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   Communicable Diseases Network Australia 
National Arbovirus and Malaria Advisory 

Committee annual report, 2005–06
Conan Liu,1 Cheryl Johansen,2 Nina Kurucz,3 Peter Whelan3

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
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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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and Ross River virus infections notifi cations, 
Australia, 1 July 2005 to 30 June 2006, by 
month of onset
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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

0

20

40

60

80

100

120

140

Ju
l-0

0

Ja
n-

01

Ju
l-0

1

Ja
n-

02

Ju
l-0

2

Ja
n-

03

Ju
l-0

3

Ja
n-

04

Ju
l-0

4

Ja
n-

05

Ju
l-0

5

Ja
n-

06

Month and season of onset

R
at

e
pe

r1
00

,0
00

po
pu

la
tio

n NSW
NT
Qld
SA
WA



CDI Vol 30 No 4 2006 415

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

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

0

5

10

15

20

25

30

35

40

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
ot

ifi
ca

tio
n

ra
te

(p
er

10
0,

00
0

po
pu

la
tio

n)

Male

Female



416 CDI Vol 30 No 4 2006

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

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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Figure 13. Timeliness of Barmah Forest virus 
infection notifi cations, Australia, 1 July 2000 to 
30 June 2006, by percentile
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Figure 14. Ratio of Ross River virus infection 
notifi cations to mean of previous fi ve years, 
Australia, 1 July 2005 to 30 June 2006, by state 
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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

0

20

40

60

80

100

120

140

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
ot

ifi
ca

tio
n

ra
te

(p
er

10
0,

00
0

po
pu

la
tio

n)

Male
Female

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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Figure 22. Timeliness of Ross River virus 
infections notifi cations, Australia, 1 July 2000 to 
30 June 2006, by percentile
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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

  Northern Territory

NT1.    Howard Springs

NT2.    Beatrice Hill Farm

NT3.    Leanye

NT4.    Gove

NT5.    Katherine

NT6.    Tennant Creek

NT7.    Alice Springs (2)

NT8.    Jabiru

NT9. Nathan River

  New South Wales

 

N1.    Bourke

N2.    Macquarie Marshes

N3.    Menindee

N4.    Lake Cargellico

N5.    Griffith

N6.    Leeton

   Victoria

V1.    Mildura

V2.    Robinvale

V3.    Tooleybuc

V4.    Swan Hill

V5.    Kerang

V6.    Barmah

V7.    Toolamba

V8.    Barooga

V9. Retherglen

W1.    Wyndham

W2.    Kununurra

W3.    Kalumburu

W4.    Derby (2)

W5.    Sally Malay Mine

W6.    Halls Creek

W7.    Fitzroy Crossing

W8.    Broome (2)

W9. Port Hedland

Western Australia

W11.  Harding Dam (2)

W12.  Marble Bar

W13.  Nullagine 

W14.  Newman (2)

W15.  Tom Price

W16.  Pannawonica

W17.  Onslow

W18.  Exmouth

W19. Carnarvon

W21.  Dongara

W22.  Gingin

W23.  York

W24.  Leonora

NT1

NT2
NT3

NT4

NT5

NT7

N1

N2

N3
N4

N5
N6V1

V2
V3

V4 V6
V7

V8

V9

V10

W1 W2
W3

W4

W6W7
W8

W9
W10

W11 W12
W13

W14
W15

W16

W17
W18

W19

W20
W21

W22
W23

V5

W24

NT8

NT

Qld

SA

NSW

ACT

Vic

WA

Brisbane

Sydney

Perth

Hobart

Melbourne

Tas

PILBARA

MIDWEST

NT6

W5

NT9

NT10



CDI Vol 30 No 4 2006 423

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

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

0

100

200

300

400

500

600

700

800

900

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

Year of onset

N
um

be
ro

fn
ot

ifi
ca

tio
ns

Not typed
Other Plasmodium species and mixed infections
Plasmodium falciparum & P. vivax
Plasmodium vivax
Plasmodium falciparum

Figure 27. Ratio of malaria notifi cations to 
mean of previous fi ve years, Australia, 1 July 
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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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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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Introduction

Antimicrobial resistance in Neisseria gonorrhoeae 
has been a major problem in the World Health 
Organization (WHO) Western Pacifi c Region (WPR), 
and has impacted adversely on treatment and con-
trol of gonococcal disease for many years. The WPR 
Gonococcal Antimicrobial Surveillance Programme 
(WPR GASP) has monitored this resistance in 
gonococci at a regional level from 1992 onwards.1 
High levels of penicillin resistance had emerged in 
the 1970s and the WPR GASP has also reported 
on a progressive increase in quinolone resistance 
in gonococci in the region1,2 as well as resistance 
to other established agents for the treatment of 
gonorrhoea. In recent years, increasing numbers 
of gonococci with decreased susceptibility to oral 
and injectable third generation cephalosporins have 
been detected, particularly in Japan.3,4

Laboratory assessment of in vitro resistance to anti-
biotics in N. gonorrhoeae is undertaken with the aim 
of optimising treatments, and thereby preventing the 
complications of gonococcal disease and assisting 
in its control.5 The WHO recommends that a stand-
ard or programmatic treatment regimen should be 
altered once resistance is found in 5 per cent or more 
of isolates from a general population.5,6 This report 
provides an analysis of antimicrobial resistance in 
N. gonorrhoeae in the WHO WPR derived from the 
results of the WPR GASP surveillance for 2005.

Methods

The methods used by the WHO WPR GASP have 
been published1 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 
2005.

Results

About 8,700 gonococcal isolates were examined for 
susceptibility to one or more antibiotics in 15 partici-
pating countries in 2005.

 Quinolone antibiotics

Table 1 shows the distribution of quinolone-resist-
ant N. gonorrhoeae (QRNG) in 13 countries that 
examined a total of 8,233 isolates in 2005. The 
proportion of QRNG found in isolates tested ranged 
from 2 per cent in New Caledonia to nearly 100 per 
cent in the Hong Kong SAR and China. QRNG 
represented 20 per cent or more of all gonococci 
tested in the centres other than New Caledonia and 
50 per cent or more isolates were QRNG in Brunei, 
Japan, Laos, Korea, the Philippines, Singapore and 
Vietnam. When compared to earlier data, these 
rates were in general higher than in previous years. 
Most isolates with altered quinolone susceptibility 
had ciprofl oxacin MICs that are associated with high 
rates of treatment failure (≥1 mg/L).
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Table 1. Quinolone resistance strains of Neisseria gonorrhoeae isolated in 13 countries in the WHO 
WPR, 2005

Country Tested Less susceptible Resistant All QRNG

n % n % n %
Australia 3,886 77 2 1,113 28.6 1,190 30.6
Brunei 116 14 12 64 55.2 78 67.2
China 1,442 47 3.2 1,384 96 1,431 99.2
Hong Kong SAR 1,887 67 3.6 1,794 95.1 1,871 98.7
Japan 26 1 3.8 20 76.9 21 80.8
Korea 48 5 10.4 39 81.2 44 91.7
Lao PDR 29 19 65.5
Malaysia 17 3 17.6 2 11.7 5 29.3
New Caledonia 55 0 1 1.8 1 1.8
New Zealand 310 0 0 60 19.4 60 19.4
Philippines 94 37 39.3
Singapore 160 13 8.1 95 59.4 108 67.5
Vietnam 163 35 21.5 96 58.9 131 80.4
Total 8,233 262 4,668 4,996

 Cephalosporins

Strains with some decrease in susceptibility to third 
generation cephalosporins were again detected in 
isolates from Australia, Brunei, China and Malaysia 
and were particularly prominent in China. Because 
of some methodological differences in testing, MIC 
values are not directly comparable between different 
centres, but values ranged up to 0.25 mg/L.

 Spectinomycin

Only very small numbers of spectinomycin resistant 
gonococci have been reported in recent years in 
WPR GASP surveys. Of the 6,000 isolates tested 
in eight countries in 2005, three isolates in China 
and one each in Malaysia and the Philippines were 
spectinomycin resistant.

 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 (CMRNG). These mechanisms 
may co-exist in the one strain. Table 2 shows the 
penicillin susceptibility of 8,722 gonococci in 15 
WHO WPR centres. Once again penicillin resist-
ance was widespread and found in a high propor-
tion of isolates in most centres. The highest rates of 
resistance to the penicillins were found in China and 
Laos. In previous reports, some Pacifi c Island states 
have consistently reported low levels of penicillin 
resistance, but there has been a shift towards resist-
ance in recent years. In Fiji, for example, 16 per cent 

of 328 gonococci were penicillin resistant in 2005 
with 10 per cent of all isolates PPNG. In 2003, only 
three per cent of isolates were penicillin resistant 
and in 2004, 6.4 per cent of isolates were penicillin 
resistant.

 Tetracyclines

These antibiotics are still widely available in the 
WPR. About 7,800 isolates were examined for one 
particular form of resistance, namely, high-level 
plasmid-mediated form (TRNG), in 10 countries in 
2005 (Table 3). The highest rates of TRNG were 
reported from Singapore (78%) and Hong Kong 
(42%). Only low numbers were present in Malaysia 
and New Caledonia. Low proportions of TRNG (at or 
around 10%) were found in Japan, Korea, Australia 
and Vietnam, and slightly higher rates in China 
(28%) and the Philippines (30%).

Discussion

Despite limitations, surveys of this kind provide 
the best available indication of antimicrobial resist-
ance (AMR) in N. gonorrhoeae in the WHO WPR. 
Additionally, they have a particular value in being 
able to follow trends in AMR over time. Little comfort 
can be taken from this latest report of resistance 
rates in N. gonorrhoeae in the WHO WPR. High 
rates of resistance to cheaper oral agents such as 
the quinolones have continued and the few situa-
tions where penicillins remained a viable treatment, 
such as some Pacifi c Island centres, are showing 
sustained upward trends in resistance to this group 
of antibiotics.
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Decreased susceptibility to alternative agents is 
also a concern. One group of antibiotics now widely 
used is the third generation cephalosporins, either 
as an oral preparation such as cefi xime or cefdinir or 
in the form of the injectable ceftriaxone. At different 
times Australia, Cambodia, Brunei, China, Japan, 
Korea, Malaysia, New Zealand, Papua New Guinea, 

Singapore and Tonga have reported the presence 
of gonococci with decreased susceptibility to these 
agents. This reduced susceptibility to later generation 
cephalosporins was associated with the presence of 
a number of mosaic penA genes,7 but this is prob-
ably not the full explanation of this phenomenon.8,9 
Those gonococci with this decreased susceptibility to 
cephalosporins are often multi-resistant, and exhibit 
high-level quinolone resistance as well as resistance 
to other beta-lactam antibiotics. These strains have 
now spread beyond the WHO WPR.10,11

The current situation is one where the provision of 
effective treatment for individuals and disease con-
trol efforts are compromised by high and increasing 
levels of AMR. This has considerable health and 
economic consequences in the WHO WPR. The 
combination of high disease rates and general 
problems of antibiotic resistance means that con-
trol of gonorrhoea is unlikely to be achieved in the 
immediate future unless concerted long-term efforts 
are applied.
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Abstract
The National Rotavirus Reference Centre together with collaborating laboratories Australia-wide has 
conducted rotavirus surveillance since June 1999. This report describes the serotypes of rotavirus strains 
responsible for the hospitalisation of children with acute gastroenteritis during the period 1 July 2005 to 
30 June 2006. Eight hundred and forty-eight faecal samples from across Australia were examined using 
monoclonal antibody immunoassays, reverse transcription-polymerase chain reaction and polyacryl amide 
gel analysis. Serotype G1 was the dominant serotype nationally, representing 40.2 per cent of all strains, 
followed by serotype G4 (22.6%), serotype G9 (15.1%) and serotype G3 (14.7%). Genotype G12 strains 
were identifi ed for the fi rst time in Australia. As in previous years, there was substantial geographic vari-
ation in the prevalence of rotavirus serotypes. Commun Dis Intell 2006;30:434–438.
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Introduction

Group A rotaviruses are the single most important 
cause of severe gastroenteritis in young children 
worldwide. An estimated 500,000 children die 
annually of severe diarrhoea, however few of these 
deaths occur in developed countries.1 Rotavirus 
induced disease accounts for up to 50 per cent 
of childhood hospitalisations for diarrhoea, with 
10,000 Australian children hospitalised each year,2 
costing an estimated $26 million in direct costs. 
Clinical trials of two live oral rotavirus vaccines, 
Rotarix® (GlaxoSmithKline) and RotaTeq® (Merck) 
conducted in over 60,000 children worldwide have 
shown that both vaccines are highly effi cacious in 
prevention of severe diarrhoea and hospitalisation 
due to rotavirus infections.3,4 As a result, these 
vaccines have been licensed in Australia and many 
other countries throughout the world during 2006.

National epidemiological surveillance of rotavirus 
strains remains an important component in rotavirus 
vaccine evaluation and implementation programs. 
During the past fi ve years, the national surveillance 
program has reported the emergence of serotype 
G9 strains as the dominant serotype nationally, and 
reported the re-emergence by serotype G1 as the 
dominant type since the 2003–2004 rotavirus sea-
son.5,6 The changing pattern of dominant serotypes, 
together with the multiple types identifi ed in the 
Australian population each year, highlights the diver-
sity of rotavirus strains capable of causing disease 
in children.

The surveillance and characterisation of rotavirus 
strains causing annual epidemics of severe diar-
rhoea in young children in Australia continues to be 
undertaken by the National Rotavirus Reference 
Centre in Melbourne, together with nine collabo-
rating laboratories. In this report we describe the 
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results for the period 1 July 2005 to 30 June 2006, 
and identify the geographic distribution of the pre-
dominant rotavirus serotypes.

Methods

Rotavirus positive specimens detected by enzyme 
immunoassay (EIA) or latex agglutination in collabo-
rating laboratories were collected, stored frozen and 
forwarded to Melbourne, together with relevant age 
and sex details. Specimens were then serotyped 
using an in-house monoclonal antibody (MAb) based 
serotyping EIA. The EIA employed a panel of MAbs 
specifi c for the major glycoprotein VP7 of the outer 
capsid of the fi ve major group A human rotavirus 
serotypes (G1, G2, G3, G4 and G9).7 Strains which 
could not be assigned a G serotype were genotyped 
by reverse transcription/polymerase chain reaction, 
using serotype specifi c oligonucleotide primers.8 
Polyacrylamide gel electrophoresis (PAGE) was 
used to classify rotavirus strains genetically into 
electropherotypes, and to examine the extent of 
sharing of the same electropherotype between col-
laborating centres.

Results

Number of isolates

A total of 1,011 specimens were received for analy-
sis from Melbourne and the collaborating centres 
in New South Wales, the Northern Territory, South 
Australia, and Western Australia. Eight hundred and 
forty-eight specimens were confi rmed as rotavirus 
positive using our in-house EIA assay. Specimens 

containing insuffi cient specimen for testing, or 
specimens that were not confi rmed to be positive for 
rotavirus (n=163) were not analysed further.

Age distribution

The overall age distribution of children with acute 
rotavirus gastroenteritis is depicted in the Figure. In 
the reporting period, 43.7 per cent of cases were 
from infants 12 months of age or less, 30.6 per 
cent were from patients 13–24 months of age, and 
10.7 per cent were from patients 25–36 months 
of age. Overall, 85 per cent of samples were from 
children aged three years or less, and 92.9 per cent 
were from children aged fi ve years or less. The male 
to female ratio was 1:1.

Figure. Cases of rotavirus, Australia, 1 July 
2005 to 30 June 2006, by age group
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Table. Rotavirus G serotypes, Australia, 1 July 2005 to 30 June 2006

Centre Total 
number

Serotype
G1 G2 G3 G4 G9 mix NR

% n % n % n % n % n % n % n
Melbourne 132 79.5 105 2.3 3 5.3 7 0.8 1 8.3 11 0.8 1 3.0 4

Sydney (POW) 52 58 29 3.8 2 0 0 5.8 3 34.6 18 0 0 0 0

Sydney (Westmead) 80 61.3 49 5.0 4 3.7 3 2.5 2 7.5 6 0 0 20

Perth 76 40.8 31 0 0 2.6 2 54.2 41 1.3 1 0 0 1.3 1

PathWest WA 171 32.2 55 1.2 2 2.3 4 49.7 85 6.4 11 0.6 1 7.6 13

Alice Springs 133 3.0 4 0 0 69.2 92 23.3 31 2.3 3 1.5 2 0.7 1

Darwin 41 19.5 8 0 12.2 5 2.4 1 63.4 26 0 0 2.4 1

Darwin (Western 
Pathology)

70 0 0 0 0 17.1 12 0 0 71.4 50 2.9 2 8.6 6

Adelaide 93 64.5 60 0 0 0 0 30.1 28 2.2 2 0 0 3.2 3

Total 848 40.2 341 1.3 11 14.7 125 22.6 192 15.1 128 0.7 6 5.3 45

An additional 163 specimens were omitted from analysis due to insuffi cient sample, or specimen was not confi rmed to be rotavirus 
positive.

* Eleven samples were identifi ed as genotype G12.
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Serotype distribution

The rotavirus serotypes identifi ed in Australia from 
1 July 2005 to 30 June 2006 are shown in the 
Table. Serotype G1 was the most common, repre-
senting 40.2 per cent of all specimens. It was the 
dominant strain in the 3 southern state capital cities 
of Melbourne, Sydney, and Adelaide, and was the 
second most common type in Western Australia. 
Serotype G4 was the second most common 
serotype nationally, and represented 22.6 per cent 
of specimens. It was identifi ed in eight of the nine 
collaborating centres but was the dominant type 
only in Western Australia. Nationally, serotype G9 
and G3 represented 15.1 per cent and 14.7 per cent 
of all specimens, respectively. Serotype G9 strains 
were found in all centres, and were the dominant 
type in Darwin. Similarly, serotype G3 strains were 
found in seven of the nine centres, and were domi-
nant in Alice Springs. Only nine serotype G2 strains 
were each identifi ed in three centres during the 
study, and represented less 1.3 per cent of the total 
strains identifi ed. Interestingly, 11 samples from The 
Children’s Hospital at Westmead in Sydney were 
found to be genotype G12.

Less than one per cent of the rotavirus samples 
contained multiple serotypes, and in 4.0 per cent 
of the samples a serotype was not identifi ed. The 
latter could be samples with virus numbers below 
the detection limits of our assays, or could have 
contained inhibitors present in extracted RNA which 
prevent the function of the enzymes used in RT 
and/or PCR steps. It is unlikely that these represent 
unusual serotypes not identifi ed using standard 
methods, since none of the non-typeable isolates 
exhibited unusual PAGE patterns. Future studies 
will include further characterisation of the genes 
encoding the outer capsid proteins of these strains.

Discussion

National rotavirus surveillance from 1 July 2005 
to 30 June 2006 found that serotype G1 was the 
dominant serotype nationally, comprising 40.2 per 
cent of all strains. It was identifi ed in all centres, and 
continues to be the dominant type along the Eastern 
seaboard, in Melbourne and Sydney and Adelaide. 
Serotype G1 has been the dominant type nationally 
for all except two years since 1999.9–10 It was only 
the emergence of serotype G9 during 2001–03, 
which replaced G1 as the dominant serotype in 
Australia. Serotype G1 continues to be reported as 
the dominant type in epidemiological studies con-
ducted throughout the world.11,12

The survey highlights the diversity of serotypes that 
cause disease in Australian children. Serotype G4, 
G9 and G3 strains were each the dominant serotype 

in one location (Western Australia, Darwin and Alice 
Springs), and comprised 22.6 per cent, 15.1 per 
cent and 14.7 per cent of all strains nationally.

Of signifi cance was the emergence of serotype G4 
strains as the dominant type in Western Australia, 
and second most predominant serotype in two cen-
tres (Adelaide and Alice Springs). The emergence 
of serotype G4 strains follows three previous annual 
reports which showed that G4 strains represented 
only a minor type nationally (<2% overall). The last 
time serotype G4 strains represented an important 
serotype in Australia was 2001, when it was identi-
fi ed in 9.7 per cent of strains nationally.13

While serotype G3 remained a signifi cant cause of 
acute gastroenteritis in Alice Springs in this survey, 
its prevalence throughout Australia has declined rap-
idly, from a prevalence of 36.6 per cent in 2004–05 
to 14.7 per cent nationally this year. The predicted 
eastward spread of G3 strains to Adelaide, Sydney 
and Melbourne did not occur during the 2005–06 
reporting period and this may explain the decline in 
G3 predominance.

The prevalence of serotype G9 has slightly 
increased during the current survey, being present 
in all collaborating centres for the fi rst time since the 
2003–04 report, and represented 15.1 per cent of 
all strains nationally. This is an increase from the 
previous survey, however, whether serotype G9 will 
become the dominant type nationally as it was in 
2001–03 remains to be determined.

The identifi cation of genotype G12 strains represents 
the fi rst report of strains belonging to this type in 
Australia. Genotype G12 strains were fi rst identifi ed 
in the Philippines in 1990, and have subsequently 
been identifi ed in a variety of countries such as 
Japan, Malaysia, Italy, the United States of America 
and India as a single isolate or minor proportion.14–16 
Whether this genotype continues to emerge is 
unclear. In Australia, it is likely that genotype G12 
will be similar to genotype G6 and G8 which rep-
resent rare strains, identifi ed as single infections or 
small outbreaks. However, continued surveillance 
for these rare genotypes is important to understand 
whether they emerge as important types.

The rotavirus serotyping results from this survey, 
together with those of previous years, highlights the 
changes in the prevalence of rotavirus strains across 
Australia. In addition, the identifi cation of genotype 
G12 further highlights the diversity of strains capa-
ble of causing severe disease in Australian children. 
Therefore, given the recent licensure of two rotavirus 
vaccines in Australia, understanding the fl uctuations 
in rotavirus serotypes using multi-centre national 
surveillance will provide valuable insight into vac-
cine effi cacy.
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Supplementary report:   surveillance of 
adverse events following immunisation 

among children aged <7 years in Australia, 
1 January to 30 June 2006

Glenda Lawrence,1 Ian Boyd2

Keywords: AEFI, adverse events, vaccines, surveillance, immunisation, vaccine safety

This report summarises national passive surveillance 
data collated in the Adverse Drug Reactions Advisory 
Committee (ADRAC) database at 30 September 
2006 for adverse events following immunisation 
(AEFI) reported for children aged less than 7 years 
who received vaccines between 1 January and 
30 June 2006.1–3 It is the fi rst full reporting period 
for AEFI data following the introduction of a new 
National Immunisation Program (NIP) schedule, 
which commenced on 1 November 2005. From that 
date, varicella vaccine was introduced for children at 
18 months of age and inactivated poliovirus vaccines 
(IPV) replaced oral poliovirus vaccine (OPV) for chil-
dren at 2, 4 and 6 months and 4 years of age. All chil-
dren in Australia receive IPV in combined vaccines 

containing diphtheria-tetanus-acellular pertussis 
(DTPa) antigens (i.e DTPa-IPV; quadrivalent). In 
some states and territories, combined vaccines also 
include hepatitis B (HepB) (i.e. DTPa-IPV-HepB; pen-
tavalent) or both HepB and Haemophilus infl uenzae 
type b (Hib) (i.e. DTPa-IPV-HepB-Hib; hexavalent).4 
As a result of these changes, DTPa and DTPa-HepB 
vaccines are no longer included in the NIP schedule.

Average annual population-based AEFI reporting 
rates were calculated using mid-2005 population 
estimates. Reporting rates per 100,000 doses 
were calculated for vaccines that are funded by the 
NIP using denominator data from the Australian 
Childhood Immunisation Register (ACIR).
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The data reported here are provisional only. It is 
important to note that an AEFI is defi ned as a medi-
cal event that is temporally associated with immu-
nisation but not necessarily causally associated 
with immunisation. Readers are referred to previous 
reports for a description of the national AEFI pas-
sive surveillance system1 methods used to analyse 
the data1–3 and information regarding limitations and 
interpretation of the data.2 Often several vaccines 
and reaction codes are listed in an AEFI record so 
the number of both vaccines and reaction codes 
will exceed the total number of AEFI records. When 
several vaccines are administered at the same time, 
the reported AEFI is usually assigned a causality rat-
ing of ‘possible’ unless the AEFI is an injection site 
reaction and the vaccine name and site are known. 
In that situation, a causality rating of ‘certain’ will be 
assigned to the report.

1 January to 30 June 2006

There were a total of 240 AEFI records (28.9 per 
100,000 population) for children aged <7 years for 
vaccines administered in the fi rst six months of 2006. 
This was a nine per cent decrease on the 265 records 
(29.7 per 100,000 population) for the corresponding 
six month period in 2005. Thirty-three per cent (n=79) 
of records were for children aged <1 year, 14 per cent 
(n=33) for children aged 1 to < 2 years and 53 per 
cent (n=128) for children aged 2 to <7 years, similar 
to 2005. The male to female ratio was 1.2:1.

Of the 240 records analysed, 32 (13%) had outcomes 
defi ned as ‘serious’ (i.e. recovery with sequelae, 
hospitalisation, life-threatening event or death), and 
was higher than previously reported for children 
aged <7 years (average of 8% for 2000–2005; range 
7–13%). Serious or potentially life-threatening AEFIs 
reported included apnoea or respiratory depres-
sion (n=11), bradycardia (n=10), seizure (n=7) and 
hypotonic-hyporesponsive episode (HHE; n=10). 
There were no reports of anaphylaxis or death. The 
most common reaction categories were injection 
site reaction (n=140; 58%), fever (n=38; 16%) and 
allergic reaction (n=31; 13%).

One or more of the vaccines on the current NIP 
schedule, shown in the Table, was recorded as sus-
pected of involvement in the reported adverse event 
for 232 of the 240 records analysed. Eight records 
listed only non-NIP vaccines as suspected of 
involvement in the reported AEFI. The nine vaccines 
listed in these AEFI records were infl uenza (n=5), 
BCG (n=1), hepatitis A (n=1), combined hepatitis 
A and B (n=1) and pneumococcal polysaccharide 
(n=1) vaccines.

