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Objective:  To compare the unprecedented 91 cases of melioidosis in the Top 
End of the Northern Territory of Australia from 1 October 2009 to 30 September 
2010 with the 540 cases in the preceding 20 years and postulate reasons for this 
year of very high melioidosis incidence.

Design, setting and participants:  Review of prospectively collected data on all 
patients with culture-confirmed melioidosis at Royal Darwin Hospital, the Top 
End’s tertiary referral centre, since 1 October 1989.

Main outcome measures:  Population-based annual incidence of melioidosis; 
differences in epidemiology, clinical presentations and outcomes for 2009–
2010 compared with the preceding 20 years.

Results:  In 2009–2010, the estimated population-based incidence of 
melioidosis was 50.2 cases per 100 000 in the Top End population overall, and 
102.4 cases per 100 000 in the Top End Indigenous population. The proportion 
of patients acquiring melioidosis in the Darwin urban area increased from 49% 
in 1989–2009 to 65% in 2009–2010 (OR, 1.96; 95% CI, 1.20–3.19). Among the 
49 Indigenous Australian patients with melioidosis in 2009–2010, 63% 
acquired the infection in Darwin, compared with 35% of Indigenous patients in 
the previous 20 years (OR, 3.17; 95% CI, 1.62–6.24).

Conclusions:  In 2009–2010, the Top End had the highest annual incidence of 
melioidosis documented from anywhere to date. The prominent increase in 
cases in Darwin was associated with above average rainfall in Darwin during 
December 2009 to February 2010. The increase in the proportion of Indigenous 
Australians who acquired melioidosis in Darwin may reflect movement of some 
Indigenous people into Darwin from remote communities.

Abstract
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M

oidosis is an infection
used by the soil and water
cterium Burkholderia
, and was first docu-

mented in Australia in 1949 in Win-
ton, Queensland, where sheep were
infected.1 It was first reported in the
Northern Territory in 1960.2 Since
then, melioidosis has been increas-
ingly recognised as an important
cause of sepsis in northern Australia,3-6

with the vast majority of cases occur-
ring during the monsoonal rainy sea-
son during October to April.

The Darwin Prospective Melioido-
sis Study commenced on 1 October
1989.7 Over the 20 years until 30
September 2009, 540 culture-con-
firmed cases of melioidosis were doc-

f the
 of 27
rom 1
mber
tients
es of
Royal

Darwin Hospital (RDH). In this
study, we compare these 91 cases
from that most recent 12-month
period with the 540 cases from the
preceding 20 years.

Methods

The Top End of the NT has an esti-
mated population of 177 500 people,
with 124 500 living in Darwin.8 Indi-

genous Australians account for 26%
of the Top End population, and this
proportion includes most of the peo-
ple living in remote communities. All
patients in the Top End with culture-
confirmed melioidosis are managed
by, or in consultation with, the infec-
tious diseases department at RDH.

The Darwin Prospective Melioidosis
Study records clinical and laboratory
data for all patients with melioidosis,
and defines risk factors and septic
shock as has been described previ-
ously.6,7 We follow all patients until
death or completion of treatment.

For the purposes of the study, the
Darwin urban region includes the city
limits of Darwin and Palmerston;
and the Darwin rural region extends
from outside Palmerston to include
the rural blocks accessed along the
Stuart and Arnhem highways as far
as Adelaide River, 115 km south of
Darwin.

Statistical analysis

Patient details were analysed using
Stata, version 10 (StataCorp, College

Station, Tex, USA). Cases of melioido-
sis from 1 October 2009 until 30 Sep-
tember 2010 (12 months) were
compared with cases from 1 October
1989 until 30 September 2009 (20
years). The 2 test was used to compare
intergroup differences in categorical
demographic and clinical parameters,
with P < 0.05 considered significant.
Odds ratios and 95% CIs were then
calculated. We calculated population-
based incidence rates for melioidosis
in the Top End for 2009–2010 using
the 2009 estimated population.8

Ethics approval

This study was approved by the
Human Research Ethics Committee
of the NT Department of Health and
Menzies School of Health Research
(approval no. 02/38).

Results

Box 1 shows the yearly cases of melio-
idosis from 1 October 1989. The base-
line characteristics, risk factors and
clinical presentations of the 91
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2 Demographic cha
Darwin Hospital f

Demographic charact

All patients

Number of cases

Median number of cas

Median age (years)

No. of children aged <

Male

Indigenous

Darwin urban†

Indigenous

Darwin rural†

Remote Indigenous co

Other§

Indigenous patients

Number of cases

Median age (years)

Male

Darwin urban†

Darwin rural†

Remote Indigenous co

Other§

* Odds ratios and 95% c
in 2009–2010 versus 19
central Australia.

