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Abstract
This report describes the epidemiology of mosquito-borne disease in Australia for the mosquito-borne 
disease season 1 July 2005 to 30 June 2006, in which the second largest number of notifi cations since 
1995–96 was reported. Ross River virus (RRV) infections (66%), Barmah Forest virus (BFV) infections 
(23%) and malaria (9%) were the most common mosquito-borne diseases reported in 2005–06. National 
RRV notifi cations were the fi fth largest on record. The Northern Territory had the highest rate of RRV 
notifi cations and the peak notifi cation rate (in January 2006) was the third highest since 2000. National 
BFV notifi cation rates were the highest on record. The Northern Territory also reported the highest 
BFV notifi cation rate this season, peaking in February–March 2006, which was the highest reported 
BFV notifi cation rate on record. BFV notifi cation rates were signifi cantly higher in teen agers compared 
to previous seasons. There were 731 notifi cations of malaria in 2005–06 of which none was reported as 
locally acquired. This was the third highest reporting period for malaria notifi cations since 2000. In con-
trast to previous years in which Plasmodium vivax was the predominant species, Plasmodium falciparum 
was reported as the infecting species in 45 per cent of the malaria notifi cations and Plasmodium vivax 
for 42 per cent of cases. Young adults in the 20–24 year age group had the highest number of cases and 
children in the 5–9 year age group accounted for 22 per cent of notifi cations. There were two cases of 
Kunjin virus (KUNV) infection and one case of Murray Valley encephalitis virus (MVEV) infection 
reported in 2005–06, all from Western Australia. Sentinel chicken surveillance data for fl aviviruses and 
sentinel pig surveillance data for Japanese encephalitis virus are reported. There were 200 notifi cations 
of dengue virus (DENV) infection in 2005–06, of which 46 per cent (n=92) was reported as having been 
acquired overseas. Dengue serotypes 2 and 3 were detected in two outbreaks of locally-acquired dengue 
in Queensland this season. Commun Dis Intell 2006;30:411–429.
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Introduction

This report describes the epidemiology of nationally 
notifi able mosquito-borne disease in Australia for 
the season 1 July 2005 to 30 June 2006, which was 
the second largest season since 1995–96.

The eight notifi able mosquito-borne diseases under 
national surveillance include the alphaviruses 
(Barmah Forest virus and Ross River virus), the 
fl aviviruses (dengue, Japanese encephalitis, Kunjin, 
Murray Valley encephalitis and fl avivirus not else-
where classifi ed), 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 signifi cance. There is a variety of mosquito 
vectors which facilitate the transmission of these 
viruses in diverse environments (freshwater habitats, 
coastal regions, salt marshes, fl oodwaters, estab-
lished wetlands and urban areas).1,2 At this time, the 
alphavirus chikungunya virus is not notifi able and 
has not become established in Australia despite its 
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increased activity in southern Asia and the Indian 
Ocean over the past year, and its occasional diag-
nosis in returning travellers.

Flaviviruses are single-stranded RNA viruses, some 
of which are associated with epidemic encephalitis 
in various regions of the world. In Australia, the 
fl aviviruses 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 infec-
tion with Murray Valley encephalitis virus (MVEV) or 
Kunjin virus (KUNV).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 line-
age 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 certifi ed malaria-free by the 
World Health Organization (WHO) in 1983,16 but the 
region of northern Australia above 19°S latitude in 
particular, remains receptive to malaria transmis-
sion. Since 1981, malaria acquired in Australia has 
been rare, but there have been several documented 
reports of outbreaks17,18 and sporadic introduced 
cases19,20 in Queensland, malaria acquired in the 
Torres Strait,21 and the artifi cial induction of malaria 
by blood transfusion.22

Methods

Eight nationally notifi able mosquito-borne diseases 
were analysed for the seasonal period 1 July 2005 
to 30 June 2006. Historical data from 2000, and in 
some cases from 1991, are also shown for compari-
son. Data were extracted by diagnosis date from the 
National Notifi able Diseases Surveillance System 
(NNDSS) on 18 August 2006. Hospitalisation data 
where available, were extracted from the online 
National Hospital Morbidity database, Australian 
Institute of Health and Welfare.23

Epidemic curves by state or territory were produced 
for each of the eight diseases. Notifi able mosquito-
borne disease activity is shown compared with a 
fi ve-year mean for the same period by jurisdiction. 
The number of notifi cations and annual or annual-
ised notifi cation rates for locally acquired mosquito-
borne disease were calculated using the December 
population estimates from the Australian Bureau of 
Statistics (ABS). Age- and sex-specifi c notifi cation 
rates were calculated using age and sex population 
estimates for each jurisdiction.

The geographical distribution of selected diseases 
was mapped using ArcGIS (ESRI, Redlands, CA, 
USA). Maps were based on the postcode of resi-
dence of each notifi cation aggregated to the appro-
priate Statistical Division, and rates were calculated 
using the number of notifi cations (numerator) divided 
by the estimated 2005 ABS populations for each 
division (denominator).

The timeliness of reporting notifi able mosquito-borne 
diseases was calculated by quantifying the time 
lag from onset of disease to the public health unit 
notifi cation received date. Where onset date was 
not supplied, the earliest date of specimen date, or 
notifi cation date was used.