The AEFI reporting rates per 100,000 vaccine 
doses recorded on the ACIR were similar to those 
in 2005 for most of the vaccines that have been 
included in the NIP schedule for some time, includ-
ing meningococcal C conjugate vaccine (MenCCV), 
seven-valent pneumococcal conjugate vaccine 
(7vPCV) and Hib vaccine (Table). The apparent 
increase in the reporting rate for Hib-HepB vaccine 
may be related to reporting of AEFIs for the newer 
quadrivalent DTP-IPV vaccine among children aged 
<1 year as the two vaccines are both given at 2 and 
4 months of age.4

Reporting rates for the different DTPa-IPV combina-
tion vaccines varied by vaccine type (Table). The 
reporting rate for pentavalent vaccine is likely to be 
inaccurate due to the small number of reports and 
some under-reporting to the ACIR of doses admin-
istered. The reporting rate for quadrivalent DTPa-
IPV includes reports for children aged <1 year who 
were scheduled to receive the vaccine at 2, 4, and 
6 months of age (reporting rate of 20.3 per 100,000 
doses) and reports for children aged 4 years (report-
ing rate of 88 per 100,000 doses).

While the number of AEFI reports for children aged 
<1 year and 2 to <7 years was similar in 2006 and 
2005, AEFI reporting rates per 100,000 vaccine 
doses increased for children in these two age groups 
(Table). The reporting rate for AEFIs defi ned as seri-
ous also increased from 0.6 in 2005 to 1.8 in 2006. 
Reasons for these changes are discussed below 
and relate mainly to a reduction in the denominator 
following the introduction of multivalent vaccines in 
November 2005.

DTPa-IPV combination vaccines

There were a total of 69 AEFI records for children 
aged <1 year where a DTPa-IPV quadrivalent, 
pentavalent or hexavalent combination vaccine was 
listed as suspected of involvement in the reported 
AEFI and the vaccine was administered during 
January to June 2006 (hexavalent = 32; penta-
valent = 4; quadrivalent = 33). The overall reporting 
rate for these three vaccines was 18.9 AEFI records 
per 100,000 doses for children aged <1 year. This 
is slightly higher than the reporting rates in 2005 for 
DTPa and DTPa-HepB vaccines among children 
aged <1 year in 2005 (12.7 and 14.0 per 100,000 
doses, respectively).

Of the 69 records, DTPa-IPV combination vaccines 
were listed as the only suspected vaccine for 9 (13%) 
while 62 (90%) had causality ratings of ‘possible’ and 
20 (29%) records listed outcomes defi ned as ‘seri-
ous’. The most frequently reported adverse events 
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following DTPa-IPV combination vaccines, admin-
istered alone or with other vaccines, were injection 
site reaction (n=14), fever (n=13) and allergic reac-
tion (n=11) (Figure 1). More severe AEFIs included 
apnoea/respiratory depression (n=8), bradycardia 
(n=10), convulsion (n=4) and HHE (n=10). Reporting 
rates for these AEFIs were similar for both quadriva-
lent and hexavalent vaccines, except for HHE (4.8 per 
100,000 doses of quadrivalent vaccine cf 0.6 per 
100,000 doses of hexavalent vaccine, including 
reports where other vaccines were co-administered 
with either quadrivalent or hexavalent vaccine).

For children aged 2 to <7 years, there were 107 AEFI 
records that listed quadrivalent DTPa-IPV as a 
suspected vaccine (88 records per 100,000 doses). 
Of these, 73 records (68%) listed the vaccine as 
the only suspected vaccine while 67 (63%) had 
causality ratings of ‘certain’ or ‘probable’ and 7 (7%) 
listed outcomes defi ned as serious. Ninety-per cent 

Figure 1. Frequently reported adverse events 
following immunisation with DTPa-IPV 
quadrivalent, pentavalent and hexavalent 
combination vaccines, children aged <1 year, 
ADRAC database, 1 January to 30 June 2006 
(n=69 records)
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Table. Reporting rates of adverse events following immunisation (AEFI) per 100,000 vaccine 
doses,* children aged less than 7 years, ADRAC database, January to June 2006

Vaccine†

AEFI records*
(n)

Vaccine 
doses‡

(n)

Reporting rate 
per 100,000 doses§

Jan–June 2006 Jan–June 2005
Haemophilus infl uenzae type b 10 51,768 19.3 18.1
Haemophilus infl uenzae type b-hepatitis B 45 203,482 22.1 15.4
Measles-mumps-rubella 54 253,134 21.3 23.2
Meningococcal C conjugate 23 138,626 16.6 17.9
Pneumococcal conjugate 62 390,975 15.9 15.6
Diphtheria-tetanus-pertussis-IPV 126 311,608 46.9 –
Pentavalent (DTPa-IPV-HepB) 4 8,643 46.3 –
Hexavalent (DTPa-IPV-HepB-Hib) 32 174,596 18.3 –
Varicella 15 109,093 13.7 –
Age group
<1 year 76 907,593 8.4 6.4
1 to <2 years 32 444,313 7.2 7.5
2 to <7 years 124 290,019 42.8 26.3
AEFI category†

Total 232 1,641,925 14.1 10.5
‘Certain’ or ‘probable’ causality rating 100 1,641,925 6.1 4.6
‘Serious’ outcome 29 1,641,925 1.8 0.6

* Number of AEFI records in which the vaccine was coded as ‘suspected’ of involvement in the reported adverse event and 
the vaccination was administered between 1 January and 30 June 2006. More than one vaccine may be coded as ‘sus-
pected’ if several were administered at the same time.

† Records where at least one of the nine vaccines shown in the table was suspected of involvement in the reported adverse 
event. AEFI category includes all records (i.e. total), those assigned ‘certain’ or ‘probable’ causality ratings, and those with 
outcomes defi ned as ‘serious’. Causality ratings were assigned using the criteria described previously.1,2 A ‘serious’ outcome 
is defi ned as recovery with sequelae, hospitalisation, life-threatening event or death.1,2

‡ Number of vaccine doses recorded on the Australian Childhood Immunisation Register (ACIR) and administered between 
1 January and 30 June 2006.

§ The estimated AEFI reporting rate per 100,000 vaccine doses recorded on the ACIR.
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(n=97) of records listed injection site reaction. This 
is a reporting rate of 80 injection site reactions per 
100,000 doses, the same as seen over the past 
three years for children receiving a fi fth dose of a 
DTPa-containing vaccine.3

Discussion

The total number of AEFI records and population-
based reporting rates were slightly lower (by 9%) 
for January to June 2006 compared with the same 
period in 2005. The increase in summary and age 
group reporting rates per 100,000 vaccine doses 
(Table) is largely related to two factors. First, there 
has been a reduction in the total number of vaccine 
doses administered to children aged <1 year and 
2 to <7 years following removal of OPV from the 
NIP schedule and the introduction of IPV-containing 
multi-antigen vaccines from 1 November 2005. This 
reduced the total number of doses administered by 
approximately one third (i.e. approximately 800,000 
doses) compared with the fi rst six months of 2005, 
while there has been little change in the number of 
AEFI reports to ADRAC. Second, there appears to 
have been increased reporting by providers follow-
ing the introduction of new vaccines into the NIP in 
November 2005, as has been observed following 
the introduction of other vaccines in recent years 
(Figure 2). It is expected that reporting of AEFIs for 
DTPa-IPV combination vaccines will decline from 
the peaks seen in the fi rst quarter of 2006 and sta-
bilise over time, as has occurred with both MenCCV 
and 7vPCV.

The largest change in this reporting period has 
been the increase in the proportion of AEFI records 
with outcomes defi ned as serious. This increased 
from seven per cent of records in 2005 (a period 
following the introduction of 7vPCV) to 13 per cent 
for the fi rst six months of 2006 after the introduc-
tion of the DTPa-IPV combination vaccines. Serious 
AEFIs reported for these vaccines were predomi-
nantly in children aged <1 year and included HHE, 
apnoea or respiratory depression and bradycardia. 
Importantly, there were no reports of anaphylaxis 
or death. The total number of serious reports is low 
and may represent increased awareness among 
providers following published reports from Germany 
that suggested an increased risk of sudden unex-
pected death in children aged <2 years after receipt 
of a hexavalent vaccine marketed in Germany.5,6 
It is important to note that (i) a large case-control 
epidemiological study conducted in Germany found 
no link between the use of hexavalent vaccines and 
sudden unexpected death in children;7 (ii) the Global 
Advisory Committee on Vaccine Safety, convened 
by the World Health Organization, concluded that 
hexavalent vaccines are safe8 and (iii) the specifi c 
vaccine in question is not used in Australia.

Observed differences in reporting rates of HHE fol-
lowing receipt of quadrivalent DTPa-IPV compared 
with hexavalent vaccine may be due to different 
AEFI surveillance practices in the states where the 
quadrivalent vaccine is used (i.e. South Australia, 
Victoria and Queensland) compared with other 
jurisdictions.2 

A number of the reports to ADRAC of apnoea and 
bradycardia following quadrivalent and hexavalent 
vaccines occurred in very pre-term infants who 
received vaccines at eight weeks of age whilst in a 
hospital setting, as recommended in the Australian 
Immunisation Handbook.9 Cardio-respiratory events 
including apnoea and bradycardia are known AEFIs 
in hospitalised pre-term infants and are managed 
appropriately in a hospital setting.10,11 The benefi ts 
of immunisation in pre-term infants continues to out-
weigh the small risk of these manageable adverse 
events.

Conclusion

This report further demonstrates that changes to 
the NIP are refl ected in the national passive AEFI 
surveillance data.2,3 Changes in AEFI reporting rates 
for vaccines administered in the fi rst six months of 
2006, compared with same period for 2005, cor-
respond in time with the replacement of OPV and 
DTPa vaccines with DTPa-IPV combination vaccines 
from 1 November 2005. Although serious AEFIs 
increased as a proportion of total reports compared 
with the previous reporting period, the majority 
of AEFIs reported to ADRAC were mild transient 

Figure 2. Reports of adverse events following 
immunisation, ADRAC database, 1 July 2002 to 
30 June 2006, for vaccines recently introduced 
into the National Immunisation Program*
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* Meningococcal C conjugate vaccine (MenCCV) was 
introduced into the NIP on 1 January 2003, 7-valent 
pneumococcal conjugate vaccine (7vPCV) on 1 January 
2005, and both DTPa-IPV and DTPa-IPV-HepB-Hib 
combination vaccines on 1 November 2005.
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events. Close monitoring of passive AEFI surveil-
lance data for DTPa-IPV combination and other 
vaccines administered to children continues through 
ADRAC, the Therapeutic Goods Administration and 
state and territory health departments. 
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An outbreak of   Salmonella Typhimurium phage 
type 64 gastroenteritis linked to catered luncheons 

in Adelaide, South Australia, June 2005
Cameron RM Moffatt,1,2 Barry G Combs,2,3 Lillian Mwanri,2,3 Ros Holland,2 Brian Delroy,4 Scott Cameron,1 

Rod C Givney2

Abstract
Salmonella sp. are important causes of foodborne illness, with restaurants and catered functions being 
commonly reported settings for outbreaks. In June 2005 an investigation commenced following reports 
of gastrointestinal illness in attendees at luncheons catered by an Adelaide café, as well as persons eating 
at the café itself. The investigation sought to determine the existence of an outbreak, identify a source and 
method of transmission and implement public health measures to prevent further cases. Lists of luncheon 
attendees were obtained from function organisers. A retrospective cohort study was commenced using a 
structured questionnaire developed from the café’s menu listings. A suspected case was defi ned as a per-
son developing two or more gastrointestinal symptoms after attending a luncheon catered by the café. A 
case series investigation was used for café diners. Of the 102 respondents, 61 (60%) met the case defi nition 
with 32 subsequently confi rmed as Salmonella Typhimurium phage type 64 (STM 64) infections. Of the 
61 cases, 59 (96%) reported eating a bread roll. STM 64 was detected in raw defrosted chicken recovered 
from the café’s kitchen. This suggested cross-contamination from the chicken to one or more ingredients 
common to the bread rolls was the route of infection. To prevent further cases, perishable goods were 
discarded, the café was closed, the premises cleaned, then restrictions were placed on the types of foods 
served. This investigation’s fi ndings highlight the importance of safe food handling and hand hygiene in 
commercial food preparation. Commun Dis Intell 2006;30:443–448.
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Introduction

Since the commencement of national surveillance, 
Salmonella Typhimurium phage type 64 (STM64) 
has been presePnt in South Australia at a low 
endemic level (Figure 1). South Australia and other 
states began to show increased notifi cations of 
this phage type during the mid-1990s with annual 
reporting in Australia peaking at 374 cases in 1997.1 
Notifi cations exceeding 50 cases per year contin-
ued in some states until 2002 but since that time 
this phage type has largely disappeared from most 
jurisdictions, with the exception of South Australia.

Salmonellae are a frequent cause of foodborne ill-
ness, with restaurants and catered functions often 
reported as the settings for outbreaks.2 The few 

Figure 1. Number of notifi ed cases of 
Salmonella Typhimurium phage type 64, South 
Australia, 1 January 1991 to 30 June 2006, by 
month of onset
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reports of outbreaks of STM64 infections in Australia 
include an investigation in 1997 linked to a restaurant 
in South Australia3 where 16 of 19 symptomatic din-
ers were diagnosed with STM64 infection. A number 
of food items, including chicken, tested positive for 
STM64. The investigation concluded that fried ice-
cream was the cause of the illness, with the chicken 
the likely source of the contaminant. In the same 
year a joint study involving the Victorian Department 
of Human Services and the South Australian Health 
Commission4 was also undertaken using hypoth-
esis generating questionnaires. The descriptive 
epidemiology and subsequent case control analysis 
revealed no food items with a signifi cant odds ratio.

The most recent outbreak was reported on 30 June 
2005 when the Communicable Disease Control 
Branch (CDCB) in Adelaide was advised by a senior 
hospital clinician that a number of staff members who 
had attended a lunchtime meeting on 27 June had 
developed a gastrointestinal illness. Food for the 
meeting had been prepared by an Adelaide café. The 
following day further reports were received from local 
government and a university, advising of illness in 
members of the public, staff and students who had 
eaten at the café or attended other luncheons catered 
for by the same café. Additional cases were also 
reported via routine notifi cation and when interviewed 
were found to have eaten at the implicated café.

Methods

Epidemiological investigation

The investigators sought to confi rm the existence of 
an outbreak linked to the café, prevent further cases 
and to determine the source and method of trans-
mission of the infection. The café owner provided 
details of catered events for the period 23 June 
to 4 July including contact details for organisers, 
number of attendees, menus and descriptions of 
food served. Luncheon organisers were contacted 
and asked to supply contact details for attendees. A 
retrospective cohort study was commenced using a 
food and illness questionnaire specifi c to the catered 
luncheons. This was administered via telephone, 
direct post or email. People who reported becoming 
ill after eating at the café itself (community cases) 
were not included in the cohort study because of 
their potentially different food exposures. Community 
case details were collected using standard hypoth-
esis generating food and illness questionnaires. 
Descriptive analysis of the community case series 
was performed using Microsoft Excel.

Cohort study questionnaires were entered into Epi 
Info Version 6 before transfer to Microsoft Excel for 
descriptive analysis. Stata Version 8.2 was used 
for the analytical epidemiology. Univariate analysis 

involved the calculation of relative risks, in conjunc-
tion with a two-tailed Fischer’s exact test and 95 per 
cent confi dence intervals (CI).

A case was defi ned as either a person diagnosed 
with STM64 or a person developing two or more 
gastrointestinal symptoms after eating at the café or 
eating at luncheons, held between 27 and 30 June, 
where food had been supplied by the café.

Environmental health investigation

Café investigation

The fi rst of several inspections of the café was 
conducted by Environmental Health Offi cers from 
the local City Council and the Environmental Health 
Branch of the Department of Health on 1 July 2005. 
The kitchen was assessed for appropriate hygiene 
and sanitation standards, cooking practices were 
observed and enquiries were made about the supply 
and storage of foods. A number of food samples and 
environmental swabs were taken. To conclude the 
investigation, experimental bread rolls were prepared 
for microbiological testing to confi rm that the clean-
up and disposal of foods by the café was effective in 
eliminating Salmonella from bread products.

It was found that the descriptions of bread rolls 
provided at the catered functions did not accurately 
match what some attendees had reported eating. 
This occurred because café staff would use differ-
ent combinations of ingredients in order to provide 
greater variety at catered events. As a result meals 
eaten by community cases were examined in con-
siderable detail as it was felt that food ordered from 
a set menu would be more true to description. A 
chicken caesar roll was identifi ed and environmental 
health staff thoroughly investigated its preparation 
to identify ingredients that may have been contami-
nated or steps in the process where cross-contami-
nation could have occurred.

Chicken wholesaler and chicken producer

The South Australian Department of Primary 
Industries and Resources (PIRSA) provided assist-
ance to determine the source of chicken used in 
the café and to help organise the collection of any 
further microbiological evidence.

Laboratory investigations

Phage typing of both human and non-human 
Salmonella isolates was performed by the Australian 
Salmonella Reference Centre at the Institute of 
Medical and Veterinary Science (IMVS). In addi-
tion, a range of food and environmental samples 
were also submitted for testing to the Food and 
Environmental Laboratory at the IMVS for standard 
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plate counts and Salmonella culturing in addition 
to examination for organisms such as Escherichia 
coli and Bacillus cereus. A number of experimental 
bread rolls with assorted fi llings were also made up 
and submitted for testing.

Results

The investigation comprised a cohort study of 
attendees at functions catered by the café and 
investigation of people who had eaten at the café 
(community cases), including ill staff members.

Epidemiological investigation – cohort study

A total of 119 persons were identifi ed as probable 
atten dees at one of six catered luncheons. Following 
questionnaire administration (either via direct inter-
view, email or regular post) 102 responses were 
received (86%) from 49 female and 53 male respon-
dents. The average age of respondents (n=99) was 
38 years (range 21–63 years). Included among the 
102 respondents to the questionnaire were 61 cases 
of gastroenteritis, providing an overall attack rate of 
60 per cent. Among these cases 32 persons were con-
fi rmed as STM64 positive. Dates of onset for cases 
ranged from 26 June to 3 July. The epidemic curve 
(Figure 2) shows the distribution of cases by specifi c 
function in addition to community cases and staff.

Symptoms included diarrhoea (97%), abdominal 
pain (97%), fever (92%), chills (90%), headache 
(49%), vomiting (48%), myalgia (20%) and nausea 
(8%). Four cases reported bloody diarrhoea. Where 
data were complete (n=55) incubation periods 
ranged from 2 hours to 81 hours, with a mean of 
approximately 20.5 hours (median: 16 hours). At 
the time that questionnaires were completed 64 per 

cent of cases (n=39) reported still being unwell. For 
the 19 cases with resolved symptoms, the median 
self-reported duration of illness was four days 
(range 2–10 days). Four cases provided no details 
on resolution of their symptoms.

A variety of food platters in different combinations 
were served at the six luncheons. Bread rolls (with 
assorted fi llings) and fruit platters were common 
to all six functions. Cheeses, hot fi nger foods and 
Mediterranean style platters were also supplied by 
the café to some of the luncheons. Analysis of these 
foods showed 79 per cent of respondents (n=81) 
reported eating a bread roll (see Table). Fifty-nine 
of these persons became ill, giving a food-specifi c 
attack rate for bread rolls of 73 per cent. Eating a 
bread roll with any meat or fi sh fi lling showed a low 
but signifi cant association with becoming ill (RR 1.75, 
95% CI 1.09, 2.81 p=<0.01). Ham (RR 1.63, 95% 
CI 1.15, 2.30 p=0.01), smoked salmon (RR 1.57 95% 
CI 1.19, 2.07 p=0.02) and tuna fi lled rolls (RR 1.57, 
95% CI 1.17, 2.11 p=0.04) all showed a low but sta-
tistically signifi cant association with their consumption 
and illness. For other foods served at the luncheons 
no association with illness was shown.

Community cases

The median age of community cases was 25 years 
(range 18–59 years) and included 13 females and 
six males. Fourteen of the 19 community cases were 
positive for STM64. This included two staff members, 
neither of whom was involved in food preparation while 
they were ill. Dates of onset ranged from 24 June to 
1 July, with symptom prevalence for those supplying 
illness details being: diarrhoea (100%), abdominal 
pain (94%), fever (82%), vomiting (71%), nausea 
(53%) and bloody diarrhoea (12%). The median incu-
bation period was 16 hours (range 4–36 hours). At 
the time food history questionnaires were completed, 
10 cases reported resolution of symptoms, with the 
duration of illness between 6–14 days.

Environmental fi ndings

Café investigation

Prior to the arrival of investigators the café kitchen 
had been cleaned and all previously prepared food 
items and most other perishable goods had been 
discarded. As a consequence of this, investigators 
were restricted in their ability to hypothesise and 
test potential means of cross contamination. During 
the initial inspection on 1 July enquiries were made 
about catering arrangements and supply of food, 
including sources of chicken, perishable goods such 
as fruit and vegetables and other packaged foods 
used by the café. General hygiene and food handling 
practices were considered to be good. Remaining 
food items regarded as being potentially hazardous 

Figure 2. Epidemic curve showing community 
and cohort (catered lunch) identifi ed cases, by 
date of onset and individual luncheon
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were shown to be under temperature control fol-
lowing testing. The storage of raw food was closely 
examined, in particular the separation of chicken 
from other raw or ready to eat foods in the cold 
room. There were no identifi ed safety issues with 
raw chicken, and all other foods were adequately 
covered and protected from contamination in the 
cold room, freezers and dry storage.

Hand washing and toilet facilities were clean and 
appropriately fi tted. Previous routine inspections 
by local government had not identifi ed any other 
concerns relating to kitchen hygiene, sanitation or 
food handling practices. Cleaning and sanitising of 
utensils, equipment and work surfaces was very 
good. The kitchen used colour coded cutting boards 
with staff displaying a good understanding of wash-
ing and sanitising practices.

Staff demonstrating preparation of chicken for 
cooking were seen to handle raw chicken meat 
immediately prior to seasoning it with pinches of 
salt and pepper kept in takeaway containers on the 
preparation bench. The same salt and pepper was 
then used for seasoning bread rolls as well as being 
used as an ingredient in guacamole. The guacamole 

was stored in plastic containers that sat on a kitchen 
bench during roll preparation and peak trading. The 
same knife used to spread guacamole onto bread 
rolls was also reported by the café as being used 
to spread butter onto hamburger buns, with ham-
burgers being identifi ed as a food item eaten by a 
number of the community cases. It was also found 
that some of the bread rolls served at the luncheons 
did not match the descriptions of what was supplied 
for that particular event.

Laboratory fi ndings

STM64 positive faecal specimens were obtained from 
32 cohort and 14 community cases. STM64 was also 
cultured from a 25 g sample of raw defrosted chicken 
tenderloin obtained at the time of the fi rst kitchen 
inspection. Campylobacter jejuni was also present 
in this specimen and in a faecal specimen provided 
by a staff member with a dual infection. An experi-
mental bread roll fi lled with turkey, lettuce, cucumber, 
cheese, sprouts, cranberry sauce and dressing was 
positive for STM64. All other food and environmental 
samples were negative for STM64, although low 
levels of Bacillus cereus and E. coli were detected in 
samples of fried rice and cooked beef.

Table 1. Food specifi c attack rates and relative risks for function attendees who reported eating and 
not eating selected food items

Food item Persons who ate item Persons who did not eat item Relative 
risk

95% CI p value
Number 

ill
Total 

number
Attack 

rate (%)
Number 

ill
Total 

number
Attack 

rate (%)
Any fi lled roll 59 81 73 0 11 – – – –
Any meat fi lled 
roll

43 58 74 11 15 73 1.75 1.09, 2.81 <0.01

Chicken roll 18 23 78 28 52 54 1.45 1.04, 2.02 0.07
Ham roll 18 21 86 20 38 53 1.63 1.15, 2.30 0.01
Bacon roll 5 6 83 33 54 61 1.36 0.90, 2.07 0.40
Bacon & egg roll* 5 5 100 29 51 57 1.76 1.38, 2.23 –
Salami roll 6 8 75 33 53 62 1.20 0.76, 1.89 0.70
Beef roll 4 5 80 34 55 62 1.29 0.80, 2.10 0.64
Turkey roll* 4 4 100 41 68 60 1.66 1.37, 2.01 –
Smoked salmon 
roll

15 17 88 36 64 56 1.57 1.19, 2.07 0.02

Tuna roll 11 12 92 28 68 41 1.57 1.17, 2.11 0.04
Any vegetable 
fi lled roll

9 17 53 30 42 71 0.74 0.45, 1.21 0.23

Salad roll 6 9 67 33 49 67 0.99 0.60, 1.63 1.00
Roasted 
vegetable roll

7 16 44 41 61 67 0.65 0.36, 1.17 0.15

Mediterranean 
vegetable roll

2 4 50 34 64 53 0.79 0.29, 2.16 0.63

Egg roll* 5 5 100 35 57 61 1.62 1.33, 2.00 –

* P value not reported due to small numbers of subjects reporting these exposures.
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Chicken wholesaler and chicken producer

As the chicken meat sample was positive for STM64 
the decision was made to undertake a trace back 
of chicken to identify contamination along the food 
chain. An Adelaide poultry wholesaler supplied 
the café with fresh chicken which was ordered as 
required. The wholesaler reported supplying the 
café with breast fi llets while the café stated they 
received both breast and thigh fi llets (tenderloins). 
The chicken was usually purchased in 5 kg lots, 
separated at the café and then frozen. It would then 
be removed from the freezer and allowed to thaw in 
a cool room prior to cooking. The local wholesaler 
sourced their chicken from an interstate process-
ing facility. At the request of PIRSA the processor 
undertook a review of quality assurance data with 
no evidence of this phage type being found in the 
plant. PIRSA then sought assistance from the inter-
state producer to undertake drag swabbing of sheds 
from the farm where the chickens were raised.

