 
NEPSS quarterly reports include only Salmonella. 
NEPSS receives reports of Salmonella isolates 
that have been serotyped and phage typed by the 
five Salmonella typing laboratories in Australia. 
Salmonella isolates are submitted to these labora-
tories for typing by primary diagnostic laboratories 
throughout Australia.

A case is defined as the isolation of a Salmonella from 
an Australian resident, either acquired locally or as 
a result of overseas travel, including isolates detected 
during immigrant and refugee screening. Second and 
subsequent identical isolates from an individual within 
six months are excluded, as are isolates from overseas 
visitors to Australia. The date of the case is the date 
the primary diagnostic laboratory isolated Salmonella 
from the clinical sample.

Quarterly reports include historical quarterly mean 
counts. These should be interpreted cautiously as they 
may be affected by outbreaks and by surveillance 
artefacts such as newly recognised and incompletely 
typed Salmonella.

Figure 7. Trends in vaccination coverage, 
Australia, 1997 to 30 September 2007, by age 
cohorts
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Table 8.  Reports to the National Enteric Pathogens Surveillance System of Salmonella isolated 
from humans during the period 1 October to 31 December 2007, as reported to 23 January 2008

State or territory
ACT NSW NT Qld SA Tas Vic WA Australia

Total all Salmonella for quarter 25 455 97 458 88 38 478 176 1,815
Total contributing Salmonella types 17 117 43 95 39 13 115 46 218

NEPSS may be contacted at the Microbiological Diag-
nostic Unit, Public Health Laboratory, Department 
of Microbiology and Immunology, The University of 
Melbourne; by telephone: +61 3 8344 5701, facsimile: 
+61 3 8344 7833 or email joanp@unimelb.edu.au

Scientists, diagnostic and reference laboratories con-
tribute data to NEPSS, which is supported by state 
and territory health departments and the Australian 
Government Department of Health and Ageing.

Reports to the National Enteric Pathogens Surveill-
ance System of Salmonella infection for the period 
1 October to 31 December 2007 are included in 
Tables 8 and 9. Data include cases reported and entered 
by 23 January 2008. Counts are preliminary, and 
subject to adjustment after completion of typing and 
reporting of further cases to NEPSS. For more informa-
tion see Commun Dis Intell 2008;32:136.

Reporting period 1 October to 31 December 2007

There were 1,815 reports to NEPSS of human 
Salmonella infection in the fourth quarter of 2007, 
approximately 40% more than in the third quarter 
of 2007. Although this count is fairly typical of the 
incidence of salmonellosis at this time of year, final 
inclusion of all data will probably see a count around 
10% more than the recent historical average.

During the fourth quarter of 2007, the 25 most com-
mon Salmonella types in Australia accounted for 
1,121 cases, 62% of all reported human Salmonella 
infections. Twenty-one of the 25 most common 
Salmonella infections in the fourth quarter of 2007 
were also among those most commonly reported in 
the preceding quarter.

The most notable feature of the current data is a 
large outbreak of S. Typhimurium phage type 44, 
with cases reported predominantly from Victoria 
and New South Wales, but also South Australia, 
Queensland, the Northern Territory and Tasmania. 
Cases of S. Typhimurium (not phage typed), appar-
ently reflecting one or more outbreaks in Western 
Australia during the third quarter of 2007, have 
declined considerably.

Other increases above the historical average for the 
period include S. Aberdeen (in the eastern states), 
S. Stanley (widespread, but typically acquired over-
seas), S. Typhimurium phage type 12 (widespread), 
S. Newport (particularly Victoria), and S. Singapore 
(Victoria, with cases in several other states).

Acknowledgement: We thank scientists, contribut-
ing laboratories, state and territory health depart-
ments, and the Australian Government Department 
of Health and Ageing for their contributions to 
NEPSS.



CDI Vol 32 No 1 2008 125

Additional reports Communicable Diseases Surveillance

Ta
bl

e 
9.

 
To

p 
25

 S
al

m
on

el
la

 ty
pe

s 
id

en
ti

fi
ed

 in
 A

us
tr

al
ia

, 1
 O

ct
ob

er
 to

 3
1 

D
ec

em
be

r 2
00

7,
 b

y 
st

at
e 

or
 te

rr
it

or
y

N
at

io
na

l 
ra

nk
Sa

lm
on

el
la

 ty
pe

St
at

e 
or

 te
rr

ito
ry

To
ta

l 4
th

 
qu

ar
te

r 
20

07

La
st

 1
0 

ye
ar

s 
m

ea
n 

4t
h 

qu
ar

te
r

Ye
ar

 to
 d

at
e 

20
07

Ye
ar

 to
 d

at
e 

20
06

A
C

T
N

SW
N

T
Q

ld
SA

Ta
s

Vi
c

W
A

1
S

. T
yp

hi
m

ur
iu

m
 P

T 
13

5
0

34
0

21
3

7
79

0
14

4
16

9
66

9
66

8
2

S
. T

yp
hi

m
ur

iu
m

 P
T 

44
0

30
3

7
14

1
82

0
13

7
47

47
0

24
1

3
S

. S
ai

nt
pa

ul
0

10
9

61
1

0
3

7
91

95
37

1
56

9
4

S
. B

irk
en

he
ad

1
35

1
31

0
0

1
0

69
62

23
2

27
1

5
S

. T
yp

hi
m

ur
iu

m
 P

T 
9

4
22

0
4

5
1

30
0

66
11

4
67

7
35

5
6

S
. T

yp
hi

m
ur

iu
m

 (n
ot

 p
ha

ge
 ty

pe
d)

0
0

0
0

0
0

0
58

58
0

19
0

0
7

S
. V

irc
ho

w
 P

T 
8

1
8

3
32

3
0

4
0

51
54

23
5

27
2

8
S

.T
yp

hi
m

ur
iu

m
 P

T 
17

0
0

19
0

7
0

1
22

0
49

73
27

5
41

2
9

S
. I

nf
an

tis
1

23
5

0
2

1
11

5
48

30
19

3
17

6
10

S
. A

be
rd

ee
n

0
5

3
26

0
2

1
0

37
22

14
5

15
2

11
S

. T
yp

hi
m

ur
iu

m
 P

T 
19

7
2

18
0

8
0

0
5

0
33

30
19

4
14

7
12

S
. S

ta
nl

ey
0

11
0

5
2

2
7

6
33

17
13

4
10

4
13

S
. C

he
st

er
1

10
3

12
0

0
2

3
31

38
15

8
15

8
14

S
. M

ue
nc

he
n

1
8

4
14

0
1

1
1

30
29

13
7

15
6

15
S

. T
yp

hi
m

ur
iu

m
 P

T 
12

2
9

0
5

3
0

7
3

29
18

10
8

11
7

16
S

. E
nt

er
iti

di
s 

(n
ot

 p
ha

ge
 ty

pe
d)