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

Results

Alphaviruses

During this reporting period, there were 8,387 notifi -
cations of mosquito-borne disease (MBD) reported 
in Australia, which was twice the number of notifi -
cations reported for the last season. Overall, total 
MBD notifi cations during 2005–06 were the second 
highest on record and associated with increases in 
BFV and RRV notifi cations. The highest season on 
record was observed in 1995–96 with approximately 
9,210 notifi cations of MBD reported.

RRV infections accounted for 66 per cent (n=5,515) 
of notifi cations with an onset in 2005–06, along with 
BFV infections (23%, n=1,895) and malaria (9%, 
n=731) (Figure 1).

Figure 1. Notifi cations of select mosquito-
borne diseases, Australia, 1 July 2000 to 30 June 
2006, by season of onset

3,630

1,582

3,160

4,732

1,875

5,515

1,132

928

1,289

966

1,271

1895

828

571

507

540

803

731

225

685

543

189

200

125

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

2000-01 2001-02 2002-03 2003-04 2004-05 2005-06

Season of onset

N
ot

ifi
ca

tio
ns

RRV BFV Malaria Dengue



CDI Vol 30 No 4 2006 413

National Arbovirus and Malaria Advisory Committee, 2005-06 Annual report

Figure 2 shows the ratio of BFV, RRV and malaria 
notifi cations for 2005–06 compared with the fi ve-year 
mean. BFV notifi cations during 2005–06 exceeded 
two standard deviations above the fi ve-year mean. 
Contributing factors to unusually high BFV notifi ca-
tions include an increase in vector numbers during 
spring, more active surveillance and clinical testing 
for BFV in some jurisdictions and the dual reporting 
of BFV and RRV notifi cations by some jurisdictions. 
An analysis of this is contained in the dual reporting 
of BFV and RRV section.

The national notifi cation rate for BFV in 2005–06 
was 9.3 cases per 100,000 population (Figure 3) 
which was the highest notifi cation rate for BFV since 
the commencement of the nationalised reporting of 
BFV in 1991. The national notifi cation rate for RRV 
was 27 cases per 100,000 population, the highest 
reported notifi cation rate for RRV since 1996–97. 

These high notifi cation rates were associated with 
a wet spring in 2005 in inland and coastal areas 
which produced favourable conditions for mosquito 
breeding.

During the 2005–06 season, the highest number 
of notifi cations for BFV and RRV was received in 
March (Figure 4). BFV notifi cations peaked earlier 
than in 2005 (April–May). The peak of RRV notifi ca-
tions (n=1268) in March 2006 was more than two 
and a half times the peak in March 2005.

Barmah Forest virus infections

During 2005–06, all jurisdictions except Victoria 
reported BFV activity above the fi ve-year mean 
(Figure 5). Notifi cations of BFV from the Australian 
Capital Territory, New South Wales, the Northern 

Figure 2. Ratio of 2005–06 notifi able mosquito-
borne disease activity to mean of previous fi ve 
years
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Figure 3. Crude annual rate of Barmah 
Forest virus and Ross River virus infections 
notifi cations, Australia, 1 July 1991 to 30 June 
2006, by season of onset
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Figure 4. Barmah Forest virus infection 
and Ross River virus infections notifi cations, 
Australia, 1 July 2005 to 30 June 2006, by 
month of onset
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Figure 5. Ratio of Barmah Forest virus 
infection notifi cations to mean of previous fi ve 
years, Australia, 1 July 2005 to 30 June 2006, by 
state or territory
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Territory, South Australia and Western Australia, 
exceeded two standard deviations above the fi ve-
year mean. South Australia notifi ed more than 
17 times its fi ve-year mean. This increase may be 
attributable to a change in surveillance practice from 
December 2005, when the Communicable Disease 
Control Branch, South Australia recommended 
that clinicians consider testing for both BFV and 
RRV if an arbovirus infection was suspected (Jane 
Raupach, personal communication).

The highest rates of BFV notifi cations in Australia 
during 2005–06 were reported from Northwest 
Queensland (81.9 notifi cations per 100,000 popu-
lation) and the Murray Lands in South Australia 
(81.5 notifi cations per 100,000 population) (Map 1). 
The majority of cases in the Murray Lands region 
occurred in the Coorong lower lakes area. The 
increase in BFV incidence for 2005–06 in this wet-
lands area was associated with the high abundance of 
Aedes camptorhynchus mosquitoes (Craig Williams, 
unpublished data). There is also evidence that 
elevated Culex australicus and Culex globocoxitus 
mosquito abundance in the Coorong lower lakes 
area during the three months preceding an outbreak 
is predictive of BFV activity, suggestive of the pos-
sible involvement of these vectors in an amplifi cation 
cycle. Moderately high rates of BFV notifi cations were 
reported from Northern Queensland (71.5 notifi ca-

tions per 100,000 population) and from the Mid-North 
Coast area of New South Wales (79.3 notifi cations 
per 100,000 population). New South Wales reported 
the largest documented outbreak of BFV in Australia 
during this season.24

All states and territories reported peak notifi cation 
rates of BFV in March 2006 (Figure 6). The Northern 
Territory notifi ed the highest rate of BFV on record 
(124.3 cases per 100,000 population) during 
February and March 2006. Queensland reported 

Map 1. Notifi cations and notifi cation rates of Barmah Forest virus infection, Australia, 1 July 2005 to 
30 June 06, by Statistical Division of residence

Figure 6. Annualised notifi cation rate for 
Barmah Forest virus infections, select jurisdictions, 
1 July 2000 to 30 June 2006, by state or territory
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the second highest rate of BFV (45.7 cases per 
100,000 population). South Australia also reported 
its highest ever BFV notifi cation rate during March 
2006 (27.2 cases per 100,000 population).