Public health action

Public health action was taken to eliminate potential 
sources of infection and to reduce potential trans-
mission of foodborne pathogens. Before inspection 
of the café by health department and local govern-
ment investigators the café was cleaned with any 
remaining prepared food items and most perishable 
goods being discarded. The café voluntarily decided 
to close for additional cleaning and did not trade 
over the weekend. Restrictions were then placed on 
the types of food served. No sandwich items were 
permitted to be made and rolls for upcoming catered 
functions were brought in ready-made from an 
independent supplier. Only hot meals such as pasta 
dishes, schnitzels and fi sh and chips, in addition to 
plain salads, were to be prepared and served on the 
premises. Staff members were instructed on safe 
food handling practices and other issues relating 
to food safety by environmental health offi cers. In 
order to recommence catering and sandwich mak-
ing the café was required to make up an assortment 
of menu-listed bread rolls for additional laboratory 
testing. Following the positive laboratory fi nding in 
the initial batch of experimental rolls the café was 
required to submit another two batches of rolls for 
testing. After both batches had tested negative for 
Salmonella, the café was permitted to recommence 
catering and making sandwiches and rolls. Trace-
back of chicken to suppliers, processors and farms 
was instituted, with the aim of identifying a primary 
source of contamination.

Discussion

The high food-specifi c attack rate associated with 
eating bread rolls, food items common to all func-
tions, coupled with the low relative risks for individual 

roll types, suggests contamination of an ingredient 
common to many of the rolls served at both the 
luncheons and the café itself. The STM64 infections 
were likely acquired from eating bread rolls cross-
contaminated from raw chicken, possibly via black 
pepper or guacamole.

Although the exact mechanism of cross-contamina-
tion in this outbreak may only be surmised, environ-
mental health staff did identify a possible mechanism 
whereby Salmonella on raw chicken could have 
cross-contaminated a ready-to-eat food, reinforcing 
the need for restaurants and caterers to both com-
prehend and to comply with the requirements of the 
Australia New Zealand Food Standards Code.5

Although salmonellae will not grow in food with 
low water activity (aw), they are able to survive for 
long periods in low aw foods such as black pepper, 
gelatine and chocolate.6 While the link between 
guacamole and chicken is less direct than that of 
the pepper it remains plausible. Guacamole could 
certainly act as a growth medium and sat in tubs on 
the kitchen bench at an ambient temperature during 
roll preparation and peak trading. This may have 
assisted the growth of any Salmonella added to the 
guacamole via contaminated black pepper.

A similar mechanism could explain detection of 
STM64 in the test bread roll. While enumeration of 
the salmonellae was not reported the numbers of 
organisms in the 25 g sample was thought to have 
been low, as following detection of the organism the 
remainder of the roll was divided and its individual 
ingredients tested separately, with no Salmonella 
detected.

The rapid onset of symptoms and duration of illness 
is suggestive of the ingestion of large numbers of 
Salmonella. This could not be confi rmed as, with the 
exception of the positive chicken sample recovered 
from the cafe freezer, most perishable ingredi-
ents used in the rolls had been discarded prior to 
investigators inspecting the café. Furthermore, no 
specimens were recovered from any of the lunch-
eons. Investigators did not collect data on number 
of bread rolls consumed by cases and thus no proxy 
measure of dose based on a relationship between 
incubation period and number of bread rolls eaten 
could be calculated.

Limitations

The respondent’s memory and reporting of exposures 
may potentially lead to non-differential misclassifi ca-
tion in this study. This issue is further clouded by 
the generic descriptions of bread rolls not matching 
what had been served at the luncheons. This could 
not be controlled in the cohort study and made it 
diffi cult to ascribe any epidemiological association 
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with contamination of a specifi c bread roll or bread 
roll component. However, if an ingredient common 
to many of the bread rolls had been contaminated 
as suggested, such bias would have had little effect 
on the conclusion of the investigation, apart from 
generating relative risks for individual rolls that are 
closer to the null than the actual effect.

This study has highlighted the importance of 
understanding and adhering to good food handling 
techniques in commercial kitchen and catering set-
tings. Although the exact mechanism of contamina-
tion remains unknown our fi ndings would indicate 
a breakdown in safe food handling and preparation 
as the likely cause. It was unfortunate that samples 
from the implicated farms where not obtained. The 
involvement of interstate health authorities may 
have helped in this matter.
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  A multi-jurisdiction outbreak of Salmonella 
Typhimurium phage type 135 associated with 

purchasing chicken meat from a supermarket chain
Michelle E McPherson,1,2 James E Fielding,3 Barbara Telfer,4 Nicola Stephens,5 Barry G Combs,6 Belinda A Rice,7 

Gerard J Fitzsimmons,8 Joy E Gregory9

Abstract
A multi-jurisdiction case control study was conducted after an increase of Salmonella Typhimurium 
phage type 135 notifi cations (a local designated subgroup) was observed throughout Australia. Hypothesis 
generating interviews conducted in three jurisdictions identifi ed consumption of chicken, eggs, beef 
and bagged carrots as common among cases and that a high proportion of cases (>80%) reported 
purchasing their groceries from a particular supermarket chain (Supermarket A). We conducted a case 
control study to test whether S. Typhimurium 135 infections were associated with these food items and 
the purchasing of these products from Supermarket A. The study comprised 61 cases and 173 controls. 
Cases were younger than controls (p=0.003) and their distribution by jurisdiction was also signifi cantly 
different (p<0.001). In multivariate analysis, cases had signifi cantly higher odds of having eaten chicken 
purchased from Supermarket A (OR=3.2, 95% CI 1.2,9.0) or having eaten chicken from a fast food 
outlet (OR=2.8, 95% CI 1.0,7.7) compared to controls. Two positive S. Typhimurium 135 results were 
obtained through a chicken sampling survey conducted at four Supermarket A stores in Victoria. The 
results of this study were presented to industry and retail representatives, which facilitated better com-
munication between these groups. Commun Dis Intell 2006;30:449–455.

Keywords: Salmonella Typhimurium, outbreak, chicken, case-control study
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Introduction

In September 2005, Tasmania, Victoria and New 
South Wales reported increased notifi cations of 
a locally designated strain of S. Typhimurium 135 
(S. Typhimurium 135a). Nationally, the number 
of notifi cations in November 2005 was six times 
higher than in November 2004 (unpublished data: 
National Notifi able Diseases Surveillance System, 
Australian Government Department of Health and 
Ageing). In the period October to December 2005, 
Tasmania investigated four point source outbreaks 
of S. Typhimurium 135a associated with egg-based 

dishes prepared by bakeries, restaurants and cater-
ers. These eggs were all sourced from the same egg 
farm. However, Tasmania also observed an increase 
in sporadic cases of S. Typhimurium 135a that were 
not associated with a defi ned point source outbreak. 
In addition, South Australia, New South Wales, 
Queensland and the Australian Capital Territory also 
received notifi cations during this time, although not 
above expected levels.

Previously in Australia, S. Typhimurium 135 and 
S. Typhimurium 135a had been associated with 
chicken,1,2 raw egg products,3–6 bakery products,7 
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pork-fi lled bread rolls from Asian bakeries,8–10 and 
a commercial fruit juice.11 S. Typhimurium 135a is 
a sub-type of S. Typhimurium 135 that is used in 
Australia to more confi dently identify epidemio-
logical links between cases, but is not recognised 
internationally. Initially, the increase in cases was 
observed for S. Typhimurium 135, yet after further 
typing the focus became S. Typhimurium 135a. The 
National Enteric Pathogen Surveillance System, 
a voluntary system which collects data on human 
and non-human enteric pathogens in Australia,12 
reported isolating S. Typhimurium 135a from 
chicken meat samples from New South Wales and 
Victoria in October 2005. The Australian Salmonella 
Reference Centre also reported S. Typhimurium 
135a in chicken meat samples from New South 
Wales (n=20), Queensland (n=19) and South 
Australia (n=10) in September 2005.13

Hypothesis generating interviews with people 
infected with S. Typhimurium 135a were conducted 
independently in Victoria, Tasmania and New South 
Wales to identify risk factors for illness. The food 
exposures most commonly reported by cases were 
chicken, eggs, beef and bagged carrots. A high pro-
portion of cases (>80%) also reported purchasing 
their groceries from a particular supermarket chain 
(Supermarket A). As a result, OzFoodNet, a collabo-
rative initiative of Australia’s state and territory health 
authorities that aims to investigate and understand 
foodborne disease at a national level, coordinated a 
multi-state investigation into S. Typhimurium 135a 
infections. Given the similarities in food frequencies 
for a concurrent investigation of S. Typhimurium 44 
cases, both phage types were included in the case 
control study.

The aim of this study was to determine whether 
there was an association between infection with 
S. Typhimurium 135a and S. Typhimurium 44 and 
the food products identifi ed, in order to prevent fur-
ther infections and inform future food safety meas-
ures. In this paper we report on the S. Typhimurium 
135a component of the case control study.

Methods

Epidemiological investigation

We conducted a case control study to test whether 
S. Typhimurium 135a infections were associated 
with eggs, chicken, chicken products, bagged car-
rots and minced beef, and the purchasing of these 
products from Supermarket A. The investigation was 
conducted in the context of a public health interven-
tion as per state and territory legislation. Consent 
was obtained from participants after being advised 
that participation in the study was voluntary and 
responses were confi dential.

Study population

A case was defi ned as a resident of New South Wales, 
the Australian Capital Territory, South Australia, 
Victoria or Tasmania who had S. Typhimurium 
135a isolated from a faecal specimen and notifi ed 
to the respective jurisdiction between 2 November 
and 23 December 2005. Queensland also reported 
cases, but due to the notifi cation rate not exceeding 
the expected threshold and competing demands, did 
not recruit cases into this study. Cases were excluded 
if they were co-infected with another enteric patho-
gen, returned from overseas travel within four days 
of onset of illness, were not the primary case in the 
household or were not interviewed within 40 days 
of specimen collection. Cases were also excluded 
if they had been part of the point-source outbreak 
investigations in Tasmania.

To identify controls we used progressive digit dial-
ling, whereby phone numbers either side of each 
case’s phone number were telephoned sequentially 
until an eligible household was contacted. The 
person in the household with the next birthday was 
invited to participate in the study. Attempts were 
made to recruit two controls for every case. Controls 
were excluded if they had returned from overseas 
travel in the previous four days or if a household 
member had diarrhoea in the previous two weeks. 
To compare another method of control selection, 
South Australia recruited an additional two controls 
per case using their control bank, a list of people 
that had participated in a previous health study that 
were willing to be contacted again.

Data collection

Cases and controls were interviewed over the tel-
ephone using a tailored questionnaire developed by 
OzFoodNet epidemiologists. Up to six attempts were 
made to contact each case and control phone num-
bers were called six times before a new number was 
attempted. Interviews were conducted on weekdays 
between 12 and 23 December, during the day and 
in the evenings. The interview included questions 
about food items consumed in the four days prior to 
onset of illness for cases or in the four days prior to 
interview for controls. Each jurisdiction was respon-
sible for interviewing cases that resided in their 
jurisdiction and two controls per case. Completed 
interview data were entered by each jurisdiction 
onto a national NetEpi Case Manager (New South 
Wales Health) database, a web-based reporting 
system for which data entry can be conducted at 
multiple sites. OzFoodNet Central was responsible 
for maintaining the NetEpi system and downloading 
the data for analysis. No identifying information was 
entered onto the NetEpi system.
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Data analysis

We obtained data from the National Notifi able 
Diseases Surveillance System to review the descrip-
tive epidemiology of all cases of S. Typhimurium 
135a. Statistical analysis was conducted using 
Microsoft Excel and Intercooled STATA version 8.14 
Demographics were compared using Pearson’s chi-
squared test for trend. Food exposures were com-
pared using odds ratios with 95 per cent confi dence 
intervals. Controls selected for both S. Typhimurium 
135a and S. Typhimurium 44 were included in the 
analysis. A maximum-likelihood logistic regression 
model was constructed to analyse the association 
between chicken consumption and illness. This was 
adjusted for age and state of residence as well as 
those food items signifi cantly associated with cases 
at the univariate level (p<0.05).

Environmental investigation

The Victorian Communicable Disease Control Unit 
conducted a food sampling survey, whereby chicken 
samples were obtained from four Supermarket A 
stores where cases reported purchasing chicken. 
Local government environmental health offi cers were 
requested to purchase chicken wings, a whole chicken 
and chicken breasts from the fresh pre-packaged 
section of the supermarket. These were then sent 
to the Microbiological Diagnostic Unit for Salmonella 
testing using standard methods of analysis.

Results

The epidemic curve (Figure 1) shows the increase in 
notifi cations of S. Typhimurium 135a from September 
2005, which continued through the study period 
(December 2005). Most cases were from Victoria and 
Tasmania (point source outbreak cases included), 
with cases from New South Wales and Queensland 
increasing from October and November respectively.

The case control study was conducted between 
12 and 23 December 2005 and comprised 61 cases 
and 173 controls (including those selected for the 
S. Typhimurium 44 study). From all jurisdic tions 
98 cases were enrolled in the study. Of these, 
23 (23%) were ineligible and one did not have a phone 
number. Of the remaining 74 eligible cases, 11 (15%) 
were unable to be contacted; two (3%) refused and 
61 (82%) completed the interview. For control recruit-
ment using progressive digit dialling, calls were made 
to 729 individual phone numbers. Of these 293 (40%) 
were ineligible phone numbers (faxes or business 
numbers) and 19 (3%) were contacted but ineligi-
ble for the study. Of the 417 remaining, 200 (48%) 
were unable to be contacted, 70 (18%) refused and 
147 (35%) completed the interview. South Australia, 
using their control bank, made an additional 40 calls, 
of which four (10%) were to ineligible phone numbers 
and three (7.5%) were contacted but ineligible. Of the 
remaining 33, six (18%) were unable to be contacted; 
one refused; and 26 (79%) completed an interview.

Symptoms reported by cases included diarrhoea 
(100%), cramps (88%), fever (86%), nausea (71%), 
headache (63%), vomiting (57%), muscle and body 
aches (49%) and blood in the stool (42%). The median 
duration of illness was 8 days (range 3–21 days) 
and 10 cases (17%) were hospitalised. The median 
age of cases was 23 years compared to 45 years 
for controls. The proportion of cases and controls 
by age group and by jurisdiction was signifi cantly 
different (p=0.002 and p<0.001 respectively). There 
was no difference by sex (Table 1).

Figure 1. Notifi cations of S. Typhimurium 135a, 
June to December 2005, by state or territory
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Table 1. Characteristics of cases and controls

Cases Controls
Characteristic n % n % p value†

Total 61 100 173 100
Age group*
1–9 22 36.1 23 13.3 0.002
10–19 6 9.8 10 5.8
20–39 14 23.0 39 22.5
40–59 11 18.0 51 29.5
60+ 8 13.1 47 27.2
State
ACT 1 1.6 5 2.9 <0.001
NSW 8 13.1 39 22.5
Qld 0 0.0 21 12.1
SA 6 9.8 51 29.5
Tas 16 26.2 18 10.4
Vic 30 49.2 39 22.5
Sex*
Females 25 41.0 74 42.8 0.802
Males 35 57.4 96 55.5

* These variables may not add up to the total due to 
missing responses.

† P values calculated using Pearson’s chi-squared 
test for trend.
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In univariate analysis, when compared to controls, 
cases had signifi cantly higher odds of having con-
sumed chicken eaten outside the home; chicken 
eaten at a fast food chicken outlet; kebabs eaten 
at own home; other meat products purchased from 
Supermarket A; mince purchased from Supermarket 
A and; lamb purchased from Supermarket A 
(Table 2). Cases had signifi cantly lower odds com-
pared to controls of consuming lettuce, tomatoes, 
berries and carrots, as well as a combined fruit and 
vegetable variable.

Figure 2 schematically shows the different hypoth-
eses tested for the association between illness and 
the consumption of chicken. Different combinations 
of chicken consumption categories were used to 
create the multivariate models, which were adjusted 
for age, state of residence, and lamb, mince and 
fruit and vegetable consumption (Table 3). After 
adjusting for these factors, cases had signifi cantly 
higher odds of having eaten chicken purchased 
from Supermarket A (groups 6 and 8 compared to 
all others, OR=3.2) or having eaten chicken from 
a fast food outlet (OR=2.8) compared to controls. 
The odds of fruit and vegetable consumption were 
independently and signifi cantly lower for cases com-
pared with controls in all four multivariate models.

When selection of controls was restricted to controls 
selected for S. Typhimurium 135a cases only, the 
univariate results were similar, except that the odds 
ratios for any and meat and mince purchased at 
Supermarket A increased (data not shown). A similar 
increase in odds ratios was observed in multivariate 

analysis for chicken consumption category 1 (chicken 
versus no chicken) and category 3 (chicken eaten at 
home only, Supermarket A purchased versus other 
purchased), although they were not signifi cant. The 
odds ratio for category 4 (home only and both at 
home and out, Supermarket A purchased versus all 
others) decreased.

When selection of cases was restricted to those 
from Victorian and Tasmanian cases only (the 
jurisdictions where most cases were reported), 
the univariate odds ratio for chicken purchased at 
Supermarket A became signifi cantly associated with 
illness (OR=2.4, 95% CI=1.0,5.7). All the odds ratios 
decreased in the multivariate analysis, with wider 
confi dence intervals and none were signifi cant.

Environmental results

There were seven positive Salmonella results from 
the chicken sampling survey of Supermarket A in 
Victoria. A breast sample from one store and a thigh 
sample from another were positive for Salmonella 
Typhimurium 135a. Four samples, three breast 
and one drumstick from four different stores were 
positive for Salmonella Sofi a and two, a thigh and 
wing sample from the one store, were positive for 
Salmonella Infantis.

Discussion

The results from this case control study suggest 
there was an association between infection with 
S. Typhimurium 135a and chicken consumption, in 

Figure 2. Schema of hypotheses tested for association between chicken consumption and illness
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Table 2. Univariate analysis of exposure to selected foods amongst cases and controls

Cases Controls
Exposure Exposed 

/total*
% Exposed/

total*
% Odds 

ratio 95% CI
P 

value
Chicken
Chicken 42/52 80.8 117/168 69.6 1.8 0.8-4.4 0.12
Chicken eaten outside home 30/50 60.0 72/168 42.9 2.0 1.0-4.0 0.02

 Fast food chicken outlet 12/61 25.0 18/172 14.0 2.5 1.0-6.3 0.03
 A la carte restaurant 4/61 8.7 9/172 7.1 1.3 0.3-4.8 0.70
 Meal at another house 4/61 8.5 6/172 4.7 1.9 0.4-8.5 0.31
 BBQ from supermarket 9/61 18.8 25/172 19.4 1.0 0.4-2.4 0.97

Chicken eaten at own home 25/51 49.0 63/166 38.0 1.6 0.8-3.1 0.16
Purchased at Supermarket A 13/61 52.0 22/173 12.7 1.9 0.8-4.2 0.11

 Whole 3/51 5.9 10/168 8.8 1.0 0.2-4.1 1.00
 Breast 13/51 25.5 35/168 20.8 1.4 0.6-3.2 0.46
 Pieces 6/51 11.8 23/168 13.7 0.8 0.2-2.3 0.61
 Kebab 4/49 8.2 2/168 1.2 8.1 1.1-91.6 0.01
 Value added 3/50 6.0 5/169 3.0 2.1 0.3-11.7 0.30

Other meat
Other meat total 46/54 85.2 148/170 87.1 0.9 0.3-2.4 0.76

  Purchased at Supermarket A 19/61 31.1 31/172 18.0 2.1 1.0-4.2 0.03
 Mince 19/47 40.4 45/163 27.6 1.8 0.8-3.7 0.07

  Purchased at Supermarket A 9/61 17.3 10/163 6.1 2.8 1.0-8.2 0.03
 Lamb 14/46 30.4 34/166 20.5 1.7 0.7-3.7 0.15

  Purchased at Supermarket A 8/61 13.1 4/173 2.3 6.4 1.6-29.8 0.00
 Pork 5/48 10.4 30/162 18.5 0.5 0.1-1.4 0.17
 Hamburger 1/50 2.0 10/163 6.1 0.3 0.0-2.3 0.24
 Ham 18/50 36.0 68/165 41.2 0.8 0.4-1.6 0.52
 Salami 2/49 3.9 20/162 12.3 0.3 0.0-1.3 0.10
Eggs
Any eggs 32/54 59.3 99/166 59.6 1.0 0.5-2.0 0.97
Eggs eaten outside the home 6/55 10.9 21/166 12.7 0.8 0.3-2.3 0.70
Eggs eaten at own home 25/53 47.2 88/167 52.7 0.8 0.4-1.6 0.50
Any raw egg product 21/60 35.0 53/173 30.6 1.0 0.5-2.1 0.47
Fruit and vegetables
Lettuce 28/52 53.8 128/170 75.3 0.4 0.2-0.8 0.00
Tomatoes 24/53 45.3 123/169 72.8 0.3 0.2-0.6 0.00
Cucumber 23/55 41.8 80/166 48.2 0.8 0.4-1.5 0.39
Sprouts 2/59 3.4 11/168 6.5 0.4 0.0-2.1 0.29
Strawberries 18/52 34.6 61/169 36.1 1 0.5-2.0 0.97
Berries 2/57 3.5 26/168 15.5 0.2 0.0-0.9 0.02
Carrots 24/58 41.4 100/169 59.2 0.5 0.3-0.9 0.02
Apples 26/58 44.8 93/173 53.8 0.7 0.4-1.3 0.25
Kiwi 7/58 12.1 26/168 15.5 0.7 0.2-1.8 0.43
Any fruit/vegetables 50/60 83.3 166/173 96.0 0.2 0.1-0.7 0.00
Juice 18/58 31.0 54/168 32.1 1 0.5-1.9 0.88
Combined Supermarket A† 34/61 55.7 86-172 50.0 1.3 0.47-2.4 0.44

CI Confi dence interval.

* Totals include all cases and controls in study, excluding those that answered, ‘Don’t know/unsure.’ For example, the total for 
‘Chicken eaten outside home’ includes those that said ‘no’ to having eaten chicken.

† Includes those purchasing fruit, vegetables, chicken and any meat from Supermarket A.
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particular chicken purchased from Supermarket A. 
Cases were three times more likely to have eaten 
chicken purchased at Supermarket A and three 
times as likely to have eaten chicken purchased at 
a chicken fast food outlet. Analysis using controls 
selected for S. Typhimurium 135a cases only, and 
that restricted to Victoria and Tasmania, also sup-
ported the association between chicken and illness. 
The corroborating evidence of the two positive 
S. Typhimurium 135a chicken samples purchased 
at Supermarket A identifi ed by cases is consistent 
with the fi ndings of the case control study.

This study has several limitations. There were a high 
proportion of controls unable to be contacted and 
those recruited were signifi cantly different to cases in 
respect of age and jurisdiction of residence. Controls 
were used from all jurisdictions in the combined 
S. Typhimurium 135a and S. Typhimurium 44 inves-
tigation regardless of whether there were cases in 
these jurisdictions, yet not all jurisdictions recruited 
two controls per case. These issues suggest that 
the controls may be an unrepresentative sample of 
the general population, which may have affected the 
results, although it is diffi cult to speculate in which 
direction bias may have occurred. Also, as the 
greatest increase in cases occurred in Victoria, and 
S. Typhimurium 135a cases from other states may 
represent background sporadic cases unrelated to 
the outbreak, using cases from other states might 
have reduced the power of the study to detect an 
association between exposure and illness.

Factors for S. Typhimurium 135a contamination 
or infection of retail chicken in this outbreak are 
unclear. It is plausible that the Salmonella infection 
of chicken that led to this outbreak occurred at the 
farm level. Poultry are exposed to Salmonella via 
sources such as feed or through environmental 
contamination and when introduced, Salmonella 
can spread rapidly throughout the fl ock.15 Anecdotal 
evidence indicated that several farms, particularly 

in Victoria, had outbreaks of S. Typhimurium 135a 
in chickens during September and November 2005 
that occurred concurrently with mice plagues.

It is also unclear why Supermarket A was more 
strongly associated with illness than other chicken 
retailers. The link may be due to the supermar-
kets purchasing chicken from affected suppliers. 
Discussions with food safety and retail specialists did 
not identify any hypotheses that would adequately 
explain this fi nding.

Salmonellosis outbreaks resulting from the consump-
tion of chicken comprised 13 per cent of all outbreaks 
investigated in Australia from 1995 to 2000.16 The 
incidence of human salmonellosis has increased 
in most industrialised countries in the 1980s and 
1990s.17 Sweden is an exception as authorities 
introduced voluntary testing for Salmonella and 
destruction of positive fl ocks between 1970 and 
1984, after which the practice became mandatory. 
As a result the prevalence of Salmonella infection in 
chickens was reduced to 0.2–0.7 per cent in 1994 
with a corresponding low prevalence of domestically 
acquired salmonellosis in humans.18 The results of 
our investigations were communicated to industry, 
regulatory and retail representatives to improve 
longer-term objectives of reducing illness associ-
ated with chicken meat.

The results of the case control study indicated that 
cases were less likely to have reported eating fruit 
and vegetables in both the univariate and all the 
multivariate models. This was a consistent fi nding 
in this study, even when the results were adjusted 
for by age. Reasons for this protective effect of fruit 
and vegetables are unclear, although a possible 
explanation is that frequent consumers of fruit and 
vegetables are generally healthier and therefore 
less likely to become ill after eating contaminated 
chicken.

