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Abstract 

The Darwin Prospective Melioidosis Study (DPMS) commenced on October 1st, 1989. Over 

30 years to September 30th, 2019, there were 1148 individuals with Burkholderia 

pseudomallei culture-positive melioidosis, of whom 133 (12%) died. Median age was 50 

years (IQR 38–60), 48 (4%) study participants were children younger than 15 years of age, 

721 (63%) were male individuals, and 600 (52%) First Nations Australians. All but 186 

(16%) had clinical risk factors, 513 (45%) had diabetes, and 455 (40%) hazardous alcohol 

use. Only three (2%) of 133 fatalities had no identified clinical risk factor. Of 1148 primary 

melioidosis presentations, 1013 (88%) were acute (with an incubation period of 1–21 days, 

median 4 days, IQR 3–7 days), 106 (9%) were chronic (defined as symptoms for ≥ 2months), 

and 29 (3%) were considered to be infection activations from latency. 60 (5%) individuals 

had one or more recurrences of melioidosis, of whom 44 individuals had a relapse and 20 

individuals had a new infection, making a total of 1212 episodes of melioidosis over the 30 

years. Pneumonia was the most common presentation occurring in 595 (52%) patients. 

Bacteraemia occurred in 633 (56%) of 1135 patients, septic shock in 240 (21%) patients, and 

180 (16%) patients required mechanical ventilation. Cases correlated with rainfall, with 80% 

of infections occurring during the wet season (November to April). Median annual incidence 

was 20·5 cases per 100,000 people; the highest annual incidence in First Nations Australians 

was 103·6 per 100,000 in 2011–12. Over the 30 years, annual incidences increased, as did the 

proportion of patients with diabetes, although mortality decreased to 17 (6%) of 278 patients 

over the last 5 years. 

Genotyping of B. pseudomallei at Menzies School of Health Research evolved from 

ribotyping in the early days, to pulsed–field gel electrophoresis and BOX–PCR. With the 

advent of direct genome sequencing, Menzies embraced multilocus sequence typing (MLST) 

and more recently analysis of whole genome sequencing of B. pseudomallei DNA. Menzies 

curates the open access global B. pseudomallei MLST website; 

https://pubmlst.org/organisms/burkholderia-pseudomallei and this, together with shared 

leadership of the International Melioidosis Network 

(https://groups.google.com/g/melioidosis) has facilitated long term global collaborations 

which have informed the emerging understanding of the origins and dynamic global dispersal 

of B. pseudomallei, both over millennia and in recent years. 

https://pubmlst.org/organisms/burkholderia-pseudomallei
https://groups.google.com/g/melioidosis
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Of the 1148 primary presentations, we have stored B. pseudomallei isolates and MLST 

results from 1108 (97%). There were 349 distinct B. pseudomallei sequence types (STs), of 

which 243 were found only in a single patient. The large diversity of sequence types was 

especially evident in rural and remote Top End regions. In urban Darwin there was a dynamic 

situation of persistence throughout the 30 years of common STs 36, 109 and 132, while ST 

553 was rare in early years but increased to become the commonest ST in Darwin in the last 5 

years. The proliferation of ST 553 is linked to a period of intense urban construction. An 

evolving story is the likely point source introduction into Darwin of an Asian genotype ST 

562, which continues to spread. How this introduction occurred and specifically where from 

remain to be established. 

Genotyping has provided important insights into the epidemiology of melioidosis, enabling 

linking of B. pseudomallei from individual cases to environmental B. pseudomallei recovered 

from specific potential exposure sites. One notable example is matching a B. pseudomallei 

genotype from air sampling during stormy weather to the genotype from an individual with 

presumptive inhalational melioidosis. Case clusters linked to contaminated water supplies 

have also been confirmed by genotyping. 

Therapy guidelines for melioidosis have evolved in Darwin over the 3 decades of the DPMS, 

with local experience informed by a series of randomised comparative antimicrobial trials 

from Thailand. The revised 2020 Darwin Melioidosis Treatment Guideline is now used 

nationally and internationally. 

One conclusion of the DPMS is that melioidosis can be considered analogous to an 

opportunistic infection. It is very unlikely to kill a healthy person, provided the infection is 

diagnosed early and resources are available to provide appropriate antibiotics and critical care 

where required. However, the reality remains that such resources are just not available or are 

extremely limited in many of the world’s regions where melioidosis is endemic.  
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Thesis Outline 

The 11 peer-reviewed publications, each presented as a separate chapter, span the three 

decades of the Darwin Prospective Melioidosis Study (DPMS). 

Chapter 1 is a review of the melioidosis literature at the turn of the Century. Chapter 2 

summarises the known global distribution of melioidosis and Burkholderia pseudomallei as 

in 2008, with Chapter 3 summarising new knowledge on melioidosis over the decade until 

2008 and highlighting remaining gaps in knowledge. 

Chapters 4-8 describe the evolution of molecular genotyping of B. pseudomallei at Menzies, 

each with examples of the power of molecular public health to inform the epidemiology of 

melioidosis, including individual case scenarios and case clusters linked by geography or as a 

suspected point-source outbreak. The sequential methods developed by our team for 

genotyping B. pseudomallei are ribotyping, pulsed-field gel electrophoresis, BOX-PCR, 4-

locus multilocus variable number tandem repeat analysis (MLVA-4) and whole-genome 

sequencing analysis. 

Chapters 9 and 10 are the publications of the 20- and 30-year data from the DPMS, 

respectively. They demonstrate the power of prospective studies to define the epidemiology 

and clinical features of a specific disease, with knowledge and accuracy increasing 

incrementally over time. Such long-term studies also enable documentation of and 

hypotheses for important changes in epidemiology, incidences and outcomes over time and 

geographical space. 

Chapter 11 is a summary review from 2015 of the epidemiology, pathogenesis and treatment 

of melioidosis, with a brief concluding Update, noting several further advances since 2015 

and listing some important remaining gaps in knowledge as of 2022.



Chapter 1. Melioidosis at the turn of the Century: a literature 

review 

Published as:  

Currie BJ.  Melioidosis: an Australian perspective of an emerging infectious disease. Recent 

Advances in Microbiology 2000;8:1-75. 

 
1.1 Chapter Overview 

This publication provides a concise summary of the history of melioidosis, the global 

distribution, the Australian melioidosis story, epidemiological, pathogenetic and clinical 

features of melioidosis and the evolution of therapy for melioidosis. It also presents a 

summary of the clinical features of patients from the first 10 years of the Darwin Prospective 

Melioidosis Study, enabling comparison with the subsequent 20- and 30-year publications 

(Chapters 9 and 10). 

On re-reading this review 21 years after its publication there are some noteworthy 

observations. 

1. There was a rich history of melioidosis research and publications in the 20th Century 

that continues to inform current studies. 

2. The epidemiology, clinical aspects and therapy of melioidosis were well established 

by 2000. Studies from Australia and Thailand had substantially informed the 

epidemiological and clinical understanding of melioidosis and a series of randomised 

comparative trials of antibiotics from Thailand had already revolutionising the therapy 

of melioidosis. 

3. What has advanced substantially since 2000 is a much clearer understanding of the 

global distribution of melioidosis and Burkholderia pseudomallei. 

4. Furthermore, since the publication of the first completed genome sequence of B. 

pseudomallei in 2004, outputs from the genomics era have provided fascinating 

hypotheses about the dynamic nature of the spread of melioidosis locally, regionally 

and globally and insights into transmission events and point-source outbreaks. 

On the other hand, understanding of the pathogenesis of melioidosis and development of 
vaccines continues as work in progress. 
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In 1912 Whitmore and Krishnaswamy described cases of a newly recognised pyaemic or 

septicaemic disease in Rangoon, Burma. Some fatal cases were morphia addicts and were 

characterised by widespread caseous consolidation of the lung and abscesses in liver, spleen, 

kidney and subcutaneous tissues. The bacillus isolated from tissues was similar to that causing 

glanders (Burkholderia mallei), but was motile. Whitmore (1913) noted the clinical similarity 

to glanders, and subsequently the name melioidosis was proposed by Stanton and Fletcher 

(1921), being derived from the Greek melis (distemper of asses). Various names were used for 

the causative bacterium, including Bacillus whitmori, Pfeifferella whitmori, Pfeifferella 

pseudomallei, Malleomyces pseudomallei and for many years Pseudomonas pseudomallei 

(Leelarasamee & Bovornkitti, 1989). Because of 16s rRNA sequences, DNA-DNA homology 

values, cellular lipid and fatty acid composition and phenotypic characteristics within the 

Pseudomonas genus, in 1992 seven species were moved to a new genus, Burkholderia 

(Yabuuchi et al., 1992). The new genus was named after the US microbiologist Walter 

Burkholder of Cornell University, who in 1949 first described B. cepacia, formerly P. cepacia, 

as the phytopathogen responsible for a bacterial rot of onions (“slippery skin”) (Burkholder, 

1950). B. cepacia is the type species in the genus, which includes the organisms causing 

melioidosis (B. pseudomallei) and glanders (B. mallei). 

 

GLOBAL DISTRIBUTION OF ENDEMIC MELIOIDOSIS 
Excellent summaries of what is known about the distribution of melioidosis are provided by 

Dance (1990, 1991, 2000b). After the initial description in Burma, the disease was documented 

in humans and animals in Malaysia and Singapore from 1913 (Stanton & Fletcher, 1932) and 

then Vietnam from 1925 and Indonesia from 1929 (Dance, 1991). The majority of cases of 

melioidosis currently being diagnosed are from South-East Asia, most notably Thailand 

(Punyagupta, 1989; Chaowagul et al., 1989; Vuddhakul et al., 1999), with an estimated 2000 

– 3000 cases each year (Leelarasamee, 2000), Malaysia (Puthucheary et al., 1981; Puthucheary 

et al., 1992; Vadivelu et al., 1997), Singapore (Chan et al., 1985; Tan et al., 1990; Yap et al., 

1991; Yap et al., 1995; Singapore Committee on Epidemic Diseases, 1995; Lim et al., 1997) 

and northern Australia (see below). 

 The two locations where melioidosis is arguably the most important single bacterial 

pathogen for humans are some north-east provinces in Thailand and the Top End of the 

Northern Territory of Australia. Melioidosis is the most common cause of fatal community-

acquired bacteraemic pneumonia at Royal Darwin Hospital (Currie, 1993a). This is similar to 
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the situation in north-east Thailand where 20% of community-acquired septicaemic cases are 

due to melioidosis, which accounts for 39% of fatal septicaemias (Chaowagul et al., 1989) and 

36% of fatal community-acquired pneumonias (Boonsawat et al., 1990).  The average annual 

incidence of melioidosis in the Top End of the Northern Territory between 1989 and 1998 was 

16.5/100,000, with a rate of 34.5/100,000 for the year spanning the 1997/1998 monsoon, which 

was particularly wet (Currie et al., 2000c). This compares to an annual incidence of 4.4/100,000 

from Ubon Ratchatani Province in north-east Thailand, where the 1000 bed Sappasitprasong 

Hospital diagnoses 100-150 culture-positive cases of melioidosis annually (Suputtamongkol et 

al., 1994a), with 1440 adults with melioidosis admitted between 1987 and 1998 (Chaowagul 

et al., 1999b). The apparent higher incidence rate in the Top End of the Northern Territory may 

in part be a reflection of possible under-ascertainment in the north-east Thailand study, where 

the less severely ill patients with melioidosis treated in other hospitals and not referred to the 

large central hospital were not included.  The population of Ubon Ratchatani in 1990 was 

1,198,086 (Suputtamongkol et al., 1994a), in comparison to the population of the Top End of 

139,000 in 1997 (derived from the Australian Bureau of Statistics, Canberra). The overall 

population in the hyperendemic area of north-east Thailand is around 7 million people. 

 Although recent published incidence rates have been highest for north-east Thailand and the 

Northern Territory of Australia, the disease was not recognised in these two regions until 1955 

and 1960 respectively (Dance, 1991; Crotty et al., 1963). Conversely, despite the early 

documentation of melioidosis in Burma and Indonesia, there is little data to suggest it is 

currently being recognised and diagnosed in those countries. There was a fatal case of 

melioidosis in southern Queensland in 1998 which was likely to have been from infection 

acquired in Sumatra, Indonesia (Currie, unpublished data). That melioidosis is still likely to be 

endemic in those regions is supported by the diagnosis of melioidosis in monkeys imported 

into Britain from Indonesia (Dance et al., 1992). A recent study from southern Vietnam 

confirmed that melioidosis, while present in the region, is clearly less common than in north-

east Thailand (Parry et al., 1999). 

 Other countries in the region where melioidosis is recognised in humans and animals include 

China (especially Hong Kong), Taiwan and Brunei (Dance, 1991, 2000b; Li et al., 1994; Lee 

et al., 1985; Lee et al., 1996). It is likely that endemic cases also occur in Laos, Cambodia and 

the Philippines (Dance, 1991; Dance et al., 1992; Leelarasamee, 2000). Melioidosis has also 

been increasingly recognised in India (Dance, 2000b; John et al., 1996; Cherian et al., 1996). 

However, reports that some of the “plague” scares of 1994 in Beed (Maharashtra State), Surat 

city (Gujarat State) and Pune (Maharashtra State) may have resulted from cases of melioidosis 
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(Bharadwaj et al., 1994), have been discredited (Cherian et al., 1995; Dance et al., 1995). Cases 

from Sri Lanka, Bangladesh and Pakistan have also been documented (Dance, 1991; Dance et 

al., 1999). 

 Melioidosis has also been an important cause of morbidity and mortality in foreign troops 

fighting in South-East Asia. Dance notes that at least 100 cases occurred among French forces 

in Indochina between 1948 and 1954 and by 1973, 343 cases had been reported in American 

troops fighting in Vietnam (Dance, 1991; Rubin et al., 1963). Re-activation of latent infection, 

analogous to tuberculosis, is well recognised and led to concerns of disease in soldiers returned 

from Vietnam, with estimates from serology studies of around 225,000 potential cases, termed 

the “Vietnamese time bomb” (Spotnitz, 1966; Clayton et al., 1973). However, while occasional 

cases of re-activation of B. pseudomallei still occur in Vietnam veterans (Mackowiak & Smith, 

1978; Chodimella et al., 1997) it is rare in comparison to the numbers exposed. 

 Occasional cases of melioidosis have been documented from outside the classical endemic 

region of South-East Asia, Australasia, the Indian Subcontinent and China. These include 

sporadic human or animal cases and sometimes also environmental isolates of B. pseudomallei 

from Africa, the Middle East, the Caribbean, Central and South America. As Dance notes, 

while some of the reports are from incorrect species diagnosis, others are confirmed and make 

the endemic boundaries of melioidosis entirely unclear (Dance, 1991, 2000b). However, what 

is clear is that it is north-east Thailand and parts of northern Australia which are 

“hyperendemic” for melioidosis (Chaowagul et al., 1989; Currie et al., 2000c). 

 

MELIOIDOSIS IN AUSTRALIA 
Melioidosis was first recognised from Australia in an outbreak in sheep in 1949 in Winton, 

north Queensland  (Cottew, 1950; Cottew et al., 1952).  The first human case described was a 

32-year-old diabetic from Townsville, north Queensland, who developed fatal septicaemic 

melioidosis (Rimington, 1962).  Another case in north Queensland was documented from 1959 

and the first reported case in the Northern Territory (NT) was from 1960 (Crotty et al., 1963).  

Since then, melioidosis has been increasingly recognised as an important cause of sepsis in 

humans and animals in northern Australia. 

 It had been suggested that B. pseudomallei may have colonised Australia from South-East 

Asia (Fournier, 1965; Johnson, 1967; Strauss et al., 1969b). However recent molecular 

epidemiological studies on isolates from northern Australia show extensive genetic diversity 
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across the region, consistent with endemicity for millenia (Lew & Desmarchelier, 1993; Haase 

et al., 1995b; Lew et al., 1995; Norton et al., 1998; Currie et al., 2000c).  

 Although the endemic area for melioidosis has generally been stated to be between the 

latitudes 20oS and 20oN (Dance, 1991; Leelarasamee & Bovornkitti, 1989), Winton in outback 

western Queensland, the location of the first description of melioidosis from Australia is below 

this latitude and just inside the tropics at 22oS. Of interest, Winton was the name given to the 

first aircraft operated by Queensland and Northern Territory Aerial Services Corporation 

Limited (QANTAS), with the inaugural flight from Sydney to Longreach, western Queensland 

in January 1921. Between 1981 and 1983 there were 159 cases of melioidosis in piggeries in 

the region of the Burnett River at 25.5oS (Ketterer et al., 1986).  The cases were attributed to a 

contaminated water supply, possibly associated with preceding heavy rainfall and river 

flooding and construction of a dam.  Chlorination of the water supply to the piggeries was 

associated with cessation of the outbreak.  However, there have been subsequent sporadic cases 

of melioidosis of animals in the region up until at least 1996 (Scott et al., 1997). While this 

subtropical area is endemic for melioidosis in animals, by far the majority of human cases still 

occur above 20oS, with disease recognised across northern Australia. 

 The largest numbers of human cases in Australia are documented at the Royal Darwin 

Hospital (12oS) on the coast of the Northern Territory (Crotty et al., 1963; Webling, 1980; 

Rode & Webling, 1981; Asche, 1991; Merianos et al., 1993; Currie et al., 1993, 2000c, 2000d), 

which services the “Top End”, including referrals from Gove and Katherine hospitals. This is 

followed by hospitals in Cairns (17oS) and Townsville (19oS) (Rimington, 1962; Ashdown & 

Guard, 1984; Guard et al., 1984; Guard, 1987; Norton et al., 1998). Cases are also seen at the 

smaller hospitals in Mt Isa in western Queensland and Kununurra, Halls Creek, Derby and 

Broome in the Kimberley region of north Western Australia (Inglis et al., 1999). The incidence 

of disease is highest in the north of the Northern Territory and possibly also in the small 

population in the Torres Strait Islands adjacent to Papua New Guinea in far north Queensland 

(Ashdown & Guard, 1984; Johnson, 1967). 

 In addition to endemic melioidosis, there are several documented situations of possibly 

introduced melioidosis in temperate Australia. Following flooding of the Brisbane River valley 

(27oS) in January 1974, there were cases of melioidosis in cows (Ketterer et al., 1975). During 

the preceding year there had been cattle imported from north Queensland and it has been 

postulated that they introduced melioidosis to the farm where there were subsequent cases. In 

addition, there was a human case of septicaemic melioidosis in 1974 in south-east Queensland 

(27.5oS) and in the same region around Ipswich two fatal cases occurred early in 1996 
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following high rainfall and local flooding (Scott et al., 1997). It was postulated that the region 

of the Brisbane River Valley had been seeded with B. pseudomallei from infected cattle moving 

into the area in past years. A further fatal case from Ipswich occurred following flooding in 

February 1999 (Dr. Wendy Munckhof, personal communication). Molecular typing of various 

B. pseudomallei isolates from the Brisbane river floods has however shown considerable 

genetic diversity. It is therefore possible that this sub-tropical region is truly endemic for 

melioidosis. Alternatively, multiple introductions could conceivably have occurred from 

importation from north Queensland of more than one infected animal. 

 Introduced disease in temperate Australia was suggested as an explanation for the other 

recognised non-tropical focus of melioidosis in Australia; a cluster spanning a 25-year period 

in south-west Western Australia (31oS), involving animal cases and one human infection in a 

farmer (Golledge et al., 1992).  Ribotyping of the farm animal and human isolates and one 

isolate from the soil showed identical patterns (Currie et al., 1994). This supports the 

suggestion of clonal introduction of B. pseudomallei into this endemic region, with 

environmental contamination, local dissemination and persistence over 25 years. 

 In addition to endemic disease in the tropical north of the country and the two foci of 

possible introduced disease in temperate Australia, imported melioidosis cases are seen each 

year in hospitals in southern Australia. Some of these cases are acquired in tourists returning 

from northern Australia and others are acquired in South-East Asia. While the vast majority of 

these cases are from recent acquisition of B. pseudomallei, as occurs with over 90% of cases 

in northern Australia (Currie et al., 2000a), occasional patients may have chronic melioidosis 

or have reactivation of disease from a latent focus.  This was the situation in the first case 

diagnosed in Sydney in 1966, recognised at autopsy in a man who had had various septic 

presentations over a 19-year period (Newland, 1969). Infection was considered to have 

possibly been acquired in New Guinea during World War II. 

 

MELIOIDOSIS IN PAPUA NEW GUINEA & EAST TIMOR 
In addition to the returned soldier diagnosed in Sydney, another case was attributed to 

acquisition in Papua New Guinea during World War II, making a latent period of 24 years from 

exposure to fatal melioidosis (Kingston, 1971). This person was from Brisbane, so it is 

therefore possible that exposure occurred there rather than in Papua New Guinea. Since 1964 

at least six cases of melioidosis (four fatal) have been documented from Port Moresby 

(Rowlands & Curtis, 1965; De Buse et al., 1975; Lee & Naraqi, 1980; Currie, 1993b). 
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However, two limited serological studies in Papua New Guinea have failed to detect antibody 

to B. pseudomallei (Barnes et al., 1991; Rowlands & Curtis, 1965). This is in contrast to 5.7% 

seroprevalence in north Queensland, with 7.8% seroprevalance in the Torres Strait Islands 

between north Queensland and Papua New Guinea (Ashdown & Guard, 1984) and 12.8% in 

Arnhem Land, NT, further to the west (Currie et al., 2000c). 

 Warner has recently described a series of confirmed cases of melioidosis from Balimo (8oS) 

in the Western Province of Papua New Guinea (Warner et al., 1998). Studies in the region have 

suggested clustering in one particular village, with seroprevalences from 0.7-16.4% and a 

possible predilection for children (Warner et al., 1998). While it appears likely that melioidosis 

is very uncommon in Central Province and the national referral hospital in Port Moresby, there 

may well be other endemic locations within Papua New Guinea where melioidosis is yet to be 

diagnosed and the extent of morbidity and mortality documented. This applies also to Irian 

Jaya, the western half of the island of New Guinea. 

 The distinctly focal nature of endemicity in Papua New Guinea is possibly an extreme 

example of what occurs in other endemic locations and remains to be elucidated. It is clear that 

in Thailand it is various north-east provinces that account for the majority of cases (Chaowagul 

et al., 1989; Leelarasamee, 2000). There is also considerable variation across northern 

Australia, with less disease in the Kimberley in the far north-west (Inglis et al., 2000a) than in 

the adjacent Top End of the Northern Territory. Even within the Top End there are variations, 

with melioidosis clearly more common in some Aboriginal communities than others (Currie, 

unpublished data). 

 The situation in East Timor (9oS), which lies 800km north-west of Darwin, remains 

unknown. Since the political upheaval of 1999 there have been large movements of refugees 

into Australia from East Timor and of peacekeepers and aid workers from around the world 

into East Timor. Darwin has been a focal point for many of the activities; surveillance for 

melioidosis from East Timor has so far revealed no cases, in contrast to many cases of dengue, 

malaria and tuberculosis. 

   

MELIOIDOSIS INTRODUCED INTO NON-TROPICAL REGIONS   
Complicating factors in defining the endemic region for melioidosis are the possibility of 

importation of disease into a non-endemic region and also the occurrence of re-activation from 

a latent focus in an individual who previously resided in or travelled to an endemic region (see 

below). The two documented situations with melioidosis becoming established in temperate 
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regions well below the tropics are the occurrence of cases in south-west Western Australia over 

25 years described above and the outbreak in France in the 1970’s. In the latter, cases occurred 

in animals in a Paris zoo, with spread to other zoos and equestrian clubs in France (Dance, 

1991). As well as fatal animal and human cases, there was extensive soil contamination 

persisting for some years. As with the Western Australian outbreak, B. pseudomallei was 

considered likely to have been introduced by importation of infected animals, possibly a panda 

donated to France by Mao-Tse-Tung or horses from Iran (Dance, 1991). It is also possible that 

a substantial outbreak among sheep, goats and pigs in the Caribbean island of Aruba (Dutch 

Antilles) (Sutmoller et al., 1957) may have been introduced by imported animals from an 

endemic area (Fournier, 1965), although no documentation for this occurrence exists. 

 With increasing movement of people between countries and with expanding live animal 

exports from endemic regions such as northern Australia, emergence of new foci of melioidosis 

may well occur. This is in addition to imported cases being diagnosed in hospitals around the 

world in people returning or travelling from endemic regions. Furthermore, global warming 

may well result in expansion of the endemic boundaries of melioidosis, for example in 

Australia where it is predicted temperature, overall rainfall and rainfall intensities will all 

increase in northern regions (Currie, 1993a). 

 

IS INCREASING MELIOIDOSIS REFLECTING AN EMERGING INFECTIOUS 

DISEASE? 
In addition to newly recognised foci of melioidosis in Australia and globally, there has been a 

steady increase in the number of cases of melioidosis diagnosed in the Northern Territory of 

Australia, beyond the increase in population (Currie et al., 2000c). In the 19 years after the first 

reported case in the Northern Territory from 1960 (Crotty et al., 1963), there were 36 further 

cases diagnosed (average two cases per year), with 10 in the five years from 1975 to 1979 

(Rode & Webling, 1981). From 1984 to 1990 there were 54 confirmed cases (average 9 cases 

per year) (Woods et al., 1992). In the 10 years from October 1989 there were 252 culture-

confirmed cases (average 25 cases per year) (Currie et al., 2000d). Recent years have seen over 

40 cases diagnosed each year (Currie et al., 2000c). 

 While increased awareness of melioidosis amongst clinicians and the public and improved 

laboratory diagnosis clearly account for some of the increased numbers, it is considered 

unlikely that large numbers of cases were being missed in the Northern Territory from 1980 

onwards. Dance has discussed possible reasons for a genuine increase in melioidosis incidence 
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(Dance, 2000b). These include an increased number of individuals with risk factors for 

melioidosis, such as diabetes, alcohol excess and renal disease, all of which are emerging 

problems in the indigenous population of northern Australia. In addition, it is possible that there 

has been an increase of B. pseudomallei in the environment. This clearly occurred in two 

outbreaks of melioidosis in remote Aboriginal communities, where B. pseudomallei in the 

water supplies was implicated (see below) (Inglis et al., 2000a; Currie et al., 2000e). It has also 

been proposed that the increasing numbers of melioidosis cases in Darwin may in part reflect 

the importation of contaminated topsoils following the devastation of Cyclone Tracy on 

Christmas day, 1974 (Asche, 1991). Dance suggests that another reason for increased 

melioidosis in South-East Asia may be increased exposure from changes in behaviour such as 

farming techniques (Dance, 2000b). While environmental exposure in remote Aboriginal 

communities is likely to have always been high with traditional hunting and living, gardening 

appears to have become an increasingly popular recreational activity in Darwin (Asche, 1991). 

Finally, global warming may already be increasing the environmental distribution and burden 

of B. pseudomallei, although this remains speculative (Currie, 1993a). It therefore seems 

appropriate to classify melioidosis as an emerging infectious disease. 

 

ENVIRONMENTAL ASPECTS OF MELIOIDOSIS 
The understanding of B. pseudomallei as a widely distributed environmental saprophyte has 

recently been summarised by Dance (Dance, 2000a). Although originally considered a zoonotic 

infection (Stanton & Fletcher, 1932), zoonotic infection is in fact very rare, with only three 

possible cases described from Australia (Low Choy et al., 2000). It is now clear that both 

animals and humans acquire infection from organisms present in soil and surface water. 

Furthermore, molecular typing has shown that animals and humans can be infected by the same 

environmental clone of B. pseudomallei (Currie  et al., 1994; Haase  et al., 1995b). 

 Studies from Malaysia (Strauss et al., 1969b) and more recently from Thailand 

(Nachiangmai et al., 1985; Wuthiekanun et al., 1995a) have found the organism more 

commonly in cleared, irrigated sites such as rice paddies. Classical studies in Australia by 

Annette Thomas (Thomas et al., 1979; Thomas, 1981, Thomas et al., 1990) showed B. 

pseudomallei to be preferentially in clay soils and most common at 25 – 45 cm depth.  She 

proposed that the bacteria moved to the surface during the wet season with the rising water 

table. However, the distribution of organisms in the environment clearly requires further 

analysis as one study in Thailand has shown increasing isolation at increasing depth during the 
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wet season (Wuthiekanun et al., 1995a) and another in Australia showed organisms at shallow 

depths in the middle of the prolonged dry season (Brook et al., 1997). Both culture techniques 

used (Ashdown, 1979a; Wuthiekanun et al., 1990, 1995a, 1995b; Walsh et al., 1995b; Brook 

et al., 1997) and the possibility of organisms in a viable non-culturable state (Brook et al., 

1997; Dance, 2000a; Barer et al., 1993) need consideration in interpreting results and their 

implications for transmission of B. pseudomallei. Viable but non-culturable cells of Francisella 

tularensis have recently been shown to be avirulent in mice (Forsman et al., 2000). 

 A major advance in understanding has been the recent identification of differential virulence 

of organisms on the basis of arabinose assimilation. Arabinose assimilation differentiates 

between pathogenic B. pseudomallei, which do not assimilate arabinose (Ara-), and nonvirulent 

B. pseudomallei-like organisms, which assimilate arabinose (Ara+) (Smith et al., 1997). 

Clinical melioidosis isolates are Ara- and in hyperendemic north-east Thailand 75% of soil 

isolates are Ara-, while in central Thailand where melioidosis is rare soil isolates have all been 

Ara+ (Wuthiekanun et al., 1996). All 43 environmental isolates of B. pseudomallei from the 

Top End of the Northern Territory of Australia tested to date have been Ara- (Currie et al., 

2000c), consistent with the region being hyperendemic for melioidosis. It has been proposed 

that the Ara+, non-virulent “B. pseudomallei-like” organisms be called B. thailandensis (Brett 

et al., 1998). 

 Many other factors are likely to influence the presence and distribution of B. pseudomallei 

in the environment. These include temperature, rainfall and humidity, sunlight and UV 

irradiation, pH of soil and water and other chemical factors such as soil composition, vegetation 

and use of fertilisers (Dance, 2000a). Optimal temperature for survival is 24 – 32oC (Tong et 

al., 1996) and survival occurs at a wide pH range, with acidic environments no barrier and 

probably giving the organism a selective advantage (Miller et al., 1948a; Dejsirilert et al., 1991; 

Tong et al., 1996; Inglis et al., 2000a). 

 An extensive and meticulous epidemiological investigation into a dry season cluster of 

melioidosis cases in a remote Kimberley (north-west Western Australia) coastal community 

suggested contamination of the local water supply and chlorination failure were responsible for 

transmission of B. pseudomallei (Inglis et al., 1998; Inglis et al., 1999). Five cases (three fatal) 

occurred over a 6-week period (Inglis et al., 1999). Further studies showed contamination of a 

water storage tank and of spray formed in a pH-raising aerator unit. Typing of the isolates by 

pulsed-field gel electrophoresis confirmed clonality of the human and environmental isolates 

(Inglis et al., 2000a). 
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 A similar situation has been documented from the Northern Territory of Australia. Nine 

cases of melioidosis with four deaths occurred over a 28-month period in members of a small 

remote Aboriginal community in the Top End (Currie et al., 2000e). Typing by pulsed-field 

gel electrophoresis showed isolates of B. pseudomallei from six of the cases to be clonal and 

also identical to an isolate from the unchlorinated community water supply. It was considered 

possible that the clonal bacteria persisted and were propagated in biofilm in the unchlorinated 

water supply system. B. pseudomallei has also been isolated from rural bore water in the 

Darwin region (Currie et al., 2000c). These case clusters and the 1980’s Queensland piggeries 

outbreak which was terminated by adequate chlorination of the water supply (Ketterer et al., 

1986) have public health implications for quality of water standards and prevention of 

melioidosis in endemic locations such as northern Australia.  

 The role of biofilms in the persistence of B. pseudomallei in the environment as well as in 

animal and human hosts requires further study (Vorachit et al., 1993; Costerton et al., 1999). 

 There has been increasing interest in the intracellular survival of B. pseudomallei and it has 

been proposed that an ecological niche for the bacteria in the environment may be within 

environmental protozoa (Dance, 2000a). Analogies have been made with other facultative 

intracellular bacteria such as Legionella species (see Woods ML, 2000). Recently in vitro 

coculture experiments showed various free-living acanthamebae were able to ingest B. 

pseudomallei (Inglis et al., 2000b). Bacteria remained viable within the amebic trophozoites, 

with electron microscopy showing intact bacilli in membrane-lined vesicles inside the 

trophozoite cytoplasm. This work has implications for studying the ecology of B. pseudomallei 

survival intracellularly in both human and animal host cells and in the environment.  

 Studies on the interaction of B. cepacia and other species in the Burkholderia genus with 

environmental elements also have relevance for B. pseudomallei (Gillis et al., 1995). B. cepacia 

strains have an ecological niche in the rhizosphere and there is increasing interest from the 

agricultural industry in using B. cepacia as a biological control agent (Holmes et al., 1998). B. 

cepacia can degrade some toxic compounds in pesticides and herbicides and is also active 

against many soilborne pathogens. However, the presence of numerous insertion sequences 

within B. cepacia, including for some strains sequences identical to B. pseudomallei insertion 

sequences (Mack & Titball, 1998), facilitates rapid mutation and adaptation (Holmes et al., 

1998). This justifies concerns that widespread agricultural use of B. cepacia may be a hazard 

to human health (Holmes et al., 1998). Further transposable genetic elements have recently 

been identified in B. pseudomallei and arabinose positive B. pseudomallei-like bacteria (B. 

thailandensis) by subtractive hybridisation (Brown et al., 2000), suggesting the genetic 
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plasticity of B. cepacia may have parallels in B. pseudomallei. However, genetic fingerprinting 

of B. pseudomallei from epidemiological studies has suggested considerable in vivo genetic 

stability (Currie et al., 1994; Mohandas et al., 1995), a finding also during repeated in vitro 

subculturing (Mohandas et al., 1995). 

 Elucidating the association of B. pseudomallei with specific vegetation and its interaction 

with the rhizosphere and with other soil microflora will have important implications for 

melioidosis epidemiology from both a global and regional perspective (Gillis et al., 1995; 

Dance, 2000a). 
 

MODE OF INFECTION 
Earlier literature and in particular that involving soldiers from the Vietnam War, suggested 

inhalation as the most common mode of infection with B. pseudomallei (Brundage et al., 1968; 

Mackowiak and Smith, 1978). This was a proposed scenario for those exposed to dusts raised 

by helicopter rotor blades in Vietnam (Howe et al., 1971). The earliest animal studies had 

shown infection with B. pseudomallei through oral or nasal exposure and from ingestion, with 

Stanton and Fletcher (1932) considering the usual mode of infection to be ingestion of food 

contaminated by rodent excreta. Recent reviews however support the predominant role of 

percutaneous inoculation of B. pseudomallei (Leelarasamee & Bovornkitti, 1989; Dance, 1990; 

Currie et al., 2000c). In the Northern Territory presentations with pneumonia following 

presumptive inoculating skin injuries have been documented (Currie et al., 2000c), suggesting 

haematogenous spread to the lung rather than inhalation or spread from the upper respiratory 

tract. This is analogous to post-primary tuberculosis, with disease from haematogenous spread 

localising in the upper lung zones, where highest alveolar oxygen tension exists (Citron & 

Girling, 1987). Furthermore, septicaemic melioidosis pneumonia cases are often more 

systemically ill than suggested by initial chest x-ray, supporting the concept of spread to, rather 

than from, the lung (Currie et al., 2000c). 

 Despite the presumptive percutaneous inoculation in cases of melioidosis with a well-

defined cutaneous exposure event, subsequent disease mostly occurred at distant sites without 

evidence of active melioidosis at the inoculation site (Currie et al., 2000c). 

 Ingestion has been suggested to be responsible for some animal cases of melioidosis  

(Cottew et al., 1952) and is supported by autopsy findings showing the presence of infected 

gastro-hepatic lymph nodes in pigs (Ketterer et al., 1986). One human case from Darwin had 

confirmed melioidosis peritonitis with intra-abdominal abscesses and a ruptured gastric ulcer 
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found at laparotomy. Histology showed organisms and microabscesses in the stomach tissue 

surrounding the ulcer (Currie et al., 2000c). 

 Infection following near drownings has been documented as a cause of melioidosis with a 

particularly rapid incubation period, presumably resulting from inhalation or ingestion of 

organisms in surface water (Achana et al., 1985; Lee et al., 1985). 

 An early study in the Northern Territory showed genitourinary melioidosis to be common 

in the region and attributed this to sexual transmission (Webling, 1980). Sexual transmission 

was also postulated to explain the B. pseudomallei seropositivity in the sexual partner of a 

Vietnam veteran with melioidosis re-activation (McCormick et al., 1975). However 

epidemiological studies in patients with genitourinary melioidosis in the Northern Territory 

have to date not shown any evidence of sexual transmission of B. pseudomallei (unpublished 

data). 

 It has been noted that, despite the large bacterial load in severely ill patients with septicaemic 

pulmonary melioidosis, person to person transmission is extremely unusual (Kunakorn et al., 

1991; Dance, 2000a). This supports the primary importance of host risk factors for 

development of melioidosis. 

 Transplacental transmission of B. pseudomallei has been documented in goats (Thomas et 

al., 1988; Low Choy et al., 2000). Melioidosis can occasionally occur in neonates (Osteraas et 

al., 1971; Lumbiganon et al., 1988), but the mode of infection in these cases remains uncertain 

although transplacental transmission, infection from the birth canal or from contaminated 

hospital equipment are possibilities (Leelarasamee & Bovornkitti, 1989). 

 Mastitis from B. pseudomallei is well recognised in goats and concern of transmission to 

humans in goat’s milk has resulted in the requirement for pasteurisation of commercial goat’s 

milk from the tropics (Low Choy et al., 2000).  

 Laboratory-acquired infections and iatrogenic infections from contaminated antiseptics, 

injections or other hospital or surgical equipment occasionally occur (Green & Tuffnell, 1968; 

Ashdown, 1979b; Schlech et al., 1981; Sookpranee et al., 1989a, 1989b; Dance, 2000a; Low 

Choy et al., 2000). 

 In summary, a priority for epidemiological research is a better understanding of the 

acquisition of infection with B. pseudomallei.  While it appears likely that the majority of 

infections are from percutaneous inoculation on exposure to wet season soils or contaminated 

water, the roles of inhalation and possibly ingestion and sexual transmission need clarification. 
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ASYMPTOMATIC INFECTION, INCUBATION PERIOD, ACUTE & CHRONIC 

DISEASE & LATENCY WITH REACTIVATION 
Serology studies suggest that most infection with B. pseudomallei is asymptomatic (Nigg, 

1963; Strauss et al., 1969a; Ashdown & Guard, 1984; Kanaphun et al., 1993), with severe 

clinical disease occurring mostly in those with risk factors such as diabetes, renal disease and 

alcoholism (Guard et al., 1984; Leelarasamee & Bovornkitti, 1989; Suputtamongkol et al., 

1994a). Studies in north Queensland also suggested that for those with risk factors such as 

diabetes and alcoholism there is an increased prevalence of asymptomatic infection 

(seropositivity) as well as of clinical disease (Ashdown & Guard, 1984). Although this 

association may reflect confounding factors such as increased exposure, a case control study 

from Thailand demonstrated a significant interaction between diabetes and occupational 

exposure for melioidosis cases (Suputtamongkol et al., 1999). This is consistent with an 

increased susceptibility to infection in diabetics exposed to B. pseudomallei. 

 Despite the high incidences of melioidosis in both north-east Thailand and northern 

Australia, there is a great disparity in seropositivity for B. pseudomallei between the two 

hyperendemic regions. In north-east Thailand a majority of the rural population is seropositive 

by indirect haemagglutination (IHA) (Suputtamongkol et al., 1994a), with most seroconversion 

occurring between 6 months and four years of age (Kanaphun et al., 1993). However, 

seropositivity in the Top End of the Northern Territory varies from under 5% to 13% (Currie 

et al., 2000c). The reasons for the differences remain uncertain but a combination of a number 

of possibilities is likely. Assuming equivalence of sensitivity and specificity of the serology 

methods used, a possible explanation for the higher seropositivity but lower or similar 

incidence of disease in north-east Thailand in comparison to the Top End is recurrent exposure 

in childhood in Thailand conferring some level of protective immunity from clinical disease. 

To date there is no definitive evidence for development of immunity from melioidosis with 

natural exposure to B. pseudomallei and re-infection with a different strain of B. pseudomallei 

following successful treatment of melioidosis has been documented (Desmarchelier et al., 

1993; Haase et al., 1995a). Other possibilities include higher prevalence of susceptibility to 

disease in the Top End population due to risk factors, higher inoculating doses of B. 

pseudomallei in the Top End, exposure in the Top End being limited to a smaller proportion of 

people (but with a high subsequent disease rate) or more virulent strains being present in the 

Top End. As noted above, all environmental isolates of B. pseudomallei from the Top End 

tested to date have not assimilated arabinose, while in north-east Thailand 25% of soil isolates 
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are the arabinose positive non-virulent B. pseudomallei - like organisms (Wuthiekanun et al., 

1996). Whether there are important differences in virulence between clinical (arabinose 

negative) B. pseudomallei isolates and the relative importance of any variation in virulence of 

such isolates in comparison to the importance of host risk factors predisposing to melioidosis 

remain to be determined (Currie et al., 2000c). 

 The incubation period for melioidosis has been ascertained in the Darwin prospective 

melioidosis study, which commenced in October 1989. Of the 206 B. pseudomallei culture 

confirmed cases of melioidosis up to September 1998, 52 (25%) had likely inoculating events 

(Currie et al., 2000c).  These were specifically recalled situations where usually percutaneous 

exposure to soil or muddy water occurred during the monsoon. In the 25 cases where a clear 

incubation period could be determined between the inoculating injury and the onset of 

symptoms, the incubation period was 1-21 days (mean 9 days). This is consistent with a 

reported series of nosocomial melioidosis cases from Thailand, where incubation period was 

3-16 days (mean 9.5 days) (Sookpranee et al., 1989a). Rapid onset of melioidosis (even within 

24 hours of inoculation) has been seen in presumed aspiration following near drowning 

(Achana  et al., 1985; Lee et al., 1985), as well as in a small number of patients with heavy 

environmental exposure in the Darwin series. It is likely that inoculating dose, mode of 

infection, host risk factors and differential virulence of infecting B. pseudomallei isolates all 

influence the incubation period (Howe et al., 1971; Bovornkitti et al., 1985). 

 The Darwin study has also characterised presentations as acute or chronic disease. Acute 

disease is most common and was defined as symptoms being present for less than two months 

on presentation. Chronic disease was defined as illness with symptoms for longer than two 

months duration on presentation. Of 252 cases of culture confirmed melioidosis in the 10 years 

until September 1999, 222 (88%) presented with acute illness and 30 (12%) with chronic 

illness, with no fatalities in the latter group (Currie et al., 2000a). 

 It has long been recognised that, analogous to tuberculosis, B. pseudomallei has the potential 

for re-activation. Hence the concern of the “Vietnamese time bomb” in returned soldiers (see 

above). Latent periods from exposure to B. pseudomallei in an endemic region to onset of 

melioidosis in a non-endemic region have been documented as long as 26 years (Mays & 

Ricketts, 1975) and 29 years (Chodimella et al., 1997) from the USA and 19 years (Newland, 

1969) and 24 years (Kingston, 1971) from Australia. However documented cases of re-

activated B. pseudomallei are very uncommon. The small numbers of such cases in the USA 

in comparison to the estimated 225,000 seropositive soldiers who returned from Vietnam 
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(Spotnitz, 1966; Clayton et al., 1973), suggest re-activation of B. pseudomallei is an infrequent 

event. 

 The vast predominance of cases of melioidosis occur in the monsoonal wet seasons of the 

various endemic regions. 75% of cases in north-east Thailand were in June to November 

(Suputtamongkol et al., 1994a) and 85% of cases in the Northern Territory were in November 

to April (Currie et al., 2000a). These data support the concept that, in addition to most 

infections with B. pseudomallei being asymptomatic, most cases of melioidosis in endemic 

areas are recent infections presenting with acute illness, predominantly in the wet season 

(Ashdown & Guard, 1984; Guard et al., 1984; Chaowagul et al., 1989; Dance, 1991; Currie et 

al., 2000c). An alternative explanation proposed for some of the monsoonal predominance of 

melioidosis is that a seasonal cofactor may re-activate prior asymptomatic infection 

(Suputtamongkol et al., 1994a). This seems biologically implausible and is not supported by 

the histories of seasonal exposure to wet season soil and surface water and the lack of 

serological evidence of past infection when patients from the Darwin study who present early 

in their clinical illness are tested (Currie et al., 2000a). Furthermore, potential seasonal 

cofactors proposed in Thailand included malaria and seasonal dietary differences 

(Suputtamongkol et al., 1994a), which are not issues in the Northern Territory. Although re-

activation of melioidosis has been associated with influenza (Mackowiak & Smith, 1978), the 

influenza season in our region begins after January - February, the peak months for melioidosis. 

 The Darwin study data suggested that only 3% of cases of melioidosis are from re-activation 

of B. pseudomallei from a latent focus (Currie et al., 2000a). In the Darwin study, re-activation 

of latent disease was presumptively diagnosed in those patients who were previously 

asymptomatic but had abnormalities on chest X-ray before presenting with melioidosis 

involving the same lung region. In addition, patients who were seropositive for B. pseudomallei 

prior to admission to hospital for an unrelated illness and who subsequently developed 

melioidosis during that admission were considered presumptive re-activation of latent disease. 

Eight of 252 patients (3%) were considered to be re-activation of latent infection rather than 

recent acquisition. Seven had melioidosis pneumonia, with four having disease in lung regions 

previously abnormal on chest X-ray. Two previously B. pseudomallei seropositive patients 

developed bacteraemic melioidosis pneumonia while in hospital for other conditions, one with 

naproxen induced acute renal failure and one with staphylococcal endocarditis. Another patient 

who had visited the north during a previous wet season was transferred to Darwin after 

developing fulminant melioidosis pneumonia in melioidosis non-endemic central Australia 

following admission for lead encephalopathy from petrol sniffing. 
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 In summary, from the Darwin prospective study 85% of cases of melioidosis occurred in 

the wet season (November to April), with 88% presenting with acute illness and 12% having 

chronic illness (sick for > 2 months). Incubation period was 1 – 21 (mean 9) days amongst the 

97% of cases considered due to recent infection with B. pseudomallei. Only 3% of cases overall 

were considered to be re-activation from a latent focus. It remains unknown what proportion 

of asymptomatic seropositive people have latent infection with the potential for re-activation.  

 

PATHOGENESIS OF MELIOIDOSIS  
There has been a resurgence of interest in B. pseudomallei and melioidosis pathogenesis in the 

last decade, with concerns of possible bioterrorism using the bacteria or its virulence 

components in genetically engineered constructs (Wise, 1998). There are several excellent 

summaries of recent developments and the search for virulence factors and potential vaccines 

(Dharakul & Songsivilai, 1999; Woods et al., 1999; Brett & Woods, 2000). 

 While it is clear from laboratory studies of isolates of B. pseudomallei from animals, humans 

and the environment that there is differing virulence amongst B. pseudomallei isolates (Miller 

et al., 1948b; Haase et al., 1997), the importance of this variation in virulence in determining 

clinical aspects of melioidosis remains uncertain. Molecular typing showing clonality of 

isolates in animal and human clusters in the Northern Territory of Australia has revealed that 

the same outbreak strain can cause different clinical presentations, with host factors being most 

important in determining severity of disease (Currie et al., 2000c, 2000e; Low Choy et al., 

2000). This is different to phylogenetic analysis of eighteen B. pseudomallei isolates from 

Queensland, which suggested relationships between isolates based on clinical disease patterns 

rather than geographical location (Norton et al., 1998). Further molecular studies both within 

and between endemic regions are required to ascertain if clinically significant strain variation 

occurs, both in relation to virulence and tissue or organ specificity. This is in addition to the 

likely importance of infecting dose of B. pseudomallei (Santanirand et al., 1997; Dance, 

2000a). 

 As discussed already, the bacteria is inoculated, inhaled or ingested. Although most 

infection appears to be sub-clinical and local skin or pulmonary infection can occur, the 

bacteraemic spread to any organ is what results in the diverse manifestations of melioidosis, 

with fulminant septicaemia at the severe end of the spectrum. In addition, there is the poorly 

understood ability for latency, with re-activation described up to 29 years after inoculation 

(Chodimella et al., 1997). 
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 B. pseudomallei is a facultative intracellular pathogen. It can invade and replicate inside 

various cells, including polymorphonuclear leukocytes (PMNL) and macrophages and some 

epithelial cell lines (Pruksachartvuthi et al., 1990; Vorachit et al., 1995; Egan & Gordon, 1996; 

Jones et al., 1996; Harley et al., 1998a, 1998b; Woods et al., 1999). The bacteria appear to be 

localised intracellularly in membrane-bound vacuoles and produce an extracellular 

polysaccharide in response to low pH challenge (Woods et al., 1999). In vitro studies suggest 

encapsulated strains of B. pseudomallei are as susceptible to phagocytosis by PMNL as non-

encapsulated strains, but the presence of exopolysaccharide may allow survival in the 

phagolysosome environment (Pruksachartvuthi et al., 1990). Intracellular survival of B. 

pseudomallei in human and animal hosts is likely to explain the ability for latency, with 

possible parallels to environmental “latency” with the recently described ability of B. 

pseudomallei to survive inside free-living amebae (Inglis et al., 2000b). It has been possible to 

induce cell wall-defective variants of B. pseudomallei in cultured rabbit alveolar macrophages 

(Kishimoto & Eveland, 1975). This may be analogous to the process of latency.  

 In addition to intracellular survival, B. pseudomallei shows resistance to complement-

mediated lysis (Ismail  et al., 1988; Egan & Gordon, 1996) and it has been found that the type 

II O-antigenic polysaccharide (O-PS) moiety of lipopolysaccharide  (LPS) (Perry  et al., 1995) 

is necessary for serum resistance and hence virulence (DeShazer et al., 1998; Woods et al., 

1999) (see below). 

 Early work showing culture supernatants of B. pseudomallei to be lethal to rodents 

suggested a lethal exotoxin (Nigg et al., 1955). Various possible toxins have subsequently been 

reported from supernatants of B. pseudomallei, including a 31-kDa thermolabile protein (Ismail 

et al., 1987), a small cytotoxic peptide (Haase et al., 1997) and a rhamnolipid which is cytotoxic 

against cell lines but which is neutralised by albumin (Haussler et al., 1998). However, animal 

models have to date been unable to confirm a clinically relevant exotoxin for B. pseudomallei 

(Brett & Woods, 2000). 

 A Tn5-OT182 transposon mutagenesis system has been used to identify and characterise 

various putative virulence determinants in B. pseudomallei (DeShazer et al., 1997; DeShazer 

et al., 1998; Woods et al., 1999; Brett & Woods, 2000). Transposon mutants of B. pseudomallei 

with deficiencies in the type II secretory pathways have shown inability to secrete protease, 

lipase and lecithinase antigens, but have shown little attenuation of virulence in a hamster 

model of melioidosis (Woods et al., 1999; DeShazer et al., 1999; Brett & Woods, 2000). This 

suggests that while proteases and other secreted enzymes have been identified for B. 

pseudomallei (Ashdown & Koehler, 1990; Sexton et al., 1994), their role in pathogenesis of 
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severe melioidosis may well be limited (Brett & Woods, 2000). Recent studies of virulence in 

mice of various strains of B. pseudomallei showed no correlation between virulence and level 

of exoproteolytic activity (Gauthier et al., 2000).  

 A siderophore produced by B. pseudomallei and capable of scavenging iron has been 

identified and named malleobactin (Yang et al., 1991, 1993). A recent case report from central 

Australia of fatal melioidosis in a patient with pulmonary haemosiderosis supports the possible 

role of malleobactin in virulence of B. pseudomallei (Ruchin et al., 2000). 

 There has also been considerable work on cell-associated antigens of B. pseudomallei. A 

glycoprotein acid phosphatase is predominantly cell-associated and has similarities to acid 

phosphatase from Francisella tularensis (Kondo et al., 1991; Brett & Woods, 2000), 

suggesting a possible virulence role for acid phosphatase in these two bacteria capable of 

similarly severe infection. 

  Capsular polysaccharide (exopolysaccharide) has already been discussed in relation to 

conferring intra-cellular survival. Exopolysaccharides also elicit an immune response and 

cytokine production (Steinmetz et al., 2000). Various exopolysaccharides of B. pseudomallei 

have been identified and characterised (Steinmetz et al., 1995; Masoud et al., 1997; Nimtz et 

al., 1997; Steinmetz et al., 2000). A latex agglutination based on a monoclonal antibody 

specific for B. pseudomallei exopolysaccharide identified all colonial variants (rough, smooth, 

mucoid) of B. pseudomallei but not arabinose positive B. pseudomallei-like organisms 

(Steinmetz et al., 1999; Steinmetz et al., 2000). 

 It has been known for some time that B. pseudomallei express a biologically active 

lipopolysaccharide (LPS) on their cell surface (Rapaport et al., 1961; Pitt et al., 1992; 

Kawahara et al., 1992; Knirel et al., 1992; Matsuura et al., 1996). It has more recently been 

shown that B. pseudomallei LPS contains two distinct somatic 0-polysaccharide antigens, PS-

I and PS-II (Perry et al., 1995). These two LPS antigens are highly conserved amongst B. 

pseudomallei (Pitt et al., 1992; Perry et al., 1995). As noted above, type II PS is required for 

resistance of B. pseudomallei to normal human serum (DeShazer et al., 1998) and has therefore 

been considered likely to be important in the pathogenesis of melioidosis (Brett & Woods, 

2000). However, type II PS is apparently present in the non-virulent arabinose positive B. 

pseudomallei-like strains, while type I PS is absent (Brett et al., 1998). Furthermore, a recent 

study of endotoxin release following antibiotic therapy in severe melioidosis showed that 

excess endotoxin release was not associated with delayed resolution of fever or longer 

hospitalisation and did not affect overall mortality (Simpson et al., 2000a). It was suggested 

that endotoxin from B. pseudomallei may not be of major pathophysiological importance in 
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melioidosis, consistent with animal and in vitro evidence for B. pseudomallei endotoxin being 

possibly less potent than endotoxin from other Gram-negative bacteria (Matsuura et al., 1996). 

 Pili and genes encoding assembly and structural elements of pili have been identified for B. 

pseudomallei and the role of pili in adhesion and pathogenicity of B. pseudomallei is being 

assessed (Woods et al., 1999). Motility of bacteria with flagella can be important in 

pathogenesis of disease. Flagella of B. pseudomallei have been identified and characterised and 

there is a high level of size and antigenic homogeneity of flagellin proteins from different B. 

pseudomallei strains (Brett et al., 1994). While antibodies raised to flagellin proteins are 

protective in a diabetic rat model of melioidosis (Brett et al., 1994), non-motile mutants of B. 

pseudomallei have not been less virulent in animals, questioning the role of motility in 

pathogenesis of melioidosis (DeShazer et al., 1997; Brett & Woods, 2000). Antibodies to B. 

pseudomallei flagellin were not confirmed as protective in one study of melioidosis cases 

(Charuchaimontri et al., 1999). 

