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     INTRODUCTION 

 Over a decade ago, an epidemiologically unique time- and 
space-limited cluster of culture-positive melioidosis cases 
occurred in tropical Western Australia (WA). This review exam-
ines the public health microbiology lessons from an extended 
period of investigation, including work published on the out-
break and its aftermath and other material in the public record 
(including weather data), while also comparing and contrasting 
our findings with studies performed in other Australian cen-
ters and further afield. The review also addresses the measures 
that have been taken to monitor sporadic infection in WA. 

  WA melioidosis outbreak.   Melioidosis normally occurs as 
a sporadic infection. Outbreaks or case clusters are extremely 
rare and reflect an unusual convergence of contributing 
environmental factors. Before the WA outbreak, melioidosis 
outbreaks in Australia had been reported from Queensland 
when the Brisbane River burst its banks and in the Northern 
Territory after flooding. 1,  2  Neither had been caused by a 
single strain or genotype. The WA melioidosis outbreak was 
an opportunity to identify previously unrecognized envi-
ronmental determinants of infection, because it was the first 
recorded point-source melioidosis case cluster. Details of the 
public health investigation spanning more than 1 year have 
been published elsewhere. 3–  5  In brief, three blood culture-
positive cases occurred in the same remote WA community in 
quick succession before the start of the rainy season ( Figure 1 ),
alerting the laboratory to an unusual concentration of disease 
in one location. 3  The population of around 200 had increased 
to around two times that number because of a local cultural 
festival. By the time that the initial field investigation had 
been launched, three patients had died and two additional 
culture-positive cases had been detected. Environmental 
health investigations fortuitously detected  Burkholderia 
pseudomallei  in a tap-water sample taken as an environmental 
control, and subsequent seroepidemiology studies in the 
same community discovered that the occupant of the house 

had seroconverted without clinical evidence of melioidosis. 4  
One year later, an environmental investigation traced the 
outbreak strain of  B. pseudomallei  back to the community’s 
water treatment plant after detailed water engineering plans 
were provided to Public Health. 5  Another case of persistent 
septicemic melioidosis was confirmed in a patient who had 
visited the affected community during the outbreak, and the 
link with the original case cluster was made by genotyping 
with DNA macrorestriction analysis. 6  A second late-onset 
case of melioidosis was linked with the original cluster by the 
same method, bringing the total number of septicemic cases 
to seven, with three deaths and two delayed onset cases after 
6 and 18 months, respectively. There were no more cases of 
melioidosis in the affected community and no culture-positive 
cases caused by the pulsotype of  B. pseudomallei  associated 
with the outbreak ( Figure 2 ). 

     Genotyping of  B. pseudomallei .   The series of five culture-
positive septicemic melioidosis cases that made up the 
initial phase of the West Kimberley outbreak was without 
precedent in the world literature. Genotyping had to be 
rapidly developed from a standing start, with collaborative 
support from other centers. DNA macrorestriction by pulsed-
field gel electrophoresis was the preferred technique at that 
time. Initial outbreak management was completed without 
genotyping, having relied on the basic principles of public 
and environmental health. By the time of the water-supply 
investigation 12 months later, a pulsed-field gel electrophoresis 
DNA macrorestriction (denoted PFGE) service was available. 
However, some isolates from early surveillance activities 
produced PFGE gel lanes without distinct bands. Modification 
of the PFGE procedure was developed using hydroxyurea in 
the agarose gel, 7  which enabled DNA macrorestriction analysis 
of previously untypable isolates. A second, complementary 
genotyping method was introduced that used an automated 
ribotyping platform, and the two methods were compared. 8  
The addition of genotype analytical software (Bionumerics, 
Kortrijk, Belgium) allowed for the assembly of a genotype 
archive based on the clinical and environmental isolates 
steadily amassing in the WA culture collection. As other PCR-
based genotyping methods were introduced, the question arose 
as to which method should serve as the first-line genotyping 
system and what should be the definitive typing method. 
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A large archive based on PFGE results needs updating 
through complementary multi locus sequence typing (MLST), 
BOX-PCR analysis (Box A1 primer-based polymerase chain 
reaction nucleic acid amplification), or variable number tandem 
repeat (VNTR) typing. However, before long, the genotyping 
paradigm changed with the arrival    of high-throughput whole-
genome sequencing. Five  Burkholderia  species isolates from 
the WA culture collection were fully sequenced, including 
the WA outbreak strain, which was lodged with the National 
Collection of Type Cultures (NCTC) United Kingdom and 
designated NCTC 13177. NCTC 13177 resembled a Brazilian 
outbreak strain from 2005 by ribotype analysis, although the 
WA outbreak strain grouped with other Australian strains 
after whole-genome sequencing and was in close phylogenetic 
proximity to clinical isolates from the Northern Territory. 9  
Resequencing and genome annotation are now under way 
with the fully sequenced isolate to be used as reference strains 
for a review of the  B. pseudomallei  genotyping algorithm. 