The national notifi cation rate of BFV was highest in 
the 45–49 year age group (Figure 7). The highest 
notifi cation rates were in females in the 45–49 year 
age group (18.5 cases per 100,000 population) and 
males in the 60–64 year age group (13.4 cases per 
100,000 population). Notifi cation rates were gener-
ally higher in females in the age range 15–54 years 
than males in the equivalent age groups.

In general, the age and sex distribution pattern for 
New South Wales (Figure 8) was similar to the pat-
tern observed for the whole of Australia (Figure 7). 
Queensland (Figure 9) had higher age- and sex-
specifi c notifi cation rates than New South Wales, 
with males tending to have higher notifi cation rates 

than females in the 40–54 year age range. Western 
Australia (Figure 10) and the Northern Territory 
(Figure 11) displayed different age and sex distribu-
tion patterns of BFV notifi cations, with characteristi-
cally higher female-specifi c notifi cation rates for 
many age groups. It is likely that small population 
sizes in age- and sex-specifi c age groups in these 
jurisdictions have affected the reporting rates 
(as small changes in the numerator lead to large 
changes in the overall rate).

In Western Australia, notifi cations in females in the 
50–54 year age group (n=13) had the highest BFV 
age- and sex-specifi c notifi cation rate (Figure 10). 
The Northern Territory reported high female notifi -
cation rates in the 35–39 year (n=10, 123.6 cases 
per 100,000 population), the 45–49 year (n=9, 
131.9 cases per 100,000 population), and the 
60–74 year age groups (Figure 11). The highest 
age-specifi c BFV notifi cation rate in the Northern 

Figure 7. Notifi cation rate for Barmah Forest 
virus infections, Australia, 1 July 2005 to 
30 June 2006, by age group and sex
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Figure 8. Notifi cation rate for Barmah Forest 
virus infections, New South Wales, 1 July 2005 
to 30 June 2006, by age group and sex
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Figure 9. Notifi cation rate for Barmah Forest 
virus infections, Queensland, 1 July 2005 to 
30 June 2006, by age group and sex
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Figure 10. Notifi cation rate for Barmah Forest 
virus infections, Western Australia, 1 July 2005 
to 30 June 2006, by age group and sex
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Territory was observed in the 60–64 year age group 
(n=4 males, 4 females, 122.2 cases per 100,000 
population). An extremely high female notifi ca-
tion rate (206.2 cases per 100,000 population) in 
the 80–84 year age group was attributable to one 
notifi cation reported in a relatively small age- and 
sex-specifi c population size (485 persons).

The age-specifi c rate of BFV notifi cations in 2005–06 
changed signifi cantly with a shift toward higher rates 
in children, teenagers and young adults when com-
pared to the previous fi ve seasons (Figure 12). The 
age-specifi c rate of BFV infection in the 0–19 year 
age range (3.6 notifi cations per 100,000 population) 
was over three times the fi ve-year average (1.1 noti-
fi cations per 100,000 population).

Timeliness of Barmah Forest virus infection notifi ca-
tions

The timeliness of BFV notifi cations is shown in 
Figure 13. In 2005–06, it took 8.5 days for 10 per 
cent of BFV notifi cations (n=1,238) and 106 days for 
90 per cent of BFV notifi cations (n=1,886) from dis-
ease onset to be notifi ed to public health units. The 
fastest notifi cation times for the 10–50 percentiles 
were observed in 2002–03 and 2003–04.

Ross River virus infections

Historically, peaks in RRV notifi cations occur every 
four years (Figure 3). During 2005–06, all jurisdic-
tions except Tasmania reported RRV activity above 
the fi ve-year mean for their jurisdiction (Figure 14). 
Notifi cations of RRV from New South Wales and 
South Australia exceeded two standard deviations 
from the fi ve-year mean for these jurisdictions. The 
peak notifi cation rates for the Northern Territory 
(455.6 cases per 100,000 population) and South 
Australia (89.5 cases per 100,000 population) were 

Figure 11. Notifi cation rate for Barmah Forest 
virus infections, Northern Territory, 1 July 2005 
to 30 June 2006, by age group and sex
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Figure 12. Trends in Barmah Forest virus 
infection notifi cation rates, Australia, 1 July 
2005 to 30 June 2006, by age group
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reported in January 2006 (Figure 15). Queensland 
(45.7 cases per 100,000 population), South Australia 
(27.2 cases per 100,000 population), New South 
Wales (19.8 cases per 100,000 population) and 
Western Australia (17.3 cases per 100,000 popula-
tion) reported peak notifi cation rates in March 2006.

The highest rates of RRV notifi cations in Australia 
during 2005–06 were reported from the Kimberley 
region of Western Australia (218.2 notifi cations per 
100,000 population), the Eyre region (193.3 notifi ca-

tions per 100,000 population) and the Murray Lands 
region (157.1 notifi cations per 100,000 population) 
of South Australia (Map 2). Moderately high rates of 
RRV notifi cation were reported throughout northern 
Australia, and from the Southwest region of Western 
Australia.