Table 3. Univariate and multivariate analysis of exposure to various chicken categories amongst 
cases and controls

Cases 
(%)

Controls 
(%)

Univariate analysis Adjusted analysis*
Chicken category OR 95% CI OR 95% CI
Chicken vs no chicken (2 vs 1) 80.8 69.6 1.8 0.8–4.3 1.2 0.5–3.0
Out only chicken, from a chicken fast food outlet 25.0 14.0 2.5 1.0–6.3 2.8 1.0–7.7
Home only chicken, Supermarket A purchased vs 
other purchased (6 vs 7) 9.8 8.6 2.1 0.7–5.9 2.2 0.6–8.6

Home only and both at home and out, Supermarket 
A purchased vs all others (6 and 8 vs all other 
categories)

21.3 12.7 2.2 0.9–5.1 3.2 1.2–9.0

OR=Odds ratio, CI=Confi dence interval

* Maximum likelihood logistic regression adjusted by age, state of residence, lamb, mince and fruit and vegetable consumption.
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This outbreak demonstrates the importance of multi-
jurisdiction cooperation and coordination for out-
break investigations. It was conducted over a short 
period of time, with most interviews completed within 
two weeks. Having a central web-based database 
for data entry allowed for effi cient data analysis as 
current data could be downloaded directly on a daily 
basis. This combined effort from staff in most juris-
dictions in Australia, co-ordinated by the OzFoodNet 
central offi ce, should be repeated for future studies 
of this nature.
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   Two years of enhanced surveillance of 
sexually-transmitted chlamydia in South East 

Queensland
Megan K Young,1 Bradley J McCall,2 David Jardine3

Abstract
The National Sexually Transmissible Infections Strategy 2005–2008, released in 2005, lists exploring and 
addressing barriers to enhanced data collection for chlamydia surveillance among the actions required 
for chlamydia control and prevention. This study describes a method of enhanced surveillance of sexu-
ally transmitted chlamydia notifi cations undertaken in South East Queensland, and the epidemiology 
and management of chlamydia over the study period. The service providers of a random sample of 
chlamydia notifi cations meeting preset inclusion criteria were faxed an information package and ques-
tionnaire. Telephone follow-up was initiated for non-responders. The fi rst year of data were compared 
to the second year of data. The overall response rate was 93.2 per cent. Males were more likely than 
females to be tested because of symptoms in the fi rst year of the study, but not the second. Females were 
5.2 times (95% CI 2.43, 10.91) more likely to be screened on the suggestion of the service provider than 
males. The positivity rate among those tested for sexually transmitted chlamydia increased across the 
study period. An information package and questionnaire faxed to notifying clinicians is a simple and 
effective means of conducting enhanced surveillance of sexually transmitted chlamydia. An increase 
in the screening of males may be contributing to the increasing rate of notifi cations. An increasing 
positivity rate among all those tested for chlamydia may be due to more prevalent disease, or more 
focused testing of high risk groups. Commun Dis Intell 2006;30:456–461.
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Introduction

Chlamydia is the most frequently notifi ed infection in 
Australia, at a rate of approximately 180 notifi cations 
per 100,000 population in 2004,1 increased from 
152 notifi cations per 100,000 population in 2003.2 
In addition, the signifi cant potential complications of 
infection for both women and men clearly demon-
strate it as a disease of public health importance.

The National Sexually Transmissible Infections 
Strategy 2005–2008,1 and the announcement of 
funding for a pilot screening program for chlamydia 
targeted at women aged 18–30 years3 are key 
developments in chlamydia control in Australia. 
The former listed exploring and addressing barriers 
to enhanced data collection for chlamydia surveil-
lance among the actions for chlamydia control and 
prevention. In this paper, we describe a simple 
method of enhanced surveillance that achieved a 

good response rate enabling us to explore the epi-
demiology and management of sexually transmitted 
chlamydia notifi cations in the jurisdiction of Southern 
Area Population Health Services – Brisbane 
Southside (SAPHS – BS) in South East Queensland 
(Figure), with an estimated resident population of 
988,584 as at 30 June 2004.4

Methods

All notifi cations of Chlamydia trachomatis to SAPHS 
– BS between 1 February 2003 and 31 January 
2005, were assessed against inclusion/exclusion 
criteria. The criteria were: the notifi cation must occur 
within the study period; the residential address of the 
case must fall within the SAPHS – BS area or where 
no residential address is listed, the health service 
provider must operate within the SAPHS – BS area; 
and infections of the eye were excluded.
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Using a random number table, one out of every 
10 eligible notifi cations was chosen for inclusion 
in the study and assigned a code. After the case’s 
assigned code was communicated to the health 
service, the clinician who ordered the investiga-
tion was faxed an information package and one 
page de-identifi ed questionnaire. The information 
package was developed with Princess Alexandra 
Sexual Health (PASH) based on a package used for 
gonorrhoea enhanced surveillance that was shown 
to improve clinician management practices in a 
local before-and-after study.5 It included a patient 
information sheet, a contact tracing letter pro forma, 
and guidelines for the management of uncom-
plicated chlamydia. The questionnaire collected 
demographics; the reason for testing; sites tested; 
treatment; investigation for other sexually transmit-
ted infections; contact tracing; and the suspected 
source of infection.

Four weeks were allowed for the return of the ques-
tionnaire by fax or post from the clinician. Up to three 
reminder phone calls were then made at approxi-
mately fortnightly intervals to the health service.

Data were analysed using SPSS for Windows ver-
sion 11.5 and Epi Info 6. The notifi cations from the 
fi rst year of the study (1 February 2003 to 31 January 

2004 – period 1) were compared to the notifi cations 
from the second year of the study (1 February 
2004 to 31 January 2005 – period 2) using the chi-
squared test of signifi cance or Mantel-Haenzel test 
where appropriate. This time comparison served to 
highlight any possible trends.

The study sample was compared to all notifi cations 
meeting inclusion/exclusion criteria, recorded in the 
Notifi able Conditions (NOCS) database for each 
study period. Hospital and private laboratories serv-
icing the SAPHS -BS area were asked to provide 
the total number of requests received for urogenital 
chlamydia testing and the number of positive tests, 
using the same inclusion/exclusion criteria as the 
study.

This study of the epidemiology of a notifi able dis-
ease was undertaken under the provisions of the 
Queensland Health Act 1937.

Results

The response rate was 93.2 per cent (289 case 
report forms received out of 310).

The demographics of the cases for the two periods 
of the study approximated those of all ‘genital’ and 
‘unspecifi ed’ chlamydia notifi cations to the SAPHS 
–BS for the study period (Table 1). The proportion 
of females aged 18 to 30 years (the target group 
for the national pilot screening program) was similar 
over the two periods (71% and 77% of females for 
periods 1 and 2 respectively; p=0.41). This group 
accounted for 43 per cent and 47 per cent of all 
notifi cations for periods 1 and 2 respectively.

The male:female ratio did not change during the 
study. Six per cent of cases were identifi ed as 
Indigenous in both study periods, while Indigenous 
status was either unknown or not answered in 
22 per cent of cases in period 1 and 28 per cent of 
cases in period 2. For both study periods, 86 per 
cent of cases were known to speak English at home, 
approximately one per cent of cases were identifi ed 
as working in the sex industry, and approximately 
four per cent of women were pregnant at the time of 
investigation for chlamydia.

The reasons for testing over the two study periods 
are given in Table 2. There was no change across 
the study in the proportion of cases tested because 
of symptoms (p=0.22). However, males were more 
likely than females to be tested because of symp-
toms in period 1 (p=0.005), but not period 2 (p=0.43). 
Urethral discharge or dysuria was the most common 
symptom for males for both time periods, whereas 
no particular symptom was dominant among females 
(data not shown).

Figure. The geographical area covered by 
Southern Area Population Health Services – 
Brisbane Southside
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Females were 5.2 times (95% CI 2.43, 10.91) more 
likely to be screened on the suggestion of the serv-
ice provider than males. A greater proportion of both 
males and females appeared to be tested because 
of contact with someone found to have chlamydia 
in period 2 compared to period 1, but the difference 
was not statistically signifi cant (p=0.42 for males 
and p=0.25 for females).

The reason for attendance was not associated with 
age group for either period (p=0.06 and p=0.76 
respectively).

The specimens most commonly collected in both 
periods were cervical or vaginal swabs and urine 
samples. Approximately 6 per cent of diagnoses in 

each period were made from swabs of the urethra or 
rectum. Sixty-three per cent and 62 per cent of the 
cases had positive urinary polymerase chain reac-
tion results in periods 1 and 2 respectively.

Azithromycin was prescribed as treatment for 
chlamydia in 80 per cent of cases in period 1 and 
69 per cent of cases in period 2 (p=0.09). Fifteen per 
cent of cases were prescribed doxycycline in period 1 
compared to 20 per cent in period 2 (p=0.22). Four 
per cent of cases in period 1 and 5 per cent of cases 
in period 2 had a second treatment prescribed: those 
specifi ed were either azithromycin or doxycycline.

Table 2. The proportion of the sample giving particular reasons for testing for chlamydia*

Reason for testing Period 1 Period 2
All Males Females All Males Females

% n % n % n % n % n % n

Contact with chlamydia infection 16 19 21 10 13 9 23 39 28 19 20 20
Screening test requested by 
patient

20 23 15 7 23 16 18 30 25 17 13 13

Screening test suggested by 
doctor

18 21 4 2 27 19 24 40 7 5 34 35

Antenatal screening test 3 3 – – 4 3 0 0 – – 0 0
Symptomatic 41 49 58 27 32 22 34 59 38 26 32 33
Other 2 2 2 1 1 1 1 2 2 1 1 1
Total 100 117 100 47 100 70 100 170 100 68 100 102

* Excludes 2 cases in period 2 for whom the reason for testing was not given.

Table 1. Comparability of all chlamydia notifi cations to SAPHS – BS meeting the study criteria and 
the study sample notifi cations

Period 1 All notifi cations Study sample
Number 1,328 126 (incl. 9 non responders)
Age range (years) 13–64 14–62
Median age (years) 22 22
Males (%) 38 40
Females (%) 62 60
Identifi ed as Indigenous (%) 6 6
Co-infected with gonorrhoea (%) 2 2
Period 2 All notifi cations Study sample
Number 1,812 184 (incl. 12 non responders)
Age range (years) 6–70 14–53
Median age (years) 22 23
Males (%) 37 39
Females (%) 63 61
Identifi ed as Indigenous (%) 5 6 
Co-infected with gonorrhoea (%) 1 1
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Fifty-six per cent of study cases in period 1, and 
69 per cent of study cases in period 2 had testing 
requested for gonorrhoea (p=0.02). A small propor-
tion tested positive (Table 1), while a further 5 per 
cent in period 1 and 8 per cent in period 2 had test 
results pending at the time of enhanced surveillance. 
Among all chlamydia notifi cations meeting the study 
inclusion criteria, 2 per cent in period 1 and 1 per 
cent in period 2 were also notifi ed for urogenital gon-
orrhoea within a two month timeframe (Table 1).

There were no signifi cant differences in the propor-
tion of cases tested for each of HIV, hepatitis B, 
and syphilis between period 1 and period 2. These 
proportions ranged from 54 per cent to 61 per cent. 
Seventeen and 18 per cent of cases in periods 1 
and 2 respectively had tests requested for hepati-
tis C. Co-infection was uncommon.

Contact tracing was initiated in 85 per cent of cases 
in period 1 and 81 per cent of cases in period 2, 
almost always (94% of these cases) by the cases 
themselves. In period 1, 88 per cent of cases listed 
a heterosexual relationship as the likely source 
of infection, while the gender of the contact was 
unknown to the service provider in 9 per cent of 
cases. In period 2, 86 per cent of cases listed a 
heterosexual relationship as the likely source of 
infection, and for 13 per cent, the gender of the con-
tact was unknown to the service provider. Seven per 
cent of cases in period 1, and 2 per cent of cases in 
period 2 reported that it was likely they had acquired 
the infection overseas.

Males were 2.3 times (95% CI 1.53, 3.5) as likely as 
females to have identifi ed a casual partner as the 
likely source of infection. For the majority of females 
in both periods (61% and 60%), their regular part-
ner was thought to be the source of infection (vs 
males RR 1.8 – 95% CI 1.34, 2.37). For 20 per cent 
and 25 per cent (periods 1 and 2 respectively) of 
females and 24 per cent and 28 per cent (periods 1 
and 2 respectively) of males the most likely source 
of infection was unknown to the service provider.

There was an increase in the positivity rate of 
chlamydia tests across the study period for each 
laboratory, although not all of these were statistically 
signifi cant (Table 3).

Discussion

A faxed information package and questionnaire to 
notifying clinicians is a simple and effective means 
of conducting enhanced surveillance of sexually 
transmitted chlamydia. Factors that may have con-
tributed to the high response rate included reminder 
phone calls,6 the short length of the questionnaire,7 
provision of clinical information with the question-
naire,8 faxing the questionnaire,9 and collaboration 

between population health and a sexual health serv-
ice. A metropolitan public health unit in New South 
Wales found that posting questionnaires to notifying 
service providers, with one posted reminder for non-
responders, was also effective, with a response rate 
of 88 per cent.10 The Victorian Department of Human 
Services distributes questionnaires to notifying clini-
cians via pathology laboratories.11 The response rate 
in 2001 was 58 per cent. An earlier study in Victoria 
achieved an 85 per cent response rate using mainly 
telephone survey methods with multiple attempts to 
contact diagnosing providers.12

Enhanced surveillance in South East Queensland 
confi rms the public health importance of sexually 
transmitted chlamydia infection in young adults in 
this area, and lends support to the target age group 

Table 3. Tests requested for urogenital 
chlamydia, number positive and positivity 
rate 1 February 2003 to 31 January 2005, by 
laboratory for the SAPHS – BS area

Period 1 Period 2 p value
Mater
Positives 63 104

0.08Number 1,293 1,603
% positive 4.9 6.5
Sullivan Nicolaides 
Pathology*
Positives 274 479

0.003Number 5,473 7,766
% positive 5.0 6.2
QML Pathology
Positives 766 974

0.002Number 15,156 16,494
% positive 5.1 5.9
Queensland Health 
Pathology and 
Scientifi c Services
Positives 314 300

0.18Number 4,866 4,160
% positive 6.5 7.2
Total†

Positives 1,495 1,857
<0.001Number 28,347 30,023

% positive 5.3 6.2

* Data given for period 1 is for 1 May 2003 to 31 January 
2004 as number of positives for all of period 1 not 
available.

† Includes calculated data (positivity rate for 1 May 2003 
to 31 January 2004 for Sullivan and Nicolaides applied 
to number of tests requested for all of period 1 for this 
laboratory to calculate total number and positives).
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of the national screening pilot, with over 70 per 
cent of female notifi cations in those aged 18 to 
30 years.

It is possible that a trend towards increased screen-
ing of males is responsible for at least part of the 
detected increase in chlamydia notifi cations in South 
East Queensland, although this requires verifi cation 
in a longer study. Some of this apparent increase in 
screening may have been infl uenced by the infor-
mation package sent to providers with the enhanced 
surveillance questionnaire. It is also acknowledged 
that enhanced surveillance does not account for 
those who were tested for chlamydia, but had a 
negative result. Enhanced surveillance of chlamydia 
notifi cations between 1997 and 2001 in Victoria also 
demonstrated a decrease in the proportion of men 
tested because of symptoms.11

Over both periods of the study, providers were more 
likely to recommend screening to females than 
males. This practice may account for some of the 
difference in notifi cation rates between the sexes.

The positivity rate among those tested for sexually 
transmitted chlamydia increased across the study 
period. If indicative of a trend, this may indicate 
more prevalent disease, or more focused testing of 
high risk groups. A study in New South Wales13 also 
found an increase in positivity rate with time, while a 
Victorian study14 did not.

The increase in testing for gonorrhoea over the 
study period, if indicative of a trend, could have 
been due to a number of factors. These may have 
included awareness of the availability of gonorrhoea 
and chlamydia testing on the same specimen, the 
information package, and patient request.

As the study was limited to two years in length, fur-
ther investigation into the reasons for the increasing 
notifi cation rate, and the possible identifi ed trends 
of increasing positivity and testing for gonorrhoea 
could be valuable.

While most providers reported that contact trac-
ing was being undertaken, usually by the cases 
themselves, the effectiveness of that contact tracing 
was not investigated by this study. Contact tracing 
has been recognised as an area in need of further 
research.1

The demographic variables examined and the pro-
portions of cases co-infected with gonorrhoea were 
comparable for the study sample and all chlamydia 
notifi cations to SAPHS – BS, suggesting the study 
methods achieved a representative sample. Thus, 
surveying the notifying providers of a 10 per cent 

random sample of notifi cations may prove a repeat-
able and cost-effective enhanced surveillance tech-
nique for sexually transmitted chlamydia.

As demonstrated by this study, effective enhanced 
surveillance can provide information on clinicians’ 
investigative and management practices, as well as 
the epidemiology of chlamydia in the local popula-
tion. This sort of information could be valuable to 
focus chlamydia control efforts at a local level.
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to Respond. The proposed date and location for the CDC Conference 2007 is 15–16 March 2007 at Rydges 
Lakeside in Canberra.

The CDC Conference 2007 is a unique opportunity for stakeholders who work in all areas of communicable 
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   Community-acquired methicillin-resistant 
Staphylococcus aureus in Central Australia

Claire L Stevens,1 Anna Ralph,2 James ET McLeod,3 Malcolm I McDonald4

Abstract
To date, there has been scant information about the burden of methicillin-resistant Staphylococcus 
aureus infections in Central Australia. Our aims were to determine the proportion of Staphylococcus 
aureus infections due to methicillin-resistant strains in Central Australia, to characterise resistance 
to non-beta lactam antibiotics and to correlate fi ndings with available demographic information. We 
retrospectively reviewed S. aureus isolates identifi ed by the Microbiology Laboratory of the Pathology 
Department, Alice Springs Hospital between September 2005 and February 2006. Multi-resistance was 
defi ned as resistance to three or more non-beta lactam antibiotics. We identifi ed the recovery site and 
extended antibiotic resistance profi le of each isolate. Demographic data included place of residence, 
discharge diagnosis and ethnicity. There were 524 S. aureus isolates: 417 (79.6%) methicillin-sensitive 
S. aureus, 104 (19.7%) non-multi-resistant MRSA (nmrMRSA) and 3 (0.7%) multi-resistant MRSA 
(mrMRSA). MRSA accounted for 7/22 (32%) invasive infections and 91/474 (19.2%) cases of staphy-
lococcal skin infections. Aboriginal people comprised 89 per cent (93/104) of patients with nmrMRSA; 
57 per cent lived in remote communities, 21 per cent in suburban Alice Springs, and 18 per cent in Alice 
Springs Town Camps. Six per cent (6/104) of nmrMRSA were hospital-acquired. Of the nmrMRSA 
isolates, 57 per cent (59/104) were resistant to erythromycin and 7 per cent (7/104) to fusidic acid. 
All MRSA isolates were susceptible to co-trimoxazole. In conclusion, Central Australia has high rates 
of community-acquired nmrMRSA and low rates of multi-resistant MRSA. Erythromycin resistance 
in S. aureus is also common. These fi ndings should prompt the review of antimicrobial prescribing 
guidelines for the region, especially for treatment of skin and soft tissue infections. Commun Dis Intell 
2006;30:462–466.

Keywords: Staphylococcus aureus, methicillin resistance, community-acquired infection, Central Australia, 
Aboriginal

Introduction

Methicillin-resistant (beta-lactam resistant) Staphy-
lococcus aureus (MRSA) is increasingly recognised 
in non-health care settings around Australia, and 
Aboriginal Australians are among those most at risk.1,2 
A recent longitudinal study documented an increase 
of hospitalised patients with community-acquired 
MRSA from 4.7 per cent in 2000 to 7.3 per cent in 
2004; the rise was especially marked in Darwin 
where the proportional increase was from 5 per cent 
to 20 per cent.3 Community-acquired MRSA made 
up 23 per cent of S. aureus isolates from pyoderma 
lesions and throat swabs in a recent study conducted 
in remote Aboriginal communities in the Top End of 
the Northern Territory.4 In addition, a recent cross-
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sectional survey in a remote Queensland Aboriginal 
community reported that 15 per cent of children were 
found to carry MRSA, although the numbers were 
small.5 It has been projected by one authority that 
methicillin resistance may eventually become as 
ubiquitous in S. aureus as penicillin resistance did 
several decades ago.6 This trend has important impli-
cations for empirical antibiotic prescribing and infec-
tion control measures in hospitals, urban settings and 
remote communities. Johnson and others, in a recent 
editorial in the Medical Journal of Australia, proposed 
management guidelines that include routine collection 
of local data, microbiological culture and antimicrobial 
susceptibility testing in settings where S. aureus are 
important pathogens.7
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There are no published data from Central Australia, 
although anecdotal reports indicate increasing rates 
of MRSA infection. Alice Springs Hospital serves a 
population of 51,000 people living in a region of approx-
imately 1 million square kilometres, and encompass-
ing southern and central Northern Territory, northern 
South Australia, and eastern Western Australia. This 
retrospective study is based on laboratory isolates 
collected over a six month period. It provides the 
fi rst documentation of the MRSA burden in Central 
Australia, both community-acquired and health care-
acquired. The fi ndings have implications for hospital 
and community antimicrobial prescribing guidelines.

Methods

We reviewed the laboratory data for S. aureus 
isolates identifi ed by the Microbiology Laboratory of 
the Pathology Department, Alice Springs Hospital 
(ASH) between September 2005 and February 
2006. Colonies of gram-positive cocci were identi-
fi ed as S. aureus if they were catalase positive and 
tested positive for production of coagulase using 
Staphaurex® (Oxoid). The specimen site (blood, 
sterile body fl uid, respiratory specimen, wound 
swab or screening swab) was recorded. As methicil-
lin-sensitive S. aureus (MSSA) is not reported from 
screening swabs, these were excluded. Antimicrobial 
susceptibility testing was performed using a disc 
diffusion method in accordance with Clinical and 
Laboratory Standards Institute (CLSI) Methods.8 
The isolates were reported as MSSA or MRSA 
based upon the diameter of the zone of inhibition 
around an oxacillin 1 microgram Disc (Oxoid).

We also determined susceptibility to ciprofl oxacin, 
erythromycin, fl ucloxacillin, fusidic acid, gentamicin, 
tetracycline and trimethoprim-sulphamethoxazole 
(co-trimoxazole) for all MRSA isolates using recom-
mended CLSI methods. Clindamycin susceptibility 
was inferred when the isolate was resistant to 
erythromycin. This was based on data from the Top 
End of the Northern Territory,4 acknowledging that 
clindamycin resistance might be over-estimated 
when due to the msrA mechanism rather than the 
erm-mediated mechanism.9

S. aureus was defi ned as non-multi-resistant 
(nmrMRSA) if resistant to methicillin and less than 
three other classes of non-beta lactam antibiotic.10 
Infections were classifi ed as community or health 
care-acquired by the ASH Infection Control Unit; 
health care-acquired infection was defi ned as infec-
tion acquired after greater than 48 hours of hospi-
talisation, or within four weeks after discharge and 
due to an organism acquired during hospitalisation. 
Community-acquired infections were those consid-
ered to be present on admission to hospital and not 
able to be linked to previous admission to hospital.

For each patient, we recorded the discharge diagno-
sis (coded as per the International Classifi cation of 
Diseases), ethnicity (Aboriginal or non-Aboriginal), 
and place of residence, as noted in the medical 
records and/or electronic coding system. Proportions 
were compared using the Chi-squared test.

Results

A search of laboratory and clinical records pro-
duced 524 S. aureus isolates: 417 (79.6%) MSSA, 
104 (19.7%) nmrMRSA and 3 (0.7%) mrMRSA. An 
additional 56 MRSA isolates (49 nmrMRSA and 
7 mrMRSA) were detected on ‘screening swabs’; 
these were not included in the study. Six per cent 
of nmrMRSA infections (6 of 104) and one of three 
mrMRSA infections were coded by the ASH Infection 
Control Unit as being hospital-acquired. However, 
this is likely to be an under-estimate because the 
ASH Infection Control Unit did not include outpatients 
and dialysis patients in the hospital-acquired group.

Susceptibility testing demonstrated that all nmrMRSA 
and mrMRSA isolates were susceptible to tetracyclines 
and co-trimoxazole. The three mrMRSA isolates 
qualifi ed as multi-resistant on the basis of resistance 
to gentamicin, erythromycin and fusidic acid in addition 
to beta-lactam antibiotics. Of the nmrMRSA isolates, 
59 (57%) were resistant to erythromycin, and 7 (6.7%) 
were resistant to fusidic acid. Antibiogram data for 
nmrMRSA isolates are shown in Figure 1.

Invasive staphylococcal infections (blood or 
other sterile site) accounted for 22 (5%) isolates; 
there were 15 cases of bacteraemia (10 MSSA, 
5 nmrMRSA) and 9 infections at other sterile sites 
(5 MSSA, 2 nmrMRSA). Thus, 7 of 22 (31.8%) 
invasive S. aureus infections were due to nmrMRSA 
compared with 97 of 502 (19.4%) non-invasive infec-

Figure 1. Proportion (%) of antibiotic 
resistance in nmrMRSA isolates
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tions (P=0.15). Skin swabs were the most common 
specimens received by the laboratory (Figure 2); 
91 of 474 (19.2%) skin swabs yielded MRSA. The 
laboratory also had many specimens labelled ‘gen-
eral’ category. When we reviewed their origin, 90 of 
91 were found to be skin swabs. Thus, ‘general’ 
isolates have been counted with the skin isolates.

Upon review of the clinical records of people with 
nmrMRSA, staphylococcal infection was included 
in the coded diagnoses on 58 of 104 (56%) occa-
sions and appeared to be incidental to the primary 
diagnosis (not recorded as a signifi cant fi nding) in 
the remainder. The most common staphylococcal 
infections were skin and soft tissue (Table) and 
70 of 104 (67%) patients with nmrMRSA infection 
required hospital admission.

Eighty-nine per cent of patients from whom nmrMRSA 
was isolated were Aboriginal. The three mrMRSA iso-
lates were from non-Aboriginal people. During the six 
month study period, Aboriginal people accounted for 
80 per cent of admissions to ASH (unpublished data 
from ASH Separations data for the period including 
September 2005 to February 2006).

As shown in Figure 3, nmrMRSA was most commonly 
recovered from people who lived in remote commu-
nities - 59 of 104 (57%), followed by Alice Springs 
suburban residences - 22 (21%), Alice Springs town 
camps - 19 (18%), Tennant Creek - 3 (3%) and the 
Correctional Facility - 1 (1%). The three mrMRSA 
infections were in patients who resided in suburban 
Alice Springs.