0
0

0
0

0
0

0
28

28
0

48
0

17
S

. W
ay

cr
os

s
0

12
0

11
0

0
0

1
24

19
10

1
14

2
18

S
. N

ew
po

rt
0

5
1

5
1

1
9

2
24

10
74

51
19

S
. H

vi
tti

ng
fo

ss
0

1
0

20
0

0
1

1
23

20
11

5
13

7
20

S
. T

yp
hi

m
ur

iu
m

 P
T 

R
D

N
C

0
5

1
3

1
0

11
0

21
18

11
7

10
3

21
S

. M
is

si
ss

ip
pi

0
0

0
1

0
18

1
0

20
17

13
5

91
22

S
. S

in
ga

po
re

0
4

0
3

3
0

10
0

20
13

75
54

23
S

. T
yp

hi
m

ur
iu

m
 (P

T 
pe

nd
in

g)
0

0
0

0
0

0
20

0
20

0
23

0
24

S
. T

yp
hi

m
ur

iu
m

 u
nt

yp
ab

le
1

7
1

3
1

0
6

0
19

15
90

69
25

S
. M

on
te

vi
de

o
0

6
1

4
1

0
2

2
16

13
11

3
65



126 CDI Vol 32 No 1 2008

Overseas brief

OVERSEAS BRIEF

Cholera

An outbreak of cholera in the Vietnamese capital 
Hanoi began on 23 October 2007 and spread to 
14 out of 64 provinces and cities across Vietnam.7 
National media reported nearly 2,000 people were 
hospitalised with acute diarrhoea in October and 
November 2007, with a total of 295 cases testing 
positive for cholera, including three foreign nation-
als from the Philippines, Belgium and Japan.7,8 No 
deaths were reported and the epidemic was declared 
under control in December 2007 following extensive 
control campaigns by the Vietnamese Ministry of 
Health to improve food safety, disease surveillance, 
environmental hygiene and education.8

The outbreak originated in flood affected areas 
and health officials linked the initial source of 
illness to a popular fermented shrimp paste and 
other raw foods. Transmission is thought to then 
have occurred via contact with infected persons or 
contaminated water.7

Cholera was first reported in Vietnam in 1964 and 
is now endemic in 35 out of the 45 provinces.9 The 
infection is found predominantly along the central 
coastal regions of the country and is positively cor-
related with rainfall and drinking water from public 
wells.10 The last widespread cholera outbreak in 
Vietnam occurred in 2004.

Dengue fever

South East Asia

Across the South East Asia region in 2007, the 
number of cases of dengue fever reported has 
increased by 18% and fatal cases by 15% compared 
with 2006. The seasonal nature of dengue fever is 
well established in most countries with studies sug-
gesting that peak dengue transmission occurs about 
six to eight weeks after peak rainfall.11

Thailand, Indonesia and Myanmar have all reported 
significantly increased numbers of dengue fever cases 
during 2007. Case fatality rates (CFRs) in urban 
areas are low: approximately 0.2% in Thailand and 
1% in Indonesia and Myanmar where good health 
facilities are available, with much higher CFRs of 
up to 5% during localised outbreaks outside urban 
areas in both Indonesia and Myanmar.11

The Overseas brief highlights disease outbreaks dur-
ing the quarter that were of major public health sig-
nificance worldwide or those that may have important 
implications for Australia.

Reporting period 1 October to 31 December 2007

Chikungunya

Indonesia

An extensive outbreak of chikungunya was reported 
from the Indonesian islands of Java and Sumatra 
in late 2007. Between 11 and 24 November 2007, 
regional health authorities in Bogor, West Java 
reported 60 suspected cases of chikungunya infec-
tion. Numerous reports of chikungunya in Central 
and East Java occurred with outbreaks in these 
areas thought to have begun in early October 2007. 
Both Aedes aegypti, (the principal vector of chikun-
gunya virus) and Aedes albopictus mosquitoes were 
thought to be transmitting the virus in some areas.1 
In a five day period between 10 and 15 December 
2007, 997 suspected cases were reported by the 
Japara Regency Health Service in Central Java. In 
Sumatra, attacks rates of up to 90% were reported 
in some neighbourhoods in the worst affected areas 
of Wayadadi sub-district. Thousands of people were 
reportedly infected during December 2007 in the 
city of Bandar Lampang in South East Sumatra.2 
Outbreaks continued into 2008 in some areas.

Chikungunya occurred sporadically in Indonesia 
until 1985, but there were no reports of the disease 
between 1986 and 2000. Between 2001 and 2007, 
Indonesia reported several outbreaks, including 
30 cases in central Jakarta (on the island of Java) 
in May 2007.3 There are few reported laboratory 
confirmations of chikungunya cases in Indonesia 
and widespread under-reporting is likely.4

Taiwan (ex Indonesia)

The Taiwan Centre for Disease Control reported two 
imported cases of chikungunya in Indonesia nationals, 
identified through fever screening at Taiwan’s interna-
tional airport on 28 and 30 December 2007.5 Blood 
samples were taken from the cases after fever was 
identified at the airport and chikungunya was subse-
quently confirmed by polymerase chain reaction.6
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Indonesia

Dengue fever is endemic across more than 
300 regencies in Indonesia with the principle vector, 
Aedes aegypti, breeding extensively throughout all 
the country’s islands. Dengue is endemic in pre-
dominantly urban areas with all serotypes (DEN 1 
to 4) present in the majority of the large cities. The 
transmission season begins in November/December 
each year with the peak usually reached by February. 
Between January and November 2007 Indonesia 
reported 127,687 cases compared with 106,425 cases 
between January and September 2006.

Jakarta and West Java reported more than 
25,000 cases each in 2007 (approximately 279 cases 
per 100,000 population in Jakarta and 63 cases per 
100,000 population in West Java). East and Central 
Java each reported between 10,000 and 20,000 cases 
while Bali, East Kalimantan, Lampung, South 
Sumatra, Yogyarta, West Sumatra, North Sumatra, 
North Sulawesi, South Kalimantan and South 
Sulawesi reported between 1,000 and 5,000 cases 
with the remainder of the provinces reporting less 
than 1,000 cases each.11

Thailand

Thailand reported 58,836 cases of dengue fever 
between January and November 2007, a 43% 
increase compared with 2006 when 41,116 cases 
were reported. Thailand reports cases of dengue 
fever annually from all its four regions: Northern, 
Central, North-eastern and Southern with peaks 
occurring in the months of June and July in recent 
years.11

Myanmar

Between January and September 2007, Myanmar 
reported 9,578 cases of dengue fever compared 
to 8,674 cases during the same period of 2006. 
Similar to recent years, the peak number of cases 
in 2007 occurred in July, with the states/divisions 
of Mon, Yangon, Ayayarwaddy, Kayin, Yanintharyi, 
Rakhine, Mandalay, Bago (W), Bago (E), Magway 
and Sagaing reporting the most cases.11

Ebola haemorrhagic fever

The World Health Organization (WHO) and the 
Ugandan Ministry of Health reported an outbreak 
of ebola haemorrhagic fever in the Bundibugyo 
District. Initial field investigations indicated 
that the outbreak began in September 2007. 
Confirmation of the outbreak was not obtained until 
28 November 2007, after eight of the 20 samples col-
lected by the national field team were sent to the 
national reference laboratories and to the United 

States Centers for Disease Control and Prevention 
(CDC) Special Pathogens Branch in Atlanta, tested 
positive for the infection.