 Various potential vaccine candidates for melioidosis have been proposed and the concern 

of bioterrorism and exposure of military personnel to B. pseudomallei has driven funding for 

recent work. Development of a melioidosis vaccine could also have substantial benefits for 

those living in the endemic regions, although cost will be a major impediment to availability. 

Killed B. pseudomallei and B. mallei and recombinant vaccines based on other bacteria have 

been considered as vaccine candidates (Dharakul & Songsivilai, 1999). 

 Two recent initiatives involve cell-associated antigens described above. Preliminary studies 

in a mouse model of an exopolysaccharide-based vaccine against melioidosis are encouraging 

(Steinmetz et al., 2000). Particularly promising is the initiative to conjugate B. pseudomallei 

LPS antigen components to flagellin proteins (Brett & Woods, 1996; Woods et al., 1999; Brett 

& Woods, 2000). As noted above, both components are conserved structurally and 

antigenically amongst B. pseudomallei strains and are immunogenic, with antibodies protective 

in animal studies (Bryan et al., 1994; Perry et al., 1995; Brett et al., 1994). A recent study of 

IgG responses to types I and II PS and B. pseudomallei flagellin in patients with melioidosis 

found high antibody levels (Charuchaimontri et al., 1999). Regression analysis found high anti-

PS II levels to be a significant factor “protective” against fatal melioidosis. This is in contrast 

to the suggestions that B. pseudomallei endotoxin may not be of major importance in the 

pathophysiology of severe melioidosis (see above) (Simpson et al., 2000a). It is conceivable 

that a vaccine could protect against a stage of infection separate from the stages associated with 

severe disease. The conjugate contains the immunogenic PS components of LPS without the 

toxic lipid A component of LPS (Woods et al., 1999; Brett & Woods, 2000). The flagellin-PS 
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conjugate enables a T cell-dependent response against the PS component, with augmented 

immune responses including appropriate immunoglobulin class switching events (Brett & 

Woods, 1996, 2000; Woods et al., 1999). Passive immunisation studies of the conjugate 

vaccine have shown protection from B. pseudomallei challenge in diabetic infant rats and active 

immunisation studies are in progress (Brett & Woods, 1996; Woods et al., 1999; Brett & 

Woods, 2000). 

 In summary, the clinical relevance of differential virulence of B. pseudomallei isolates 

remains to be determined and specific lethal exotoxins have not been conclusively identified. 

However, resistance to human serum (conferred by type II PS) and the ability of B. 

pseudomallei to survive intracellularly (conferred in part by capsular polysaccharide) are 

critical in the pathogenesis of melioidosis. Flagellin-PS conjugates and capsular 

polysaccharide-based constructs are promising vaccine candidates for melioidosis, despite 

uncertainties about the nature of the pathogenesis of severe disease. 

 

HOST SUSCEPTIBILITY AND HOST RESPONSE IN MELIOIDOSIS 
In addition to host risk factors for melioidosis (see below), within animal and human 

populations there appear to be different susceptibilities to disease following infection with B. 

pseudomallei. In humans an association between HLA-DRB1*1602 and severe melioidosis has 

been reported (Dharakul et al., 1998). However further studies have suggested the 

immunogenetic predisposition is more complex than this allelic association (Dharakul & 

Songsivilai, 1999). 

 While melioidosis affects a wide range of animal species, there are clear differences in 

susceptibility as well as some clinical differences between species (Leelarasamee & 

Bovornkitti, 1989; Mustaffa Babjee & Nor Aidah, 1994; Low Choy et al., 2000). Melioidosis 

has been documented in a number of native Australian marsupials, birds and reptiles, including 

wallabies, a tree kangaroo, koala, crocodile, galah, red-collared lorikeet and a sulphur-crested 

cockatoo (Egerton, 1961; Thomas et al., 1980; Thomas, 1981; Asche, 1991; Low Choy et al., 

2000). Melioidosis has also been documented in many species of animal from the Singapore 

Zoological Gardens and the Jurong Bird Park (Yap et al., 1995) and in dolphins from the Hong 

Kong Aquarium (Dance, 1991).  

 In addition to humans and other primates, which also appear very susceptible to melioidosis 

(Dance et al., 1992; Yap et al., 1995), it is the introduced livestock which are most susceptible 

in tropical Australia, especially goats, sheep and pigs (Low Choy et al., 2000). Pigs usually 
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have asymptomatic melioidosis, often with internal abscesses, while pulmonary disease is 

commoner in sheep and mastitis and aortic aneurysms are commoner in goats (Low Choy et 

al., 2000). Camelidae brought to the tropics are especially susceptible as evident from the high 

mortality in camels and alpaca, while dogs and cats appear less susceptible although cases are 

well recognised (Low Choy et al., 2000). The resistance of water buffalo to melioidosis is of 

interest as they have intense exposure to B. pseudomallei in the endemic regions of South-East 

Asia (Leelarasamee & Bovornkitti, 1989; Mustaffa Babjee & Nor Aidah, 1994). While 

environmental factors, animal behaviour and natural physical barriers (such as a thick hide) 

may account for some of the differences in susceptibility and clinical manifestations, innate 

immune mechanisms are also likely to be important. This is supported by the different 

susceptibility to B. pseudomallei of various mice strains (Hirst et al., 1992; Dharakul & 

Songsivilai, 1999; Ulett et al., 1998, 2000) and the diabetic rat and Syrian golden hamster 

animal models of melioidosis (Woods et al., 1993, 1999; Brett et al., 1997). 

 There have been a number of studies showing elevated levels of various endogenous 

inflammatory mediators and cytokines to be associated with severity and outcomes of 

melioidosis in humans. These include tumour necrosis factor (TNF) (Suputtamongkol et al., 

1992), IL-6 and IL-8 (Friedland et al., 1992), IFN-gamma (Brown et al., 1991) and IL-18, IL-

12 and IL-15 (Lauw et al., 1999). Animal studies have also shown high levels of 

proinflammatory cytokines in melioidosis, with levels correlating with severity of disease 

(Ulett et al., 2000). However, whether these elevated cytokines are a cause or result of severe 

disease is not established. 

 In a study of cytokine profiles in patients with severe sepsis (not melioidosis), the sustained 

overproduction of the anti-inflammatory cytokine IL-10 (measured alone or as an IL-10: TNF-

alpha ratio) was the main predictor of severity and fatal outcome (Gogos et al., 2000). A recent 

study of severe melioidosis from Thailand showed that, in addition to APACHE II score, either 

IL-6 or IL-10 concentration may be the most reliable predictor of outcome (Simpson et al., 

2000b). 

 It was shown in a Thai population that a polymorphism in the promoter region of tumour 

necrosis factor–alpha gene (TNF-alpha) was associated with severe melioidosis 

(Nuntayanuwat et al., 1999). The gene frequency of TNF2 allele was significantly higher in 

melioidosis patients compared with controls and this allele was also significantly more 

common in those with fatal melioidosis compared with survivors. The TNF2 allele is associated 

with higher constitutive and inducible production of TNF-alpha than the TNF1 allele.  
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 The complexities of the cytokine cascade and associations with clinical patterns and 

outcomes in melioidosis clearly require much more analysis. This is demonstrated by a mouse 

model of melioidosis where IFN-gamma was found to be important for survival, with mice 

treated with monoclonal anti- IFN-gamma dying more quickly (Santanirand et al., 1999). 

Furthermore, neutralisation of TNF-alpha or IL-12 also increased susceptibility to infection in 

vivo (Santanirand et al., 1999). 

 There are therefore important host protective mechanisms against B. pseudomallei in 

cytokine responses as well as potentially detrimental ones. It appears that the timing of cytokine 

release and the balance between pro- and anti-inflammatory responses determines the severity 

of disease and outcome of infection. Studies in mice indicate bactericidal activity is correlated 

with the production of nitric oxide by IFN-gamma activated macrophages, with reactive 

nitrogen intermediates killing being more important than reactive oxygen intermediates-

dependent mechanisms (Miyagi et al., 1997). Recently the CXC chemokines IFN-gamma-

inducible protein 10 (IP-10) and monokine induced by IFN-gamma (Mig) have been shown to 

be released during severe melioidosis (Lauw et al., 2000). These chemokines bind to the 

CXCR3 receptor and specifically target activated T lymphocytes and natural killer (NK) cells. 

They are considered part of the innate immune response and may contribute to Th1-mediated 

host defence during infections such as melioidosis by attracting CXCR3 (+) Th1 cells to the 

site of inflammation (Lauw et al., 2000). That the levels of IP-10 and Mig correlated with 

severity of disease and a fatal outcome may well reflect response to severe infection rather than 

a causal association. 

 To what extent host polymorphisms in immune response contribute in comparison to 

differences in organism virulence, infecting dose of B. pseudomallei and defined host risk 

factors such as diabetes remains to be clarified. In the Northern Territory prospective study, 

the predominant association with fatal melioidosis is the presence of risk factors (Currie et al., 

2000c, 2000d). 

 The most important risk factors for melioidosis are diabetes, alcohol excess and renal 

disease (Leelarasamee & Bovornkitti, 1989). The importance of diabetes as the most 

commonly associated risk factor for melioidosis has been well documented in the major 

melioidosis endemic countries (Puthucheary et al., 1981; Guard et al., 1984; Chaowagul et al., 

1989; Suputtamongkol et al., 1994a, 1999; Puthucheary et al., 1992; Singapore Committee on 

Epidemic Diseases, 1995; Currie et al., 2000d). The rates of diabetes in Thai studies of 

melioidosis cases were 23% (Punyagupta, 1989), 32% (Chaowagul et al., 1989) and more 

recently 60% (Suputtamongkol et al., 1999), compared to a rate of 37% in the Darwin 
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prospective study (Currie et al., 2000d). Studies in the Northern Territory and Thailand showed 

adjusted risk ratios of diabetes in cases of melioidosis versus controls of 12.9 (95% CI 5.1-

37.2) (Merianos et al., 1993) and 5.9 (95% CI 4.0-8.9) (Suputtamongkol et al., 1999), 

respectively. The Thai study also showed a statistically significant predisposition to 

bacteraemic disease versus non-bacteraemic disease in diabetics with melioidosis (OR 1.32; 

95% CI, 1.05-1.66) (Suputtamongkol et al., 1999). Furthermore, logistic regression 

demonstrated a significant interaction between diabetes and occupational exposure 

(Suputtamongkol et al., 1999), consistent with Ashdown & Guard's (1984) earlier serology 

studies suggesting diabetics to be at increased risk for infection with B. pseudomallei as well 

as for developing melioidosis. 

 The importance of alcohol excess as a risk factor for melioidosis was recognised in the 

Northern Territory of Australia (Rode & Webling, 1981) and in north Queensland (Guard et 

al., 1984), but is not as evident in studies from Thailand (Chaowagul et al., 1989; 

Suputtamongkol et al., 1994a). Alcoholism appears to be even less common as a risk factor in 

Malaysia (Puthucheary et al., 1992) and Singapore (Singapore Committee on Epidemic 

Diseases, 1995). This may well reflect the differences in alcohol consumption by the various 

populations, but further comparative studies will be informative. In Thailand 12% of 

melioidosis cases had a history of heavy alcohol consumption (Suputtamongkol et al., 1999), 

compared to 39% in the Darwin study (Currie et al., 2000d). 

 Chronic renal disease is also a recognised risk factor for melioidosis in the endemic region 

(Chaowagul et al., 1989; Suputtamongkol et al., 1994a, 1999; Puthucheary et al., 1992; 

Singapore Committee on Epidemic Diseases, 1995; Currie et al., 2000d). Renal disease was 

present in 27% and 20% of patients in the Thai studies (Chaowagul et al., 1989; 

Suputtamongkol et al., 1999), compared with 10% in the Northern Territory study (Currie et 

al., 2000d). Unlike the Northern Territory study, the Thai studies included patients with renal 

or ureteric calculi, as well as those with chronically elevated serum creatinine. In an earlier 

summary of Thai studies, chronic renal failure occurred in 15% and urolithiasis in 8% of cases 

(Punyagupta, 1989). Case control analysis showed an odds ratio for melioidosis in those with 

preexisting renal disease of 2.9 (95% CI, 1.7-5.0) (Suputtamongkol et al., 1999). 

 Other risk factors identified for melioidosis include chronic lung disease  (present in 27% 

of cases in the Northern Territory study) (Currie et al., 2000d), thalassemia (in 7% of Thai 

patients with an OR of 10.2; 95%CI, 3.5-30.8) (Suputtamongkol et al., 1999) and probably 

various malignancies, steroid therapy and tuberculosis, although their roles as independent risk 

factors are yet to be confirmed (Suputtamongkol et al., 1999).   
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 The association of melioidosis with the consumption of kava has recently been recognised 

in Australia (Currie et al., 2000c). Kava is an extract of the root of the plant Piper methysticum 

and was introduced to remote Aboriginal communities by missionaries as an alternative to 

alcohol. Kava consumption was noted in 8% of melioidosis cases in the Northern Territory 

study and whether kava is an independent risk factor for melioidosis and other infectious 

diseases is currently being assessed (Currie et al., 2000d). 

 Overall, risk factors are less commonly present in children compared to adults (Dance et al., 

1989a; Lumbiganon & Viengnondha, 1995; Edmond et al., 1998). Although fulminant 

melioidosis can occur in healthy individuals, severe disease and fatalities are uncommon in 

those without defined risk factors. In one Thai study 36% of melioidosis cases had no 

preexisting condition (Suputtamongkol et al., 1999). In the Northern Territory study, 51/252 

cases (20%) had no identified risk factor and there was only one fatality in this group (Currie 

et al., 2000d). This was an elderly male and recent multivariate analysis has shown age over 

50 to be an independent risk factor for fatal melioidosis (Currie B & Jacups S, in preparation).   

 Elucidating the nature of the predisposition to melioidosis in those with recognised risk 

factors has important implications for therapy. As noted above, B. pseudomallei is a facultative 

intracellular pathogen and can be resistant to lysis by human serum and, once phagocytosed, 

to killing by polymorphonuclear leukocytes (PMNL) and macrophages (Pruksachartvuthi et 

al., 1990; Vorachit et al., 1995; Egan & Gordon, 1996; Jones et al., 1996). Despite these 

findings, there is a lack of published data indicating clinical disease with B. pseudomallei 

infection is more severe when there is co-infection with human immunodeficiency virus 

(Dance, 2000b), suggesting CD4-mediated defence mechanisms may not be of critical 

importance in the immune response to B. pseudomallei. 

 It is possible that the predisposition to melioidosis in diabetics, alcohol excess and those 

with chronic renal disease relates primarily to impaired PMNL functions such as mobilisation, 

delivery, adherence and ingestion. Clinical and laboratory observations have demonstrated that 

PMNL function is impaired in diabetics (Bagdade et al., 1974; Marhoffer et al., 1992, 1993), 

alcoholics (Brayton et al., 1970; MacGregor & Gluckman, 1979; Zhang et al., 1997) and 

chronic renal disease (Salant et al., 1976; Hirabayashi et al., 1988; Heinzelmann et al., 1999). 

There has also been increasing evidence for the role of PMNL in driving host resistance to 

infections with other fast-replicating intracellular bacteria such as Listeria monocytogenes and 

Salmonella typhimurium and even to Mycobacterium fortuitum (Seiler et al., 2000). The 

antifungal role of PMNL has also been recently supported (Kudeken et al., 1999; Kullberg et 
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al., 1999). Melioidosis has also been described in chronic granulomatous disease (Tarlow & 

Lloyd, 1971). 

 The vast majority of diabetics with melioidosis in the Northern Territory are 

hyperinsulinemic (type 2), making the laboratory observation that insulin suppresses growth of 

B. pseudomallei (Woods et al., 1993) an unlikely explanation for the predisposition of diabetics 

to melioidosis (Currie, 1995). It has recently been suggested that the suppression of B. 

pseudomallei growth by insulin documented in vitro may be due to the presence of a 

preservative in the insulin preparation used in the original experiments (Simpson & Vanaporn, 

2000). 

 The possible primary role of PMNL function in containing B. pseudomallei resulted in 

empirical use of granulocyte colony-stimulating factor (G-CSF) in patients with strictly defined 

septic shock in the intensive care unit at Royal Darwin Hospital. Preliminary results have been 

very encouraging (see below) (Currie et al., 2000d). 

 In summary, diabetes is the most important risk factor for melioidosis, with alcohol excess, 

chronic renal disease and chronic lung disease also important. Severe disease and death are 

unusual in the absence of risk factors. Markedly elevated levels of proinflammatory cytokines 

correlate with severity of disease, but some are reflecting an appropriate and important immune 

response. A possible central role of PMNL in containing infection has therapeutic implications, 

with promising preliminary results of G-CSF therapy in melioidosis septic shock. 

 

CLINICAL FEATURES OF MELIOIDOSIS 
As noted already, there is an enormous spectrum of disease with B. pseudomallei infection. 

The majority of those infected are asymptomatic, but it remains unknown what proportion of 

asymptomatic seropositive people have latent infection with the potential for re-activation. Re-

activation appears to be a rare event in endemic regions (Currie et al., 2000a), but presumably 

accounts for those cases with latency of up to 29 years (Chodimella et al., 1997). Clinical 

features of melioidosis vary between animal species (see above) and there are also some 

differences between children and adults (see below). Inoculating dose of B. pseudomallei, 

mode of transmission, virulence of the infecting bacterial strain and host predisposition and 

underlying risk factors are all likely to determine the clinical presentation (see above). 

However, it is the presence of host risk factors, such as diabetes, which seems to mostly 

determine severity of clinical disease and outcome. 

27



 The earliest descriptions of melioidosis documented the fulminant end of the clinical 

spectrum, with abscesses throughout both lungs and in many organs (Whitmore & 

Krishnaswami, 1912; Whitmore, 1913). More chronic infection in the lungs and elsewhere is 

also well recognised and Howe et al., (1971) classified melioidosis as acute, sub-acute and 

chronic. Various other useful classifications have been documented (Guard et al., 1984), with 

the Infectious Disease Association of Thailand suggesting from a study of 345 cases; 1. 

Disseminated septicaemic (45% - 87% mortality) 2. Non-disseminated septicaemic (12% - 

17% mortality) 3. Localised (42% - 9% mortality) and 4. Transient bacteraemia (0.3%) 

(Punyagupta, 1989; Leelarasamee & Bovornkitti, 1989). 

 Table 1 shows the clinical presentations of the 252 cases in the 10-year prospective study 

from the Top End of the Northern Territory of Australia (Currie et al., 2000c). As noted above, 

88% presented with acute illness and 12% with chronic illness (symptomatic for >2 months) 

(Currie et al., 2000a). In the Top End, 46% of cases were bacteraemic and overall mortality 

was 19% (Currie et al., 2000d), compared with 60% bacteraemia and 44% mortality in 

Thailand (Suputtamongkol et al., 1994a) and 52% bacteraemia and 46% mortality in Singapore 

(Singapore Committee on Epidemic Diseases, 1995). Pneumonia is the most common clinical 

presentation of melioidosis in all studies (Howe et al., 1971; Guard et al., 1984; Punyagupta, 

1989; Chaowagul et al., 1989; Leelarasamee & Bovornkitti, 1989; Dance, 1990; Puthucheary 

et al., 1992; Singapore Committee on Epidemic Diseases, 1995; Simpson et al., 1999), 

accounting for half of the Northern Territory cases (Currie et al., 2000c). The diversity of 

presentations other than pneumonia was demonstrated in the Thailand series of 686 cases 
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presented at the National Workshop on Melioidosis in November 1985 (Punyagupta, 1989). Of 

those without bacteraemia in the Top End study, 24% presented with skin ulcers or abscesses; 

well recognised presentations of melioidosis, as are septic arthritis and osteomyelitis 

(Punyagupta, 1989; Leelarasamee & Bovornkitti, 1989; Subhadrabandhu et al., 1995; Popoff 

et al., 1997). Also well recognised, whatever the clinical presentation, are abscesses in internal 

organs, especially spleen, kidney, prostate and liver (Punyagupta, 1989; Leelarasamee & 

Bovornkitti, 1989). 

 In addition to 4% of patients in the Northern Territory presenting with septic arthritis or 

osteomyelitis, another 4% developed septic arthritis or osteomyelitis after presentation with 

another primary diagnosis (Currie et al., 2000d). 

Table 1. Clinical presentations of melioidosis over 10 years in the Top End 

 Number Died Mortality rate 

Bacteraemic    

Pneumonia                              – Septic shock 37 31 84% 

                                                           – Other 29 0 0% 

    

Genitourinary                          – Septic shock 5 4 80% 

                                                           – Other 18 0 0% 

    

Osteomyelitis/septic arthritis    – Septic shock 1 1 100% 

                                                            – Other 3 0 0% 

    

Other                                         – Septic shock 7 7 100% 

                                                              – Other 17 0 0% 

    

Non-bacteraemic    

Pneumonia 61 4 7% 

Genitourinary 14 0 0% 

Skin abscess 32 0 0% 

Soft tissue abscess(es) 10 0 0% 

Neurological 10 2 20% 

Ostermyelitis/septic arthritis 5 0 0% 

Other 3 0 0% 

    

Total 252 49 19% 

Source: Currie et al., 2000d 
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 Three differences in tropical Australia from the Thailand studies are the absence of 

suppurative parotitis, the frequency of genitourinary presentation and the dramatic melioidosis 

encephalomyelitis syndrome. In Australia to date there have been no published cases of 

parotitis, while in Thailand suppurative parotitis accounts for up to 40% of melioidosis in 

children (Dance et al., 1989a; Lumbiganon & Viengnondha, 1995). This may just reflect the 

small number of children seen with melioidosis in Australia (Edmond et al., 1998), or may 

relate to epidemiological or behavioural factors yet to be elucidated in Thailand. 

 Prostatic melioidosis is well recognised (Kan & Kay, 1978; Woo et al., 1987), but the 

presence of prostatic abscesses in 18% of males in the Northern Territory series is much higher 

than reported elsewhere (Currie et al., 2000d). An earlier study from the Northern Territory of 

Australia showed genitourinary melioidosis was common in the region and attributed this to 

sexual transmission (Webling, 1980). In the Northern Territory all cases of melioidosis now 

have abdominal CT scans, so ascertainment of prostatic involvement may be higher than 

elsewhere. Further comparative clinical and epidemiological studies are needed to confirm any 

regional differences and to define the nature of transmission of B. pseudomallei in those with 

genitourinary disease. 

 Neurological melioidosis accounts for around 4% of cases in northern Australia and the 

spectrum of neurological presentations has been reported  (Woods et al., 1992; Wells et al., 

1996; Howe et al., 1997; Maguire et al., 1998; Bartley et al., 1999) and summarised  (Currie 

et al., 2000b). Aside from occasional frank intracranial abscesses, the distinct clinical features 

are brainstem encephalitis (including cranial nerve palsies) with peripheral motor weakness, or 

just flaccid paraparesis alone. These are likely to be due at least in part to direct bacterial 

invasion of the brain and spinal cord (Currie et al., 2000b), although involvement of a bacterial 

neurotoxin has also been suggested (Woods et al., 1992). Neurological melioidosis is seen in 

Thailand (Punyagupta, 1989), including brainstem encephalitis (Dr. P. Lumbiganon, personal 

communication). Further studies are necessary to ascertain if there are regional organism 

differences in tissue tropism. 

 Unusual foci of infection described in case reports or case series include mycotic aneurysms 

(Steinmetz et al., 1996; Lee et al., 1998; Torrens et al., 1999; Currie et al., 2000d), mediastinal 

masses (Currie et al., 2000d), pericardial collections (Ruff et al., 1976; Punyagupta, 1989; 

Currie et al., 2000d) and adrenal abscesses (Osteraas et al., 1971; Weber et al., 1969; Lee et 

al., 1999; Currie et al., 2000d). 
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ANTIBIOTIC THERAPY FOR MELIOIDOSIS 
B. pseudomallei is characteristically resistant to penicillin, ampicillin, first and second 

generation cephalosporins, gentamicin, tobramycin, and streptomycin (Eickhoff et al., 1970; 

Leelarasamee & Bovornkitti, 1989; Chaowagul, 2000). Before 1989, “conventional therapy” 

for melioidosis consisted of a combination of chloramphenicol, 

sulfamethoxazole/trimethoprim (cotrimoxazole), doxycycline and sometimes kanamycin, 

given for 6 weeks to 6 months (Leelarasamee & Bovornkitti, 1989; White et al., 1989). 

However, there were also reports of successful use of cotrimoxazole alone (John, 1976; Fuller 

et al., 1978; Morrison et al., 1979) and tetracycline or doxycycline alone (Leelarasamee & 

Bovornkitti, 1989). It has generally been evident that these “conventional antibiotics” are 

bacteriostatic in action rather than bactericidal (Chau et al., 1986; Ashdown, 1988; 

Leelarasamee & Bovornkitti, 1989; Dance et al., 1989b, 1989c) and in vitro studies have shown 

various combinations to be antagonistic (Eickhoff et al., 1970; Dance et al., 1989c). 

 Studies subsequently showed B. pseudomallei to be susceptibility to various newer beta-

lactam antibiotics, especially ceftazidime, imipenem, piperacillin, amoxycillin/clavulanate, 

ceftriaxone and cefotaxime (Chau et al., 1986; Cheong et al., 1987; Ashdown, 1988; McEniry 

et al., 1988; Dance et al., 1989b; Yamamoto et al., 1990; Smith et al., 1994). Unlike with 

“conventional antibiotics”, most studies suggested these newer beta-lactam antibiotics to be 

bactericidal for B. pseudomallei (Ashdown, 1988; Dance et al., 1989b). 

Initial intensive therapy for melioidosis 

The most important therapeutic study for melioidosis was an open label randomised trial in 

Thailand comparing ceftazidime (120 mg/kg/day) with “conventional therapy”, which showed 

that ceftazidime was associated with a 50% lower overall mortality in severe melioidosis 

(White et al., 1989). Importantly, survival curves suggested that the reduction in mortality 

occurred only after 48 hours of therapy, probably reflecting irreversibly severe disease in those 

dying quickly. 

 Ceftazidime then became the drug of choice for initial intensive therapy for melioidosis. 

Another study from Thailand showed similar results when ceftazidime was used in 

combination with cotrimoxazole for initial intensive therapy (Sookpranee et al., 1992). The 

potential advantages of combining cotrimoxazole with ceftazidime are the intracellular activity 

of cotrimoxazole and the possibility of less emergence of antimicrobial resistance. The 

potential disadvantages are antagonism between the antimicrobials and increased toxicity. 

Antagonism between many of the agents used for melioidosis has been demonstrated in vitro 
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(Eickhoff et al., 1970; Dance et al., 1989c), but the clinical significance of this remains 

uncertain. Emergence of resistance in B. pseudomallei during therapy has been well 

documented (Dance et al., 1988, 1989b, 1991; Godfrey et al., 1991; Toohey et al., 1994; Smith 

et al., 1994; Jenney et al., 2001). In vitro time-kill studies showed that adding cotrimoxazole 

had no effect on the action of ceftazidime (Smith et al., 1994). Whether cotrimoxazole added 

to ceftazidime is superior to ceftazidime alone requires a prospective comparative study, which 

is probably only possible in Thailand. 

 After initial favourable reports of use of amoxycillin/clavulanate (Suputtamongkol et al., 

1991), another randomised comparative trial in Thailand showed that initial intensive therapy 

with high dose intravenous amoxycillin/clavulanate was as effective as ceftazidime in 

preventing deaths in severe melioidosis (Suputtamongkol et al., 1994b). However, treatment 

failure was more common with amoxycillin/clavulanate, necessitating switching to ceftazidime 

in 16/69 surviving patients.  

 The carbapenems, imipenem and meropenem have the lowest minimum inhibitory 

concentrations against B. pseudomallei (Ashdown, 1988; McEniry et al., 1988; Dance et al., 

1989b; Yamamoto et al., 1990; Smith et al., 1994, 1996). Furthermore, in vitro time-kill studies 

to measure the rate of bacterial killing showed the carbapenems to perform better against B. 

pseudomallei than ceftazidime (Smith et al., 1994), including for various resistant isolates 

(Smith et al., 1996). It was suggested that this might reflect enhanced penetration through the 

cell wall or preferential binding to different penicillin binding proteins. A surprising finding of 

the time-kill studies was that, unlike for imipenem, meropenem and piperacillin, bactericidal 

activity of ceftazidime was not confirmed (Smith et al., 1994; Sookpranee et al., 1991). 

Another theoretical advantage of carbapenems is the demonstration of a post-antibiotic effect 

against B. pseudomallei which is not present for ceftazidime (Walsh et al., 1995a).   

 Most recently, high dose imipenem has been shown in another comparative trial from 

Thailand to be at least as effective as ceftazidime for severe melioidosis, with no differences 

in mortality between the groups and fewer treatment failures in those given imipenem (Simpson 

et al., 1999). 

 Another trial in Thailand suggested cefoperazone/sulbactam plus cotrimoxazole may be a 

useful alternative for the initial intensive therapy, although numbers in the study were 

inadequate for a conclusive result (Thamprajamchit et al., 1998). A study in mice has suggested 

useful efficacy for cefpirome, especially when used in combination with cotrimoxazole (Ulett 

et al., 1999).  
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 The duration of initial intensive therapy should be at least 10 days (Chaowagul, 2000), with 

the Northern Territory guidelines stating at least 14 days, with longer required if critically ill, 

or for extensive pulmonary disease, deep seated collections or organ abscesses, osteomyelitis, 

septic arthritis and neurological melioidosis (Currie et al., 2000d, Group., 2000/2001). 

 Ceftazidime infusions through a peripherally inserted central catheter (PICC line) using an 

elastomeric infusion device (Baxter, Sydney) have enabled early discharge for hospital in the 

home therapy (Currie et al., 2000d). The absence of any post-antibiotic effect with ceftazidime 

gives such a continuous infusion a theoretical advantage over intermittent dosing (Walsh et al., 

1995a). 

Subsequent eradication therapy for melioidosis 

Following initial intensive therapy, using ceftazidime or imipenem or meropenem, possibly in 

combination with cotrimoxazole, subsequent eradication therapy is considered necessary for 

preventing recrudescence or later relapse of melioidosis. 

 Both duration of eradication therapy and the best antibiotics to use remain uncertain. 

Molecular typing of isolates from recurrent melioidosis has confirmed that by far the majority 

are true relapses from failed eradication, rather than new infection (Desmarchelier et al., 1993; 

Chaowagul et al., 1993; Haase et al., 1995a; Mohandas et al., 1995; Currie et al., 2000a). 

 There are a number of reasons for failure of eradication therapy. 

1. The most important factor responsible for most recrudescence or relapse of 

melioidosis is poor compliance with eradication therapy (Chaowagul et al., 

1993; Rajchanuvong et al., 1995; Currie et al., 2000a; Jenney et al., 2001). The 

reasons for poor compliance are complex and multifactorial, but availability and 

cost of medications and access to follow-up assessment are critical, as is the 

ability to recognise medication side effects and arrange alternative therapy 

where appropriate. We aim for regular follow-up of cases during the eradication 

phase, with free antibiotics and action plans for defaulters, analogous to 

tuberculosis programs (Currie et al., 2000d). 

2. Relapses have been found to be 4.7 times (95%CI: 1.6-14.1) more common in 

patients with severe disease compared with those with localised melioidosis 

(Chaowagul et al., 1993). 

3. Use of ceftazidime in the initial intensive therapy was also associated with a 

halving of relapse (Chaowagul et al., 1993). 
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4. Duration of eradication therapy is also critical, with relapses following oral 

therapy of 8 weeks or less more likely than if eradication is given for longer than 

12 weeks (Suputtamongkol et al., 1991; Chaowagul et al., 1993). Hence the 

recommendations that eradication therapy should be for 12-20 weeks 

(Rajchanuvong et al., 1995; Chaowagul, 2000) or “at least 3 months” (Group., 

2000/2001, Currie et al., 2000d). 

5. The choice of agents for the eradication therapy is important. Both 

amoxycillin/clavulanate (Rajchanuvong et al., 1995) and oral quinolones 

(ciprofloxacin or ofloxacin) (Chaowagul et al., 1997) have been found to be less 

effective in preventing relapse than “conventional” eradication with 

chloramphenicol (given usually only for the first 4-8 weeks), cotrimoxazole and 

doxycycline. 

 Reports on in vitro susceptibility of B. pseudomallei for quinolones generally show 

resistance or intermediate results (Chau et al., 1986; Ashdown, 1988). Disc diffusion 

techniques can give “false-sensitive results”, hence the cautions against use of quinolones 

(Ashdown & Currie, 1992). However, quinolones are still being used in some circumstances, 

possibly with the consideration of the noted excellent postantibiotic effect of ciprofloxacin 

(Walsh et al., 1995a) and their ability for intracellular activity and potential activity in the 

presence of biofilm (Vorachit et al., 2000). At present quinolones are not recommended as 

first-line agents for eradication of B. pseudomallei, although there is currently a study 

comparing azithromycin plus ciprofloxacin against doxycycline plus cotrimoxazole 

(Chaowagul, 2000). 

 The most important recent trial of eradication therapy was a comparison of doxycycline 

alone (the most commonly used eradication regimen in the Northern Territory until 1998) 

versus “conventional” chloramphenicol (first 4 weeks only), cotrimoxazole and doxycycline 

combination (Chaowagul et al., 1999a). Relapses were significantly commoner in the 

doxycycline alone group, resulting in a recommendation that doxycycline should not be used 

alone as first-line eradication therapy (Chaowagul et al., 1999a). Similar failures of 

doxycycline alone as eradication therapy were being noted in the Northern Territory (Currie et 

al., 2000a), with some B. pseudomallei relapse isolates showing acquired doxycycline 

resistance (Jenney et al., 2001). 

 Since changing to eradication therapy with cotrimoxazole alone in the Northern Territory, 

relapses have been almost exclusively in non-compliant patients (Currie et al., 2000d), 

consistent with the hypothesis that it is cotrimoxazole which is the critical component in the 
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“conventional” combination therapy. Current trials in Thailand will hopefully ascertain 

whether it is still beneficial to have combination therapy for the eradication phase of 

melioidosis treatment, or whether cotrimoxazole alone is adequate. 

 In summary, initial intensive therapy should be with ceftazidime or imipenem or 

meropenem, possibly with cotrimoxazole added, for a minimum of 14 days, but longer (4-8 

weeks or more) if the patient is critically ill, has extensive pulmonary infection, deep seated 

collections or organ abscesses, osteomyelitis, septic arthritis or neurological melioidosis. 

Subsequent eradication therapy should be for a minimum of three months, with high dose 

cotrimoxazole or conventional combination therapy. 

 In patients with septic shock, preliminary data suggest addition of G-CSF in addition to 

state-of-the-art intensive care management may increase survival. 
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Chapter 2. The global distribution of melioidosis as known in 

2008  

Published as: 

Currie BJ, Dance DAB, Cheng AC. The global distribution of Burkholderia pseudomallei 

and melioidosis: An update. Transactions of the Royal Society for Tropical Medicine and 

Hygiene 2008;102/S1:S1-S4. 

2.1 Chapter Overview 

With an escalation of interest in melioidosis over the prior decade, this 2008 publication 

added new data to previously published global distribution lists and maps of melioidosis. 

Nevertheless, as noted in the Conclusions, “Filling in the map of the full global distribution 

of B. pseudomallei is not possible without substantially increased surveillance and improved 

access to diagnostic laboratory facilities.”  

2.2 Statement of Joint Authorship 

I conceived and drafted the paper. My colleagues Allen Cheng and David Dance contributed 

to collection of data and the final manuscript discussion. The two figures were drawn by 

Allen Cheng under my supervision. 

59



ava i l ab le a t www.sc ienced i rec t . com

j o u r n a l h o m e p a g e : w w w . e l s e v i e rh e a l t h . co m / j o u r n a l s /t r s t

The global distribution of Burkholderia pseudomallei
and melioidosis: an update

Bart J. Curriea,b, *, David A.B. Dancec, Allen C. Chenga

aMenzies School of Health Research, Charles Darwin University, Darwin, Northern Territory, Australia
bNorthern Territory Clinical School, Flinders University, Darwin, Northern Territory, Australia
cHealth Protection Agency, Plymouth, UK

KEYWORDS
Melioidosis
Burkholderia

pseudomallei
Global distribution
Epidemiology
Ecology
Disease outbreak

Summary While Southeast Asia and northern Australia are well recognized as the major
endemic regions for melioidosis, recent reports have expanded the endemic zone. Severe
weather events and environmental disasters such as the 2004 Asian tsunami have unmasked
locations of sporadic cases and have reconfirmed endemicity in Indonesia. The endemic region
now includes the majority of the Indian subcontinent, southern China, Hong Kong and Taiwan.
Sporadic cases have occurred in Brazil and elsewhere in the Americas and in island communities
such as New Caledonia, in the Pacific Ocean, and Mauritius in the Indian Ocean. Some of
the factors that are critical to further elucidating the global distribution of Burkholderia
pseudomallei and melioidosis include improved access to diagnostic laboratory facilities and
formal confirmation of the identity of bacterial isolates from suspected cases.
© 2008 Published by Elsevier Ltd on behalf of Royal Society of Tropical Medicine and Hygiene.

1. Global distribution of Burkholderia
pseudomallei

1.1. The endemic regions of Asia and Australasia

The data supporting the known global distribution of
Burkholderia pseudomallei and melioidosis were compre-
hensively summarized in 19911 and updated in 2005.2

Recent reports enable a further revision and reconfirm
known foci from the early melioidosis literature of the
1900s (Figure 1). It is well recognized that Southeast Asia
and northern Australia are the main endemic foci for
melioidosis. Following the 2004 Asian tsunami there were
increasing numbers of melioidosis cases in the region,3 6

including a cluster of cases from Aceh, Indonesia.7 Although
Indonesia had been recognized as endemic for melioidosis
in the early 20th century,8 cases of melioidosis had not
been reported from within Indonesia for some decades
until this cluster. This may reflect a combination of a
low, and possibly geographically restricted, presence of
B. pseudomallei, and a lack of recognition relating to
limited laboratory facilities in those locations harbouring
B. pseudomallei.

* Tel.: +61 8 8922 8056; fax: +61 8 8927 5187.
E-mail address: bart@menzies.edu.au (B.J. Currie).

Recent studies from southern India also reinforce
evidence of the presence of melioidosis on the Indian
subcontinent.9,10

A tsunami-associated case in a patient returning from
Sri Lanka echoes earlier occasional cases from that
country.11,12

Recent serology studies have supported the presence of
melioidosis in Myanmar,13 from where the original case of
melioidosis arose in 1911.14 However, indigenous cases have
not been reported in the region since 1945.15

Surveillance data have only recently documented the
incidence of confirmed melioidosis in Laos, a country
which is adjacent to the highly endemic Issan region of
Thailand.16,17 A serology study has also supported the likely
occurrence of melioidosis in Timor Leste,18 although no
confirmed cases have been reported from that country.
There have been increasing reports of melioidosis from
Taiwan,19 with associations found with severe weather
events such as typhoons,20 mirroring similar weather-
related case-clusters in Australia.21,22 In addition, a newly
recognized focus of melioidosis has been studied in the
Western Province of Papua New Guinea, with most cases
being in children.23,24 Several cases have now also been
confirmed from the Pacific nation of New Caledonia.25

In summary, it seems reasonable to assume that the
endemic regions for melioidosis include northern Australia,
Papua New Guinea, Southeast Asia, most of the Indian

0035-9203/ $ see front matter © 2008 Published by Elsevier Ltd on behalf of Royal Society of Tropical Medicine and Hygiene.
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Fig. 1. Global map showing the categories of distribution of melioidosis and Burkholderia pseudomallei. Pink asterisks indicate three documented
temperate outbreaks of melioidosis: France; southeast Queensland, Australia; and southwest Western Australia.

subcontinent and southern China, Hong Kong and Taiwan.
Northeast Thailand, northern Australia, Singapore and parts
of Malaysia are currently recognized as ‘highly endemic’
locations where many cases are diagnosed each year
(Figure 2). With the introduction of better diagnostic
facilities, other locations within the endemic region may
well be found to have substantial burdens of morbidity and
mortality from melioidosis.

1.2. The Americas

In addition to cases in the USA in servicemen returned
from Southeast Asia, melioidosis has been recognized for
some decades to occur sporadically in the Caribbean,
Central and South America1,2 (Figure 1). A cluster of
melioidosis cases has now been reported from the Ceara
province in northeast Brazil, 26 and a case reported from

Fig. 2 Melioidosis in northern Australia, Southeast Asia and Asia, highlighting the highly endemic locations. Pink asterisks indicate two documented temperate
outbreaks of melioidosis in Australia: southeast Queensland and southwest Western Australia.
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The Netherlands in a traveller was probably also acquired
in that same province.27 Two cases reported in the USA
were thought to have been acquired in Honduras28 and
severe melioidosis sepsis in a diabetic individual in Puerto
Rico was attributed to flooding during the rainy season.29

The controversy over the 1973 ‘Oklahoma isolate’ from
the USA has been resolved,30 with that isolate being
confirmed as a new species, named B. oklahomensis
and not B. pseudomallei.31 Inglis et al. have recently
summarized the data on melioidosis in the Americas (see
their Figure 1).32

1.3. Africa

Sporadic cases of melioidosis have also been reported from
West and East Africa1,2 (Figure 1). However, the true extent
and magnitude of the presence of B. pseudomallei in Africa
remains entirely unknown. Two cases have recently been
reported to have been acquired in Madagascar,33 and the
first case has been reported from Mauritius.34

2. Conclusions
It is evident that often the recognition that a location
harbours B. pseudomallei is the diagnosis of imported
melioidosis in a person travelling from that location to a
country with well-resourced diagnostic facilities.27,28,33 This
highlights the likelihood that other foci of melioidosis are
yet to be recognised. Filling in the map of the full global
distribution of B. pseudomallei is not possible without
substantially increased surveillance and improved access to
diagnostic laboratory facilities.
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3.1 Chapter Overview 

In this 2008 publication I note the surge of interest in melioidosis and Burkholderia 

pseudomallei, largely driven by the perceived risk of B. pseudomallei as a potential biological 

weapon. I note how the genomics era established that bacterial isolates of B. pseudomallei 

from Australia are more diverse and likely ancestral to those from Southeast Asia. My 

suggestion of the Gondwana hypothesis, proposing that B. pseudomallei possibly evolved in 

the Gondwana supercontinent, has however been subsequently refuted by more recent 

bacterial genomics studies showing that, while B. pseudomallei likely did originate in 

Australia, its dispersal to Southeast Asia and beyond was in a much more recent era.113 

Furthermore, we have also now shown that African B. pseudomallei likely originated from 

subsequent dispersal from Southeast Asia in recent millennia. 189,196 
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Summary Major advances have been made in molecular studies of Burkholderia pseudomallei
and the immunology of melioidosis. However, there remain large gaps in understanding of the
epidemiology of this enigmatic disease. Identified global distribution boundaries of melioidosis
continue to expand. Recent data suggest Australian strains of B. pseudomallei may be ancestral
to those from Southeast Asia, but the ecology of this environmental bacterium remains elusive.
Despite the potential for rapidly progressive septicaemia, the critical virulence factors in B.
pseudomallei remain to be clarified. Inhalation following aerosolization of B. pseudomallei may
account for the high mortality when melioidosis occurs after severe weather events.
© 2007 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

Important gaps remain in our understanding of the epi-
demiology of melioidosis. This is despite a surge of interest
in the causative bacterium Burkholderia pseudomallei,
largely driven by its perceived risk as a potential biological
weapon.

∗ Present address: Menzies School of Health Research, P.O. Box
41096, Casuarina, Northern Territory 0811, Australia.
Tel.: +61 8 89228056; fax: +61 8 89275187.

E-mail address: bart@menzies.edu.au.

2. Global distribution and origins

It is well recognized that Southeast Asia and northern Aus-
tralia are the main endemic foci for melioidosis. The global
map of melioidosis (Cheng and Currie, 2005) continues to
expand with, for instance, a case cluster from Brazil (Rolim,
2005), recognition that melioidosis is endemic in the Pacific
nation of New Caledonia (Le Hello et al., 2005) and cases
following the Asian tsunami (Nieminen and Vaara, 2005).

The genetic diversity of isolates from Australia and recent
comparisons of isolates from Thailand, Australia and the
Pacific region (Le Hello et al., 2005; Tuanyok et al., 2007;
Vesaratchavest et al., 2006) suggest that Australian strains
may be ancestral to those from Southeast Asia. This is the
Gondwana hypothesis, which proposes that B. pseudomallei

0035-9203/$ — see front matter © 2007 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.trstmh.2007.11.005
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may have evolved in Australia, possibly even in the Gond-
wana supercontinent.

3. Environmental niches

As environmental bacteria, B. pseudomallei survive in soil
and surface water in endemic locations. Various soil types
have been linked with B. pseudomallei, and both farming
activities such as rice cultivation and environment distur-
bances such as excavations and cyclones have been linked
to melioidosis cases (Cheng and Currie, 2005; Wuthiekanun
et al., 2006). Some Burkholderia species have close plant
associations, but a specific niche for B. pseudomallei in the
natural world remains to be found.

The tight correlation of melioidosis cases in Thailand and
northern Australia with the monsoonal rainy season requires
further elucidation. While B. pseudomallei may move to the
surface with a rising water table, there is also the possibil-
ity that climatic factors switch the bacteria from a dormant
and possibly even a non-culturable state to a more replica-
tive state. More extensive environmental studies, including
both bacterial culture and DNA detection, are required to
evaluate this and also the genetic diversity and differential
magnitudes of bacterial loads in both endemic locations of
varying incidences and in newly recognized foci of melioi-
dosis.

4. Organism virulence factors

An increasing number of strains of B. pseudomallei have
been fully sequenced and annotated with putative vir-
ulence factors identified, many residing within genomic
islands (Yu et al., 2006). However, while the genomic
islands are differentially present among B. pseudomallei
(Duangsonk et al., 2006) and there is evidence suggesting
extensive horizontal gene transfer both within B. pseudoma-
llei and between B. pseudomallei and other environmental
bacteria, there is to date no clear link between any spe-
cific virulence genes or genetic islands and melioidosis
disease presentation or severity. Virulence differentials
among B. pseudomallei recovered from the environment
remain to be elucidated, despite clonal associations having
been made between environmental isolates and human and
animal clinical B. pseudomallei isolates in outbreak scenar-
ios.

5. Host risk factors for disease

The well recognized risk factors for melioidosis are dia-
betes, alcohol excess, chronic renal disease and chronic lung
disease. However, the critical host—pathogen interactions
for disease remain poorly defined. This is despite numerous
rodent studies using wild and gene-knockout B. pseudoma-
llei and testing of patients for cellular and humoral immune
responses and cytokine, chemokine and Toll-like receptor
profiles (Haque et al., 2006; Wiersinga et al., 2006). The
notable lack of an association between HIV infection and
melioidosis severity and the very strong link to diabetes
suggests that after initial infection with B. pseudomallei
phagocytic function and not cell-mediated immunity may be

critical to prevent the dramatic progressive dissemination of
bacteria seen in acute septicaemic melioidosis.

6. Mode of infection and clinical presentation
and severity

It is thought that the majority of melioidosis cases result
from percutaneous inoculation. Melioidosis from ingestion
of B. pseudomallei has been documented in humans but is
far less common than in animals (Cheng and Currie, 2005).
Severe melioidosis in endemic regions is also associated with
near-drowning episodes (Chierakul et al., 2005). It is pos-
tulated that with severe weather events such as tropical
storms, cyclones and typhoons there is a shift to inhalation
of B. pseudomallei. This is analogous to the more severe
disease and high fatality seen when anthrax, plague and
tularaemia are inhaled rather than inoculated.

The propensity for aerosolization of B. pseudomallei
under varying environmental and weather conditions, and
how often this is responsible for disease, requires further
evaluation. The infecting dose of B. pseudomallei is also
likely to influence disease and outcome. The uncertainty of
the overall contributions of infecting dose, mode of infec-
tion and differences in strain virulence reflect just how much
there remains to be found out about B. pseudomallei and
melioidosis.
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Chapter 4. Molecular typing of Burkholderia pseudomallei for 

public health: Ribotyping  
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Currie B, Smith-Vaughan H, Golledge C, Buller N, Sriprakash KS, Kemp DJ.  Pseudomonas 

pseudomallei isolates collected over 25 years from a non-tropical endemic focus show 

clonality on the basis of ribotyping.  Epidemiology and Infection 1994;113:307-312. 

 

4.1 Chapter Overview 

This paper was published before Burkholderia pseudomallei was removed from the 

Pseudomonas genus and placed in the newly created Burkholderia genus. Ribotyping had 

previously been used to demonstrate the clonality of initial and subsequent isolates in 

relapsed melioidosis and at Menzies we adapted the methodology for our early molecular 

epidemiology studies, choosing BamH1 as the best restriction enzyme for digesting B. 

pseudomallei DNA and using an Escherichia coli probe containing a ribosomal RNA operon. 

In this study we collaborated with colleagues in Western Australia who had for over 25 years 

documented melioidosis in animals and a farmer from a farming region in temperate 

southwest Western Australia. Ribotyping showed all isolates from this cluster had the same 

ribotype, supporting a hypothesis of clonal introduction of B. pseudomallei into a non-

tropical region of Australia, with subsequent environmental persistence and local 

dissemination of the organism over 25 years. This was the first study to genetically link an 

environmental B. pseudomallei (soil in this case) to a clinical case and also the first to show 

that humans and animals can be infected by the same strain of B. pseudomallei. Nevertheless, 

the specificity of ribotyping was recognised as problematic for definitive confirmation of 

clonality of bacteria, including B. pseudomallei and ribotyping has long since been replaced 

by new technologies. However, the clonality of the B. pseudomallei isolates from that 

location so far south of traditional melioidosis territory has recently been confirmed by whole 

genome sequencing.252 Remarkably, that “outbreak” now spans 51 years, involving a single 

genotype with limited genome evolution seen over the 5 decades. The genotype is Australian 

in origin, supporting a prior point source introduction into southwest Western Australia from 

northern Australia.252 
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4.2 Statement of Joint Authorship 

I conceived and drafted the paper. My colleagues from Western Australia Nicky Buller and 

Clayton Golledge provided the B. pseudomallei isolates and the epidemiological data. The 

late Dave Kemp and KS Sriprakash supervised the ribotyping development at Menzies and 

the ribotyping was performed by Heidi Smith-Vaughan. 
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Chapter 5. Molecular typing of Burkholderia pseudomallei for 

public health: Pulsed-field gel electrophoresis  

Published as: 

Currie BJ, Mayo M, Anstey NM, Donohoe P, Haase A, Kemp DJ. A cluster of melioidosis 

cases from an endemic region is clonal and is linked to the water supply using molecular 

typing of Burkholderia pseudomallei isolates.  American Journal of Tropical Medicine and 

Hygiene 2001;65:177-179. 

 

5.1 Chapter Overview 

Pulsed-field gel electrophoresis (PFGE) had become the standard method for investigating 

potential point-source outbreaks of bacterial infections and replaced ribotyping at Menzies 

for genotyping Burkholderia pseudomallei. We optimised PFGE, selecting Spe-I for 

digestion of total chromosomal DNA. In this paper we showed identical PFGE patterns for B. 

pseudomallei from a cluster of cases of melioidosis from a single remote Northern Territory 

Aboriginal community over several wet seasons. We also isolated B. pseudomallei from the 

unchlorinated water supply used by the community and that isolate showed the same identical 

PFGE pattern. This contrasted with the wide diversity of PFGE patterns normally seen in 

human and environmental B. pseudomallei from that region. 

There were three fatalities amongst the melioidosis cases in this outbreak and the findings 

resulted in remediation of the water supply and eventually installation of chlorination, which 

subsequently became a standard for other remote communities. 

An additional observation from this study was that the same clonal strain of B. pseudomallei 

caused a diversity of clinical presentations, supporting that patient risk factors and the mode 

of infection are generally more important for determining clinical presentations and outcomes 

than any specific bacterial virulence determinants in B. pseudomallei. 

 

5.2 Statement of Joint Authorship 

I conceived and drafted the paper. My late environmental health colleague Phillip Donohoe 

undertook the meticulous and arduous sampling of the water supply and the community 
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environment. The late Dave Kemp and Antje Haase supervised the PFGE development at 

Menzies and Mark Mayo performed the PFGE. Nick Anstey helped me with clinical 

management of the patients and collection of epidemiological and clinical data. 
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A CLUSTER OF MELIOIDOSIS CASES FROM AN ENDEMIC REGION IS CLONAL
AND IS LINKED TO THE WATER SUPPLY USING MOLECULAR TYPING OF

BURKHOLDERIA PSEUDOMALLEI ISOLATES

BART J. CURRIE, MARK MAYO, NICHOLAS M. ANSTEY, PHILLIP DONOHOE, ANTJE HAASE, AND DAVID J. KEMP
Menzies School of Health Research and Royal Darwin Hospital Clinical School, Darwin, Northern Territory, Australia.

Territory Health Services, Casuarina, Northern Territory, Australia

Abstract. Nine cases of melioidosis with four deaths occurred over a 28-month period in members of a small
remote Aboriginal community in the top end of the Northern Territory of Australia. Typing by pulsed-field gel
electrophoresis showed isolates of Burkholderia pseudomallei from six of the cases to be clonal and also identical to
an isolate from the community water supply, but not to soil isolates. The clonality of the isolates found in this cluster
contrasts with the marked genetic diversity of human and environmental isolates found in this region which is
hyperendemic for B. pseudomallei. It is possible that the clonal bacteria persisted and were propagated in biofilm in
the water supply system. While the exact mode of transmission to humans and the reasons for cessation of the
outbreak remain uncertain, contamination of the unchlorinated community water supply is a likely explanation.

INTRODUCTION

Melioidosis, infection with Burkholderia pseudomallei, is en-
demic in southeast Asia and northern Australia, but has also
been reported in other tropical regions and imported cases are
described in temperate countries.1 In northeast Thailand and the
top end of the Northern Territory of Australia melioidosis is
hyperendemic, being the commonest cause of fatal bacteremic
pneumonia and septicemia during the monsoonal wet season.2,3

The organism is a soil saprophyte and can be cultured from
soil and surface water in endemic regions, with postulated
routes of infection being via contamination of broken skin, as-
piration, inhalation of aerosolised bacteria, and possibly inges-
tion and sexual transmission.4

Understanding of the epidemiology of melioidosis has been
improved by the development of molecular typing methods for
B. pseudomallei, beginning with ribotyping,5 followed by ran-
dom amplified polymorphic DNA analysis6 and pulsed-field gel
electrophoresis (PFGE) of restriction enzyme digested total
chromosomal DNA.7

Since October 1989 we have been prospectively following
all cases of melioidosis in the top end of the Northern Territory.
From March 1994 until June 1996 there were nine cases of
melioidosis with four fatalities in people from a single remote
Aboriginal community in the north of the Northern Territory
of Australia, compared with only one case in the preceding 5
years. The community population at the 1996 Census was
1,286 people and over the same 28-month period there were
70 melioidosis cases with 6 fatalities amongst the 139,000
(1996 Census data) people living elsewhere in the top end. This
gives a relative risk for melioidosis in community members
over this period of 13.9 (95% CI 7.0–27.8). We therefore used
PFGE to examine the isolates from the cases of melioidosis
from the remote community together with isolates collected
from an environmental study.