Discussion

Community-acquired non-multi-resistant MRSA 
infection in Central Australia has now become a 
major public health concern. Rates of MRSA infec-
tion greatly exceed those of the rest of Australia 
with the exception of the Top End of the Northern 
Territory,3 Northern Queensland5 and certain defi ned 
urban populations.1 In Central Australia the burden 
of MRSA skin and soft tissue infection is largely 
borne by the Aboriginal population, especially people 
from remote communities. Moreover, the Aboriginal 
population is much more likely to develop life-threat-
ening invasive disease as a result of skin and soft 
tissue infection than the non-Aboriginal population, 
and the outcome is worse.2

It is important to determine whether nmrMRSA was 
recently imported into Central Australia or arose de 
novo with local S. aureus strains acquiring the mec 
gene that encodes the low-affi nity penicillin bind-
ing protein responsible for beta–lactam resistance 
(PBP2a). Knowing the source will, to some extent, 

Figure 2. Site of infection as a proportion 
of total number of infections of each 
Staphylococcus aureus type, Northern Territory
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Table. Discharge diagnoses for patients with 
nmrMRSA

Diagnosis n %
Laceration or wound 20 19.2
Abscess 14 13.5
Surgical wound including compound 
fracture

8 7.7

Diabetic leg ulcer 3 2.9
Cellulitis 3 2.9
Burn 2 1.9
Pneumonia 2 1.9
Exacerbation of bronchiectasis 2 1.9
Other 4 3.8
Non-infective diagnosis only 46 44.2
Total 104 100

Figure 3. Place of abode of patients with 
nmrMRSA infection
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dictate the public health control measures required. 
Fortunately, S. aureus carry their ‘pedigree’ with 
them, written in the nucleotide sequences of seven 
basic housekeeping genes, and their lineage can be 
revealed using the molecular technique of multilocus 
sequence typing.11 The mec genes and related genes 
(SCCmec) can also be typed to determine whether 
they are likely to be of community origin. It would be 
important to determine whether Central Australian 
strains have genes for the Panton-Valentine leu-
kocidin, an important marker of skin infection and 
propensity to cause necrotising pneumonia.6 It could 
be that in Central Australia we are experiencing an 
outbreak of MRSA, imported from Western Australia 
or the Top End, An alternative scenario is that we 
are witnessing an outbreak of an imported mec 
gene that is fi nding its way into long-established 
community strains of MSSA. A third scenario is 
that, in certain settings and perhaps promoted by 
local antimicrobial prescribing patterns, a mec gene 
crosses from a local non-aureus staphylococcus 
(such as S. sciuri on household pets – particularly 
dogs) into S. aureus. S. sciuri has previously been 
shown to be a plausible extra-species source of 
mecA for S. aureus.12 Close contact between ani-
mals (especially dogs) and humans in Indigenous 
communities could potentially facilitate this proc-
ess. In addition, nmrMRSA strains appear to have 
greater aptitude for establishing skin colonisation, 
displacing mrMRSA in hospital and other settings.6 
This could explain the relatively low rate of mrMRSA 
infection in ASH. Geographical or social isolation 
cannot realistically be invoked as the explanation 
because there is frequent traffi c of patients and staff 
to intra– and inter-state hospitals.

High apparent rates of community acquisition indi-
cate that attempts to contain MRSA need to be largely 
community-based. Examples of effective community 
interventions include ‘Healthy Skin’ programs, such 
as those employed in the Top End of the Northern 
Territory,13 and installation of more swimming pools. 
Community pools have been associated with reduc-
tion in skin (and ear) infections.14 Antimicrobial pre-
scribing practices in remote communities could also 
be reviewed and modifi ed if required.

Infection control precautions need reinforcement 
within hospital settings. We identifi ed problems with 
classifi cation of cases as health-care related or com-
munity-acquired MRSA. We also noted that isolation 
and contact precautions were instituted for only 
8 of 24 inpatients with nmrMRSA infection during 
a recent two month surveillance period. Renewed 
enthusiasm of public health policy planners and 
health practitioners regarding regional infection 
control strategies would be welcomed.

The lack of effi cacy of beta-lactams for up to one third 
of S. aureus infections in Central Australia contrasts 
with the preservation of beta-lactam susceptibility 
in other common local organisms: locally-acquired 
Streptococcus pneumoniae, Haemophilus infl uenzae 
and Neisseria gonorrhoea are almost universally 
beta-lactam-susceptible. There is also a high burden 
of beta-haemolytic streptococcal infection, especially 
pyoderma, and the post-streptococcal sequelae 
of rheumatic fever and glomerulonephritis. These 
factors lead to widespread dependence upon beta-
lactam antibiotics in community and hospital antibiotic 
protocols. The most commonly used guideline in the 
region is the Central Australian Rural Practitioners 
Association Standard Treatment Manual15 and it 
advocates intramuscular benzathine penicillin G for 
treatment of skin sores. A key rationale for treating 
skin sores is to prevent harmful post-streptococcal 
sequelae rather than because of local pathology. 
However, staphylococcal and streptococcal skin 
lesions are frequently indistinguishable; the two 
pathogens are often found in the same lesion.3 Our 
data, and those of McDonald et al, indicate that 
beta-lactam therapy may no longer be effective for 
around 20 per cent of skin sores in Northern Territory 
Aboriginal communities, and the pathogenic potential 
of nmrMRSA is clearly evident.

Diffi culties in achieving timely specimen collection, 
transportation to a laboratory, and follow up of 
patients in isolated and mobile populations, render 
strategies based on culture results problematic. 
Overuse of agents active against MRSA will lead 
to rising resistance to such agents. Bearing in mind 
these considerations, the authors support ongoing 
use of a beta-lactam agent as empirical therapy for 
non-severe suspected staphylococcal infections, 
but in keeping with other Australian guidelines.7 
We also advocate collection and follow-up of swab 
specimens from skin and soft tissue infections, and 
use of an agent active against MRSA, for empirical 
treatment of severe suspected staphylococcal infec-
tions, or infection in a patient known to be colonised 
or infected with MRSA.

Erythromycin and clindamycin cannot be relied 
upon empirically as non-beta lactam alternatives, 
as 57 per cent of nmrMRSA isolates demonstrated 
erythromycin resistance. Macrolide resistance may 
be driven by the widespread use of this antibiotic 
class in Central Australia for highly prevalent res-
piratory tract infections, genital Chlamydia and 
trachoma (including occasional mass community 
treatments with azithromycin). The data presented 
here show that MRSA isolates in Central Australia 
are reliably susceptible to co-trimoxazole, a poten-
tial alternative for treating non-severe infections. 
However clinical effi cacy demonstrated by trial 
data is lacking. Fusidic acid susceptibility must be 
confi rmed before using this agent because resist-
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ance was identifi ed in seven per cent of our isolates. 
Topical use of fusidic acid is likely to promote resist-
ance and is discouraged.16 Randomised controlled 
trials comparing antibiotic treatment regimens for 
nmrMRSA, are eagerly awaited. A planned prospec-
tive clinical study with molecular typing of Central 
Australia isolates should further our understanding 
of S. aureus infection in this region.
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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 investigation of 
outbreaks of gastrointestinal illness and clusters 
of disease potentially related to food occurring in 
Australia from 1 July to 30 September 2006.

Data were received from OzFoodNet representatives 
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 inves-
tigations can take months to fi nalise.

During the third quarter of 2006, OzFoodNet sites 
reported 379 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 fi gures signifi cantly under-represent the true 
burden of these infections. In total, these outbreaks 
affected 7,457 people of which there were 199 hos-
pitalised and 15 died. The majority (87%, n=328) 
of outbreaks resulted from infections suspected to 
be spread from person-to-person (Figure). Of the 
outbreaks in institutions, 192 were in aged care 
facilities, 77 were in hospitals, 60 were in child care 
facilities and four were in various other institutional 
settings. Norovirus was identifi ed as a cause of ill-
ness in 103 of the outbreaks in aged care facilities 
and was suspected in many more.

Foodborne disease outbreaks

There were 23 outbreaks during the third quarter 
of 2006 where consumption of contaminated food 
was suspected or confi rmed as the primary mode 
of transmission (Table). These outbreaks affected 

176 people and resulted in 20 people being admitted 
to hospital. There were no deaths. This compares 
with 30 outbreaks for the third quarter of 2005 and 
22 outbreaks in the second quarter of 2006.

Salmonella was responsible for eight outbreaks 
during the quarter, with Salmonella Typhimurium 
being the most common serotype. S. Typhimurium 
170/108 was responsible for two outbreaks, and 
S. Typhimurium 135a, S. Typhimurium 135, and 
S. Typhimurium 8 were each responsible for one 
outbreak each. The other Salmonella serotypes 
causing outbreaks were S. Kiambu (2 outbreaks) and 
S. Potsdam (1 outbreak). Clostridium perfringens 
intoxication and ciguatera fi sh poisoning were each 
responsible for two outbreaks. There was also an 
outbreak of methaemoglobinaemia associated with 
the consumption of a food additive powder and an 
outbreak caused by Campylobacter. The remaining 
nine outbreaks were caused by unknown aetiologi-
cal agents.

Nine outbreaks reported in the quarter were associ-
ated with food prepared by restaurants, four with 
takeaway food premises, three by commercial cater-
ers and three where food was prepared in private 

Figure. Mode of transmission for outbreaks 
of gastrointestinal illness reported by 
OzFoodNet sites, 1 July to 30 September 2006
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residences. Single foodborne disease outbreaks 
were associated with food prepared by a commer-
cial food manufacturer, an aged care home, and a 
child care facility. One outbreak was also associated 
with imported food.

To investigate these outbreaks, sites conducted 
fi ve cohort studies and descriptive data were col-
lected for the remaining 18 outbreaks. Investigators 
obtained microbiological evidence linking a food 
vehicle to illness in two outbreaks. For the remain-

ing 21 outbreaks, investigators obtained descriptive 
epidemiological evidence implicating the food vehi-
cle or suggesting foodborne transmission.

Queensland reported seven outbreaks of foodborne 
disease during the quarter. Four were attributed to 
foods being left to cool at room temperature before 
refrigeration. C. perfringens was identifi ed as the 
agent responsible for illness in at least 13 people 
after a restaurant meal of chicken and lamb guvec. 
C. perfringens was detected in both clinical and 

Table. Outbreaks of foodborne disease reported by OzFoodNet sites,* July to September 2006

State or 
territory

Month of 
outbreak

Setting prepared Infection/illness Number 
affected

Evidence Responsible 
vehicle

NSW July Restaurant Unknown 5 D Unknown
Commercial 
caterer

Unknown 5 D Suspected 
catering food

Restaurant Unknown 4 D Chinese buffet

Restaurant Unknown 2 D Unknown

Child care Salmonella Potsdam 4 D Pikelets made 
from whole eggs

Takeaway Salmonella Typhimurium 170 4 M Eggs

Takeaway Salmonella Typhimurium 135A 2 D Suspect eggs

September Restaurant Unknown 7 D Pasta, pizza

Imported food Sodium nitrite 6 D Powder additive

Commercial 
manufactured food

Salmonella Typhimurium 170 2 D Suspect dips

NT September Private residence Ciguatera toxin 14 D Mother-in-law fi sh
Qld August Restaurant Salmonella Typhimurium 135 6 D Suspected chicken 

teriyaki sushi rolls
July Restaurant Clostridium perfringens 13 M Chicken & lamb 

guvec
Restaurant Unknown 6 D Unknown

Takeaway Unknown 4 D Suspected beef/ 
lamb component 
of doner kebab

Private residence Ciguatera toxin 2 D Spanish mackerel

September Private residence Salmonella Typhimurium 8 7 D Unknown

Takeaway Clostridium perfringens 6 D Lamb korma

Vic August Aged care facility Campylobacter 13 D Unknown
Commercial 
caterer

Unknown 7 D Sandwiches

September Commercial 
caterer

Unknown 19 D Unknown

WA September Restaurant Salmonella Kiambu 35 D Unknown
Restaurant Salmonella Kiambu 3 D Unknown

* No foodborne outbreaks were reported in the Australian Capital Territory, South Australia or Tasmania 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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food samples. The guvec dishes were cooked in 
large batches in 40 litre pots and left to cool at room 
temperature for approximately eight hours before 
being placed into smaller containers and stored in 
a cold room. In another outbreak, six people from 
two unconnected groups were ill after consuming a 
common dish of lamb korma at the same restaurant 
on the same night. C. perfringens was detected in 
faecal specimens, but no leftover food samples were 
available for testing. A third outbreak of four cases 
who consumed takeaway lamb and beef kebabs 
was also suspected to be due to C. perfringens. 
The fourth outbreak possibly caused by storage of 
food at incorrect temperatures involved six people 
infected with S. Typhimurium 135 following con-
sumption of sushi rolls from the same venue over a 
two day period.

New South Wales reported 10 outbreaks of foodborne 
disease during the quarter. S. Potsdam was identifi ed 
in four children who attend the same child care facility. 
The onset of illness for the children were three days 
apart. Children were located in the toddlers (1 case) 
and general (3 cases) buildings, which have separate 
dining areas, sleeping areas, toilets and playground 
facilities. All four children attended child care on a 
Friday. Meals prepared at the facility were deemed 
low risk. All four children were involved in preparing 
pikelets (beating batter) and then consuming them 
after they were cooked. Raw eggs were an ingredi-
ent of the pikelet batter. Staff members reported 
that none of the children licked the beaters or stuck 
fi ngers in raw batter. However, the pikelets may have 
been undercooked, with the inside of some pikelets 
reported to be quite runny.

In late September, New South Wales investigated 
two clusters involving a total of six cases of meth-
aemoglobinaemia that were associated with the 
consumption of Goldfi sh brand nutre powder. 
Laboratory testing of nutre powder showed that it 
was 100% sodium nitrite. Consumption of sodium 
nitrite converts haemoglobin to methaemoglobin, 
which is unable to bind with oxygen, resulting in 
hypoxia and has been previously associated with 
outbreaks.1,2 In both clusters the nutre powder had 
been purchased from Asian grocery stores and 
added to food as a fl avour enhancer. The product 
was imported from China and distributed to multiple 
states in Australia. Enhanced surveillance in all 
other jurisdictions did not identify any further cases. 
Food Standards Australia New Zealand coordinated 
a national consumer level recall of Goldfi sh brand 
nutre powder.

Victoria investigated three outbreaks during the 
quarter including an outbreak of 13 cases of illness 
in an aged care facility. Three residents were con-
fi rmed with Campylobacter infection. A staff member 
was also ill but likely to have been a secondary case 

as her onset was 5 days after the last case in a resi-
dent. A food source was suspected as the cause of 
this outbreak, but a specifi c food was unable to be 
identifi ed during the investigation. A viral illness was 
suspected to have caused two outbreaks associated 
with commercially catered functions. One outbreak 
was suspected to have been associated with the 
consumption of sandwiches, but a food source was 
not identifi ed for the other incident.

Western Australia reported two outbreaks caused 
by S. Kiambu that were probably related. The cases 
from both outbreaks had onset dates within a two 
week period and genetic patterns of the S. Kiambu 
isolates were indistinguishable from each other. 
One outbreak occurred in a cafe where three con-
fi rmed cases had eaten. A high risk food consumed 
by these cases was raw egg mayonnaise. Four 
confi rmed cases were associated with dining at 
another restaurant venue. A cohort study of patrons 
at this restaurant venue found that 31 of 149 people 
who ate at the restaurant had become ill; four staff 
members also tested positive for S. Kiambu. There 
was no statistical association with illness and any of 
the menu items and Salmonella was not detected 
in food or environmental samples from the venue. 
The source of infection for either outbreak was not 
determined. The S. Kiambu isolates were sensitive 
to a wide range of antibiotics.

The Northern Territory reported one outbreak of 
ciguatera fi sh poisoning that affected 14 people. All 
were members of the same family and ate parts of 
one ‘mother-in-law’ fi sh, the common name for slate 
sweetlips (Diagramma labiosum), during an evening 
meal. Hospital treatment was required by four of the 
cases.3

South Australia, Tasmania and the Australian Capital 
Territory did not report any foodborne outbreaks 
occurring in the third quarter of 2006.

Enhanced hepatitis A surveillance and 
response

In early July, Queensland was notifi ed of a labora-
tory-confi rmed hepatitis A virus (HAV) infection in 
an 18-year-old female food handler in a smallgoods 
processing plant packing pre-cooked, ready-to-eat 
meats. The case worked during the 25 day infec-
tious period before onset of symptoms. Although the 
risk of contaminating handled meat with HAV was 
considered low, the company voluntarily recalled 
potentially affected products. OzFoodNet enhanced 
surveillance for hepatitis A infections across all 
states and territories on behalf of the Communicable 
Disease Network Australia. Enhanced surveillance 
for hepatitis A did not detect any associated cases. 
From 26 June to 18 September 2006, 50 cases 
of HAV were notifi ed to the National Notifi able 
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Diseases Surveillance System. The mean age of 
cases was 32 years (range 5 to 79 years) with a 1:1 
male to female ratio. Thirty-seven of the 50 notifi ed 
HAV cases were investigated. Nine were overseas-
acquired infections and a variety of other potential 
risk factors were identifi ed. The number of cases 
reported nationally during this period was less than 
the historical averages. No outbreak investiga-
tion was required and enhanced surveillance was 
ceased on 18 September 2006.

In mid-August, New South Wales reported a case 
of hepatitis A that occurred in a person who had 
worked as a food handler in a school tuckshop. This 
case was identifi ed as part of an investigation of 
a group of people that had contracted their illness 
while visiting Fiji. The case reported having worked 
for one day at the school tuckshop, whilst infectious, 
preparing ready-to-eat foods which presented an 
opportunity for hepatitis A transmission. Normal 
human immunoglobulin (NHIG) was offered to any 
member of the school community who may have 
consumed ready-to-eat foods prepared by the case 
at the tuckshop. NHIG is effective in preventing hep-
atitis A if given within two weeks of being exposed 
to the virus.4 The school provided a letter to parents 
and students including fact sheets about hepatitis A 
and NHIG, and sought consent for students at risk 
to be passively immunised. Two clinics were held at 
the school where information and NHIG were given 
to 568 students, teachers and tuckshop workers. 
No secondary cases of hepatitis A were identifi ed in 
relation to this incident.

Comments

New South Wales and Queensland initiated major 
public health responses to incidents of potential 
hepatitis A contamination of food. The need for a 
public health response after a case of hepatitis A in 
a traveller to Fiji highlights the importance of appro-
priate pre-travel vaccination for people travelling 
to countries where hepatitis A is endemic.5 This is 
especially important for food handlers. It is important 
to educate both travellers and general practitioners 
about the value of individually targeted travel advice 
and appropriate prophylaxis or referral of patients to 
a travel health clinic.
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Highlights Communicable Diseases Surveillance

Figure 1 shows the changes in selected disease notifi -
cations with an onset in the third quarter of 2006, com-
pared with the fi ve-year mean for the same period. The 
following diseases were above the fi ve-year mean: 
cryptosporidiosis, SLTEC/VTEC, chlamydial infec-
tion, gonococcal infection, Haemophilus infl uenzae 
type b infection, mumps, pertussis, Barmah Forest 
virus infection, malaria, Ross River virus infection, 
brucellosis, legionellosis and tuberculosis. Diseases 

for which the number of notifi cations was below the 
fi ve-year mean for the same period include measles, 
meningococcal infection and invasive pneumococcal 
disease.

 Gastrointestinal diseases

 Cryptosporidiosis

There were 300 notifi cations of cryptosporidiosis 
between 1 July and 30 September 2006, which was 
1.2 times the fi ve-year mean for the third quarter. 
Nearly half of all cases were reported in Victoria 
(114 cases). This was a higher proportion than in 
the third quarter of 2005, when Victorian cases of 
cryptosporidiosis accounted for 94 of 336 notifi ca-
tions (28%).

There was a large decrease in the number of 
cryptosporidiosis notifi cations between the second 
and third quarters of 2006 (from 933 to 300); how-
ever, this is in line with the usual seasonal pattern 
(for example in 2005, notifi cations were 828 and 
336 for the second and third quarters respectively) 
(Figure 2).

Three-quarters of the notifi cations had information 
on the infecting species, and all 224 of these were 
identifi ed as Cryptosporidium parvum, which is the 
most important species in human disease (both the 
human and bovine genotypes).1 Infection can be 
transmitted through contaminated food or water, 
through person-to-person or animal-to-person con-
tact, or contact with contaminated environmental 
sources.

Figure 1. Selected* diseases from the National 
Notifi able Diseases Surveillance System, compar-
ison of provisional totals for the period 1 July to 
30 September 2006 with historical data*
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* 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 surveil-
lance 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.

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

‡ Some Victorian data for this period may be incomplete.

 Communicable diseases surveillance
Highlights for 3rd quarter, 2006

Communicable diseases surveillance highlights report on data from various sources, including the National 
Notifi able Diseases Surveillance System (NNDSS) and several disease specifi c surveillance systems that 
provide regular reports to Communicable Diseases Intelligence. These national data collections are com-
plemented by intelligence provided by state and territory communicable disease epidemiologists and 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 notifi able communicable diseases from state and territory health departments. The Virology 
and Serology Laboratory Reporting Scheme (LabVISE) is a sentinel surveillance scheme which collates infor-
mation on laboratory diagnosis of communicable diseases. In this report, data from the NNDSS are referred 
to as ‘notifi cations’ or ‘cases’, while data from the LabVISE scheme are referred to as ‘laboratory reports’.
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 Shiga-like toxin producing Escherichia coli/
verotoxin producing E. coli

There were 16 notifi cations of SLTEC/VTEC in the 
third quarter of 2006, which was 1.4 times the fi ve-year 
mean. Half of the cases were from South Australia. 
Three cases from Queensland had serotype informa-
tion, and these were all E. coli O111.

 Sexually transmissible infections

 Chlamydial infection

There were 11,343 notifi cations of chlamydial infec-
tion between 1 July and 30 September 2006, which 
was 1.5 times the fi ve-year mean. More cases 
were reported in males (59%) than females. Over 
one-third (37%) of all chlamydial infections were in 
people aged 20–24 years.

The number of reported infections was less than in 
the previous quarter (down from 11,567) however, 
this was substantially higher than in the correspond-
ing quarter of 2005 (a 12% increase from 10,146).

 Vaccine preventable diseases

 Haemophilus infl uenzae type b infection

There were 15 notifi cations of Haemophilus infl u-
enzae type b (Hib) infection between 1 July and 
30 September 2006, which was 3.1 times the fi ve-
year mean. Nearly half of these cases (7) were from 
New South Wales and two-thirds of cases were in 
females. Three cases were in infants aged less than 
one year, with an additional four cases in children 
aged 1–5 years.

Indigenous status was recorded for 14 of the 15 cases; 
six notifi cations were in Indigenous people, including 
the three infants aged less than one year.

Routine vaccination against Hib became available in 
Australia in 1993. Vaccination status was available 
for all of the nine cases who were eligible for Hib 
immunisation; six cases were fully vaccinated for age 
(three Indigenous and three non-Indigenous cases).

 Mumps

There were 90 notifi cations of mumps in the period 
1 July to 30 September 2006, which was 2.9 times 
the fi ve-year mean. Of these cases, 65 occurred in 
New South Wales. Half of all cases (46) occurred in 
people aged 25–34 years, and the median age of 
onset was 28 years. There were more cases among 
females (56%) than males.

Mumps rates were equivalent to 1.8 cases per 
100,000 population per annum (ranging from no 
cases in Victoria or Tasmania to 5.8 cases per 
100,000 population in the Northern Territory).

Vaccination status was known for 71 of the 90 noti-
fi cations (79%); 12 cases were fully vaccinated for 
age and six partially vaccinated. Only two cases had 
received two doses of vaccine. Overall, 53 cases 
(59%) were not vaccinated.

The highest notifi cation rate was 7.2 cases per 
100,000 population in people aged 25–29 years. 
Mumps vaccine became available in Australia in 
1980 for children aged 12–15 months, and was 
combined with the measles vaccine in 1982. As a 
result, few people in the 25–29 years age group 
would have received childhood vaccination against 
the mumps virus.

In the last few years, both the United States of 
America (USA) and the United Kingdom (UK) have 
reported increased mumps activity. In both regions, 
the majority of cases have occurred in college and 
university aged persons. In the USA for the period 
1 January to 7 October 2006, the highest age-
specifi c rate was among those aged 18 –24 years.2 
Interestingly, in clusters occurring in August, a 
majority of cases had received two doses of the 
MMR vaccine. In the UK in 2004–2005, 79 per cent 
of confi rmed cases of mumps were among those 
aged 15–24 years, a cohort which generally had not 
been eligible for routine mumps vaccination.3

 Pertussis

There were 4,536 notifi cations of pertussis for the 
third quarter of 2006, which was 1.8 times the fi ve-
year mean. Of these, 53 cases (1.2%) were among 
infants aged less than one year, nearly half (49%) 

Figure 2. Cryptosporidiosis notifi cation rates, 
January 2004 to September 2006, Australia and 
Victoria

0

10

20

30

40

50

60

70

Jan
2004

Apr Jul Oct Jan
2005

Apr Jul Oct Jan
2006

Apr Jul

Month and year

R
at

e
pe

r1
00

,0
00

po
pu

la
tio

n Australia
Victoria



CDI Vol 30 No 4 2006 473

Highlights Communicable Diseases Surveillance

of whom were fully vaccinated for age. The aver-
age age at onset was 47 years, with the greatest 
number of notifi cations in people aged 55–59 years. 
The highest notifi cation rate, however, was seen in 
those aged 65–69 years (165 cases per 100,000 
population, annualised) (Figure 3).

The overall rate of pertussis notifi cations was 
88 cases per 100,000 population, ranging from 
265 in South Australia to nine in Tasmania. The 
majority of pertussis notifi cations came from New 
South Wales (48%) and South Australia (23%) 
(Figure 4). Nearly two-thirds (62%) of notifi cations 
were for females.

Data from the NNDSS show that the age distribu-
tion of pertussis notifi cations changed between 
2000 and 2006. In 2001, 41.5 per cent of notifi ca-
tions occurred in children aged less than 15 years, 
compared to 6.2 per cent in 2006 (The National 

Pertussis Report to CDNA, 12 August 2006). This 
observation is consistent with recent publications 
indicating that the epidemiology of pertussis is 
changing. Within Australia, the Hunter New England 
Area in New South Wales has reported a change 
in the age distribution of pertussis notifi cations over 
the period 1998 to 2005.4 An increasing incidence of 
pertussis in adults has also been reported in other 
countries, including the USA and Germany.5,6

Part of the increase in notifi cations of pertussis may 
be due to false positive serology test results. In late 
September 2006, batches of PanBio Bordetella 
Pertussis IgA Elisa test kits were recalled because 
the cut-off determination point was set too low 
resulting in false positive results.7

 Varicella

This report includes notifi cations of varicella infection 
for the fi rst time. Varicella infection has become or is 
in the process of becoming notifi able in all jurisdic-
tions except New South Wales. The primary purpose 
of surveillance of varicella infection is to monitor the 
impact of varicella immunisation, which was funded 
from November 2005 for all infants at 18 months of 
age and children 10 to 13 years who have not had 
chickenpox infection. These notifi cations include 
clinical reports from general practitioners which 
may or may not have been laboratory confi rmed, 
and laboratory notifi cations with and without clinical 
information.