   Public health investigations and control measures.   The initial 
public health response was launched as an emergency response 
to a series of fatalities. A field investigation team arrived in the 
community 3 days after the original alert had been raised and 
5 days after the first regional hospital admission. There was 
no precedent for the preliminary investigation, no evidence 
base for early control measures, and no special emphasis on 
the management of the communal water supply. The team 
concentrated its efforts on case finding and environmental 
health risk assessment. The summer rains commenced days 
after the initial investigation, but the expected increase in 
melioidosis cases did not occur. A cultural event had drawn 
people from surrounding communities immediately before 
this series of septicemic infections, placing an unusual load 
on the community water supply. To maintain supply, a water 
storage tank was bypassed, placing a high demand on a water 
chlorination plant, which rapidly ran out of chlorine. The 
discovery of  B. pseudomallei  in a tap-water sample further 
emphasized the importance of the communal water supply as 
a possible source of infection, 3  although the primary source 
and the principal means of exposure could not be determined. 
The water service providers ensured that chlorine treatment 
of remote community water supplies was closely supervised 
from this point on. A series of assessments of the efficacy of 
chlorine-based disinfection of  B. pseudomallei -contaminated 
water commenced. The discovery of  B. pseudomallei  with an 
indistinguishable pulsotype to the outbreak strain in a water 
treatment device (an aerator used to eliminate excess CO 2  

from water with an unusually low pH of 3.5–4.0) led to the 
removal of antiquated aerators from this and other community 
water treatment plants. 5  After detection of  B. pseudomallei  
in ground-level holding tanks, disinfection methods based 
on Legionella control in cooling towers were implemented. 
Tanks and pipes were drained and treated with a combination 
of thorough cleaning and hyperchlorination. Environmental 
samples taken after refilling the tanks and recharging the 
system repeatedly returned negative results. In 2000, the 
Health Department of Western Australia added melioidosis 
to the state’s list of notifiable diseases, bringing WA into line 

 Figure 1.    Timeline of West Kimberley outbreak. Cases of septi-
cemic melioidosis are shown above the line. +BC =  B. pseudomallei -
positive blood culture. Environmental isolates are shown below the line. 
All belong to an indistinguishable pulsotype. The mine site was located 
in the East Kimberley area 500 km due east of the 1997 outbreak.    

 Figure 2.    WA clinical isolates. DNA macrorestriction dendrogram. 
Clinical isolates from the West Kimberley outbreak of late 1997 belong 
to a single pulsotype group near the top of the dendrogram, contain-
ing the first three blood culture isolates, the last in the initial case clus-
ter, and the two late onset septicemias. All other clinical isolates from 
culture-confirmed melioidosis between 2000 and 2010 belonged to 
distinct and diverse pulsotypes. A cross-section of historic  B. pseudo-
mallei  isolates from WA melioidosis cases was included. Two of these 
(1976 and 1978) form a pair of indistinguishable isolates and have 
a pulsotype similar but distinct to the outbreak strain NCTC 13177.    
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with the Northern Territory (NT) and Queensland (QLD). For 
the first 3 years of the next decade, environmental surveillance 
was conducted in collaboration with the NT and QLD, with an 
emphasis on water-related melioidosis. 10  No additional water-
associated case clusters or individual cases from the affected 
community were detected. Environmental control measures 
used in the aftermath of the WA outbreak seem to have been 
effective, although it is not possible to determine the relative 
efficacy of specific measures. Public health units now use a 
similar approach to melioidosis across northern Australia 11  
(for example, public announcements, such as statements to the 
media, raise melioidosis awareness at times of heightened risk 
such as at the onset of the rainy season, after cyclones, and 
during widespread flooding). 