3 Host risk factors a
from 1 October 19

Risk factors

Total patients

Diabetes

Hazardous alcohol int

Chronic lung disease

Chronic renal disease

Rheumatic heart disea
cardiac failure

Malignancy

Immunosuppression

No host risk factor

* Percentage with risk fa
patients in 2009–2010 were similar to
those of the 540 patients in 1989–2009
(Box 2, Box 3, Box 4). The proportion
of patients acquiring melioidosis in
the Darwin urban area increased sig-
nificantly from 49% in 1989–2009 to
65% in 2009–2010 (OR, 1.96; 95% CI,
1.20–3.19). Of the patients who
acquired melioidosis in the Darwin
urban area, the proportion who were
Indigenous Australians increased
from 38% in 1989–2009 to 53% in
2009–2010 (OR, 1.82; 95% CI, 0.99–
3.35). Of the 49 Indigenous Australian
patients who acquired melioidosis in

2009–2010, 63% were in the Darwin
urban area; this compares with 35% of
all Indigenous patients with melio-
idosis in the previous 20 years (OR,
3.17; 95% CI, 1.62–6.24). Among non-
Indigenous patients, there was no sig-
nificant change, with 28 of 42 (67%)
in 2009–2010 and 163 of 259 (63%) in
1989–2009 acquiring melioidosis in
the Darwin urban area.

The population-based annual inci-
dence of melioidosis in the Top End in
2009–2010 was 50.2 cases per 100 000,
compared with a prior mean annual
incidence of 19.6 per 100 000.9 The

annual incidence of melioidosis in the
Top End Indigenous population in
2009–2010 was 102.4 cases per
100 000.

Box 5 shows some clinical examples
of melioidosis. No patient without a
recognised risk factor for melioidosis
died from the disease during 2009–
2010; 10 of the 11 patients who died
had either diabetes or hazardous alco-
hol intake or both. Of the seven Indig-
enous patients who died from
melioidosis in 2009–2010, five were
initially from remote Indigenous com-
munities but were living in the Darwin
urban area when they acquired melio-
idosis (four of these were homeless);
all five had hazardous alcohol intake.
Eleven other Indigenous patients living
in urban Darwin at diagnosis were
originally from remote NT Indigenous
communities. Over half had moved to
Darwin within the preceding year.
Nine of these 11 patients had hazard-
ous alcohol intake as a risk factor,
including three who were homeless.

Box 6 shows the monthly Top End
cases of melioidosis for 2009–2010 in
comparison to rainfall recorded at
Darwin airport. In the Darwin urban
area, there was substantially above
average rainfall in December 2009 and
January 2010.10 Total Darwin rainfall
for the period 1 October 2009 to 30
September 2010 was 2122.4 mm,
compared with the mean yearly rain-
fall of 1712.7 mm.

Discussion

The year beginning with the wet season
of 2009–2010 had the highest recorded
number of cases of melioidosis in the
Top End for the past 21 years. Over
these 12 months, our estimated popu-
lation-based annual incidence of 50.2
cases per 100 000 is the highest
recorded anywhere in the melioido-
sis-endemic region of South-East
Asia and northern Australia. The pre-
vious highest annual incidence in the
Top End was 41.7 cases per 100 000
population in the calendar year of
1998, which included case clusters
following Tropical Cyclone Les, which
flooded the town of Katherine, and
Tropical Cyclone Thelma, which
passed over the north-west end of the
Tiwi Islands.9 The prior highest
recorded annual incidence anywhere

racteristics and location of residence for patients with melioidosis managed at Royal 
rom 1 October 1989 to 30 September 2010

eristics 1989–2009 2009–2010 Odds ratio (95% CI)* P

540 91

es/year 27 91 < 0.001

49 53

15 years 26 (5%) 3 (3%) 0.71

372 (69%) 61 (67%) 0.82

281 (52%) 49 (54%) 0.80

262 (49%) 59 (65%) 1.96 (1.20–3.19) 0.006

99 (38%‡) 31 (53%‡) 1.82 (0.99–3.35) 0.05

65 (12%) 12 (13%) 0.89

mmunities 169 (31%) 15 (16%) 0.43 (0.23–0.80) 0.006

44 (8%) 5 (5%) 0.51

281 49

45 49

169 (60%) 28 (57%) 0.81

99 (35%) 31 (63%) 3.17 (1.62–6.24) < 0.001

8 (3%) 0 0.49

mmunities 153 (54%) 14 (29%) 0.34(0.16–0.68) 0.001

21 (7%) 4 (8%) 1.00

onfidence intervals were calculated, comparing the odds of the parameter occurring in melioidosis cases 
89–2009. † See Methods for definitions. ‡ Percentage of Darwin urban. § Including Katherine, Gove and 

◆

nd associated deaths for patients with melioidosis managed at Royal Darwin Hospital 
89 to 30 September 2010