A National Task Force was set up to co-ordinate 
the outbreak response and included the Ugandan 
Ministry of Health, the WHO and other experts 
from international NGOs including Médecins Sans 
Frontierès; African Field Epidemiology Network; 
International Federation of Red Cross and Red 
Crescent Societies and the CDC, Atlanta. The 
Global Outbreak and Alert Response Network 
along with other regional networks and technical 
institutions, supported international and opera-
tional co-ordination efforts. An active surveillance 
system for case detection and contact follow-up was 
established and isolation wards set up at hospitals 
in Kikyo and Bundibugyo. The Ugandan National 
Task Force reported 148 cases including 37 deaths 
(CFR 25%) by 3 January 2008.12 The outbreak was 
officially declared over on 20 February 2008, 42 days 
after the last infected person was discharged from 
hospital on 8 January 2008.

There are currently four known species of Ebola 
virus, three of which are found in Africa (Zaire, 
Sudan and Ivory Coast species). Genetic sequencing 
conducted by the CDC in Atlanta of samples col-
lected during this outbreak has confirmed that this 
Ebola virus is a new fifth species.13,14

Influenza (avian)

The World Health Organization confirmed 19 cases 
of human H5N1 with dates of onset between 
1 October and 31 December 200715 compared with 
10 cases during the same period of 2006 (CFR 
74%).16 These WHO-confirmed cases were from six 
countries including the first ever confirmed cases in 
Burma and Pakistan (one case each). The remain-
ing cases were reported from China (2 cases), Egypt 
(5 cases), Indonesia (9 cases) and Vietnam (1 case). 
The source of infection for nearly all cases was 
established as exposure to sick and dead poultry.15

There was no evidence of sustained human-to-
human transmission of avian influenza during the 
reporting period, but a number of suspected clusters 
were investigated by the WHO and Ministries 
of Health in Burma, China and Pakistan. The 
son of one of the Chinese cases had initially been 
monitored as a suspected case. The case confirmed 
from Pakistan was a veterinarian who had worked 
on culling operations during H5N1 outbreaks in 
poultry. Up to 10 family members and contacts of 
this confirmed case had initially been suspected to 
have been infected with the virus, but none were 
confirmed and at least one was ruled out (by the 
US CDC) as ever having been infected. Similarly, 
four contacts of the Burmese cases had been symp-
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tomatic, but none were confirmed as definite cases. 
If there was any human-to-human transmission 
amongst any of the confirmed or suspected cases it 
was limited and not sustained.

Indonesia reported the largest number of cases 
between 1 October and 31 December 2007 (9 cases, 
7 of them fatal) and continues to report the highest 
number of cases of all countries since the beginning 
of the global outbreak in November 2003.17

Plague (bubonic)

The Minister of Primary Healthcare in Uganda 
reported an outbreak of bubonic plague in the 
Nebbi district in the north-west of the country, with 
100 cases between October and November 2007 
(CFR 20%). The majority of fatal cases were women, 
who are at increased risk of exposure through sleep-
ing on the floor (their indigenous Nebbi custom). 
There was no suggestion of any pneumonic plague 
cases in this outbreak.18 Plague outbreaks are regu-
larly reported from Uganda with the Nebbi district 
in the western region and the Arua district in the 
northern region considered to be endemic for the 
disease.19

Poliomyelitis

Global update

In 2007, the Global Polio Eradication Initiative 
(GPEI) intensified efforts to eradicate wild poliovi-
rus type 1 (WPV1), because it is more highly trans-
missible and has higher attack rates of paralysis than 
WPV3.20 This intensified effort has resulted in an 
84% decrease in reported cases of WPV1 worldwide 
compared with 2006 (246 cases in 2007 compared 
with 1,463 cases in 2006) and limited transmission 
to small areas in the four endemic countries of 
Afghanistan, India, Nigeria and Pakistan.20,21 The 
majority of this reduction in WPV1 case numbers 
has been from Nigeria.

Between 11 October and 4 January 2008, the GPEI 
reported 231 cases of wild poliovirus infection from 
the endemic countries of Afghanistan (1), India 
(177), Nigeria (50) and Pakistan (3) and 24 cases 
of wild poliovirus from the re-infected countries 
of Chad (11), the Democratic Republic of Congo 
(DRC) (7) and Niger (5).22

India

In 2007 there were a total of 831 cases of wild 
poliovirus reported in India consisting of 76 WPV1, 
752 WPV3 and three cases which were positive 
for both WPV1 and WPV3. This represents a 
23% increase in the total number of polio cases in 

2007 compared with 2006 but an 88% decrease in 
WPV1. The overall increase in cases is due to, not 
unexpectedly, outbreaks of WPV3 in Bihar. The 
impact of two large-scale supplementary immuni-
sation campaigns using the monovalent oral polio 
vaccine type 3 won’t start to impact these case num-
bers until mid-February 2008.20

Afghanistan, Nigeria and Pakistan

In Nigeria, Pakistan and Afghanistan, (all of them 
considered polio-endemic) have all reported dra-
matic declines in total polio case numbers compared 
with 2006, with 90% fewer in Nigeria, 20% fewer in 
Pakistan and 45% fewer in Afghanistan.

Chad

Chad (a re-infected country) reported 19 cases of 
polio in 2007, 11 of these between 1 October and 
31 December 2007. Two of these cases were reported 
from the previously polio-free southern province of 
Tandjile. This area of southern Chad was not cov-
ered by the recent December supplementary immu-
nisation campaign, increasing the risk of transmis-
sion and importation to the neighbouring countries 
of Sudan, Cameroon and the Central African 
Republic. The risk has since increased further with 
the movement of large numbers of Chadian refugees 
(estimated at over 30,000) into Cameroon following 
fighting between the government and opposition 
groups in the capital N’Djamena between 1 and 
6 February 2008.23

Democratic Republic of Congo

The DRC reported more cases of polio than any 
other re-infected country, with a total of 41 cases dur-
ing 2007. Between 1 October and 31 December, the 
DRC reported six cases of wild poliovirus infection.22

Nepal

Nepal reported four cases of WPV3 infection, all 
of which had onset of paralysis in December 2007. 
These were the first cases reported from Nepal since 
2006. All of these cases were reported from areas 
bordering Bihar, India where an outbreak of WPV3 
is continuing. Nepal remains at high risk of contin-
ued infection due to its proximity to the endemic 
areas of India and the movement of people across 
this border.20,22