MATERIALS AND METHODS

Environmental isolates. Eighty-seven soil samples and 35
water samples were collected over a six-month period spanning
the wet season from November 1996 to April 1997. Thirty soil
sites representing domestic, congregation, and outstation loca-
tions were sampled, usually at three depths, 30 cm, 50 cm, and

70 cm. Culture of soil was in duplicate using modified Ash-
down’s enrichment selective broth and Galimand and Dodin’s
selective broth (both with 50 mg/L colistin added), with a meth-
od adapted from Wuthiekanun and others.8 Briefly, one tea-
spoon of soil was added to 2 mL of sterile distilled water and
shaken vigorously. After settling, 0.5 mL of supernatant was
added to the selective broths which were then incubated for 48
hours at 40�C, followed by plating of 10 �L of broth super-
natant onto Ashdown’s selective agar, which was incubated for
a further 48 hours at 40�C.

Water samples were from environmental water bodies as
well as diverse pipes and tanks related to the bore water col-
lection and distribution for the community. They were pro-
cessed in the field by passing 5 L of water through a 22 micron
filter and then placing the filter paper in 25 mL of Ashdown’s
selective broth with 50 mg/L colistin added. The broth was
incubated at 40�C for seven days, with 10 �l supernatant plated
onto Ashdown’s selective agar at 2 and 7 days and incubated
for 48 hours at 40�C. Suspect colonies from soil and water
cultures were identified using API 20 E (API System SA, Lyon,
France).

Human bacterial isolates. Isolates of B. pseudomallei were
available from eight of the nine cases of melioidosis from the
community, in addition to isolates from other cases for com-
parison. Identity was confirmed by standard biochemical tests
and API 20 E.

Pulsed-field gel electrophoresis. Block preparation was car-
ried out using a modification of the method of Haase and oth-
ers.6 Pure colonies were grown in Tryptone-soya broth (Oxoid,
Heidelberg West, Victoria Australia) for 3 days at 37�C. Cells
were pelleted, washed twice in normal saline and adjusted to
240–300 � 107 cells/ml in PET IV (10 mM Tris, 1M NaCl).
This suspension was mixed with an equal volume of 2% low
melting point (FMC) agarose and pipetted into block moulds
(0.8 � 0.4 � 0.2 cm). Solidified blocks were incubated in lysis
buffer (100 mM EDTA, 0.5% Brij 58, 0.2% Na deoxycholate,
0.5% N-lauroylsarcosine) containing 20 mg/ml lysozyme) and
10 �g/ml RNAse at 37�C overnight. Blocks were then trans-
ferred to proteinase K buffer (0.5 M EDTA, 1% N-lauroylsar-
cosine) containing 1mg/ml proteinase K and incubated at 55�C
overnight. Blocks were washed twice in proteinase K buffer
and stored at 4�C until use. Half-blocks were dialysed overnight
in low EDTA TE buffer (10 mM Tris, 0.1 mM EDTA). Blocks
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FIGURE 1. Pulsed-field gel electrophoresis of total chromosomal
DNA of Burkholderia pseudomallei isolates digested with Spe-I.
Lane A � the community case of melioidosis preceding the out-
break; Lanes B, C, D, E, G, H, I, and J, � cases occurring during
the outbreak; Lane F � a community member living elsewhere;
Lane K � the community water supply; and Lanes L, M, and N �
unrelated melioidosis cases in the Northern Territory.

were pre-incubated in 200 �l of digestion buffer for 30 minutes,
then digested with 10 units of Spe I (Pharmacia) in fresh buffer
at 37�C for 4 hours. Digests were run on 1% agarose gels in
0.5� TBE on a BioRad Chef DR-III system, with a 10–60
second pulse ramp at 6V/cm for 24 hours with yeast chromo-
some marker. Gels were stained with ethidium bromide, visu-
alised with UV light, and analysed with the BioRad molecular
analyst package (BioRad Laboratories, Hercules, CA).

The study was approved by the community involved in the
outbreak and the Joint Institutional Ethics Committee of the
Royal Darwin Hospital and the Menzies School of Health Re-
search, which has an Aboriginal Sub-Committee with power of
veto.

RESULTS

Six of the 30 soil sites and one of the 35 water samples grew
B. pseudomallei. Of the seven soil isolates, four were from
samples collected at 70 cm, one from 50 cm, and two from 30
cm, with one site positive at both 30 and 70 cm. Five soil
isolates grew from Galimand and Dodin’s broth and two from
Ashdown’s broth, with no sample being positive from both
broths, although the two isolates from different levels of the
same site were one from each broth. The single water isolate
was from water collected from one of the two storage tanks
for the community water supply, which is piped from a bore
1–2 km outside the community.

PFGE showed six of the eight community case isolates
(Lanes B, C, G, H, I, and J; Figure 1) and the water isolate
(Lane K) to be identical. The other two case isolates were
different (lanes D, E). An isolate from a community member
who lived in Darwin and died from septicemic melioidosis
during the same period was different on PFGE (lane F). An
isolate from the only other case in the community between
1989 and the 1994–1996 cluster was also different (lane A �
an isolate from January 1992). All soil isolates also differed,
although the two from the same site were identical to each
other (data not shown). PFGE of 55 other unrelated human
isolates from our Northern Territory studies (Lanes L, M, and
N; Figure 1) confirmed the findings of Vadivelu and others9

that PFGE is excellent for differentiating strains of B. pseu-
domallei. To confirm the PFGE findings using Spe I digestion,
the chromosomal DNA from each isolate was digested with
Pac I. Again the fragment patterns of the six clinical isolates
and the water isolate were identical (data not shown).

Of the six patients with identical isolates, three had fatal
septicemic pneumonia, one had non-fatal sputum culture-posi-
tive pneumonia, and two had non-fatal neurological illnesses.
Of the latter, one had a B. pseudomallei culture-positive (pre-
sumed inoculating) ulcer on the left forehead, with brainstem
encephalitis with left lower motor neurone facial nerve palsy,
left abducens nerve palsy, and peripheral motor weakness. Two
of the six patients presented in the dry season (June and Oc-
tober), when melioidosis is unusual.

The cases were evenly distributed throughout the commu-
nity, with no evident common soil exposure from congregation
or hunting. The only epidemiological link between the cases,
apart from residence in the same small community with a com-
mon water supply, was that five of the six cases with clonal
isolates were known to ingest kava, which is commonly used
in this and other Aboriginal communities in the region. The
kava is prepared by placing commercially available powder of
the root of the plant Piper methysticum in a cloth, which is
then placed into a container of cold water. After infusion, the
mixture is drunk, usually from a common cup. Three samples
of prepared kava from the community were culture-negative
for B. pseudomallei.

DISCUSSION

Using PFGE we have shown that at least six of a cluster of
nine cases of melioidosis occurring over a 28-month period in
a small remote tropical community are from a clonal strain of
B. pseudomallei. We also isolated the clonal strain from the
community water supply, which is not chlorinated. A similar
clonal cluster of melioidosis cases has recently been reported
from northern Western Australia, also implicating contamina-
tion of the domestic water supply.10 Previously we used ribo-
typing to show clonality in a cluster of isolates from farm an-
imals, a farmer, and soil in the temperate southwest of Austra-
lia.11 That cluster was presumed to have been introduced to the
non-endemic region by importation of an infected animal, but
the current case series occurred within the hyperendemic region
of tropical northern Australia, where there is large genetic di-
versity amongst human, animal, and environmental B. pseu-
domallei isolates, as shown by the soil isolates and previous
studies.6

The mode of transmission of B. pseudomallei in this out-
break remains speculative, but appears likely to have originated
from persisting contamination of the community water supply,
possibly due to biofilm protection and propagation of bacterial
colonies within the water supply system.12 The limited number
of environmental samples in our study is insufficient to fully
characterise the distribution of B. pseudomallei in local soil and
water. We have isolated B. pseudomallei from bore water in
other locations in the top end of the Northern Territory (un-
published data), and studies in Thailand have noted persistence
of B. pseudomallei near to bores during the dry season.8 In one
of the clonal cases an inoculating forehead lesion was culture-
positive. Percutaneous inoculation, inhalation of aerosolised

79



179AN ENDEMIC CLONAL CLUSTER OF MELIOIDOSIS

bacteria, aspiration, and ingestion all remain possible from con-
taminated water.4

Following community concerns about the deaths from mel-
ioidosis an extensive education program was implemented by
community educators in conjunction with the health staff. Gen-
eral health and hygiene issues; specific details about melioi-
dosis, including the known risk factors such as diabetes, alcohol
excess, and renal disease; the risk of cutaneous inoculation
from exposure to wet-season soils; and the concerns of excess
kava consumption were all discussed. Whether the association
seen in the Northern Territory between kava consumption and
melioidosis is causal, possibly being related to metabolic or
immunological defects from kava excess or even ingestion of
contaminated prepared kava, remains speculative and is cur-
rently being studied. Any changes in behaviour subsequent to
the education program were not quantified, although the com-
munity moved to ban kava. A number of public works were
also carried out, including scouring of the water storage tanks
and installation of some new piping. No further isolates of B.
pseudomallei have been recovered from the water supply, al-
though it remains unchlorinated. There was no further melioi-
dosis in the community for almost three years, until a death in
July 1999, where the B. pseudomallei isolate was different on
PFGE than the clone (data not shown).

Of interest is the occurrence of two cases of neurological
melioidosis from a B. pseudomallei clone which also caused
four cases of pneumonia. This would support neurological mel-
ioidosis being caused in these cases by direct bacterial invasion
of the nervous system rather than it being the result of toxin-
induced damage from B. pseudomallei strains producing a neu-
rotropic exotoxin.13

None of the eight environmental isolates utilized arabinose
on API 20 NE testing. Arabinose assimilation differentiates be-
tween pathogenic strains of B. pseudomallei, which do not as-
similate arabinose (Ara–), and nonvirulent B. pseudomallei-like
organisms, which assimilate arabinose (Ara�).14 All clinical
melioidosis isolates are Ara–; in hyperendemic northeast
Thailand 75% of soil isolates are Ara–, while in central Thai-
land where melioidosis is rare soil isolates have all been
Ara�.15 All 43 environmental isolates of B. pseudomallei
from the top end of the Northern Territory tested by us have
been Ara– (unpublished data), consistent with the region be-
ing hyperendemic for melioidosis and suggesting that the
nonvirulent B. pseudomallei-like organisms found in Thai-
land are absent or uncommon in the Northern Territory.

In conclusion, in this small community at least six of the
cluster of melioidosis cases were from a clonal strain of B.
pseudomallei which was also found in the water supply. While
the exact nature of transmission of the bacteria and the reasons
for cessation of the outbreak remain uncertain, contamination
of the community water supply is a possible explanation. Fur-
ther studies are required in melioidosis endemic regions to
quantitate the presence of B. pseudomallei in potable water and
to establish guidelines for management of community water
supplies where B. pseudomallei contamination is considered a
potential risk.
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Chapter 6. Molecular typing of Burkholderia pseudomallei for 

public health: Multilocus sequence typing (MLST) and BOX-PCR 
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6.1 Chapter Overview 

Pulsed-field gel electrophoresis (PFGE) takes up to 5 days from Burkholderia pseudomallei 

isolate retrieval to having a result to assess isolate relatedness. In addition, comparison of 

isolates using PFGE requires them all being run on the same gel and it is generally not 

considered accurate and valid to compare results between gels even from the same laboratory, 

let alone between laboratories. Genomic sequencing has revolutionised molecular typing and 

has the benefit of absolute comparative ability across laboratories and over time, through 

unambiguous sequence type characterization and storage of data such as on the open access 

global B. pseudomallei multilocus sequence typing (MLST) website; 

https://pubmlst.org/organisms/burkholderia-pseudomallei. We embraced MLST early after its 

development and indeed Menzies now curates the global B. pseudomallei MLST database. 

Nevertheless, MLST remains expensive and requires sequencing capability, which is still not 

available on site at Menzies, necessitating shipment of DNA in batches to sequencing 

facilities. 

We therefore needed a rapid typing method that could complement MLST and provide results 

within a day when we needed to ascertain for example if two isolates from the same patient at 

different timepoints were the same (e.g. relapsed melioidosis), or if a cluster of isolates was 

potentially an outbreak. We therefore adapted repetitive sequence typing using a BOX A1R 

primer for typing B. pseudomallei and compared BOX-PCR fingerprinting results on a wide 

range of well-characterized B. pseudomallei isolates with MLST and PFGE performed on the 

same isolates. BOX-PCR typing compared favourably with MLST and PFGE performed on 

the same isolates, both discriminating between the majority of multilocus sequence types and 

showing relatedness between epidemiologically linked isolates from various outbreak 

clusters. In 2022 we continue to use BOX-PCR typing for selected circumstances requiring 

same-day results on whether B. pseudomallei isolates are related.  
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Abstract
Background: Although melioidosis in endemic regions is usually caused by a diverse range of
Burkholderia pseudomallei strains, clonal outbreaks from contaminated potable water have been
described. Furthermore B. pseudomallei is classified as a CDC Group B bioterrorism agent.
Ribotyping, pulsed-field gel electrophoresis (PFGE) and multilocus sequence typing (MLST) have
been used to identify genetically related B. pseudomallei isolates, but they are time consuming and
technically challenging for many laboratories.

Methods: We have adapted repetitive sequence typing using a BOX A1R primer for typing B.
pseudomallei and compared BOX-PCR fingerprinting results on a wide range of well-characterized
B. pseudomallei isolates with MLST and PFGE performed on the same isolates.

Results: BOX-PCR typing compared favourably with MLST and PFGE performed on the same
isolates, both discriminating between the majority of multilocus sequence types and showing
relatedness between epidemiologically linked isolates from various outbreak clusters.

Conclusion: Our results suggest that BOX-PCR can be used to exclude a clonal outbreak of
melioidosis within 10 hours of receiving the bacterial strains.

Background
While melioidosis is well recognised as endemic to south-
east Asia and northern Australia, the geographical range of
environmental presence remains poorly defined for the
causative bacterium,Burkholderia pseudomallei[1,2]. Cases
of locally-acquired melioidosis have recently been
reported from Brazil[3], Honduras[4] and Taiwan[5].

In endemic regions molecular typing of B. pseudomallei
has shown considerable genetic diversity. For example, in
northern Australia, although cases cluster in the mon-
soonal wet season, isolates from individual patients are
usually distinct from each other[6]. An exception is when
cases can be epidemiologically linked to a point source
outbreak such as contamination of a community water
supply[7,8]. There are major public health implications if
a series of melioidosis cases is found to be clonal in nature
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and therefore a possible point source outbreak. B. pseu-
domallei is classified as a CDC Group B bioterrorism agent
and the ability to quickly distinguish endemic infection
from a clonal cluster has been problematic because of the
time needed to perform the molecular typing with the
methods commonly used to date.

We have therefore adapted BOX-PCR for typing B. pseu-
domallei and compare BOX typing results on a wide range
of well-characterized B. pseudomallei isolates with multilo-
cus sequence typing (MLST) and pulsed-field gel electro-
phoresis (PFGE).

Methods
BOX-PCR
Repetitive sequence PCR using a BOX A1R primer (BOX-
PCR fingerprinting) was adapted from the methods used
by Coenye et al. for B. cenocepacia[9]. Single bacterial col-
onies were subcultured overnight at 37°C on chocolate
agar (Oxoid Australia, Melbourne, Australia). Bacterial
DNA was purified with the DNeasy Tissue Kit (Qiagen,
Hilden, Germany) using the Gram-positive bacteria pro-
tocol but with only 1 mg/mL lysozyme and 45 min incu-
bation with Proteinase K at 55°C. Each BOX-PCR (25 L)
contained template DNA (1.5 ng); BOX-A1R primer (0.3

g); 600 M dNTP (Roche, Basel, Switzerland); 2 U Hot-
StarTaq Plus (Qiagen); 1× Q-Solution (Qiagen) and 1×
PCR buffer (Qiagen) with 6.0 mM MgCl2. The PCR was
first denatured at 95°C for 5 min; followed by 10 cycles of
denaturing at 94°C for 10 s, annealing at 52°C for 1 min,
elongating at 68°C for 4 min; then for the next 25 cycles,
the elongation step is extended by 10 s for each additional
cycle. Amplicons were separated by gel electrophoresis on
2% agarose (1× TAE buffer).

Pulsed-field gel electrophoresis and multilocus sequence 
typing
PFGE (Spe I) and MLST were performed as previously
described[10,11].

Data analysis
For BOX-PCR and PFGE, gel images were analysed with
BioNumerics (version 4.50; Applied Maths BVBA, Sint-
Martens-Latem, Belgium). The BioNumerics application
modules used were the Fingerprint types and the Compar-
ison and Cluster Analysis modules. BOX-PCR bands
(200–1500 bp) were auto-detected by BioNumerics set to
10% minimum profiling relative to maximum value of
lane and 5% minimum area. PFGE bands (150–700 kbp)
were manually assigned on visual inspection. Both BOX-
PCR and PFGE dendrograms were produced with Dice
UPGMA with position tolerance settings of 0.4% optimi-
zation, 0.8% band position tolerance and 0.1% change
towards end of fingerprint.

For MLST the alleles at each of the seven previously
described loci[11] were assigned for each isolate by com-
paring the sequences to those at the B. pseudomallei MLST
website[12]. Following the standard MLST protocol, each
allele is assigned a different allele number and the allelic
profile (string of seven integers) is used to define the
sequenced type (ST) for that isolate. The relatedness of
isolates was displayed as a dendrogram by using the
matrix of pairwise differences in the allelic profiles of the
isolates and the unweighted pair group method with
arithmetic averages (UPGMA), using MEGA version
3.1[13].

B. pseudomallei isolates
To assess the discriminatory power of BOX-PCR, direct
comparisons were made between the MLST dendrogram
for 54 separate STs and the BOX-PCR dendrogram for
these isolates. The 54 B. pseudomallei, each with a distinct
ST, were all from Australia and included human, animal
and environmental isolates. Amongst these were 11 pairs
of single locus variants (SLVs; two isolates sharing identi-
cal alleles at 6/7 loci).

To assess the ability of BOX-PCR to identify clonal clusters
direct comparisons were then made between the PFGE
dendrogram for five defined clonal groups and the BOX-
PCR dendrogram for these isolates. Clonal cluster I and
clonal cluster II consist of 7 and 8 isolates, respectively,
from Australia's tropical Northern Territory and were pre-
viously identified as clustering by PFGE[14]. These two
clonal clusters represent geographically linked but epide-
miologically unrelated isolates from our prospective
melioidosis studies in northern Australia. Clonal cluster
III consists of 3 isolates of identical ST from a detergent
container implicated in an outbreak of melioidosis in the
Northern Territory involving two garage mechanics[10].
Clonal cluster IV consists of 3 isolates from an outbreak of
melioidosis involving hobby farms in a temperate loca-
tion in southwest Western Australia. This outbreak
spanned 25 years and was attributed to possible importa-
tion of an infected animal into a region not endemic for
melioidosis[15,16]. Clonal cluster V is 6 isolates from an
outbreak of melioidosis in a remote Northern Territory
indigenous community. The outbreak was linked to con-
tamination of the unchlorinated community water sup-
ply, with several deaths reported[8].

Results
Figure 1 shows the relationship between the 54 discrete
MLST STs and the BOX-PCR for these isolates. Except for
1 pair of STs and 2 triplets, BOX-PCR was able to discrim-
inate between each ST. While relationships between STs
seen on the MLST dendrogram were not consistently pre-
served with BOX-PCR, there was some clustering as evi-
dent from Figure 1, especially for some SLVs and double
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locus variants (two isolates sharing identical alleles at 5/7
loci).

Figure 2 shows results for the 27 isolates in the cluster
study, represented by 8 STs within the 5 clonal groups,
with 4 additional unlinked isolates each from a different
ST included for comparison. There was generally excellent
agreement between PFGE and BOX-PCR for each of the
five clonal clusters. Of interest, BOX-PCR split isolate
0343 from other isolates in PFGE cluster V. Isolate 0343 is
indeed slightly different by MLST, being a SLV (ST 125) of
the other 4 patient isolates and the water isolate (isolate
491, ST 126) from this outbreak. In PFGE cluster II isolate
1128 was a SLV (ST 133) of the other 7 isolates (ST 132),
but both PFGE and BOX-PCR did not split these. However
isolate 0767 (ST 132) in this cluster was slightly split from
the other ST 132 isolates on BOX-PCR. In cluster III both
PFGE and BOX-PCR identified isolate 1179 as being split

from 1119 and 1182, although all three are ST 123. In
clonal clusters I and IV there were similar small variations
between PFGE, MLST and BOX-PCR.

Discussion
Various methods have been developed for typing strains
of B. pseudomallei. Ribotyping was the earliest method
widely used[17], including the first report where genetic
fingerprinting was able to link human and animal B. pseu-
domallei isolates to an environmental isolate from con-
taminated farm soil[16]. However, ribotyping is
cumbersome and costly. Although PFGE has largely
replaced ribotyping, it also takes at least several days. We
have previously shown that there is excellent congruence
between PFGE and MLST, with PFGE and MLST providing
similar results for local epidemiological investiga-
tions[14].

Comparison of MLST and BOX-PCR dendrograms for 54 B. pseudomallei isolatesFigure 1
Comparison of MLST and BOX-PCR dendrograms for 54 B. pseudomallei isolates. The MLST sequence type (ST) is shown for 
each isolate, with the corresponding isolate number listed for the BOX-PCR profile.
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MLST is being increasingly used to define the regional and
global epidemiology of melioidosis[11,14,18] and has
the benefit of absolute comparative ability across labora-
tories through the MLST website and unambiguous
sequence type characterization. Nevertheless, MLST
remains expensive and requires sequencing capability,
thus currently restricting its availability for rapid determi-
nation of whether strains from a potential melioidosis
outbreak are linked.

PCR-based methods lend themselves to obtaining rapid
results. Although randomly amplified polymorphic DNA
(RAPD) analysis has been used for B. pseudomallei[19],
reproducibility between and even within laboratories is a
major problem and despite its quick results we have aban-

doned using it[20]. Excellent results have recently been
reported using a multiplex PCR-based multilocus varia-
ble-number tandem repeat (VNTR) assay to assess the
2004 upsurge of melioidosis in Singapore. Liu et al. were
able to use a VNTR system developed from the B. pseu-
domallei genome data to demonstrate diversity rather than
clonality amongst the B. pseudomallei strains isolated from
the cluster of melioidosis cases[21].

In investigating case clusters of melioidosis in northern
Australia we have used PFGE to link cases to water supply
contamination[8] and to contamination of a container of
detergent[10]. We have also shown that in our melioido-
sis endemic region case clusters during extreme weather
events are usually not genetically linked by PFGE finger-

Comparison of PFGE and BOX-PCR for isolates in 5 clonal groups (see text for details)Figure 2
Comparison of PFGE and BOX-PCR for isolates in 5 clonal groups (see text for details). Isolate number with its MLST ST is 
listed for each isolate on the PFGE profile, with the corresponding isolate number listed for the BOX-PCR profile. Four unre-
lated isolates are included for comparison; 0875 (ST 115), 1153 (ST 117), 1869 (ST 337) and 1839 (ST 336). Clonal Group I 
includes ST 109 and ST 338; Clonal Group II includes ST 132 and ST 133; Clonal Group III is ST 123; Clonal Group IV is ST 284 
and Clonal Group V includes ST 125 and ST 126.
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A BOX-PCR gel showing two sets of results, each with 18 isolates of B. pseudomallei, with molecular weight markers on the outside lanesFigure 3
A BOX-PCR gel showing two sets of results, each with 18 isolates of B. pseudomallei, with molecular weight markers on the 
outside lanes.
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printing[6]. As in Singapore in 2004[21] these clusters are
simply reflecting the close association between rainfall
and infection from the diverse range of B. pseudomallei
strains present in soil and surface water.

Because PFGE takes up to 5 days for results, we are assess-
ing alternative typing options for a rapid determination of
whether a cluster of melioidosis cases is genetically linked
and therefore potentially an outbreak which requires an
urgent public health response. BOX-PCR typing can be
completed within 1 working day and has shown generally
good agreement with PFGE for B. cenocepacia[9]. We have
now demonstrated that BOX-PCR can perform similarly
for B. pseudomallei, with ability to usually discriminate
between non-clonal isolates, while also showing related-
ness within clonal groups. An important issue for BOX-
PCR is that with current methods it can be less reproduci-
ble than PFGE[9]. We have found variations when com-
paring results from different PCR machines in our
laboratory and in addition the band density differentials
are DNA template concentration dependent (data not
shown). These issues currently preclude reliable compari-
sons of BOX-PCR results between laboratories. In addi-
tion, while BOX-PCR gels can be visualised directly for
assessing small numbers of isolates (Figure 3), our meth-
odology for electronic analysis of larger isolate numbers
requires purchase of software modules.

Conclusion
By including in a single run a number of reference strains
known to show considerable diversity on BOX-PCR our
data suggest that BOX-PCR can be used to exclude a clonal
outbreak of melioidosis within 10 hours of receiving the
bacterial strains. Subsequently, MLST can show the relat-
edness of an outbreak strain to other isolates by querying
the MLST database.
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7.1 Chapter Overview 

While multilocus sequence typing (MLST) had become the gold standard for clinical and 

epidemiological studies comparing Burkholderia pseudomallei isolates from an individual 

patient and isolates from within regions and globally, the cost and the time to process and 

receive sequencing results remains problematic. We had shown the power of BOX-PCR 

typing to provide same-day genotyping results in suspected epidemiologically linked isolates 

(Chapter 6), but with the limitation of not being able to compare BOX-PCR typing results 

between runs and with results obtained in other laboratories. We were therefore seeking an 

equivalently rapid typing method that would provide results that were quantifiable and 

allowed comparative ability across laboratories and over time. Our colleagues from Northern 

Arizona University had developed multilocus variable number tandem repeat (VNTR) 

analysis (MLVA) for B. pseudomallei and validated it on our Menzies B. pseudomallei 

isolate collection.81,87 B. pseudomallei contains numerous VNTRs that each have multiple 

possible repeats of the selected locus, enabling unique profiles for each B. pseudomallei 

isolate, analogous to MLST. From the 32 B. pseudomallei VNTRs originally identified, we 

showed that using just 4 selected highly-variable VNTRs provided adequate discrimination 

between B. pseudomallei, comparing favourably with pulsed-field gel electrophoresis (PFGE) 

and MLST for the same isolates. Use of a DNA sequencer for simultaneous sizing of the 4 

fluorescently labelled PCR products enabled ≥16 isolates to be analysed in 1 run with our 

MLVA-4, with results potentially available 8 hours after receipt of bacterial strains. We 

provided fragment size and repeat copy number (MLVA-4 code) data for use as standards by 

other laboratories in generating their own MLVA-4 results for their own B. pseudomallei 

strains, allowing potential for direct comparison of MLVA-4 results between different 

laboratories. However, while some other laboratories briefly adopted the MLVA-4 typing 
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scheme, it was abandoned in favour of whole genome sequencing for B. pseudomallei for 

comparison of B. pseudomallei within and between laboratories and globally (Chapter 8). 
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Endemic melioidosis is caused by genetically diverse 
Burkholderia pseudomallei strains. However, clonal out-
breaks (multiple cases caused by 1 strain) have occurred, 
such as from contaminated potable water. B. pseudomallei 
is designated a group B bioterrorism agent, which neces-
sitates rapidly recognizing point-source outbreaks. Pulsed-
 eld gel electrophoresis (PFGE) and multilocus sequence 
typing (MLST) can identify genetically related isolates, but 
results take several days to obtain. We developed a sim-
pli  ed 4-locus multilocus variable number tandem repeat 
analysis (MLVA-4) for rapid typing and compared results 
with PFGE and MLST for a large number of well-charac-
terized B. pseudomallei isolates. MLVA-4 compared favor-
ably with MLST and PFGE for the same isolates; it discrimi-
nated between 65 multilocus sequence types and showed 
relatedness between epidemiologically linked isolates from 
outbreak clusters and between isolates from individual pa-
tients. MLVA-4 can establish or refute that a clonal outbreak 
of melioidosis has occurred within 8 hours of receipt of 
bacterial strains.

Melioidosis is endemic in Southeast Asia and northern
Australia (1,2). The reported incidence of melioido-

sis has been increasing within this region, and new foci and 
outbreaks of melioidosis are being described within this 
region and in distant locations such as Brazil (3) and New 
Caledonia (4). It remains unclear how much of this expan-
sion of the global distribution boundaries is from recent 

spread of the causative bacterium, Burkholderia pseudo-
mallei, and how much is from unmasking of disease after 
events such as the 2004 Asian tsunami (5,6). Molecular 
studies have shown considerable genetic diversity within 
B. pseudomallei (1,2,7). For instance, in northern Australia, 
isolates from patients are generally distinct from each other
(8) unless there is a point-source outbreak, such as occurred 
in 2 episodes after B. pseudomallei contamination of com-
munity water supplies (9,10).

In disease-endemic regions, melioidosis case numbers 
surge in the monsoonal wet season, and individual cases 
are typically caused by different B. pseudomallei strains. 
However, under some circumstances, a series of cases can 
be caused by 1 strain, indicating that a clonal or point-
source outbreak has possibly occurred and an urgent pub-
lic health response may be required. Because several days 
are required to perform the currently available molecular 
typing methods of ribotyping, multilocus sequence typ-
ing (MLST) and pulsed-  eld gel electrophoresis (PFGE), 
the ability to rapidly distinguish endemic infection from 
a clonal outbreak has not been possible. Furthermore, B. 
pseudomallei is classi  ed as a group B bioterrorism agent 
by the US Centers for Disease Control and Prevention, and 
the implications of a possible deliberate release warrant 
the availability of a robust method to quickly ascertain if 
concomitant cases of melioidosis are caused by 1 bacterial 
strain.

We recently described using a BOX-PCR for rapid 
typing of B. pseudomallei (11). We have now adapted 
and simpli  ed multilocus variable number tandem repeat 
(VNTR) analysis (MLVA) for rapid typing because this 
analysis potentially enables precise international strain 
comparisons. We have compared MLVA results on a wide 
range of well-characterized B. pseudomallei isolates with 
those for MLST and PFGE.
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RESEARCH

Methods

MLVA, PFGE, and MLST
U’Ren et al. initially described 32 VNTR loci for B. 

pseudomallei that had 7–28 alleles (12). Thirty of these 
VNTR markers were subsequently used for  ne-scale 
analysis of 121 isolates of B. pseudomallei (13). Various 
combinations of markers were tested by MLVA; we chose 
4 markers that were highly discriminatory, enabling single-
run, 4-color analysis in a DNA sequencer. The 4 VNTR 
loci chosen were 2341, 389, 1788, and 933 (12). Table 1 
shows the PCR primers used and the repeat region ampli-
 ed for each locus. VNTR loci 2341 and 933 are from B. 

pseudomallei chromosome 1, and loci 389 and 1788 are 
from chromosome 2.

PCRs contained 0.88 U HotStarTaq DNA Polymerase 
(QIAGEN, Hilden, Germany) per reaction, 1× PCR buffer, 
1.2 M Betaine, 3 mmol/L MgCl2, 0.2 mmol/L deoxynucle-
oside triphosphates, 0.2 M  uorescently labeled forward 
primer, 0.2 M reverse primer, 1 L template DNA (0.5 ng/

L), and double-distilled water to give a volume of 11 L 
per reaction. Ampli  cations were conducted in Palm Cy-
clers (Corbett Research, Sydney, New South Wales, Aus-
tralia). All PCRs underwent initial denaturation at 95°C for 
5 min, then 34 cycles of 94°C for 30 s, 68°C for 30 s, and 
72°C for 30 s, followed by a  nal extension step of 72°C 
for 5 min and 15°C for 3 min.

PCR products of each colored primer (FAM, NED, 
PET, and VIC; Table 1) were then pooled. Pooled PCR 
products were diluted with 200 L of double-distilled wa-
ter, and 1.2 L of PCR product was added to a mixture of a 
1:6 ratio of Hi-Di formamide (Applied Biosystems, Foster 
City, CA, USA) and GeneScan 1200 LIZ (Applied Bio-
systems)  uorescently labeled size standard. PCR products 
were then electrophoretically separated by using a 3100xl 
DNA Sequencer (Applied Biosystems) and analyzed by 
using the ABI software program GeneMapper version 3.5 

(Applied Biosystems). PFGE with SpeI and MLST were 
performed as described (7,14).

Data Analysis
For 4-locus multilocus VNTR analysis (MLVA-4), 

GeneMapper peak  les were imported into BioNumerics 
version 4.61 (Applied Maths BVBA, Sint-Martens-Latem, 
Belgium). Relatedness of isolates was assessed by using 
a matrix of the pairwise differences of the 4 VNTR loci, 
with a dendrogram produced by using the unweighted pair 
group method with arithmetic averages (UPGMA).

For PFGE, gel images were analyzed with BioNumerics 
version 4.61. BioNumerics application modules used were 
Fingerprint Types and Comparison and Cluster Analysis 
modules. PFGE bands (150–700 kbp) were manually as-
signed on visual inspection. PFGE dendrograms were pro-
duced with Dice UPGMA with position tolerance settings of 
0.5% optimization and 1.0% band position tolerance.

For MLST, alleles at each of the 7 previously described 
loci (7) were assigned for each isolate by comparing se-
quences to those at the B. pseudomallei MLST website 
(15). Following the standard MLST protocol, each allele 
was assigned a different allele number, and the allelic pro-
 le (string of 7 integers) was used to de  ne the sequence 

type (ST) for that isolate. Allelic pro  les of isolates were 
imported into BioNumerics version 4.61, and relatedness 
of isolates was displayed as a dendrogram by using the ma-
trix of pairwise differences in the allelic pro  les and UP-
GMA clustering.

B. pseudomallei Isolates
To assess the discriminatory power of MLVA-4, direct

comparisons were made between the MLST dendrogram 
for 65 B. pseudomallei isolates, each representing a distinct 
ST, and the MLVA-4 dendrogram for these isolates. The 
65 isolates were all from Australia and included human, 
animal, and environmental sources. There were 16 pairs of 
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Table 1. Characteristics of 4 VNTR loci used for identification of Burkholderia pseudomallei*
VNTR loci 

Characteristic 2341 1788 933 389
Color-labeled forward primer 
sequence (5  3 )

FAMGGCTTCGCACC
CGCCCCATTTCAGC 

PETGCGCGGCGAGA
ACGGCAAGAACGAA 

NEDATGGTGGCGGC
CGTCGGCGAAAACC 

VICGTTACAAGC
GCGGGTCGGCA
AGAGGCTGAAA 

Reverse primer sequence (5  3 ) GCACCGGGCGCGGC
GCACTCG 

GAGCATCGGGTGGG
CGGCGCGTATTGAT 

GCTCGAATGGGTGT
ACGAAGGGCCACGC

TGATTC 

GCCGGTGTTGA
ACGAGTGGGTG

GCGTAAGC 
Repeat sequence (5  3 ) TTCGTGCGC GTCGTGCGATCCTG

CT
CGGCGAGGGAAA GACGAACC 

Minimum size, bp† (no. repeats) 111 (2) 235 (4) 171 (3) 221 (1) 
Maximum size, bp (no. repeats) 243 (17) 382 (13) 337 (17) 292 (10) 
No. alleles 16 10 13 9 
No. null alleles – – 2/65 STs – 
*VNTR, variable number tandem repeat; STs, sequence types. 
†Error range in fragment sizing is ± 3 bp. 
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single-locus variants (SLVs; isolates sharing identical al-
leles at 6/7 loci by MLST).

To assess the ability of MLVA-4 to identify clonal 
clusters, direct comparisons were made between the PFGE 
dendrogram for 4 de  ned clonal groups and the MLVA-4 
dendrogram for these isolates. Clonal cluster I and clonal 
cluster II consist of 8 and 7 isolates, respectively, from the 
tropical Northern Territory of Australia and were previ-
ously identi  ed as clustering by PFGE (16). These 2 clonal 
clusters represent geographically linked but epidemiologi-
cally unrelated isolates from our prospective melioidosis 
studies in northern Australia. Clonal cluster III consists of 3 
isolates of identical ST cultured from a detergent container 
implicated in an outbreak of melioidosis in Northern Terri-
tory involving 2 garage mechanics (14). Clonal cluster IV 
contains 6 isolates (5 from humans, 1 from water) from an 
outbreak of melioidosis in a remote indigenous community 
in Northern Territory. The outbreak was linked to contami-
nation of the unchlorinated community water supply, with 
several deaths reported (10).

Finally, to assess the ability of MLVA-4 to link iso-
lates from patients, we analyzed multiple isolates from 3 
patients. Patient A had chronic pulmonary melioidosis, 
and 5 B. pseudomallei isolates were recovered over 22 
months. Patient B had chronic pulmonary melioidosis, and 
7 isolates were recovered over 6 years, including 2 isolates 
from this patient’s water supply. Patient C died of melioi-
dosis septicemia; 6 isolates were recovered over 14 days. 
To construct the dendrogram for these clinical isolates, 
we chose 6 unrelated isolates representing the diversity of 
Australian isolates seen with MLVA-4 (Table 2). These 6 
isolates are indicated in Figure 1. This study was reviewed 
and approved by the Human Research Ethics Committee of 
the Northern Territory Department of Health and Commu-
nity Services and the Menzies School of Health Research, 
Darwin, Northern Territory, Australia (approval 02/38).

Results
Table 1 shows size variation with calculated number of 

repeats and number of alleles for each of the 4 VNTR loci. 
Locus 933 showed null alleles for 2 of the 65 MLST STs.

Figure 1 shows the relationship between the 65 discrete 
MLST STs and the MLVA-4 for these isolates. MLVA-4 
was able to discriminate between each ST. Relationships 
between STs seen on the MLST dendrogram were gener-
ally not preserved with MLVA-4. This is expected because 
VNTRs change too rapidly and too few loci were used to 
compensate for homoplasy at individual loci and to provide 
phylogenetic content to the assay. However, strains that 
were closely related by MLST (SLVs) could in some cases 
be seen to be related by using MVLA-4 (Figure 1).

Figure 2 shows results for the 24 isolates in the clus-
ter study, with 4 additional unlinked isolates, each from a 
different ST included for comparison. There was gener-
ally excellent agreement between PFGE and MLVA-4 for 
each of the 4 clonal clusters. PFGE clonal clusters I (MLST 
ST 132) and II (ST 109), each containing epidemiologi-
cally unrelated strains, also clustered on MLVA-4, with 
the exception of isolate MSHR1429, which by MLVA-4 
was located outside its cluster group. The detergent clus-
ter III (ST 123) was indistinguishable by MLVA-4, and 
the community outbreak strains in cluster IV (ST 125, ST 
126) separated into 2 closely linked MLVA-4 patterns, 1 of
which included the isolate from the community water sup-
ply (MSHR491, ST 126).

Figure 3 shows MLVA-4 results for the 3 patients. Iso-
lates from patient A (ST 243) and B (ST 131) with chronic 
pulmonary melioidosis each had closely linked MLVA-4 
results with a suggestion of  ne-scale differentiation over 
the years of infection. The 2 water supply isolates from pa-
tient B were identical to 5 of her clinical isolates. The 6 
clinical isolates from patient C, who had fatal melioidosis, 
were identical by MLVA-4, including isolates from blood 
and sputum.

Discussion
Ribotyping was the  rst method widely used for typ-

ing B. pseudomallei (17), followed by PFGE. To date, 
PFGE has been considered the standard method for inves-
tigating potential point-source outbreaks of bacterial infec-
tions. We have previously used PFGE to link case clusters 
of melioidosis to water supply contamination (10) and to 
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Table 2. Fragment size and repeat copy number (MLVA-4 code) for 6 Burkholderia pseudomallei strains used as MLVA-4 standards* 
VNTR loci 

2341 389 1788 933

Strain Size, bp† 
Repeat copy 

no. Size, bp† 
Repeat copy 

no. Size, bp† 
Repeat copy 

no. Size, bp† 
Repeat copy 

no.
MSHR978 189.85 11 236.19 8 265.63 6 254.8 10
MSHR1822 190.25 11 245.02 9 282.56 7 290.55 13
MSHR114 145.49 6 252.32 10 298.4 8 242.57 9
MSHR1641 154.5 7 236.22 8 315.39 9 230.81 8
MSHR1153 127.93 4 236.24 8 298.51 8 194.96 5
MSHR1123 172.34 9 260.28 11 331.48 10 218.91 7
*MLVA-4, 4-locus multilocus variable number tandem repeat analysis. 
†Error range in fragment sizing is ± 3 bp. 
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contamination of a container of detergent (14). However, 
such outbreaks are rare, and we have shown that, in the 
melioidosis-endemic region of northern Australia, case 
clusters during extreme weather events are usually not ge-
netically linked by PFGE (8). These clusters simply re  ect 
the close association between rainfall and infection from 
the diverse range of B. pseudomallei strains in soil and 
surface water.

Recently, MLST has enabled new insights into region-
al and global epidemiology of melioidosis (7,16,18–20). 
Although there is excellent congruence between PFGE and 
MLST, with PFGE and MLST providing similar results 
for local epidemiologic investigations (16), MLST has the 
major advantage of absolute comparative ability across 

laboratories through the MLST website and unambiguous 
sequence type characterization.

Ribotyping and PFGE take several days to generate 
results, and MLST is expensive and requires sequencing 
and analysis capability. PCR-based typing methods have 
enabled more rapid availability of results. Randomly ampli-
 ed polymorphic DNA (RAPD) analysis has been used to 

analyze relationships between clinical and environmental B. 
pseudomallei (21,22). However, it is not possible to make 
valid comparisons of RAPD results between laboratories 
and sometimes even between runs in the same laboratory. 
Thus, despite the speed of RAPD, we no longer use it.

Analyzing bacterial genomes for VNTRs has enabled 
MLVA assays to be developed to differentiate among me-
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Figure 1. Comparison of multilocus sequence 
typing (MLST) and 4-locus multilocus 
variable number tandem repeat analysis 
(MLVA-4) dendrograms for 65 Burkholderia
pseudomallei isolates. MLST sequence 
type (ST) is shown for each isolate, with the 
corresponding isolate number listed for the 
MLVA-4 pro  le and shown by the colored 
lines. The red asterisks indicate 6 isolates that 
represent diversity of MLVA-4; these isolates 
were used to calibrate the dendrogram in 
Figure 3.
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Figure 2. Comparison of pulsed-  eld gel 
electrophoresis (PFGE) and 4-locus multilocus 
variable number tandem repeat analysis 
(MLVA-4) pro  les for isolates in 4 clonal 
groups (see text for details). Isolate number 
with its MLST sequence type (ST) is listed 
for each isolate on the PFGE pro  le, with the 
corresponding isolate number listed for the 
MLVA-4 pro  le. Four unrelated isolates are 
included for comparison: 0875 (ST115), 1869 
(ST337), 1839 (ST336) and 1153 (ST117). 
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thicillin-resistant Staphylococcus aureus strains that are in-
distinguishable by PFGE (23) and to differentiate Neisseria
meningitidis strains with identical MLST STs (24). Liu et 
al. developed the  rst MLVA system for B. pseudomallei
(25). They selected 5 VNTR loci from the B. pseudomallei 
genome to include in a multiplex PCR–based MLVA that 
enabled them to demonstrate extensive diversity among 32 
B. pseudomallei strains obtained during an unprecedented
4-month increase in melioidosis cases in Singapore in early
2004. Their results clearly excluded a point-source out-
break and suggested that the case cluster was related to the
particularly high rainfall that occurred that year.

B. pseudomallei contains numerous VNTRs. Using a
32 VNTR system, U’Ren et al. showed extensive diversity 
within a global B. pseudomallei isolate set (26). When 30 
of these VNTR loci were used to analyze 9 epidemiologi-
cally related B. pseudomallei isolate sets,  ne-scale diver-
sity was found even among closely related strains, includ-
ing sequential isolates from persons (13). We sought to 
develop a rapid and robust minimum loci B. pseudomallei 
MLVA that differentiated unrelated strains and maintained 
the ability to link isolates from a point-source outbreak. 
Our approach was similar to that developed for MLVA of 
N. meningitides, in which an 8-locus system was used to
look at the global epidemiology, with clustering similar to
that obtained with MLST. In this system, 4 highly variable
VNTR loci were then chosen to analyze N. meningitidis
serogroup C strains collected during a meningococcal out-
break in the Netherlands (24).

Our 4-locus MLVA for B. pseudomallei separated all 
65 MLST STs analyzed. In addition to being highly dis-

criminatory, the MLVA-4 had good speci  city in clustering 
genetically linked B. pseudomallei strains and performed 
as well as PFGE in identifying clonal clusters. In particu-
lar, MVLA-4 could distinguish between epidemiologically 
unlinked strains that were identical by MLST and PFGE 
(groups I and II; Figure 2), while isolates from con  rmed 
point-source outbreaks (groups III and IV; Figure 2) were 
either identical or closely clustered. Similarly, multiple iso-
lates from a patient with acute disease obtained over 2 weeks 
were all identical (patient C; Figure 3), and those recovered 
over a much longer period from patients with chronic dis-
ease were closely clustered but showed some diversi  cation 
(patients A and B, chronic disease over years; Figure 3).

Because PFGE takes >5 days to obtain results, alter-
native typing methods are required to rapidly determine 
whether a cluster of melioidosis cases is genetically linked 
and therefore potentially an outbreak that requires an ur-
gent public health response. We recently demonstrated that 
BOX-PCR can perform similarly to PFGE and MLST in 
typing B. pseudomallei, with the ability to usually discrimi-
nate between unrelated isolates, while also showing relat-
edness of epidemiologically linked isolates (11). However, 
although BOX-PCR can provide results within 10 hours 
of a laboratory receiving the bacterial strains, it is less re-
producible than PFGE, and a reliable comparison of BOX-
PCR results between laboratories is not possible (27). We 
found variation in BOX-PCR results when we compared 
results from different PCR machines in our own laboratory 
and band-density differentials dependent on DNA template 
concentration (11).

MLVA-4 results are generally reproducible and can be 
obtained quickly (24). In the initial B. pseudomallei MLVA 
used to investigate the Singapore cluster, agarose gel elec-
trophoresis was used to size multiplexed PCR products and 
enabled analysis on the basis of the VNTR banding pro  le 
(25). However, use of a DNA sequencer for simultaneous 
sizing of the 4  uorescently labeled PCR products enables 
>16 isolates to be analyzed in 1 run with our MLVA-4,
and results are potentially available 8 hours after receipt
of bacterial strains. For related but not identical MLVA-4
patterns, we assessed the speci  city of strain clustering by
generating dendrograms that compared strains in question
with 6 reference strains that represented the considerable
diversity seen on MLVA-4 (Figures 1, 3). Table 2 provides
fragment size and repeat copy number (MLVA-4 code)
data on these 6 strains for use as standards by other labo-
ratories in generating their own MLVA-4 results for their
own B. pseudomallei strains, with potential for direct com-
parison of MLVA-4 results between different laboratories.
Subsequently, MLST can be used to verify relatedness of
strains through the MLST database.

In summary, we have developed a simpli  ed 4-locus 
MLVA that compares favorably with PFGE and MLST. 
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% Similarity
Isolate Site Date ST   
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Patient B

Patient C
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0

9080706050403020100

MSHR0978 Blood 2002 Apr 2 118
MSHR1822 Blood 2004 Mar 23 335

MSHR0376 Sputum 1995 Apr 28 243
MSHR0387 Sputum 1995 Nov 10 243
MSHR0443 Sputum 1996 Jun 24 243
MSHR0338 Sputum 1994 Sep 8 243
MSHR0487 Throat swab 1997 Mar 3 243
MSHR0114 Skin 1991 Nov 25 121

MSHR1043 Sputum 2000 Jul 11 131
MSHR1218 Sputum 2001 May 8 131
MSHR1288 Throat swab 2001 Oct 16 131
MSHR1418 Sputum 2002 May 23 131
MSHR1435 Environmental 2005 Oct 3 131
MSHR1498 Environmental 2003 Jan 20 131
MSHR2408 Sputum 2006 Jun 25 131

MSHR1287 Nasal swab 2001 Oct 16 131
MSHR1459 Sputum 2002 Nov 27 131
MSHR1641 Environmental 2003 Sep 2 332
MSHR1153 CSF 2001 Mar 16 117
MSHR465A Blood 1997 Jan 13 132
MSHR465B Sputum 1997 Jan 12 132
MSHR465C Sputum 1997 Jan 16 132
MSHR465D Sputum 1997 Jan 16 132
MSHR465F Swab 1997 Jan 18 132
MSHR465J Sputum 1997 Jan 27 132
MSHR1123 Blood 2001 Mar 2 143

Figure 3. Dendrogram showing 4-locus multilocus variable number 
tandem repeat analysis pro  les for isolates from 3 patients with 
melioidosis, with isolate number and multilocus sequence typing 
sequence type (ST) listed (see text for details). Six isolates used to 
calibrate the dendrogram are indicated by asterisks in Figure 1 and 
listed in Table 2. CSF, cerebrospinal  uid.
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This analysis can be used to recognize or exclude a point-
source outbreak of melioidosis within 8 hours of receipt of 
B. pseudomallei strains.
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Chapter 8. Molecular typing of Burkholderia pseudomallei for 

public health: Whole genome sequencing 
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DS. Use of whole-genome sequencing to link Burkholderia pseudomallei from air sampling 

to mediastinal melioidosis, Australia. Emerging Infectious Diseases 2015;21:2052-2054. 

 

8.1 Chapter Overview 

At Menzies we had been increasingly using whole genome sequencing (WGS) of 

Burkholderia pseudomallei to provide the fine scale epidemiological analyses not possible 

with the limited genome data available from sequencing just the 7 housekeeping genes used 

in multilocus sequence typing (MLST).144,159,162,165,169,170,177,181 We had also begun air 

sampling studies to complement our soil and water sampling for retrieval of B. pseudomallei 

from the environment. An opportunity arose for sampling the environment of the residence of 

a patient from the Darwin Prospective Melioidosis Study who had presented with sepsis and 

mediastinal melioidosis, consistent with infection subsequent to inhalation of B. 

pseudomallei. On the day of the sampling from outside the residence of the patient, “squally 

rain showers occurred, accompanied by wind blowing up the hill and the nearby drain 

flowing swiftly”. We cultured B. pseudomallei from both air and soil and these isolates were 

the same MLST as a blood culture isolate from the patient. Whole genome sequencing of the 

environmental isolates showed a close match to B. pseudomallei recovered from the patient, 

with only 3 single nucleotide polymorphisms (snps) separating the clinical and environmental 

isolates. These results were the first documentation linking B. pseudomallei cultured from air 

during stormy weather to a specific individual case. They also provided support for the 

concept of inhalational melioidosis. 

 

8.2 Statement of Joint Authorship 

I conceived and drafted the paper. Erin Price and Derek Sarovich developed whole genome 

sequencing analysis of B. pseudomallei at Menzies and provided the WGS analysis for this 

study. Mark Mayo and Ian Harrington assisted me with the environmental sampling on that 

98



memorable day, or more accurately, I assisted them. Glenda Harrington, Vanessa Theobald 

(Rigas) and Mirjam Kaestli provided laboratory support and expertise with sample culturing 

and analysis at Menzies. 
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Chapter 9. The Darwin Prospective Melioidosis Study: 20-year 

analysis 

Published as: 

Currie BJ, Ward L, Cheng AC. The epidemiology and clinical spectrum of melioidosis: 540 

cases from the 20 year Darwin prospective study. PLoS Neglected Tropical Diseases 

2010;4:e900. 

9.1  Chapter Overview 

This paper presents a comprehensive analysis of the first 20 years of the Darwin Prospective 

Melioidosis Study, covering epidemiology and clinical findings. It introduces the concept of 

melioidosis as an opportunistic infection, with the most important conclusion of the study 

being that melioidosis is very unlikely to kill a healthy person, provided the infection is 

diagnosed early and resources are available to provide appropriate antibiotics and critical care 

where required. However, the reality remains that such resources are just not available or are 

extremely limited in many of the regions where melioidosis is endemic. Although disease 

may be more severe following inhalation and/or higher infecting load of B. pseudomallei, the 

only predictor of mortality from melioidosis in this study was the presence of defined risk 

factors such as diabetes, hazardous alcohol use, chronic lung or renal disease and older age. 

9.2 Statement of Joint Authorship 

I conceived and drafted the paper. Linda Ward maintains the Darwin Prospective Study 

patient database and helped with statistical analysis and performed the multivariable logistic 

regression analyses. Allen Cheng assisted with data collection and data analysis. 
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The Epidemiology and Clinical Spectrum of Melioidosis:
540 Cases from the 20 Year Darwin Prospective Study
Bart J. Currie1,2*, Linda Ward1, Allen C. Cheng1,2

1 Tropical and Emerging Infectious Diseases Division, Menzies School of Health Research, Casuarina, Northern Territory, Australia, 2 Infectious Diseases Department,

Northern Territory Clinical School, Royal Darwin Hospital, Darwin, Northern Territory, Australia

Abstract

Background: Over 20 years, from October 1989, the Darwin prospective melioidosis study has documented 540 cases from
tropical Australia, providing new insights into epidemiology and the clinical spectrum.

Principal Findings: The principal presentation was pneumonia in 278 (51%), genitourinary infection in 76 (14%), skin
infection in 68 (13%), bacteremia without evident focus in 59 (11%), septic arthritis/osteomyelitis in 20 (4%) and
neurological melioidosis in 14 (3%). 298 (55%) were bacteremic and 116 (21%) developed septic shock (58 fatal). Internal
organ abscesses and secondary foci in lungs and/or joints were common. Prostatic abscesses occurred in 76 (20% of 372
males). 96 (18%) had occupational exposure to Burkholderia pseudomallei. 118 (22%) had a specific recreational or
occupational incident considered the likely infecting event. 436 (81%) presented during the monsoonal wet season. The
higher proportion with pneumonia in December to February supports the hypothesis of infection by inhalation during
severe weather events. Recurrent melioidosis occurred in 29, mostly attributed to poor adherence to therapy. Mortality
decreased from 30% in the first 5 years to 9% in the last five years (p,0.001). Risk factors for melioidosis included diabetes
(39%), hazardous alcohol use (39%), chronic lung disease (26%) and chronic renal disease (12%). There was no identifiable
risk factor in 20%. Of the 77 fatal cases (14%), 75 had at least one risk factor; the other 2 were elderly. On multivariate
analysis of risk factors, age, location and season, the only independent predictors of mortality were the presence of at least
one risk factor (OR 9.4; 95% CI 2.3–39) and age $50 years (OR 2.0; 95% CI 1.2–2.3).

Conclusions: Melioidosis should be seen as an opportunistic infection that is unlikely to kill a healthy person, provided
infection is diagnosed early and resources are available to provide appropriate antibiotics and critical care.
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Introduction

Melioidosis is the clinical disease following infection with the soil

and water bacterium Burkholderia pseudomallei [1,2]. It occurs in

humans and a wide variety of animals and is thought to usually

follow percutaneous inoculation. In addition, inhalation of

aerosolized bacteria probably occurs during severe weather events

such as tropical storms, aspiration is documented with near

drowning and ingestion can occur, especially in grazing animals

but also from mastitis-associated infected breast milk [3,4].