   Disease notification.   Melioidosis is not universally noti-
fied in Australia and was not a notifiable infection in WA 
at the time of the West Kimberley outbreak. The Health 
Department of WA added melioidosis to the state’s list of 
notable dis eases in 2000 and thus, brought WA into line with 
other northern Australian jurisdictions. State melioidosis noti-
fication statistics have, therefore, been available since 2000 
and provide a continuous record of notifications since 2001 
( Table 1 ), completing a disease surveillance picture of all trop-
ical Australia. Culture-positive infections have been moni-
tored through WA’s clinical laboratory network. The use of 
serology results to confirm recent infection has been more 
problematic because of the potential ambiguity of serol-
ogy results in suspected melioidosis cases (Australian Public 
Health Laboratory Network’s Laboratory Case Definition). 12  
Official notifications may also underestimate the number of 
less severe infections. Despite these shortcomings, notifica-
tion figures highlight the geographic concentration of dis-
ease in the northwest of WA, its sporadic occurrence in other 
parts of the state, and the estimate of the incidence of acute 
infection in the WA population. The small annual total acute 
cases (culture-positive case = 1–6 per annum) ( Table 1 ) allows 
follow-up of individual cases, including detection of cases of 
acute, culture-positive disease potentially connected with the 
1997 outbreak-affected community. Because all clinical isolates 

of  B. pseudomallei  in the WA Burkholderia Culture Collection 
have been genotyped in the last decade, it is unlikely that 
there have been any further late onset infections caused by the 
outbreak pulsotype during the last decade ( Figure 1 ). This is 
consistent with the apparent effect of the environmental con-
trols put in place during the initial outbreak investigation and 
reinforced 1 year later when the aerator and ground-level stor-
age tanks were found to be contaminated with  B. pseudomal-
lei . 5  It is notable that, in the last decade, there have been no 
more melioidosis outbreaks in remote indigenous communi-
ties in WA, with inhabitants of those communities only rarely 
having culture-positive melioidosis. In the last decade, the 
majority of infections occurred in ethnic Europeans working or 
traveling in tropical WA. Although this is one interpretation of 
available data, it may reflect the rapid growth of the northern 
WA population because of an increase in mining, oil and gas 
extraction, and industrial agriculture, all of which have gone 
through a boom during this period. Some regional towns cur-
rently record up to 2.5% annual growth of the resident popu-
lation. The small proportion of people from remote indigenous 
communities among melioidosis notifications might, therefore, 
reflect an increasing European population in the region. 

        Environmental surveillance.   Recognition of the link between 
a potable water supply and the melioidosis outbreak prompted 
a collaborative environmental surveillance project across 
northern Australia, 10  coinciding with the introduction of 
disease notification in WA. For the first 3 years of the next 
decade, environmental surveillance was conducted in WA in 
collaboration with the NT and QLD, attempting to identify 
additional  B. pseudomallei -contaminated water supplies and 
associated cases of clinical infection. Because of the large 
distances involved, environmental sampling was opportunistic 
and concentrated on the main regional population centers. 
Water service provider agencies were enlisted in sample 
collection, which included, for example, an environmental 
sampling over the 1,000-km road distance from Wyndham to 
Broome ( Figure 3 ).  B. pseudomallei  isolates were recovered 
from Northern Territory locations, and genotyping showed 
that these isolates were not linked to clinical isolates in the 
WA culture collection. A notable surveillance gap was private 
water supplies, because these were only rarely treated with 
chlorine or other disinfectants. Subsequent studies in the 
Northern Territory found  B. pseudomallei  in some water 
supplies and indicate that water quality indicators may predict 
its presence. 13,  14  Another observation from the initial outbreak 
investigation that was followed during the 3-year environmen-
tal surveillance project was a possible association between 
 B. pseudomallei  and the rhizosphere of indigenous plants such 
as  Acacia colei .  B. pseudomallei  was isolated from the rhizo-
sphere of  A. colei  at the outbreak location but was not isolated 
from Acacia rhizosphere samples in subsequent environ-
mental sampling elsewhere. 10  Conversely,  in vitro  work shows 
specific interaction between  B. pseudomallei  and  A. colei . 15  

  During the second one-half of the decade, environmental 
surveillance was targeted at specific high-risk locations, activ-
ities, and occupations. Environmental surveillance of a mine 
site was linked to seroepidemiological surveillance to mea-
sure the conversion of  B. pseudomallei  presence in the envi-
ronment to the probability of exposure 16  ( Figure 3 ). As yet, 
there has been no systematic environmental surveillance of 
the remote West Kimberley east of the Dampier Peninsula 
where the WA melioidosis outbreak occurred ( Figure 3 ). 