There were 1,752 notifi cations of varicella infection 
across Australia for the third quarter of 2006. These 
comprised 161 cases of chickenpox, 168 cases 
of zoster and 834 cases of laboratory-confi rmed 
varicella zoster virus infection of unknown clinical 
diagnosis. These notifi cations are a small propor-
tion of cases as surveillance in reporting jurisdic-
tions is not yet fully implemented. No notifi cations 
were received from Victoria or the Australian Capital 
Territory.

 Vectorborne diseases

  Barmah Forest virus and Ross River virus 
infections

There were 353 notifi cations of Barmah Forest virus 
(BFV) infection and 338 notifi cations of Ross River 
virus (RRV) infection in the third quarter of 2006, 
which was 2.1 times the fi ve-year mean for each 
disease. The majority of notifi cations came from 
Queensland (45% BFV and 42% RRV) and New 
South Wales (32% BFV and 23% RRV). While only 
28 BFV notifi cations and 34 RRV notifi cations came 
from the Northern Territory, the annualised rates 
were substantially higher than in other jurisdictions 
at 54.4 cases per 100,000 population for BFV (com-

Figure 3. Pertussis notifi cation rates, 1 July to 
30 September 2006, Australia, by age and sex
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Figure 4. Pertussis notifi cation rates, January 
2005 to September 2006, Australia, New South 
Wales and South Australia
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pared to 15.8 in Queensland and 6.6 in New South 
Wales) and 66.1 cases per 100,000 population for 
RRV (compared to 16.2 in Queensland and 5.2 in 
New South Wales).

Barmah Forest virus infection was reported more 
often for females than males (189 notifi cations ver-
sus 154). For both males and females, notifi cation 
rates peaked for those aged 40–49 years (9.9 and 
12.2 cases per 100,000 population respectively).

A similar number of notifi cations of RRV infection 
were reported for both males and females (191 
and 197 notifi cations respectively). Notifi cation 
rates peaked in women aged 40–49 years and also 
showed a lesser peak for those aged 70–79 years 
(12.7 and 10.1 cases per 100,000 population, 
respectively). Similarly, rates for males peaked in 
those aged 50–59 years and 70–79 years (11.6 and 
9.3 cases per 100,000 population respectively).

Figures 5 and 6 show infection rates for BFV and 
RRV from 2004. Infection rates for both viruses 
are highest in the Northern Territory, and rates in 
Queensland are consistently above the national 
rate. Ross River virus infection rates peak in sum-
mer; in the Northern Territory the peak is seen 
around December while in Queensland the peak is 
seen around February. Barmah Forest virus infec-
tion rates tend to peak later (around March). Trend 
data indicate that current BFV infection rates in the 
Northern Territory are much higher than usually 
seen in September: 53.3 cases per 100,000 popu-
lation in 2006 compared to 11.8 and 18.0 for 2005 
and 2004 respectively. Similarly, Ross River virus 
infection rates in the Northern Territory appeared 
to increase earlier in 2006 than in previous years 
(100.6 cases per 100,000 population in September 
2006 compared with 59.2 and 6.0 for 2005 and 
2004 respectively).

The number of cases of RRV infection reported by 
NSW Health doubled from 582 in 2005 to 1,199 
in 2006.8 Cases of Barmah Forest virus infection 
also increased from 448 in 2005 to 634 in 2006 (an 
increase of 42%).9 Notifi cations for both diseases 
peaked in March of 2006, with 299 cases of RRV 
and 110 cases of BFV. Notifi cations decreased over 
winter, as is the usual pattern.

 Malaria

There were 208 notifi cations of malaria in the period 
1 July to 30 September 2006, which was 1.5 times 
the fi ve-year mean. Notifi cations peaked for people 
in the 20–24 year age group (7.7 cases per 100,000 
population, annualised), and overall more males 
than females acquired the disease (148 cases ver-
sus 59).

Detailed place of acquisition information was avail-
able for 45 of the 61 cases notifi ed in Queensland. 
Of these, 26 cases were acquired in Papua New 
Guinea.

Just over one-third of malaria notifi cations had the 
infecting organism identifi ed; 45 were Plasmodium 
falciparum, 24 P. vivax, 2 P. ovale, 1 P. malariae and 
7 mixed.

 Zoonoses

 Brucellosis

There were 14 notifi cations for cases of brucellosis 
between 1 July and 30 September 2006, which was 
2.0 times the fi ve-year mean. Ten of these cases 
were from Queensland.

Figure 5. Barmah Forest virus infection 
notifi cation rates, January 2004 to September 
2006, Australia, New South Wales, the Northern 
Territory and Queensland
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Figure 6. Ross River virus infection notifi cation 
rates, January 2004 to September 2006, 
Australia, New South Wales, the Northern 
Territory and Queensland
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Six cases had information on the infecting organism; 
three were due to Brucella suis and three due to 
B. melitensis.

Other bacterial infections

 Legionellosis

There were 79 notifi cations of legionellosis for the 
third quarter of 2006, which was 1.2 times the fi ve-
year mean. Two-thirds of these cases were in males, 
and the median age at diagnosis was 65 years.

The infecting organisms responsible for these 
cases were Legionella longbeachae (42 cases), 
L. pneumophila (30 cases), L. bozemanii (1 case), 
1 L. micdadei (1 case) and unspecifi ed Legionella 
(5 cases).

There were three deaths due to legionellosis during 
this reporting period, all in Western Australia and 
attributed to L. longbeachae, in a 63-year-old male, 
a 75-year-old male and a 76-year-old female. While 
Western Australia reported an increased number of 
cases in September, all of these were sporadic.

 Meningococcal infection

There were 111 notifi cations for cases of mening-
ococcal infection in the third quarter of 2006—
equivalent to 2.2 cases per 100,000 population per 
year—which was 0.6 times the fi ve-year mean. Just 
over two-thirds of meningococcal infections were 
serogroup type B (76 cases, 68%), 8 cases (7%) 
were type C and 15 (14%) were of unknown type.

Nearly one-third of all cases (32%) were in children 
aged less than 5 years, and overall almost three-
quarters of cases (72%) were in people aged less 
than 25 years.

There were three deaths all due to meningococcal 
type B infection during this period: in a 4-month-old 
female in New South Wales, a 2-year-old male in 
Queensland and a 19-year-old male in Victoria.

Serogroups B and C are the most common types 
of meningococcal infection in Australia.10 It is impor-
tant to note that vaccination against meningococcal 
type C – but not type B – is currently available in 
Australia (one type of the vaccine also protects 
against serogroups A, W135 and Y, however it not 
used for routine vaccination).

Cases of meningococcal type C have been decreas-
ing over the last few years; there were 72 notifi ca-
tions in the third quarter of 2002, decreasing to eight 
for the current quarter. Routine vaccination against 
meningococcal type C for those aged 12 months 

or 15 years was introduced in 2003; catch-up vac-
cinations were available in 2003 to those aged 16–
17 years. Figure 7 shows that since the introduction 
of the vaccination program, rates of meningococcal 
type C have declined, while the fl uctuating pattern 
meningococcal type B infection rates has not shown 
much change.

 Tuberculosis

There were 333 notifi cations of tuberculosis in the 
third quarter of 2006, equivalent to 6.5 cases per 
100,000 population per annum, which was 1.3 times 
the fi ve-year third-quarter mean.

The average age at onset was 44 years, and the 
greatest number of notifi cations was for people 
aged 25–29 years (49 cases). Notifi cation rates 
peaked in those aged 70–79 years (18.7 cases 
per 100,000 population). A total of 11 cases were 
among Indigenous people (3.3%) and 300 in non-
Indigenous people (90%); Indigenous status was 
unknown for 22 cases (6.6%).

The majority of cases came from New South Wales 
(36%) and Victoria (34%). In 2005, 86 per cent of 
tuberculosis cases were in people who were over-
seas born (Paul Roche,  personal communication). 
In Victoria, an increasing number of tuberculosis 
cases were in recently arrived refugees. While a 
number of cases were found through screening, a 
considerable number were found through clinical 
presentation, often soon after arrival in Australia. 
These were mostly new cases, rather than relapse 
(Lynne Brown, personal communication).

There were two deaths due to tuberculosis in this 
reporting period: a 49-year-old female in Victoria 
and a 79-year-old male in Tasmania.

Figure 7. Meningococcal infection rates for 
serogroups B and C, 2000 to 2006
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Figure 8 shows tuberculosis notifi cation rates from 
1991 to 2005. Rates for non-Indigenous Australians 
have declined over this time, from 2.3 cases per 
100,000 in 1991 to 0.8 in 2005. Rates for Indigenous 
Australians were subject to greater fl uctuations, how-
ever overall also showed a decline, from 13.5 cases 
per 100,000 in 1991 to 5.9 in 2005. Conversely, noti-
fi cation rates in overseas-born persons have shown 
a steady increase from 15.1 cases per 100,000 in 
1991 to 20.6 in 2005.
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  Tables
A summary of diseases currently being reported by each jurisdiction is provided in Table 1. There were 
35,834 notifi cations to the National Notifi able Diseases Surveillance System (NNDSS) with a notifi cation date 
between 1 July and 30 September 2006 (Table 2). The notifi cation rate of diseases per 100,000 population for 
each State or Territory is presented in Table 3.

There were 6,360 reports re`ceived by the Virology and Serology Laboratory Reporting Scheme (LabVISE) in 
the reporting period, 1 July to 30 September 2006 (Tables 4 and 5).

Table 1. Reporting of notifi able diseases by jurisdiction

Disease Data received from:
Bloodborne diseases
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

SLTEC, VTEC All jurisdictions

Typhoid All jurisdictions

Quarantinable diseases
Cholera All jurisdictions

Plague All jurisdictions

Rabies All jurisdictions

Smallpox All jurisdictions 

Tularemia 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 infection (chickenpox) All jurisdictions except NSW

Varicella infection (unspecifi ed) All jurisdictions except NSW

Varicella zoster infection All jurisdictions except NSW

Vectorborne diseases
Barmah Forest virus infection All jurisdictions

Flavivirus infection (NEC)† All jurisdictions

Dengue All jurisdictions

Japanese encephalitis virus All jurisdictions

Kunjin virus All jurisdictions

Malaria All jurisdictions

Murray Valley encephalitis 
virus

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

Other bacterial infections
Legionellosis All jurisdictions

Leprosy All jurisdictions

Meningococcal infection All jurisdictions

Tuberculosis All jurisdictions

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

† Flavivirus (NEC) replaced Arbovirus (NEC) from 1 January 2004.
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State or territory

Disease* ACT NSW NT Qld SA Tas Vic WA Australia
Bloodborne diseases
Hepatitis B (incident) 6.1 0.4 3.9 0.9 0.8 1.6 1.7 2.3 1.2
Hepatitis B (unspecifi ed) 17.1 48.1 104.9 28.1 19.3 11.5 30.0 40.1 35.9
Hepatitis C (incident) 2.4 0.3 0.0 0.0 2.6 2.5 2.9 4.5 1.6
Hepatitis C (unspecifi ed) 50.0 93.9 106.8 77.9 27.6 35.2 54.6 62.1 70.9
Hepatitis D 0.0 0.3 0.0 0.1 0.0 0.0 0.3 0.0 0.2
Gastrointestinal diseases
Botulism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Campylobacteriosis† 106.1 NN 136.0 97.8 180.6 106.4 117.5 79.5 75.4
Cryptosporidiosis 2.4 2.5 3.9 7.2 3.3 2.5 9.0 9.8 5.8
Haemolytic uraemic syndrome 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hepatitis A 0.0 1.3 3.9 0.8 0.5 0.0 0.7 2.3 1.1
Hepatitis E 0.0 0.1 0.0 0.0 0.0 0.0 0.2 0.2 0.1
Listeriosis 0.0 0.4 0.0 0.1 0.5 0.0 0.2 0.2 0.3
Salmonellosis (NEC) 30.5 17.9 132.1 36.2 23.7 13.1 18.0 27.6 24.1
Shigellosis 0.0 0.6 36.9 1.7 2.3 0.8 0.9 5.9 1.9
SLTEC, VTEC‡ 0.0 0.0 3.9 0.5 2.1 0.0 0.0 0.2 0.3
Typhoid 0.0 0.4 1.9 0.0 0.0 0.0 0.2 0.2 0.2
Quarantinable diseases
Cholera 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
Smallpox 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tularemia 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§ 242.6 165.5 876.1 292.1 184.5 197.3 193.3 296.5 220.8
Donovanosis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gonococcal infection 8.5 21.7 767.3 37.7 22.2 2.5 20.8 75.2 36.7
Syphilis (all) 4.9 12.0 93.2 9.2 2.6 4.9 12.7 5.7 10.8

Syphilis < 2 years duration 1.2 1.2 60.2 3.2 0.0 0.0 5.1 2.2 3.1
Syphilis > 2 years or 
unspecifi ed duration

3.7 10.8 33.0 6.0 2.6 4.9 7.6 3.5 7.7

Syphilis - congenital 0.0 0.0 1.9 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 0.4 0.0 0.4 0.0 0.0 0.1 0.6 0.3
Infl uenza (laboratory 
confi rmed)

23.2 25.4 31.1 119.1 17.0 27.0 20.6 25.3 42.0

Measles 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Mumps 1.2 3.8 5.8 0.8 3.1 0.0 0.0 0.2 1.8
Pertussis 96.3 127.3 48.6 68.1 264.9 9.0 36.7 13.7 88.3
Pneumococcal disease 
(invasive)

2.4 12.1 40.8 11.8 11.1 13.1 6.2 8.4 10.3

Table 3. Notifi cation rates of diseases, 1 July to 30 September 2006, by state or territory. 
(Annualised rate per 100,000 population) 
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State or territory

Disease* ACT NSW NT Qld SA Tas Vic WA Australia
Vaccine preventable 
diseases, continued
Poliomyelitis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rubella 0.0 0.8 0.0 0.6 0.0 0.0 0.3 0.2 0.5
Rubella - congenital 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tetanus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Varicella infection (chickenpox) 0.0 NN 176.8 14.4 39.2 5.7 0.0 10.8 8.8
Varicella infection (unspecifi ed) 0.0 NN 3.9 89.6 16.7 7.4 0.0 1.6 19.2
Varicella zoster infection 0.0 NN 52.4 8.1 45.6 10.6 0.0 2.9 6.1
Vectorborne diseases
Barmah Forest virus infection 1.2 6.6 54.4 15.8 7.7 0.0 0.2 3.9 6.9
Dengue 1.2 0.9 7.8 1.4 0.0 0.0 0.0 0.6 0.7

Flavivirus infection (NEC) 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.1

Japanese encephalitis virus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kunjin virus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malaria 2.4 2.2 38.9 6.0 3.6 4.9 2.8 6.1 4.0
Murray Valley encephalitis 
virus

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Ross River virus infection 3.7 5.2 66.0 16.2 9.0 0.0 0.6 11.4 7.6
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 0.2 0.0 1.0 0.0 0.0 0.0 0.2 0.3
Leptospirosis 0.0 0.1 0.0 1.3 0.3 0.0 0.2 0.4 0.4
Lyssavirus unspecifi ed 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ornithosis 0.0 0.9 0.0 0.0 0.0 0.8 1.3 0.0 0.6
Q fever 0.0 2.5 1.9 4.2 1.8 0.0 0.6 0.0 1.9
Other bacterial infections
Legionellosis 0.0 0.5 1.9 2.0 4.9 0.0 0.7 4.3 1.5
Leprosy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Meningococcal infection|| 3.7 2.5 1.9 2.6 1.3 0.0 2.1 1.4 2.2
Tuberculosis 4.9 7.0 19.4 4.2 4.9 1.6 8.9 4.7 6.5

* 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-like toxin (verotoxin) producing Escherichia coli (SLTEC/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, the 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.

Table 3. Notifi cation rates of diseases, 1 July to 30 September 2006, by state or territory. 
(Annualised rate per 100,000 population), continued
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 Table 4. Virology and serology laboratory reports by state or territory* for the reporting period 
1 July to 30 September 2006, and total reports for the year†.

State or territory This 
period 
2006

This 
period 
2005

Year 
to date 
2006

Year 
to date 
2005

ACT NSW NT Qld SA Tas Vic WA

Measles, mumps, 
rubella
Measles virus – – – 1 – – 1 – 2 1 54 4
Mumps virus – – – – 2 – – – 2 7 25 25
Rubella virus – – – 3 – – 1 1 5 4 13 11
Hepatitis viruses
Hepatitis A virus – 1 1 4 – – – 2 8 21 24 38
Hepatitis D virus – – – – – – 1 – 1 6 5 12
Hepatitis E virus – – – – – – 1 – 1 2 5 11
Arboviruses
Ross River virus – 2 8 18 8 – – 8 44 51 1,021 333
Barmah Forest virus – – – 11 26 – – – 37 28 266 158
Flavivirus (unspecifi ed) – – – 3 – – 1 – 4 9 43 29
Adenoviruses
Adenovirus type 1 – – – – – – 2 – 2 5 3 6
Adenovirus not typed/
pending

2 116 – 14 56 – 42 – 230 213 490 498

Herpes viruses
Cytomegalovirus – 65 1 17 102 2 30 3 220 318 738 729
Varicella-zoster virus 1 40 – 134 98 5 9 – 287 381 897 1,111
Epstein-Barr virus – 2 26 89 123 1 1 123 365 562 1,183 1,543
Other DNA viruses
Molluscum contagiosum – – – – – – 1 – 1 – 1 –
Poxvirus group not typed – – – – – – 2 – 2 1 2 2
Parvovirus – 2 – 34 19 – 6 – 61 44 149 123
Picornavirus family
Coxsackievirus A9 – 6 – – – – – – 6 – 11 2
Echovirus type 3 – 2 – – – – – – 2 – 2 –
Echovirus type 8 – 1 – – – – – – 1 – 1 –
Echovirus type 18 – 1 – – – – – – 1 3 2 13
Rhinovirus (all types) – 95 – – 2 1 1 1 100 75 142 246
Enterovirus not typed/
pending

– 8 – 1 – 2 7 – 18 76 94 141

Picornavirus not typed – – – – – 1 – – 1 – 2 1
Ortho/paramyxoviruses
Infl uenza A virus 2 58 – 61 24 4 79 – 228 527 300 647
Infl uenza A virus H3N2 – 1 – – – – – – 1 2 1 2
Infl uenza B virus – 33 – 14 68 – 7 – 122 148 166 230
Parainfl uenza virus type 1 – 1 – – 14 – 1 – 16 17 74 46
Parainfl uenza virus type 2 – 3 – – 2 – – – 5 13 12 46
Parainfl uenza virus type 3 1 44 – 11 18 – 15 – 89 175 114 274
Respiratory syncytial virus – 536 – 65 298 20 267 – 1,186 718 1,747 1,550
Other RNA viruses
Rotavirus 3 366 – – 184 47 137 1 738 760 869 999
Norwalk agent – 18 – – – – 411 – 429 68 1,110 163
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State or territory This 
period 
2006

This 
period 
2005

Year 
to date 
2006

Year 
to date 
2005

ACT NSW NT Qld SA Tas Vic WA

Other
Chlamydia trachomatis 
not typed

3 279 – 307 341 5 6 – 941 1,239 3,412 3,778

Chlamydia pneumoniae – – – – – – 1 – 1 2 1 6
Chlamydia psittaci – 2 – – – – 15 – 17 8 43 38
Chlamydia species – 1 – – – – – – 1 – 2 –
Mycoplasma pneumoniae – 7 2 99 109 4 39 34 294 425 901 927
Mycoplasma hominis – 10 – – – – – – 10 2 20 4
Coxiella burnetii (Q fever) – 3 – 6 8 1 5 – 23 34 93 121
Rickettsia tsutsugamushi – – – – 2 – – – 2 27 23 46
Rickettsia - spotted fever 
group

– – – – 18 1 – – 19 81 85 178

Streptococcus group A – – – 65 – – – – 65 189 329 431
Yersinia enterocolitica – 1 – – – – – – 1 – 5 6
Brucella species – 2 – – – – – – 2 6 5 9
Bordetella pertussis 1 15 – 38 498 – – – 552 416 1,224 1,167
Legionella pneumophila – 1 – – 5 – – – 6 3 25 17
Legionella longbeachae – – – – 4 – 1 – 5 18 15 37
Cryptococcus species – 1 – 1 2 – – – 4 4 19 29
Leptospira species – – – 3 2 – – – 5 7 16 23
Treponema pallidum – 56 1 61 74 – 1 – 193 254 688 835
Entamoeba histolytica – – – 1 – – – – 1 4 1 12
Toxoplasma gondii – 1 – – – – 2 – 3 11 36 31
Total 13 1,780 39 1,061 2,107 94 1,093 173 6,360 6,965 16,509 16,688

* 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 July to 30 September 2006, and total reports for the year,† continued
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Table 5.  Virology and serology reports by laboratories for the reporting period 1 July to 
30 September 2006*

State or territory Laboratory July 
2006

August 
2006

September 
2006

Total 
this 

period
Australian Capital 
Territory

The Canberra Hospital – – – –

New South Wales Institute of Clinical Pathology and Medical 
Research, Westmead

129 172 152 453

New Children’s Hospital, Westmead 262 202 148 612
Repatriation General Hospital, Concord – – – –
Royal Prince Alfred Hospital, Camperdown 45 36 44 125
South West Area Pathology Service, Liverpool 209 194 176 579

Queensland Queensland Medical Laboratory, West End 277 420 404 1,101
Townsville General Hospital – – – –

South Australia Institute of Medical and Veterinary Science, 
Adelaide

2,105 – – 2,105

Tasmania Northern Tasmanian Pathology Service, 
Launceston

32 39 23 94

Royal Hobart Hospital, Hobart – – – –
Victoria Monash Medical Centre, Melbourne 67 70 23 160

Royal Children’s Hospital, Melbourne 139 170 127 436
Victorian Infectious Diseases Reference 
Laboratory, Fairfi eld

243 88 158 489

Western Australia PathCentre Virology, Perth – – – –
Princess Margaret Hospital, Perth – – – –
Western Diagnostic Pathology 35 101 70 206

Total 3,543 1,492 1,325 6,360

* The complete list of laboratories reporting for the 12 months, January to December 2006, 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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Additional reports

 Australian Sentinel Practice 
Research Network
The Research and Health Promotion Unit of the 
Royal Australian College of General Practitioners 
operates the Australian Sentinel Practice Research 
Network (ASPREN). ASPREN is a network of general 
practitioners who report presentations of defi ned 
medical conditions each week. The aim of ASPREN 
is to provide an indicator of the burden of disease 
in the primary health setting and to detect trends in 
consultation rates.

There are currently about 40 general practition-
ers participating in the network from all states and 
territories. Seventy-fi ve per cent of these are in 
metropolitan areas and the remainder are rural 
based. Between 3,000 and 4,000 consultations are 
recorded each week.

The list of conditions is reviewed annually by the 
ASPREN management committee and an annual 
report is published.

In 2006, six conditions are being monitored, four of 
which are related to communicable diseases. These 
include infl uenza, gastroenteritis, varicella and shin-
gles. Defi nitions of these conditions were published 
in Commun Dis Intell 2006;30:158.

Data from 1 January to 30 September 2006 com-
pared with 2005 are shown as the rate per 1,000 
consultations in Figures 9 and 10.

Figure 10. Consultation rates for infl uenza-like 
illness, ASPREN, 1 January to 30 September 
2006, by week of report
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Figure 9. Consultation rates for gastroenteritis, 
ASPREN, 1 January to 30 September 2006, by 
week of report
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Table 8 shows immunisation coverage estimates 
for ‘fully immunised’ and for individual vaccines at 
six years of age for Australia and by state or ter-
ritory. Surprisingly, ‘fully immunised’ coverage for 
Australia increased signifi cantly by 3.5 percentage 
points and is now at the highest level ever recorded 
since it was fi rst reported in early 2003. Coverage 
increased signifi cantly in almost all jurisdictions and 
for all individual vaccines except in the Northern 
Territory where it decreased by 2.5 percentage 
points. Tasmania, Queensland and the Australian 
Capital Territory experienced the most signifi cant 
increases for ‘fully immunised’ coverage, 6, 4.4 and 
4.4 percentage points respectively. A possible factor 
in this increase in coverage at 6 years of age is the 
introduction of the multi-valent combination vaccine 
Infanrix-IPV onto the schedule that occurred in 
November 2005, reducing the number of vaccines to 
be recorded from three to two. Other factors which 
may have had an impact at the local level include 
promotional campaigns centred around childcare or 
school entry or data cleaning activities.

Figure 11 shows the trends in vaccination coverage 
from the fi rst ACIR-derived published coverage esti-
mates 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 
6 years, although the rate of increase has slowed 
over the past two years in all age groups. There 
have now been 12 consecutive quarters where ‘fully 
immunised’ coverage at 24 months has been greater 
than ‘fully immunised’ coverage at 12 months, follow-
ing the removal of the requirement for the 18 month 
DTPa vaccine. Both measures have been above 
90 per cent for this period. Currently, coverage 
for meningococcal C conjugate at 12 months and 
pneumococcal conjugate at 2, 4, and 6 months, is 
not included in the 12 or 24 months coverage data 
respectively.

 Childhood immunisation coverage
Tables 6, 7 and 8 provide the latest quarterly report on 
childhood immunisation coverage from the Australian 
Childhood Immunisation Register (ACIR).

The data show the percentage of children fully 
immunised at 12 months of age for the cohort born 
between 1 April and 30 June 2005, at 24 months of 
age for the cohort born between 1 April and 30 June 
2004, and at 6 years of age for the cohort born 
between 1 April and 30 June 2000 according to the 
Australian Standard Vaccination Schedule.

For information about the Australian Childhood 
Immunisation Register see Surveillance systems 
reported in CDI, published in Commun Dis Intell 
2006;30:157 and for a full description of the method-
ology 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 immunised’ 
at 12 months of age for Australia increased marginally 
by 0.1 percentage points to 90.8 per cent (Table 6), 
whilst there were no important changes in coverage 
for all individual vaccines due at 12 months of age. 
There were no signifi cant movements in coverage 
for individual vaccines by jurisdiction.