The rate of national notifi cations for RRV was highest 
in the 35–39 year age group (Figure 16). Females in 
the 45–49 year age group (52.3 cases per 100,000 

Map 2. Notifi cations and notifi cation rates of Ross River virus infections, Australia, 2005–06, by 
Statistical Division of residence

Figure 15. Annualised notifi cation rates for 
Ross River virus infection, select jurisdictions, 
1 July 2000 to 30 June 2006, by state or territory
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Figure 16. Notifi cation rate for Ross River virus 
infections, Australia, 1 July 2005 to 30 June 
2006, by age group and sex
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population) and males in 35–39 year age group 
(46.9 cases per 100,000 population) had the highest 
national age- and sex-specifi c notifi cation rates.

In general, New South Wales (Figure 17) and 
Western Australia (Figure 18) showed similar age 
and sex distribution patterns to Australia. Age- and 
sex-specifi c notifi cation rates of RRV from Western 
Australia were approximately twice the RRV notifi -
cation rates from New South Wales.

Notifi cations of RRV from Queensland (Figure 19) 
were highest in the 35–39 year age group 
(119.4 cases per 100,000 population). Notifi cations 
and notifi cation rates in female-specifi c age groups 
were noticeably higher than male cohorts in 
Queensland for the 35–39 year age group (n=184, 
127.7 cases per 100,000 population), 45–49 year 
age group (n=187, 124.7 cases per 100,000 popula-
tion) and 50–54 year age group (n=152, 117.2 cases 
per 100,000 population).

The Northern Territory overall had very high rates 
of RRV notifi cations, with very high age- and sex-
specifi c peaks, some of which are due to small 
increases in the number of cases leading to large 
changes in the overall rate in this small population 
(Figure 20). Males in the 15–19 year age group had 
extremely high RRV notifi cations and notifi cation 
rates (n=11, 141.5 cases per 100,000 population) 
when compared to either younger males or similarly 
aged females. Another high age specifi c peak was 
observed in the male 35–39 year age group (n=25, 
283.3 cases per 100,000 population).

The age-specifi c rates for RRV notifi cations 
observed during this season were the highest on 
record since 2000. The overall age groups of the 
susceptible populations have not changed since 
2000 (Figure 21).

Figure 17. Notifi cation rate for Ross River virus 
infections, New South Wales, 1 July 2005 to 
30 June 2006, by age group and sex
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Figure 18. Notifi cation rate for Ross River virus 
infections, Western Australia, 1 July 2005 to 
30 June 2006, by age group and sex
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Figure 19. Notifi cation rate for Ross River virus 
infections, Queensland, 1 July 2005 to 30 June 
2006, by age group and sex
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Figure 20. Notifi cation rate for Ross River virus 
infections, Northern Territory, 1 July 2005 to 
30 June 2006, by age group and sex
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The timeliness of RRV notifi cations is shown 
in (Figure 22). For this MBD season, 11.5 days 
elapsed between onset of disease and for 10 per 
cent of RRV notifi cations (n=4,031) to be reported 
to public health units. The fastest reporting of RRV 
notifi cations was observed in 2001–02 and 2002–03 
for all percentiles.

Dual reporting of Barmah Forest virus 
infections and Ross River virus infections 
notifi cations

During 2005–06, South Australia reported that it 
was observing a larger proportion of BFV notifi ca-
tions which were also positive for RRV. These were 
also notifi ed resulting in a dual national notifi cation 
of BFV and RRV. Further investigations by the 
National Arbovirus and Malaria Advisory Committee 
(NAMAC) and the Public Health Laboratory Network 
(PHLN) have revealed that the dual notifi cation of 

BFV and RRV may be linked to the cross-reactivity 
of sera in both in-house and commercial assay kits. 
PHLN has advised that caution should be exercised 
when interpreting the current reporting and notifi ca-
tion of BFV in Australia, and it is considering revising 
the laboratory case defi nition by increasing the cut-
off titre to improve the specifi city.

Data in the NNDSS is de-identifi ed. However, it is 
possible to estimate what proportion of BFV noti-
fi cations have a RRV notifi cation (and vice-versa) 
by matching notifi cations with the same date of 
birth, sex, residential postcode and onset date. The 
incidence of a true dual BFV and RRV infection is 
unknown although it has been estimated as a rare 
event (NAMAC members, personal communica-
tion). If the dual BFV notifi cations are excluded from 
epidemiological analyses, only BFV notifi cations 
from Queensland in 2005–06 (n=478) drop below 
the activity of the previous fi ve-year mean (570), but 
the overall BFV activity for Australia remains above 
the fi ve-year mean.

Barmah Forest virus infection notifi cations with a cor-
responding Ross River virus infection notifi cation

Table 1 shows that in 2005–06, 12 per cent (n=465 
of 3,894) of national BFV notifi cations correspond to 
a RRV notifi cation with the same demographic and 
geographic attributes. By this method the frequency 
of dual notifi cations appears to have increased 
steadily since 2000. Some jurisdictions such as 
the Northern Territory, Queensland, and Western 
Australia are reporting increasingly higher numbers 
of dual BFV and RRV notifi cations each reporting 
year. In 2000–01, Victoria reported that 14 per cent 
of BFV notifi cations had a corresponding RRV noti-
fi cation, but in subsequent years there have been 
no further dual notifi cations from Victoria. South 
Australia has only recently been reporting dual 
notifi cation after a hiatus of dual notifi cations since 
2000–01, perhaps marking a change in public health 
laboratory practice. It is not known what proportion of 
these jurisdictional trends in reporting dual notifi ca-
tions are related to increasingly greater dependence 
on a specifi c type or brand of serological test.