 Table 1        
  Western Australian patients with culture-confirmed melioidosis by 

year  

Year

Patients with positive cultures

Notifications ‡ Total * Blood culture Other sample † 

1997 2 2 0 NA
1998 6 6 0 NA
1999 2 1 1 NA
2000 6 5 1 NA § 
2001 4 4 0 6
2002 2 2 2 4
2003 1 1 0 3
2004 5 5 0 4
2005 2 2 2 3
2006 4 3 2 5
2007 5 3 2 4
2008 2 1 1 6
2009 4 3 1 7

  Cases of melioidosis in Western Australia from 1997 to 2009.  
  *   All culture-positive cases, most of which were bacteriemic, including those positive at 

other body sites.  
  †   Culture-positive cases in samples other than blood cultures.  
  ‡   Formal notifications to Health Department, some of which were based on serological 

evidence of recent exposure.  
  §   Notifications for 2000 did not include the first few months of the year, when most culture-

positive cases occurred.  
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In the absence of additional water-borne melioidosis case 
clusters, it has been difficult to sustain an argument for rou-
tine culture-based water supply surveillance over such a large 
area. Surveillance efforts have, therefore, been restricted to 
engineering checks on the adequacy of chlorine treatment of 
potable water supplies. The reliability of this surrogate indica-
tor for the absence of water-borne melioidosis risk remains 
untested in WA.  

 Associations with plants, protozoa, and fungi.   Attempts to 
implicate  B. pseudomallei  from the rhizosphere of specific 
indigenous plants in human infection have, thus far, been 
unsuccessful. An association has been shown between 
 B. pseudomallei  and native grasses in the adjacent Northern 
Territory, although the significance of this observation to 
agricultural and other land development in northern WA 
has yet to be determined. 17  We proposed previously that 
 B. pseudomallei  could have been introduced into Australia on 
or in the roots of introduced non-native species such as the 
Ceará rubber species,  Manihot glaziovii , 18  which was brought 
into the Darwin area around 1842. However, Pearson and 
others 19  analyzed the population structure of more than 17,000 
isolates of  B. pseudomallei  and concluded that these separated 
into two main subpopulations on either side of the Wallace line. 
Their data support a more ancient lineage arising in Australia, 
with subsequent introduction of the species into Southeast 
Asia. In Southeast Asia, melioidosis is considered a disease of 
rice farmers, among others. Rice was previously grown on a 
small scale in WA, having just been commercially reintroduced 
in parts of WA where culture-positive cases of melioidosis 
have been repeatedly detected. The rhizosphere is a highly 
complex microbial environment containing many possible 
determinants of  B. pseudomallei  replication and survival. 
Investigation of the interactions between  B. pseudomallei  
and free-living amoebae and arbuscular mycorrhizal fungi 
indicated a range of rhizosphere niches in which  B. pseudomal-

lei  could survive. 20–  22  Furthermore,  B. pseudomallei  has been 
identified in mycorrhizal fungi samples from the Northern 
Territory. 23  