Immunisation coverage for children ‘fully immu-
nised’ at 24 months of age for Australia decreased 
marginally from the last quarter by 0.2 percentage 
points to 92.2 per cent (Table 7). There were no 
signifi cant changes in coverage in any jurisdiction 
for ‘fully immunised’ coverage or for coverage for 
individual vaccines. It is notable that the estimate 
for ‘fully immunised’ at 24 months of age has been 
higher than the 12 months coverage estimate since 
the 18 month DTPa booster was no longer required 
from September, 2003.

It is also notable that, for the two vaccines where 
no further doses are due between 6 months and 
24 months of age (DTP and polio), coverage at the 
national level was 95.1 per cent and 95.0 per cent 
respectively at 24 months versus 91.9 and 91.8 per 
cent at 12 months. This suggests that delayed notifi -
cation or delayed vaccination is making an important 
contribution to the coverage estimates at 12 months 
of age and that the ‘fully immunised’ estimate in 
particular is likely to be a minimum estimate.

Figure 11. Trends in vaccination coverage, 
Australia, 1997 to 2006, by age cohorts
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Table 8.  Percentage of children immunised at 6 years of age, preliminary results by disease and state 
or territory for the birth cohort 1 April to 30 June 2000; assessment date 30 September 2006

State or territory

Vaccine ACT NSW NT Qld SA Tas Vic WA Australia
Total number of children 1,082 22,382 870 13,573 4,597 1,562 15,821 6,606 66,493
Diphtheria, tetanus, pertussis (%) 88.9 87.0 82.9 87.0 85.2 89.2 89.6 81.9 87.0
Poliomyelitis (%) 88.6 87.0 83.9 87.2 85.3 89.5 89.7 82.0 87.1
Measles, mumps, rubella (%) 88.6 87.0 83.5 87.3 85.0 89.7 89.7 82.0 87.1
Fully immunised (%)1 87.6 86.2 82.2 86.2 84.5 88.6 89.0 80.7 86.2
Change in fully immunised since 
last quarter (%)

+4.4 +3.1 -2.5 +4.4 +2.2 +6.0 +3.9 +3.4 +3.5

Table 7.  Percentage of children immunised at 2 years of age, preliminary results by disease and state 
or territory for the birth cohort 1 April to 30 June 2004; assessment date 30 September 2006*

State or territory
Vaccine ACT NSW NT Qld SA Tas Vic WA Australia
Total number of children 983 20,991 884 13,039 4,257 1,338 15,157 6,519 63,168
Diphtheria, tetanus, pertussis (%) 95.8 94.7 96.6 94.6 95.3 96.0 96.0 94.7 95.1
Poliomyelitis (%) 95.9 94.6 96.2 94.5 95.2 96.0 96.0 94.6 95.0
Haemophilus infl uenzae type b (%) 94.7 93.0 95.1 93.5 93.9 94.7 94.7 92.9 93.7
Measles, mumps, rubella (%) 94.9 93.1 95.7 93.5 94.4 94.5 95.0 93.4 93.9
Hepatitis B(%) 95.8 95.5 97.3 95.3 95.9 96.3 96.6 95.1 95.8
Fully immunised (%) 93.8 91.4 94.6 91.6 92.7 93.8 93.7 91.2 92.2
Change in fully immunised since 
last quarter (%)

-0.4 -0.3 +0.1 -0.6 +0.5 +0.2 +0.1 -0.1 -0.2

* The 12 months age data for this cohort was published in Commun Dis Intell 2005;29:434.

Table 6.  Percentage of children immunised at 1 year of age, preliminary results by disease and state 
or territory for the birth cohort 1 April to 30 June 2005; assessment date 30 September 2006

State or territory

Vaccine ACT NSW NT Qld SA Tas Vic WA Australia
Number of children 1,036 22,738 944 14,415 4,481 1,495 16,140 6,663 67,912
Diphtheria, tetanus, pertussis (%) 91.3 91.7 91.3 91.9 91.8 94.3 92.7 90.1 91.9

Poliomyelitis (%) 91.1 91.6 91.1 91.9 91.6 94.1 92.6 90.1 91.8
Haemophilus infl uenzae type b (%) 94.7 94.5 95.8 94.1 94.1 96.1 94.7 93.6 94.4
Hepatitis B (%) 94.8 94.8 95.9 93.9 94.2 95.9 94.5 93.6 94.4
Fully immunised (%) 90.6 90.9 90.6 90.4 90.6 93.8 91.3 89.4 90.8
Change in fully immunised since 
last quarter (%)

-0.1 +0.8 -0.0 -0.4 -0.4 0.0 -0.5 +0.2 +0.1
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unchanged from the equivalent period in 2005, the 
number and proportion of CMRNG increased from 
the 188 (18.7%) seen last year. The proportion of all 
strains resistant to the penicillins by any mechanism 
ranged from 4.5 per cent in the Northern Territory to 
53 per cent in New South Wales. High rates of peni-
cillin resistance were also found in Victoria (43%), 
Queensland (25%) and Western Australia (21%).

Figure 12 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 
PPNG, aggregated for Australia and by state and 
territory. A high proportion those strains classifi ed as 
PPNG or CMRNG fail to respond to treatment with 
penicillins (penicillin, amoxycillin, ampicillin) and 
early generation cephalosporins.

In New South Wales and Victoria most of the penicil-
lin resistance was due to CMRNG. In New South 
Wales (131, 43%) were CMRNG with 29 PPNG 
(9.6%) and in Victoria 109 (40%) were CMRNG 
and 15 (5.6%) PPNG. In Queensland 21 (14.7%) 
isolates were CMRNG and 15 (10.5%) were PPNG. 
In Western Australia PPNG were more prominent 
(17% of the 100 isolates) with 4 per cent CMRNG. 
All fi ve resistant strains in South Australia were 
CMRNG. Six of the eight penicillin resistant isolates 
in the Northern Territory were from Darwin and fi ve 
of these were PPNG. Both PPNG and CMRNG were 
reported from Tasmania and the Australian Capital 
Territory.

 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, ciprofl oxacin and spectinomycin, all 
of which are administered as single dose regimens 
and currently used in Australia to treat gonorrhoea. 
When in vitro resistance to a recommended agent is 
demonstrated in 5 per cent 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 presence 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 program-specifi c quality 
assurance process. Because of the substantial 
geographic differences in susceptibility patterns in 
Australia, regional as well as aggregated data are 
presented. For more information see Commun Dis 
Intell 2006;30:157.

NOTE. This report completes 25 years of continu-
ous quarterly surveillance by the AGSP.

Reporting period 1 April to 30 June 2006

The AGSP laboratories received a total of 1,144 
isolates in this quarter of which 1,107 underwent 
susceptibility testing. This was about 11 per cent 
more than the 1,028 gonococci reported for the 
same period in 2005. About 27 per cent of this 
total was from New South Wales, 23 per cent from 
Victoria, 16 per cent from the Northern Territory, 
13 per cent from Queensland and 9 per cent from 
each of Western Australia and South Australia. 
Small numbers of isolates were also received from 
Tasmania and the Australian Capital Territory.

 Penicillins

In this quarter 363 (32.8%) isolates examined were 
penicillin resistant by one or more mechanisms. 
Eighty-four (7.6%) were penicillinase-producing Neis-
seria gonorrhoeae (PPNG) and 279 (25.2%) resist-
ant by chromosomal mechanisms, (CMRNG). While 
the number and proportion of PPNG was essentially 

Figure 12. Categorisation of gonococci isolated 
in Australia, 1 April to 30 June 2006, by 
penicillin susceptibility and region
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 Meningococcal surveillance 
John Tapsall, The Prince of Wales Hospital, 
Randwick, NSW, 2031 for the Australian Meningo-
coccal Surveillance Programme.

The reference laboratories of the Australian Mening-
ococcal Surveillance Programme report data on the 
number of laboratory confi rmed cases confi rmed 
either by culture or by non-culture based tech-
niques. 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 amplifi cation assays 
and serological techniques, are defi ned as inva-
sive meningococcal disease (IMD) according to 
Public Health Laboratory Network defi nitions. Data 
contained in the quarterly reports are restricted to 
a description of the number of cases per jurisdic-
tion, and serogroup, where known. A full analysis 
of laboratory confi rmed cases of IMD is contained 
in the annual reports of the Programme, published 
in Communicable Diseases Intelligence. For more 
information see Commun Dis Intell 2006;30:157.

Laboratory confi rmed cases of invasive mening-
ococcal disease for the period 1 July to 30 September 
2006, are included in this issue of Communicable 
Diseases Intelligence (Table 9).

 Ceftriaxone

Seven isolates with decreased susceptibility to 
ceftriaxone (MIC range 0.06–0.12 mg/L) were 
detected, fi ve in New South Wales and one each in 
Queensland and Western Australia.

 Spectinomycin

All isolates were susceptible to this injectable 
agent.

 Quinolone antibiotics

The total number and proportion, (373, 33.7%) of 
quinolone resistant N. gonorrhoeae (QRNG) contin-
ued to increase when compared with corresponding 
fi gures in the second quarter of recent years. In 2005, 
307 (30%) QRNG were detected, in 2004 there were 
172 (20%) and in 2003, 135 (14%). The majority of 
QRNG in the current period (367, 98%) exhibited 
higher-level resistance (ciprofl oxacin MICs 1 mg/L 
or more). QRNG are defi ned as those isolates with 
an MIC to ciprofl oxacin equal to or greater than 0.06 
mg/L. QRNG are further subdivided into less sensi-
tive (ciprofl oxacin MICs 0.06–0.5 mg/L) or resistant 
(MIC ≥1 mg/L) groups.

QRNG were again widely distributed and were 
detected in all states and territories (Figure 13). 
The highest number (167) and proportion (55%) of 
QRNG were found in New South Wales. QRNG were 
also prominent in Victoria where 118 QRNG repre-
sented 44 per cent of isolates and in Queensland 
(47 QRNG, 33%). In South Australia there were 
14 (13.7%) QRNG, in Western Australia 13 (13%) 
and six (3.4%) in the Northern Territory. Five QRNG 
were present in the Australian Capital Territory and 
three in Tasmania.

High level  tetracycline resistance

The number (117) and proportion (10.6%) of high 
level tetracycline resistance (TRNG) detected were 
less than the 131 (13%) reported in this period of 
2005. TRNG were found in all states and territories. 
The highest proportion of TRNG in any jurisdiction 
(34%) was in Western Australia.

Reference

1. Management of sexually transmitted diseases. World 
Health Organization 1997; Document WHO/GPA/
TEM94.1 Rev.1 p 37.

Figure 13 The distribution of quinolone 
resistant isolates of Neisseria gonorrhoeae 
in Australia, 1 April to 30 June 2006, by 
jurisdiction
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Table 9. Number of laboratory confi rmed cases of invasive meningococcal disease, Australia, 1 July 
to 30 September 2006, by jurisdiction and serogroup

State or 
territory

Year Serogroup
A B C Y W135 ND All

Q3 YTD Q3 YTD Q3 YTD Q3 YTD Q3 YTD Q3 YTD Q3 YTD
Australian 
Capital Territory 

06 1 1 0 1 0 0 0 1 1
05 2 3 1 3 0 1 3 7
04 0 3 3 7 3 10

New South 
Wales

06 24 46 9 13 0 1 1 3 2 5 36 68
05 27 60 4 13 0 3 4 7 2 3 37 86
04 22 60 6 15 1 3 2 4 3 14 34 96

Northern 
Territory

06 1 3 1 3
05 2 5 0 2 0 2 7
04 0 5 0 0 0 1 0 6

Queensland 06 0 2 20 45 0 4 1 1 21 52
05 0 0 13 34 5 7 0 0 0 0 0 0 18 45
04 0 1 13 36 8 20 0 1 1 2 0 2 22 62

South Australia 06 3 9 0 0 0 1 1 1 4 11
05 9 13 1 3 10 16
04 2 11 1 1 3 12

Tasmania 06 0 3 0 1 0 4
05 4 6 0 0 4 6
04 3 6 5 5 0 1 1 3 9 15

Victoria 06 18 47 1 3 0 1 3 5 1 1 23 57
05 26 41 3 6 1 1 1 3 2 3 33 55
04 17 45 3 12 0 3 2 2 1 3 23 65

Western 
Australia

06 6 15 0 0 0 0 1 1 7 16
05 20 29 0 0 0 2 0 20 31
04 11 23 2 4 1 1 14 28

Total 06 0 2 73 169 10 22 0 3 7 10 3 6 93 212

05 0 1 103 191 14 38 1 6 5 11 4 6 127 253

04 0 1 68 189 28 64 1 7 6 11 5 22 108 294

Q3 = 3rd quarter.

YTD = Year to 30 September 2006.

 HIV and AIDS surveillance
National surveillance for HIV disease is coordi-
nated 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 notifi ed to the National HIV Database on the 
fi rst occasion of diagnosis in Australia, by either the 
diagnosing laboratory (Australian Capital Territory, 

New South Wales, Tasmania, Victoria) or by a com-
bination of laboratory and doctor sources (Northern 
Territory, Queensland, South Australia, Western 
Australia). Cases of AIDS are notifi ed through the 
State and Territory health authorities to the National 
AIDS Registry. Diagnoses of both HIV infection and 
AIDS are notifi ed with the person’s date of birth and 
name code, to minimise duplicate notifi cations while 
maintaining confi dentiality.
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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 diag-
noses 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 surveil-
lance 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 
2006;30:159.

HIV and AIDS diagnoses and deaths following AIDS 
reported for 1 April to 30 June 2006, as reported to 
30 September 2006, are included in this issue of 
Communicable Diseases Intelligence (Tables 10 
and 11).

Table 10. New diagnoses of HIV infection, new diagnoses of AIDS and deaths following AIDS 
occurring in the period 1 April to 30 June 2006, 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 
2006

This period 
2005

YTD 
2006

YTD 
2005

HIV 
diagnoses

Female 0 7 0 3 0 0 7 3 20 21 59 47
Male 1 58 0 19 2 0 72 14 166 247 387 451
Not reported 0 0 0 0 0 0 0 0 0 0 0 0
Total* 1 65 0 22 2 0 79 17 186 268 447 498

AIDS 
diagnoses

Female 0 1 0 0 0 0 1 0 2 6 5 14
Male 0 4 0 0 0 0 4 1 9 51 45 94
Total* 0 5 0 0 0 0 5 1 11 57 50 108

AIDS 
deaths

Female 0 0 0 0 0 0 0 0 0 0 2 2
Male 0 5 0 0 0 0 3 1 9 14 20 28
Total* 0 5 0 0 0 0 3 1 9 14 22 30

*  Totals include people whose sex was reported as transgender.

Table 11.  Cumulative diagnoses of HIV infection, AIDS, and deaths following AIDS since the 
introduction of HIV antibody testing to 30 June 2006, and reported by 30 September 2006, by sex and 
state or territory

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

HIV diagnoses Female 32 841 18 253 94 8 351 192 1,789

Male 258 13,258 128 2,645 898 96 5,130 1,182 23,595

Not reported 0 231 0 0 0 0 22 0 253

Total* 290 14,359 146 2,907 993 104 5,523 1,381 25,703

AIDS diagnoses Female 10 246 3 68 32 4 106 37 506

Male 93 5,336 42 1,011 395 50 1,943 419 9,289

Total* 103 5,599 45 1,081 428 54 2,059 458 9,827

AIDS deaths Female 7 136 1 41 20 2 60 24 291

Male 73 3,567 26 654 274 32 1,391 292 6,309

Total* 80 3,713 27 697 294 34 1,459 317 6,621

*  Totals include people whose sex was reported as transgender.
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 National Enteric Pathogens 
Surveillance System
The National Enteric Pathogens Surveillance 
System (NEPSS) collects, analyses and dissemi-
nates 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 six Salmonella laboratories in Australia. 
Salmonella isolates are submitted to these labora-
tories for typing by primary diagnostic laboratories 
throughout Australia.

A case is defi ned 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 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 surveil-
lance artefacts such as newly recognised and 
incompletely typed Salmonella.

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 
contribute 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 
Surveillance System of Salmonella infection for the 
period 1 July to 30 September 2006 are included in 
Tables 12 and 13. Data include cases reported and 
entered by 19 October 2006. Counts are preliminary, 
and subject to adjustment after completion of typing 
and reporting of further cases to NEPSS. For more 
information see Commun Dis Intell 2006;30:159–160.

There were 1,140 reports to NEPSS of human 
Salmonella infection in the third quarter of 2006, 
31 per cent less than in second quarter of 2006. 
A winter nadir in reports of human salmonellosis 
is typical of seasonal trends in the incidence of 
salmonellosis in Australia. The second quarter count 
was fi ve per cent less than the comparable third 
quarter of 2005 and around the ten-year historical 
mean for this period.

During the third quarter of 2006, the 25 most 
common Salmonella types in Australia accounted 
for 621 cases; 54 per cent of all reported human 
Salmonella infections. Eighteen of the 25 most 
common Salmonella infections in the third quarter 
of 2006 were also among the most commonly 
reported in preceding quarter. The combined count 
of S. Typhimurium phage type 135 and the similar 
phage-type 135a make these isolates by far the 
most common salmonellae in Australia, with most 
of these cases in the eastern mainland states and 
South Australia.

Other salmonellae manifesting increases over the 
recent historical average include S. Stanley (fre-
quently acquired overseas), S. Kiambu (in Western 
Australia), S. Weltevreden (in Queensland) and 
S. Oranienberg and S. Potsdam (cases in various 
states and territories).

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.

Table 12.  Reports to the National Enteric Pathogens Surveillance System of Salmonella isolated from 
humans during the period 1 July to 30 September 2006, as reported to 19 October 2006

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

Total all Salmonella for quarter 24 267 66 343 73 15 213 139 1,140

Total contributing Salmonella types 20 96 33 89 36 10 88 60 191
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 Overseas briefs

 Overseas briefs
This material has been summarised from information provided by the World Health Organization (http://www.
who.int) and by ProMED-mail (http://www.promedmail.org).

For the period 1 July to 30 September 2006

 Avian infl uenza

From July to the end of September this year, WHO 
has reported 23 cases including 18 deaths from 
human infl uenza A (H5N1) in four countries: China, 
Indonesia, Iraq and Thailand.

Since the beginning of the outbreak in November 
2003 to 30 September 2006, WHO has reported 
a worldwide total of 251 confi rmed human H5N1 
cases (with 148 deaths) in 10 countries.

China

The Chinese Ministry of Health confi rmed two fatal 
H5N1 cases, one retrospectively, during the current 
reporting period.

The retrospective case is likely to be the index case 
of human H5N1 infection in mainland China in the 
current outbreak. The case, which dates back to 
November 2003, occurred in a 24-year-old man 
from the military who was based in Beijing. He 
developed symptoms on 25 November and died on 
3 December 2003. As a result of the lengthy delay in 
diagnosing the cause of death, no history of poultry 
exposure was taken and the source of his H5N1 
infection remains uncertain.

The second case occurred in a 62-year-old man 
from north-western China. The farmer developed 
symptoms on 19 June and died on 12 July 2006. No 
exposure history could be ascertained.

Confi rmation of these two cases bought China’s total 
confi rmed human cases to 21 including 14 deaths 
since the beginning of the outbreak.

Indonesia

Human H5N1 cases continue to occur in Indonesia 
and there is no evidence of a decrease in the inci-
dence of poultry H5N1 outbreaks with almost all 
Provinces reporting poultry outbreaks this year.

Between July and September 2006, the Indonesian 
Ministry of Health reported 17 confi rmed H5N1 
cases including 13 deaths. Confi rmation brought 
Indonesia’s total human cases to 68, including 
52 deaths, since the beginning of the outbreak.

During August, a cluster of human H5N1 cases were 
reported in the remote sub-district of Cikelet, West 
Java Province. Prior to late June 2006, no mass poul-
try deaths were known to have occurred in the area. 
However, shortly after the purchase of chickens from 
an outside market and subsequent integration into 
local fl ocks, large numbers of chickens began dying 
in an outbreak that continued throughout July and 
into August. Three human cases from the area were 
confi rmed positive for H5N1, two of whom died.

Additional deaths from respiratory illnesses were 
known to have occurred in July and August but 
no samples were taken. An investigation found no 
evidence of human-to-human transmission or that 
the virus was spreading more easily from birds to 
humans.

As a result of a change in the WHO H5N1 case 
defi nitions during the reporting period, WHO retro-
spectively confi rmed three cases.

The fi rst case from Banten Province occurred in an 
8-year-old girl who developed symptoms on 24 June 
2005 and died on 14 July 2005. She was part of a 
family cluster reported to WHO in July 2005 in which 
her father and sister also died.

The second case occurred in a 45-year-old male from 
Central Java Province. He developed symptoms 
on 25 November 2005 after exposure to diseased 
poultry but subsequently recovered.

The third case occurred in a 27-year-old male from 
West Sumatra Province. The case was identifi ed 
during contact tracing of the man’s sister who was 
confi rmed H5N1 positive in May 2006. He developed 
mild symptoms after caring for his sister during her 
hospital stay.

The remaining 11 confi rmed cases that occurred dur-
ing this period, 10 of which were fatal, were localised 
to four provinces: East Java (n = 2), Jakarta (n = 4), 
West Java (n = 4) and South Sulawasi (n = 1). The 
non-fatal case occurred in a 6-year-old girl from 
West Java Province.

Iraq

The Iraqi Ministry of Health retrospectively confi rmed 
the country’s third case of avian infl uenza for the year 
on 19 September 2006. The case was a 3-year-old 
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boy who was hospitalised in Baghdad on 15 March 
2006. He has since fully recovered. The other two 
fatal cases in Iraq occurred in January 2006.

Thailand

The Thai Ministry of Public Health reported three 
fatal cases between July and September this year, 
the only cases reported in 2006.

The fi rst case was a 17-year-old man from Phichit 
Province in the country’s north. He developed symp-
toms on 15 July, was hospitalised on 20 July and 
died on 24 July. This case had a history of previ-
ously handling poultry prior to his illness and at the 
same time as a confi rmed H5N1 poultry outbreak in 
the province.

The second case occurred in a 27-year-old man 
from the central Uthai Thani Province. He developed 
symptoms on 24 July, was hospitalised on 30 July 
and died on 3 August. He also had exposure to 
dying household chickens.

The third case occurred in a 59-year-old farmer from 
Nong Bua Lam Phu Province in the north-east. He 
developed symptoms on 14 July, was hospitalised 
on 24 July and died on 10 August. Poultry outbreaks 
had been noted in the area. This patient was treated 
with oseltamivir while hospitalised. Repeated tests 
on upper respiratory tract samples (most after antivi-
ral treatment) were negative for all infl uenza viruses 
by polymerase chain reaction. The H5N1 virus was 
isolated from lung samples taken at autopsy. This 
brings the confi rmed cases in Thailand to 25 includ-
ing 17 deaths.

Poultry outbreaks were confi rmed in two Thai Prov-
inces in late July, the fi rst since November 2005.

[Source: WHO updates: 4, 14, 20 and 26 July; 7, 8, 
9, 14, 17, 21, and 23 August; 8, 14, 19, 25, 27 and 
28 September]

Chikungunya

WHO has reported 151 districts in 8 states/provinces 
in India have been affected by chikungunya fever 
from February to 10 October. More than 1.25 mil-
lion suspect cases have been reported throughout 
the country. The outbreak is concentrated towards 
the south with 752,245 and 258,998 cases from the 
Karnataka and Maharashtra Provinces respectively. 
In some areas, reported attack rates have reached 
45 per cent.

[Source: WHO update: 17 October]

 Cholera and acute watery diarrhoeal 
syndrome

There was a sharp increase in cholera cases 
reported to the WHO in 2005 and this increased 
activity continues. During the reporting period, chol-
era outbreaks have occurred in 17 African countries: 
Angola, Chad, Côte d’Ivoire, Democratic Republic 
of the Congo, Ghana, Guinea, Kenya, Liberia, 
Mauritania, Niger, Nigeria, Senegal, Sudan, Togo, 
Tanzania, Uganda, and Zimbabwe.

All of these countries reported cholera outbreaks 
during 2005 with the exception of Angola and Sudan 
(neither had these countries reported outbreaks of 
acute watery diarrhoeal syndrome in 2005). However, 
neighbouring countries such the Democratic Republic 
of the Congo, have reported large cholera outbreaks 
in 2005 which are still continuing. Between 1 March 
and 17 September 2006, 9,565 cases including 196 
deaths were reported in the Democratic Republic of 
the Congo.

Angola has reported 7,041 cases and 261 deaths 
between 24 June and 27 September 2006. The 
cumulative total as at 7 September was 53,537 
cases and 2,187 deaths since 13 February [case 
fatality rate (CFR) = 4.0%]. This is the country’s 
worst outbreak of water-borne disease in 20 years.

Sudan has reported 25,344 cases and 768 deaths 
between 28 January and 24 September 2006. 
The majority of the cases were from the fi rst half 
of the year with 3,879 cases including 105 deaths 
reported between 19 July and 24 September. The 
last previously reported outbreak in Sudan occurred 
in 1996 with 1,800 cases. WHO has stated that the 
Sudanese outbreak was probably the cause of the 
current outbreak in Ethiopia, especially as the fi rst 
Ethiopian cases occurred in Gambella in western 
Ethiopia (which borders Sudan) in April 2006.

As of 28 September, the Ethiopian Ministry of Health 
has reported a total of 22,101 cases and 219 deaths 
since the beginning of the outbreak (CFR = 1.0%). 
Five of Ethiopia’s nine regions are affected with 
79 per cent of the cases occurring in the Oromiya 
region. Ongoing fl ooding is a problem with the 
severely affected Amhara region reporting a CFR of 
10 per cent. Vibrio cholerae 01 serotype Inaba has 
been confi rmed in some areas.

Côte d’Ivoire has reported 372 cases including 
8 deaths between 2 January and 23 July 2006 in 
contrast to 2005 when 39 cases including six deaths 
were reported for the entire year.

[Source: WHO Weekly Epidemiological Report, 
4 August – 20 October; WHO update: 4 October]
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 Crimean-Congo haemorrhagic fever

Turkey experienced its largest-ever outbreak of 
Crimean-Congo haemorrhagic fever (CCHF) with 
242 laboratory confi rmed cases, including 20 deaths 
(CFR = 8.3%) between 1 January and 4 August 2006. 
From the period of 1 July to 4 August, 92 cases and 
nine deaths were reported. One of the fatal cases 
was a health care worker who acquired the infection 
while treating cases.