Zoonotic transmission is described but is exceedingly uncommon,

as are person-to-person transmission, nosocomial transmission and

laboratory-acquired infection.

While melioidosis can present as a rapidly fatal septicemic illness

and B. pseudomallei is now considered a potential biothreat agent,

there remain major gaps in understanding the global distribution,

epidemiology and pathogenesis of this infection. The known

endemic distribution of B. pseudomallei is expanding well beyond the

traditional melioidosis-endemic regions of Southeast Asia and

northern Australia, with recent case reports of melioidosis from the

Americas, Madagascar, Mauritius, India and elsewhere in south

Asia, China and Taiwan [5,6]. It remains unclear to what extent

this reflects true expansion of endemicity rather than unmasking of

the long-standing environmental presence of the bacterium.

Since October 1989 we have prospectively documented all cases

of melioidosis in the tropical ‘‘Top End’’ of the Northern Territory

of Australia. We described the presentations of the first 252 cases

after 10 years of the Darwin prospective melioidosis study [7] and

we now present the findings from 540 cases over 20 years.

Materials and Methods

This study was approved by the Human Research Ethics

Committee of the Northern Territory Department of Health and

Families and the Menzies School of Health Research (HREC 02/

38) and data were analysed anonymously. The Top End has a

population of around 150,000 in an area of 516,945 km2, with

almost 125,000 living in the Northern Territory capital city of

Darwin (12uS). All patients with culture-confirmed melioidosis in

the Top End from October 1st 1989 until September 30th 2009

were included. Investigation, treatment and follow-up were

supervised in all cases in consultation with the Infectious Disease
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Department at Royal Darwin Hospital, the 350 bed referral

hospital for the Top End. We followed all patients until death or

after completion of therapy. Hazardous alcohol use was defined as

greater than an average daily consumption of six standard drinks

(60 g alcohol total) for males and four (40g alcohol total) for

females. Chronic lung disease was defined as a documented

diagnosis of chronic obstructive airways disease. Chronic renal

disease was defined as a creatinine of .150 umol/L (N.

R.,90 umol/L) before the melioidosis illness or after completion

of therapy if not previously documented. Septic shock was defined

as the presence of hypotension not responsive to fluid replacement

together with hypoperfusion abnormalities manifest as end organ

dysfunction [8].

Patient details were stored in a database and analysed using Stata

version 10 (Stata Corporation, Texas). Chi-squared or Fisher exact

tests were used to assess categorical variables; p,0.05 was

considered significant and risk ratios and 95% confidence intervals

were then calculated. To identify associations with a fatal outcome

and with presentation with pneumonia and with bacteremia we

conducted multivariable logistic regression analyses with stepwise

backwards elimination of patient demographic and risk factor

variables, with odds ratios and 95% confidence intervals calculated.

Results

There were 540 cases and 77 deaths (14%) attributable to

melioidosis over the 20 years. Ages ranged from 8 months to 91

years (median 49 years). There were 26 children #15 years old

(5%) and two of these died, one with congenital heart disease and

one with severe rheumatic heart disease. 372 patients (69%) were

male and 281 Indigenous Australians (52%). 262 patients (49%)

lived in the suburbs of Darwin, 65 (12%) on rural properties

(‘‘blocks’’) outside Darwin city, 37 (7%) in the regional towns of

Katherine and Nhulunbuy and 169 (31%) in remote Indigenous

communities. Four infections were considered acquired in sub-

tropical central Australia and three were acquired elsewhere in

tropical northern Australia outside the Northern Territory.

Table 1 shows patient risk factors and outcomes by risk factor.

There were only 2 patients with confirmed HIV infection,

although a small number were not tested and 1 patient was

seropositive for HTLV-I. Mortality was significantly higher in

those with chronic respiratory disease (19% vs 13%; risk

ratio = 1.5 (95% CI 1.1–2.4); p = 0.048). Although no other

individual risk factor, including diabetes, was predictive of

mortality, the absence of any risk factors was strongly predictive

of survival; of the 106 (20%) with no identified risk factor for

melioidosis, only two died (2%); both elderly, aged 75 and 82

years, respectively.

407 patients (75%) were considered to have exposure to

environmental B. pseudomallei through their recreational activities

and 96 (18%) had direct exposure through occupational activities

including gardening and outdoor maintenance, plumbing, build-

ing construction, plant machine operation and military exercises.

Only 103 (19%) had no evident environmental or recreational

exposure. In 118 (22%) cases there was a specific exposure

scenario that was considered the likely infecting event. These

included skin wounds sustained whilst working outdoors or

gardening, or while playing sports such as soccer and rugby on

muddy playing fields, or while fishing in fresh water rivers, hunting

such as chasing feral pigs through tropical savannah swamps and

motor vehicle accidents involving wet soil exposure. Several cases

were in disabled people who rarely ventured outside their

accommodation but were potentially exposed to aerosolised

bacteria during storms. Regional clusters of cases occurred

following severe weather events such as the Katherine river flood

in January 1998, and Category 5 tropical cyclone Thelma, which

hit the Tiwi Islands in December 1998 [9]. One cluster with nine

cases of melioidosis and four deaths was attributed to confirmed B.
pseudomallei contamination of the un-chlorinated water supply in a

remote Aboriginal community [10].

Overall 436 (81%; 95%CI 77%–84%; p,0.005) presented

during the wet season (November 1st–April 30th) and mortality was

higher in cases presenting in January (23/102 (23%) died;

p = 0.007) than in other months. Pneumonia was a significantly

more common presentation in the peak monsoonal months of

December to February (172/280; 61%) than in the other 9 months

(106/260; 41%; p,0.001).

Of all presentations, 461 (85%) were considered acute (defined

as symptoms present for less than 2 months) and from recent

infection. 60 (11%) were chronic in nature (defined as symptoms

present for over 2 months; 25 pneumonia, 23 skin ulcer(s), 12

others). These chronic infections were considered to be mostly

acquired during the current or preceding wet season, with the

delay until presentation explaining some of the cases diagnosed

during the dry season. 17 of the 53 (32%) cases who presented

during the mid dry season months of June 1st to September 30th

fulfilling the definition for chronic melioidosis. Patients with

chronic melioidosis were less likely to be diabetic than those with

acute melioidosis (20% vs 42%; p,0.001), with 42% having no

identified risk factor in comparison to 17% of those with acute

disease (p,0.001). Only 1 of 60 patients (2%) with chronic

melioidosis died (p,0.001).

The remaining 19 (4%) patients were thought to have

reactivation of disease from a latent focus of B. pseudomallei

infection, based on long-standing prior radiological abnormalities

and/or known long-standing positive melioidosis serology (13

pneumonia, 2 bacteremia no focus, 2 genitourinary infection, 1

each soft tissue infection and skin abscess). Those with presumptive

reactivated melioidosis were more likely to have underlying

chronic lung disease (47% compared with 25% for all others;

p = 0.03) and rheumatic heart disease and/or congestive cardiac

Author Summary

Melioidosis is an occupationally and recreationally ac-
quired infection important in Southeast Asia and northern
Australia. Recently cases have been reported from more
diverse locations globally. The responsible bacterium,
Burkholderia pseudomallei, is considered a potential
biothreat agent. Risk factors predisposing to melioidosis
are well recognised, most notably diabetes. The Darwin
prospective melioidosis study has identified 540 cases of
melioidosis over 20 years and analysis of the epidemiology
and clinical findings provides important new insights into
this disease. Risk factors identified in addition to diabetes,
hazardous alcohol use and chronic renal disease include
chronic lung disease, malignancies, rheumatic heart
disease, cardiac failure and age $50 years. Half of patients
presented with pneumonia and septic shock was common
(21%). The decrease in mortality from 30% in the first 5
years of the study to 9% in the last five years is attributed
to earlier diagnosis and improvements in intensive care
management. Of the 77 fatal cases (14%), all had known
risk factors for melioidosis. This supports the most
important conclusion of the study, which is that melioi-
dosis is very unlikely to kill a healthy person, provided the
infection is diagnosed early and resources are available to
provide appropriate antibiotics and critical care where
required.
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failure (32% compared with 6% for all others; p,0.001) and 5/19

of these died (26% compared with 14% for all others; p = 0.13).

The clinical presentations and outcomes are shown in Table 2.

Overall 298 (55%) patients were bacteremic. Pneumonia was the

commonest principal clinical presentation on admission (278

cases; 51%), followed by genitourinary infection (76 cases; 14%)

and skin infection (68 cases; 13%). There were 20 (4%) patients

presenting with septic arthritis and/or osteomyelitis and 14 (3%)

with neurological melioidosis, of whom 10 presented with

meningo-encephalitis, 2 with myelitis and 2 with cerebral

abscesses. Bacteremia without an evident clinical focus was also

a common presentation (59 cases; 11%), with severity of illness

ranging from rapidly fatal septic shock to a clinically very mild

febrile illness. When septic shock occurred it was usually present

on or within 24 hours of admission. Of the 116 patients (21%)

with septic shock, 58 (50%) died from acute fulminant melioidosis.

In contrast, for those without septic shock on presentation, mortality

was 4% overall (19/424); even in the 195 of those without septic

Table 2. Clinical presentations and outcomes of 540 cases of melioidosis.

Total Bacteremic Non-bacteremic

Number Deaths (Mortality) Number Deaths (Mortality) Number Deaths (Mortality)

Septic shock 116 (21%) 58 (50%) 103 48 (47%) 13 10 (77%)

Pneumonia 88 43 (49%) 78 35 (45%) 101 8 (80%)

No evident focus 13 8 (62%) 12 7 (58%) 12 1 (100%)

Genitourinary 10 5 (50%) 9 4 (44%) 13 1 (100%)

Osteomyelitis/septic arthritis 4 2 (50%) 4 2 (50%) 0 0 (0%)

Soft tissue abscess 1 0 (0%) 0 0 1 0 (0%)

Non-septic shock 424 (79%) 19 (4%) 195 13 (7%) 229 6 (3%)

Pneumonia 190 12 (6%) 89 9 (10%) 101 3 (3%)

Skin infection 68 0 (0%) 1 0 (0%) 67 0 (0%)

Genitourinary 66 2 (3%) 41 2 (5%) 25 0 (0%)

No evident focus 52 2 (4%) 47 2 (4%) 5 0 (0%)

Soft tissue abscess(es) 18 0 (0%) 4 0 (0%) 14 0 (0%)

Osteomyelitis/septic arthritis 16 0 (0%) 10 0 (0%) 6 0 (0%)

Neurological 14 3 (21%) 3 0 (0%) 11 3 (27%)

Total 540 77 (14%) 298 (55%) 61 (20%) 242 (45%) 16 (7%)

17 blood cultures not done, 3 blood cultures negative.
2Culture +ve for B. pseudomallei only from rectal swab, although fatal septic shock.
3blood culture not done.
doi:10.1371/journal.pntd.0000900.t002

Table 1. Risk factors for 540 patients with melioidosis.

Patients Deaths

Risk factor n % of total n % who died

Diabetes 213 39% 33 15%4

Hazardous alcohol use 211 39% 33 16%4

Chronic lung disease 140 26% 27 19%5

Chronic renal disease 65 12% 13 20%4

Rheumatic heart disease and/or congestive cardiac failure 39 7% 9 23%4

Malignancy 31 6% 8 26%4

Immunosuppressive therapy and other immunosuppression1 31 6% 6 20%4

Kava use 27 5% 4 15%4

Other2 6 1% 2 33%4

No risk factors 106 20% 23 2%6

1Mostly patients taking prednisolone therapy. Two with HIV infection and 1 with HTLV-I infection.
2Three with hepatitis B-related chronic liver disease, 1 with hemochromatosis and chronic liver disease, 1 with other chronic liver disease and 1 with multiple strokes and
prior aspiration pneumonia.

3Both elderly; ages 75 and 82 years old but no other apparent risk factors for melioidosis.
4Not significant in comparison to those without the risk factor.
5Risk ratio = 1.5 (95% CI 1.1–2.4) in comparison to those without chronic lung disease; p = 0.048.
6Risk ratio = 0.11 (95%CI 0.03–0.44) in comparison to presence of any risk factor; p,0.001.
doi:10.1371/journal.pntd.0000900.t001
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shock who were bacteremic, only 13 (7%) died. Of the 106 patients

with no identified risk factor, 23 (22%) were bacteremic and 6 (6%)

had septic shock and the only deaths in this group were the 2 elderly

patients as already noted.

Table 3 shows significant risk factors in the 278 melioidosis

patients with a primary presentation of pneumonia. On univariate

analysis age $50 years, diabetes, excessive alcohol consumption

and rheumatic heart disease and/or congestive cardiac failure

were each associated with a propensity for presentation with

pneumonia in comparison to other presentations. However on

multivariable analysis diabetes and age were not independent

predictors of a presentation with pneumonia, while chronic lung

disease, excessive alcohol consumption and rheumatic heart

disease and/or congestive cardiac failure were.

Table 4 lists internal organ abscesses and other foci of infection.

Following findings early in the study of frequent internal

collections, CT scanning of abdomen and pelvis has been routinely

performed on all patients with melioidosis since around 1995.

Prostatic abscesses were present in 76 males (20%), the majority of

which required drainage [11]. In comparison to case series from

Thailand, hepatic abscesses were uncommon and as with splenic

and renal abscesses rarely required drainage. Three women had

mastitis and three men had epididymo-orchitis. Lymphadenitis

(sometimes suppurating), muscle abscesses, diffuse myositis and

cellulitis were all seen but were uncommon. Four patients had para-

intestinal masses which were considered possible primary infection

following ingestion of B. pseudomallei, as was a presentation with a

ruptured large gastric ulcer with subphrenic abscess and suppura-

tive peritonitis. Mediastinal widening on chest X-ray and CT scan

was seen, sometimes with clearly enlarged mediastinal lymph nodes

and usually in association with pneumonia (12/17 cases). Four

patients had suppurative pericarditis, three with contiguous

pulmonary infection and one without evident pulmonary infection

who developed acute pericardial tamponade requiring emergency

thoracotomy and a pericardial window. Two had mycotic pseudo-

aneurysms and one woman presented with a ruptured uterus from

a massive uterine wall abscess.

In addition to the initial principal clinical presentation,

subsequent clinically-evident secondary foci were not uncommon

and examples are shown in Table 5. Secondary pneumonia was

especially common in those presenting with genitourinary

infection, septic arthritis/osteomyelitis and bacteremia without

an apparent clinical focus, but was unusual in those presenting

with skin infection. Secondary foci were also less common in those

presenting with pneumonia, although brain abscesses and septic

arthritis requiring surgery occurred in this group. Of note, the

pattern of secondary neurological melioidosis was different from

the encephalomyelitis seen as a primary presentation. Of the eight

patients with secondary neurological disease, all were blood

culture positive (in comparison to 3/14 of those with primary

neurological melioidosis; p = 0.001) and 5 had abscesses (4

intracranial, 1 spinal cord).

121 patients (22%) were admitted to the Royal Darwin Hospital

Intensive Care Unit (ICU) and of these 40 (33%) died. In the ICU

97 were ventilated (41 died; 42%) (Table 6) and 60 received

granulocyte colony-stimulating factor (G-CSF) (15 died; 25%).

Three patients also received activated protein C therapy (1 died).

Of the 77 deaths overall, 75 were during the initial hospital

admission, with the time from admission to death in these ranging

from 0 to 111 days (median 3 days). Two patients were dead on

arrival at hospital, 8 died on the day of admission, and 7 died the

day after admission.

Table 3. Risk factors in 278 patients presenting with melioidosis pneumonia.

Patients
Primary
Pneumonia Univariate Multivariate

n % n % p OR 95% CI p OR 95% CI

Age $50 y

No 277 51% 130 47% ns

Yes 263 49% 148 56% 0.030 1.3 (1.04–2.0)

Diabetes

No 327 61% 156 48% ns

Yes 213 39% 122 57% 0.030 1.5 (1.04–2.1)

Hazardous alcohol use

No 329 61% 154 47%

Yes 211 39% 124 59% 0.007 1.6 (1.1–2.3) 0.041 1.5 (1.02–2.1)

Chronic lung disease

No 400 74% 181 45%

Yes 74 26% 97 69% ,0.001 1.5 (1.3–1.8) ,0.001 2.5 (1.6–3.9)

RHD/CCF

No 501 93% 248 50%

Yes 39 7% 30 77% 0.001 3.4 (1.6–7.2) 0.009 2.8 (1.3–6.2)

Kava use

No 513 95% 272 53%

Yes 27 5% 6 22% 0.002 0.3 (0.1–0.6) 0.004 0.2 (0.1–0.6)

RHD/CCF; rheumatic heart disease and/or congestive cardiac failure.
ns; not significant.
doi:10.1371/journal.pntd.0000900.t003
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Of the 465 patients surviving the initial infection, 30 (6%) re-

presented with culture-confirmed recurrent melioidosis subsequent

to completion of antibiotic therapy, with 2 deaths in this group. Of

these 30, 25 were considered to have relapse of an unsuccessfully

eradicated infection, usually resulting from poor adherence to

antimicrobial therapy. In these cases, the time from initial

admission to first relapse was 3.6–28 months (median 8 months),

with one of these patients dying. Two of these patients had a

second relapses (25 and 27 months after their first relapse); one of

these patients died during the second relapse and the other patient

had a third relapse 5 years after the second relapse. For those

surviving the initial admission, diabetes was more common in

those who relapsed (16/25 (64%) vs 166/440 (38%); p = 0.016), as

was bacteremia on admission (18/25 (72%) vs 221/440 (50%);

p = 0.034).

There were 5 patients with recurrent melioidosis where the B.

pseudomallei isolates were different from the original isolate by

pulsed-field gel electrophoresis or multilocus sequence typing

(MLST). One patient with cystic fibrosis had three separate

presentations with melioidosis at ages 10, 14 and 18 years. There

was a good response to therapy each episode, with each B.

pseudomallei isolate being a different sequence type (ST) and

frequent sputum cultures between episodes being consistently

culture negative for B. pseudomallei. He was considered to have been

re-infected on three separate occasions. Three other patients with

recurrent melioidosis but disparate isolates on typing were also

considered likely to have new infections, occurring 14, 58 and 72

months after the initial infection, respectively. One further patient

had disparate isolates on MLST from presentations 8 months

apart and was thought to have relapse of a probable initial

infection with multiple B. pseudomallei strains, with the osteomyelitis

of the second presentation being evident clinically during the first

presentation. Clinically apparent re-infection with B. pseudomallei is

therefore thought to have occurred in only 4/465 (1%) patients

surviving the initial admission, despite most survivors remaining in

the melioidosis-endemic location, with many having persisting risk

factors and continuing environmental exposure to B. pseudomallei.

Of the 463 patients who did not die from melioidosis, all except

one have eventually cleared their infection with antibiotic therapy.

This is a patient with moderately severe bronchiectasis who

presented with a productive cough at age 61 years, with B.

pseudomallei cultured from sputum. Her sputum has remained

consistently B. pseudomallei culture positive for 8 years, despite

multiple courses of intravenous and prolonged oral antibiotics and

also a lobectomy of the most severely bronchiectatic lung lobe. She

nevertheless remains generally well.

Table 6 shows decreasing mortality over the 20 years of the

study that was not explained by either increasing recruitment of

less sick patients or fewer risk factors in patients. To further assess

associations with mortality we included the following categorical

variables in the initial logistic regression model; age ($50 years),

indigenous ethnicity, each of the risk factors from Table 1,

location, and presentation in December, January or February. No

individual risk factor was a significant independent predictor of

mortality (data not shown), although in a similar logistic regression

model with bacteremia as the outcome, independent predictors of

bacteremia were indigenous ethnicity, age $50 years, diabetes,

Table 5. Secondary clinical foci for major primary diagnostic groups.

Primary diagnosis Total number
Number with secondary
foci (% of total) More common secondary foci1

Pneumonia 278 41 (15%) 17 prostatic abscesses, 10 splenic abscesses, 7 septic
arthritis, 6 neurological, 6 liver abscesses, 5 renal abscesses

Genitourinary 76 26 (34%) 17 pneumonia, 3 splenic abscesses, 2 liver abscesses

Skin infection 68 6(9%) 3 pneumonia, 2 splenic abscesses, 2 liver abscesses

Bacteremia, no initial focus 59 25 (42%) 13 pneumonia, 6 splenic abscesses, 4 septic arthritis, 3
prostatic abscesses, 2 liver abscesses, 2 osteomyelitis, 2
neurological, 1 renal abscess

Osteomyelitis/septic arthritis 20 11 (55%) 6 pneumonia, 3 splenic abscesses

Soft tissue abscess(es) 19 9 (47%) 3 pneumonia, 2 septic arthritis, 2 osteomyelitis, 2 splenic
abscesses

Neurological melioidosis 14 5 (36%) 3 pneumonia

1more than 1 secondary focus found in some cases.
doi:10.1371/journal.pntd.0000900.t005

Table 4. Internal organ abscesses and other foci of infection
in 540 patients with melioidosis.

Site n %

Prostatic abscess(es) 76 20%1

Splenic abscess(es) 28 5%

Kidney abscess(es) 18 3%

Liver abscess(es) 15 3%

Adrenal abscess 3 ,1%

Psoas abscess(es) 4 ,1%

Other muscle abscess/myositis 8 1%

Cellulitis 3 ,1%

Lymphadenitis 9 2%

Mediastinal mass 17 3%

Pericarditis 4 ,1%

Para-intestinal mass 4 ,1%

Mastitis 3 ,1%

Epididymo-orchitis 3 ,1%

Mycotic (pseudo)aneurysm 2 ,1%

1calculated for males only.
doi:10.1371/journal.pntd.0000900.t004
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hazardous alcohol use, chronic renal disease, malignancy and

immunosuppression (Table 7). Therefore our final model for

mortality from melioidosis incorporated presence or absence of

any of the defined risk factors as a dichotomous variable. In this

model the independent factors associated with mortality were age

$50 years (OR 2.0; 95% CI 1.2–3.3) and presence of any risk

factor (OR 9.4; 95% CI 2.3–39), but not indigenous ethnicity,

geographical location or season (Table 8).

Discussion

Serological surveys suggest that most infections with B.
pseudomallei are asymptomatic, with over half of teenagers

seropositive in the highly endemic region of northeast Thailand

[12]. It was estimated that for children in northeast Thailand

approximately 1 in 4600 antibody-producing exposures results in

clinical infection [13]. The Darwin prospective melioidosis study

Table 6. Changing outcomes over the 20 years.

First 5 years Second 5 years Third 5 years Fourth 5 years Total over 20 years

Number 88 164 139 149 540

Died (%)1 26 (30%) 24 (15%) 14 (10%) 13 (9%) 77 (14%)

Blood culture +ve (% of total) 40 (45%) 77 (47%) 83 (60%) 98 (66%) 298 (55%)

Septic shock (% of total) 16 (18%) 28 (17%) 39 (28%) 33 (22%) 116 (21%)

Septic shock and died (% mortality)1 16 (100%) 21 (75%) 12 (31%) 9 (27%) 58

Ventilated (% of total) 8 (9%) 22 (13%) 34 (24%) 33 (22%) 97 (18%)

Ventilated and died (% mortality)2 8 (100%) 16 (73%) 8 (24%) 9 (27%) 41

Median age (years) 51y 49y 49y 49y 49y

Indigenous (%) 40 (45%) 90 (55%) 63 (45%) 87 (59%)

Diabetic (%) 37 (42%) 56 (34%) 55 (40%) 65 (44%) 213 (39%)

No risk factors 15 (17%) 39 (24%) 26 (19%) 26 (17%) 106 (20%)

1Significant trend for lower mortality over time; p,0.001 Chi-squared test of trend for proportion.
2Significant trend for lower mortality over time; p = 0.002 Chi-squared test of trend for proportion.
doi:10.1371/journal.pntd.0000900.t006

Table 7. Associations with bacteremia.

Patients Bacteremic Univariate Multivariate

n % N % p OR 95% CI p OR 95% CI

Indigenous

No 259 48% 112 44%

Yes 281 52% 186 67% ,0.001 2.7 (1.9–3.8) ,0.001 3.2 (2.1–4.9)

Age $50 y

No 277 51% 131 48%

Yes 263 49% 167 64% ,0.001 1.9 (1.4–2.7) ,0.001 2.3 (1.5–3.6)

Diabetes

No 327 61% 152 47%

Yes 213 39% 146 70% ,0.001 2.6 (1.8–3.7) ,0.001 2.2 (1.4–3.2)

Hazardous alcohol use

No 329 61% 166 51%

Yes 211 39% 132 64% 0.004 1.7 (1.2–2.4) 0.014 1.6 (1.1–2.4)

Chronic renal disease

No 475 88% 247 53%

Yes 65 12% 51 78% ,0.001 3.2 (1.8–6.0) 0.019 2.2 (1.1–4.3)

Malignancy

No 509 94% 274 55%

Yes 31 6% 24 77% 0.013 2.8 (1.2–6.6) 0.003 4.1 (1.6–11)

Immuno-suppression

No 509 94% 275 55%

Yes 31 6% 23 75% 0.036 2.4 (1.1–5.3) 0.028 2.7 (1.1–6.5)

doi:10.1371/journal.pntd.0000900.t007
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provides strong support for the vast majority of melioidosis cases

being from recent infection, with 81% of cases presenting during

the monsoonal wet season, similar to a figure of 75% in Thailand

[14]. Nevertheless latency of B. pseudomallei with subsequent

reactivation is well recognised, being described as long as 62

years after infection in a returned World War II prisoner of war

infected in southeast Asia [15]. It was estimated from serology

studies that following the Vietnam War around 225,000 US

service personnel may have been infected with B. pseudomallei [16].

This was called the ‘‘Vietnamese time bomb’’, but the subsequent

number of melioidosis cases following return to the USA has been

comparatively small. Reactivation from a latent focus was

considered to have occurred in only 19/540 (4%) cases in the

Darwin study.

We previously estimated the average annual incidence rate of

melioidosis in the Top End of the Northern Territory to be 19.6

cases per 100,000 population, with an estimated rate in diabetics

of 260 cases per 100,000/year [17]. Yearly rates between 1990

and 2002 ranged from a low of 5.4/100,000 in 1993 to a high of

41.7/100,000 in 1998, a year with two severe tropical cyclones

with intense rainfall and winds. This compares to northeast

Thailand, with an average annual melioidosis incidence rate

between 1997 and 2006 of 12.7/100,000 and with a highest rate of

21.3/100,000 in 2006 [18].

In the Darwin study 75% of melioidosis cases reported

recreational activities that would result in exposure to environ-

mental B. pseudomallei and 18% had clear occupational exposure.

Both males (69%) and indigenous Australians (52%) were over-

represented, most likely reflecting increased environmental

exposure. There were 118 cases (22%) where history revealed a

likely specific infecting event. B. pseudomallei is common in the

urban environment of Darwin and most of the 49% of patients in

the study who lived in the city of Darwin were infected in the city

environs, including domestic gardens and yards. Mortality in the

Darwin study was not linked to geographical location, being

actually higher (although not statistically significantly so) in the

urban population than in the rural and remote population

(Table 8). In contrast, in northeast Thailand 81% of cases of

melioidosis were in rural rice farmers and their children [14]. In

Singapore melioidosis has occurred in construction workers,

gardeners and military personnel, but in that tropical island city

state, where over 80% of people live in high-rise apartments, the

reasons for infection often remain unclear [19].

Earlier in the Darwin prospective melioidosis study we

established that the incubation period for acute melioidosis

following specific infecting events was 1–21 days (mean, 9 days)

[20]. The incubation period, clinical presentations of melioidosis

and outcomes are thought to be determined by a combination of

bacterial load infecting the individual, putative B. pseudomallei strain

differences in virulence, mode of infection and, most importantly

host risk factors for disease [21]. For instance, less severe disease

with symptoms present for over 2 months before presentation

(chronic melioidosis) was significantly less common in diabetics

and was more commonly seen in those without underlying risk

factors.

The association between inhalation as a route of acquisition and

increased severity of disease with higher mortality than percuta-

neous exposure is well recognised for anthrax, plague and

tularaemia, but appears to have been under-appreciated in

melioidosis. While the association between melioidosis and rainfall

is well established [14] and there is epidemiological support for

inhalation of aerosolised B. pseudomallei during severe weather

events resulting in a pneumonic presentation with higher mortality

[9,19,22], the overall contribution of inhalation of B. pseudomallei in

comparison to percutaneous inoculation remains entirely unclear.

Support for inhalation of B. pseudomallei from this study includes

Table 8. Associations with mortality.

Patients Deaths Univariate Multivariate

n % n % died p OR 95% CI p OR 95% CI

Age $50 y

No 277 51% 26 9%

Yes 263 49% 51 19% 0.001 2.3 (1.4–3.9) 0.009 2.0 (1.2–3.3)

Indigenous

No 259 48% 36 14% ns ns

Yes 281 52% 41 15%

Location

Urban Darwin 262 49% 43 16%

Rural Darwin 65 12% 5 8% ns ns

Remote 169 31% 22 13%

Other 44 8% 7 16%

Season

Mar–Nov 260 48% 28 11% 0.025 1.8 (1.1–2.9) ns

Dec–Feb 280 52% 49 18%

Risk factors1

None 106 20% 2 2%

Any 434 80% 75 17% ,0.001 11 (2.6–45) 0.002 9.4 (2.3–39)

1Risk factors; as listed in Table 1.
ns; not significant.
doi:10.1371/journal.pntd.0000900.t008
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that 61% of admissions during the peak monsoonal months of

December to February were with pneumonia, in comparison to

only 41% in the other 9 months, plus the recognition that

mediastinal lymphadenopathy is not uncommon.

Diabetes is the most important risk factor for melioidosis,

followed by hazardous alcohol use, chronic lung disease and

chronic renal disease [7,14,17,19,23,24,25]. Malignancy, immu-

nosuppression and thalassemia are also recognised risk factors

[24]. In the Darwin study 39% of patients were diabetic, with

nearly all having adult onset type 2 diabetes. Rates of diabetes

from other endemic locations were 57% in the largest series from

Thailand [24], 48% in Singapore [19], 60% in Taiwan [26], 38%

in bacteremic melioidosis patients in Malaysia [27] and 42% in

north Queensland, Australia [25]. When considering the estimated

prevalence of diabetes in the whole population, we previously

calculated the risk of melioidosis in diabetics in the tropical Top

End of the Northern Territory to be 21.2 (95% CI 17.1–26.3)

times the risk in non-diabetics [17], which is similar to data from

Thailand [14].

A lack of association of melioidosis with HIV infection [28,29]

supports a limited role for adaptive immunity in protection against

acquisition of and mortality from melioidosis, despite evidence for

a cell-mediated immune response to B. pseudomallei [30,31]. We

proposed that a unifying hypothesis for the predominance of

diabetes, excessive alcohol consumption and chronic renal disease

in melioidosis patients was the critical role of innate immunity and

especially robust neutrophil function in controlling infection with

B. pseudomallei [7]. The specific defects in neutrophil function in

diabetes, alcohol excess and renal disease have been well described

and were the basis for trialling therapy with granulocyte-colony

stimulating factor (G-CSF) in melioidosis [32,33]. The dysfunc-

tional neutrophil hypothesis is supported by a study in a mouse

model showing a critical role for neutrophils in resistance to

melioidosis [34] and a recent study from Thailand showing that, in

comparison to non-diabetics, otherwise healthy diabetics had

neutrophils displaying impaired phagocytosis of B. pseudomallei,

reduced migration in response to interleukin-8 and an inability to

delay apoptosis [35]. The occurrence of melioidosis in chronic

granulomatous disease also supports a key role for neutrophils

[36].

Our clinical impression is that the risk for melioidosis in those

with hazardous alcohol use may often be directly related to binge

drinking rather than chronic liver disease, with high blood alcohol

levels at the time of exposure to B. pseudomallei inhibiting protection
against bacterial propagation and dissemination. This is consistent

with earlier studies on neutrophil function in alcohol intoxication

[37,38]. An additional potential pathogenetic mechanism for more

severe disease in those with hazardous alcohol intake is the

induction by alcohol of bacterial genes encoding various potential

virulence mechanisms, as recently shown in transcriptional

profiling studies of Acinetobacter baumannii grown in the presence

of alcohol [39]. In the Darwin study hazardous alcohol use but not

diabetes was an independent predictor of presentation with

melioidosis pneumonia (Table 3). In addition to neutrophil

dysfunction, alcohol excess also adversely affects many other

components of innate pulmonary host defences, from decreased

ciliary beat frequency to impaired alveolar macrophage phagocy-

tosis and inhibited cytokine responses [40]. Various aspects of

adaptive pulmonary immunity are also affected by alcohol,

involving both cellular and humoral responses.

We have noted two comorbidities previously unrecognized as

potential risk factors for melioidosis. Chronic lung disease was an

independent predictor of pneumonic melioidosis, which may

reflect defective innate immunity such as impaired alveolar

macrophage function [41]. Rheumatic heart disease and cardiac

failure may predispose to melioidosis by similar mechanisms [42].

It is being increasingly recognised that patients with cystic

fibrosis are at substantial risk of infection with B. pseudomallei if they
live in or travel to endemic regions [43]. Chronic infection can

occur, with acute flares of pneumonia and progressive deteriora-

tion of lung function, as also seen with B. cepacia infection in cystic

fibrosis [44,45,46]. Patients with cystic fibrosis should consider

avoiding travel to locations where melioidosis is common. One

Darwin patient with cystic fibrosis has had three separate

infections with different genotypes of B. pseudomallei. In addition,

there is only 1/463 survivors in the Darwin study in whom

clearance of B. pseudomallei has not been possible. This patient has

severe bronchiectasis and has had persisting pulmonary infection

for 8 years; such inability to eradicate B. pseudomallei from sputum

has only been previously documented in cystic fibrosis [43].

Around half of melioidosis cases present with pneumonia, which

can be part of a fatal septicaemia, a less severe unilateral infection

indistinguishable from other community-acquired pneumonias or

a chronic illness mimicking tuberculosis [2,47]. In the Darwin

study mortality was 49% in those with pneumonia who also had

septic shock, in comparison to 6% in those with pneumonia

without septic shock and 4% in those with chronic pneumonia.

Early clinical descriptions and animal studies showed that

melioidosis pneumonia can follow percutaneous infection [48],

but the proportions of our pneumonia cases which were from

percutaneous exposure, inhalation or aspiration are unknown.

Nevertheless the finding of mediastinal widening on chest X-ray

and CT scan in some melioidosis patients is analogous to

inhalational anthrax.

Other presentations in the Darwin study range from skin lesions

without systemic illness [49], to overwhelming sepsis with abscesses

disseminated in multiple internal organs. Genitourinary [11],

bone, joint and neurological infections [50,51,52] are all well

recognised. One manifestation of melioidosis commonly seen in

Thailand [53], but not seen over the 20 years of the Darwin study

is children presenting with parotid abscesses. The reasons for this

difference remain unclear.

The dramatic presentation of melioidosis brainstem encephalitis

or myelitis has been noted to be more commonly seen in Australia

than in Thailand [1,3]. Recent mouse studies have suggested that

such neurological presentations may result from direct entry of B.

pseudomallei to the brain from the nasal mucosa via the olfactory

nerve or similar pathways [54]. Genetic differences between B.
pseudomallei strains may account for regional clinical variations. It

was recently demonstrated that the global B. pseudomallei
population probably evolved from an ancestral Australian

population which subsequently spread to Southeast Asia [55].

One possible explanation for the neurological disease being more

common in Australia is differences in propensity between B.
pseudomallei populations for actin-based motility of bacteria along

nerve pathways, conferred by variants of the BimA gene which

have been found to be geographically restricted [56]. The concept

of direct brain invasion by B. pseudomallei in the Darwin cases of

primary melioidosis meningo-encephalomyelitis is supported by

the low bacteremia rate in comparison to all 8 of those with

secondary brain infections being bacteremic.

Most of the less common presentations of melioidosis seen in the

Darwin study have also been described from other locations.

These include mycotic aneurysms [57], epididymo-orchitis [58],

pericarditis [59] and mastitis with maternal to child transmission

of melioidosis [4]. The common presence of diverse internal organ

abscesses necessitating routine imaging is also well recognised

[1,60,61]. In contrast to Thai studies, where spleen and liver
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abscesses predominate [60], prostate abscesses were extremely

common in the Darwin series, being present in 76/372 (20%)

males. While liver, spleen and renal abscesses responded to

prolonged antibiotic therapy, prostatic abscesses usually required

drainage, whether primary or secondary [11]. Although unusual,

the presence of para-intestinal masses supports that ingestion can

occasionally be the primary route of infection in humans, as is

more commonly seen in grazing animals [62].

Whatever the initial clinical presentation, secondary foci of

infection are common in melioidosis (Table 5), presumably from

bacteremic spread and reflecting the high rate of bacteremia

overall (55%). Of those 59 patients presenting with bacteremia

without an apparent focus, 25 (42%) subsequently developed an

evident secondary focus of infection. Secondary pneumonia and

septic arthritis were especially common.

Therapy of melioidosis requires prolonged antibiotics to cure

infection and prevent relapse [63]. In the Darwin study 25/465

(5.4%) patients who survived the initial infection relapsed after

treatment, with a median time to relapse of 8 months from initial

admission, in comparison to 86/889 (9.7%) and 6 months from

commencement of oral therapy in Thailand [24]. Choice and

duration of and compliance with antibiotic therapy were the

strongest indicators of risk for relapse in both locations. Diabetes

was significantly associated with risk for relapse in the Darwin

series but not in Thailand, while in both locations bacteremia on

initial admission was associated with relapse, although only

significantly so in Thailand.

Genotyping of B. pseudomallei from recurrent melioidosis has

shown that reinfection can also occur but is less common than

relapse [24,64]. In northeast Thailand reinfection occurred in 30/

899 (3.4%) patients, making the incidence of melioidosis

reinfection substantially higher than that of primary infection

[24]. This is in contrast to the Darwin patients, where reinfection

was documented in only 4/465 (1%), despite most having

persisting risk factors and continuing exposure and even raising

the possibility of some acquired immunity to reinfection following

melioidosis. Simultaneous infection with more than one strain of

B. pseudomallei has been shown to very uncommon (2/133 cases in

Thailand) [65], but was thought likely in one of the patients in this

study.

Mortality from melioidosis in the Darwin study was 14%, with

75 of the 77 deaths occurring during the initial hospital admission

and only 2 deaths from relapsed melioidosis. Mortality during the

first 5 years of the study (from October 1989) was 30% and during

the last 5 years (until October 2009) was 9% (p,0.001). These

rates compare with 49% mortality in the large Thai study from

1986–2004 [24], with mortality now decreasing in that region

[18], 65% in bacteremic patients in Malaysia during 1976–1991

[27], 16% in Singapore between 1998–2007 [19], 22% in Taiwan

between 2000 and 2005 [26] and 25% in north Queensland

between 1996 and 2004 [25].

The decreasing mortality over the 20 years of the Darwin study

cannot be attributed to ascertainment bias from improved

diagnosis of less severe cases. Indeed, the bacteremia rate was

higher in the last 5 years (66%), possibly reflecting both more

frequent repeat culturing in suspected cases and improved

laboratory detection of low level bacteremia. The median age,

rates of septic shock, percentages with various risk factors and the

proportion with no risk factors did not change significantly over

the 20 years (Table 6). The overall bacteremia rate of 55%

compares with up to 65% in Thailand [24][66], 50% in Singapore

[19] and 60% in north Queensland [25].

We attribute the improved survival over time to a combination

of earlier diagnosis of melioidosis through increased community

and health staff awareness of the possibility, earlier treatment with

ceftazidime or meropenem [67] and probably most importantly,

access to and improvements in intensive care management of the

septic patient. In many melioidosis-endemic regions renal

replacement therapy and other resources for managing the

metabolic abnormalities and organ dysfunction seen in severe

sepsis are limited and without these mortality in septicemic

melioidosis will remain high [2,24,68]. A greater proportion of

patients were ventilated in the second half of the Darwin study and

mortality in patients with septic shock was 100% in the first five

years and decreased to 27% in the last 5 years (Table 6). Our

initial optimism of potential benefit from G-CSF therapy in

septicemic melioidosis [32] has been tempered by a randomized

controlled trial in Thailand which showed that G-CSF conferred

no mortality benefit in severe melioidosis in that setting [33].

Nevertheless those treated with G-CSF in that study had a longer

duration of survival, suggesting that if state-of-the-art ICU therapy

is available G-CSF may be beneficial.

A decrease in mortality in melioidosis similar to that seen in

Darwin has also occurred in Singapore, where mortality in 1989–

1996 was 40% in comparison to the more recent 16% [19]. It is

notable that during the more recent series from Singapore there

was a period in March–April 2004 with case numbers, proportion

with pneumonia (83%) and mortality (53%) all higher than at

other times [19]. This cluster of cases followed heavy rainfall and

strong winds. Genotyping showed a diversity of strains, excluding

a point source outbreak and the severe disease in this cluster was

attributed to a possible shift to inhalation of aerosolized B.

pseudomallei [19,69]. This is analogous to clusters seen in the

Darwin study following severe weather events [9].

This study provides strong support for the presence of specific

host risk factors being the most important determinant of mortality

from melioidosis. Older age is also recognised as a risk factor for

melioidosis [14,17,19] and in the Darwin study age $50 years was

an independent predictor of death from melioidosis (Table 8). Of

the 77 deaths from melioidosis over the 20 years, 2 were in elderly

patients without other evident risk factors and all of the other 75

fatal cases had at least one of the specific recognised risk factors

listed in Table 1. That severe disease is very uncommon in

melioidosis in patients without risk factors is evident from the

much lower rates of bacteremia (22%) and septic shock (6%) in

these patients in the Darwin study. The association of diabetes

with bacteremia in patients with melioidosis has been noted in

Thailand [23]. Nevertheless, while all the listed risk factors

including diabetes were independently associated with bacteremia

in the Darwin study (Table 7), no individual risk factor apart from

age was an independent predictor of mortality. This reflects that

80% of melioidosis cases in the Darwin study had at least one risk

factor irrespective of age and it was the presence of any of these

risk factors that was highly predictive of mortality (OR 9.4; 95%

CI 2.3–39).

Although the higher proportion of presentations with pneumo-

nia during the peak monsoonal months of December to February

supports a role for inhalation and although mortality was higher

on univariate analysis during these 3 months, multivariate analysis

showed that seasonality was not itself a significant independent

predictor of mortality (Table 8). Furthermore, while severe

melioidosis is associated with an array of pathogen induced

immune dysregulation [70], that no death occurred in a patient

without risk factors does not support an important role for

cytokine-related human genetic polymorphisms in determining

outcomes in melioidosis [71]. Therefore, although disease may be

more severe following inhalation and/or higher infecting load of

B. pseudomallei, the only predictor of mortality from melioidosis is
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the presence of defined risk factors such as diabetes, hazardous

alcohol use, chronic lung or renal disease and older age.

In conclusion, melioidosis should be more seen as an

opportunistic pathogen that is very unlikely to kill a healthy

person, provided the infection is diagnosed early and resources are

available to provide appropriate antibiotics and critical care where

required.
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Supplementary appendix. 

10.1 Chapter Overview 

This paper is the culmination of epidemiological, clinical and bacterial genotyping data from 

the Darwin Prospective Melioidosis Study (DPMS). It describes 1148 individuals with 

culture confirmed melioidosis over 30 years, with 133 (12%) dying from melioidosis. It also 

describes and discusses the three major trends identified over the 30 years: an increase in the 

incidence of melioidosis, a rising proportion of cases from urban Darwin and surrounding 

areas, and a decrease in mortality. The appendix provides details of presumptive infecting 

events in 255 cases, a comprehensive list of internal organ abscesses and other foci of 

infection and tables with multivariable analyses of associations with clinical parameters and 

mortality and a table showing the epidemiology, clinical risk factors, clinical presentations, 

and outcomes by each of the 3 decades. Also in the appendix are figures of the incidences by 

ethnicity, region and month, Kaplan Meier survival curve analyses and Burkholderia 

pseudomallei multilocus sequence type (MLST) diversity dynamics over time and region. Of 

the 1148 primary presentations, we have stored B. pseudomallei isolates and MLST results 

from 1108 (97%), enabling comprehensive analyses of genotype diversity and dynamics over 

time and by region.   

10.2 Statement of Joint Authorship 

I conceived and drafted the paper. Linda Ward maintains the Darwin Prospective Study 

patient database and helped with statistical analysis and performed the multivariable logistic 

regression analyses. Mirjam Kaestli performed the analyses of incidence rates, ethnicity, 
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region and weather parameters and the MLST diversity dynamics over time and region. 

Jessica Webb curates the global MLST website, assigns MLST sequence types to B. 

pseudomallei isolates and with Ella Meumann performs whole genome sequence analysis on 

B. pseudomallei isolates to establish epidemiological links and to assign recurrent melioidosis

cases as relapse or new infection. Celeste Woerle helps with patient data collection and

created Figure 1. Mark Mayo manages the Menzies melioidosis program and oversees

laboratory aspects of the DPMS. Vicki Krause and Peter Markey from the Northern Territory

Centre for Disease Control provide public health input into the DPMS and maintain the NT

notifiable diseases list of confirmed melioidosis cases. Rob Baird as Director of Pathology at

Royal Darwin Hospital (RDH) provides oversight of the microbiology laboratory and their

expertise in culture and identification of B. pseudomallei and their linking to RDH clinicians

and the Menzies melioidosis team. Finally, each of my RDH infectious diseases colleagues

contributes to our evidence-based consensus approach to diagnosis, management and follow

up of DPMS patients and supports in the data collection for the DPMS: Nick Anstey, Ella

Meumann, Rob Baird, Ric Price, Catherine Marshall, Anna Ralph, Emma Spencer, Jane

Davies, Sarah Huffam, Sonja Janson and Sarah Lynar.

116



www.thelancet.com/infection   Vol 21   December 2021 1737

Articles

The Darwin Prospective Melioidosis Study: a 30-year 
prospective, observational investigation
Bart J Currie, Mark Mayo, Linda M Ward, Mirjam Kaestli, Ella M Meumann, Jessica R Webb, Celeste Woerle, Robert W Baird, Ric N Price, 
Catherine S Marshall, Anna P Ralph, Emma Spencer, Jane Davies, Sarah E Huffam, Sonja Janson, Sarah Lynar, Peter Markey, Vicki L Krause, 
Nicholas M Anstey

Summary
Background The global distribution of melioidosis is under considerable scrutiny, with both unmasking of endemic 
disease in African and Pacific nations and evidence of more recent dispersal in the Americas. Because of the high 
incidence of disease in tropical northern Australia, The Darwin Prospective Melioidosis Study commenced in 
October, 1989. We present epidemiology, clinical features, outcomes, and bacterial genomics from this 30-year study, 
highlighting changes in the past decade.

Methods The present study was a prospective analysis of epidemiological, clinical, and laboratory data for all culture-
confirmed melioidosis cases from the tropical Northern Territory of Australia from Oct 1, 1989, until Sept 30, 2019. 
Cases were identified on the basis of culture-confirmed melioidosis, a laboratory-notifiable disease in the 
Northern Territory of Australia. Patients who were culture-positive were included in the study. Multivariable analysis 
determined predictors of clinical presentations and outcome. Incidence, survival, and cluster analyses were facilitated 
by population and rainfall data and genotyping of Burkholderia pseudomallei, including multilocus sequence typing 
and whole-genome sequencing.

Findings There were 1148 individuals with culture-confirmed melioidosis, of whom 133 (12%) died. Median age was 
50 years (IQR 38–60), 48 (4%) study participants were children younger than 15 years of age, 721 (63%) were male 
individuals, and 600 (52%) Indigenous Australians. All but 186 (16%) had clinical risk factors, 513 (45%) had diabetes, 
and 455 (40%) hazardous alcohol use. Only three (2%) of 133 fatalities had no identified risk. Pneumonia was the 
most common presentation occurring in 595 (52%) patients. Bacteraemia occurred in 633 (56%) of 1135 patients, 
septic shock in 240 (21%) patients, and 180 (16%) patients required mechanical ventilation. Cases correlated with 
rainfall, with 80% of infections occurring during the wet season (November to April). Median annual incidence was 
20·5 cases per 100 000 people; the highest annual incidence in Indigenous Australians was 103·6 per 100 000 in 
2011–12. Over the 30 years, annual incidences increased, as did the proportion of patients with diabetes, although 
mortality decreased to 17 (6%) of 278 patients over the past 5 years. Genotyping of B pseudomallei confirmed case 
clusters linked to environmental sources and defined evolving and new sequence types.

Interpretation Melioidosis is an opportunistic infection with a diverse spectrum of clinical presentations and severity. 
With early diagnosis, specific antimicrobial therapy, and state-of-the-art intensive care, mortality can be reduced to 
less than 10%. However, mortality remains much higher in the many endemic regions where health resources remain 
scarce. Genotyping of B pseudomallei informs evolving local and global epidemiology.
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Introduction
In 1912, melioidosis was first described in Burma (now 
Myanmar) as a newly recognised glanders-like disease in 
humans. Reports from other southeast Asian countries 
soon followed.1,2 The genomics era has provided a 
fascinating but still-incomplete picture of the global 
presence and spread of Burkholderia pseudomallei, the 
bacterium that resides in complex ecosystems in the soil 
and water of endemic regions, and causes melioidosis in 
exposed humans and animals. Although glanders was 
described by Hippocrates, whole-genome sequencing has 
shown that Burkholderia mallei, the bacterium causing 
glanders, is a clone derivative from B pseudomallei, having 

evolved through gene loss and selection to be a horse-
adapted pathogen that can no longer survive in the 
environment.3 Glanders has been used in biological 
warfare and both B mallei and B pseudomallei are listed as 
tier 1 select agents by the USA Centers for Disease 
Control and Prevention. Rapidly progressive sepsis with 
high mortality from aerosol inhalation of B pseudomallei 
is the concern that promotes funding of diagnostic, 
therapeutic, and vaccine initiatives for melioidosis.4

Genomic analyses suggest that B pseudomallei evolved 
in the Australian environment, subsequently spreading 
to southeast Asia during the last ice age.5 From Asia, 
B pseudomallei spread to Madagascar and Africa,6 and 
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with calculated timelines spanning the period of the 
slave trade, subsequently from Africa to the Americas. 
Global modelling predicted an estimated 165 000 human 
cases annually, with 89 000 deaths.7 Substantial 
improvements in surveillance and laboratory resources 
are needed to verify these predictions and confirm the 
burden of disease compared with tropical diseases 
currently designated as neglected.8

Geospatial modelling predicted that many regions 
globally, including southern USA, are receptive to, if not 
already endemic for, B pseudomallei.7 Past investigations 
linked cases of melioidosis in the USA to either travel or 
previous residence in overseas endemic countries, or 
probable infection from unidentified contaminated 
products imported from Asia.9 Bacterial genotyping of 
one recent and another historical autochthonous case, 
both from Texas, supports the hypothesis that melioidosis 
is now endemic in the southern USA, with genotypes 
linked to those from known endemic regions in the 
Americas.10

The Darwin Prospective Melioidosis Study (DPMS) 
began in 1989, documenting all cases of melioidosis in 
the tropical Top End of the Northern Territory of Australia 
(figure 1). We described 252 cases after 10 years11 then 
540 total cases after 20 years.12 With an additional 610 cases 

over the past 10 years, we now present the findings from 
1148 individuals with melioidosis collected prospectively 
over 30 years, and describe dynamic changes in 
epidemiology, clinical parameters, and bacterial genomics 
occurring over the three decades.

Methods
Study design, setting, and participants
In the present study, we included and prospectively 
followed up all patients diagnosed with culture-confirmed 
melioidosis in the Top End of Australia over 30 years from 
Oct 1, 1989, until Sept 30, 2019. Culture-confirmed 
melioidosis is a laboratory-notifiable disease in the 
Northern Territory of Australia, and especially during the 
wet season, blood, sputum, urine, and pus cultures from 
both primary-care clinics and hospitals are routinely 
processed to include identi fication of B pseudomallei. Once 
B pseudomallei was confirmed, all patients were managed 
by the Royal Darwin Hospital Infectious Diseases 
Department, with the vast majority admitted to 
Royal Darwin Hospital for assessment and com-
mencement of intravenous therapy. Positive serology in 
symptomatic patients directed clinicians to provide further 
cultures, with a confirmed diagnosis of melioi dosis and 
inclusion in the study only for patients who were culture 

Research in context

Evidence before the study
For almost a century after its first description in Myanmar, 
melioidosis remained an enigmatic tropical disease from 
southeast Asia, described in military conflicts and the occasional 
returned traveller. We searched MEDLINE with the search terms 
“melioidosis”, “Burkholderia pseudomallei”, or “Pseudomonas 
pseudomallei” to identify articles in any language published 
from inception until Oct 1, 1989, when the Darwin Prospective 
Melioidosis Study began. We identified 489 publications, 
including 42 in French and 53 in Russian. Clinical descriptions 
were often of chronic pulmonary infection or of presumptive 
latency with activation years after infection. Diagnosis of 
melioidosis requires culture of Burkholderia pseudomallei and 
that necessitates laboratory resources that still remain 
unavailable in many tropical locations globally. Recognition of 
the large and increasing burden of severe sepsis from 
melioidosis in endemic regions only became evident in the 
late 1980s following studies in northeast Thailand supported 
by quality laboratory microbiological capability. Subsequently 
sequential randomised trials of antimicrobial therapy from 
Thailand have defined current therapy, with the initial trial 
published in 1989 showing halving of mortality with the 
introduction of ceftazidime.

Added value of this study
The 30-year data from 1148 consecutive cases in the 
Darwin study describe distinct infecting scenarios and clarify 
the incubation period of acute disease, proportions of patients 
with chronic melioidosis, and the rarity of activation from 

latency. Demographics, risk factors, and correlations with 
outcomes are quantified as is the diverse clinical spectrum of 
melioidosis. Genotyping of B pseudomallei from cases and the 
environment together with weather data support the 
importance of inhalational melioidosis during monsoonal 
events, as well as showing dynamic local bacterial dispersal. 
Genotyping of Darwin B pseudomallei has informed the 
epidemiology of melioidosis by tracking the source and 
mode of individual infections. Genotyping also supports 
that B pseudomallei has ancestral origins in the Australian 
environment and that the intercontinental spread of this 
sapronotic pathogen has occurred over millennia, interplaying 
with an evolving global dissemination of melioidosis, most 
recently in the Americas. With adequately funded laboratory 
and intensive-care resources, mortality of less than 10% has 
been achieved, with deaths only in patients with clinical risk 
factors, highlighting the recognition of melioidosis as an 
opportunistic infectious disease.

Implications of all the available evidence
The continuing high mortality in many melioidosis-endemic 
regions is a stark reflection of global resource disparities, with 
basic microbiology laboratory facilities, access to the required 
antibiotics, and quality intensive-care management for severe 
sepsis often unavailable. Although considerable funding is 
being directed at B pseudomallei as a potential biothreat 
pathogen, recognition of these clear and persisting 
inequities is arguably a greater priority.
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positive. All DPMS cases had at least one B pseudomallei 
isolate genotyped, unless isolates were no longer viable. 
This study was approved by the ethics committee of the 
Northern Territory Department of Health and Menzies 
School of Health Research (approval number 02/38).