Ross River virus infection notifi cations with a corre-
sponding Barmah Forest virus infection notifi cation

Table 2 shows nationally that only 3 per cent of RRV 
notifi cations have a corresponding BFV notifi cation, 
but this has risen steadily from 2000–01. Some juris-
dictions in particular such as New South Wales, the 
Northern Territory, Queensland, and South Australia 
are notifying more cases of dual RRV and BFV noti-
fi cations each year. Western Australia and Victoria 
are reporting the dual RRV and BFV notifi cations in 
the same proportions each year.

Figure 21. Trends in Ross River virus infections 
notifi cation rates, Australia, 1 July 2005 to 
30 June 2006, by age group
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Chikungunya virus infections

An outbreak of chikungunya virus (CHIKV) occurred 
in the south-east Indian Ocean region in early 2006, 
with an estimated two-thirds of the human population 
of Reunion Island infected. Travellers returning from 
outbreak areas have been diagnosed in Europe, 
Canada, the Caribbean, South America and the 
United States of America (USA).25

In March 2006, Victoria reported to NAMAC and the 
Communicable Diseases Network Australia, a case 
of CHIKV in a 59-year-old male visitor from Mauritius 
associated with the Commonwealth Games (Rodney 
Moran, personal communication). The case arrived 
in Australia on 7 March 2006, with an onset of ill-
ness on 10 March 2006 (lethargy, fever, arthralgia, 
myalgia, rash, headache, ankle arthritis). He was 
admitted to hospital on 12 March, improved and 
discharged 15 March 2006.

In New South Wales, there were three confi rmed 
cases of CHIKV associated with attendance at the 
Commonwealth Games all reported from one labo-
ratory.  All three were acquired in Mauritius (Linda 
Hueston, personal communication).

Flaviviruses

The Sentinel Chicken Programme is a surveillance 
network involving New South Wales, the Northern 
Territory, Victoria and Western Australia, and is 
designed to detect fl avivirus activity (including the 
endemic arboviruses MVEV and KUNV).26 Table 3 
shows notifi cations of fl avivirus from 1 July 2005 to 
30 June 2006, by state or territory.

Northern Territory

The Northern Territory sentinel chicken program 
commenced in January 1992 and replaced an 
earlier program run by the Australian Quarantine 
and Inspection Service (AQIS). Sentinel chicken 
fl ocks in the Northern Territory are maintained, bled 
and analysed for fl avivirus in a combined program 
between the Northern Territory Department of Health 
and Community Services, the Northern Territory 
Department of Business Industry and Resource 
Development (DBIRD), and volunteers.

Map 3 shows that the sentinel chicken fl ocks 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). DBIRD offi cers or volunteers usually bleed 
fl ocks once a month and the samples are sent to the 
Northern Territory Department of Business Industry 
and Resource Development for specifi c 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 fl ock show new antibodies to 
MVEV during 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 
precautions to avoid mosquito bites.

Chickens are replaced at least annually and more 
frequently if birds die or if large proportions sero-
convert. They are well positioned to detect fl avivirus 

Table 3. Number and rate of fl avivirus notifi cations, 1 July 2005 to 30 June 2006, Australia, by state 
or territory

State or 
territory

DENV Flavivirus NEC KUNV MVEV

n Rate n Rate n Rate n Rate

ACT 7 NA 0 NA 0 0 0 0

NSW 54 NA 2 NA 0 0 0 0

NT 16 NA 0 NA 0 0 0 0

Qld 79 NA 28 NA 0 0 0 0

SA 10 NA 0 NA 0 0 0 0

Tas 0 NA 0 NA 0 0 0 0

Vic 14 NA 13 NA 0 0 0 0

WA 20 NA 0 NA 2 0.1 1 0

Australia 200 NA 43 NA 2 0.01 1 <0.01

* Rate per 100,000 population.

NA Not applicable, rates not calculated since, most cases of dengue (outside Queensland) and fl avivirus NEC were acquired 
overseas or had an unknown country of acquisition.
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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 2005–06 season, MVEV activity was detected 
in Howard Springs in June, Leanyer in May, Adelaide 
River in March (probably February seroconversion) 
and June, Katherine in June, Tennant Creek in June 
(probably May seroconversion), Jabiru in May and 
Nathan River in June.

The MVEV total seroconversions this year 
(n=15) was similar to last year (n=13), with most 
seroconversion this year (n=4) occurring in the 
Adelaide River, followed by the Nathan River fl ock 
(n=3). Most seroconversion this year occurred in 
June (n=8) while the long-term seroconversion peak 
occurs in May closely followed by March and then 
February. The high number of seroconversions 
and the number of fl ocks seroconverting in June is 
most likely due to the extended wet season in the 
Northern Territory in 2005–06.

There were no seroconversions in the two Alice 
Springs fl ocks, most probably due to the below 
average summer rainfall and low vector numbers. 
In addition, the successful effl uent swamp drain-
age and better effl uent 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 
Nhulunbuy and the Alyangula fl ock. However, the 
Alyangula fl ock only commenced in April 2006.