Rift Valley fever

An outbreak of Rift Valley fever (RVF) in the 
Sudan that was first reported in mid-October 2007 
affected 15 localities in three states (White Nile, 
Sinnar and Gazeera) in the country. The Sudanese 
Federal Ministry of Animal Resources and Fisheries 
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reported confirmation of RVF in samples taken 
on 29 October 2007 from animals in the White 
Nile State.24 A total of 698 human cases, includ-
ing 222 deaths (CFR 32%), were reported between 
mid-October 2007 and 5 January 2008, the majority 
from Gazeera State. There have been no new cases 
reported since 5 January 2008, with active surveil-
lance continuing in all affected states.25

RVF is endemic in the Sudan, but the last major out-
break was in 1976. The first outbreak of RVF outside 
sub-Saharan Africa occurred in Egypt in 1977–1978 
(with 18,000 human cases including 598 deaths) and 
was thought to have begun with imported a case(s) 
from the Sudan. A later epizootic in Egypt in 1997 
was also believed to have been imported from the 
Sudan. In September 2000, outbreaks of RVF were 
reported for the first time outside the continent of 
Africa, in Yemen and Saudi Arabia.26,27

Tuberculosis

Approximately two million people in the Western 
Pacific Region become infected with tuberculo-
sis (TB) annually with the potential for a rapid 
increase in the number of extensively drug-resist-
ant TB (XDR-TB) cases if drug management is 
not optimal.28 Access to appropriate treatment for 
multi-drug-resistant TB (MDR-TB) is not uni-
formly available increasing the risk of XDR-TB 
developing.

TB is one of the three leading infectious causes of 
mortality in Papua New Guinea (PNG), with a mor-
tality rate of 42 deaths per 100,000 population and 
an annual incidence of 233 cases per 100,000 popu-
lation. There is a high risk of TB infection spread-
ing to northern Queensland because of Australia’s 
close proximity to PNG and the Torres Strait Treaty 
arrangements that facilitate movement of people 
between PNG and the Torres Strait Islands. This 
risk is highlighted by 10 of the 30 MDR-TB strains 
isolated in Australia in the past two years originat-
ing from the Western Province of PNG.29

A recent study found that 15 out of 60 cases of tuber-
culosis amongst PNG nationals from the Western 
Province presenting to health clinics in Queensland 
between 2000 and 2006 were infected with MDR-TB 
strains, with evidence of primary transmission of the 
infection. These 15 cases were all infected with the 
Mycobacterium tuberculosis Beijing genotype, which 
is increasingly linked to MDR-TB and is highly 
transmissible.29

While introduction of the ‘directly observed therapy 
short course program (DOTS)’ prevents resist-
ant strains developing, this optimal therapy is not 
consistently available or utilised in PNG. The 
magnitude of MDR-TB transmission in PNG is not 

known but its control is essential to stop it becoming 
an emerging issue in Queensland with long term 
social and economical sequelae.29
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Communicable Diseases Intelligence (CDI) is pub-
lished quarterly (March, June, September and 
December) by the Surveillance Branch, Office 
of Health Protection, Australian Government 
Department of Health and Ageing. 

The aim of Communicable Diseases Intelligence 
(CDI) is to disseminate information on the epi-
demiology of communicable disease in Australia, 
including surveillance, prevention and control.

The objectives of CDI are to:

report on surveillance of communicable diseases • 
of relevance to Australia; 
publish other articles relevant to communicable • 
disease epidemiology in Australia; and
provide information on other activities relevant • 
to the surveillance, prevention and control of 
communicable disease in Australia.

CDI invites contributions dealing with any aspect of 
communicable disease epidemiology, surveillance, 
prevention or control in Australia. Submissions can 
be in the form of original articles, short reports, or 
letters to the editor.

CDI will invite guest editorials and review articles 
on occasion and publish guidelines and position 
papers from the Communicable Diseases Network 
Australia (CDNA) and its expert sub-committees.

Manuscripts for submission

Manuscripts submitted to CDI must be offered 
exclusively to the journal. All manuscripts should 
be accompanied by a covering letter that should 
include:

a list of all authors;• 
confirmation that the manuscript content (in • 
part or in full) has not been submitted or pub-
lished elsewhere; and
whether the manuscript is being submitted as an • 
article, short report, surveillance summary, out-
break report or case report.

In addition, manuscripts should include a title page 
that should contain the following information:

title (e.g. Prof, Dr, Ms, Miss, Mrs, Mr), full name • 
including middle initial, position held, and 
institution at the time the article was produced, 
of each author;
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Case reports
Brief unstructured reports of 500 to 1,000 words on 
unique cases of communicable disease will be con-
sidered based on their public health significance. 
Authors must note the instructions on the protec-
tion of patient’s right to privacy (see Ethics commit-
tee approvals and patient’s right to privacy below). 
Some discussion of the significance of the case for 
communicable disease control should be included.

Letters to the Editor

The editors welcome comments on articles pub-
lished in CDI in the form of letters to the Editor. 
Letters should normally be less than 500 words, 
include no more than a single chart and less than 
six references.

Document preparation

Authors are asked to provide an electronic copy of 
the manuscripts. Microsoft Word for Windows 2003 
or an earlier version is preferred. Alternatively files 
should be saved as Rich Text Format (rtf).

In addition:

Arial font is preferred but if not available use • 
Times New Roman.
Abstracts should not exceed 250 words. Do not • 
cite references in abstracts. Structured abstracts 
are not acceptable.
Include up to 10 keywords.• 
Avoid too many abbreviations.• 
Do not use numbered paragraphs.• 
Do not use page numbering.• 
Do not use headers or footers.• 

Final manuscripts should not include any field 
codes such as automatic numbering for references. 
Electronic referencing software (e.g. Endnote) field 
codes should be embedded before submission of the 
final version.

Tables

Tables and table headings should be provided in • 
the manuscript at the end of the text and should 
be referred to within the results section.
Information in tables should not be duplicated • 
in the text.
Headings should be brief.• 
Simplify the information as much as possible, • 
keeping the number of columns to a minimum.

name of corresponding author, including cur-• 
rent postal address, telephone, facsimile and 
email; and
word count of the main text and of the abstract.• 

On receipt of a manuscript, authors will be sent 
a brief acknowledgment. Accepted manuscripts 
are edited for style and clarity and final proofs are 
returned to the corresponding author for checking 
prior to printing.

Authorship

Authorship should be based on substantial contri-
bution to the article. Each author should have par-
ticipated sufficiently to take public responsibility for 
the article. Others contributing to the work should 
be recognised in the acknowledgments.