1989–2009 2009–2010 P
Deaths 

1989–2009*
Deaths 

2009–2010*

540 91

213 (39%) 44 (48%) 0.14 33 (15%) 4 (9%)

ake 211 (39%) 40 (44%) 0.45 33 (16%) 7 (18%)

140 (26%) 26 (29%) 0.69 27 (19%) 5 (19%)

65 (12%) 7 (8%) 0.30 13 (20%) 1 (14%)

se and/or 39 (7%) 11 (12%) 0.17 9 (23%) 3 (27%)

31 (6%) 9 (10%) 0.20 8 (26%) 1 (11%)

31 (6%) 10 (11%) 0.10 6 (19%) 1 (10%)

106 (20%) 16 (18%) 0.75 2 (2%) 0

ctor who died. ◆
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se, diabetes and 
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ibly the result of an 
arwin with diabetes, 

◆

else was 42.7 per 100 000 in the Torres
Strait Islands during 1995–2000.11

The association between melioido-
sis and rainfall and severe weather
even ts  i s  wel l  recog n ised  in
Australia3,5,6 and South-East Asia.12,13

The 2009–2010 rainfall pattern is con-
sidered the major contributor to the
increase in cases. There was consist-
ently heavy rainfall in the Darwin area
in December 2009 and January 2010,
with two severe weather events lead-
ing to intense rainfall in December
and February. Other Top End loca-
tions had variable rainfall patterns
which were generally less intense
than in Darwin.

In 2009–2010, the incidence of
melioidosis of 102.4 cases per
100 000 for Indigenous Australians
was three times higher than that for
non-Indigenous Australians. Even
though the overall proportion of
Indigenous cases remained the same,
there was a significant reversal of the
previous predominance of infected
Indigenous patients being from
remote communities to most being
from urban Darwin in 2009–2010.
The proportion of urban Darwin
cases that was Indigenous increased

from 38% to 53%. That four out of
five of the Indigenous people from
Darwin who died from melioidosis in
2009–2010 were homeless, previ-
ously from remote communities and
with excessive alcohol intake as their
major risk factor, supports concerns
that the Northern Territory Emer-
gency Response initiated in 2007 may
have had possible unintended conse-
quences resulting from displacement

of drinkers from remote communities
to urban centres such as Darwin,
where alcohol is available.14-16

In conc lusion, the  dramatic
increase in the number of cases of
melioidosis in the Top End in 2009–
2010 represented an estimated popu-
lation-based annual incidence that is
the highest on record. One in every
1000 Indigenous people living in the
Top End had culture-confirmed

6 Correlation between cases of melioidosis managed at Royal Darwin Hospital in 
2009–2010 and rainfall at Darwin airport
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5 Clinical presentations of melioidosis during 2009–2010

A: Chest x-ray of a 66-year-old man from Darwin with chronic lung disea
ischaemic heart disease; his was the first death from melioidosis of the w
2009. B: A 4-year-old boy from Darwin with cutaneous melioidosis; poss
inoculating event in his muddy backyard. C: A 66-year-old person from D
osteomyelitis and a soft tissue abscess of right middle finger.

4 Clinical presentation and outcomes for patients with 
melioidosis managed at Royal Darwin Hospital from 
1 October 1989 to 30 September 2010

Clinical presentation 1989–2009 2009–2010 P

Total patients 540 91

Pneumonia 278 (51%) 47 (52%) 1.00

Bacteraemia, no focus 59 (11%) 14 (15%) 0.29

Skin ulcer or abscess 68 (13%) 10 (11%) 0.80

Genitourinary 76 (14%) 8 (9%) 0.29

Soft tissue abscess 19 (4%) 5 (5%) 0.54

Osteomyelitis/
septic arthritis

20 (4%) 3 (3%) 1.00

Neurological melioidosis 14 (3%) 1 (1%) 0.62

Other 6 (1%) 3 (3%)* 0.25

Severity and outcomes

Bacteraemia 298 (55%) 57 (63%) 0.23

Deaths 61 (20%) 10 (18%) 0.75

Septic shock 116 (21%) 19 (21%) 1.00

Deaths 58 (50%) 9 (47%) 1.00

Ventilated in intensive care 97 (18%) 16 (18%) 1.00

Deaths 41 (42%) 9 (56%) 0.44

Total deaths 77 (14%) 11 (12%) 0.70

* Others in 2009–2010 were ascitic fluid culture-positive melioidosis, liver 
abscess, mediastinal lymphadenopathy/abscess. ◆
347MJA 196 (5) · 19 March 2012
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melioidosis over that 12-month
period. The increase in cases was
most prominent in the Darwin urban
area, and was associated with
increased rainfall. There was also an
increased proportion of Indigenous
Australians who acquired melioido-
sis in Darwin compared with the
preceding 20 years, which may reflect
movement of some Indigenous peo-
ple into Darwin from remote com-
munities.
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