No human cases of MVEV disease were reported 
in the Northern Territory in 2005–06 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 seroconversion to KUNV in 
Darwin (Howard Springs) in May; Darwin (Leanyer) 
in April; Adelaide River in May and June; Katherine in 
April, May and June; and in Tennant Creek in April.

There has been a trend over the last 10 years to 
increasing numbers of seroconversions to KUNV, 
with this year’s total (n=13) higher than last year 
(n=12) and the highest since the program started 
in 1992. Most seroconversions occurred in the 
Katherine (n=6) and Adelaide River (n=4) fl ocks. 
Seroconversions mostly occurred this year in May 
(n=6), while the long term peak is also in May, fol-
lowed at a substantially reduced level in April.

Map 3. Sentinel chicken testing sites, Australia 2005–06
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The Northern Territory did not report any human cases 
of KUNV infection this year. 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 fl ocks in Western Australia are 
maintained, bled and analysed for specifi c antibod-
ies to MVEV and KUNV in a combined program 
between The University of Western Australia, 
Western Australian Department of Health, local 
governments and community volunteers. Twenty-
eight sentinel chicken fl ocks were located at major 
towns and communities in the Kimberley, Pilbara, 
Gascoyne, Goldfi elds, Midwest and Central Coastal 
regions of Western Australia. Environmental health 
offi cers or trained volunteers took blood samples 
from the chickens each fortnight from December to 
June (the major MVEV ‘risk’ season) and monthly at 
other times. Samples were tested by the Arbovirus 
Surveillance and Research Laboratory at the Uni-
versity of Western Australia. Sometimes for opera-
tional reasons, chickens were not bled fortnightly 
and a seroconversion detected in the next bleed 
may have occurred earlier.

Rainfall was generally above average for most of the 
2005–06 wet season in the Kimberley, Pilbara and 
Interior regions. There was extensive fl ooding in the 
Kimberley, Pilbara, Gascoyne and Interior regions in 
March and/or April 2006.

More than 3,000 serum samples from the 28 fl ocks 
located in Western Australia were tested for antibod-
ies to fl aviviruses during 2005–06. Seroconversions 
to fl aviviruses were detected in 5.5 per cent of the 
samples. Overall, fl avivirus activity was very high 
during the 2005–06 season, and the majority of 
seroconversions were due to infection with MVEV. 
The fi rst seroconversions were detected at Sally 
Malay, Wyndham and Derby in February 2006. 
Activity rapidly increased to include all major towns 
in the Kimberley region and continued through to 
June 2006 (and into the 2006–07 season). The fi rst 
fl avivirus seroconversion in the Pilbara region was 
a MVEV infection in a sentinel chicken at Tom Price 
in March 2006. During the ensuing months, MVEV 
activity was detected at all locations in the Pilbara 
except Port Hedland. However, KUNV activity was 
subsequently detected at Port Hedland in July 2006. 
One seroconversion to MVEV was detected in the 
Carnarvon sentinel chicken fl ock in June 2006. This 
is the furthest south that MVEV has been detected 
since August 2000, when there was an extensive 
and prolonged period of MVEV associated with 
Cyclone Steve.27 Unidentifi ed fl avivirus infections 
were detected at a number of locations in the 
Kimberley and Pilbara regions, and are possibly 

due to activity of other fl aviviruses that are occasion-
ally isolated from mosquitoes collected in northern 
Western Australia.

Three fl avivirus human cases (Table 3) were repor-
ted from Western Australia during the 2005–06 
season (Dr David Smith, PathWest, personal 
communication). The fi rst case was reported in a 
27-year-old woman from Broome who acquired a 
KUNV infection just prior to March 2006. There was 
one case of KUNV infection (with polyarthralgia) 
in a Kununurra resident in April 2006. One case of 
encephalitic MVEV infection requiring hospitalisa-
tion was diagnosed in an 8-year-old female from 
Broome in June 2006. Seroconversions to MVEV or 
KUNV in sentinel chickens provided advance warn-
ing of fl avivirus activity in these regions.

The West Australian Department of Health initially 
issued health warnings on 24 February 2006, 
of increased risk of MVEV to residents and 
visitors to the north or east Kimberley region, fol-
lowing seroconversions to MVEV in the north-east 
Kimberley region. Additional warnings were issued 
on 7 April after heavy rainfall in the Pilbara region 
and the detection of MVEV; on 1 May following 
increased MVEV activity in the Pilbara, the detection 
of KUNV at Exmouth and continued heavy rainfall 
in the Pilbara and Gascoyne; and on 15 June after 
MVEV was detected in the sentinel chicken fl ock 
at Carnarvon. The warnings advised residents and 
travellers to the regions of the increased risk of 
disease and the need to take precautions to avoid 
mosquito bites.

New South Wales

Samples from six sentinel chicken sites were tested 
weekly for KUNV and MVEV antibodies in New 
South Wales from mid-October 2005 to the end of 
April 2006. 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 notifi ed in May 2001 in 
a 58-year-old female from Griffi th. There have been 
no recorded cases of MVEV to date in NNDSS from 
New South Wales.