Types of  manuscript

Original articles

The text of articles must be structured to contain an 
abstract, introduction, methods, results, discussion, 
acknowledgments and references. Manuscripts sub-
mitted as articles must be 3,000 words or less and 
are peer-reviewed. Occasionally, reports of urgent 
public health importance may be published imme-
diately, at the discretion of the Editor.

Short reports

Short reports are not subject to peer review and 
should be of less than 2,000 words. Types of short 
reports include:

Surveillance summaries

A report of 1,000 words or less which briefly reports 
on changes in the local epidemiology of communi-
cable disease, changes in surveillance systems, or 
new interventions, such as implementing vaccina-
tion in an at-risk group. Surveillance summaries 
should provide a brief description of the setting 
and a discussion of the significance of the events, 
changes or interventions.

Outbreak reports

Unstructured reports of communicable disease 
outbreaks of 500 to 1,000 words will be consid-
ered for publication based on their public health 
significance. Reports should include details of the 
investigation, including results of interventions and 
the significance of the outbreak for public health 
practice. More comprehensive reports on outbreaks 
should be submitted as articles.



132 CDI Vol 32 No 1 2008

CDI Instructions for authors

Separate rows or columns are to be used for each • 
information type (e.g. percentage and number 
should be in separate columns rather than hav-
ing one in parentheses in the same column).
If abbreviations are used these should be • 
explained in a footnote.
Footnotes should use the following symbols in • 
sequence: * † ‡ § || ¶ ** †† ‡‡
Do not use borders, or blank rows or blank col-• 
umns for spacing.

Figures and illustrations

Figures and illustrations, including headings, 
should be provided in the manuscript at the end of 
the text and should be referred to within the results 
section. In addition, they should also be provided 
as a separate file in accordance with the following 
requirements.

Examples of each of the following can be found in 
the on-line version of Instructions to authors at: 
http://www.health.gov.au/internet/wcms/publish-
ing.nsf/Content/cda-pubs-cdi-auth_inst.htm 

Charts
Use Microsoft Excel for Windows.• 
Each figure should be created on a separate • 
worksheet rather than as an object in the datasheet 
(use the ‘as new sheet’ option for chart location).
The numerical data used to create each figure • 
must be included on a separate worksheet.
Worksheets should be appropriately titled to dis-• 
tinguish each graph.
Do not include the graph heading on the Excel • 
worksheet.

Illustrations
Black and white illustrations or flow charts can • 
be included if required.
Images should preferably be at least 300 dpi.• 
Electronic copies of computer-generated illus-• 
trations should preferably be saved in a vector 
image program such as Adobe Illustrator but 
other similar graphic software is acceptable. Files 
should be saved in one of the following graphic 
formats (in preferential order): AI, TIFF, EPS, 
or GIF.
Use a sans serif font for figures (e.g. arial). Sym-• 
bols, lettering and numbering should be clear 
and large enough to be legible when reduced in 
size.

Photographs
Photographs may be submitted if required. • 
Photos need to be at least 300 dpi.• 
Electronic copies should be saved in Adobe Pho-• 
toshop, or similar graphic software in one of the 
following graphic formats (in preferential order): 
PSD, TIFF, EPS or JPEG (JPG).

Maps
Electronic copies of black and white (outline) • 
maps should be saved in Adobe Photoshop, or 
similar graphic software in one of the following 
graphic formats (in preferential order): PSD, 
TIFF, EPS, or GIF.
Thermal maps created by mapping programs • 
such as MapInfo or Arc GIS should be saved at 
300 dpi and in one of the following graphic for-
mats (in preferential order): TIFF, EPS, or JPEG 
(JPG). Shading of map areas should be distin-
guishable when printed in black and white.
Use a sans serif font for text. Symbols, lettering • 
and numbering should be clear and large enough 
to be legible when reduced in size.

References

References should be identified consecutively in 
the text by the use of superscript numbers without 
brackets. Any punctuation should precede the refer-
ence indicators.

The accuracy of references is the responsibility of 
authors. Use the Vancouver reference style (see 
International Committee of Medical Journal 
Editors. Uniform requirements for manuscripts 
submitted to biomedical journals. Ann Intern Med 
1997;1126:36–47 available from: http://www.
nlm.nih.gov/bsd/uniform_requirements.html) 
and abbreviate journal names as in Medline (e.g. 
Commun Dis Intell). The Medline journal database 
is available from: http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?db=journals. Include the sur-
names and initials of all authors (or only the first 
six authors, et al, if there are more than six). Cite 
the first and last page numbers in full, and specify 
the type of reference (e.g. a letter, an editorial, an 
abstract, or supplement). 

Cite personal communications and unpublished 
papers in the text, not in the reference list, with the 
exception of material that has been accepted for 
publication (in press). Obtain written permission 
from people cited, and include their title, position 
and affiliation.
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Ethics committee approvals and 
patients’ rights to privacy

All investigations on human subjects must include 
a statement that the subjects gave their written 
informed consent, unless data collection was covered 
by public health legislation or similar studies have 
been considered by a relevant ethics committee and a 
decision made that its approval was not required. The 
name of the ethics committee that gave approval for 
the study should be included in the text. Alternatively, 
if approval is not required a statement to this effect 
should appear in the manuscript.

When informed consent has been obtained this 
should be included in the text.

Ethical approval and patient consent may also be 
required for case reports. Identifying details about 
patients should be omitted if they are not essential, 
but data should never be altered or falsified in an 
attempt to attain anonymity.

Review process

Articles provisionally accepted for publication 
undergo a peer review process. Manuscripts are 
reviewed by two experts in the topic area. Authors 
may be asked to revise articles as a result of the 
review process before the final decision about publi-

cation is made by the Editor. Revised articles are to 
be returned with a covering letter addressing each 
comment made by each reviewer.

Occasionally, reports of urgent public health impor-
tance may be published immediately without peer 
review, at the discretion of the Editor. Articles may 
also be rejected without peer review.

Short reports are not subject to peer review.

Copyright

All authors are asked to transfer copyright to the 
Commonwealth before publication. A copyright 
form will be sent to the corresponding author. All 
authors are required to sign the copyright release. 
The Commonwealth copyright will be rescinded if 
the article is not accepted for publication.

Submission of  manuscripts

Manuscripts should be provided electronically by 
email to: cdi.editor@health.gov.au 
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Surveillance systems reported in CDI

This article describes the surveillance schemes that 
are routinely reported on in Communicable Diseases 
Intelligence (CDI).

In Australia, communicable diseases surveillance 
systems exist at national, state and local levels. 
State and local surveillance systems are crucial to 
the timely and effective detection and manage-
ment of outbreaks and in assisting in the effective 
implementation of national policies. The national 
surveillance system combines some of the data col-
lected from state and territory-based systems to pro-
vide an overview at a national level. Specific func-
tions of the national surveillance system include: 
detection and management of outbreaks affecting 
more than one jurisdiction; monitoring of the need 
for and impact of national control programs; guid-
ance of national policy development and resource 
allocation; and description of the epidemiology of 
rare diseases for which there are only a few notifi-
cations in each jurisdiction. National surveillance 
also assists in quarantine activities and facilitates 
international collaborations such as reporting to the 
World Health Organization.