CCHF was initially characterised in the Crimea in 
1944 however Turkey did not report its fi rst cases 
until 2002. During 2005, Turkey reported 41 cases 
including one death in Yozgat Province. The most 
recent outbreak was reported in the Black Sea and 
Central Anatolia regions with six provinces affected. 
CCHF generally emerges in the summer months 
and is spread to humans via an infected tick bite 
although human-to-human transmission can also 
occur via exposure to blood of an infected patient.

The Southern Federal District of Russia also reported 
a rise in CCHF cases this year with 192 cases 
including fi ve deaths reported throughout the area. 
During the 2005 outbreak, 127 cases including four 
deaths were reported in the same region.

[Source: WHO update: 8 August; ProMED, 
2005 0729.2210, 29 July 2005; ProMED, 
20060810.2242, 10 August; ProMED 20060822.2359, 
22 August]

 Lassa fever

On 21 July 2006, Germany reported a case of Lassa 
fever imported from Sierra Leone in a 68-year-old 
man. The man, a Sierra Leone resident, became ill 
on 5 July and fl ew to Germany on 10 July. Although 
the risk of transmission to fellow passengers was 
low, the case initiated an international contact tracing 
exercise. No secondary cases have been reported. 
(The last reported imported case into Europe was 
three years ago in a soldier from the United Kingdom 
who had been serving in Sierra Leone.) [Lassa fever 
is considered endemic in West Africa from Nigeria to 
Senegal.]

Liberia, which neighbours Sierra Leone, experi-
enced a Lassa fever outbreak between late May 
and September 2006 with 20 suspected/confi rmed 
cases, including seven deaths. The cases occurred 
in the northern Nimba County, which shares borders 
with Côte d’Ivoire and Guinea.

[Source: WHO update: 25 July; ProMED, 
20060724.2045, 24 July, ProMED, 20061001.2812, 
1 October]

 Pneumonic plague

A suspected pneumonic plague outbreak is occur-
ring in Oriental province, in the north-eastern part of 
the Democratic Republic of the Congo. The outbreak 
began in mid-May 2006 and at 29 September was 
ongoing. Local authorities had reported 1,174 sus-
pect cases including 50 deaths. Preliminary results 
from rapid diagnostic tests in the area found three 
of eight samples positive for pneumonic plague but 
fi nal laboratory confi rmation is still pending.

[Source: WHO update: 14 June, 13 October, 7 November]

 Poliomyelitis – world update

As at 12 September 2006, four countries remain 
polio-endemic – Afghanistan, India, Nigeria and 
Pakistan. In addition to these countries, 12 countries 
have reported polio cases in 2006 due to importations 
– Kenya, Cameroon, Somalia, Yemen, Indonesia, 
Bangladesh, Ethiopia, Angola, Namibia, Niger, Nepal 
and the Democratic Republic of the Congo.

Endemic countries

In 2006, polio cases in northern Nigeria account for 
two-thirds of all global cases (803 of 1,228 cases). 
Five northern states account for 80 per cent of 
Nigeria’s cases. Immunization Plus Days were held 
in September, with additional rounds planned for 
November and December in an effort to increase 
polio vaccination coverage of every child.

As at 3 October, India had reported 353 polio cases. 
Approximately half of the cases are concentrated 
in and around the Moradabad district in western 
Uttar Pradesh. The neighbouring state of Bihar has 
reported 20 cases. During 2005, only 66 confi rmed 
cases were reported across the entire country. 
There is no indication that the current outbreak 
is being contained and the risk of further spread 
remains high. Polio originating from this area has 
been detected in a number of previously polio-free 
counties including Angola, Namibia, Democratic 
Republic of the Congo, Bangladesh and Nepal.

As at 12 September 2006, Pakistan has reported 
17 cases since the beginning of the year, compared 
to 15 cases for the same period in 2005. Afghanistan 
has reported 26 cases, compared to four cases for the 
same period in 2005. Pakistan and Afghanistan con-
tinue to synchronise immunisation activities to increase 
coverage in the shared corridor of transmission.
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Importation countries

Of the 12 countries that have had imported polio 
cases in 2006, eight countries have reported the 
date of onset of their most recent case between July 
and September 2006.

In Niger, 11 cases have been reported for the year 
to date with the date of onset of the most recent 
case being 23 August 2006. For the same period 
last year, six cases had been reported.

In Bangladesh, 15 cases have been reported for the 
year to date with date of onset of the most recent 
case, 22 August 2006. For the same period last 
year, no cases were reported. Bangladesh had not 
reported any cases of polio since 2000.

Cameroon has reported one case for the year with 
the date of onset of 22 August 2006 (compared to 
1 case for the same period last year). Genetic test-
ing is being undertaken on the case to determine 
the origin of the virus (Cameroon or Nigeria).

The Democratic Republic of the Congo has reported 
eight cases for the year with the date of onset of 
the most recent case on 13 August 2006. For the 
same period last year, no cases were reported. The 
Democratic Republic of the Congo has experienced 
two separate individual importations from Angola.

Nepal has reported two cases for the year with the 
date of onset of the most recent case on 1 August 
2006 (compared to 1 case for the same period last 
year).

Ethiopia became re-infected with polio in December 
2004. Since the beginning of 2006 15 cases have 
been reported. The onset date of the most recent 
case was 18 July 2006. Cases have been reported 
from four of Ethiopia’s 11 regions.

Somalia became re-infected in 2005 after being polio-
free for almost three years. Since the beginning of 
2006 32 cases have been reported. The onset date 
of the most recent case was 5 September. Cases 
have been reported in 14 of Somalia’s 19 regions.

Kenya had been polio-free for 22 years, reported 
its fi rst polio case in September 2006. This was an 
imported case from neighbouring Somalia. The 
3-year-old girl born in Kenya was living in a Somali 
refugee camp in the North Eastern Province border-
ing Somalia. Genetic sequencing indicates a virus of 
Nigerian origin, imported from Kismayo, Somalia.

Somalia, Ethiopia and Kenya simultaneously vac-
cinated more than 3.5 million children aged under 
fi ve years in September 2006 in an effort to restrict 
polio transmission. Additional efforts have been 
made to engage nomadic leaders as half of the 
confi rmed Somali cases this year are from nomadic 
populations.

[Source: Global Polio Eradication Initiative 
– monthly updates 4 July, 8 August and 12 Sep-
tember; ProMED, 20060912.2587, 12 September; 
20061003.2830, 3 October; WHO update: 
8 September, 19 October]

 Tuberculosis – extreme drug resistance

South Africa is reporting the increasing spread 
of extreme-drug resistant tuberculosis (XDR-TB) 
with HIV-infected patients particularly vulnerable. 
Between January and March 2006, 53 people were 
identifi ed with suspected XDR-TB, 52 of whom have 
since died. Since then, 106 cases have been reported 
(81 deaths) up to 4 September. The National Health 
Laboratory Services confi rmed the new XDR-TB 
strain which was fi rst identifi ed in KwaZulu-Natal 
Province earlier this year, is now circulating through 
all nine South African Provinces.

[Source: ProMED 20060904.2518, 4 September; 
20061019.3003, 19 October; WHO Weekly 
Epidemiological Record, 13 October]
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A

ACIR
 See: Childhood immunisation coverage
Acute fl accid paralysis
 See: Poliomyelitis 

See also: Australian Paediatric Surveillance Unit;
Adverse events following immunisation

annual report, 2005; 319–333
supplementary report

Surveillance of adverse events following 
immunisation among children aged 
<7 years in Australia, 1 January to 30 June 
2006; 438–442

AIDS
 See: HIV and AIDS
Annual report
 See: Individual surveillance programs
Anthrax

overseas brief; 271 
 See also: Communicable diseases surveillance: 

tables
Antibiotic

resistance
meningococcal; 211–221

susceptibility
ceftriaxone; 180, 207, 401, 490
cephalosporin; 431
penicillin; 130, 180, 207, 218, 400, 431, 489
quinolone; 130, 180, 208, 401, 430, 490
spectinomycin; 130, 180, 207, 401, 431, 490
tetracycline; 131, 181, 208, 401, 431, 490

Antimicrobial resistance
Community-acquired methicillin-resistant 
Staphylococcus aureus in Central 
Australia; 462–466

Arbovirus infection
National Arbovirus and Malaria Advisory 
Committee

annual report, 2005–06; 411–429
 See also: Barmah Forest virus infection; 

Japanese encephalitis virus; Kunjin virus 
infection; malaria; Murray Valley encephalitis 
virus

ASPREN
 See: Australian Sentinel Practice Research 

Network
Augmentation of infl uenza surveillance with rapid 

antigen detection at the point-of-care: results of 
a pilot study in Tasmania, 2004; 201–204

Australia’s notifi able diseases status annual report, 
2004; 1–79

Australian bat lyssavirus
 See: Rabies
Australian Capital Territory

Campylobacter outbreak due to chicken 
consumption at a restaurant; 373–377

Australian Childhood Immunisation Register
 See: Childhood immunisation coverage
Australian Gonococcal Surveillance Programme
 See: Gonococcal infection
Australian Meningococcal Surveillance Programme
 See: Meningococcal infection
Australian Mycobacterium Reference Laboratory 

Network
 See: Tuberculosis
Australian National Creutzfeldt-Jakob Disease 

Registry
 See: Creutzfeldt-Jakob disease
Australian National Poliovirus Reference 

Laboratory
 See also: Poliomyelitis

annual report, 2005; 334–340
Australian Paediatric Surveillance Unit

surveillance data in CDI explanation; 157–158
update, 2005; 341–344

Australian Rotavirus Surveillance Program
 See: Rotavirus
Australian Sentinel Practice Research Network

quarterly surveillance report; 75, 160, 177, 190, 
194, 200, 263, 397, 486
surveillance data in CDI explanation; 158

Avian infl uenza
 See: Infl uenza: avian

B

Barmah Forest virus infection
surveillance report; 54–55, 167–168, 253, 387, 
473–474

 See also: Communicable diseases surveillance: 
tables

BCG
 See: Tuberculosis
Bird fl u
 See: Infl uenza: avian
Bloodborne diseases; 22
 See also: Communicable diseases surveillance: 

tables; hepatitis B; hepatitis C; hepatitis D; HIV 
and AIDS
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Botulism
overseas brief; 408–409

 See also: Communicable diseases surveillance: 
tables

Bovine spongiform encephalopathy
 See: Creutzfeldt-Jakob disease
Brucellosis

surveillance report; 63, 167, 475
 See also: Communicable diseases surveillance: 

tables

C

Campylobacter
 See: Campylobacteriosis
Campylobacteriosis

Outbreak due to chicken consumption at an 
Australian Capital Territory restaurant; 373–377

 See also: Communicable diseases surveillance: 
tables

Chickenpox
 See: Varicella
Chikungunya

overseas brief; 186, 273, 410
Childhood immunisation coverage

quarterly surveillance report; 77, 178–179, 
266–267, 332, 398–399, 487–489
surveillance data in CDI explanation; 157

Chlamydia
 See: Chlamydial infection
Chlamydial infection

surveillance report; 252, 386, 472
Two years of enhanced surveillance of 
sexually-transmitted chlamydia in South East 
Queensland; 456–461

 See also: Communicable diseases surveillance: 
tables

Cholera
Hypovolemic shock and metabolic acidosis 
in a refugee secondary to O1 serotype Vibrio 
cholerae enteritis; 233–235
overseas brief; 407, 496

 See also: Communicable diseases surveillance: 
tables

Circulation and antigenic drift in human infl uenza B 
viruses in SE Asia and Oceania since 
2000; 350–357

Communicable diseases guidelines
Pre-departure communicable diseases health 
screening protocol for refugees; 248

Communicable Diseases Intelligence
Editorial: Re-emerging poliomyelitis – is 
Australia’s surveillance adequate?; 275–277
erratum; 155
instructions for authors; 161–163
letters to the Editor

The limitation of fever in case defi nitions for 
avian infl uenza and SARS; 250

notice to readers
Communicable Disease Conference 2007; 461

surveillance systems reported in, 2006; 
156–160

Communicable Diseases Network Australia
annual report, 2005; 301–318
publications

HIV/AIDS, STI and hepatitis C health 
promotion programs; 248
Pre-departure communicable diseases 
health screening protocol for refugees; 248

quarterly report; 154–155, 248–249
Communicable diseases surveillance

reports; 164–184, 251–269, 385–405, 471–494
tables; 168–172, 254–262, 388–396, 477–485

 See also: Individual diseases
Community-acquired methicillin-resistant 

Staphylococcus aureus in Central 
Australia; 462–466

Comparison of data sources for the surveillance 
of seasonal and pandemic infl uenza in 
Victoria; 345–349

Creutzfeldt-Jakob disease
Australian surveillance update to December 
2005; 144–147
variant

overseas brief; 144, 147, 187–188, 318
Crimean-Congo haemorrhagic fever
 See: Viral haemorrhagic fever
Cryptosporidiosis

surveillance report; 27, 151, 251–252, 385–386, 
471

 See also: Communicable diseases surveillance: 
tables

Cryptosporidium parvum
 See: Cryptosporidiosis

D

Dengue
 See: Communicable diseases surveillance: tables
Diphtheria
 See: Communicable diseases surveillance: tables
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E

Encephalitis
 See: Japanese encephalitis virus; Kunjin virus 

infection; Murray Valley encephalitis virus
Enteroviruses
 See: Poliomyelitis
Escherichia coli
 See: Shiga-like toxin producing Escherichia coli/

verotoxin producing E. coli
 See also: Haemolytic uraemic syndrome

F

Flavivirus
 See: Dengue; Japanese encephalitis 

virus; Kunjin virus infection; Murray Valley 
encephalitis virus

Foodborne disease
 See: OzFoodNet;
 See also: Communicable diseases surveillance: 

tables;
See also: Salmonellosis

G

Gastroenteritis
 See: Gastrointestinal diseases
Gastrointestinal diseases

surveillance report; 165, 251, 385, 471–472
 See also: Botulism; campylobacteriosis; 

cryptosporidiosis; haemolytic uraemic 
syndrome; hepatitis A; hepatitis E; listeriosis; 
salmonellosis; shiga-like toxin producing 
Escherichia coli/verotoxin producing E. coli; 
typhoid

 See also: Communicable diseases surveillance: 
tables

Gonococcal infection
Australian Gonococcal Surveillance Programme

annual report, 2005; 205–210
quarterly surveillance report; 179–181, 400–
401, 489–490
surveillance data in CDI explanation; 157

surveillance report; 39, 165–166, 386
WHO Western Pacifi c Region

annual report, 2004; 129–132
annual report, 2005; 430–433

 See also: Communicable diseases surveillance: 
tables

Gonorrhoea
 See: Gonococcal infection

H

Haemolytic uraemic syndrome
OzFoodNet annual report, 2005; 287

 See also: Communicable diseases surveillance: 
tables

Haemophilus infl uenzae type b
surveillance report; 472

 See also: Communicable diseases surveillance: 
tables

Haemorrhagic fever
 See: Viral haemorrhagic fever
Hajj

overseas brief
large outbreak of poliomyelitis; 271–272

Hand, foot and mouth disease
overseas brief; 272

Hepatitis A
 See: Communicable diseases surveillance: tables
Hepatitis B; 22
 See also: Communicable diseases surveillance: 

tables
Hepatitis C
 See: Communicable diseases surveillance: tables
Hepatitis D
 See: Communicable diseases surveillance: tables
Hepatitis E
 See: Communicable diseases surveillance: tables
HIV and AIDS

A profi le of HIV testing in Victoria, 1984 to 
2004; 366–372
HIV/AIDS, STI and hepatitis C health promotion 
programs; 248
quarterly surveillance reports; 159, 181–182, 
264–265, 403, 491–492
surveillance data in CDI explanation; 159

Human pituary hormone
 See: Creutzfeldt-Jakob disease
Hypovolemic shock and metabolic acidosis in 

a refugee secondary to O1 serotype Vibrio 
cholerae enteritis; 233–235

I

Immunisation
adverse events following immunisation

annual report, 2005; 319–333
supplementary report 1 January to 30 June 
2006; 438–442

childhood immunisation coverage
 See: Childhood immunisation coverage
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Infl uenza
ASPREN data

 See: Australian Sentinel Practice Research 
Network

Augmentation of infl uenza surveillance with 
rapid antigen detection at the point-of-care: 
results of a pilot study in Tasmania, 2004; 
201–204
avian

overseas brief; 185, 186–187, 270, 406–407, 
495–496

The limitation of fever in case defi nitions for 
avian infl uenza and SARS; 250
Circulation and antigenic drift in human 
infl uenza B viruses in SE Asia and Oceania 
since 2000; 350–357
laboratory-confi rmed

surveillance reports; 47, 166
 See also: Communicable diseases 

surveillance: tables
LabVISE data

 See: Laboratory Virology and Serology 
Reporting Scheme

National Infl uenza Surveillance Scheme
annual report, 2005; 189–200
surveillance data in CDI explanation; 160

surveillance in Victoria, 2005; 137–143
Invasive meningococcal infections
 See: Meningococcal infection
 See also: Communicable diseases surveillance: 

tables
Invasive pneumococcal disease
 See: Pneumococcal disease
 See also: Communicable diseases surveillance: 

tables

J

Japanese encephalitis virus
overseas brief; 188

 See also: Communicable diseases surveillance: 
tables

K

Kunjin virus infection
 See: Communicable diseases surveillance: 

tables

L

Laboratory Virology and Serology Reporting 
Scheme

surveillance data in CDI explanation; 159
tables; 174–176, 260–262, 394–396, 483–485

LabVISE
 See: Laboratory Virology and Serology 

Reporting Scheme

Lassa fever
overseas brief; 497

Legionellosis
surveillance report; 68, 253, 475

 See also: Communicable diseases surveillance: 
tables

Leprosy
 See: Communicable diseases surveillance: tables
Leptospirosis
 See: Communicable diseases surveillance: tables
Listeriosis

OzFoodNet annual report, 2005; 284
surveillance report; 30, 252

 See also: Communicable diseases surveillance: 
tables

Lyssavirus
 See: Rabies

M

Malaria
National Arbovirus and Malaria Advisory 
Committee

annual report, 2005–06; 411–429
surveillance report; 61–62, 167, 474

 See also: Communicable diseases surveillance: 
tables

Marburg haemorrhagic fever
overseas brief; 188

Measles
Nosocomial and community transmission of 
measles virus genotype D8 imported by a 
returning traveller from Nepal; 358–365
overseas brief; 409
surveillance report; 48, 252, 386

 See also: Communicable diseases surveillance: 
tables

Meningococcal infection
Australian Meningococcal Surveillance 
Programme

annual report, 2005; 211–221
quarterly surveillance report; 220, 263–264, 
402, 490–491
surveillance data in CDI explanation; 157

surveillance report; 253, 387, 475
 See also: Communicable diseases surveillance: 

tables
Metabolic acidosis

Hypovolemic shock and metabolic acidosis 
in a refugee secondary to O1 serotype Vibrio 
cholerae enteritis; 233–235

Multi-drug resistant Salmonella Java infections 
acquired from tropical fi sh aquariums, Australia, 
2003–04; 222–227
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Mumps
overseas brief; 272, 409
surveillance report; 49, 166, 252, 386, 472

 See also: Communicable diseases surveillance: 
tables

Murray Valley encephalitis virus
 See: Communicable diseases surveillance: 

tables
Mycobacterium
 See: Tuberculosis

N

National Arbovirus and Malaria Advisory 
Committee

 See also: Arbovirus infection
annual report, 2005–06; 411–429

National Centre in HIV Epidemiology and Clinical 
Research

 See: HIV and AIDS
National Enteric Pathogens Surveillance System

quarterly surveillance report; 32, 77, 155, 159, 
182–184, 183, 267, 268, 404–405, 493–494
surveillance data in CDI explanation; 159–160

National Infl uenza Surveillance Scheme
 See: Infl uenza
National Mycobacterial Surveillance Scheme
 See: Tuberculosis
National Notifi able Diseases Surveillance System

annual report, 2004; 1–79
tables; 13–14, 162, 168–173, 178, 181, 183, 
254–259, 324, 340, 354, 388–393, 477–482

 See also: Communicable diseases surveillance
National Rotavirus Surveillance Program

annual report, 2004–05; 133–136
annual report, 2005–06; 434–438

National Vaccine Safety Workshop: summary and 
draft recommendations; 378–380

Neisseria gonorrhoeae
 See: Gonococcal infection
Neisseria meningitdis
 See: Meningococcal infection
Norwalk virus
 See: Norovirus
Nosocomial and community transmission of 

measles virus genotype D8 imported by a 
returning traveller from Nepal; 358–365

Notifi able diseases
 See: Communicable diseases surveillance;

See also: National Notifi able Diseases 
Surveillance System

O

Offi ce of Health Protection; 249

Ornithosis
 See: Communicable diseases surveillance: tables
Outbreaks

Campylobacter outbreak due to chicken 
consumption at an Australian Capital Territory 
restaurant; 373–377
Multi-jurisdiction outbreak of Salmonella 
Typhimurium phage type 135 associated with 
purchasing chicken meat from a supermarket 
chain; 449–455
Salmonella Typhimurium phage type 64 
gastroenteritis linked to catered luncheons in 
Adelaide, South Australia, June 2005; 443–448

Overseas briefs; 185–188, 270–278, 406–410, 
495–498

OzFoodNet
annual report, 2005; 278–300
quarterly surveillance report; 148–154, 228–
232, 381–384, 467–470
surveillance data in CDI explanation; 160

P

Pandemic infl uenza; 155, 200, 249
A comparison of data sources for the 
surveillance of seasonal and pandemic 
infl uenza in Victoria; 345–349

Pertussis
surveillance report; 50, 166, 252–253, 387, 
472–473

 See also: Communicable diseases surveillance: 
tables

Plague
overseas brief; 407, 497

 See also: Communicable diseases surveillance: 
tables

Plasmodium spp.
 See: Malaria
Pneumococcal disease

notifi able diseases annual report, 2004; 80–92
 See also: Communicable diseases surveillance: 

tables
Pneumonic plague
 See: Plague
Poliomyelitis

Australian National Poliovirus Reference 
Laboratory

annual report, 2005; 334–340
overseas brief; 52, 188, 271, 275, 277, 340, 
497–498
Re-emerging poliomyelitis – is Australia’s 
surveillance adequate?; 275–277

Prevalence and control of trachoma in Australia, 
1997–2004; 236–246

Profi le of HIV testing in Victoria, 1984 to 
2004; 366–372
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Q

Q fever
 See: Communicable diseases surveillance: tables
Quarantinable diseases
 See also: Cholera; plague; rabies; smallpox; 

tularemia; viral haemorrhagic fever; yellow fever 
 See also: Communicable diseases surveillance: 

tables
Queensland

Two years of enhanced surveillance of 
sexually-transmitted chlamydia in South East 
Queensland; 456–461

R

Rabies
 See: Communicable diseases surveillance: tables
Re-emerging poliomyelitis – is Australia’s 

surveillance adequate?; 275–277
Ross River virus infection

surveillance report; 56, 167, 253, 473–474
 See also: Communicable diseases surveillance: 

tables
Rotavirus

National Rotavirus Surveillance Program annual 
report, 2005–06; 434–438

Rubella
 See: Communicable diseases surveillance: tables

S

Salmonella
 See: Salmonellosis
Salmonellosis

outbreaks
Multi-drug resistant Salmonella Java 
infections acquired from tropical fi sh 
aquariums, Australia, 2003–04; 222–227
Multi-jurisdiction outbreak of Salmonella 
Typhimurium phage type 135 associated 
with purchasing chicken meat from a 
supermarket chain; 449–455
Salmonella Typhimurium phage type 170 in 
a tertiary paediatric hospital with person-to-
person transmission implicated

erratum; 155
Salmonella Typhimurium phage type 64 
gastroenteritis linked to catered luncheons in 
Adelaide, South Australia, June 2005; 443–448

 See also: National Enteric Pathogens 
Surveillance System;
See also: Communicable diseases 
surveillance: tables

SARS
 See: Severe acute respiratory syndrome

Sentinel Chicken Surveillance Program
surveillance data in CDI explanation; 160

Serology
 See: Laboratory Virology and Serology 

Reporting Scheme
Kunjin virus

 See: Kunjin virus infection
Murray Valley encephalitis virus

 See: Murray Valley encephalitis virus
Severe acute respiratory syndrome

The limitation of fever in case defi nitions for 
avian infl uenza and SARS; 250

Sexually transmissible infections
surveillance report; 35, 165–166, 252, 386, 472

 See also: Chlamydial infection; gonococcal 
infection; syphilis
See also: Communicable diseases surveillance: 
tables

Shiga-like toxin producing Escherichia coli/
verotoxin producing E. coli

OzFoodNet annual report, 2005; 286
surveillance report; 165, 472

Shigellosis
OzFoodNet annual report, 2005; 284–285
surveillance report; 165

 See also: Communicable diseases surveillance: 
tables

SLTEC
 See: Shiga-like toxin producing Escherichia coli/

verotoxin producing E. coli
Smallpox
 See: Communicable diseases surveillance: tables
South East Asia

Circulation and antigenic drift in human 
infl uenza B viruses in SE Asia and Oceania 
since 2000; 350–357

Staphylococcus aureus
Community-acquired methicillin-resistant 
Staphylococcus aureus in Central 
Australia; 462–466

Surveillance
 See: Communicable diseases surveillance
Surveillance reports
 See: Communicable diseases surveillance
Surveillance systems; 156, 178, 249

A comparison of data sources for the 
surveillance of seasonal and pandemic 
infl uenza in Victoria; 345–349

Surveillance systems reported in CDI, 2006; 156–
160

Syphilis
 See: Communicable diseases surveillance: tables
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T

Tetanus
 See: Communicable diseases surveillance: tables
The limitation of fever in case defi nitions for avian 

infl uenza and SARS; 250
Trachoma

Prevalence and control in Australia, 1997–
2004; 236–246

Transmissible spongiform encephalopathies
 See: Creutzfeldt-Jakob disease
Tuberculosis

annual report, 2004; 93–101
Bacteriologically confi rmed cases and drug 
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