Victoria

Samples from sentinel chicken fl ocks located 
throughout northern inland Victoria (10 sites along 
the Murray River, Map 3) were tested weekly for 
fl avivirus antibodies from 1 November 2005 to 
early March 2006. 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 2005–06. The last reported case of 
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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 fl ocks in Queensland 
during 2005–06 although fl ocks were maintained in 
2002–03. There were no cases of KUNV or MVEV 
reported by Queensland during 2005–06. The last 
reported KUNV cases from Queensland were three 
sporadic cases notifi ed 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 annu-
ally in the Torres Strait in far northern Queensland, 
and threatens to invade the Australian mainland. 
Surveillance has involved the use of sentinel pigs 
that develop detectable viraemia and antibody titres 
to JEV.

The use of sentinel pigs on Badu Island was 
discontinued in 2006 on the recommendation 
by Queensland Health, who concluded that JEV 
incursions during the wet season will be an annual 
occurrence as far south as the central islands of the 
Torres Strait. In March 2006, an annual Northern 
Australia Quarantine Strategy (NAQS) survey of the 
Torres Strait and Northern Peninsula Area domestic 
livestock, detected JEV activity on Moa Island from 
blood samples obtained from juvenile domestic pigs.

AQIS, through the NAQS program, conducted 
monitoring for JEV for the 2006 wet season using 
sentinel pigs at Injinoo airport, Northern Peninsula 
Area, Cape York. The fi ve sentinel pigs did not sero-
convert and there was no evidence of transmission 
of JEV to the mainland in 2006 (based on results of 
testing at Queensland Health Scientifi c Services and 
the CSIRO Australian Animal Health Laboratory).

The use of pigs as a sentinel system poses a public 
health risk because pigs are amplifying hosts for 
JEV. A remote mosquito trap system does not have 
this risk and mosquito trapping on the Cape York 
peninsula has resulted in the fi rst report of a mos-
quito isolate of JEV from the Australian mainland.28 
Ritchie (unpublished data) evaluated and compared 
a remote mosquito trap system with pigs for the 
surveillance of JEV on Badu and Moa islands in 
the Torres Strait and at Bamaga in northern Cape 
York Peninsula from 2002–2005. JEV was detected 
in mosquito collections each year but not for each 
trap type and no JEV was detected in trapped mos-
quitoes before detection in sentinel pigs. A remote 
mosquito trap system, employing stand alone traps 

and polymerase chain reaction for viral antigen 
detection was found to be a safe, economical way 
to detect arbovirus activity in these remote areas.

There were no human cases of JEV in Australia 
during 2005–06. The last reported JEV case was 
in February 2004, when Queensland notifi ed 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 notifi able until 2001. Four of these 
notifi cations were reported in Torres Strait islanders 
from the Badu Island community, two of which were 
fatal (1995). The other 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 classifi ed)

There were 43 fl avivirus (not elsewhere classifi ed 
or NEC) notifi cations during the 2005–06 season, 
of which 13 were acquired overseas. The source 
of acquisition was unknown for the remaining 
notifi cations.

Queensland reported 28 fl avivirus (NEC) notifi ca-
tions; Victoria (n=13) and New South Wales (n=2). 
Of the 28 fl avivirus infection (NEC) notifi cations 
from Queensland, there were six Kokobera and one 
Stratford virus. The fl avivirus infection (NEC) notifi -
cations from Victoria and New South Wales were of 
unknown type.

Dengue virus infections

There were 200 notifi cations of DENV infections 
during the 2005–06 season. Table 4 shows that 
the cases were mainly from Queensland (n=79, 
40%), New South Wales (n=54, 27%) and Western 
Australia (n=20, 10%). Notifi cations from New 

Table 4. Locally acquired and imported 
dengue notifi cations, Australia, 1 July 2005 to 
30 June 2006, by state or territory

Notifying jurisdiction n %
ACT 7 4
NSW 54 27
NT 16 8
Qld 79 40
SA 10 5
Tas 0 0
Vic 14 7
WA 20 10
Total 200 100
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South Wales, South Australia, Victoria and Western 
Australia exceeded the fi ve-year mean in each juris-
diction (Figure 23). Of the national DENV notifi ca-
tions notifi ed, 46 per cent (n=92) were reported as 
imported, 43 per cent (n=86) were locally-acquired 
and 11 per cent (n=22) had an unknown source of 
acquisition.

Figure 24 shows that the number of DENV notifi ca-
tions received during the 2005–06 season was much 
lower than the previous three seasons. New South 
Wales, South Australia, Victoria and Western Australia 
reported DENV activity above the fi ve-year mean.

There were two outbreaks of locally acquired DENV in 
Queensland during this season (Jeffrey Hanna, Scott 
Ritchie, personal communication). There were eight 

cases of DENV serotype 3 in Townsville from December 
2005 – February 2006. In the Cairns and Gordonvale 
area, there were 19 cases of DENV serotype 2 up to 
30 June 2006 with a peak in cases in May 2006 (Figure 
24). The outbreak was fi nally controlled in September 
2006 with a total of 29 cases (Jeffrey Hanna, Scott 
Ritchie, personal communication).

Of the 200 DENV notifi cations, dengue serotype 2 
was reported in 16 per cent (n=31) of cases (Table 5). 
There were 15 cases of serotype 3 infection, 7 cases 
of serotype 1, and 5 cases of serotype 4. Serotype 
information was either not stated or unavailable for 
71 per cent of the notifi cations (n=142).

Figure 25 shows that imported DENV notifi cations 
in Australia were most frequently reported in the 
25–29 year age group (n=20, 17%) whereas in locally 
acquired cases from Queensland, this age group was 
rarely affected (n=3, 4%), with many of the locally 
acquired cases occurring in the 20–24 year age 
group (n=8, 10%) and the 35–54 year age groups 
(n=35, 44%).