Surveillance has been defined by the World Health 
Organization as the ‘continuing scrutiny of all 
aspects of the occurrence and spread of disease that 
are pertinent to effective control.’ It is characterised 
by ‘methods distinguished by their practicability, 
uniformity, and frequently by their rapidity, rather 
than complete accuracy.’1 Although some surveil-
lance schemes aim for complete case ascertainment, 
others include only a proportion of all cases of the 
conditions under surveillance, and these samples are 
subject to systematic and other biases. Results gener-
ated from surveillance schemes must be interpreted 
with caution, particularly when comparing results 
between schemes, between different geographical 
areas or jurisdictions and over time. Surveillance 
data may also differ from data on communicable 
diseases gathered in other settings.

The major features of the surveillance schemes for 
which CDI publishes regular reports are described 
below.

Other surveillance schemes for which CDI pub-
lishes annual reports include tuberculosis noti-
fications (Commun Dis Intell 2008;32:1–11), the 
Australian Mycobacterium Reference Laboratory 
Network (Commun Dis Intell 2008;32:12–17), inva-
sive pneumococcal disease surveillance (Commun 
Dis Intell 2008;32:18–30), the National Arbovirus 
and Malaria Advisory Committee (Commun Dis 

Intell 2008;32:31–46), and the Australian Rotavirus 
Surveillance Program (Commun Dis Intell 
2007;31:375–379).

Australian Childhood Immunisation 
Register

Accurate information on the immunisation status 
of children is needed at the community level for 
program management and targeted immunisation 
efforts. A population-based immunisation register 
can provide this need. The Australian Childhood 
Immunisation Register (ACIR) commenced opera-
tion on 1 January 1996 and is now an important 
component of the Immunise Australia Program. It is 
administered and operated by Medicare Australia 
(formerly the Health Insurance Commission). The 
Register was established by transferring data on all 
children under the age of seven years enrolled with 
Medicare to the ACIR. This constitutes a nearly 
complete population register, as approximately 
99% of children are registered with Medicare by 
12 months of age. Children who are not enrolled 
in Medicare are added to the Register when a rec-
ognised immunisation provider supplies details 
of an eligible immunisation. Immunisations are 
generally notified to Medicare Australia either by 
electronic means, the Internet or by paper ACIR 
notification forms. Immunisations recorded on the 
Register must have been given in accordance with 
the guidelines for immunisation determined by the 
National Health and Medical Research Council.

From the data finally entered onto the ACIR, 
Medicare Australia provides regular quarterly 
coverage reports at the national and state level. 
Coverage for these reports is calculated using the 
cohort method described in Commun Dis Intell 
1998;22:36–37. With this method, a cohort of 
children is defined by date of birth in three-month 
groups. This birth cohort has the immunisation 
status of its members assessed at the three key mile-
stones of 12 months, 24 months and 6 years of age. 
Analysis of coverage is undertaken three months 
after the due date for completion of each milestone, 
so that time is available for processing notifications 
and the impact on coverage estimates of delayed 
notification to the ACIR is minimised. Only chil-
dren enrolled with Medicare are included in order 
to minimise inaccuracies in coverage estimates due 
to duplicate records.

Medicare Australia coverage reports for the three 
milestones are published in CDI each quarter. 
Coverage estimates are provided for each state and 
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territory and Australia as a whole and for each indi-
vidual vaccine assessed at each milestone. Changes 
in ‘fully immunised’ coverage from the previous 
quarter are also included in the tables.

A commentary on ACIR immunisation coverage 
estimates is included with the tables in each issue 
and graphs are used to provide trends in immunisa-
tion coverage.

Australian Gonococcal Surveillance 
Programme

The Australian Gonococcal Surveillance Programme 
(AGSP) is a continuing program to monitor anti-
microbial resistance in Neisseria gonorrhoeae and 
includes the reference laboratories in all states and 
territories. These laboratories report data on sensi-
tivity to an agreed core group of antimicrobial agents 
on a quarterly basis and provide an expanded analy-
sis as an annual report in CDI (Commun Dis Intell 
2007;31:180–184). The antibiotics that are currently 
routinely surveyed are the penicillins, ceftriaxone, 
ciprofloxacin and spectinomycin, all of which are 
administered as single dose regimens. One main 
purpose of the AGSP is to help define standard 
protocols for antibiotic treatment of gonococcal 
infection. When in vitro resistance to a recommended 
agent is demonstrated in 5% or more of isolates, it 
is usual to reconsider the inclusion of that agent in 
current treatment schedules. Additional data are 
also provided on other antibiotics from time to time. 
At present all laboratories also test isolates for the 
presence of high level resistance to the tetracyclines 
and intermittent surveys of azithromycin resistance 
are conducted. Comparability of data is achieved by 
means of a standardised system of MIC testing and 
a program-specific quality assurance process.

Australian Meningococcal Surveillance 
Programme

The reference laboratories of the Australian 
Meningococcal Surveillance Programme report 
data of laboratory-confirmed cases confirmed either 
by culture or by non-culture techniques. Culture-
positive cases where a Neisseria meningitidis is grown 
from a normally sterile site or skin, and non-culture 
based diagnoses, derived from results of nucleic acid 
amplification assays and serological techniques are 
defined as invasive meningococcal disease (IMD) 
according to Public Health Laboratory Network 
definitions.

Data are reported annually and quarterly in CDI. 
Data in the quarterly reports are restricted to a 
description of the number of cases per jurisdiction, 
and serogroup where known. A full analysis of labo-

ratory-confirmed cases of IMD, including phenotyp-
ing and antibiotic susceptibility data are published 
annually (Commun Dis Intell 2007;31:185–194).

Australian Paediatric Surveillance Unit

The Australian Paediatric Surveillance Unit 
(APSU) is a national, active surveillance mecha-
nism with monthly reporting by approximately 
1,270 Australian paediatricians and other child 
health clinicians. APSU conducts surveillance for 
uncommon conditions of childhood, including 
genetic disorders, child mental health problems, 
rare injuries, and rare infections and vaccine pre-
ventable diseases. Communicable diseases currently 
under surveillance include: acute flaccid paralysis 
(to identify potential cases of poliovirus infection); 
congenital cytomegalovirus infection; congenital 
rubella; perinatal exposure to HIV, HIV infection 
and AIDS; neonatal herpes simplex virus infection; 
hepatitis C virus infection; group B Streptococcus 
sepsis; and neonatal, congenital and severe com-
plications of varicella virus infection. Surveillance 
for intussusception and its causes (e.g. rotavirus 
infection) and for acute rheumatic fever (group A 
Streptococcus infection) commenced in 2007. APSU 
may occasionally be used for short-term rapid 
response surveillance e.g. surveillance for the severe 
complications of influenza in children <5 years of 
age in 2007.