Definitions and procedures
The definitions and descriptions used for clinical and 
demographic risk factors and for clinical illness 
parameters remained constant throughout the 30 years, 
as described previously (appendix pp 1–2).11,12 First-
episode melioidosis was categorised as acute (defined as 
symptoms present for <2 months), chronic (symptoms 
present ≥2 months), or activation of disease from latency. 
Activation of disease from a latent focal infection was a 
clinician-directed categorisation based on two scenarios 
with culture-confirmed new clinical illness occurring in 
individuals with no previous culture-confirmed melioi-
dosis: either in individuals with long-standing positive 
melioidosis serology usually with a high titre (indirect 
haemagglutination titre >1/320) and no exposure event 
in the previous 3 months, or in individuals with long-
standing pulmonary radiological abnormalities with new 
melioidosis pneumonia specifically involving the area of 
radiological abnormality.

Over the 30 years of the study, DPMS and international 
melioidosis treatment guidelines have been informed by 
randomised comparative studies of antimicrobial therapy 
from Thailand.13,14 DPMS treatment includes at least 
14 days of intravenous ceftazidime or meropenem 
(meropenem being mostly restricted to those in intensive 
care), followed by eradication therapy with co-trimoxazole 
(sulfamethoxazole/trimethoprim), usually for 3 months.15 
Therapy for all patients is directed by the Infectious 
Diseases Department, on the basis of the Darwin 
treatment guidelines, which have evolved over the 
30 years as described previously.15,16 Once discharged 
from hospital with oral-eradication therapy, patients are 
seen in clinic initially once a week then once a month, 
with follow-up continued ideally until at least 6 months 
following completion of therapy. However, in reality, 
around half of all patients do not complete eradication 
therapy.15 For complex clinical scenarios, decisions are by 
department consensus, following formal case discussions 
(usually moderated by BJC).16

Recurrent melioidosis was defined as re-presentation 
with B pseudomallei culture-positive clinical disease 
occurring after the time designated for treatment 
completion (both intravenous and oral phases) for the 
previous episode, irrespective of whether the patient was 

Figure 1: The tropical Top End of the Northern Territory of Australia
The location of the study is shown, with Darwin and its surrounding hamlets and the two small Top End townships of Katherine and Nhulunbuy. Three illustrative 
tropical cyclone paths and their dates are included (appendix p 4). TC=tropical cyclone.
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For more on the B pseudomallei 
MLST seee https://pubmlst.org/

bpseudomallei/

adherent to the therapy or initially lost to follow-up. 
Recurrent melioidosis was established to be a relapse 
or new infection on the basis of epidemiology and 
comparative genomics using multilocus-sequence typing 
and whole-genome sequencing. The primary study 
outcome was death from melioidosis, either during an 
initial or recurrent melioidosis episode. Death from other 
causes was also recorded up to Dec 31, 2019.

Statistical analysis
Patient demographic, epidemiological, clinical, and 
laboratory details were stored in MariaDB version 10.2.31 
and analysed using Stata version 15.1. Details of 
the statistical methods used for patient data analysis, 
including multivariable logistic-regression analyses 
to identify associations with clinical presentations, 
bacteraemia, and fatal outcome from melioidosis are 
provided (appendix pp 1–3). Relative risks were calculated 
to assess the risks of clinical risk factors among patients 
with melioidosis on binary outcomes with two-sided 
Fisher’s exact test and 95% CIs. Population numbers by 
region and ethnicity were extrapolated from Australian 
census data. Methods for analysis of incidence and 
rainfall over the 30 years are provided (appendix p 3), 
with incidence trends over time and correlations with 
season, region, ethnicity, and rainfall calculated using 
generalised additive models. Estimates of survival at 

60 days and 5 years after melioidosis diagnosis were 
obtained using Kaplan-Meier analyses in Graph Pad 
Prism version 7.04. The survival curves with 95% CIs 
were compared using log-rank tests. For full 5 year 
survival data, only cases of melioidosis recorded until 
Sept 30, 2014, were included. Multilocus sequence typing 
(MLST) was done on at least one B pseudomallei isolate 
from each DPMS episode when viable, as described 
(appendix pp 3–4), with sequence types deposited on the 
B pseudomallei MLST website.17

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Two of the patients included in the 20 year cohort12 were 
removed from analysis because they were from Central 
Australia and not treated at the Royal Darwin Hospital. 
The final numbers of patients in this 30 year study were 
252 patients in the first decade (Oct 1, 1989, to 
Sept 30, 1999), 286 patients in the second decade 
(Oct 1, 1999, to Sept 30, 2009), and 610 patients in the 
third decade (Oct 1, 2009, to Sept 30, 2019). There were 
1212 episodes of melioidosis in 1148 individuals over 
30 years, with 133 (12%) deaths attributable to melioidosis, 
127 occurring from the initial infection and six 
following recurrent melioidosis (figure 2). Overall, 
60 (5%) individuals had one or more recurrences of 
melioidosis, of whom 44 individuals had a relapse and 20 
individuals had a new infection (figure 2). Of the 1015 
people who survived melioidosis, as of Dec 31, 2019, 37 
(4%) were lost to follow-up and 336 (33%) had died from 
other causes, predominantly comorbidities.

Median age at presentation was 50 years (range 
7 months to 97 years; IQR 38–60 years), with only 
48 (4%) children (<15 years; table 1). As previously 
identified, the most common risk factors in those 
diagnosed with melioidosis were diabetes and hazardous 
alcohol use,11,12 but neither were individually predictive of 
mortality (table 1). The absence of any clinical risk factor 
was strongly predictive of survival; of the 
186 (16%) patients with no identified clinical risk factor, 
only three (2%) died from melioidosis. Patients with at 
least one clinical risk factor were 8·4 times (95% CI 
2·7–26·0) more likely to die from melioidosis than 
patients without risk factors.

Occupational exposure to soil or surface water was 
documented for 187 (16%) patients and recreational 
exposure for 892 (78%) patients. A potential infecting 
event was documented for 255 (22%) patients 
(appendix p 5). For 70 patients with a suspected inoculating 
event on a known date, the incubation period was 
1–21 days (median 4 days, IQR 3–7 days). Common 
scenarios included recreational and occupational activities 
related to gardening and outdoor maintenance, such as 

Figure 2: Outcomes of 1148 patients with melioidosis over 30 years

1148 primary melioidosis infections as of Sept 30, 2019
1013 acute melioidosis

106 chronic melioidosis
29 activation from latency

64 recurrent melioidosis infections in 60 individuals
42 patients had 44 relapsed melioidosis episodes
19 patients had 20 new melioidosis infections

1021 survived initial infection

127 died from initial infection

1015 survived melioidosis

642 known melioidosis survivors

373 did not complete the study
336 died from other causes

37 lost to follow-up

6 died
    5 died from relapsed melioidosis
    1 died from new melioidosis infection
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cutaneous exposure through cuts and trauma, and 
presumptive aerosol exposure from lawn mowing, weed 
whacking, and high-pressure hosing (appendix p 5).

Yearly case numbers were consistent with rainfall 
(figure 3A) and severe weather events were linked to 
regional clusters (examples in the appendix p 4).19 During 
the wet season in Darwin, the monthly incidence of 
melioidosis per 100 000 people increased on average 
by 14% (95% CI 8·5–19·0) for every 100 mm increase in 
total monthly rainfall, while accounting for ethnicity and 
annual trends.

Genotyping of B pseudomallei confirmed that conta-
mination of unchlorinated water supplies was associated 
with one cluster of nine cases (four of which were fatal) 
in a remote Aboriginal community20 and a separate 
cluster of two cases on a rural property.21

923 (80%) first presentations occurred in the wet 
season (from November to April; appendix p 12). Annual 
incidences were 4·8–51·2 cases (median 20·5; IQR 
14·8–29·2) per 100 000 people (figure 3A). The period 
between 2011 and 2012 had the highest overall incidence 
of melioidosis cases. For that 12 month period, which 
included a particularly high-rainfall wet season, the 
incidence of melioidosis in Indigenous Australians 
across the Top End was 103·6 per 100 000, and for 

Indigenous Australians 15 years or older residing in 
urban Darwin or surrounds, the incidence was 
315·4 per 100 000 (appendix p 13). Accounting for trends 
over time, the monthly incidence of melioidosis for the 
Indigenous population in Darwin in the four high-
rainfall months of December to March was on average 
4·2 times higher (95% CI 3·5–5·1) than for the 
non-Indigenous population in Darwin and 2·2 times 
higher (2·0–2·5) than that for the Indigenous population 
in remote Top End regions (figure 3B).

Of 1148 primary melioidosis presentations, 
1013 (88%) were acute, 106 (9%) were chronic, and 
29 (3%) were considered to be infection activations from 
latency (figure 2). Chronic melioidosis presented 
predominantly with subacute pulmonary disease, often 
mimicking tuberculosis (n=44), or non-healing skin 
infections (n=36). Patients with chronic melioidosis were 
6·5 times (95% CI 1·6–26·1) less likely to die from 
melioidosis than those presenting with acute melioidosis 
(two [2%] of 106 died vs 125 [12%] of 1013).

Blood cultures were positive for B pseudomallei in 
633 (56%) of 1135 patients for whom a blood culture 
could be done (table 2), septic shock occurred in 
240 (21%) patients, usually on presentation or within 
24 h, 278 (24%) patients were managed in the 

Patients, n (%) Died from 
melioidosis, n (%)

RR (95% CI) p value*

Epidemiology

Younger than 15 years 48 (4%) 3 (6%) ·· ··

Aged 15–49 years 524 (46%) 45 (9%) ·· ··

Older than 50 years 576 (50%) 85 (15%) ·· ··

Male individual 721 (63%) 86 (12%) ·· ··

Female individual 427 (37%) 47 (11%) ·· ··

Indigenous Australian 600 (52%) 72 (12%) ·· ··

Non-Indigenous Australian 548 (48%) 61 (11%) ·· ··

Regions

Darwin urban 632 (55%) 81 (13%) ·· ··

Darwin rural hamlets 154 (13%) 12 (8%) ·· ··

Regional and remote Top End 349 (30%) 37 (11%) ·· ··

Outside Top End 13 (1%) 3 (23%) ·· ··

Clinical risk factors

Diabetes 513 (45%) 62 (12%) 1·1 (0·78–1·5) 0·72

Hazardous alcohol use 455 (40%) 56 (12%) 1·1 (0·80–1·5) 0·72

Chronic lung disease 312 (27%) 45 (14%) 1·4 (0·98–1·9) 0·13

Chronic renal disease 140 (12%) 24 (17%) 1·6 (1·06–2·4) 0·10

Malignancy 111 (10%) 20 (18%) 1·7 (1·07–2·6) 0·10

Immunosuppressive therapy and other immunosuppression† 106 (9%) 18 (17%) 1·5 (0·98–2·4) 0·13

Rheumatic heart disease or congestive cardiac failure 102 (9%) 19 (19%) 1·7 (1·10–2·7) 0·10

Kava use 39 (3%) 5 (13%) 1·1 (0·48–2·6) 0·80

Other‡ 39 (3%) 7 (18%) 1·6 (0·79–3·2) 0·29

No clinical risk factors 186 (16%) 3 (2%) 0·12 (0·04–0·37) <0·0001

*p values were adjusted for multiple testing using the method of false discovery rate. †Clinical risk-factor parameters as defined in the appendix (p 1) and in previous publications.11,12 
‡Includes the only four patients with HIV infection (<1%), a prevalence similar to that seen at Royal Darwin Hospital for sepsis in general.18

Table 1: Epidemiology, clinical risk factors, and outcomes for 1148 patients with melioidosis
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intensive-care unit, 180 (16%) patients required 
mechanical ventilation, and 100 (9%) patients required 
renal replacement therapy.

Pneumonia was the primary diagnosis in 
595 (52%) patients, skin abscesses in 149 (13%) patients, 
of whom only five had bacteraemia and none died, and 
genitourinary infection in 140 (12%) patients, of whom 
103 (74%) were male, with prostatic abscesses (table 2). 
Bacteraemia with no evident focus of infection was 
the presentation in 130 (11%) patients, who commonly 
were immunocompromised with acute febrile illness. 
Children were 5·3 times (95% CI 4·0–7·1) more 
likely than adults to present with skin abscesses 
(28 [58%] of 48 vs 121 [11%] of 1100) and 3·9 (2·0–7·8) 
times less likely than adults to have bacteraemia 
(seven [15%] of 48 vs 626 [58%] of 1087).

In the multivariable analysis, presentation with pneu-
monia was independently associated with diabetes, 
chronic lung disease, rheumatic heart disease or 
cardiac failure, female sex, Indigenous ethnicity, and 
presentation in the 4 high-rainfall months of 
December to March (appendix p 6). Presentation with 
skin abscesses occurred in younger, healthier people 
(appendix p 7). Independent predictors of bacteraemia 
were being at least 50 years of age, diabetes, hazardous 
alcohol use, chronic kidney disease, immunosuppression, 
malignancy, Indigenous ethnicity, and presentation in the 
4 high-rainfall months (appendix p 8).

Secondary foci were identified up to 3 weeks after 
admission; secondary pneumonia in 107 (19%) of 
553 patients without primary pneumonia, secondary 
prostatic abscesses in 40 (6%) of 618 male patients, 
osteomyelitis in 36 (3%) of 1133 patients, septic arthritis 
in 29 (3%) of 1119 patients, and secondary skin lesions 
usually as multiple pustules in 21 (2%) of 999 patients 
(19 of whom had bacteraemia).

Since 1995, all patients had imaging for internal 
abscesses, with CT scans of the abdomen and pelvis 
or abdominal ultrasound. Organ abscesses and other 
infection foci are listed in the appendix (p 10). Notably, 
99 patients showed CT-scan evidence of mediastinal 
lymphadenopathy with or without inflammatory masses, 
and ten patients had an inflammatory gastrointestinal 
mass. Over the 30 years, only two (<1%) of 1148 patients 
had parotid abscesses, both adults.

For the 60 patients with one or more recurrences 
(figure 2), median time from the date of initial 
admission to first relapse was 8·2 months (range 
3·4–54·1,  IQR 6·4–17·6), compared with 50·2 months 
(range 10·3–255·7; IQR 36·1–86·2) between initial 
admission and new infection. Relapse correlated with 
diabetes (25 [60%] of 42 patients had diabetes and relapsed 
vs 430 [44%] of 979 patients who did not relapse; p=0·046) 
and chronic renal disease (11 [26%] of 42 patients had 
chronic renal disease and relapsed vs 108 [11%] of 
979 patients who did not relapse; p=0·0027).

Of the 133 deaths from melioidosis, 127 happened 
during the initial melioidosis episode (figure 2); median 
time from admission to death was 4 days (range 0–481; 
IQR 1–15; appendix pp 14–16). Eight patients were dead 
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Figure 3: 30 years of melioidosis in the Top End of the Northern Territory, Australia
(A) Case numbers and incidence of melioidosis and rainfall in the Top End of the Northern Territory of Australia 
over 30 years. (B) Estimated incidence for the four high-rainfall months of December to March, by year, ethnicity, 
and region. Generalised additive model methods are shown in the appendix (p 3). Shaded colour represents 95% CI 
for the estimated incidence for each of the three groups.
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before arrival at hospital and 11 died on the day of 
admission. Five patients died on relapse and one from a 
new melioidosis infection (figure 2). Three children died, 
all with risk factors.22 For the remaining 130 deaths, 
median age was 55 years (range 20–92; IQR 45–64), 
with primary diagnosis including pneumonia causing 
90 (69%) deaths, bacteraemic sepsis without focus 
causing 18 (14%) deaths, genitourinary sepsis causing 
nine (7%) deaths, and neurological melioidosis causing 
four (3%) deaths. Three (2%) of 133 patients died without 
identified clinical risk factors and 97 (73%) patients who 
died had diabetes or hazardous alcohol use, or both. In the 
multivariable analysis, independent predictors of mortality 
were being at least 50 years of age, rheumatic heart disease 
or cardiac failure, malignancy, and presentation during 
the 4 high-rainfall months (appendix p 9).

Three major trends were identified over the 30 years, 
an increase in the incidence of melioidosis (figure 3A), a 
rising proportion of cases from urban Darwin and 
surrounding areas (figure 3B, appendix p 17), and a 
decrease in mortality (appendix p 11). During the first 
5 years, mortality from melioidosis occurred in 27 (31%) 
of 88 patients, but this decreased to 17 (6%) of 278 patients 
in the last 5 years (p<0·0001). This finding is unlikely to 
reflect improved case ascertainment capturing less 
severe disease. Over the three decades, we did not 
observe increased rates of bacteraemia or septic shock 
(appendix p 11). Furthermore, over the three decades 
there was a significant increase in the proportion of 
people aged at least 50 years, of females, and of diabetes, 
malignancy, and immunosuppression, whereas the 
proportion of those with no risk factors decreased 
significantly (appendix pp 11, 17). The only significant 
change in clinical presentations was a decrease in the 
number of patients presenting with neurological 
melioidosis (appendix p 11).

MLST of the 1108 (97%) available isolates from 
1148 primary presentations revealed 349 B pseudomallei 
sequence types, of which 243 were found only in a 
single patient. B pseudomallei sequence types from 
DPMS patients from Darwin and surrounding rural 
hamlets were analysed over the 30 years, and compared 
with sequence types from those in rural towns and remote 
Indigenous Top End communities. We found a large 
diversity of sequence types, which was especially evident 
in rural and remote Top End regions (appendix p 18). The 
number of different sequence types each year increased 
when rainfall and case numbers increased, but in 
urban Darwin and surrounding areas, the number of 
different sequence types per yearly total case numbers 
decreased over time (appendix pp 19–20). New sequence 
types continued to emerge each year, but at a diminishing 
rate, with significantly lower sequence-type diversity in 
years 21–30 compared with years 1–10 (appendix pp 19–20).

The relative proportions of common urban sequence 
types 36, 109, and 132 remained constant (appendix p 18). 
Sequence type 553 was rare in earlier years, but its 

prevalence increased to become the most common 
sequence type over the last 5 years of the study. 
Environmental sampling revealed a suburban hotspot 
for sequence type 553, with sequence-type 553 cases 
clustering in this area.23 The first case of melioidosis 
caused by sequence type 562 in Australia occurred in 
urban Darwin in 2005,24 and since then the proportion of 
cases caused by this sequence type, presumably 
introduced from Asia, has increased as sequence type 562 
has become more widely established.25

Discussion
Northeast Thailand and the Top End of Australia are the 
two locations where melioidosis has been consistently 
documented as a major cause of community-acquired 
sepsis, and in particular community-acquired pneu-
monia,26,27 both having annual incidences of around 20 cases 
per 100 000 people, with year-to-year variability linked to 
rainfall and with incidence increasing over time.28,29

The DPMS highlights the concept that B pseudomallei is 
an opportunistic pathogen.30 With rapid diagnosis, 
availability of appropriate specific antimicrobial therapy 
(ceftazidime or meropenem), and access to state-of-the-
art intensive care, overall mortality of melioidosis could 
be less than 10%, with death a rare outcome for 
healthy hosts. The relative contributions of these 
diagnostic and therapeutic approaches to the decrease in 
mortality in the Darwin study remains uncertain, but the 
reduction in mortality coincided with the introduction of 
an intensivist-led model of care and the empiric use of 
meropenem for critically ill patients.31 That mortality 
remains 40% or higher in many melioidosis-endemic 
regions reflects delays in presentation, scarce laboratory 
resources, and access to therapy and intensive care.28,32,33 
Indigenous Australians had higher incidences of melioi-
dosis throughout the study, probably reflecting higher 
rates of both clinical risk factors and environmental 

Total Bacteraemia* Septic shock Died from 
melioidosis

Pneumonia 595 (52%) 365 (62%) 179 (30%) 93 (16%)

Skin infection 149 (13%) 5 (3%) 2 (1%) 0

Genitourinary infection 140 (12%) 79 (58%) 16 (11%) 9 (6%)

Bacteraemia with no evident focus 130 (11%) 129 (99%)† 26 (20%) 20 (15%)

Soft tissue abscess 46 (4%) 9 (20%) 3 (6%) 1 (2%)

Septic arthritis 29 (3%) 21 (72%) 7 (24%) 4 (14%)

Neurological disease‡ 19 (2%) 4 (21%) 0 4 (21%)

Osteomyelitis 15 (1%) 9 (60%) 2 (13%) 1 (7%)

Other 25 (2%) 12 (48%) 5 (20%) 1 (4%)

Total 1148 633/1135 (56%) 240 (21%) 133 (12%)

Data are n (%). *13 blood cultures were not done; eight in patients presenting with pneumonia, four in those 
presenting with genitourinary infections, and one presenting with skin infection; eight of these patients were dead 
before arrival at hospital, six with pneumonia and two with genitourinary melioidosis. †One patient assigned to this 
group did not have confirmed bacteraemia. ‡11 patients presented with meningoencephalitis, often with cranial nerve 
palsies, four with cerebral abscesses, two with myelitis, one with meningitis, and one with an epidural abscess.

Table 2: Clinical presentations and outcomes for 1148 patients with melioidosis
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exposure. Overall mortality was not higher for 
Indi  genous Australians and Indigenous ethnicity was 
not an independent risk factor for death from melioidosis.

Support for recognition of melioidosis as an 
opportunistic infection is reflected in the findings from 
the DPMS, which show that clinical illness (melioidosis) 
and severe disease and death after exposure to 
B pseudomallei are determined predominantly by host 
clinical risk factors. Each wet-season weekend, thousands 
of children and healthy adults do recreational activities in 
often-muddy sport fields, gardens, and various tropical 
Darwin environments, where in a previous study, 
B pseudomallei was isolated from seven of ten popular 
sport fields.34 Despite this exposure and the substantial 
increase in case numbers over 30 years, the number of 
children with melioidosis remains between zero and three 
each year. The most common presentation in children 
was skin abscesses, mostly single, without fever and with 
no bacteraemia or evidence for infection elsewhere, 
probably reflecting robust innate and adaptive immunity 
controlling the inoculated bacteria at the skin and 
preventing bacteraemic spread.

Important gaps in understanding the epidemiology of 
infection with and disease from B pseudomallei remain. 
These gaps in understanding are reflected in the 
paradox that, despite similar melioidosis incidences, 
seropositivity for B pseudomallei in northeast Thailand is 
as high as 50%,35 whereas in northern Australia sero-
positivity is less than 5%.36 Substantial funding of 
research on melioidosis diagnostics, pathogenesis, 
therapeutics, and vaccines has been driven by the 
concern that aerosolised B pseudomallei poses a serious 
potential biothreat.4 Although inhalation of aerosols was 
postulated as the mode of infection in helicopter crews 
with melioidosis pneumonia during the Vietnam war, 
the relative contributions in endemic areas of inhalation, 
percutaneous inoculation, and ingestion of B pseudomallei 
remain unclear, as do the range of clinical scenarios 
following each mode of infection. It has been suggested 
that the higher numbers of parotid abscesses and liver 
abscesses observed in Thailand and elsewhere in 
southeast Asia than the numbers seen in Australia might 
be attributed to a higher rate of ingestion as the mode of 
infection in southeast Asia, where water supplies are 
often unchlorinated in rural regions.30,37

Although the spectrum of presentations of melioidosis 
is diverse, more than half of cases in this and other 
studies present with pneumonia.26,27,38 Although severity 
and outcome of melioidosis are predominantly driven by 
predisposing host clinical risk factors, the contribution 
of mode of infection particularly affects melioidosis 
pneumonia.4,30 Aerosol inhalation of B pseudomallei 
during severe weather events is supported by 
epidemiological analysis, aerosol sampling studies, and 
the common radiological findings of mediastinal 
involvement. In Singapore, proportionally more patients 
presented with pneumonia during heavy monsoonal 

seasons,38 consistent with our findings that show strong 
correlations of high-rainfall months with pneumonia, 
bacteraemia, and mortality. Air sampling in Taiwan 
during typhoons linked detection of B pseudomallei 
with a surge of melioidosis downwind in an urban 
environment.39 Whole-genome sequencing allowed us to 
match B pseudomallei from air sampling to clinical 
B pseudomallei isolates from a patient with pneumonia 
and mediastinal melioidosis.40

The global footprint of environmental B pseudomallei 
remains unknown but is informed by improved 
environmental sampling and melioidosis case detection. 
Reports from the Americas suggest the unmasking of 
previously-unrecognised endemic melioidosis in 
South America, and a potentially dynamic situation with 
the spread of B pseudomallei northwards in the Caribbean 
and Central America.41,42 The report of two possibly 
endemic cases of melioidosis in Texas10 requires targeted 
environmental sampling in the southern USA to 
establish whether B pseudomallei is endemic. Such 
confirmation would have major implications for 
biosecurity rulings around the laboratory handling and 
transport of B pseudomallei as a listed tier 1 select agent.

Genotyping of clinical and environmental isolates of 
B pseudomallei from Puerto Rico supports possible 
dispersal through severe weather events, such as 
hurricanes.42 Genotyping of 30 years of DPMS isolates 
shows large genomic diversity, reflecting the ancient 
origins of B pseudomallei on the Australian continent, but 
also the dynamic nature of B pseudomallei in a high-
incidence endemic setting. Although several dominant 
genotypes have persisted throughout the 30 years of the 
study, two B pseudomallei genotypes have emerged, with 
each of these two genotypes having a notable 
epidemiology. Sequence type 553 has increased to 
become the dominant genotype in the Darwin region, 
having proliferated during a period of intense urban 
construction. Sequence type 562 emerged in 2005 as a 
new genotype for urban Darwin. Sequence type 562 is 
phylogenetically a sequence type of Asian origin, with 
sequence type 562 also reported from Hainan Island, 
China and Taiwan.24 The low diversity among Australian 
sequence type 562 strains suggests a single introduction 
to northern Australia from Asia, estimated to have 
occurred in the late 1980s,25 but how this introduction 
occurred and specifically where from remain to be 
established.

Our study has some limitations. Over the 30 years of 
the study, we continued to use the original definitions for 
risk factors and septic shock,11 without adding 
contemporary pneumonia and sepsis severity scores, 
which have been developed since this prospective study 
commenced. Limiting severity analysis to bacteraemia, 
septic shock, and death precluded a more in-depth 
analysis of pathogenesis. Phylogeographical analysis of 
B pseudomallei genotypes is dependent on accurate 
location information, and even with prospective 
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collection of real-time patient history, attribution of 
location of infection will sometimes be incorrect for 
those who work and travel across the regions of the 
Top End. Our assessment of the extent of internal organ 
infection from disseminated melioidosis is likely to be an 
underestimate, given that routine imaging only began 
for all patients in 1995, and even with routine imaging, 
less extensive organ involvement might be missed.

In conclusion, the 30 year prospective study of 
melioidosis cases in the tropical Northern Territory 
confirms the importance of diabetes as the major 
risk factor for melioidosis and defines the spectrum 
of presentations and disease in a well resourced 
environment. Early diagnosis, specific antimicrobial 
therapy, and state-of-the-art intensive-care therapy have 
been associated with a reduction in mortality from 
melioidosis in Darwin to less than 10%. Genotyping of 
B pseudomallei informs both local molecular epidemiology 
and the evolving global melioidosis story.
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Supplementary Methods 

Setting 

The Top End of the Northern Territory encompasses around 500,000 km2 (Fig. 1). Darwin 

(12oS latitude) with surrounding rural hamlets has a population around 150,000. The 

remaining population of around 50,000 live in the rural towns of Katherine and Nhulunbuy 

and numerous remote Indigenous communities with populations of 50-3000 people. 

Definitions for demographical, clinical risk factors and clinical illness parameters 

Patient location was based on residence or a known likely location when infection occurred. 

Patients were each assigned to one of urban Darwin, Darwin rural hamlets, rural towns and 

remote Indigenous Top End communities or from outside the Top End (Fig. 1). 

Clinical risk factors and clinical illness parameters used constant definitions over the 30

years. Variables recorded were age, sex, ethnicity (Indigenous Australian Aboriginal or 

other), and the previously identified clinical risk factors of diabetes, hazardous alcohol use, 

chronic renal disease and chronic lung disease. Hazardous alcohol use was defined as greater 

than an average daily consumption of six standard drinks (60 g alcohol total) for males and 

four (40g alcohol total) for females. Chronic renal disease was defined as a creatinine of > 

150 umol/L (N. R. <90 umol/L) before the admission with melioidosis, or after completion of 

therapy if not previously documented. Chronic lung disease was defined as a documented 

diagnosis of chronic obstructive airways disease or bronchiectasis. Recent or current 

malignancy, immunosuppressive illness or immunosuppressive therapy, confirmed rheumatic 

heart disease or congestive cardiac failure and a history of recent kava ingestion were also

documented. “No clinical risk factors” referred to any patient with none of the above 

presumptive clinical risk factors.  
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Each patient was assigned to a single primary clinical diagnosis on presentation, representing 

the dominant organ involvement on clinical assessment by the Infectious Diseases team; 

pneumonia, skin infection without systemic symptoms, genitourinary melioidosis, 

bacteraemia with no evident focus, soft tissue abscess(es) either subcutaneous and/or lymph 

node, septic arthritis, osteomyelitis, neurological melioidosis and other.  Presence or absence 

of bacteraemia was recorded. Septic shock was defined as the presence of hypotension not 

responsive to fluid replacement, together with hypoperfusion abnormalities manifest as end 

organ dysfunction (American College of Chest Physicians/Society of Critical Care Medicine

Consensus Conference: definitions for sepsis and organ failure and guidelines for the use of 

innovative therapies in sepsis. Crit Care Med 1992;20: 864–874). This historical definition of 

septic shock was used throughout the 30 years and for this analysis contemporary pneumonia 

and sepsis severity scores such as the pneumonia severity index (PSI) and the APACHE score 

were not used, having not been created when this prospective study commenced.

Statistical and graphical methods

Patient demographic, epidemiological, clinical and laboratory details were stored in MariaDB 

v10.2.31 (Oracle, California) and analysed using Stata v15.1 (Stata, Texas). Relative risks 

were calculated to assess the risks of clinical risk factors among melioidosis patients on

binary outcomes such as mortality and 2-sided Fisher’s exact test and 95% confidence 

intervals were computed. P values of bivariate analyses were adjusted for multiple testing 

using the False Discovery Rate (FDR) method. A multivariable logistic regression model was 

constructed to identify demographic, clinical risk factor, seasonal and regional associations 

with various clinical presentations (pneumonia, skin abscess), bacteraemia and a fatal 

outcome from melioidosis. P values of bivariate analyses to select parameters for inclusion in 

the models were adjusted for multiple testing using the False Discovery Rate (FDR) method.

All variables with p<0.100 in bivariate analyses were included in the initial models. Variable 
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selection for the final multivariable models was through backward stepwise elimination

(p<0.100 threshold). Of note, for the outcome of mortality, diabetes and hazardous alcohol 

use each had p>0.100 on bivariate analysis and therefore were not included in the model. 

Incidence rate (IR) trends over time were estimated with the package “mgcv” in R (version 

4.0.2, R Development Core Team 2018) using a generalized additive model (GAM) with

outcome being monthly melioidosis cases and parameters being region (Darwin vs remote), 

ethnicity (Indigenous vs non-Indigenous), season (dry vs wet season) and smoothing terms 

months (cyclic cubic regression spline) and years (1989-2019). The latter was estimated by 

region and ethnicity using thin-plate regression splines. In order to get monthly IR per 

100,000 population, an offset (log) population and a negative binomial family (log link) were 

applied. To account for temporal autocorrelation, a first-order autoregressive (AR1) error 

model with estimated rho 0.08 was used. Nested models were compared using the Akaike's 

information criterion (AIC) and model residuals were checked for no temporal 

autocorrelation and meeting distributional assumptions. 

The association between IR trends over time and rainfall (monthly rainfall, Australian Bureau 

of Meteorology Darwin Airport weather station) were estimated in a separate model for the 

Darwin region and wet season (Nov to April) only. The same GAM model structure was used 

(estimated rho 0.23) with outcome being monthly cases in Darwin in the wet season, offset 

(log) population, parameters being ethnicity, rainfall and smoothing term years by ethnicity.

Multilocus sequence typing

The multilocus sequence typing (MLST) scheme for B. pseudomallei was first developed in 

2003 and targets the genetic sequence of seven housekeeping loci: ace (acetoacetyl coenzyme 

A reductase), gltB (glutamate synthase), gmhD (ADP-L-glycero-D-manno-heptose 6-

epimerase), lepA (GTPbinding elongation factor), lipA (lipoic acid synthetase), narK (nitrite 

extrusion protein) and ndh (NADH dehydrogenase). For each housekeeping locus, the 

130



different sequences obtained from the B. pseudomallei isolates are assigned as distinct alleles. 

Each isolate is then defined by a string of seven integers (the allelic profile), which 

correspond to the allele numbers at the seven loci. Each unique allelic profile is assigned a

sequence type (ST), which can then be assigned to any B. pseudomallei strain having that

specific allelic profile. New allelic profiles not on the database are assigned the next available 

ST number by JRW, the curator of the global B. pseudomallei MLST database (previously 

housed at http://bpseudomallei.mlst.net; now at http://pubmlst.org/bpseudomallei/). In 

addition to conventional MLST with sequencing of each of the seven alleles, in silico MLST 

is now possible using allelic sequence data derived from whole genome sequencing to

determine the ST. 

Supplementary Results 

Melioidosis and severe weather events

The flooding and evacuation of the regional town of Katherine in January 1998, which 

followed extensive inland movement of tropical cyclone Les was associated with 6 cases of 

melioidosis (Fig. 1). The  Category 5 severe tropical cyclone Thelma in December 1998 (Fig.

1), resulted in 6 cases from the remote Tiwi Islands north of Darwin and 6 mainland cases

from the Darwin region (Fig. 1). Several severe weather events with high rainfall particularly

in the Darwin region were associated with the two highest 12-monthly total case numbers in 

the Top End – 91 cases in the 2009-2010 12 months and 96 cases in 2011-2012, with tropical 

cyclone Grant causing widespread flooding in December 2011 (Fig. 1, Fig. 3A). 
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SUPPLEMENTARY TABLE 1 PRESUMPTIVE INFECTION EVENTS IN 255 
PATIENTS

Nature of Event Number of 
cases

Event examples

Cut skin documented 93 (36%) 15 gardening, 8 stick injury, 6 hunting, 5 fishing, 5 playing 
sports, 4 whipper-snipper/weed-wacker injury, 3 splinter, 2 
swimming, 1 puncture wound, 1 pitchfork in duck yard 

Injury/accident with 
soil/water exposure

14 (5%) 5 motor vehicle accident, 2 ingrown toenail resection, 1 crush 
injury, 1 fall from bike, 1 fall from flying fox, 1 fall from 
ladder, 1 fall from tree, 1 fall onto bitumen/asphalt, 1 potting 
mix in mouth post dental work

Flood water exposure 22 (9%) 17 cut skin 
Rainstorm exposure 35 (14%) 6 cyclone exposures, 6 exposed under shelter, 1 fishing
Gardening 18 (7%) 4 mowing lawn, 2 mulching
High pressure hosing 8 (3%)
Ingestion 2 (1%) 1 eating muddy sandwich, 1 mastitis breast milk ingestion
Bite/sting 8 (3%) 4 dog, 2 insect, 1 crocodile, 1 jellyfish

Burns 4 (2%)
Children playing in 
muddy yard

5 (2%)

Other surface 
water/soil/mud exposure 
- non-occupational

21 (8%) 3 aerosolized soil exposures, 3 car washing/cleaning, 2 walking 
in yard, 2 digging trench, 1 hunting, 1 clearing drains

Other surface 
water/soil/mud exposure 
- occupational

18 (7%) 4 earthmovings, 3 digging trench, 3 drilling, 1 fencing, 1 
jackhammering, 1 cleaning pumps, 1 brick laying, 1 clearing 
drains, 1 commando crawling, 1 cleaning

Swimming in river or 
waterhole

7 (3%)
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SUPPLEMENTARY TABLE 2A ASSOCIATIONS WITH PRESENTATION WITH 
PNEUMONIA

1P values adjusted for multiple testing using the False Discovery Rate (FDR) method.

Patients Prim Pneu Bivariate Multivariable
n % n % p1 OR p OR OR 95% CI

Age ≥50
No 572 50% 274 48% 0.012 0.065
Yes 576 50% 321 56% 1.4 1.3 0.98 - 1.7
Diabetes
No 635 55% 286 45% <0.0001 0.0004
Yes 513 45% 309 60% 1.8 1.6 1.2 - 2.1
Hazardous alcohol use
No 693 60% 338 49% 0.013 0.089
Yes 455 40% 257 57% 1.4 1.3 0.96 - 1.6
Chronic lung disease
No 836 73% 382 46% <0.0001 <0.0001
Yes 312 27% 213 68% 2.6 2.4 1.8 - 3.3
RHD/CCF
No 1046 91% 524 50% 0.0003 0.023
Yes 102 8.9% 71 70% 2.3 1.7 1.1 - 2.7
Season
Apr-Nov 381 33% 146 38% <0.0001 <0.0001
Dec-Mar 767 67% 449 59% 2.3 2.2 1.7 - 2.8
Indigenous
No 548 48% 244 45% <0.0001 0.0001
Yes 600 52% 351 59% 1.8 1.8 1.4 - 2.5
Sex
Male 720 63% 340 47% 0.0001 0.011
Female 428 37% 255 60% 1.6 1.4 1.1 - 1.9
Region
Darwin Urban 785 68% 424 54%

0.026 0.0011Remote Top 
End 363 32% 171 47% 0.8 0.6 0.4 - 0.8

Kava
No 1109 97% 584 53% 0.0043 0.038
Yes 39 3.4% 11 28% 0.4 0.4 0.2 - 1.0
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SUPPLEMENTARY TABLE 2B ASSOCIATIONS WITH PRESENTATION WITH 
SKIN ABSCESS(ES)

1P values adjusted for multiple testing using the False Discovery Rate (FDR) method.

Patients Primary Skin Bivariate Multivariable
n % n % p1 OR p OR OR 95% CI

Age ≥50
No 572 50% 101 18% <0.0001 0.0021
Yes 576 50% 48 8.3% 0.4 0.5 0.3 0.8
Diabetes
No 635 55% 127 20% <0.0001 <0.0001
Yes 513 45% 22 4.3% 0.2 0.2 0.1 0.4
Hazardous alcohol use
No 693 60% 111 16% 0.0002 0.0004
Yes 455 40% 38 8.4% 0.5 0.5 0.3 0.7
Chronic lung disease
No 836 73% 140 17% <0.0001 <0.0001
Yes 312 27% 9 2.9% 0.1 0.2 0.1 0.4
RHD/CCF
No 1046 91% 146 14% 0.0006 p≥0.100
Yes 102 8.9% 3 2.9% 0.2
Season
Apr-Nov 381 33% 73 19% <0.0001 <0.0001
Dec-Mar 767 67% 76 10% 0.5 0.5 0.4 0.8
Indigenous
No 548 48% 114 21% <0.0001 <0.0001
Yes 600 52% 35 5.8% 0.2 0.3 0.2 0.4
Immunosuppression
No 1042 91% 147 14% 0.0001 0.0074
Yes 106 9.2% 2 1.9% 0.1 0.1 0.03 0.6
Malignancy
No 1037 90% 146 14% 0.0002 0.011
Yes 111 10% 3 2.7% 0.2 0.2 0.1 0.7
Chronic kidney disease
No 1008 88% 147 15% <0.0001 0.018
Yes 140 12% 2 1.4% 0.1 0.2 0.04 0.8
Kava consumption
No 1109 97% 149 13% 0.0065 (skin n=0)
Yes 39 3.5% 0 0%
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SUPPLEMENTARY TABLE 2C ASSOCIATIONS WITH BACTERAEMIA ON 
PRESENTATION 

1P values adjusted for multiple testing using the False Discovery Rate (FDR) method.

Patients Bacteremic Bivariate Multivariable
n % n % p1 OR p OR OR 95% CI

Indigenous
No 548 48% 246 45% <0.0001 <0.0001
Yes 600 52% 387 65% 2.2 2.3 1.8 - 3.1
Age ≥50
No 572 50% 276 48% <0.0001 <0.0001
Yes 576 50% 357 62% 1.7 2.0 1.5 - 2.6
Diabetes
No 635 55% 289 46% <0.0001 <0.0001
Yes 513 45% 344 67% 2.4 2.1 1.6 - 2.8
Hazardous alcohol use
No 693 60% 358 52% 0.0041 0.0001
Yes 455 40% 275 60% 1.4 1.7 1.3 - 2.2
Chronic kidney disease
No 1008 88% 525 52% <0.0001 0.0003
Yes 140 12% 108 77% 3.1 2.2 1.4 - 3.5
Malignancy
No 1037 90% 552 53% 0.0001 0.0027
Yes 111 10% 81 73% 2.4 2.1 1.3 - 3.5
Immunosuppression
No 1042 91% 547 53% <0.0001 <0.0001
Yes 106 9.2% 86 81% 3.9 4.4 2.6 - 7.6
RHD_CCF
No 1046 91% 565 54% 0.016 p≥0.100
Yes 102 8.9% 68 67% 1.7
Season
Apr-Nov 381 33% 175 46% <0.0001 0.0004
Dec-Mar 767 67% 458 60% 1.7 1.6 1.2 - 2.1
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SUPPLEMENTARY TABLE 2D ASSOCIATIONS WITH MORTALITY

Patients Died Bivariate Multivariable
n % n % p1 OR p OR OR 95% CI

Age ≥50
No 572 50% 48 8.4% 0.0034 0.0027
Yes 576 50% 85 15% 1.9 1.8 1.2 - 2.7

Chronic lung disease
No 836 73% 88 11% 0.0788 p≥0.100
Yes 312 27% 45 14% 1.4

RHD/CCF
No 1046 91% 114 11% 0.0543 0.012
Yes 102 9% 19 19% 1.9 2.0 1.2 - 3.6
Immunosuppression

No 1042 91% 115 11% 0.0788 p≥0.100
Yes 106 9.2% 18 17% 1.6

Malignancy
No 1037 90% 113 11% 0.0543 0.0198
Yes 111 10% 20 18% 1.8 2.0 1.1 - 3.4
Chronic kidney disease

No 1008 88% 109 11% 0.0543 0.058
Yes 140 12% 24 17% 1.9 1.6 0.98 - 2.7
Season

Apr-Nov 381 33% 31 8.1% 0.0285 0.033
Dec-Mar 767 67% 102 13% 1.7 1.6 1.04 - 2.5
Decade

1989-1998 252 22% 51 20% 0.0001

1999-2008 286 25% 28 9.8% 0.43 0.0005 0.41 0.24 - 0.67

2009-2018 610 53% 54 8.9% 0.38 <0.0001 0.32 0.21 - 0.50
1P values adjusted for multiple testing using the False Discovery Rate (FDR) method.

Note: diabetes and hazardous alcohol use each had p>0.100 on bivariate analysis and therefore were not 

included in the model.
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SUPPLEMENTARY TABLE 3 INTERNAL ORGAN ABSCESSES AND OTHER 

FOCI OF INFECTION FROM 1148 CASES OF MELIOIDOSIS

Site Number (%)

Prostatic abscess(es) 143 (20%)1

Mediastinal lymphadenopathy/mass 99 (9%)

Splenic abscess(es) 72 (6%)

Liver abscess(es) 47 (3%)

Kidney abscess(es) 37 (3%)

Muscle abscess(es) 2 37 (3%)

Lymphadenitis 24 (2%)

Pericarditis 11 (<1%)

Para-intestinal mass 10 (<1%)

Brain abscess 7 (<1%)

Subphrenic abscess 7 (<1%)

Mycotic (pseudo)aneurysm 6 (<1%)

Epididymo-orchitis 6 (<1%)

Adrenal abscess 5 (<1%)

Mastitis/breast abscess 5 (<1%)

Extradural abscess 3 (<1%)

Parotid abscess 2 (<1%)

1 Calculated for males
2 Psoas, calf, thigh most common

Note: Routine abdominal imaging on all cases commenced in 1995. Prior to 1995 abdominal imaging was

performed at clinician discretion.
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SUPPLEMENTARY TABLE 4 EPIDEMIOLOGY, CLINICAL RISK FACTORS, 
CLINICAL PRESENTATIONS AND OUTCOMES BY DECADE

1989/1990-
1998/1999

1999/2000-
2008/2009

2009/2010-
2018/2019

p

(trend)n=252 n=286 n=610

n % n % n %

Epidemiology

Male 190 75% 180 63% 351 58% <0.0001

Indigenous Australian 130 52% 148 52% 322 53% -

Age <15y 9 3.6% 15 5.2% 24 3.9%
-

Age 15-49y 129 51% 141 49% 254 42%

Age 50+ 114 45% 130 46% 332 54% 0.0051

Urban Darwin and surrounds 152 60% 179 63% 455 75% <0.0001

Clinical
Risk

Factors

Diabetes 93 37% 117 41% 303 50% 0.0002

Hazardous alcohol use 95 38% 115 40% 245 40% -

Chronic lung disease 64 25% 77 27% 171 28% -

Chronic renal disease 24 10% 40 14% 76 13% -

Malignancy 11 4.4% 21 7.3% 79 13% <0.0001
Immunosuppressive therapy 
and other immunosuppression 14 5.6% 17 5.9% 75 12% 0.0004

Rheumatic heart disease and/or 
congestive cardiac failure 17 6.7% 23 8.0% 62 10% 0.091

Kava use 20 7.9% 7 2.4% 12 2.0% <0.0001

No clinical risk factors 54 21% 52 18% 80 13% 0.0015

Clinical
Presentations

and

Outcomes

Pneumonia 127 50% 149 52% 319 52% -

Genitourinary 37 15% 38 13% 65 11% 0.081

Bacteraemia no evident focus 23 9.1% 37 13% 70 12% -

Skin infection 31 12% 38 13% 80 13% -

Soft tissue abscess(es) 13 5.2% 6 2.1% 27 4.4% -

Neurological 9 3.6% 5 1.7% 5 0.8% 0.0045

Osteomyelitis 3 1.2% 4 1.4% 8 1.3% -

Septic arthritis 6 2.4% 7 2.4% 16 2.6% -

Other diagnosis 3 1.2% 2 0.7% 20 3.3% -

Bacteraemic 118 47% 180 63% 335 55% 0.15

Septic shock 49 19% 72 25% 119 20% -

ICU admission 39 16% 92 32% 147 24% 0.069

Mechanical ventilation 38 15% 66 23% 76 12% -

Died from melioidosis 51 20% 28 10% 54 9% <0.0001
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SUPPLEMENTARY FIGURE 1

ESTIMATED INCIDENCE RATES BY MONTH, ETHNICITY AND REGION FOR 
THE 30 YEARS 

See for generalized additive model (GAM) methods. Shaded colour 
represents 95% CI for the estimated monthly incidence rates for each of the three groups.
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SUPPLEMENTARY FIGURE 2

INCIDENCE RATES BY REGION AND ETHNICITY OVER 30 YEARS
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SUPPLEMENTARY FIGURE 3A

KAPLAN-MEIER SURVIVAL ANALYSIS DATA

141



SUPPLEMENTARY FIGURE 3B

KAPLAN-MEIER 60 DAY SURVIVAL ANALYSIS

95% confidence intervals were used for error bars.
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SUPPLEMENTARY FIGURE 3C

KAPLAN-MEIER 5 YEAR SURVIVAL ANALYSIS

95% confidence intervals were used for error bars.
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SUPPLEMENTARY FIGURE 4

SIGNIFICANT PARAMETER CHANGES OVER THE 30 YEARS OF THE DARWIN 
PROSPECTIVE MELIOIDOSIS STUDY BY DECADE

See Supplementary Table 4 for data on trends by decade.
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SUPPLEMENTARY FIGURE 5

BURKHOLDERIA PSEUDOMALLEI MULTILOCUS SEQUENCE TYPES 
DIVERSITY DYNAMICS OVER 30 YEARS

A. DARWIN AND SURROUNDS
B. RURAL AND REMOTE TOP END
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SUPPLEMENTARY FIGURE 6

BURKHOLDERIA PSEUDOMALLEI MULTILOCUS SEQUENCE TYPES 
DIVERSITY DYNAMICS IN DARWIN AND SURROUNDS OVER 30 YEARS
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Chapter 11. The Darwin Prospective Melioidosis Study: 

Conclusions and the future 

Published as: 

Currie BJ. Melioidosis: Evolving concepts in epidemiology, pathogenesis and treatment. 

Seminars in Respiratory and Critical Care Medicine 2015; 36:111–125. 

11.1 Chapter Overview and Update 

In this paper I cover the dynamic state of knowledge of the epidemiology, pathogenesis and 

therapy of melioidosis and highlight areas of uncertainty and future directions under the 

headings: Melioidosis, the Burkholderia genus and Burkholderia pseudomallei; Historical 

Aspects; Global Distribution of Melioidosis: Recent Expansion or Just Unmasking of B. 

pseudomallei?; Epidemiology: How Important is Inhalation and How Common is Latency?; 

Risk Factors for Melioidosis and Pathogenesis: Healthy People Shouldn’t Die from 

Melioidosis?; Clinical Manifestations: Enormous Diversity but Pneumonia Predominates; 

Diagnosis: Culture of B. pseudomallei Remains the Gold Standard; and Treatment: A Strong 

Evidence Base but New Directions Ahead? 

Since this 2015 paper, as noted in the overview to Chapter 3, whole genome sequencing of 

multiple isolates from diverse locations has helped clarify the origins and global dispersal 

patterns of B. pseudomallei: out of Australia to Southeast Asia, with subsequent dispersal to 

Africa and then more recently to the Americas.189,196 

Since 2015 there has continued to be unmasking of melioidosis in areas suspected but 

previously not confirmed to be endemic. Notably, there appears to also be quite a dynamic 

situation in the Americas, with the real possibility that B. pseudomallei may soon be found to 

be present in the environment of the southern United States. In addition, cases of melioidosis 

in returned travellers from endemic regions continue to occur in Europe, the United States 

and occasionally in Australia. 

As discussed in this paper, there had been cases of melioidosis in the United States in people 

with no history of travel to endemic regions. Exposure was thought to have possibly resulted 

from a source brought from Southeast Asia to the United States, with importation of exotic 

reptiles, plants or plant products or contaminated medicinal products all possible. Four such 
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cases have now occurred in the United States in 2021, each in a separate State and two being 

fatal. Extensive investigations by colleagues at the US Centers for Disease Control and 

Prevention have shown that the B. pseudomallei isolates from each case are virtually identical 

on whole genome sequencing. They recently linked these cases to an aromatherapy room 

spray imported from India and which was contaminated with B. pseudomallei of the same 

clonal type as the four cases (https://www.cdc.gov/melioidosis/outbreak/2021/index.html).270 

What remains uncertain in Australia is the extent of the presence of B. pseudomallei in the 

Australian environment. In addition to persisting subtropical foci in southwest Western 

Australia (Chapter 4) 252 and southeast Queensland,34 it is known that B. pseudomallei is 

present in arid central Australia, with occasional cases of melioidosis following rainfall and 

flooding in the Centre.172 How far south, east and west does the presence of B. pseudomallei 

extend from those central Australian foci and will endemicity expand with climate change?187 

Even in the highly endemic Top End of the Northern Territory, there is evidence of recent 

importation (late 1900s) of an Asian strain of B. pseudomallei, with subsequent local 

dispersal within the Northern Territory.182, 259 The origins of this imported strain and how it 

entered Australia remain entirely unknown. 

Antimicrobial therapy for melioidosis in Darwin has evolved with the Darwin Prospective 

Melioidosis Study. The 2015 version of the Darwin treatment guideline was presented in this 

2015 paper, and it has subsequently been revised in 2020.249 This 2020 Darwin Melioidosis 

Treatment Guideline is now the recommended therapy from the US Centers for Disease 

Control and Prevention (https://www.cdc.gov/melioidosis/treatment/index.html). 
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Melioidosis, the Burkholderia genus and
Burkholderia pseudomallei

Melioidosis is an infectious disease of humans and animals
resulting from infection with the gram-negative soil and
water bacterium, Burkholderia pseudomallei.1–4 The genus
Burkholderia is composed of a rapidly increasing number of

recognized species, withmany having specific environmental
niches and often complex interactions with other micro-
organisms and plants.5 Various Burkholderia species have
shown potential for biocontrol, bioremediation, and plant
growth promotion, while others are recognized plant patho-
gens.6 Most recently, an isolate recovered from the tropical
savannah environment of the Northern Territory of Australia
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Abstract Infection with Burkholderia pseudomallei can result in asymptomatic seroconversion, a
single skin lesion that may or may not heal spontaneously, a pneumonia which can be
subacute or chronic and mimic tuberculosis or rapidly progressive resulting in fatal
overwhelming sepsis. Latency with subsequent activation of disease is well recognized,
but very uncommon. Melioidosis also has a myriad of other clinical presentations and
diagnosis is often delayed because of this and because of difficulties with laboratory
diagnosis and lack of recognition outside melioidosis-endemic regions. The perception
of B. pseudomallei as a top tier biothreat agent has driven large funding for research, yet
resources for diagnosis and therapy of melioidosis in many endemic locations remain
extremely limited, with mortality as high as 50% in comparison to around 10% in regions
where state-of-the-art intensive care therapy for sepsis is available. Fatal melioidosis is
extremely unlikely from natural infection in a healthy person, provided the diagnosis is
made early, ceftazidime or meropenem is commenced and intensive care therapy is
available. While biothreat research is directed toward potential aerosol exposure to B.
pseudomallei, the overall proportion ofmelioidosis cases resulting from inhalation rather
than from percutaneous inoculation remains entirely uncertain, although the epidemio-
logy supports a shift to inhalation during severe weather events such as cyclones and
typhoons. What makes B. pseudomallei such a dangerous organism for patients with
diabetes and other selective risk factors remains unclear, but microbial genome-wide
association studies linking clinical aspects of melioidosis cases to nonubiquitous or
polymorphic B. pseudomallei genes or genomic islands are beginning to uncover specific
virulence signatures. Finally, what also remains uncertain is the global phylogeography
of B. pseudomallei and whether melioidosis is spreading beyond historical locations or is
just being unmasked in Africa and the Americas by better recognition and increased
surveillance.
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(MSMB43, with proposed new species name Burkholderia
humptydooensis) has been shown to produce a remarkable
array of novel natural compounds, including some exhibiting
potentially potent antitumor activity through inhibition of
pre-mRNA splicing.7,8

There is also an enormous diversity of antimicrobial
susceptibility profiles and antimicrobial resistance mecha-
nisms among the species in the Burkholderia genus. Within
the genus the notable pathogens for humans or animals are
limited to B. pseudomallei, Burkholderia mallei, the agent of
equine ganders, and various species from the Burkholderia
cepacia complex which are nosocomial pathogens for immu-
nocompromised individuals and can also have devastating
consequences once they colonize the airways of persons with
cystic fibrosis.9

Historical Aspects
In 1912, Whitmore and Krishnaswami described a newly
recognized septicemic disease in morphine addicts in
Rangoon, Burma.10 Fatal cases had extensive caseous consoli-
dation of the lung and abscesses in liver, spleen, kidney, and
subcutaneous tissues. They isolated a bacillus thatwas similar
to that causing glanders except that it was motile. Whitmore
noted the clinical similarity to glanders, and Stanton and
Fletcher subsequently proposed the name melioidosis, de-
rived from the Greek melis (distemper of asses).11

Of note glanders was described by Hippocrates and had
long been recognized as an occupational risk for horse
handlers and equine butchers, and in more recent times
veterinarians and laboratory workers. Despite glanders being
recognized for centuries before melioidosis was first de-
scribed, multilocus sequence typing (MLST)12 and whole
genome sequencing13,14 have shown that B. mallei is a clone
of B. pseudomallei, with a considerably smaller genome
reflecting the genome reduction that occurred in the evolu-
tion from the environmental B. pseudomallei to the mamma-
lian-adapted pathogen B. mallei that is no longer able to
survive in the environment outside its equine host. The host-
adaptation of B. mallei likely explains why it appears to be
more easily transmitted nosocomially than B. pseudomallei,
such as occurs with laboratory-acquired infections.15 It also
likely contributes to why B. malleimay be more able to cause
severe disease in healthy human hosts than B. pseudomallei;
in case series from locations with resources for rapid labora-
tory diagnosis and state-of-the-art therapy for severe sepsis,
fatal melioidosis is almost always restricted to those with
identified risk factors.16

Glanders together with anthrax was implicated in the first
modern era biological warfare, with attempts between 1915
and 1918 to infect horses in the United States, Romania, Spain,
Norway, and Argentina.17 Since, 2001 there has been an
exponential increase in research on B. pseudomallei and
melioidosis, driven in a large part because of the perceived
potential use of B. pseudomallei as a biological weapon. In
October 2012, B. pseudomalleiwas upgraded to a Tier 1 Select
Agent by the Centers for Disease Control and Prevention.18

Concerns of a deliberate release of B. pseudomallei are based
around the high mortality rate in published studies, the

ability for B. pseudomallei to be easily aerosolized in the
laboratory setting, intrinsic resistance to standard antimicro-
bial agents, the current lack of a vaccine and the diverse range
of disease presentations that confound and delay diagnosis,
particularly in nonendemic regions.