Figure 23. Ratio of locally acquired and 
imported dengue notifi cations to mean of 
previous fi ve years, Australia, 1 July 2005 to 
30 June 2006, by state or territory
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Figure 24. Dengue notifi cations (locally-acquired 
and imported cases), select jurisdictions, 1 July 
2005 to 30 June 2006, by month and season of 
onset
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Figure 25. Dengue notifi cations, Queensland 
and Australia, 1 July 2005 to 30 June 2006, by 
age group and sex
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Table 5. Dengue notifi cations (locally-acquired 
and imported cases), Australia, 1 July 2005 to 
30 June 2006, by serotype

Serotype n %
Serotype 1 7 4
Serotype 2 31 16
Serotype 3 15 8
Serotype 4 5 3
Not typed/unknown 142 71
Total 200 100
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The timeliness of reporting DENV notifi cations 
is shown in Figure 26. During 2005–06, it took 
4.5 days to notify 10 per cent of DENV notifi cations 
and 53 days to notify 90 per cent of notifi cations 
from onset of disease to receipt of notifi cation by 
the public health unit. The late notifi cation (50% 
>22 days) indicates that the risk of further transmis-
sion in areas with Aedes aegypti is high, particularly 
as the DENV replicates within the mosquito during 
an incubation period of 10–12 days.

Malaria

There were 731 notifi cations of malaria in Australia 
in the period 1 July 2005 to 30 June 2006. No reports 
of locally-acquired malaria were notifi ed during the 
reporting period. Queensland reported the major-
ity of cases (n=309, Table 6). Western Australia 
reported malaria notifi cations which exceeded two 
standard deviations above its fi ve-year average 
(Figure 27). Victoria reported that a large number 
of malaria notifi cations in the period 2005–06 were 
acquired in Papua New Guinea (Rodney Moran, 
personal communication).

Figure 28 shows that the 2005–06 reporting period 
was the third largest for malaria notifi cations since 
2000–01.

Figure 26. Timeliness of dengue notifi cations, 
Australia, 1 July 2000 to 30 June 2006, by 
percentile
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Table 6. Malaria notifi cations in Australia, 1 July 2000 to 30 June 2006, by parasite type

Infecting species Year of onset Last 5 year 
mean

Ratio 05–06/ 
5 year mean2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

Plasmodium falciparum 189 165 183 217 441 333 239 1.4
Plasmodium vivax 594 354 282 256 254 308 348 0.9
Plasmodium falciparum and 
P.  vivax 14 13 12 18 22 19 16 1.2
Other Plasmodium species and 
mixed infections 17 25 23 27 52 47 29 1.6
Not typed 9 10 6 2 15 24 8 2.9
Total 823 567 506 520 784 731

Figure 28. Number of notifi cations of malaria, 
Australia, 2000 to 2006, by year of onset
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Figure 27. Ratio of malaria notifi cations to 
mean of previous fi ve years, Australia, 1 July 
2005 to 30 June 2006, by state or territory
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Overall, malaria notifi cations were highest in the 
young adult 20–24 year age group (Figure 29). This 
trend was also observed in years prior to 2004–05 
(Figure 30).

In the period 2005–06, the proportion of children 
under the age of 15 years notifi ed with malaria was 
22 per cent (n=164), but this was not as high as 
observed in 2004–05 when malaria notifi cations in 
this age group accounted for almost one third of all 
notifi cations for the fi rst time since 1998. The trend 
in younger children represented in notifi cations has 
been discussed elsewhere and is related to refugee 
arrivals.29

More male notifi cations (n=471) than female 
notifi cations (n=253) were reported. Males in the 
20–24 year age group were the largest reported 

sex-specifi c cohort whereas the largest reported 
numbers of female notifi cations were observed in 
the 5–9 year age group.

The infecting Plasmodium species was reported 
for 97 per cent of malaria notifi cations in 2005–06 
(Table 6). The majority of the 731 malaria notifi ca-
tions were due to P. falciparum (45%, n=333) and 
P. vivax (42%, n=308) while other Plasmodium 
species or mixed Plasmodium species infections 
accounted for 6 per cent (n=47).

Figure 31 shows that in 2005–06 the proportion 
of notifi cations due to P. falciparum malaria (45%) 
decreased slightly from last year (56%) but was 
still 1.4 times the fi ve-year mean for the same 
species. The number of hospital separations due 
to P. falciparum malaria increased signifi cantly in 
2004–05 (Figure 32), and this increase was most 
probably associated with the arrival of refugees from 
Sub-Saharan Africa, particularly children.29

Figure 29. Number of imported malaria 
notifi cations, Australia, 1 July 2005 to 30 June 
2006, by age group and sex
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Figure 30. Trends in the age distribution of 
malaria notifi cations, Australia, 1 July 2000 to 
30 June 2006, by age group
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Figure 31. Trends in malaria notifi cations, by 
infecting species and year of onset
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Figure 32. Hospital separations, by principal 
diagnosis and year of hospitalisation
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The timeliness of malaria notifi cations is shown in 
Figure 33. In 2005–06, it took 6.5 days for 10 per 
cent of notifi cations to reach public health units. The 
timeliness of malaria notifi cations was generally bet-
ter in 2002–03 and 2003–04 for all percentiles.
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