    Climate effects in the endemic zone.   The association between 
severe weather events and acute septicemic melioidosis is 
well-documented in other parts of northern Australia, where 
disease follows heavy summer rains. 24  The annual distribution 
of culture-positive melioidosis cases is concentrated in the 
rainy months of November to April, with a tail of cases in 
winter ( Figure 4 ). Cyclones coincide with the majority of 
culture-positive melioidosis cases in WA. The northern WA 
coast between Exmouth and Broome is the most cyclone-
affected coast in the Southern Hemisphere, experiencing 
at least one tropical cyclone per year throughout the period 
1997–2010 (Australian Bureau of Meteorology). Tropical 
cyclone systems are complex, and their effect on soil and 
surface-water bacteria requires further study to improve our 
ability to predict melioidosis risk. Weather records from the 
area of the tropical WA mine study site implicated a specific 
severe weather event as the putative cause of melioidosis 
seroconversion in previously healthy miners. 16  Continuous 
weather monitoring for 22 years shows significant increases 
in average annual rainfall during this period, with a cyclic 
variation over a 5- to 7-year period. It is not yet proven that this 
effect is related to cyclical Indian Ocean surface temperature 
variations. Cyclones are considered one of the most likely 
disasters in the region. Broadly speaking, cyclones affecting 
the WA coast fall into four trajectory patterns: starting and 
finishing offshore, starting in the Timor Sea and coming 
ashore from the northwest, starting in the Timor Sea, coming 
ashore near Darwin, and approaching WA from the East, and 
starting further East before approaching WA from landward. 
The last two categories of cyclones might best explain the 
notable phylogenetic proximity between  B. pseudomallei  
clinical isolates from melioidosis cases in northern WA 

 Figure 3.    Map of the Kimberley region showing notable melioidosis events and environmental sampling for  B. pseudomallei . Melioidosis field-
work for WA in 1997 and 1999; West Kimberley melioidosis outbreak was located in a remote community of around 200 persons (star). In 2001, 
environmental surveillance, water sampling expedition, from Wyndham to Broome along route of Great Northern Highway. From 2004–2007 occu-
pational health risk assessment for mine site (filled circle). In 2009, environmental sampling along eastern Gibb River road and from Mt. Hart 
Station to Fitzroy Crossing. Remote communities on the northwest coast remain unsampled.    
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and the Northern Territory. 11  In the years when cyclones 
affecting WA approach from out at sea without any landfall 
in another state, there were between one and two culture-
positive melioidosis cases recorded in WA ( N  = 4, median = 2). 
When cyclones reached WA from a landward direction, 
there was a higher median number of cases (median = 4, 
two to six culture-positive cases,  N  = 9; Mann–Whitney 
 U  test,  U  = 3.00,  P  = 0.021). An additional consequence of the 
landfall of tropical cyclones on the WA coast is the progressive 
extension of the melioidosis-endemic zone in a southeastern 
direction. During the last decade, there have been sporadic 
cases of culture-positive melioidosis from inland communities 
in the Pilbara and Gascoyne regions of WA, where melioidosis 
was not previously reported. These cases occurred within 
weeks of severe weather systems passing through the area; 
the most eastern occurrence of these cases was to the inland 
community of Wiluna, where the first case involved an 
inhabitant whose first travel outside the community was for 
hospital admission with melioidosis (approximately 1,500 km 
from the WA outbreak location). Another culture-positive 
case occurred there 2 years later. Interestingly, all clinical 
 B. pseudomallei  isolates from WA since 2000 have been sporadic 
cases with distinct pulsotypes, excluding a simple migration 
front of a dominant or common genotype. There has been 
one possible environmental translocation; an isolate that was 
indistinguishable from the WA outbreak strain (NCTC 13177) 
was detected during mine site environmental surveillance in 
2007. 16  The isolate was recovered from three environmental 

locations at a mine site 500 km east and after an interval of 
8 years after the melioidosis outbreak ( Figure 3 ). Distinct 
 B. pseudomallei  isolates were also recovered from some one 
of these sites and other mine site locations sampled during the 
course of the study. 