Global Distribution ofMelioidosis: Recent Expansion or
Just Unmasking of B. pseudomallei?
Melioidosis occurs predominantly in Southeast Asia, north-
ern Australia, South Asia and China and Taiwan.3,19 Despite
being first described in 1912 in Burma, then Malaysia and
Singapore from 1913, Vietnam from 1925 and Indonesia from
1929, melioidosis was not documented inThailand until 1955
and in Australia until 1949, despite these two countries
having the endemic regions with the highest documented
incidence rates. Thailand has by far the largest number of
melioidosis cases with an estimated 2,000 to 3,000 cases of
melioidosis each year,20 with most cases documented from
the northeastern provinces.21,22 The tropical “Top End” of the
Northern Territory of Australia has had a surge of cases since
two particularly heavy consecutive monsoonal wet seasons
beginning late 2009, with an incidence rate of 50.2 cases per
100,000 in the Top End population overall in 2009 to 2010.23

Melioidosis is now well recognized in and case series docu-
mented from Singapore, Malaysia, Brunei, Laos, Cambodia,
Vietnam, China (Hainan province and Hong Kong), Taiwan,
India, and Sri Lanka.

Maps of the global distribution of melioidosis have been
published and updated.1,24 Small case numbers have been
documented from the Philippines, Papua New Guinea, and
the Pacific Ocean islands of New Caledonia. Cases of melioi-
dosis are increasingly being documented from elsewhere
outside the classic endemic region, with sporadic human or
animal cases or environmental isolates of B. pseudomallei
from the Middle East, Africa, the Indian Ocean islands of
Mauritius, La Reunion and Madagascar, the Caribbean, and
Central and South America.25–28

Despite recent cases from Brazil, Puerto Rico, and various
African countries, the true extent and magnitude of the
presence of B. pseudomallei in the Caribbean, Central, and
South America and Africa remains entirely unknown. Fur-
thermore, it remains to be elucidated as towhether the recent
expansions of known endemic locations reflects just unmask-
ing of longer standing presence of B. pseudomallei in the local
environment or if there is substantial dissemination occur-
ring as a result of increasing human and/or animal and plant
and soil movements globally. Global warmingmaywell result
in expansion of the endemic boundaries of melioidosis.
Melioidosis endemic locations may vary in their specific
ecological niches for B. pseudomallei. For example, B. pseudo-
mallei has been shown to colonize and thrives in the rhizo-
sphere and aerial parts of native and imported grasses in
northern Australia, raising implications for global epidemiol-
ogy and potential dispersal.29

The origins and global dispersal of B. pseudomallei also
require further elucidation. It is likely that B. pseudomallei
evolved from an ancestral environmental Burkholderia spe-
cies and survived and proliferated in an as yet undetermined
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environmental niche of its own, possibly providing a bio-
defense role supporting cohabiting plant species. Phylogeo-
graphic reconstruction of B. pseudomallei genomes based on
combined analysis of single nucleotide polymorphisms from
whole genome sequencing and analysis of sequence data
from the seven MLST loci supported an Australian origin of
B. pseudomallei, with possibly a single introduction event into
Southeast Asia.30 This may have occurred during the last ice
age when low sea levels resulted in land bridges between
what are now islands in the Malay Archipelago. However, the
study focused on strains from Australia and Southeast Asia
and included few strains from the rest of the world. A recent
analysis of strains from the Caribbean, Central and South
America showed a consistent presence of the to-date other-
wise uncommon type G pattern in the 16S-23S internal
transcribed spacer of B. pseudomallei.31 This type G pattern
has also been found in strains fromAfrica and it was proposed
that these findings were consistent with the hypothesis that
the type G isolates may reflect a bottleneck that occurred
during the dispersal of B. pseudomallei from Southeast Asia to
the rest of the world. However, MLST analysis of strains with
the type G pattern shows considerable diversity and most
recently two confirmed autochthonous cases of human me-
lioidosis in Madagascar and a third case in a traveler infected
in Madagascar each had novel MLST sequence types.27 There-
fore, more ancient origins of B. pseudomallei could conceiv-
ably also explain the presence of B. pseudomallei of novel and
diverse genotypes in Africa and in the Americas. Whole
genome sequencing of multiple isolates from diverse loca-
tions is currently underway and should help resolve the
origins and global dispersal patterns of B. pseudomallei.

With improved clinical surveillance and laboratory diag-
nosis an increasing number of cases of melioidosis is being
reported in people infected in an endemic region who return
or travel to Europe, the United States and elsewhere.32

Tourists with diabetes and cystic fibrosis are especially at
risk if exposed to wet season soil and surface water and
monsoonal storms where aerosolization of B. pseudomallei is
suspected to occur.33

Three recent cases (2010, 2011, 2013) and two historical
cases (1950, 1971) of melioidosis have occurred in the United
States in people with no history of overseas travel to endemic
regions.34–36 Because of the potential biothreat scenario the
recent cases have been extensively investigated to ascertain a
source of infection. Despite comprehensive personal and
family history investigations and extensive sampling for B.
pseudomallei in the domestic environments using culture and
real-time polymerase chain reaction (PCR), including sam-
pling of pets, insects, soil, and houseplants, the source of the
infection was unable to be identified in any of the cases. The
MLST sequence type of B. pseudomallei from each of the three
cases was different but on interrogation of the global MLST
database (http://bpseudomallei.mlst.net/), eachwas linked to
a Southeast Asian origin. Therefore, in each case it is likely that
exposure resulted from a source brought from Southeast Asia
to the United States, with importation of exotic reptiles,
plants or plant products or contaminated medicinal products
all possible. With globalization of the medicinal products

market and recognition that contamination of antiseptics and
intravenous solutions with B. pseudomallei has resulted
in past clusters of melioidosis, vigilance is required to
diagnose such scenarios quickly. Diagnosis and therefore
appropriate therapy in the most recent and eventually fatal
case in the United States was delayed by over a month
because the initial B. pseudomallei isolated from blood was
misidentified.34

Epidemiology: How Important is Inhalation and How
Common is Latency?
Transmission of B. pseudomallei occurs primarily through
percutaneous inoculation and inhalation/aspiration. Inges-
tion is a common route of infection in grazing animals and a
recent matched case–control study from Thailand suggested
that for humans, ingestion of B. pseudomallei from unchlori-
nated domestic water supplies and other water sources such
as rivers may be more common than previously thought.37

This is supported by two outbreaks of melioidosis in Australia
that were linked to contamination of potable water with B.
pseudomallei, with the implicated water supplies being un-
chlorinated or with chlorine levels below standard.38,39

Transmission to infants through ingestion of breast milk
frommotherswithmelioidosismastitis has been described.40

Vertical and sexual transmission,41 zoonotic transmission
from animals with melioidosis42 and nosocomial infection
and transmission to laboratory staff are all very uncommon
but documented.

During severe weather events such as tropical monsoonal
storms, cyclones (southern hemisphere), hurricanes (north-
ern hemisphere), and typhoons (e.g., Hong Kong, Taiwan,
Philippines), there may be a shift from inoculation to inhala-
tion as the predominant route of B. pseudomallei transmis-
sion.43–47 Rainfall in the 2 weeks before the onset of
symptoms is an independent risk factor for a pneumonic
presentation, septic shock, and death, supporting a shift to
inhalation.45 Nevertheless, melioidosis pneumonia is also
well recognized to occur after documented inoculating skin
injuries such as soil-contaminated burns, with pneumonia
considered to result from hematogenous spread of B. pseu-
domallei from the inoculation site to the lungs.48 Melioidosis
pneumonia was documented following the devastating De-
cember 2004 Indian Ocean tsunami and these “tsunami lung”
cases were mostly associated with aspiration events, though
inoculation of the organism in the setting of lacerations also
may have occurred.49–51

The potential for inhalation of B. pseudomallei was first
raised in the descriptions of melioidosis pneumonia in
soldiers exposed to dusts raised by helicopter rotor blades
in Vietnam52 and helicopter-associated inhalation was impli-
cated in a recent case in a tourist returned from Singapore.53

Inhalational melioidosis is also supported by the increasing
recognition from computed tomography (CT) scanning that
mediastinal lymph nodes are not uncommonly seen in
melioidosis pneumonia. Animal studies also support the
potential importance of aerosol inhalation, with high lethali-
ty seen.54–57 Recently, an evidence-based clinical definition of
inhalationalmelioidosis has been described to provide amore
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focused definition for biothreat-related research and assist
those organizations who develop guidelines on emergency
response after a deliberate release of biothreat agents.58

Nevertheless, the overall proportion of melioidosis cases
resulting from inhalation rather than percutaneous inocula-
tion remains entirely uncertain and may well vary substan-
tially between locations and seasons depending on
occupational and recreational profiles and weather patterns.

Exposure to B. pseudomallei most commonly results in
subclinical diseasewith or without seroconversion. In north-
east Thailand modeling of serology data suggested that only
1:4,600 antibody-producing exposures result in clinical in-
fection in that region.59 However, the background seroposi-
tivity rate in parts of northeast Thailand has been
documented to exceed 50%, with most seroconversion oc-
curring between 6 months and 4 years of age.60 This sero-
positivity rate is far greater than that seen in tropical
Australia, where the incidence rates of confirmedmelioidosis
are similar to those seen in northeast Thailand, yet overall
seropositivity rates are under 5%.61,62 Furthermore, the
absolute case numbers from the Darwin prospective melioi-
dosis study from the tropical “Top End” of the Northern
Territory of Australia show that in each of two recent years 1
in every 2,000 people living in the Top End had culture-
confirmed melioidosis despite the low seropositivity rates
seen.23 The massive disparity between the Thai model of
infection/seropositivity/clinical disease and the data from
Australia reflects a large gap in our understanding of the
epidemiology of infection with and disease from B. pseudo-
mallei. This is mirrored in the uncertainty of how many
asymptomatic people with positive serology, presumably
reflecting infection with B. pseudomallei at some time point,
have not cleared their infection and have bacteria still
present in undetermined latent foci. Furthermore, of those
with latent infection, how many will subsequently have
activation of infection resulting in clinical disease (i.e., me-
lioidosis)? The latter concern was coined the “Vietnamese
time bomb,” with estimates from serology studies of
�225,000 potential cases in United States military personnel
returning from the Vietnamwar.63However, while occasion-
al cases of activation of B. pseudomallei from latency still
occur in Vietnam veterans, it is rare in comparison to the vast
numbers exposed.

Over the 25 years of the Darwin prospective melioidosis
study it is estimated that fewer than 4% of the cases were
potentially activation from latency, with the vast majority of
cases being recent infection progressing to clinical dis-
ease.16,64 The predominance of recent infection is supported
by the strongly seasonal nature ofmelioidosis, with 75% of the
cases in northeast Thailand65 and 81% of the cases in the
Northern Territory of Australia16 occurring during the mon-
soonal wet season. Nevertheless, vigilance for activation from
latency remains important, with the longest well docu-
mented latent periods between exposure in an endemic
region and the development of melioidosis in a nonendemic
region being 62 years in the United States (a returned WWII
prisoner of war in Burma–Thailand–Malaysia)66 and 24 years
in southern Australia.67

Risk Factors for Melioidosis and Pathogenesis: Healthy
People Shouldn’t Die from Melioidosis?
The clinical presentations, severity of disease and outcomes in
melioidosis are all influenced by bacterial load on exposure
(infecting dose), route of infection (see above for inhalation
vs. percutaneous inoculation), virulence of the infecting
strain of B. pseudomallei and most importantly the human
host risk factors. With rapid diagnosis, appropriate antibi-
otics, and state-of-the-art management of sepsis, death
from melioidosis in those without identified risk factors for
melioidosis is actually extremely uncommon. In the Darwin
prospective melioidosis study 113 of the 115 fatalities direct-
ly attributable to melioidosis over the 25 years to date have
occurred in patients with one or more known risk factors for
melioidosis (updated from Currie et al16). It has also been
noted that despite the large bacterial load in severely ill
patients with septicemic pulmonary melioidosis, person-to-
person transmission is extremely unusual, further supporting
the primary importance of host risk factors for development
of melioidosis.

Up to 80% of patients overall have one or more risk factor
formelioidosis, although in children,who account for 5 to 15%
of all the cases, risk factors are far less common, being present
in only 16% of Australian children with melioidosis.68 Risk
factors include diabetes (23–60% of patients), hazardous
alcohol use (12–39%), chronic lung disease (12–27%), chronic
renal disease (10–27%), thalassemia (7%), glucocorticoid
and other immunosuppressive therapy (< 5%), and cancer
(< 5%).16,22,69–71 In Thailand, the adjusted odds ratios for
diabetes and renal disease (chronic renal impairment or renal
or ureteric calculi) in cases of melioidosis versus controls
were 12.9 (95% confidence interval [CI], 5.1–37.2) and 2.9
(95% CI, 1.7–5.0), respectively.65

The predisposition to melioidosis in those with diabetes,
hazardous alcohol use, or chronic renal disease, likely reflects
impairment of their innate immune function, especially
neutrophil and other phagocytic cell functions, such as
mobilization, delivery, adherence, and ingestion and kill-
ing.71,72 The immunopathogenesis of melioidosis has been
extensively studied, with tightly regulated Toll-like receptor
responses from host cells seen and other pathogen recogni-
tion receptor/response mechanisms described.1,73–76 There
are important host protective mechanisms against B. pseu-
domallei in cytokine responses (especially adequate produc-
tion of interferon-γ) as well as potentially detrimental ones,
with the timing of cytokine release and the balance between
pro- and anti-inflammatory responses likely to determine the
severity of disease and outcome of infection.

In Thailand there was an association of severe melioidosis
with tumor necrosis factor (TNF)-α gene allele 2,77 which is
linked to higher constitutive and inducible production of
TNF-α. Recently, a common genetic polymorphism in the
NOD2 region, rs7194886, was found to be associated with
melioidosis.76 Although functional genetic variations in TLR1
have been associated with death from sepsis in white Amer-
icans, TLR4 and TLR5 genetic variations but not TLR1 genetic
variations have been linked to outcomes for melioidosis in the
Thai population.75,78–81 Nevertheless, the rarity of fatal
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melioidosis in patients without risk factors in the Darwin
prospective melioidosis study suggests that these and other
yet to be determined variable genetic polymorphisms in
human innate immune responses are likely to be considerably
less important overall in determining outcomes from melioi-
dosis than the presence of one or more of the recognized risk
factors for melioidosis.16

Although a vigorous cell-mediated immune response may
protect against disease progression,82,83 infection with hu-
man immunodeficiency virus does not appear to be a risk
factor for developingmelioidosis or formore severe disease or
a fatal outcome.84 Furthermore, there is no definitive evi-
dence for the development of functional immunity from
melioidosis after infection with B. pseudomallei and reinfec-
tion can occur with a different strain of B. pseudomallei after
successful treatment of melioidosis.70,85

B. pseudomallei has two chromosomes, with a large acces-
sory genome that includes multiple genomic islands that are
variably present in different strains and have a great propen-
sity for horizontal gene transfer.13,86,87 However, the specific
virulence mechanisms that make B. pseudomallei such a
dangerous pathogen for hosts with risk factors are poorly
elucidated. B. pseudomallei is a facultative intracellular path-
ogen that invades and replicates inside polymorphonuclear
leukocytes, macrophages, and some epithelial cell lines. B.
pseudomallei capsular polysaccharide is important in intra-
cellular survival of the bacteria88 and lipopolysaccharide
confers resistance to human serum.89 Type III and Type VI
secretion systems in B. pseudomallei are also important in cell
invasion and intracellular survival.90,91 Quorum sensing has
diverse potential roles in the virulence of B. pseudomallei,
including cell invasion, cytotoxicity, and antimicrobial resis-
tance.92 Other proposed virulence factors include a side-
rophore, secreted proteins such as proteases, lipases and
hemolysin, flagella, type IV pili, and other adhesins. Burkhol-
deria lethal factor-1 was recently described and is similar to
Escherichia coli cytotoxic necrotizing factor-1, with interfer-
ence with initiation of translation resulting in alteration of
the actin cytoskeleton and ultimately cell death.93 An addi-
tional survival factor for B. pseudomallei is the ability for
phenotypic switching with a change in colony morphology,
resulting in changes in the expression of putative virulence
factors such as biofilm and flagella.94,95

Although laboratory rodent studies of isolates of B. pseu-
domallei from animals, humans, and the environment have
shown that virulence can differ between B. pseudomallei
strains,96 the importance of this variation in virulence in
determining clinical aspects of melioidosis in humans re-
mains uncertain. In both animal and human clusters con-
firmed by genotyping to be from a clonal strain of B.
pseudomallei, the same outbreak strain can cause very differ-
ent clinical presentations and outcomes,with host risk factors
being most important in determining the severity of
disease.39

The previously described virulence factors are ubiquitous
amongst B. pseudomallei strains and any molecular basis for
differential pathogenesis and virulence between strains had
remained elusive until a recent study linking clinical data

from 556 melioidosis patients to B. pseudomallei genes which
are either variably present or polymorphic.97 That study
identified a B. mallei-like actin polymerization bimABm
gene that is strongly associated with neurological disease
and also a filamentous hemagglutinin gene, fhaB3, which is
associated with positive blood cultures but is negatively
correlatedwith localized skin lesionswithout sepsis. Ongoing
microbial genome-wide association studies linking clinical
aspects of melioidosis cases to nonubiquitous or polymorphic
B. pseudomallei genes or genomic islands are likely to uncover
additional virulence signatures.

Clinical Manifestations: Enormous Diversity but
Pneumonia Predominates
As noted previously, infection with B. pseudomallei usually
results in subclinical disease. In those who develop melioi-
dosis, disease presentation, severity, and outcome are all
substantially influenced by the presence or absence of risk
factors and route of infection, with infecting bacterial load
and in select cases the presence or absence of specific non-
ubiquitous B. pseudomallei virulence genes. The clinical spec-
trum of disease ranges from localized cutaneous infection at
an inoculation site with no systemic manifestations to over-
whelming sepsis and death. The incubation period ranges
from 1 to 21 days (mean 9 days) for acute presentations,48

which represent 85% of all cases in the large prospective study
from northern Australia.16 Onset of melioidosis within 24
hours has been seen in presumed aspiration after near-
drowning and, in some cases, after severe weather
events.98,99 Bacteremia on admission occurs in 40 to 60% of
the cases, septic shock in around 20% and pneumonia is the
presenting illness in over half of all cases. Mortality rates
overall are currently between 10% in Australia and 40% in
Thailand,21 with still higher rates in resource-poor areas
where access to diagnosis and therapy are limited. Before
ceftazidime and then goal-directed therapy for severe sepsis
were implemented for melioidosis at Royal Darwin Hospital
in the 1990s, melioidosis with septic shock requiring ventila-
tion in the intensive care unit was universally fatal.

Around 11% of the cases present with chronic melioidosis,
defined as illness with symptoms for longer than 2 months’
duration on presentation.16 The two major presentations of
chronicmelioidosis are pneumonia or nonhealing skin ulcers/
abscesses (usually but not always a single lesion) that have
failed to respond to antistaphylococcal therapy. The former
patients often have features mimicking tuberculosis, with
weight loss, fevers, night sweats, productive cough some-
times with hemoptysis and classically upper lobe infiltrates,
with or without cavitation on chest X-ray or CT scan. Disease
can be remitting and relapsing over months or even years and
is not uncommonly misdiagnosed as tuberculosis. Acute
deterioration with septicemia can occur in these patients
but overall mortality in chronic melioidosis is low. As dis-
cussed earlier the final 4% of the cases represent activation
from latent infection and these patients can present as
localized or disseminated disease.

As noted, pneumonia is the most common clinical presen-
tation of patients with melioidosis in all studies, accounting
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for over half of the cases and with both acute and chronic
manifestations possible.33,100 Secondary pneumonia after
another primary presentation occurs in around 10% of the
cases. Acute melioidosis pneumonia has a spectrum from
overwhelming septic shock with mortality up to 90%, to mild
undifferentiated pneumonia, which can be acute or subacute
in nature, with little mortality. Septicemic patients present
acutely unwell with prostration, high fevers, and often little
initial cough or pleuritic pain. Chest X-ray may initially have
limited infiltrates but can then rapidly progress to extensive
unilateral consolidation or diffuse nodular infiltrates
throughout both lungs. These infiltrates then coalesce and
cavitate, consistent with the caseous necrosis and multiple
metastatic abscess formation seen at autopsy. Nonsepticemic
patients with pneumonia have a more predominant cough,
with productive sputum and dyspnea, and their chest X-rays
show discrete but progressive consolidation in one or more
lobes. In endemic regions and in travelers returned from
endemic regions, acute pneumonia with upper lobe consoli-
dation warrants consideration of melioidosis, although lower
lobe infiltrates are also common.

In theDarwinprospective study13%of patients overall (28%
of patients without bacteremia) present with skin ulcers or
abscesses which are usually but not always single lesions at an
inoculation site that are indistinguishable from staphylococcal
or other bacterial or fungal skin lesions and have often failed to
respond to oral antibiotics administered before admission.101

Cellulitis is, however, very uncommon. Primary cutaneous
melioidosis is the most common presentation for children
with melioidosis in northern Australia, with 60% of children
presenting with skin lesion(s), while in contrast to adults only
20%of childrenpresentwith pneumonia.68Of note, inThailand
and Cambodia the commonest presentation for children with
melioidosis is suppurative parotitis, which has rarely been
seen in Australia.102,103 This regionally specific occurrence of
parotitis may reflect ingestion or aspiration of B. pseudomallei-
contaminated water from unchlorinated domestic water sup-
plies and other water sources.37

In Australia genitourinarymelioidosis appears muchmore
common than in Southeast Asia and accounts for 14% of all
presentations.16 It occurs predominantly in males with de-
velopment of prostatic abscesses.104 Presentation is with
fever in association with suprapubic pain, dysuria, difficulty
passing urine, or acute urinary retention requiring catheteri-
zation. Diarrhea frequently accompanies these symptoms. A
tender, boggy prostate may be found on rectal examination.
Prostatic abscesses can also be present on admission or
develop in a patient who has presentedwith another primary
diagnosis, usually pneumonia. Around 18% of all the males in
Australia with melioidosis are found to have prostatic
abscesses.

Presentation with bacteremia without a clinically evident
focus is being increasingly seen in Australia and currently
accounts for 10 to 15% of the cases. It is particularly common
in patients on immunosuppressive therapy for hematological
and solid organmalignancies and in those on hemodialysis for
chronic renal failure, potentially reflecting rapid progression
to bacteremia after infection occurs in a host with poor innate

immunity. Presentations with bacteremiawithout a clinically
evident focus are likely to increase asmore people in endemic
regions have access to more aggressive cancer chemotherapy
regimens and to dialysis. Clinical vigilance and in some cases
chemoprophylaxis against melioidosis with trimethoprim-
sulfamethoxazole are being incorporated into management
regimens for these patients.105

An uncommon but important presentation of melioidosis
in Australia is encephalomyelitis, accounting for approxi-
mately 4% of melioidosis cases in northern Australia.106–108

This clinical syndrome appears to be far less common in
Southeast Asia, where brain involvement in melioidosis is
usually cerebral abscesses secondary to bacteremic spread,
which is also seen in Australia.109 The clinical presentation of
melioidosis encephalomyelitis usually reflects primarily
brainstem infection and almost all have a normal or near-
normal initial state of consciousness. CT scan is often normal
but increased T2 signal is invariably seen on magnetic reso-
nance imaging, often extending beyond those areas of brain-
stem and spinal cord suggested by the clinical findings.
Prominent features include unilateral upper motor neuron
limb weakness, cerebellar signs, cranial nerve palsies (partic-
ularly VI, VII nerve palsies, and bulbar palsy). Some cases
present with flaccid paraparesis alone. Despite most patients
with melioidosis encephalomyelitis having no identified risk
factors for melioidosis, severe residual neurological deficits
can occur, including in children.68 Studies in mice have
supported the hypothesis that melioidosis encephalomyelitis
may result from B. pseudomallei directly invading the brain
via movement along olfactory and/or trigeminal nerve root
pathways following colonization of the nasal mucosa.110,111

The possibility has also been raised of direct brainstem or
spinal cord infection via nerve root translocation of bacteria
secondary to skin inoculation with B. pseudomallei on the
face/scalp or limbs, respectively.68 As already noted, recent
analysis of B. pseudomallei isolates has shown a correlation
between presentation with encephalomyelitis and the pres-
ence of the B. mallei-like actin polymerization bimABm gene;
a gene that has rarely been found in B. pseudomallei isolates
from outside Australia.97Whether melioidosis encephalomy-
elitis is truly limited both to genetically restricted strains of B.
pseudomallei and in geographical location has implications
for vaccine development as melioidosis encephalomyelitis
often occurs in healthy people without the classical risk
factors.

Occasionally, the primary presentation of melioidosis is
septic arthritis or osteomyelitis, or one or both of these can
develop after the patient has presentedwith another primary
diagnosis, usually pneumonia.112 Alsowell recognized, what-
ever the clinical presentation, are abscesses in internal or-
gans, especially spleen, kidney, prostate, and liver. That liver
abscesses are also much more common in Thailand than in
Australia may again reflect ingestion of B. pseudomallei-
contaminated water from unchlorinated water sources.

Unusual foci of melioidosis infection described in case
reports or case series include mycotic aneurysms, lymphade-
nitis resembling tuberculosis,mediastinalmasses, pericardial
collections, and pancreatitis.
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Diagnosis: Culture of B. Pseudomallei Remains the Gold
Standard
Melioidosis must be considered in febrile patients in or
returning from endemic regions to enable appropriate sam-
ples to be tested. Environmental recreational or occupational
exposure history should prompt heightened vigilance, as
should the presence of risk factors, most importantly diabe-
tes. Isolation of B. pseudomallei by culture is currently the
diagnostic gold standard, but can take up to 7 days for culture
and confirmation. Serologic testing with indirect hemagglu-
tination or various enzyme-linked immunosorbent assays113

without culture confirmation is considered inadequate to
confirm a diagnosis because of the background seropositivity
rates in those living in endemic locations.60 Furthermore, in
acute septicemic melioidosis early serology is initially nega-
tive in up to half of cases, but repeat testing often shows
seroconversion.114Nevertheless, positive serology in a tourist
returned fromvisiting an endemic area is useful in supporting
the possibility of melioidosis, but definitive diagnosis still
requires a positive culture.

B. pseudomallei readily grows in commercially available
blood culture media, but it is not unusual for laboratories in
nonendemic locations to misidentify the bacterium as a Pseu-
domonas or other Burkholderia species or to discount it as a
contaminant, with some commercial identification systems
being poor at identifying B. pseudomallei.115,116 Until they
developmore comprehensive profile databases, caution is also
required with identification of B. pseudomallei using the
evolving matrix-assisted laser desorption ionization-time of
flight mass spectrometry (MALDI-TOF MS) systems.117 Urine
cultures and cultures from nonsterile sites increase the likeli-
hood of diagnosis; the rate of successful diagnosis is increased
if sputum, ulcer or skin lesion swabs, throat and rectal swabs
are placed into Ashdown broth, a colistin-containing liquid
transport medium that facilitates the selective growth of B.
pseudomallei, or directly plated onto Ashdown agar which
containsgentamicin or a commercialB. cepaciamedium.118,119

B. pseudomallei can be identified from cultures by com-
bining the commercial API 20NE or 20E biochemical kit
profile with a simple screening system involving the Gram
stain (gram-negative bacilli with characteristic bipolar stain-
ing with a “safety pin” appearance), oxidase reaction, typical
growth characteristics, and resistance to certain antibiot-
ics.120 Alternatively, flagged blood cultures or bacterial colo-
nies on culture plates can now rapidly and accurately be
identified using real-time PCR targeting the B. pseudomallei
type III secretion system (TTS1) gene cluster121 or using
various locally developed antigen detection systems that
are not widely available, such as B. pseudomallei-specific latex
agglutination and immunofluorescence.122,123

Direct real-time PCR assays of clinical samples have been
trialed but, while providing amore rapid diagnosis, they have
to date been less sensitive than blood cultures for detecting
bacteremic melioidosis.124–126 Rapid immunofluorescence
microscopy of pus, sputum, and urine has been useful in
Thailand for rapid diagnosis but is not generally available
elsewhere.127 Most recently a rapid point-of-care antigen
detection test using a dipstick lateral flow immunoassay

(LFI) with a monoclonal antibody specifically targeting the
B. pseudomallei capsular polysaccharide has shown promise
when tested on sputum and pus.128 This LFI is, however, also
less sensitive than culture for blood samples.

Irrespective of clinical presentation, chest X-ray and imag-
ing of the abdomen and pelvis is recommended for all
patients with melioidosis to assess for abscesses in internal
organs. While abdominopelvic CT scanning is required for all
postpubertal males to best exclude prostate abscesses, ab-
dominal ultrasound is an alternative in children and females
to avoid radiation exposure.

Treatment: A Strong Evidence Base but New Directions
Ahead?
B. pseudomallei is characteristically resistant to penicillin,
ampicillin, first- and second-generation cephalosporins, gen-
tamicin, tobramycin, streptomycin, macrolides and polymyx-
ins. Before 1989, “conventional therapy” for melioidosis
consisted of a combination of chloramphenicol, trimetho-
prim–sulfamethoxazole, doxycycline, and sometimes kana-
mycin, given for 6 weeks to 6 months.4 There are also
historical reports of the successful use of trimethoprim–

sulfamethoxazole alone and tetracycline or doxycycline
alone. These conventional antibiotics are bacteriostatic rather
than bactericidal, and in vitro studies have shown various
combinations to be antagonistic.

B. pseudomallei is susceptible to various newer β-lactam
antibiotics, especially ceftazidime, imipenem, meropenem, pi-
peracillin, amoxicillin–clavulanate, ceftriaxone, and cefotax-
ime, with various degrees of bactericidal activity. The current
recommendations for therapy of melioidosis are informed by a
series of consecutive, large, elegant randomized comparative
studies undertaken in northeast Thailand since 1986. A recent
review of the treatment and prophylaxis of melioidosis com-
prehensively summarizes these studies and the historical and
recent literature.129 In addition, formal guidelines have been
published by the United States Centers for Disease Control
and Prevention following a 2010 workshop with global exper-
tise and representation, updating prior consensus
guidelines.130,131 ►Table 1 summarizes the current recom-
mendations for therapy of melioidosis,1,129 ►Table 2 provides
dosing recommendations for patients with renal im-
pairment,105 and ►Table 3 shows the Darwin recommenda-
tions for duration of intravenous and oral phases of therapy
based on the clinical presentation.

The most important clinical trial for melioidosis was an
open-label randomized trial in Thailand comparing ceftazi-
dime (120mg/kg/d) with conventional therapy.132 That study
showed that ceftazidime is associated with a 50% lower
overall mortality in severe melioidosis and from 1990 cefta-
zidime became the drug of choice for initial intensive therapy
for melioidosis. Subsequently, high-dose imipenem was
shown in another comparative trial from Thailand to be at
least as effective as ceftazidime for severe melioidosis, with
no differences in mortality between the groups but with
fewer treatment failures in those given imipenem.133 The
carbapenems imipenem and meropenem have the lowest
minimum inhibitory concentrations against B. pseudomallei,
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and in vitro time-kill studies to measure the rate of bacterial
killing have shown the carbapenems to perform better
against B. pseudomallei than ceftazidime.134,135 Observation-
al data from Australia suggested that meropenem produces
better outcomes in severe melioidosis than ceftazidime,
resulting in the recommendation that meropenem be used
as the drug of choice for severe melioidosis with septic
shock.136

Nevertheless, there is no evidence that ceftazidime is
inferior to meropenem for patients with melioidosis who
are not critically ill and ceftazidime remains the drug of choice
for initial therapy formost patients. Furthermore, ceftazidime
infusions (6 g over 24 hours, adult dose) through a peripher-
ally inserted central catheter using an elastomeric infusion
device (Baxter, Sydney, Australia) have enabled early hospital
discharge for in-home therapy.137 Meropenem is not

Table 2 Adult treatment dosing in renal impairment

Dose adjustment by eGFR - CLcr (mL/min)a Dose adjustment for dialysis

31–50 15–30 < 15 HD CAPD CRRT

Ceftazidime Up to 60 kg 1 g
8-hourly
Over 60 kg 2 g
8-hourly

Up to 60 kg 1 g
12-hourly
Over 60 kg 2 g
12-hourly

Up to 60 kg 1 g
24-hourly
Over 60 kg 2 g
24-hourly

As for eGFR
< 15, dose
after dialysis

As for eGFR
< 15 (if intra-
venous route is
inconvenient,
can administer
intraperitoneal-
ly with dwell
time of > 6 h
and 25% extra
dose)

2 g 12-hourly

Meropenem 1 g 12-hourly 1 g 12-hourly 1 g 24-hourly As for eGFR
< 15, dose af-
ter dialysis

As for
eGFR < 15

1 g 8-hourly

TMP þ SMXb Up to 60 kg
240 þ 1,200
mg 12-hourly
Over 60 kg
320 þ 1,600
mg 12-hourly

Up to 60 kg
240 þ 1,200
mg 24-hourly
Over 60 kg
320 þ 1,600
mg 24-hourly

Up to 60 kg
240 þ 1,200
mg 24-hourly
Over 60 kg
320 þ 1,600
mg 24-hourly

As for eGFR
< 15, dose af-
ter dialysis

As for
eGFR < 15

As for eGFR
15–30

Abbreviations: CAPD, chronic ambulatory peritoneal dialysis; CLcr, creatinine clearance, CRRT, continuous renal replacement therapy; eGFR,
estimated glomerular filtration rate; HD, hemodialysis.
aCreatinine clearance is calculated by Cockroft–Gault method (140 � age [y] � ideal body weight � 0.85 [if female]/0.814 � serum creatinine
[μmol/L] � 72).
Recommend to use ideal body weight for weight-based dose calculation.

bTMP þ SMX: trimethoprim þ sulfamethoxazole. Folic acid 5 mg daily is added for the duration of therapy.

Table 1 Therapy for melioidosis

Initial intensive therapy (see ►Table 2 for dosing in renal impairment and ►Table 3 for duration of therapy)

Ceftazidime (wards) 2 g (child: 50 mg/kg up to 2 g) IV, 6-hourly for at least 14 d

Or

Meropenem (ICU) 1 g (child: 25 mg/kg up to 1 g) IV, 8-hourly for at least 14 d

For neurological melioidosis meropenem is the initial IV therapy and the meropenem dose is doubled to 2 g (child: 50 mg/kg
up to 2 g) IV, 8-hourly

For neurological melioidosis, osteomyelitis, septic arthritis, genitourinary infection including prostatic abscesses, and
skin and soft tissue infections, add trimethoprim þ sulfamethoxazole from commencement of therapy in the eradication
doses as below

Prolonged IV therapy (4–8 wks or longer) is necessary for complicated pneumonia, deep-seated infection including prostatic
abscesses, neurological melioidosis, osteomyelitis, and septic arthritis: see ►Table 3

Eradication therapy required after the initial intensive therapy. (See ►Table 2 for dosing in renal impairment and ►Table 3
for duration of therapy)

Trimethoprim þ sulfamethoxazole child 6 þ 30 mg/kg up to 240 þ 1,200 mg; adult 40–60 kg, 240 þ 1,200 mg; > 60 kg,
320 þ 1,600 mg orally, 12-hourly for at least a further 3 mo

Plus

Folic acid 5 mg (child: 0.1 mg/kg up to 5 mg) orally, daily for at least a further 3 mo

Abbreviations: ICU, intensive care unit; IV, intravenously.
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adequately stable at ambient temperature in the tropics for
such in-home therapy.

Antimicrobial therapy is separated into the initial inten-
sive phase and the subsequent eradication phase.

Intensive Phase
Intravenous ceftazidime or meropenem is used and the
duration of initial intensive therapy should be a minimum
of 10 to 14 days, with longer treatment required for critically
ill patients, or for extensive pulmonary disease, deep-seated
collections or organ abscesses, osteomyelitis, septic arthritis,
and neurologic melioidosis. The therapeutic response can be
slow, with median time to defervescence up to 9 days, and
longer times seen in those with deep-seated abscesses.

Whether trimethoprim–sulfamethoxazole added to cefta-
zidime is superior to ceftazidime alone has been studied in
two randomized controlled trials in Thailand.138 Although
the addition of trimethoprim–sulfamethoxazole conferred no
survival benefit,139 the excellent tissue penetration of tri-
methoprim–sulfamethoxazole is the rationale for recom-
mending combination therapy in neurologic, cutaneous,
bone, joint, and prostatic melioidosis.

A large study from Thailand showed that primary resis-
tance to ceftazidime can occur but is exceedingly rare
(0.05%).140 Acquired ceftazidime resistance (occurring
subsequent to treatment commencement) remains very
uncommon but has beenwell described and the genetic basis
of several resistance mechanisms involved has been elucidat-
ed, including point mutations and gene deletions affecting
the class A β-lactamase, PenA.141,142 Primary or acquired
resistance tomeropenem in B. pseudomallei has not been seen
in Australia and is yet to be adequately documented
elsewhere.143

Eradication Phase
After initial intensive therapy, subsequent eradication therapy
has been considered necessary for preventing recrudescence or
later relapses of melioidosis. Again the regimens and duration

havebeen studied in a series of trials inThailand, themost recent
showing that adding doxycycline to trimethoprim–sulfameth-
oxazole confers no advantage over use of trimethoprim–sulfa-
methoxazole alone.144 Initial reports of primary resistance to
trimethoprim–sulfamethoxazole in over 10% of B. pseudomallei
isolates from Thailand and other Southeast Asian countries have
recently been shown to likely be incorrect and this reflects the
difficulties of assessing susceptibility to trimethoprim–sulfa-
methoxazole using disc diffusion rather than the validated E
testing.145 Primary resistance to trimethoprim–sulfamethoxa-
zole in isolates from Australia is exceptionally rare (2/234
resistant from consecutive cases, with only low level resistance
in these 2).143 Therefore, trimethoprim–sulfamethoxazole
should generally be considered the initial eradication agent of
choice for melioidosis globally.

Amoxicillin–clavulanate has been used as an alternative in
children and in pregnancy in some locations in Thailand but in
Australia trimethoprim–sulfamethoxazole is the preferred erad-
ication therapy for children.68 Acquired resistance is well docu-
mented when amoxicillin–clavulanate or doxycycline is used
and although less common, acquired resistance is also occasion-
ally seen for trimethoprim–sulfamethoxazole.146–150

Dosing recommendations for trimethoprim–sulfamethox-
azole and amoxicillin–clavulanate are based onmodeling and
empirical experience and are higher than the standard doses
generally used with these antibiotics.151,152 It is not uncom-
mon for adverse effects to occur with the prolonged course of
trimethoprim–sulfamethoxazole required, with rash, gastro-
intestinal symptoms, hyperkalemia, and rising creatinine
sometimes requiring dose modification or a switch to the
alternatives of doxycycline or amoxicillin–clavulanate.
Desensitization is worth attempting for nonsevere skin
reactions attributed to trimethoprim–sulfamethoxazole.

Duration of Intensive Phase, Eradication Phase, and Future
Directions
Studies from Thailand have shown that failure of eradica-
tion therapy is associated with poor compliance with

Table 3 Melioidosis treatment duration guideline

Clinical focus Minimum intensive intravenous
phase duration (wk)a

Eradication oral phase duration (mo)

Skin abscess 2 3

Bacteremia with no
focus

2 3

Pneumonia 2–4 3

Prostatic abscess, septic
arthritis and organ or
deep-seated tissue
collectionb

4 3

Osteomyelitis 6 6

Central nervous system
infection

8 6

aUse clinical judgment to guide prolongation of intensive phase if improvement is slow or if blood cultures remain positive at 7 days.
bIntensive phase duration is timed from date of most recent drainage of collection (e.g., prostatic abscess or joint washout) where culture of the
drainage specimen grew B. pseudomallei or where no specimen was sent for culture; clock is not reset if drainage specimen is culture negative.
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therapy, more severe disease (bacteremia and multifocal
disease) and duration of eradication therapy of less than
8 weeks.70,153,154 This is the basis of the current recom-
mendations that the duration of the eradication phase be
for 3 to 6 months.

Over the last decade, however, the duration of intravenous
therapy in patients treated at Royal Darwin Hospital has
increased, with local guidelines defining the minimum rec-
ommended duration of intravenous therapy based on the
clinical presentation (►Table 3). The median duration of
intravenous therapy for patients is now around 4 weeks. Of
the 410 patients admitted in the 9 years fromOctober 2003 to
September 2012, only 5 (1.2%) have relapsed, which is
significantly lower than in previous years (6.4%; p < 0.001)
85 and also lower than that reported from Thailand (9.7%).70

This is despite patients commonly ceasing the eradication
therapy early, frequently missing doses or not taking it at all.
The substantial decline in relapsed melioidosis in the Darwin
study despite the poor adherence to eradication therapy has
been attributed to the prolongation of the intravenous phase
for many patients and raises the possibility of future guide-
lines based solely intravenous therapy and without the need
for a prolonged eradication phase.

Recent case series do support the potential role for therapy
with oral trimethoprim–sulfamethoxazole for 3 months
without a preceding intravenous phase for selected patients
with localized cutaneous disease.68,103,155 Oral therapy alone
should be restricted to healthy patients with no underlying
risk factors who are systemically well and where dissemina-
tion or infection at other sites including lymph node involve-
ment has been excluded by a full melioidosis workup.

Other Therapeutic Aspects
Prostatic abscesses usually require drainage done under CT
or portable transrectal ultrasound guidance, which can be
performed in ventilated patients.112 Transurethral resec-
tion, is reserved for failures of the simpler procedures. Septic
arthritis usually requires operative drainage and washout,
sometimes necessitating multiple theater visits, especially
when there is adjacent osteomyelitis. While early long bone
osteomyelitis without abscess formation and vertebral oste-
omyelitis without epidural abscess may not require debride-
ment, aggressive surgical debridement of necrotic bone is
commonly necessary when diagnosis and appropriate anti-
biotic therapy are delayed. Mycotic aneurysms are increas-
ingly recognized as occurring in melioidosis and require
urgent surgery, often with insertion of prosthetic vascular
grafts. For those with prosthetic grafts lifelong suppressive
therapy with trimethoprim–sulfamethoxazole may be indi-
cated. In a recent case of melioidosis mycotic abdominal
aortic aneurysm in a traveler returned to Denmark from a
vacation inThailand, an autologous deep vein graft was used,
allowing cessation of therapy after 6 months total therapy.32

Surgical drainage of large abscesses is indicated, but this is
usually not necessary or possible for multiple small abscess-
es in the spleen and liver. Other internal collections fre-
quently resolve with medical therapy and rarely need to be
drained.

State-of-the-art intensive care management has resulted
in a substantial decrease in mortality in patients with me-
lioidosis septic shock. Together with resources for timely
laboratory diagnosis of melioidosis and availability of cefta-
zidime, what is critical is access to an adequately staffed
intensive care facility with capability of invasive monitoring,
quality airway management and ventilation and inotropic
support and renal replacement therapy.156 In December 1998
empirical use of granulocyte colony-stimulating factor
(G-CSF) in patients with strictly defined melioidosis septic
shock was commenced in the intensive care unit at Royal
Darwin Hospital in an attempt to counteract the functional
neutrophil defects thought to be critical in the pathogenesis
of severemelioidosis. Observational data showed a significant
improvement in survival with G-CSF.157 Nevertheless, con-
comitant improvements in other aspects of patient manage-
ment were confounding factors in that study. A randomized
controlled trial in Thailand showed no survival benefit of G-
CSF in that location where there are limited intensive care
resources, although survival was longer in the G-CSF
group.158 Given the importance of immune function in the
pathogenesis of melioidosis, patients withmelioidosis will be
a specific group that is worthy of study as other immune-
modulating therapies become available for use in patients
with sepsis.

Various newer antimicrobials have been tested in vivo and
in animal models, with none to date likely to replace cefta-
zidime or meropenem.129 Doripenem has minimum inhibi-
tory concentrations similar to meropenem but ertapenem,
tigecycline, and moxifloxacin appear to have limited in vitro
activity.159 Other potential novel therapeutic approaches for
melioidosis have recently been extensively reviewed.160–162

Development of a melioidosis vaccine has been heavily
funded in recent years because of the biothreat potential of B.
pseudomallei and for military purposes. A vaccine could also
have substantial benefits for those living in endemic regions
and for commercial livestock, although cost will be a major
impediment to availability. Preliminary studies have included
various conjugate, live attenuated, and heterologous vaccine
candidates, with none published to date conferring sterilizing
immunity.163,164

Concluding Remarks
B. pseudomallei and melioidosis have generated intense and
increasing interest over the last two decades, with many high
quality studies spanning molecular genomics, cutting edge
immunology and cell biology, animal challenge studies, clini-
cal microbiology and new diagnostics, large descriptive epi-
demiological and clinical studies and large randomized
controlled studies of antimicrobials. Mortality is now under
10% overall in locations with resources for rapid diagnosis,
early implementation of best antibiotics, and state-of-the-art
intensive care facilities for managing severe sepsis. However,
such resources are just not available or are extremely limited
in many of the regions where melioidosis is endemic. Around
25 years after Prof. Nick White and his colleagues in Thailand
showed a halving of mortality from melioidosis with cefta-
zidime, that antibiotic is still not available in much of
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Cambodia, where mortality from melioidosis is thought to
still be over 50%.

In the same world but under very different circumstances
we can ask “Is melioidosis as real a biothreat potential as the
research funding would suggest?” While B. pseudomallei can
be aerosolized and animal inhalation challenge studies show
high lethality, the paradox is that fatalmelioidosis is extreme-
ly unlikely from natural infection in a healthy person, provid-
ed early diagnosis and therapy are available. Melioidosis
could almost be classified as another opportunistic infection.
Nevertheless, while the clinical outcomes in healthy human
hosts of inhalation of a high bacterial load from a deliberate
release of B. pseudomallei remain uncertain, there are enough
diabetics and others with risk factors for melioidosis in major
urban centers to make a biothreat scenario a potential medi-
cal disaster that could rapidly overwhelm intensive care
facilities.

Acknowledgments
I would like to thank all my clinical and laboratory
colleagues at the Royal Darwin Hospital and the Menzies
School of Health Research for support with the Darwin
melioidosis studies, which have also been supported by
project grants from the Australian National Health and
Medical Research Council. Also, the global melioidosis
research community for collegiality and collaboration
over many years.

References
1 Wiersinga WJ, Currie BJ, Peacock SJ. Melioidosis. N Engl J Med

2012;367(11):1035–1044
2 White NJ. Melioidosis. Lancet 2003;361(9370):1715–1722
3 Cheng AC, Currie BJ. Melioidosis: epidemiology, pathophysiology,

and management. Clin Microbiol Rev 2005;18(2):383–416
4 Leelarasamee A, Bovornkitti S. Melioidosis: review and update.