The primary objectives of the APSU are to docu-
ment the number of Australian children aged under 
15 years, newly diagnosed with specified conditions; 
their geographic distribution; clinical features; cur-
rent management; and outcome. Contributors to 
the APSU are clinicians known to be working in 
paediatrics and child health in Australia. In 2007, 
over 1,270 clinicians participated in the surveillance 
of 16 conditions through the APSU, with an overall 
monthly response rate of 96%. APSU is a unit of 
the Royal Australasian College of Physicians, and 
its activities are supported by the Department 
of Health and Ageing; the Faculty of Medicine, 
University of Sydney; and the National Health and 
Medical Research Council Enabling Grant 402784. 
For further information please contact the APSU 
Director, Professor Elizabeth Elliott on telephone: 
+61 2 9845 3005, facsimile +61 2 9845 3082 or 
email: apsu@chw.edu.au

Australian Sentinel Practice Research 
Network

The Royal Australian College of General 
Practitioners and the Department of General 
Practice at the University of Adelaide operate the 
Australian Sentinel Practice Research Network 
(ASPREN). ASPREN is a national network of 
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general practitioners who report presentations of 
defined medical conditions each week. The aim of 
ASPREN is to provide an indicator of the burden 
of disease in the primary health care setting and to 
detect trends in consultation rates.

The list of conditions is reviewed annually by the 
ASPREN management committee and an annual 
report is published. In 2008, four conditions are 
being monitored; all of which are related to com-
municable diseases. These include influenza like 
illness, gastroenteritis, chickenpox and shingles. 

There are currently 96 general practitioners par-
ticipating in the network from all jurisdictions other 
than the Northern Territory. Sixty-eight per cent of 
these are in metropolitan areas, 24% in rural and 7% 
in remote areas of Australia. Approximately 6,000 
consultations are recorded each week..

Data for communicable diseases are published in 
CDI every quarter. Data are presented in graphic 
format as the rate of reporting per 1,000 consultations 
per week. The conditions are defined as follows.

Influenza-like illness – record once only per 
patient

Must have the following: fever, cough and fatigue.

Gastroenteritis – record once only per patient

Three or more loose stools, and/or two vomits in a 24 
hour period excluding cases who have a known cause, 
for example bowel disease, alcohol, pregnancy.

Chickenpox – record once only per patient

An acute, generalised viral disease with a sudden 
onset of slight fever, mild constitutional symptoms 
and a skin eruption which is maculopapular for a 
few hours, vesicular for three to four days and leaves 
a granular scab.

Shingles – record once only per patient

Recurrence, recrudescence or re-activation of chick-
enpox infection. Vesicles with any erythematous base 
restricted to skin areas supplied by sensory nerves of 
a single or associated group of dorsal root ganglia. 
Lesions may appear in crops in irregular fashion 
along nerve pathways, are usually unilateral, deeper 
seated and more closely aggregated than those of 
chickenpox.

Note: Those conditions which show ‘record once 
only per patient’ are to have each occurrence of the 
condition only recorded on one occasion no matter 
how many patient contacts are made for this condi-
tion. If the condition occurs a second or subsequent 

time, it is to be recorded again. Conversely, for 
other conditions each attendance at which they are 
addressed in some way is to be recorded.

HIV and AIDS surveillance

National surveillance for HIV and AIDS is coordi-
nated by the National Centre in HIV Epidemiology 
and Clinical Research (NCHECR), in collabora-
tion with state and territory health authorities, the 
Australian Government Department of Health 
and Ageing, the Australian Institute of Health and 
Welfare and other collaborating networks in surveil-
lance for HIV/AIDS.

Cases of HIV infection are notified to the National 
HIV Database on the first occasion of diagnosis 
in Australia, either by the diagnosing laboratory 
(Australian Capital Territory and Tasmania), by 
doctor notification (Western Australia) or by a 
combination of laboratory and doctor sources (New 
South Wales, Northern Territory, Queensland, South 
Australia and Victoria). Cases of AIDS are notified 
through the state and territory health authorities to 
the National AIDS Registry. Diagnoses of both HIV 
infection and AIDS are notified with the person’s 
date of birth and name code, to minimise duplicate 
notifications while maintaining confidentiality.

Currently, two tables presenting the number of new 
diagnoses of HIV infection, AIDS and deaths fol-
lowing AIDS are published in each issue of CDI. 
The tabulations are based on data available three 
months after the end of the reporting period, to 
allow for reporting delay and to incorporate newly 
available information.

Each year from 1997, the NCHECR has pub-
lished the HIV/AIDS, Viral Hepatitis and Sexually 
Transmissible Infections in Australia Annual 
Surveillance Report. The annual surveillance report, 
available through www.med.unsw.edu.au/nchecr/, 
provides a comprehensive analysis and interpre-
tation of surveillance data on HIV/AIDS, viral 
hepatitis and sexually transmissible infections in 
Australia.

Laboratory Virology and Serology 
Reporting Scheme

The Laboratory Virology and Serology Reporting 
Scheme (LabVISE) began operating in 1977. The 
scheme currently comprises 17 laboratories from 
all states and the Australian Capital Territory. 
Contributors submit data fortnightly on the labora-
tory identification of viruses and other organisms. 
Each record includes mandatory data fields (labo-
ratory, specimen collection date, a patient identifier 
code and organism), and optional fields (patient’s 
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sex, date of birth or age, postcode of residence, 
specimen source, clinical diagnosis and the method 
of diagnosis). Reports are collated, analysed and 
published quarterly in CDI. Each report includes 
summary tables of total numbers of organisms iden-
tified by state or territory and numbers of reports 
by month and participating laboratory. Monthly 
updates of LabVISE data are also published on the 
Communicable Diseases Australia website.

LabVISE data should be interpreted with caution. 
The number and type of reports received is subject 
to a number of biases. These include the number 
of participating laboratories, which has varied over 
time. The locations of participating laboratories 
also create bias, as some jurisdictions are better 
represented than others. Also changes in diagnostic 
practices, particularly the introduction of new test-
ing methodologies, may affect laboratory reports. 
The ability of laboratory tests to distinguish acute 
from chronic or past infection must also be consid-
ered in interpretation of the data. Although changes 
in incidence cannot be determined with precision 
from this data, general trends can be observed, for 
example with respect to seasonality and the age-sex 
distribution of patients. See review in Commun Dis 
Intell 2002;26:323–374).

National Enteric Pathogens 
Surveillance System

Since 1980, the National Enteric Pathogens 
Surveillance Scheme (NEPSS) has collected, 
analysed and disseminated data on human enteric 
bacterial infections diagnosed in Australia. These 
pathogens include Salmonella, Escherichia coli, 
Vibrio, Yersinia, Plesiomonas, Aeromonas and 
Campylobacter.