    Detection of cases through improved laboratory methods.  
 A decade’s work on melioidosis has brought a series of 
improvements to laboratory methods used in confirmation 
of infection and subsequent analysis. The rapid development 
of events during the initial management phase of the West 
Kimberley outbreak necessitated improved laboratory methods 
to avoid the ambiguities of some bacterial identification 
systems. 25  Characterization of potential  B. pseudomallei  by 
substrate use panels such as API20NE led to a consistently 
reliable identification only for isolates on solid media with the 
classical wrinkled bacterial colony appearance after prolonged 
incubation on solid media. However, some clinical isolates were 
excessively mucoid, and environmental isolates often remained 
smooth, despite prolonged incubation. Because the selection 
of bacterial colonies for subsequent phenotypic identification 
tests (such as substrate use panels) often depends on colony 
appearance, this morphological variation makes initial 
recognition of environmental isolates particularly difficult and 
may occasionally result in false-negative culture results from 
clinical non-sterile clinical samples. A biphasic identification 
method was introduced using preliminary screening tests 
followed by bacterial fatty acid analysis. 26  A PCR-based 
confirmatory test was introduced as a definitive identification 
step. 27  In time, a PCR assay was developed for  B. pseudomallei  
identification based on a gene sequence associated with a 
bacterial fatty acid specific to  B. pseudomallei . 28,  29  This assay 
was more reliable than the earlier PCR assay used in WA during 
the first one-half of the decade. Another improvement was 
sequencing of a PCR-amplified RecA gene product. 30  There 
have been at least three instances when preliminary phenotypic 
identification was subsequently revised to  B. pseudomallei  
as a result of this polyphasic identification schema. Without 
this approach, all three cases would have been erroneously 
reported as other bacterial species, such as  Pseudomonas 
stutzeri . Improvements in bacterial identification have also led 
to referral of other isolates from private pathology services, 
enhancing laboratory-based disease notification. 

   Knowledge gaps and changing demographics.   Sustained 
investigation of melioidosis in WA has improved our 
understanding of its epidemiology and ecology and resulted 
in improvements to the clinical laboratory service. Important 
knowledge gaps remain. One of the leading questions is the 
principal route of exposure to  B. pseudomallei . 31  The WA 
outbreak highlighted the potential role of potable water as a 
means of distribution of  B. pseudomallei , but it left unexplained 
the final exposure to  B. pseudomallei . The number of septice-
mic cases shortly after the onset of summer rains suggested an 
intermediate but still unidentified step. The role of rhizosphere 
interactions in the possible amplification of bacterial numbers 
or final dissemination has not been confirmed or clarified. We 
also do not understand why some environmental strains of 
 B. pseudomallei  are not associated with human disease, despite 
their isolation from populated locations. Another question is 
why there should be such patchy geographic distribution of 
 B. pseudomallei  in the known endemic zone. 

 Melioidosis risk assessment will become increasingly impor-
tant as the population of tropical WA increases because of the 

 Figure 4.    Seasonal distribution of melioidosis cases and tropi-
cal cyclones in WA from 1998 to 2009. TC = tropical cyclone; TC 
seaward = tropical cyclone approaching northern WA from a sea-
ward direction; TC landward = tropical cyclone approaching northern 
WA over land from Northern Territory. Culture-positive cases peak 
during the summer months of December to April when the rains come. 
This is also the tropical cyclone season. Cyclones approaching WA 
from a landward direction are in the minority. The dry season cases of 
culture-positive infection are possibly the result of delayed onset 
infection or other means of environmental exposure.    
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growth of mining, agriculture, and support services. Current 
low annual case load masks a relatively high incidence for 
the Kimberley region of WA ( Table 1 ) of up to 14 cases per 
100,000. 32  The population growth rate in WA in the last year 
recorded (12 months to March 2010 33 ) was 2.3% per annum, 
ahead of all other Australian states. In tropical WA, the annual 
population growth rate reached 5% in the Port Hedland local 
government area, and it was 2% in the Kimberley, princi-
pally because of the arrival of overseas-born people. In addi-
tion, nowadays, there is a large regional fly-in and fly-out 
workforce. Even if there is no increase in the level of envi-
ronmental  B. pseudomallei  contamination or number of con-
taminated locations, the total human exposure to soil and 
surface water will increase. When the effect of local climate 
variations are added to demographic and industrial changes, 
the estimated melioidosis case numbers can be expected to 
increase by more than the calculated proportion of the res-
ident population. The current low annual case load masks 
a relatively high incidence for the Kimberley region of WA 
( Table 1 ) of up to 14 per 100,000. 32  Given these anticipated 
developments, the current process of disease notification 
requires a more active surveillance process, such as a State 
Melioidosis Registry, to include archiving of all clinical isolates, 
clinical outcomes, patient sera, and descriptive and molecular 
epidemiological data. Considerable progress has been made 
with melioidosis in WA since the 1997 outbreak through clini-
cal and scientific collaboration. If the modest gains made thus 
far are to be consolidated and built on, it will require more 
collaboration from the wider public health and research 
community. 
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