Rev Infect Dis 1989;11(3):413–425
5 Vandamme P, Dawyndt P. Classification and identification of the

Burkholderia cepacia complex: Past, present and future. Syst Appl
Microbiol 2011;34(2):87–95

6 Compant S, Nowak J, Coenye T, Clément C, Ait Barka E. Diversity
and occurrence of Burkholderia spp. in the natural environment.
FEMS Microbiol Rev 2008;32(4):607–626

7 Gee JE, Glass MB, Novak RT, et al. Recovery of a Burkholderia
thailandensis-like isolate from an Australian water source. BMC
Microbiol 2008;8:54

8 Liu X, Biswas S, Berg MG, et al. Genomics-guided discovery of
thailanstatins A, B, and C As pre-mRNA splicing inhibitors and
antiproliferative agents from Burkholderia thailandensis
MSMB43. J Nat Prod 2013;76(4):685–693

9 Coenye T, Spilker T, Van Schoor A, LiPuma JJ, Vandamme P.
Recovery of Burkholderia cenocepacia strain PHDC from cystic
fibrosis patients in Europe. Thorax 2004;59(11):952–954

10 Whitmore A, Krishnaswami CS. An account of the discovery of a
hitherto underscribed infective disease occurring among the
population of Rangoon. Ind Med Gaz 1912;47:262–267

11 Stanton AT, Fletcher W. Melioidosis: a new disease of the tropics.
Trans Fourth Congr Far East Assoc Trop Med 1921;2:196–198

12 Godoy D, Randle G, Simpson AJ, et al. Multilocus sequence typing
and evolutionary relationships among the causative agents of

melioidosis and glanders, Burkholderia pseudomallei and Bur-
kholderia mallei. J Clin Microbiol 2003;41(5):2068–2079

13 HoldenMT, Titball RW, Peacock SJ, et al. Genomic plasticity of the
causative agent of melioidosis, Burkholderia pseudomallei. Proc
Natl Acad Sci U S A 2004;101(39):14240–14245

14 Nierman WC, DeShazer D, Kim HS, et al. Structural flexibility in
the Burkholderia mallei genome. Proc Natl Acad Sci U S A 2004;
101(39):14246–14251

15 Deitchman S, Sokas R. Glanders in a military research microbiol-
ogist. N Engl J Med 2001;345(22):1644

16 Currie BJ, Ward L, Cheng AC. The epidemiology and clinical
spectrum of melioidosis: 540 cases from the 20 year Darwin
prospective study. PLoS Negl Trop Dis 2010;4(11):e900

17 Wheelis M. First shots fired in biological warfare. Nature 1998;
395(6699):213

18 Butler D. Viral research faces clampdown. Nature 2012;
490(7421):456

19 Dance DA. Melioidosis: the tip of the iceberg? Clin Microbiol Rev
1991;4(1):52–60

20 Leelarasamee A. Melioidosis in Southeast Asia. Acta Trop 2000;
74(2-3):129–132

21 Limmathurotsakul D, Wongratanacheewin S, Teerawattanasook
N, et al. Increasing incidence of human melioidosis in Northeast
Thailand. Am J Trop Med Hyg 2010;82(6):1113–1117

22 Chaowagul W, White NJ, Dance DA, et al. Melioidosis: a major
cause of community-acquired septicemia in northeastern
Thailand. J Infect Dis 1989;159(5):890–899

23 Parameswaran U, Baird RW, Ward LM, Currie BJ. Melioidosis at
Royal Darwin Hospital in the big 2009-2010 wet season: compari-
sonwith the preceding 20 years. Med J Aust 2012;196(5):345–348

24 Currie BJ, Dance DA, Cheng AC. The global distribution of Bur-
kholderia pseudomallei and melioidosis: an update. Trans R Soc
Trop Med Hyg 2008;102(Suppl 1):S1–S4

25 Inglis TJ, Rolim DB, Sousa AdeQ.Melioidosis in the Americas. Am J
Trop Med Hyg 2006;75(5):947–954

26 Doker TJ, Sharp TM, Rivera-Garcia B, et al. Contact Investigation of
Melioidosis Cases Reveals Regional Endemicity in Puerto Rico.
Clin Infect Dis 2014

27 Garin B, Djaomazala I, Dubois-Cauwelaert N, et al; Mahafaly.
Autochthonous melioidosis in humans, Madagascar, 2012 and
2013. Emerg Infect Dis 2014;20(10):1739–1741

28 Katangwe T, Purcell J, Bar-Zeev N, et al. Human melioidosis,
Malawi, 2011. Emerg Infect Dis 2013;19(6):981–984

29 Kaestli M, Schmid M, MayoM, et al. Out of the ground: aerial and
exotic habitats of the melioidosis bacterium Burkholderia pseu-
domallei in grasses in Australia. Environ Microbiol 2012;14(8):
2058–2070

30 Pearson T, Giffard P, Beckstrom-Sternberg S, et al. Phylogeo-
graphic reconstruction of a bacterial species with high levels of
lateral gene transfer. BMC Biol 2009;7:78

31 Gee JE, Allender CJ, Tuanyok A, Elrod MG, Hoffmaster AR. Bur-
kholderia pseudomallei type G in Western Hemisphere. Emerg
Infect Dis 2014;20(4):682–684

32 Bodilsen J, Vammen S, Fuursted K, Hjort U. Mycotic aneurysm
caused by Burkholderia pseudomallei in a previously healthy
returning traveller. BMJ Case Rep 2014 Sep 22;2014. pii:
bcr2013202824. doi: 10.1136/bcr-2013-202824

33 Currie BJ. Melioidosis: an important cause of pneumonia in
residents of and travellers returned from endemic regions. Eur
Respir J 2003;22(3):542–550

34 Doker TJ, Quinn CL, Salehi ED, et al; Melioidosis Investigation
Team. Fatal Burkholderia pseudomallei infection initially re-
ported as a Bacillus species, Ohio, 2013. Am J Trop Med Hyg
2014;91(4):743–746

35 Stewart T, Engelthaler DM, Blaney DD, et al. Epidemiology and
investigation of melioidosis, Southern Arizona. Emerg Infect Dis
2011;17(7):1286–1288

Seminars in Respiratory and Critical Care Medicine Vol. 36 No. 1/2015

Melioidosis Update Currie 121

160



36 Engelthaler DM, Bowers J, Schupp JA, et al. Molecular investiga-
tions of a locally acquired case ofmelioidosis in Southern AZ, USA.
PLoS Negl Trop Dis 2011;5(10):e1347

37 Limmathurotsakul D, Kanoksil M,Wuthiekanun V, et al. Activities
of daily living associated with acquisition of melioidosis in
northeast Thailand: a matched case-control study. PLoS Negl
Trop Dis 2013;7(2):e2072

38 Inglis TJ, Garrow SC, Henderson M, et al. Burkholderia pseudo-
mallei traced to water treatment plant in Australia. Emerg Infect
Dis 2000;6(1):56–59

39 Currie BJ, Mayo M, Anstey NM, Donohoe P, Haase A, Kemp DJ. A
cluster of melioidosis cases from an endemic region is clonal and
is linked to the water supply using molecular typing of Burkhol-
deria pseudomallei isolates. Am J Trop Med Hyg 2001;65(3):
177–179

40 Ralph A, McBride J, Currie BJ. Transmission of Burkholderia
pseudomallei via breast milk in northern Australia. Pediatr Infect
Dis J 2004;23(12):1169–1171

41 Thatrimontrichai A, Maneenil G. Neonatal melioidosis: system-
atic review of the literature. Pediatr Infect Dis J 2012;31(11):
1195–1197

42 Choy JL, Mayo M, Janmaat A, Currie BJ. Animal melioidosis in
Australia. Acta Trop 2000;74(2-3):153–158

43 Cheng AC, Jacups SP, Gal D, Mayo M, Currie BJ. Extreme weather
events and environmental contamination are associated with
case-clusters ofmelioidosis in the NorthernTerritory of Australia.
Int J Epidemiol 2006;35(2):323–329

44 LoTJ, Ang LW, James L, Goh KT. Melioidosis in a tropical city state,
Singapore. Emerg Infect Dis 2009;15(10):1645–1647

45 Currie BJ, Jacups SP. Intensity of rainfall and severity of melioi-
dosis, Australia. Emerg Infect Dis 2003;9(12):1538–1542

46 Ko WC, Cheung BM, Tang HJ, et al. Melioidosis outbreak after
typhoon, southernTaiwan. Emerg Infect Dis 2007;13(6):896–898

47 Chen YL, Yen YC, Yang CY, et al. The concentrations of ambient
Burkholderia pseudomallei during typhoon season in endemic
area of melioidosis in Taiwan. PLoS Negl Trop Dis 2014;8(5):
e2877

48 Currie BJ, Fisher DA, Howard DM, et al. The epidemiology of
melioidosis in Australia and Papua New Guinea. Acta Trop 2000;
74(2-3):121–127

49 Allworth AM. Tsunami lung: a necrotising pneumonia in survi-
vors of the Asian tsunami. Med J Aust 2005;182(7):364

50 Athan E, Allworth AM, Engler C, Bastian I, Cheng AC. Melioi-
dosis in tsunami survivors. Emerg Infect Dis 2005;11(10):
1638–1639

51 Chierakul W, Winothai W, Wattanawaitunechai C, et al. Melioi-
dosis in 6 tsunami survivors in southern Thailand. Clin Infect Dis
2005;41(7):982–990

52 Howe C, Sampath A, Spotnitz M. The pseudomallei group: a
review. J Infect Dis 1971;124(6):598–606

53 Amadasi S, Dal Zoppo S, Bonomini A, et al. A Case of Melioidosis
Probably Acquired by Inhalation of Dusts During a Helicopter
Flight in a Healthy Traveler Returning From Singapore. J Travel
Med 2014

54 Jeddeloh JA, Fritz DL, Waag DM, Hartings JM, Andrews GP.
Biodefense-driven murine model of pneumonic melioidosis.
Infect Immun 2003;71(1):584–587

55 West TE, Myers ND, Liggitt HD, Skerrett SJ. Murine pulmonary
infection and inflammation induced by inhalation of Burkholde-
ria pseudomallei. Int J Exp Pathol 2012;93(6):421–428

56 Nelson M, Dean RE, Salguero FJ, et al. Development of an acute
model of inhalational melioidosis in the common marmoset
(Callithrix jacchus). Int J Exp Pathol 2011;92(6):428–435

57 Titball RW, Russell P, Cuccui J, et al. Burkholderia pseudomallei:
animal models of infection. Trans R Soc Trop Med Hyg 2008;102
(Suppl 1):S111–S116

58 Cheng AC, Currie BJ, Dance DA, et al. Clinical definitions of
melioidosis. Am J Trop Med Hyg 2013;88(3):411–413

59 Cheng AC, Wuthiekanun V, Limmathurotsakul D, Chierakul W,
Peacock SJ. Intensity of exposure and incidence of melioidosis in
Thai children. Trans R Soc Trop Med Hyg 2008;102(Suppl 1):
S37–S39

60 Wuthiekanun V, Chierakul W, Langa S, et al. Development of
antibodies to Burkholderia pseudomallei during childhood in
melioidosis-endemic northeast Thailand. Am J Trop Med Hyg
2006;74(6):1074–1075

61 James GL, Delaney B, Ward L, Freeman K, Mayo M, Currie BJ.
Surprisingly low seroprevalence of Burkholderia pseudomallei in
exposed healthy adults in the Darwin region of tropical Australia
where melioidosis is highly endemic. Clin Vaccine Immunol
2013;20(5):759–760

62 Ashdown LR, Guard RW. The prevalence of human melioidosis in
Northern Queensland. Am J Trop Med Hyg 1984;33(3):474–478

63 ClaytonAJ, Lisella RS,Martin DG.Melioidosis: a serological survey
in military personnel. Mil Med 1973;138(1):24–26

64 Currie BJ, Fisher DA, Anstey NM, Jacups SP. Melioidosis: acute and
chronic disease, relapse and re-activation. Trans R Soc Trop Med
Hyg 2000;94(3):301–304

65 Suputtamongkol Y, Hall AJ, Dance DA, et al. The epidemiology of
melioidosis in Ubon Ratchatani, northeast Thailand. Int J Epide-
miol 1994;23(5):1082–1090

66 Ngauy V, Lemeshev Y, Sadkowski L, Crawford G. Cutaneous
melioidosis in a man who was taken as a prisoner of war by
the Japanese during World War II. J Clin Microbiol 2005;43(2):
970–972

67 Kingston CW. Chronic or latent melioidosis. Med J Aust 1971;
2(12):618–621

68 McLeod C, Morris PS, Bauert PA, et al. Clinical presentation and
medical management of melioidosis in children: a 24-year pro-
spective study in the Northern Territory of Australia and review
of the literature. Clin Infect Dis 2014

69 Suputtamongkol Y, Chaowagul W, Chetchotisakd P, et al. Risk
factors for melioidosis and bacteremic melioidosis. Clin Infect Dis
1999;29(2):408–413

70 Limmathurotsakul D, Chaowagul W, Chierakul W, et al. Risk
factors for recurrentmelioidosis in northeast Thailand. Clin Infect
Dis 2006;43(8):979–986

71 Currie BJ, Fisher DA, Howard DM, et al. Endemic melioidosis in
tropical northern Australia: a 10-year prospective study and
review of the literature. Clin Infect Dis 2000;31(4):981–986

72 Easton A, Haque A, Chu K, Lukaszewski R, Bancroft GJ. A critical
role for neutrophils in resistance to experimental infection with
Burkholderia pseudomallei. J Infect Dis 2007;195(1):99–107

73 Wiersinga WJ, van der Poll T, White NJ, Day NP, Peacock SJ.
Melioidosis: insights into the pathogenicity of Burkholderia
pseudomallei. Nat Rev Microbiol 2006;4(4):272–282

74 WiersingaWJ,Wieland CW, DessingMC, et al. Toll-like receptor 2
impairs host defense in gram-negative sepsis caused by Burkhol-
deria pseudomallei (Melioidosis). PLoS Med 2007;4(7):e248

75 West TE, Myers ND, Chantratita N, et al. NLRC4 and TLR5 each
contribute to host defense in respiratory melioidosis. PLoS Negl
Trop Dis 2014;8(9):e3178

76 Myers ND, Chantratita N, Berrington WR, et al. The role of NOD2
in murine and human melioidosis. J Immunol 2014;192(1):
300–307

77 Nuntayanuwat S, Dharakul T, Chaowagul W, Songsivilai S. Poly-
morphism in the promoter region of tumor necrosis factor-alpha
gene is associated with severe meliodosis. Hum Immunol 1999;
60(10):979–983

78 Chantratita N, Tandhavanant S, Myers ND, et al. Common TLR1
genetic variation is not associated with death frommelioidosis, a
common cause of sepsis in rural Thailand. PLoS ONE 2014;9(1):
e83285

79 Chantratita N, Tandhavanant S, Myers ND, et al. Screen of whole
blood responses to flagellin identifies TLR5 variation associated
with outcome in melioidosis. Genes Immun 2014;15(2):63–71

Seminars in Respiratory and Critical Care Medicine Vol. 36 No. 1/2015

Melioidosis Update Currie122

161



80 West TE, Chierakul W, Chantratita N, et al. Toll-like receptor 4
region genetic variants are associated with susceptibility to
melioidosis. Genes Immun 2012;13(1):38–46

81 West TE, Chantratita N, Chierakul W, et al. Impaired TLR5
functionality is associatedwith survival inmelioidosis. J Immunol
2013;190(7):3373–3379

82 Barnes JL, Warner J, Melrose W, et al. Adaptive immunity in
melioidosis: a possible role for T cells in determining outcome of
infection with Burkholderia pseudomallei. Clin Immunol 2004;
113(1):22–28

83 Ketheesan N, Barnes JL, Ulett GC, et al. Demonstration of a cell-
mediated immune response in melioidosis. J Infect Dis 2002;
186(2):286–289

84 Chierakul W, Wuthiekanun V, Chaowagul W, et al. Short report:
disease severity and outcome of melioidosis in HIV coinfected
individuals. Am J Trop Med Hyg 2005;73(6):1165–1166

85 Sarovich DS, Ward L, Price EP, et al. Recurrent melioidosis in the
Darwin Prospective Melioidosis Study: improving therapies
mean that relapse cases are now rare. J Clin Microbiol 2014;
52(2):650–653

86 Tuanyok A, Auerbach RK, Brettin TS, et al. A horizontal gene
transfer event defines two distinct groups within Burkholderia
pseudomallei that have dissimilar geographic distributions.
J Bacteriol 2007;189(24):9044–9049

87 Tuanyok A, Leadem BR, Auerbach RK, et al. Genomic islands from
five strains of Burkholderia pseudomallei. BMC Genomics 2008;
9:566

88 Reckseidler-Zenteno SL, DeVinney R, Woods DE. The capsular
polysaccharide of Burkholderia pseudomallei contributes to sur-
vival in serum by reducing complement factor C3b deposition.
Infect Immun 2005;73(2):1106–1115

89 DeShazer D, Brett PJ, Woods DE. The type II O-antigenic polysac-
charide moiety of Burkholderia pseudomallei lipopolysaccharide
is required for serum resistance and virulence. Mol Microbiol
1998;30(5):1081–1100

90 Stevens MP,WoodMW, Taylor LA, et al. An Inv/Mxi-Spa-like type
III protein secretion system in Burkholderia pseudomallei mod-
ulates intracellular behaviour of the pathogen. Mol Microbiol
2002;46(3):649–659

91 Burtnick MN, Brett PJ, Harding SV, et al. The cluster 1 type VI
secretion system is a major virulence determinant in Burkhol-
deria pseudomallei. Infect Immun 2011;79(4):1512–1525

92 Ulrich RL, Deshazer D, Brueggemann EE, Hines HB, Oyston PC,
Jeddeloh JA. Role of quorum sensing in the pathogenicity of
Burkholderia pseudomallei. J Med Microbiol 2004;53(Pt 11):
1053–1064

93 Cruz-Migoni A, Hautbergue GM, Artymiuk PJ, et al. A Burkhol-
deria pseudomallei toxin inhibits helicase activity of translation
factor eIF4A. Science 2011;334(6057):821–824

94 Chantratita N, Tandhavanant S, Wikraiphat C, et al. Proteomic
analysis of colony morphology variants of Burkholderia pseudo-
mallei defines a role for the arginine deiminase system in
bacterial survival. J Proteomics 2012;75(3):1031–1042

95 Chantratita N, Wuthiekanun V, Boonbumrung K, et al. Biologi-
cal relevance of colony morphology and phenotypic switching
by Burkholderia pseudomallei. J Bacteriol 2007;189(3):
807–817

96 Ulett GC, Currie BJ, Clair TW, et al. Burkholderia pseudomallei
virulence: definition, stability and association with clonality.
Microbes Infect 2001;3(8):621–631

97 Sarovich DS, Price EP, Webb JR, et al. Variable virulence factors in
Burkholderia pseudomallei (melioidosis) associated with human
disease. PLoS ONE 2014;9(3):e91682

98 Achana V, Silpapojakul K, Thininta W, Kalnaowakul S. Acute
Pseudomonas pseudomallei pneumonia and septicemia follow-
ing aspiration of contaminated water: a case report. Southeast
Asian J Trop Med Public Health 1985;16(3):500–504

99 Lee N, Wu JL, Lee CH, Tsai WC. Pseudomonas pseudomallei
infection from drowning: the first reported case in Taiwan.
J Clin Microbiol 1985;22(3):352–354

100 Meumann EM, Cheng AC, Ward L, Currie BJ. Clinical features and
epidemiology of melioidosis pneumonia: results from a 21-year
study and review of the literature. Clin Infect Dis 2012;54(3):
362–369

101 Gibney KB, Cheng AC, Currie BJ. Cutaneous melioidosis in the
tropical top end of Australia: a prospective study and review of
the literature. Clin Infect Dis 2008;47(5):603–609

102 Dance DA, Davis TM, Wattanagoon Y, et al. Acute suppurative
parotitis caused by Pseudomonas pseudomallei in children.
J Infect Dis 1989;159(4):654–660

103 Pagnarith Y, Kumar V, Thaipadungpanit J, et al. Emergence of
pediatricmelioidosis in SiemReap, Cambodia. Am J TropMedHyg
2010;82(6):1106–1112

104 Morse LP, Moller CC, Harvey E, et al. Prostatic abscess due to
Burkholderia pseudomallei: 81 cases from a 19-year prospective
melioidosis study. J Urol 2009;182(2):542–547, discussion 547

105 Jabbar Z, Currie BJ. Melioidosis and the kidney. Nephrology
(Carlton) 2013;18(3):169–175

106 Woods ML II, Currie BJ, Howard DM, et al. Neurological melioi-
dosis: seven cases from the Northern Territory of Australia. Clin
Infect Dis 1992;15(1):163–169

107 Currie BJ, Fisher DA, Howard DM, Burrow JN. Neurological
melioidosis. Acta Trop 2000;74(2-3):145–151

108 Koszyca B, Currie BJ, Blumbergs PC. The neuropathology of
melioidosis: two cases and a review of the literature. Clin Neuro-
pathol 2004;23(5):195–203

109 Chadwick DR, Ang B, Sitoh YY, Lee CC. Cerebral melioidosis in
Singapore: a review of five cases. Trans R Soc TropMed Hyg 2002;
96(1):72–76

110 Owen SJ, Batzloff M, Chehrehasa F, et al. Nasal-associated lym-
phoid tissue and olfactory epithelium as portals of entry for
Burkholderia pseudomallei in murine melioidosis. J Infect Dis
2009;199(12):1761–1770

111 St John JA, Ekberg JA, Dando SJ, et al. Burkholderia pseudomallei
penetrates the brain via destruction of the olfactory and trigemi-
nal nerves: implications for the pathogenesis of neurological
melioidosis. MBio 2014;5(2):e00025

112 Morse LP, Smith J, Mehta J, Ward L, Cheng AC, Currie BJ. Osteo-
myelitis and septic arthritis from infection with Burkholderia
pseudomallei: A 20-year prospective melioidosis study from
northern Australia. J Orthop 2013;10(2):86–91

113 Cooper A, Williams NL, Morris JL, Norton RE, Ketheesan N,
Schaeffer PM. ELISA and immuno-polymerase chain reaction
assays for the sensitive detection of melioidosis. Diagn Microbiol
Infect Dis 2013;75(2):135–138

114 Cheng AC, O’brien M, Freeman K, Lum G, Currie BJ. Indirect
hemagglutination assay in patients with melioidosis in northern
Australia. Am J Trop Med Hyg 2006;74(2):330–334

115 Lowe P, Engler C, Norton R. Comparison of automated and
nonautomated systems for identification of Burkholderia pseu-
domallei. J Clin Microbiol 2002;40(12):4625–4627

116 Podin Y, Kaestli M, McMahon N, et al. Reliability of automated
biochemical identification of Burkholderia pseudomallei is re-
gionally dependent. J Clin Microbiol 2013;51(9):3076–3078

117 Cunningham SA, Patel R. Importance of using Bruker’s security-
relevant library for Biotyper identification of Burkholderia pseu-
domallei, Brucella species, and Francisella tularensis. J ClinMicro-
biol 2013;51(5):1639–1640

118 Peacock SJ, Chieng G, Cheng AC, et al. Comparison of Ashdown’s
medium, Burkholderia cepacia medium, and Burkholderia pseu-
domallei selective agar for clinical isolation of Burkholderia
pseudomallei. J Clin Microbiol 2005;43(10):5359–5361

119 Wuthiekanun V, Dance DA, Wattanagoon Y, Supputtamongkol Y,
Chaowagul W, White NJ. The use of selective media for the

Seminars in Respiratory and Critical Care Medicine Vol. 36 No. 1/2015

Melioidosis Update Currie 123

162



isolation of Pseudomonas pseudomallei in clinical practice. J Med
Microbiol 1990;33(2):121–126

120 Dance DA,Wuthiekanun V, Naigowit P,White NJ. Identification of
Pseudomonas pseudomallei in clinical practice: use of simple
screening tests and API 20NE. J Clin Pathol 1989;42(6):645–648

121 Novak RT, GlassMB, Gee JE, et al. Development and evaluation of a
real-time PCR assay targeting the type III secretion system of
Burkholderia pseudomallei. J Clin Microbiol 2006;44(1):85–90

122 Amornchai P, Chierakul W, Wuthiekanun V, et al. Accuracy of
Burkholderia pseudomallei identification using the API 20NE
system and a latex agglutination test. J Clin Microbiol 2007;
45(11):3774–3776

123 Chantratita N, Tandhavanant S, Wongsuvan G, et al. Rapid detec-
tion of Burkholderia pseudomallei in blood cultures using a
monoclonal antibody-based immunofluorescent assay. Am J
Trop Med Hyg 2013;89(5):971–972

124 Kaestli M, Richardson LJ, Colman RE, et al. Comparison of TaqMan
PCR assays for detection of the melioidosis agent Burkholderia
pseudomallei in clinical specimens. J Clin Microbiol 2012;50(6):
2059–2062

125 Meumann EM, Novak RT, Gal D, et al. Clinical evaluation of a type
III secretion system real-time PCR assay for diagnosing melioi-
dosis. J Clin Microbiol 2006;44(8):3028–3030

126 Chantratita N, Meumann E, Thanwisai A, et al. Loop-mediated
isothermal amplification method targeting the TTS1 gene cluster
for detection of Burkholderia pseudomallei and diagnosis of
melioidosis. J Clin Microbiol 2008;46(2):568–573

127 Wuthiekanun V, Desakorn V, Wongsuvan G, et al. Rapid immu-
nofluorescence microscopy for diagnosis of melioidosis. Clin
Diagn Lab Immunol 2005;12(4):555–556

128 Houghton RL, Reed DE, Hubbard MA, et al. Development of a
prototype lateral flow immunoassay (LFI) for the rapid diagnosis
of melioidosis. PLoS Negl Trop Dis 2014;8(3):e2727

129 Dance D. Treatment and prophylaxis of melioidosis. Int J Anti-
microb Agents 2014;43(4):310–318

130 Lipsitz R, Garges S, Aurigemma R, et al. Workshop on treatment
of and postexposure prophylaxis for Burkholderia pseudomal-
lei and B. mallei Infection, 2010. Emerg Infect Dis 2012;
18(12):e2

131 Peacock SJ, Schweizer HP, Dance DA, et al. Management of
accidental laboratory exposure to Burkholderia pseudomallei
and B. mallei. Emerg Infect Dis 2008;14(7):e2

132 White NJ, Dance DA, Chaowagul W, Wattanagoon Y, Wuthieka-
nun V, Pitakwatchara N. Halving of mortality of severe melioi-
dosis by ceftazidime. Lancet 1989;2(8665):697–701

133 Simpson AJ, Suputtamongkol Y, Smith MD, et al. Comparison of
imipenem and ceftazidime as therapy for severe melioidosis. Clin
Infect Dis 1999;29(2):381–387

134 Smith MD, Wuthiekanun V, Walsh AL, White NJ. Susceptibility of
Pseudomonas pseudomallei to some newer beta-lactam anti-
biotics and antibiotic combinations using time-kill studies. J
Antimicrob Chemother 1994;33(1):145–149

135 Smith MD, Wuthiekanun V, Walsh AL, White NJ. In-vitro activity
of carbapenem antibiotics against beta-lactam susceptible and
resistant strains of Burkholderia pseudomallei. J Antimicrob
Chemother 1996;37(3):611–615

136 Cheng AC, Fisher DA, Anstey NM, Stephens DP, Jacups SP,
Currie BJ. Outcomes of patients with melioidosis treated with
meropenem. Antimicrob Agents Chemother 2004;48(5):
1763–1765

137 Huffam S, Jacups SP, Kittler P, Currie BJ. Out of hospital treatment
of patients with melioidosis using ceftazidime in 24 h elasto-
meric infusors, via peripherally inserted central catheters. Trop
Med Int Health 2004;9(6):715–717

138 Chierakul W, Anunnatsiri S, Short JM, et al. Two randomized
controlled trials of ceftazidime alone versus ceftazidime in
combination with trimethoprim-sulfamethoxazole for the treat-

ment of severe melioidosis. Clin Infect Dis 2005;41(8):
1105–1113

139 Chierakul W, Anunnatsiri S, Chaowagul W, Peacock SJ, Chetch-
otisakd P, Day NP. Addition of trimethoprim-sulfamethoxazole to
ceftazidime during parenteral treatment of melioidosis is not
associated with a long-term outcome benefit. Clin Infect Dis
2007;45(4):521–523

140 Wuthiekanun V, Amornchai P, Saiprom N, et al. Survey of antimi-
crobial resistance in clinical Burkholderia pseudomallei isolates
over two decades in Northeast Thailand. Antimicrob Agents
Chemother 2011;55(11):5388–5391

141 Chantratita N, Rholl DA, Sim B, et al. Antimicrobial resistance to
ceftazidime involving loss of penicillin-binding protein 3 in
Burkholderia pseudomallei. Proc Natl Acad Sci U S A 2011;
108(41):17165–17170

142 Sarovich DS, Price EP, Von Schulze AT, et al. Characterization of
ceftazidime resistance mechanisms in clinical isolates of Bur-
kholderia pseudomallei from Australia. PLoS ONE 2012;7(2):
e30789

143 Crowe A, McMahon N, Currie BJ, Baird RW. Current antimicrobial
susceptibility of first-episode melioidosis Burkholderia pseudo-
mallei isolates from the Northern Territory, Australia. Int J Anti-
microb Agents 2014;44(2):160–162

144 Chetchotisakd P, Chierakul W, Chaowagul W, et al. Trimetho-
prim-sulfamethoxazole versus trimethoprim-sulfamethoxa-
zole plus doxycycline as oral eradicative treatment for
melioidosis (MERTH): a multicentre, double-blind, non-inferi-
ority, randomised controlled trial. Lancet 2014;383(9919):
807–814

145 Dance DA, Davong V, Soeng S, Phetsouvanh R, Newton PN, Turner
P. Trimethoprim/sulfamethoxazole resistance in Burkholderia
pseudomallei. Int J Antimicrob Agents 2014;44(4):368–369

146 Jenney AW, Lum G, Fisher DA, Currie BJ. Antibiotic susceptibility
of Burkholderia pseudomallei from tropical northern Australia
and implications for therapy of melioidosis. Int J Antimicrob
Agents 2001;17(2):109–113

147 Dance DA, Wuthiekanun V, Chaowagul W, Suputtamongkol Y,
White NJ. Development of resistance to ceftazidime and co-
amoxiclav in Pseudomonas pseudomallei. [letter]J Antimicrob
Chemother 1991;28(2):321–324

148 Dance DA, Wuthiekanun V, Chaowagul W, White NJ. The antimi-
crobial susceptibility of Pseudomonas pseudomallei. Emergence
of resistance in vitro and during treatment. J Antimicrob Chemo-
ther 1989;24(3):295–309

149 Dance DA, Wuthiekanun V, White NJ, Chaowagul W. Antibiotic
resistance in Pseudomonas pseudomallei. Lancet 1988;1(8592):
994–995

150 Chaowagul W, Simpson AJ, Suputtamongkol Y, Smith MD, Angus
BJ, White NJ. A comparison of chloramphenicol, trimethoprim-
sulfamethoxazole, and doxycycline with doxycycline alone as
maintenance therapy for melioidosis. Clin Infect Dis 1999;29(2):
375–380

151 ChengAC, ChierakulW, ChaowagulW, et al. Consensus guidelines
for dosing of amoxicillin-clavulanate in melioidosis. Am J Trop
Med Hyg 2008;78(2):208–209

152 Cheng AC, McBryde ES, Wuthiekanun V, et al. Dosing regimens of
cotrimoxazole (trimethoprim-sulfamethoxazole) for melioidosis.
Antimicrob Agents Chemother 2009;53(10):4193–4199

153 Chaowagul W, Suputtamongkol Y, Dance DA, Rajchanuvong A,
Pattara-arechachai J, White NJ. Relapse in melioidosis: incidence
and risk factors. J Infect Dis 1993;168(5):1181–1185

154 Limmathurotsakul D, ChaowagulW, Chantratita N, et al. A simple
scoring system to differentiate between relapse and re-infection
in patients with recurrent melioidosis. PLoS Negl Trop Dis 2008;
2(10):e327

155 Lumbiganon P, Chotechuangnirun N, Kosalaraksa P, Teerata-
kulpisarn J. Localized melioidosis in children in Thailand:

Seminars in Respiratory and Critical Care Medicine Vol. 36 No. 1/2015

Melioidosis Update Currie124

163



treatment and long-term outcome. J Trop Pediatr 2011;57(3):
185–191

156 Cheng AC,West TE, Limmathurotsakul D, Peacock SJ. Strategies to
reduce mortality from bacterial sepsis in adults in developing
countries. PLoS Med 2008;5(8):e175

157 Cheng AC, Stephens DP, Anstey NM, Currie BJ. Adjunctive granu-
locyte colony-stimulating factor for treatment of septic shockdue
to melioidosis. Clin Infect Dis 2004;38(1):32–37

158 Cheng AC, Limmathurotsakul D, Chierakul W, et al. A randomized
controlled trial of granulocyte colony-stimulating factor for the
treatment of severe sepsis due to melioidosis in Thailand. Clin
Infect Dis 2007;45(3):308–314

159 Harris P, Engler C, Norton R. Comparative in vitro susceptibility of
Burkholderia pseudomallei to doripenem, ertapenem, tigecycline
and moxifloxacin. Int J Antimicrob Agents 2011;37(6):547–549

160 Estes DM, Dow SW, Schweizer HP, Torres AG. Present and future
therapeutic strategies for melioidosis and glanders. Expert Rev
Anti Infect Ther 2010;8(3):325–338

161 Sarkar-Tyson M, Atkins HS. Antimicrobials for bacterial bioter-
rorism agents. Future Microbiol 2011;6(6):667–676

162 Schweizer HP. When it comes to drug discovery not all Gram-
negative bacterial biodefence pathogens are created equal: Bur-
kholderia pseudomallei is different. Microb Biotechnol 2012;
5(5):581–583

163 Peacock SJ, Limmathurotsakul D, Lubell Y, et al. Melioidosis
vaccines: a systematic review and appraisal of the potential to
exploit biodefense vaccines for public health purposes. PLoS Negl
Trop Dis 2012;6(1):1488

164 Choh LC, Ong GH, Vellasamy KM, et al. Burkholderia vaccines: are
we moving forward? Front Cell Infect Microbiol 2013;3:5

Seminars in Respiratory and Critical Care Medicine Vol. 36 No. 1/2015

Melioidosis Update Currie 125

164



165 

 

 

Publications from the Darwin Prospective Melioidosis Study 

Publications in Refereed Journals 

1. Woods ML, Currie BJ, Howard DM, et al. Neurologic melioidosis: 7 cases from the Northern 

Territory of Australia. Clinical Infect Dis 1992;15:163-169. 

https://doi.org/10.1093/clinids/15.1.163  

2. Ashdown LR, Currie BJ. Letter: Melioidosis: when in doubt leave the quinolone alone! Med 

J Aust 1992;157:427-428. https://doi.org/10.5694/j.1326-5377.1992.tb137276.x  

3. Currie B. Medicine in Tropical Australia. Med J Aust 1993;158:609-615. 

https://doi.org/10.5694/j.1326-5377.1993.tb137630.x  

4. Currie B. Melioidosis in Papua New Guinea: Is it less common than in tropical Australia? 

Trans R Soc Trop Med Hyg 1993;87:417. https://doi.org/10.1016/0035-9203(93)90018-l  

5. Merianos A, Patel M, Lane JM, ..., Currie B. The 1990-91 outbreak of melioidosis in the 

Northern Territory of Australia: epidemiology and environmental studies. Southeast Asian J 

Trop Med Pub Health 1993;24:425-435. https://pubmed.ncbi.nlm.nih.gov/7512752/  

6. Currie B, Howard D, The NV, Withnall K, Merianos A. The 1990-1991 outbreak of 

melioidosis in the Northern Territory of Australia. Clinical aspects. Southeast Asian J Trop 

Med Pub Health 1993;24:436-443. https://pubmed.ncbi.nlm.nih.gov/8160049/  

7. Currie B, Smith-Vaughan H, Golledge C, Buller N, Sriprakash KS, Kemp DJ. Pseudomonas 

pseudomallei isolates collected over 25 years from a non-tropical endemic focus show 

clonality on the basis of ribotyping. Epidemiol Infect 1994;113:307-312. 

https://doi.org/10.1017/s0950268800051736  

8. Currie B. Letter: Pseudomonas pseudomallei - insulin interaction. Infect Immun 

1995;63:3745. https://doi.org/10.1128/iai.63.9.3745-3745.1995  

9. Haase A, Melder A, Smith-Vaughan H, Kemp DJ, Currie BJ. RAPD analysis of isolates of 

Burkholderia pseudomallei from patients with recurrent melioidosis. Epidemiol Infect 

1995;115:115-121. https://doi.org/10.1017/s0950268800058179  

10. Haase A, Smith-Vaughan H, Melder A, Wood Y, Janmaat A, Gilfedder J, Kemp D, Currie B. 

Subdivision of Burkholderia pseudomallei ribotypes into multiple types by random amplified 

polymorphic DNA analysis provides new insights into epidemiology. J Clin Microbiol 

1995;33:1687-1690. https://doi.org/10.1128/jcm.33.7.1687-1690.1995  

https://doi.org/10.1093/clinids/15.1.163
https://doi.org/10.5694/j.1326-5377.1992.tb137276.x
https://doi.org/10.5694/j.1326-5377.1993.tb137630.x
https://doi.org/10.1016/0035-9203(93)90018-l
https://pubmed.ncbi.nlm.nih.gov/7512752/
https://pubmed.ncbi.nlm.nih.gov/8160049/
https://doi.org/10.1017/s0950268800051736
https://doi.org/10.1128/iai.63.9.3745-3745.1995
https://doi.org/10.1017/s0950268800058179
https://doi.org/10.1128/jcm.33.7.1687-1690.1995


166 

 

 

11. Lew AE, Currie BJ, Withnall KM, Desmarchelier PM. The 1990-1991 outbreak of 

melioidosis in the Northern Territory of Australia: Molecular epidemiology of Burkholderia 

pseudomallei isolates. SEA J Trop Med Public Health 1995;26:466-471. 

12. Morgan DS, Fisher D, Merianos A, Currie BJ. An 18 year clinical review of septic arthritis 

from tropical Australia. Epidemiol Infect 1996;117:423-428. 

https://doi.org/10.1017/s0950268800059070  

13. Howe PW, Holland HM, Burrow JCN, Currie BJ. Neurological melioidosis (Burkholderia 

pseudomallei) mimicking Guillain-Barre syndrome. Anaesth Intens Care 1997;25:166-167. 

https://doi.org/10.1177/0310057x9702500213  

14. Popoff IN, Nagamori J, Currie B. Melioidotic osteomyelitis in northern Australia. Aust NZ J 

Surg 1997;67:692-695. https://doi.org/10.1111/j.1445-2197.1997.tb07111.x  

15. Brook MD, Currie B, Desmarchelier PM. Isolation and identification of Burkholderia 

pseudomallei from soil using selective culture techniques and the polymerase chain reaction. 

J Appl Microbiol 1997;82:589-596. https://pubmed.ncbi.nlm.nih.gov/9172400/  

16. Haase A, Janzen J, Barrett S, Currie B. Toxin production by Burkholderia pseudomallei and 

correlation with severity of melioidosis. J Med Microbiol 1997;46:557-563. 

https://doi.org/10.1099/00222615-46-7-557  

17. Edmond K, Currie B, Brewster D, Kilburn C. Pediatric melioidosis in tropical Australia. 

Pediatr Infect Dis J 1998;17:77-80. https://doi.org/10.1097/00006454-199801000-00018  

18. Haase A, Brennan M, Barrett S, Wood Y, Huffam S, O’Brien D, Currie B. Evaluation of 

PCR diagnosis of melioidosis. J Clin Microbiol 1998;36:1039-1041. 

https://doi.org/10.1128/jcm.36.4.1039-1041.1998  

19. Maguire GP, Flavell HD, Burrow JCN, Currie BJ. Relapsing neurological melioidosis from 

the Top End of the Northern Territory. Aust NZ J Med 1998;28:219-220. 

https://doi.org/10.1111/j.1445-5994.1998.tb02978.x  

20. Bartley PP, Pender MP, Woods II ML, Walker D, Douglas JA, Allworth AM, Eisen DP, 

Currie BJ. Spinal cord disease due to melioidosis. Trans R Soc Trop Med Hyg 1999;93:175-

176. https://doi.org/10.1016/s0035-9203(99)90299-7  

21. Inglis TJJ, Garrow SC, Adams C, Henderson M, Mayo M, Currie BJ. Acute melioidosis 

outbreak in Western Australia. Epidemiol Infect 1999;123:437-443. 

https://doi.org/10.1017/s0950268899002964  

https://doi.org/10.1017/s0950268800059070
https://doi.org/10.1177/0310057x9702500213
https://doi.org/10.1111/j.1445-2197.1997.tb07111.x
https://pubmed.ncbi.nlm.nih.gov/9172400/
https://doi.org/10.1099/00222615-46-7-557
https://doi.org/10.1097/00006454-199801000-00018
https://doi.org/10.1128/jcm.36.4.1039-1041.1998
https://doi.org/10.1111/j.1445-5994.1998.tb02978.x
https://doi.org/10.1016/s0035-9203(99)90299-7
https://doi.org/10.1017/s0950268899002964


167 

 

 

22. Currie BJ, Fisher DA, Howard DM, Burrow JNC, Selva-nayagam S, Snelling PL, Anstey 

NM, Mayo MJ. The epidemiology of melioidosis in Australia and Papua New Guinea. Acta 

Tropica 2000;74:121-127. https://doi.org/10.1016/s0001-706x(99)00060-1 

23. Currie BJ, Fisher DA, Howard DM, Burrow JNC. Neurological melioidosis. Acta Tropica 

2000;74:145-151. https://doi.org/10.1016/s0001-706x(99)00064-9  

24. Low Choy J, Mayo M, Janmaat A, Currie BJ. Animal melioidosis in Australia. Acta 

Tropica 2000;74:153-158. https://doi.org/10.1016/s0001-706x(99)00065-0  

25. Currie B. Infectious diseases of tropical Australia. Medicine Today 2000;1:71-81. 

26. Currie BJ, Fisher DA, Anstey NM, Jacups SP. Melioidosis: Acute and chronic disease, 

relapse and re-activation. Trans R Soc Trop Med Hyg 2000;94:301-304. 

https://doi.org/10.1016/s0035-9203(00)90333-x  

27. Currie BJ, Fisher DA, Howard DM, Burrow JNC, et al. Endemic melioidosis in tropical 

northern Australia: A 10-year prospective study and review of the literature. Clin Infect Dis 

2000;31:981-986. https://doi.org/10.1086/318116  

28. Currie BJ. Melioidosis: an Australian perspective of an emerging infectious disease. Recent 

Adv Microbiol 2000;8:1-75. 

29. Jenney AWJ, Lum G, Fisher DA, Currie BJ. Antibiotic susceptibility of Burkholderia 

pseudomallei from tropical northern Australia and implications for therapy of melioidosis. Int 

J Antimicrobial Agents 2001;17:109-113. https://doi.org/10.1016/s0924-8579(00)00334-4  

30. Ullett GC, Currie BJ, Clair T, Mayo M, Ketheesan N, Labrooy J, Gal D, Norton R, Ashhurst 

Smith C, Barnes J, Warner J, Hirst RG. Burkholderia pseudomallei virulence: Definition, 

stability and association with clonality. Microbes Infect 2001;3:621-631. 

https://doi.org/10.1016/s1286-4579(01)01417-4  

31. Read KM, Currie B, McDonald P, Gordon DL. Case Report : Reactivation of latent 

melioidosis in association with staphylococcal endocarditis. Intern Med J 2001;31:130-131. 

https://doi.org/10.1111/j.1444-0903.2001.00022.x  

32. Edmond KM, Bauert P, Currie BJ. Paediatric melioidosis in the Northern Territory, an 

expanding clinical spectrum. J Paediatr Child Health 2001;37:337-341. 

https://doi.org/10.1046/j.1440-1754.2001.00660.x  

  

https://doi.org/10.1016/s0001-706x(99)00060-1
https://doi.org/10.1016/s0001-706x(99)00064-9
https://doi.org/10.1016/s0001-706x(99)00065-0
https://doi.org/10.1016/s0035-9203(00)90333-x
https://doi.org/10.1086/318116
https://doi.org/10.1016/s0924-8579(00)00334-4
https://doi.org/10.1016/s1286-4579(01)01417-4
https://doi.org/10.1111/j.1444-0903.2001.00022.x
https://doi.org/10.1046/j.1440-1754.2001.00660.x


168 

 

 

33. Currie BJ, Mayo M, Anstey NM, Donohoe P, Haase A, Kemp DJ. A cluster of melioidosis 

cases from an endemic region is clonal and is linked to the water supply using molecular 

typing of Burkholderia pseudomallei isolates. Am J Trop Med Hyg 2001;65:177-179. 

https://doi.org/10.4269/ajtmh.2001.65.177  

34. Munckhof WJ, Mayo MJ, Scott I, Currie BJ. Fatal human melioidosis acquired in a 

subtropical Australian city . Am J Trop Med Hyg 2001;65:325-328. 

https://doi.org/10.4269/ajtmh.2001.65.325  

35. Haran MJ, Jenney AW, Flavell HD, Keenan RJ, Anstey NM, Currie BJ. Paraplegia 

secondary to Burkholderia pseudomallei myelitis. Arch Physical Med Rehab 2001;82:1630-

1632. https://doi.org/10.1053/apmr.2001.25074  

36. Stephens DP, Fisher DA, Currie, BJ. An audit of the use of granulocyte colony stimulating 

factor (G-CSF) in septic shock. Intern Med J 2002;32:143-148. 

https://doi.org/10.1046/j.1445-5994.2002.00195.x  

37. Holland DJ, Wesley A, Drinkovic D, Currie BJ. Cystic fibrosis and Burkholderia 

pseudomallei infection: an emerging problem? Clin Infect Dis 2002;35:e138-140. 

https://doi.org/10.1086/344447  

38. Smith-Vaughan HC, Gal D, Lawrie PM, Winstanley C, Sriprakash KS, Currie BJ. Ubiquity 

of putative type III secretion genes among clinical and environmental Burkholderia 

pseudomallei in Northern Australia. J Clin Microbiol 2003;41:883-885. 

https://doi.org/10.1128/jcm.41.2.883-885.2003  

39. Elliott JH, Carson P, Currie BJ. Burkholderia pseudomallei mycotic aneurysm. Intern Med 

J 2003;33:323-324. https://doi.org/10.1046/j.1445-5994.2003.00359.x  

40. Cheng AC, Hanna JN, Norton R, Hills SL, Davis J, Krause VL, Dowse G, Inglis TJ, Currie 

BJ. Melioidosis in northern Australia, 2001-02. Commun Dis Intell 2003;27:272-277. 

https://pubmed.ncbi.nlm.nih.gov/12926743/  

41. Currie BJ. Melioidosis: an important cause of pneumonia in residents of and travellers 

returned from endemic regions. Eur Resp J 2003;22:542-550. 

https://doi.org/10.1183/09031936.03.00006203  

42. Currie BJ, Jacups SP. Intensity of rainfall and severity of melioidosis, Australia. Emerg 

Infect Dis 2003;9:1538-1542. https://doi.org/10.3201/eid0912.020750  

  

https://doi.org/10.4269/ajtmh.2001.65.177
https://doi.org/10.4269/ajtmh.2001.65.325
https://doi.org/10.1053/apmr.2001.25074
https://doi.org/10.1046/j.1445-5994.2002.00195.x
https://doi.org/10.1086/344447
https://doi.org/10.1128/jcm.41.2.883-885.2003
https://doi.org/10.1046/j.1445-5994.2003.00359.x
https://pubmed.ncbi.nlm.nih.gov/12926743/
https://doi.org/10.1183/09031936.03.00006203
https://doi.org/10.3201/eid0912.020750


169 

 

 

43. Cheng AC, Lowe M, Stephens DP, Currie BJ. Ethical problems of evaluating a new 

treatment for melioidosis. BMJ 2003;327:1280-1282. 

https://doi.org/10.1136/bmj.327.7426.1280  

44. Cheng AC, Mayo MJ, Gal D, Currie BJ. Chlorination and pH of drinking water do not 

correlate with rates of melioidosis in the Northern Territory, Australia. Trans R Soc Trop 

Med Hyg 2003;97:511-512. https://doi.org/10.1016/s0035-9203(03)80009-3  

45. Cheng AC, Jacups SP, Anstey NM, Currie BJ. A proposed scoring system for predicting 

mortality in melioidosis. Trans R Soc Trop Med Hyg 2003;97:577-581. 

https://doi.org/10.1016/s0035-9203(03)80035-4  

46. Cheng AC, Stephens DP, Currie BJ. Granulocyte Colony Stimulating Factor as an adjunct 

to antibiotics in the treatment of pneumonia in adults. Review. Cochrane Database Syst Rev 

2003;(4):CD004400. https://doi.org/10.1002/14651858.cd004400  

47. Cheng AC, Stephens DP, Anstey NM, Currie BJ. Adjunctive granulocyte colony - 

stimulating factor for treatment of septic shock due to melioidosis. Clin Infect Dis 

2004;38:32-37. https://doi.org/10.1086/380456  

48. Cheng AC, Fisher DA, Anstey NM, Stephens DP, Jacups SP, Currie BJ. Outcomes of 

patients with melioidosis treated with meropenem. Antimicrob Agents Chemother 

2004;48:1763-1765. https://doi.org/10.1128/aac.48.5.1763-1765.2004  

49. O’Brien M, Freeman K, Lum G, Cheng AC, Jacups SP, Currie BJ. Further evaluation of a 

rapid diagnostic test for melioidosis in an area of endemicity. J Clin Microbiol 

2004;42:2239-2240. https://doi.org/10.1128/jcm.42.5.2239-2240.2004  

50. Cheng AC, O’Brien M, Jacups SP, Anstey NM, Currie BJ. C-reactive protein in the 

diagnosis of melioidosis. Am J Trop Med Hyg 2004;70:580-582. 

https://pubmed.ncbi.nlm.nih.gov/15155996/  

51. Cheng AC, Stephens DP, Currie BJ. Granulocyte Colony Stimulating Factor as an adjunct 

to antibiotics in the treatment of pneumonia in adults. Review. Cochrane Database Syst Rev 

2004;(3):CD004400. https://doi.org/10.1002/14651858.cd004400.pub2  

52. Douglas MW, Lum G, Roy J, Fisher DA, Anstey NM, Currie BJ. Epidemiology of 

community-acquired and nosocomial bloodstream infections in Tropical Australia; a 12 

month prospective study. Trop Med Int Health 2004;9:795-804. 

https://doi.org/10.1111/j.1365-3156.2004.01269.x  

 

https://doi.org/10.1136/bmj.327.7426.1280
https://doi.org/10.1016/s0035-9203(03)80009-3
https://doi.org/10.1016/s0035-9203(03)80035-4
https://doi.org/10.1002/14651858.cd004400
https://doi.org/10.1086/380456
https://doi.org/10.1128/aac.48.5.1763-1765.2004
https://doi.org/10.1128/jcm.42.5.2239-2240.2004
https://pubmed.ncbi.nlm.nih.gov/15155996/
https://doi.org/10.1002/14651858.cd004400.pub2
https://doi.org/10.1111/j.1365-3156.2004.01269.x


170 

 

 

53. Inglis TJJ, Rodrigues F, Rigby P, Norton R, Currie BJ. Comparison of the susceptibilities of 

Burkholderia pseudomallei to meropenem and ceftazidime by conventional and intracellular 

methods. Antimicrob Agents Chemother 2004;48:2999-3005. 

https://doi.org/10.1128/aac.48.8.2999-3005.2004  

54. Huffam S, Jacups SP, Kittler P, Currie BJ. Out of hospital treatment of patients with 

melioidosis using ceftazidime in 24 h elastomeric infusors, via peripherally inserted central 

catheters. Trop Med Int Health 2004;9:715-717. https://doi.org/10.1111/j.1365-

3156.2004.01244.x  

55. Cheng AC, Dasari P, Currie BJ. Granulocyte colony-stimulating factor and an in vitro whole 

blood model of melioidosis. Eur J Clin Microbiol Infect Dis 2004;23:205-207. 

https://doi.org/10.1007/s10096-003-1088-y  

56. Currie BJ, Inglis TJ, Vannier AM, Novak-Weekley SM, Ruskin J, Mascola L, Bancroft E, 

Borenstein L, Harvey S, Rosenstein N, Clark TA, Nguuyen DM. Laboratory Exposure to 

Burkholderia pseudomallei – Los Angeles, California, 2003. MMWR 2004;53:988-990. 

https://pubmed.ncbi.nlm.nih.gov/15514581/   

57. Gal D, Mayo M, Smith-Vaughan H, Dasari P, McKinnon M, Jacups S, Urquhart A, Hassell 

M, Currie BJ. Contamination of hand wash detergent linked to occupationally-acquired 

melioidosis. Am J Trop Med Hyg 2004;71:360-362. 

https://pubmed.ncbi.nlm.nih.gov/15381819/  

58. Janmaat A, Low Choy J, Currie BJ. Melioidosis in an alpaca (Lama pacos). Aust Vet J 

2004;82:622-623. https://doi.org/10.1111/j.1751-0813.2004.tb12607.xf 

59. Koszyca B, Currie BJ, Blumbergs PC. The neuropathology of melioidosis: two cases and a 

review of the literature. Clin Neuropath 2004;23:195-203. 

https://pubmed.ncbi.nlm.nih.gov/15581021/  

60. Currie BJ, Jacups SP, Cheng AC, Fisher DA, Anstey NM, Huffam SE, Krause VL. 

Melioidosis epidemiology and risk factors from a prospective whole population study in 

northern Australia. Trop Med Int Health 2004;9:1167-1174. https://doi.org/10.1111/j.1365-

3156.2004.01328.x  

61. Inglis TJ, Foster NF, Gal D, Powell K, Mayo M, Norton R, Currie BJ. Preliminary report on 

the northern Australian melioidosis environmental surveillance project. Epidemiol Infect 

2004;132:813-820. https://doi.org/10.1017/s0950268804002663  

  

https://doi.org/10.1128/aac.48.8.2999-3005.2004
https://doi.org/10.1111/j.1365-3156.2004.01244.x
https://doi.org/10.1111/j.1365-3156.2004.01244.x
https://doi.org/10.1007/s10096-003-1088-y
https://pubmed.ncbi.nlm.nih.gov/15514581/
https://pubmed.ncbi.nlm.nih.gov/15381819/
https://doi.org/10.1111/j.1751-0813.2004.tb12607.x
https://pubmed.ncbi.nlm.nih.gov/15581021/
https://doi.org/10.1111/j.1365-3156.2004.01328.x
https://doi.org/10.1111/j.1365-3156.2004.01328.x
https://doi.org/10.1017/s0950268804002663


171 

 

 

62. Cheng AC, Godoy D, Mayo M, Gal D, Spratt BG, Currie BJ. Isolates of Burkholderia 

pseudomallei from northern Australia are distinct by multilocus sequence typing, but strain 

types do not correlate with clinical presentation. J Clin Microbiol 2004;42:5477-5483. 

https://doi.org/10.1128/jcm.42.12.5477-5483.2004  

63. Ralph A, McBride J, Currie BJ. Transmission of Burkholderia pseudomallei via breast milk 

in northern Australia. Pediatr Infect Dis J 2004;23:1169-1171. 

https://pubmed.ncbi.nlm.nih.gov/15626961/  

64. Elliott JH, Anstey NM, Jacups SP, Fisher DA, Currie BJ. Community-acquired pneumonia 

in northern Australia: low mortality in a tropical region using locally developed treatment 

guidelines. Int J Infect Dis 2005;9:15-20. https://doi.org/10.1016/j.ijid.2004.09.008  

65. Cheng AC, Dance AB, Currie BJ. Letter: Bioterrorism, glanders and melioidosis. 

Eurosurveillance 2005;10:11-12. https://pubmed.ncbi.nlm.nih.gov/15827368/  

66. Cheng AC, Day NPJ, Mayo MJ, Gal D, Currie BJ. Burkholderia pseudomallei strain type, 

based on pulsed field gel electrophoresis, does not determine disease presentation in 

melioidosis. Microbes Infect 2005;7:104-109. https://doi.org/10.1016/j.micinf.2004.08.020  

67. Cheng AC, Currie BJ. Melioidosis: epidemiology, pathophysiology and management. Clin 

Microbiol Rev 2005;18:383-416. https://doi.org/10.1128/cmr.18.2.383-416.2005  

68. Elliott JH, Currie BJ. Letter: Diagnosis and treatment of mycotic aneurysm due to 

Burkholderia pseudomallei. Clin Infect Dis 2005;41:572-573. https://doi.org/10.1086/432126  

69. Gal D, Mayo M, Spencer E, Cheng A, Currie BJ. Application of a PCR to detect 

Burkholderia pseudomallei in clinical specimens from patients with suspected melioidosis. 

Am J Trop Med Hyg 2005;73:1162-1164. https://pubmed.ncbi.nlm.nih.gov/16354831/  

70. Ulett GC, Labrooy JT, Currie BJ, Ketheesan N. A model of immunity to Burkholderia 

pseudomallei: Unique responses following immunization and acute lethal infection. 