Communicable Diseases Intelligence NEPSS quar-
terly reports include only Salmonella. NEPSS 
receives reports of Salmonella isolates submitted 
from primary diagnostic laboratories throughout 
Australia to any of the five serotyping laboratories, 
two of which (MDU and IMVS) also perform phage 
typing.

A case is defined as the isolation of a Salmonella 
from an Australian resident, either acquired locally 
or as a result of overseas travel, including isolates 
detected during immigrant and refugee screening. 
Second and subsequent identical isolates from an 
individual within six months are excluded, as are 
isolates from overseas visitors to Australia. The date 
of the case is the date the primary diagnostic labora-
tory isolated a Salmonella from the clinical sample.

NEPSS is operated by the Microbiological 
Diagnostic Unit — Public Health Laboratory, 
Department of Microbiology and Immunology, 

The University of Melbourne; and is overseen 
by a Steering Committee of state, territory and 
Commonwealth stakeholders. NEPSS may be con-
tacted at the Microbiological Diagnostic Unit, by 
telephone +61 3 8344 5701, facsimile +61 3 8344 
7833 or email joanp@unimelb.edu.au

Scientists, diagnostic and reference laboratories, 
clinicians and public health professionals generate 
and contribute data to NEPSS, which is supported 
by state and territory health departments and the 
Australian Government Department of Health and 
Ageing.

OzFoodNet: enhanced foodborne 
disease surveillance

The Australian Government Department of Health 
and Ageing established the OzFoodNet network in 
2000 to collaborate nationally in the investigation 
of foodborne disease. OzFoodNet conducts studies 
on the burden of illness and coordinates national 
investigations into outbreaks of foodborne disease.

OzFoodNet reports quarterly on investigations 
of gastroenteritis outbreaks and clusters of disease 
potentially related to food. Annual reports have 
been produced and published in CDI (Commun 
Dis Intell 2007;31:345–365) since 2002. Data are 
reported from all Australian jurisdictions.

National Influenza Surveillance 
Scheme

Influenza surveillance in Australia is based on sev-
eral schemes collecting a range of data that can be 
used to measure influenza activity.

Since 2001, laboratory-confirmed influenza has • 
been a notifiable disease in all Australian states 
and territories (except South Australia) and 
reported in the National Notifiable Diseases 
Surveillance System (see above).

In 2007, six sentinel general practitioner • 
schemes contribute reports of influenza-like ill-
ness: the Australian Sentinel Practice Research 
Network, the Tropical Influenza Surveillance 
from the Northern Territory, the New South 
Wales Sentinel General Practice Scheme, the 
Victorian Sentinel General Practice Scheme, 
Queensland and Western Australian sentinel 
general practices.

The Laboratory Virology and Serology • 
Reporting Scheme laboratory reports of influ-
enza diagnoses including virus type.
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The results of each of the schemes are published 
together fortnightly throughout the influenza season 
(May to October) on the Communicable Diseases 
Australia Website as the Australian Influenza Report.

Annual reports on influenza in Australia are published 
in CDI each year (Commun Dis Intell 2007;31:167–
179). These reports include the above data as well as 
absenteeism data from a major national employer, 
hospitalisation and mortality data and influenza 
typing data from the WHO Collaborating Centre for 
Influenza Reference and Research.

National Notifiable Diseases 
Surveillance System

National compilations of notifiable diseases have 
been published intermittently in a number of publi-
cations since 1917.2 The National Notifiable Diseases 
Surveillance System (NNDSS) was established 
in 1990 under the auspices of the Communicable 
Diseases Network Australia (CDNA).

The system coordinates the national surveillance 
of more than 60 communicable diseases or disease 
groups endorsed by the CDNA. Under this scheme, 
notifications are made from doctors and laborato-
ries to state or territory health authorities under the 
provisions of the public health legislation in their 
jurisdiction. Electronic, de-identified unit records 
of notifications are supplied to the Australian 
Government Department of Health and Ageing for 
collation, analysis and reporting in CDI.

Data provided for each notification include a 
unique record reference number, state or territory, 
disease code, date of onset, date of notification to the 
relevant health authority, sex, age, indigenous status 
and postcode of residence. Additional data include: 
infecting organism and subtype; the diagnosis 
method; full details of vaccination where appropri-
ate; resident location; dates of onset, specimen col-
lection, notification and date when notification was 
received by health authorities; outbreak reference 
number; how the case was found; whether the case 
was confirmed; and whether the case was imported 
from overseas.

Aggregated data are presented on the Communicable 
Diseases Australia Internet site and updated three 
times a week (www.health.gov.au/cda). Data are 
published in CDI every quarter and in an annual 
report. The reports include numbers of notifications 
for each disease by state or territory, and totals for 
Australia for the current period, the year to date, and 
for the corresponding period of the previous year. 
The national total for each disease is compared with 
the average number of notifications over the previ-

ous five years in the same period. A commentary on 
the notification data is included with the tables in 
each issue of CDI and graphs are used to illustrate 
important aspects of the data.

HIV infection and AIDS surveillance is conducted 
by the National Centre for HIV Epidemiology and 
Clinical Research and is reported in the HIV and 
AIDS surveillance reports (see below).

Sentinel Chicken Surveillance 
Programme

The Sentinel Chicken Surveillance Programme is 
used to provide an early warning of increased flavi-
virus activity in Australia. The main viruses of con-
cern are Murray Valley encephalitis (MVEV) and 
Kunjin viruses. MVEV causes the disease Murray 
Valley encephalitis (formerly known as Australian 
encephalitis), a potentially fatal disease in humans. 
Encephalitis is less frequent in cases of Kunjin virus 
infection and these encephalitis cases have a lower 
rate of severe sequelae.

These viruses are enzootic in parts of the north-east 
Kimberley region of Western Australia and the Top 
End of the Northern Territory but are epizootic 
in other areas of the Kimberley, Pilbara, Gascoyne 
Murchison and Mid-west regions of Western 
Australia, in north Queensland and in Central 
Australia. MVEV is also responsible for occasional 
epidemics of encephalitis in eastern Australia. Since 
1974, a number of sentinel chicken flocks have been 
established in Australia to provide an early warn-
ing of increased MVEV activity. These programs 
are supported by individual state health depart-
ments. Each state has a contingency plan that will 
be implemented if one or more chickens in a flock 
seroconverts to MVEV.

Currently, flocks are maintained in the north of 
Western Australia, the Northern Territory, New 
South Wales and in Victoria. The flocks in Western 
Australia and the Northern Territory are tested 
all year round but those in New South Wales and 
Victoria are tested only in the summer months, dur-
ing the main MVEV risk season. Results are posted 
on the National Arbovirus Surveillance Website by 
state representatives. A yearly summary is presented 
in CDI (Commun Dis Intell 2008;32:31–46).
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