Microbes Infect 2005; 7: 1263-1275. https://doi.org/10.1016/j.micinf.2005.04.013  

71. Le Hello S, Currie BJ, Godoy D, Spratt BG, Mikulski, M, Lacassin F, Garin B. Melioidosis 

in New Caledonia. Emerg Infect Dis 2005; 11:1607-1609. 

https://doi.org/10.3201/eid1110.050823  

72. Armstrong PK, Kelly P, Currie BJ, Martins N, Dasari P, Krause V. Seroprevalence of 

Burkholderia pseudomallei in East Timorese refugees: Implications for healthcare in East 

Timor. Southeast Asian J Trop Med Pub Health 2005;36:1496–1502. 

https://pubmed.ncbi.nlm.nih.gov/16610652/  

https://doi.org/10.1128/jcm.42.12.5477-5483.2004
https://pubmed.ncbi.nlm.nih.gov/15626961/
https://doi.org/10.1016/j.ijid.2004.09.008
https://pubmed.ncbi.nlm.nih.gov/15827368/
https://doi.org/10.1016/j.micinf.2004.08.020
https://doi.org/10.1128/cmr.18.2.383-416.2005
https://doi.org/10.1086/432126
https://pubmed.ncbi.nlm.nih.gov/16354831/
https://doi.org/10.1016/j.micinf.2005.04.013
https://doi.org/10.3201/eid1110.050823
https://pubmed.ncbi.nlm.nih.gov/16610652/


172 

 

 

73. Novak RT, Glass MB, Gee JE, Gal D, Mayo MJ, Currie BJ, Wilkins PP. Development and 

evaluation of a real-time PCR assay targeting the Type III secretion system of Burkholderia 

pseudomallei. J Clin Microbiol 2006;44:85-90. https://doi.org/10.1128/jcm.44.1.85-90.2006 

74. Cheng AC, O’Brien M, Freeman K, Lum G, Currie BJ. Indirect hemagglutination assay in 

patients with melioidosis in northern Australia. Am J Trop Med Hyg 2006;74:330-334. 

https://pubmed.ncbi.nlm.nih.gov/16474092/  

75. Anuntagool N, Wuthiekanun V, White N, Currie BJ, Sermsawan R, Wongratanacheewin S, 

Taweechaisupapong AS, Chaiyaroj S, Sirisinha S. Lipopolysaccharide heterogeneity among 

Burkholderia pseudomallei from different geographical and clinical origins. Am J Trop Med 

Hyg 2006;74:348-352. https://pubmed.ncbi.nlm.nih.gov/16525090/  

76. Cheng AC, Jacups SP, Gal D, Mayo M, Currie BJ. Extreme weather events and 

environmental contamination are associated with case clusters of melioidosis in northern 

Australia. Int J Epidemiol 2006;35:323-329. https://doi.org/10.1093/ije/dyi271  

77. Duangsonk K, Gal D, Mayo M, Hart CA, Currie BJ, Winstanley C. A variable amplicon 

typing scheme indicates considerable variation in the accessory genomes of isolates of 

Burkholderia pseudomallei. J Clin Microbiol 2006; 44 : 1323-1334. 

https://doi.org/10.1128/jcm.44.4.1323-1334.2006  

78. Meumann EM, Novak RT, Gal D, Kaestli ME, Mayo M, Hanson JP, Spencer E, Glass MB, 

Gee JE, Wilkins PP, Currie BJ. Clinical evaluation of a type III secretion system real-time 

PCR assay for diagnosing melioidosis. J Clin Microbiol 2006;44:3028-3030. 

https://doi.org/10.1128/jcm.00913-06  

79. Vesaratchavest M, Tumapa S, Feil EJ, Wuthiekanun V, Chierakul W, Holden MTG, White 

NJ, Currie BJ, Spratt BG, Day NPJ, Peacock SJ. Non-random distribution of Burkholderia 

pseudomallei clones relating to geographical location and virulence. J Clin Microbiol 

2006;44:2553-2557. https://doi.org/10.1128/jcm.00629-06  

80. Ketai L, Currie BJ, Lopez LFA. Thoracic radiology of infections emerging after natural 

disasters. J Thorac Imaging 2006;21:265-275. 

https://doi.org/10.1097/01.rti.0000213575.01657.4e  

  

https://doi.org/10.1128/jcm.44.1.85-90.2006
https://pubmed.ncbi.nlm.nih.gov/16474092/
https://pubmed.ncbi.nlm.nih.gov/16525090/
https://doi.org/10.1093/ije/dyi271
https://doi.org/10.1128/jcm.44.4.1323-1334.2006
https://doi.org/10.1128/jcm.00913-06
https://doi.org/10.1128/jcm.00629-06
https://doi.org/10.1097/01.rti.0000213575.01657.4e


173 

 

 

81. Pearson T, U’Ren JM, Schupp JM, Allan G, Foster PG, Mayo MJ, Gal D, Low Choy J, 

Daugherty RL, Kachur S, Clark Friedman CL, Leadem B, Georgia S, Hornstra H, Vogler AJ, 

Wagner DM, Keim P, Currie BJ. VNTR analysis of selected outbreaks of Burkholderia 

pseudomallei in Australia. Infect Genetics Evolution 2007;7:416-423. 

https://doi.org/10.1016/j.meegid.2006.12.002  

82. Millan JM, Mayo M, Gal D, Janmaat A, Currie BJ. Clinical variation in melioidosis in pigs 

with clonal infection from possible environmental contamination from bore water. The Vet J 

2007;174:200-202. https://doi.org/10.1016/j.tvjl.2006.05.006  

83. Currie BJ, Gal, D, Mayo M, Ward L, Godoy D, Spratt BG, LiPuma JJ. Using BOX-PCR to 

exclude a clonal outbreak of melioidosis. BMC Infect Dis 2007;7:68. 

https://doi.org/10.1186/1471-2334-7-68  

84. Warner JM, Pelowa DB, Currie BJ, Hirst RG. Melioidosis in a rural community of the 

Western province, Papua New Guinea. Trans R Soc Trop Med Hyg 2007;101:809-813. 

https://doi.org/10.1016/j.trstmh.2007.02.024  

85. Cheng AC, Currie BJ. Serum C-reactive protein and liver disease in patients with 

melioidosis. Intensive Care Med 2007;33:562. https://doi.org/10.1007/s00134-006-0527-5  

86. Cheng AC, Stephens DP, Currie BJ. Granulocyte-colony stimulating factor (G-CSF) as an 

adjunct to antibiotics in the treatment of pneumonia in adults. Cochrane Database Syst Rev 

2007;2:CD004400. https://doi.org/10.1002/14651858.cd004400.pub3  

87. U’Ren JM, Schupp JM, Pearson T, Hornstra H, Clark Friedman CL, Smith KL, Leadem 

Daugherty RR, Rhoton SD, Leadem B, Georgia S, Cardon M, Huynh LY, DeShazer D, 

Harvey SP, Robinson R, Gal D, Mayo MJ, Wagner D, Currie BJ, Keim P. Tandem repeat 

regions within the Burkholderia pseudomallei genome and their application for high 

resolution genotyping. BMC Microbiol 2007;7:23. https://doi.org/10.1186/1471-2180-7-23  

88. Cheng AC, Limmathurotsakul D, Chierakul W, Getchalarat N, Wuthiekanun V, Stephens DP, 

Day NPJ, White NJ, Chaowagul W, Currie BJ, Peacock, SJ. A randomized controlled trial 

of granulocyte colony-stimulating factor for the treatment of severe sepsis due to melioidosis 

in Thailand. Clin Infect Dis 2007;45:308-314. https://doi.org/10.1086/519261  

  

https://doi.org/10.1016/j.meegid.2006.12.002
https://doi.org/10.1016/j.tvjl.2006.05.006
https://doi.org/10.1186/1471-2334-7-68
https://doi.org/10.1016/j.trstmh.2007.02.024
https://doi.org/10.1007/s00134-006-0527-5
https://doi.org/10.1002/14651858.cd004400.pub3
https://doi.org/10.1186/1471-2180-7-23
https://doi.org/10.1086/519261


174 

 

 

89. Tuanyok A, Auerbach RK, Brettin TS, Bruce DC, Munk AC, Detter JC, Pearson T, Hornstra 

H, Sermswan RW, Wuthiekanun V, Peacock SJ, Currie BJ, Keim P, Wagner DM. A 

horizontal gene transfer event defines two distinct groups within Burkholderia pseudomallei 

that have dissimilar geographic distributions. J Bacteriol 2007;189:9044-9049. 

https://doi.org/10.1128/jb.01264-07  

90. Currie BJ, Thomas AD, Godoy D, Dance DA, Cheng AC, Ward L, Mayo M, Pitt TL, Spratt 

BG. Australian and Thai isolates of Burkholderia pseudomallei are distinct by multilocus 

sequence typing; revision of a case of mistaken identity. J Clin Microbiol 2007; 45:3828- 

3829. https://doi.org/10.1128/jcm.01590-07  

91. Amornchai P, Chierakul W, Wuthiekanun V, Mahakhunkijcharoen Y, Phetsouvanh R, 

Currie BJ, Newton PN, Farrar J, Wongratanacheewin S, Day NPJ, Peacock S,. Accuracy of 

Burkholderia pseudomallei identification using the API 20NE and a latex agglutination test. J 

Clin Microbiol 2007;45:3774-3776. https://doi.org/10.1128/jcm.00935-07  

92. Kaestli M, Mayo M, Harrington G, Watt F, Hill J, Gal D, Currie BJ. Sensitive and specific 

molecular detection of Burkholderia pseudomallei, the causative agent of melioidosis, in the 

soil of tropical northern Australia. App Environ Microbiol 2007;73:6891-6897. 

https://doi.org/10.1128/aem.01038-07  

93. Cheng AC, Ward L, Godoy D, Norton R, Mayo M, Gal D, Spratt BG, Currie BJ. Genetic 

diversity of Burkholderia pseudomallei isolates in Australia. J Clin Microbiol 2007;46:249- 

254. https://doi.org/10.1128/jcm.01725-07  

94. Stephens DP, Thomas JH, Higgins L, Bailey M, Anstey NM, Currie BJ, Cheng AC. A 

randomised double-blind placebo-controlled trial of granulocyte colony stimulating factor (G-

CSF) in patients with septic shock. Crit Care Med 2008;36:448-454. 

https://doi.org/10.1097/01.ccm.0b013e318161e480  

95. Cheng AC, Chierakul W, Chaowagul W, Chetochotisakd P, Limmathurotsakul D, Dance D, 

Peacock S, Currie BJ. Consensus guidelines for dosing of amoxicillin-clavulanate in 

melioidosis. Am J Trop Med Hyg 2008;78:208-209. 

https://pubmed.ncbi.nlm.nih.gov/18256414/  

96. Currie BJ. Advances and remaining uncertainties in the epidemiology of Burkholderia 

pseudomallei and melioidosis. Trans R Soc Trop Med Hyg 2008;102:225-227. 

https://doi.org/10.1016/j.trstmh.2007.11.005  

  

https://doi.org/10.1128/jb.01264-07
https://doi.org/10.1128/jcm.01590-07
https://doi.org/10.1128/jcm.00935-07
https://doi.org/10.1128/aem.01038-07
https://doi.org/10.1128/jcm.01725-07
https://doi.org/10.1097/01.ccm.0b013e318161e480
https://pubmed.ncbi.nlm.nih.gov/18256414/
https://doi.org/10.1016/j.trstmh.2007.11.005


175 

 

 

97. Warner JM, Pelowa DB, Gal D, Rai G, Mayo M, Currie BJ, Govan B, Skerratt LF, Hirst RG. 

The epidemiology of melioidosis in the Balimo region of Papua New Guinea. Epidemiol 

Infect 2008;136:965-971. https://doi.org/10.1017/s0950268807009429  

98. Gee JE, Glass MB, Novak RT, Gal D, Mayo MJ, Steigerwalt AG, Wilkins PP, Currie BJ. 

Recovery of a Burkholderia thailandensis-like isolate from an Australian water source. BMC 

Microbiol 2008; 8: 54. https://doi.org/10.1186/1471-2180-8-54  

99. Gibney KB, Cheng AC, Currie BJ. Cutaneous melioidosis in the tropical Top End of 

Australia: A prospective study and review of the literature. Clin Infect Dis 2008;47:603-609. 

https://doi.org/10.1086/590931  

100. Tumapa S, Holden MT, Vesaratchavest M, Wuthiekanun V, Limmathurotsakul D, Chierakul 

W, Feil EJ, Currie BJ, Day NP, Nierman WC, Peacock SJ. Burkholderia pseudomallei 

genome plasticity associated with genomic island variation. BMC Genomics 2008;9:190. 

https://doi.org/10.1186/1471-2164-9-190  

101. Peacock SJ, Schweizer HP, Dance DA, Smith TL, Gee JE, Wuthiekanun V, Deshazer D, 

Steinmetz I, Tan P, Currie BJ. Management of accidental laboratory exposure to 

Burkholderia pseudomallei and B. mallei. Emerg Infect Dis 2008:14:e2. 

https://doi.org/10.3201/eid1407.071501  

102. De Keulenaer BL, Hooland SR, Damodaran PR, Currie BJ, Powell BP, Jenkins IR. 

Burkholderia pseudomallei sepsis presenting with pericardial effusion and tamponade. Crit 

Care Resusc 2008;10:137-139. https://pubmed.ncbi.nlm.nih.gov/18522528/  

103. Sitthidet C, Stevens JM, Chantratita N, Currie BJ, Peacock SJ, Korbsrisate S, Stevens MP. 

Prevalence and sequence diversity of a factor required for actin-based motility in natural 

populations of Burkholderia species. J Clin Microbiol 2008;46:2418-2422. 

https://doi.org/10.1128/jcm.00368-08  

104. Tuanyok A, Leadem BR, Auerbach RK, Beckstrom-Sternberg SM, Beckstrom-Sternberg JS, 

Mayo M, Wuthiekanun V, Brettin TS, Nierman WC, Peacock SJ, Currie BJ, Wagner DM, 

Keim P. Genomic islands from five strains of Burkholderia pseudomallei. BMC Genomics 

2008;9:566. https://doi.org/10.1186/1471-2164-9-566  

105. Currie BJ, Dance DAB, Cheng AC. The global distribution of Burkholderia pseudomallei 

and melioidosis: An update. Trans R Soc Trop Med Hyg 2008;102/S1:S1-S4.  

https://doi.org/10.1016/s0035-9203(08)70002-6  

  

https://doi.org/10.1017/s0950268807009429
https://doi.org/10.1186/1471-2180-8-54
https://doi.org/10.1086/590931
https://doi.org/10.1186/1471-2164-9-190
https://doi.org/10.3201/eid1407.071501
https://pubmed.ncbi.nlm.nih.gov/18522528/
https://doi.org/10.1128/jcm.00368-08
https://doi.org/10.1186/1471-2164-9-566
https://doi.org/10.1016/s0035-9203(08)70002-6


176 

 

 

106. Cheng AC, Jacups SP, Ward L, Currie BJ. Melioidosis and Aboriginal seasons in northern 

Australia. Trans R Soc Trop Med Hyg 2008;102(S1):S26-29.  

https://doi.org/10.1016/s0035-9203(08)70008-7  

107. Kumar A, Mayo M, Trunck LA, Cheng AC, Currie BJ, Schweizer HP. Expression of 

resistance-nodulation-cell-division efflux pumps in commonly used Burkholderia 

pseudomallei strains and clinical isolates from Northern Australia. Trans R Soc Trop Med Hyg 

2008;102(S1):S145-S151. https://doi.org/10.1016/s0035-9203(08)70032-4  

108. Kaestli M, Mayo M, Harrington G, Ward L, Watt F, Hill JV, Cheng AC, Currie BJ. 

Landscape changes influence the occurrence of the melioidosis bacterium Burkholderia 

pseudomallei in soil in northern Australia. PLoS Neg Trop Dis 2009;3:e364. 

https://doi.org/10.1371/journal.pntd.0000364  

109. Currie BJ, Haslem A, Pearson T, Hornstra H, Leadem B, Mayo M, Gal D, Ward L, Godoy 

D, Spratt BG, Keim P. Identification of melioidosis outbreak by multilocus variable number 

tandem repeat analysis. Emerg Infect Dis 2009;15:169-174. 

https://doi.org/10.3201/eid1502.081036   

110. Parkes H, Shilton C, Jerrett I, Benedict S, Spratt BG, Godoy D, O’Brien CR, Krockenberger 

MB, Mayo M, Currie BJ, Malik R. Primary ocular melioidosis due to a single genotype of 

Burkholderia pseudomallei in two cats from Arnhem Land in the Northern Territory of 

Australia. J Feline Med Surg 2009;11:856-863. https://doi.org/10.1016/j.jfms.2009.02.009  

111. Morse L, Moller C-CB, Harvey E, Ward L, Cheng AC, Carson PJ, Currie BJ. Prostatic 

abscess due to Burkholderia pseudomallei: 81 cases from a 19-year prospective melioidosis 

study. J Urol 2009;182:542-547. https://doi.org/10.1016/j.juro.2009.04.010  

112. Cheng AC, Currie BJ, Peacock S. Letter: Positive serologic test results for Burkholderia 

pseudomallei in asymptomatic persons. Am J Trop Med Hyg 2009;80:1065. 

https://pubmed.ncbi.nlm.nih.gov/19478278/  

113. Pearson T, Giffard P, Beckstrom-Sternberg S, Auerbach R, Hornstra H, Tuanyok A, Price 

EP, Glass MB, Leadem B, Beckstrom-Sternberg JS, Allan GJ, Foster JT, Wagner DM, 

Okinaka RT, Sim SH, Pearson O, Wu Z, Chang J, Kaul R, Hoffmaster AR, Brettin TS, 

Robison RA, Mayo M, Gee JE, Tan P, Currie BJ, Keim P. Phylogeographic reconstruction 

of a bacterial species with high levels of lateral gene transfer. BMC Biol 2009;7:78. 

https://doi.org/10.1186/1741-7007-7-78  

  

https://doi.org/10.1016/s0035-9203(08)70008-7
https://doi.org/10.1016/s0035-9203(08)70032-4
https://doi.org/10.1371/journal.pntd.0000364
https://doi.org/10.3201/eid1502.081036
https://doi.org/10.1016/j.jfms.2009.02.009
https://doi.org/10.1016/j.juro.2009.04.010
https://pubmed.ncbi.nlm.nih.gov/19478278/
https://doi.org/10.1186/1741-7007-7-78


177 

 

 

114. Draper AD, Mayo M, Harrington G, Karp D, Yinfoo D, Ward L, Haslem A, Currie BJ, 

Kaestli M. Association of the melioidosis agent Burkholderia pseudomallei with water 

parameters in rural water supplies in Northern Australia. Appl Environ Microbiol 

2010;76:5305-5307. https://doi.org/10.1128/aem.00287-10  

115. Currie BJ, Ward L, Cheng AC. The epidemiology and clinical spectrum of melioidosis: 540 

cases from the 20 year Darwin prospective study. PLoS Neglected Tropical Diseases 

2010;4:e900. https://doi.org/10.1371/journal.pntd.0000900  

116. Bowers JR, Engelhaler DM, Ginther JL, Pearson T, Peacock SJ. Tuanyok A, Wagner DM, 

Currie BJ, Keim PS. BurkDiff: a real-time PCR allelic Discrimination Assay for 

Burkholderia pseudomallei and B. mallei. PLoS One 2010;5:e15413. 

https://doi.org/10.1371/journal.pone.0015413  

117. Warner JM, Pelowa DB, Currie BJ. Melioidosis – an uncommon but also under-recognized 

cause of pneumonia in Papua New Guinea. Papua New Guinea Med J 2010;53:176-179. 

https://pubmed.ncbi.nlm.nih.gov/23163189/  

118. White HA, Davis JS, Kittler P, Currie BJ. Outpatient parenteral antimicrobial therapy – 

treated bone and joint infections in a tropical setting. Intern Med J 2011;41:668-674. 

https://doi.org/10.1111/j.1445-5994.2009.02136.x  

119. Mayo M, Kaestli M, Harrington G, Cheng AC, Ward L, Karp D, Jolly P, Godoy D, Spratt 

BG, Currie BJ. Burkholderia pseudomallei in un-chlorinated domestic bore water in tropical 

northern Australia. Emerg Infect Dis 2011;17:1283-1285. 

https://doi.org/10.3201/eid1707.100614  

120. Hampton V, Kaestli M, Mayo M, Low Choy J, Harrington G, Richardson L, Benedict S, 

Noske R, Garnett ST, Godoy D, Spratt BG, Currie BJ. Melioidosis in birds and Burkholderia 

pseudomallei dispersal, Australia. Emerg Infect Dis 2011;17:1310- 1312. 

https://doi.org/10.3201/eid1707.100707  

121. Peacock S, Cheng A, Currie B, Dance D. Letter: The use of positive serological tests as 

evidence of exposure to Burkholderia pseudomallei. Am J Trop Med Hyg 2011;84:1021- 

1022. https://doi.org/10.4269/ajtmh.2011.11-0114a  

122. Mukhopadhyay C, Kaestli M, Vandana KE, Sushma K, Mayo M, Richardson L, Tuanyok A, 

Keim P, Godoy D, Spratt BG, Currie BJ. Molecular characterization of clinical 

Burkholderia pseudomallei isolates from India. Am J Trop Med Hyg 2011;85:121-123. 

https://doi.org/10.4269/ajtmh.2011.11-0166  

https://doi.org/10.1128/aem.00287-10
https://doi.org/10.1371/journal.pntd.0000900
https://doi.org/10.1371/journal.pone.0015413
https://pubmed.ncbi.nlm.nih.gov/23163189/
https://doi.org/10.1111/j.1445-5994.2009.02136.x
https://doi.org/10.3201/eid1707.100614
https://doi.org/10.3201/eid1707.100707
https://doi.org/10.4269/ajtmh.2011.11-0114a
https://doi.org/10.4269/ajtmh.2011.11-0166


178 

 

 

123. Stewart T, Engelthaler DM, Blaney DD, Tuanyok A, Wanqsness E, Smith TL, Pearson T, 

Komatsu KK, Keim P, Currie BJ et al. Epidemiology and investigation of melioidosis, 

Southern Arizona. Emerg Infect Dis 2011;17:1286-1288. 

https://doi.org/10.3201/eid1707.100661  

124. Engelthaler DM, Bowers J, Schupp JA, Pearson T, Ginther J, Hornstra HM, Dale J, Stewart 

T, Sunenshine R, Waddell V, Levy C, Gillece J, Price LB, Contente T, Beckstrom-Sternberg 

S.M, Blaney DD, Wagner DM, Mayo M, Currie BJ, Keim P, Tuanyok A. Molecular 

investigations of a locally acquired case of melioidosis in Southern Arizona, USA. PLoS Negl 

Trop Dis 2011;e1357. https://doi.org/10.1371/journal.pntd.0001347  

125. Dale J, Price EP, Hornstra H, Busch JD, Mayo M, Godoy D, Wuthiekanun V, Baker A, 

Foster JT, Wagner DM, Tuanyok A, Warner J, Spratt BG, Peacock SJ, Currie BJ, Keim P, 

Pearson T. Epidemiological tracking and population assignment of the non-clonal bacterium, 

Burkholderia pseudomallei. PLoS Negl Trop Dis 2011;e1381. 

https://doi.org/10.1371/journal.pntd.0001381  

126. Liguori AP, Warrington SD, Ginther JL, Pearson T, Bowers J, Glass MB, Mayo M, 

Wuthiekanun V, Engelthaler D, Peacock SJ, Currie BJ, Wagner DM, Keim P, Tuanyok A. 

Diversity of 16S-23S rDNA internal transcribed spacer (ITS) reveals phylogenetic 

relationships in Burkholderia pseudomallei and its near-neighbors. PLoS One 2011;6;e29323. 

https://doi.org/10.1371/journal.pone.0029323  

127. Tuanyok A, Stone JK, Mayo M, Kaestli M, Gruendike J, Georgia S, Warrington S, Mullins 

T, Allender CJ, Wagner D, Chantratita N, Peacock SJ, Currie BJ, Keim P. The genetic and 

molecular basis of O-antigenic diversity in Burkholderia pseudomallei lipopolysaccharide. 

PloS Negl Trop Dis 2012;e1453. https://doi.org/10.1371/journal.pntd.0001453  

128. Meumann EM, Cheng AC, Ward L, Currie BJ. Clinical features and epidemiology of 

melioidosis pneumonia: results from a 21-year study and review of the literature. Clin Infect 

Dis 2012;54:362- 369. https://doi.org/10.1093/cid/cir808  

129. Richardson L, Kaestli M, Mayo M, Bowers JR, Tuanyok A, Schupp J, Engelthaler D, 

Wagner DM, Keim PS, Currie BJ. Towards a rapid molecular diagnostic for melioidosis: 

comparison of DNA extraction methods. J Microbial Methods 2012;88:179-181. 

https://doi.org/10.1016/j.mimet.2011.10.023  

  

https://doi.org/10.3201/eid1707.100661
https://doi.org/10.1371/journal.pntd.0001347
https://doi.org/10.1371/journal.pntd.0001381
https://doi.org/10.1371/journal.pone.0029323
https://doi.org/10.1371/journal.pntd.0001453
https://doi.org/10.1093/cid/cir808
https://doi.org/10.1016/j.mimet.2011.10.023


179 

 

 

130. Kaestli M, Schmid M, Mayo M, Rothballer M, Harrington G, Richardson L, Hill A, Hill J, 

Tuanyok A, Keim P, Hartmann A, Currie BJ. Out of the ground: aerial and exotic habitats of 

the melioidosis bacterium Burkholderia pseudomallei in grasses in Australia. Environ 

Microbiol 2012; 14: 2058–2070. https://doi.org/10.1111/j.1462-2920.2011.02671.x  

131. Sarovich DS, Price E, Von Schulze AT, Cook JM, Mayo M, Watson LM, Richardson L, 

Seymour ML, Tuanyok A, Engelthaler DM, Pearson T, Peacock SJ, Currie BJ, Keim P, 

Wagner DM. Characterization of ceftazidime resistance mechanisms in clinical isolates of 

Burkholderia pseudomallei from Australia. PLoS One 2012;7(2):e30789. 

https://doi.org/10.1371/journal.pone.0030789  

132. Parameswaran, U, Baird RW, Ward LM, Currie BJ. Melioidosis at Royal Darwin Hospital 

from the big 2009-2010 wet season; comparison with the preceding 20 years. Med J Aust 

2012;196:345-348. https://doi.org/10.5694/mja11.11170  

133. Price EP, Dale JL, Cook JM, Sarovich DS, Seymour ML, ….Currie BJ, et al. Development 

and validation of Burkholderia pseudomallei-specific real-time PCR assays for clinical, 

environmental or forensic detection applications. PLoS One 2012;7(5):e37723. 

https://doi.org/10.1371/journal.pone.0037723  

134. Kaestli M, Richardson L, Colman R, Tuanyok A, Price E, Bowers J, Mayo M, Kelley E, 

Seymour M, Sarovich D, Pearson T, Engelthaler D, Wagner D, Keim P, Schupp J, Currie B. 

Comparison of TaqMan PCR assays for detection of the melioidosis agent Burkholderia 

pseudomallei in clinical specimens. J Clin Microbiol 2012;50:2059-2062. 

https://doi.org/10.1128/jcm.06737-11  

135. Kalro AK, Currie B, Szabo F. Letter: Acquired haemophilia A treated with rituximab in a 

patient with prostatic melioidosis. Hamophilia 2012;e74-e75. https://doi.org/10.1111/j.1365-

2516.2012.02800.x  

136. Wiersinga WJ, Currie BJ, Peacock SJ. Melioidosis. N Engl J Med 2012;367:1035-1044. 

https://doi.org/10.1056/nejmra1204699  

137. Stone JK, Mayo M, Grasso SA, Ginther JL, Warrington SD, Allender CJ, Doyle A, Georgia 

S, Kaestli M, Broomall SM, Karavis MA, Insalaco JM, Hubbard KS, McNew LA, Gibbons 

HS, Currie BJ, Keim P, Tuanyok A. Detection of Burkholderia pseudomallei O-antigen 

serotypes in near-neighbour species. BMC Microbiol 2012;12:250. 

https://doi.org/10.1186/1471-2180-12-250  

  

https://doi.org/10.1111/j.1462-2920.2011.02671.x
https://doi.org/10.1371/journal.pone.0030789
https://doi.org/10.5694/mja11.11170
https://doi.org/10.1371/journal.pone.0037723
https://doi.org/10.1128/jcm.06737-11
https://doi.org/10.1111/j.1365-2516.2012.02800.x
https://doi.org/10.1111/j.1365-2516.2012.02800.x
https://doi.org/10.1056/nejmra1204699
https://doi.org/10.1186/1471-2180-12-250


180 

 

 

138. Lipsitz R, Garges S, Aurigemma R, Baccam P, Blaney DD, Cheng AC, Currie BJ, Dance 

D, Gee JE, Larsen J, Limmathurotsakul D, Morrow MG, Norton R, O’Mara E, Peacock SJ, 

Pesik N, Rogers LP, Schweizer H, Steinmetz I, Tan G, Tan P, Wiersinga J, Wuthiekanun V, 

Smith TL. Workshop on treatment of and postexposure prophylaxis for Burkholderia 

pseudomallei and B. mallei infection, 2010. Emerg Infect Dis 2012;18/12/12-0638. 

https://doi.org/10.3201/eid1812.120638  

139. Cheng AC, Currie BJ, Dance DAB, Funnell SGP, Limmathurotsakul D, Simpson AJH, 

Peacock SJ. Clinical definitions of melioidosis. Am J Trop Med Hyg 2013;88:411-413. 

https://doi.org/10.4269/ajtmh.12-0555  

140. Jabbar Z, Currie BJ. Melioidosis and the kidney. Nephrology 2013;18;169-175. 

https://doi.org/10.1111/nep.12024  

141. Limmathurotsakul D, Dance DAB, Wuthiekanun V, Kaestli M, Mayo M, Warner J, Wagner 

DM, Tuanyok A, Wertheim H, Cheng TY, Mukhopadhyay C, Puthucheary S, Day NPJ, 

Steinmetz I, Currie BJ, Peacock SJ. Systematic review and consensus guidelines for 

environmental sampling of Burkholderia pseudomallei. PloS Negl Trop Dis 2013;7(3):e2105. 

https://doi.org/10.1371/journal.pntd.0002105  

142. James GL, Delaney B, Ward L, Freeman K, Mayo M, Currie BJ. Surprisingly low 

seroprevalence for Burkholderia pseudomallei in exposed healthy adults in the highly 

melioidosis-endemic Darwin region of tropical Australia. Clin Vaccine Immunol 

2013;20:759-760. https://doi.org/10.1128/cvi.00021-13  

143. Baker A, Mayo M, Owens L, Burgess G, Norton R, McBride WJ, Currie BJ, Warner J. 

Biogeography of Burkholderia pseudomallei in the Torres Strait Islands of Northern 

Australia. J Clin Microbiol 2013;51:2520-2525. https://doi.org/10.1128/jcm.00418-13  

144. Price EP, Sarovich DS, Mayo M, Tuanyok A, Drees KP, Kaestli M, Beckstrom-Sternberg 

SM, Babic-Sternberg JS, Kidd TJ, Bell SC, Keim P, Pearson T, Currie BJ. Within-host 

evolution of Burkholderia pseudomallei over a twelve-year chronic carriage infection. Mbio 

2013;4(4):e00388-13. https://doi.org/10.1128/mbio.00388-13  

145. Morse LP, Smith J, Mehta J, Ward L, Cheng AC, Currie BJ. Osteomyelitis and septic 

arthritis from infection with Burkholderia pseudomallei: A 20-year prospective melioidosis 

study from northern Australia. J Orthopaed 2013;10:86-91. 

https://doi.org/10.1016/j.jor.2013.04.001  

  

https://doi.org/10.3201/eid1812.120638
https://doi.org/10.4269/ajtmh.12-0555
https://doi.org/10.1111/nep.12024
https://doi.org/10.1371/journal.pntd.0002105
https://doi.org/10.1128/cvi.00021-13
https://doi.org/10.1128/jcm.00418-13
https://doi.org/10.1128/mbio.00388-13
https://doi.org/10.1016/j.jor.2013.04.001


181 

 

 

146. Hill A, Mayo M, Kaestli M, Price E, Richardson L, Godoy D, Spratt BG, Currie BJ. 

Melioidosis as a consequence of sporting activity. Am J Trop Med Hyg 2013;89:365-366. 

https://doi.org/10.4269/ajtmh.12-0744  

147. McRobb E, Kaestli M, Mayo M, Price EP, Sarovich DS, Godoy D, Spratt BG, Currie BJ. 

Melioidosis from contaminated bore water and successful UV sterilization. Am J Trop Med 

Hyg 2013;89:367-368. https://doi.org/10.4269/ajtmh.13-0101  

148. Price EP, Sarovich DS, Webb JR, Mayo M, Ginther JL, Kaestli M, Busch J, Theobald V, 

Keim P, Wagner DM, Tuanyok A, Pearson T, Currie BJ. Accurate and rapid identification of 

the Burkholderia pseudomallei near-neighbour, Burkholderia ubonensis, using real-time 

PCR. PLoS One 2013: 8(8): e71647. https://doi.org/10.1371/journal.pone.0071647  

149. Podin Y, Kaestli M, McMahon N, Hennessy J, Ngian HU, Wong JS, Mohana A, Wong SC, 

William T, Mayo M, Baird RW, Currie BJ. Reliability of automated biochemical 

identification of Burkholderia pseudomallei is regionally dependent. J Clin Microbiol 

2013;51:3076-3078. https://doi.org/10.1128/jcm.01290-13  

150. Stone J, Johnson S, Bruce D, Detter J, Mayo M, Currie B, Gelhaus C, Keim P, Tuanyok A. 

The complete genome sequence of the encephalomyelitic Burkholderia pseudomallei strain 

MSHR305. Genome Announcements (genomeA) 2013;1(4):e00656-13. 

https://doi.org/10.1128/genomea.00656-13   

151. Sarovich DS, Ward L, Price EP, Mayo M, Pitman MC, Baird RW, Currie BJ. Recurrent 

melioidosis in the Darwin Prospective Melioidosis Study: improving therapies mean that 

relapse cases are now rare. J Clin Microbiol 2014;52:650-653. 

https://doi.org/10.1128/jcm.02239-13  

152. Houghton RL, Reed DE, Hubbard MA, Dillon MJ, Chen H, Currie BJ, Mayo M, Sarovich 

DS, Theobald V, Limmathurotsakul D, Wongsuvan G, Chantratita N, Peacock SJ, Hoffmaster 

AR, Duval B, Brett PJ, Burtnick MN, AuCoin DP. Development of a prototype lateral flow 

immunoassay (LFI) for the rapid diagnosis of melioidosis. PloS Negl Trop Dis 2014; 8(3): 

e2727. https://doi.org/10.1371/journal.pntd.0002727  

153. Sarovich DS, Price EP, Webb JR, Ward LM, Voutsinos MY, Tuanyok A, Mayo M, Kaestli 

M, Currie BJ. Variable virulence factors in Burkholderia pseudomallei (melioidosis) 

associated with human disease. PLoS One 2014;9(3):e91682. 

https://doi.org/10.1371/journal.pone.0091682  

  

https://doi.org/10.4269/ajtmh.12-0744
https://doi.org/10.4269/ajtmh.13-0101
https://doi.org/10.1371/journal.pone.0071647
https://doi.org/10.1128/jcm.01290-13
https://doi.org/10.1128/genomea.00656-13
https://doi.org/10.1128/jcm.02239-13
https://doi.org/10.1371/journal.pntd.0002727
https://doi.org/10.1371/journal.pone.0091682


182 

 

 

154. Podin Y, Sarovich DS, Price EP, Kaestli M, Mayo M, Hii K, Ngian H, Wong S, Wong I, 

Wong J, Mohan A, Ooi M, Fam T, Wong J, Tuanyok A, Keim P, Giffard PM, Currie BJ. 

Burkholderia pseudomallei isolates from Sarawak, Malaysian Borneo, are predominantly 

susceptible to aminoglycosides and macrolides. Antimicrob Agents Chemother 2014;58:162- 

166. https://doi.org/10.1128/aac.01842-13  

155. McRobb E, Kaestli M, Price EP, Sarovich DS, Mayo M, Warner J, Spratt BG, Currie BJ. 

Distribution of Burkholderia pseudomallei in northern Australia, a land of diversity. Appl 

Environ Microbiol 2014: 80;3463-3468. https://doi.org/10.1128/aem.00128-14  

156. Sanderson C, Currie BJ. Melioidosis: a pediatric disease. Pediatr Infect Dis J 2014;33:770- 

771. https://doi.org/10.1097/inf.0000000000000358  

157. Crowe A, McMahon N, Currie BJ, Baird RW. Current antimicrobial susceptibility of first- 

episode melioidosis Burkholderia pseudomallei isolates from the Northern Territory, 

Australia. Int J Antimicrob Agents 2014;44:160-162. 

https://doi.org/10.1016/j.ijantimicag.2014.04.012  

158. Chalmers RMS, Majoni SW, Ward L, Perry GJ, Jabbar Z, Currie BJ. Melioidosis and end- 

stage renal disease in tropical northern Australia. Kidney Int 2014;86:867-870. 

https://doi.org/10.1038/ki.2014.228  

159. Garin B, Djaomazala I, Dubois-Cauwelaert N, Mahafaly, Raharimanga V, Ralison F, 

Herindrainy P, Andriamalala NC, Sarovich DS, Mayo M, Kaestli M, Currie BJ. 

Autochthonous melioidosis in humans, Madagascar, 2012 and 2013. Emerg Infect Dis 

2014;20:1739-1741. https://doi.org/10.3201/eid2010.131524  

160. Dando SJ, Mackay-Sim A, Norton R, Currie BJ, St John JA, Ekberg JA, Batzloff M, Ulett 

GC, Beacham IR. Pathogens penetrating the central nervous system: infection pathways and 

the cellular and molecular mechanisms of invasion. Clin Microbiol Rev 2014;27:691-726. 

https://doi.org/10.1128/cmr.00118-13  

161. Commons RJ, Grivas R, Currie BJ. Melioidosis in a patient on therapeutic monoclonal 

antibodies for psoriatic arthritis. Intern Med J 2014;44:1245-1246. 

https://doi.org/10.1111/imj.12610  

162. Price EP, Sarovich DS, Viberg L, Mayo M, Kaestli M, Tuanyok A, Foster JT, Keim P, 

Pearson T, Currie BJ. Whole-genome sequencing of Burkholderia pseudomallei isolates 

from an unusual melioidosis case identifies a polyclonal infection with the same multilocus 

sequence type. J Clin Microbiol 2015;53:282-286. https://doi.org/10.1128/jcm.02560-14  

https://doi.org/10.1128/aac.01842-13
https://doi.org/10.1128/aem.00128-14
https://doi.org/10.1097/inf.0000000000000358
https://doi.org/10.1016/j.ijantimicag.2014.04.012
https://doi.org/10.1038/ki.2014.228
https://doi.org/10.3201/eid2010.131524
https://doi.org/10.1128/cmr.00118-13
https://doi.org/10.1111/imj.12610
https://doi.org/10.1128/jcm.02560-14


183 

 

 

163. McLeod C, Morris PS, Bauert PA, Kilburn CJ, Ward LM, Baird RW, Currie BJ. Clinical 

presentation and medical management of melioidosis in children: A 24-year prospective 

study in the Northern Territory of Australia and review of the literature. Clin Infect Dis 

2015;60:21-26. https://doi.org/10.1093/cid/ciu733  

164. Shetty RP, Mathew M, Smith J, Morse LP, Mehta JA, Currie BJ. Management of 

melioidosis osteomyelitis and septic arthritis. Bone Joint J 2015;97-B;277-282. 

https://doi.org/10.1302/0301-620x.97b2.34799  

165. De Smet B, Sarovich DS, Price EP, Mayo M, Theobald V, Kham C, Heng S, Phe T, Holden 

MT, Parkhill J, Peacock SJ, Spratt BG, Jacobs J, Vandamme P, Currie BJ. Whole genome 

sequencing confirms that Burkholderia pseudomallei multilocus sequence types common to 

both Cambodia and Australia are due to homoplasy. J Clin Microbiol 2015;53:323-326. 

https://doi.org/10.1128/jcm.02574-14  

166. Morris J, Fane A, Rush C, Govan B, Mayo M, Currie BJ, Ketheesan N. Neurotropic threat 

characterization of Burkholderia pseudomallei strains. Emerg Infect Dis 2015;21:58-63. 

https://doi.org/10.3201/eid2101.131570  

167. Currie BJ. Melioidosis: Evolving concepts in epidemiology, pathogenesis and treatment. 

Semin Respir Crit Care Med 2015; 36:111–125. https://doi.org/10.1055/s-0034-1398389  

168. Grivas R, Barklay S, Ruane A, Mayo M, Theobald V, Freeman K, Norton R, Baird R, 

Currie BJ. A prospective study of melioidosis following environmental exposure of healthy 

participants to Burkholderia pseudomallei during a muddy endurance challenge. Am J Trop 

Med Hyg 2015;92:773-775. https://doi.org/10.4269/ajtmh.14-0756  

169. Johnson S, Baker A, Chain P, Currie B, Daligault H, Davenport K, Davis C, Inglis T, 

Kaestli M, Koren S, Mayo M, Merritt A, Price E, Sarovich S, Warner J, Rosovitz MJ. Whole 

genome sequences of 80 environmental and clinical isolates of Burkholderia pseudomallei. 

Genome Announc 2015 Feb 12;3(1). pii: e01282-14. doi: 10.1128/genomeA.01282-14. 

https://doi.org/10.1128/genomea.01282-14  

170. McRobb E, Sarovich DS, Price EP, Kaestli M, Mayo M, Keim P, Currie BJ. Tracing 

melioidosis back to the source: using whole-genome sequencing to investigate an outbreak 

originating from a contaminated domestic water supply. J Clin Microbiol 2015;53:1144- 

1148. https://doi.org/10.1128/jcm.03453-14  

  

https://doi.org/10.1093/cid/ciu733
https://doi.org/10.1302/0301-620x.97b2.34799
https://doi.org/10.1128/jcm.02574-14
https://doi.org/10.3201/eid2101.131570
https://doi.org/10.1055/s-0034-1398389
https://doi.org/10.4269/ajtmh.14-0756
https://doi.org/10.1128/genomea.01282-14
https://doi.org/10.1128/jcm.03453-14


184 

 

 

171. Hantrakun VH, Chierakul W, Chetchotisakd P, Anunnatsiri S, Currie BJ, Peacock SJ, Day 

NPJ, Yeong Cheah P, Limmathurotsakul D, Lubell Y. Cost-effectiveness analysis of 

parenteral antimicrobials for acute melioidosis in Thailand. Trans R Soc Trop Med Hyg 

2015;109:416-418. https://doi.org/10.1093/trstmh/trv002  

172. Yip TW, Hewagama S, Mayo M, Price EP, Sarovich DS, Bastian I, Baird RW, Spratt BG, 

Currie BJ. Endemic melioidosis in residents of desert region after atypically intense rainfall 

in Central Australia, 2011. Emerg Infect Dis 2015;21:1038-1040. 

https://doi.org/10.3201/eid2106.141908  

173. Pitman MC, Luck T, Marshall CS, Anstey NM, Ward L, Currie BJ. Intravenous therapy 

duration and outcomes in melioidosis: a new treatment paradigm. PloS Negl Trop Dis 

2015;9(3):e0003586. https://doi.org/10.1371/journal.pntd.0003586  

174. Kaestli M, Mayo M, Harrington G, Chatfield MD, Harrington I, Hill A, Munksgaard N, 

Gibb K, Currie BJ. What drives the occurrence of the melioidosis bacterium Burkholderia 

pseudomallei in domestic gardens? PloS Negl Trop Dis 2015;9(3):e0003635. 

https://doi.org/10.1371/journal.pntd.0003635  

175. Sahl JW, Allender CJ, Colman RE, Califf KJ, Schupp JM, Currie BJ, Van Zandt KE, 

Gelhaus HC, Keim P, Tuanyok A. Genomic characterization of Burkholderia pseudomallei 

isolates selected for medical countermeasures testing: comparative genomics associated with 

differential virulence. PloS One 2015: 10(3): e0121052. 

https://doi.org/10.1371/journal.pone.0121052  

176. Ginther JL, Mayo M, Warrington SD, Kaestli M, Mullins T, Wagner DM, Currie BJ, 

Tuanyok A, Keim P. Identification of Burkholderia pseudomallei near-neighbor species in the 

Northern Territory of Australia. PloS Negl Trop Dis 2015: 9(6): e0003892. 

https://doi.org/10.1371/journal.pntd.0003892  

177. Viberg L, Price EP, Kidd T, Bell S, Currie BJ, Sarovich DS. Whole-genome sequences of 

five Burkholderia pseudomallei isolates from Australian cystic fibrosis patients. Genome 

Announc (genomeA) 2015;3(2):e00254-15. https://doi.org/10.1128/genomea.00254-15  

178. De Smet B, Mayo M, Peeters C, Zlosnik JEA, Spilker T, Hird TJ, LiPuma JJ, Kidd TJ, 

Kaestli M, Ginther JL, Wagner DM, Keim P, Bell SC, Jacobs JA, Currie BJ, Vandamme PA. 

Burkholderia stagnalis sp. nov. and Burkholderia territorii sp. nov., two novel Burkholderia 

cepacia complex species from environmental and human sources. Int J Syst Evol Microbiol 

2015;65:2265-2271. https://doi.org/10.1099/ijs.0.000251  

https://doi.org/10.1093/trstmh/trv002
https://doi.org/10.3201/eid2106.141908
https://doi.org/10.1371/journal.pntd.0003586
https://doi.org/10.1371/journal.pntd.0003635
https://doi.org/10.1371/journal.pone.0121052
https://doi.org/10.1371/journal.pntd.0003892
https://doi.org/10.1128/genomea.00254-15
https://doi.org/10.1099/ijs.0.000251


185 

 

 

179. Currie BJ, Price EP, Mayo M, Kaestli M, Theobald V, Harrington I, Harrington G, Sarovich 

DS. Use of Whole-Genome Sequencing to Link Burkholderia pseudomallei from Air 

Sampling to Mediastinal Melioidosis, Australia. Emerg Infect Dis 2015;21:2052-2054. 

https://doi.org/10.3201/eid2111.141802  

180. Hall CM, Busch JD, Shippy K, Allender CJ, Kaestli M, Mayo M, Sahl JW, Schupp JM, 

Colman RE, Keim P, Currie BJ, Wagner DM. Diverse Burkholderia species isolated from 

soils in the southern United States with no evidence of B. pseudomallei. PLoS One 

2015;10(11):e0143254. https://doi.org/10.1371/journal.pone.0143254  

181. Johnson SL, Bishop-Lilly KA. Ladner JT…Mayo M,…Currie BJ, …Chain PS. Complete 

genome sequences for 59 Burkholderia isolates, both pathogenic and near neighbour. 

Genome Announc 2015;3(2):e00159-15. https://doi.org/10.1128/genomea.00159-15  

182. Price EP, Sarovich DS, Smith EJ, MacHunter B, Harrington G, Theobald V, Hall CM, 

Hornstra HM, McRobb E, Podin Y, Mayo M, Wagner DM, Keim P, Kaestli M, Currie BJ. 

Unprecedented melioidosis cases in northern Australia caused by an Asian Burkholderia 

pseudomallei strain identified by using large-scale comparative genomics. Appl Environ 

Microbiol 2016;82:954-963. https://doi.org/10.1128/aem.03013-15  

183. Currie BJ, Kaestli M. A global picture of melioidosis. Nature 2016;529:290-291. 

https://doi.org/10.1038/529290a  

184. Chapple SNJ, Price EP, Sarovich DS, McRobb E, Mayo M, Kaestli M, Spratt BG, Currie 

BJ. Burkholderia pseudomallei genotype distribution in the Northern Territory, Australia. Am 

J Trop Med Hyg 2016;94:68-72. https://doi.org/10.4269/ajtmh.15-0627  

185. Geake JB, Reid DW, Currie BJ, Bell SC. An international, multicentre evaluation and 

description of Burkholderia pseudomallei infection in cystic fibrosis. BMC Pulm Med 

2015;15:116. https://doi.org/10.1186/s12890-015-0109-9  

186. Melot B, Colot J, Lacassin F, Tardieu S, Lapisardi E, Mayo M, Price EP, Sarovich DS, 

Currie BJ, Goarant C. Melioidosis in New Caledonia: a dominant strain in a transmission 

hotspot. Epidemiol Infect 2016;144:1330-1337. https://doi.org/10.1017/s0950268815002770  

187. Kaestli M, Grist E, Mayo M, Ward L, Hill A, Currie BJ. The association of melioidosis 

with climatic factors in Darwin, Australia: a 23-year time-series analysis. J Infect 

2016;72:687- 697. https://doi.org/10.1016/j.jinf.2016.02.015  

  

https://doi.org/10.3201/eid2111.141802
https://doi.org/10.1371/journal.pone.0143254
https://doi.org/10.1128/genomea.00159-15
https://doi.org/10.1128/aem.03013-15
https://doi.org/10.1038/529290a
https://doi.org/10.4269/ajtmh.15-0627
https://doi.org/10.1186/s12890-015-0109-9
https://doi.org/10.1017/s0950268815002770
https://doi.org/10.1016/j.jinf.2016.02.015


186 

188. Stephens D, Thomas J, Ward L, Currie BJ. Melioidosis causing critical illness: a review of

24 years experience from the Royal Darwin Hospital intensive care unit. Crit Care Med

2016;44:1500-1505. https://doi.org/10.1097/ccm.0000000000001668

189. Sarovich DS, Garin B, De Smet B, Kaestli M, Mayo M, Vandamme P, Jacobs J, Lompo P,

Tahita MC, Tinto H, Djaomalaza I, Currie BJ, Price EP. Phylogenomic analysis reveals an

Asian origin for African Burkholderia pseudomallei and further supports melioidosis

endemicity in Africa. mSphere 2016;1(2):e00089-15.

https://doi.org/10.1128/msphere.00089-15

190. Sahl JW, Vazquez AJ, Hall CM, …….Currie BJ, Keim P, Wagner DM. The effects of 

signal erosion and core genome reduction on the identification of diagnostic markers. mBio 

2016;7:e00846-16-e00846-16. https://doi.org/10.1128/mbio.00846-16  

191. Höger ACR, Mayo M, Price EP, Theobald V, Harrington G, MacHunter B, Low Choy J, 

Currie BJ, Kaestli M. The melioidosis agent Burkholderia pseudomallei and related 

opportunistic pathogens detected in faecal matter of wildlife and livestock in northern 

Australia. Epidemiol Infect 2016; 144(9):1924-1932.

https://doi.org/10.1017/s0950268816000285

192. Price EP, MacHunter B, Spratt BG, Wagner DM, Currie BJ, Sarovich DS. Improved 

multilocus sequence typing of Burkholderia pseudomallei and closely related species. J Med 

Microbiol 2016;65:1-6. https://doi.org/10.1099/jmm.0.000312

193. Chapple SNJ, Sarovich DS, Holden MTG, Peacock SJ, Buller N, Golledge C, Mayo M, 

Currie BJ, Price EP. Whole-genome sequencing of a quarter-century melioidosis outbreak in 

temperate Australia uncovers a region of low-prevalence endemicity. Microbial Genomics 

2016;2(7):e000067. https://doi.org/10.1099/mgen.0.000067

194. Hussein MH, Schneider EK, Elliott AG, Han M, Reyes-Ortega F, Morris F, Blastovich MA, 

Jasim R, Currie B, Mayo M, Baker M, Cooper MA, Li J, Velkov T. From breast cancer to 

antimicrobial: Combating extremely resistant gram-negative "superbugs" using novel 

combinations of polymyxin B with selective estrogen receptor modulators. Microb Drug 

Resist 2017;23:640-650. https://doi.org/10.1089/mdr.2016.0196

195. Stewart JD, Smith S, Binotto E, McBride WJ, Currie BJ, Hanson J. The epidemiology and 

clinical features of melioidosis in Far North Queensland; implications for patient 

management. PloS Negl Trop Dis 2017; 11(3): e0005411.

https://doi.org/10.1371/journal.pntd.0005411

https://doi.org/10.1097/ccm.0000000000001668
https://doi.org/10.1128/msphere.00089-15
https://doi.org/10.1128/mbio.00846-16
https://doi.org/10.1017/s0950268816000285
https://doi.org/10.1099/jmm.0.000312
https://doi.org/10.1099/mgen.0.000067
https://doi.org/10.1371/journal.pntd.0005411
https://doi.org/10.1089/mdr.2016.0196


187 

 

 

196. Chewapreecha C, Holden MTG, Vehkala M, Välimäki N, Yang Z, Harris SR,…….Dance 

DAB, Currie BJ, Parkhill J, Peacock SJ. Global and regional dissemination and evolution of 

Burkholderia pseudomallei. Nature Microbiol 2017;2:1-8. 

https://doi.org/10.1038/nmicrobiol.2016.263  

197. Dance DAB, Limmathurotsakul D, Currie BJ. Burkholderia pseudomallei: Challenges for 

the clinical microbiology laboratory – a response from the front line. Letter: J Clin Microbiol 

2017;55:980-982. https://doi.org/10.1128/jcm.02378-16  

198. Price EP, Paxinos E, Tallon LJ, Sadzewicz L, Sengamaley N, Laird M, Baird RW, Currie 

BJ, Sarovich DS. Whole-genome sequences of Burkholderia pseudomallei isolates exhibiting 

decreased meropenem susceptibility. Genome Announcements (genomeA) 2017;5:e00053-17. 

https://doi.org/10.1128/genomea.00053-17  

199. Viberg LT, Sarovich DS, Kidd TJ, Geake JB, Bell SC, Currie BJ, Price E. Within-host 

evolution of Burkholderia pseudomallei during chronic infection of seven Australian cystic 

fibrosis patients. mBio 2017;8:e003356-17. https://doi.org/10.1128/mbio.00356-17  

200. Suttisunhakul V, Pumpuang A, Ekchariyawat P, Wuthiekanun V, Elrod MG, Turner P, 

Currie BJ, Phetsouvanh R, Dance DAB, Limmathurotsakul D, Peacock SJ, Chantratita N. 

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry for the 

identification of Burkholderia pseudomallei from Asia and Australia and differentiation 

between Burkholderia species. PLoS One 2017;12:e0175294. 

https://doi.org/10.1371/journal.pone.0175294  

201. Morris JL, Fane A, Sarovich DS, Price EP, Rush CM, Govan BL, Parker E, Mayo M, 

Currie BJ, Ketheesan N. Increased neurotropic threat from Burkholderia pseudomallei 

strains with a B. mallei-like variation in the bimA motility gene. Emerg Infect Dis 

2017;23:740-749. https://doi.org/10.3201/eid2305.151417  

202. Price EP, Currie BJ, Sarovich DS. Genomics insights into the melioidosis pathogen, 

Burkholderia pseudomallei. Curr Trop Med Rep 2017;4:95-102. 

https://doi.org/10.1007/s40475-017-0111-9  

203. Webb JR, Price EP, Currie BJ, Sarovich DS. Loss of methyltransferase function and 

increased efflux activity leads to doxycycline resistance in Burkholderia pseudomallei. 

Antimicrob Agents Chemother 2017;61:e00268-17. https://doi.org/10.1128/aac.00268-17  

  

https://doi.org/10.1038/nmicrobiol.2016.263
https://doi.org/10.1128/jcm.02378-16
https://doi.org/10.1128/genomea.00053-17
https://doi.org/10.1128/mbio.00356-17
https://doi.org/10.1371/journal.pone.0175294
https://doi.org/10.3201/eid2305.151417
https://doi.org/10.1007/s40475-017-0111-9
https://doi.org/10.1128/aac.00268-17


188 

 

 

204. Jimenez V, Moreno R, Kaufman E, Hornstra H, Settles E, Currie BJ, Keim P, Monroy FP. 

Effects of binge alcohol exposure on Burkholderia thailandensis-alveolar macrophage 

interaction. Alcohol 2017;64:55-63. https://doi.org/10.1016/j.alcohol.2017.04.004  

205. Price EP, Sarovich DS, Webb JR, Hall CM, Jaramillo S, Sahl JW, Kaestli M, Mayo M, 

Harrington G, Baker AL, Sidak-Loftis LC, Lummis M, Schupp JM, Gillece JD, Tuanyok A, 

Warner J, Busch JD, Keim P, Currie BJ, Wagner DM. Phylogeographic, genomic, and 

meropenem susceptibility analysis of Burkholderia ubonensis. PloS Negl Trop Dis 

2017;11(9):e0005928. https://doi.org/10.1371/journal.pntd.0005928  

206. Podnecky NL, Rhodes KA, Mima T, Mima T, Drew HR, Chirakul S, Wuthiekanun V, 

Schupp JM, Sarovich DS, Currie BJ, Keim P, Schweitzer HP. Mechanisms of resistance to 

folate pathway inhibitors in Burkholderia pseudomallei: Deviation from the norm. mBio 

2017;8: e01357-17. https://doi.org/10.1128/mbio.01357-17  

207. Aziz A, Sarovich DS, Harris T, Kaestli M, McRobb E, Mayo M, Currie BJ, Price EP. 

Suspected cases of intracontinental Burkholderia pseudomallei sequence type homoplasy 

resolved using whole-genome sequencing. Microbial Genomics 2017;3:1-7. 

https://doi.org/10.1099/mgen.0.000139  

208. Tuanyok A, Mayo M, Scholz H, Hall C, Allender C, Kaestli M,… .... Currie BJ, Keim P. 

Burkholderia humptydooensis sp. nov., a new species related to Burkholderia thailandensis 

and the fifth member of the pseudomallei complex. Appl Environ Microbiol 

2017;83(5):e02802-16. https://doi.org/10.1128/aem.02802-16  

209. Sarovich DS, Chapple SNJ, Price EP, Mayo M, Holden MTG, Peacock SJ, Currie BJ. 

Whole-genome sequencing to investigate a non-clonal melioidosis cluster on a remote 

Australian island. Microb Genom 2017 Jun 13;3(8):e000117. 

https://doi.org/10.1099/mgen.0.000117  

210. Vandamme P, Peeters C, DeSmet B, Price EP, Sarovich DS, Henry DA, Hird TJ, Zlosnik 

JEA, Mayo M, Warner J, Baker A, Currie BJ, Carlier A. Comparative Genomics of 

Burkholderia singularis sp. nov., a low G+C content, free-living bacterium that defies 

taxonomic dissection of the genus Burkholderia. Frontiers Microbiol 2017;8:1679. 

https://doi.org/10.3389/fmicb.2017.01679  

  

https://doi.org/10.1016/j.alcohol.2017.04.004
https://doi.org/10.1371/journal.pntd.0005928
https://doi.org/10.1128/mbio.01357-17
https://doi.org/10.1099/mgen.0.000139
https://doi.org/10.1128/aem.02802-16
https://doi.org/10.1099/mgen.0.000117
https://doi.org/10.3389/fmicb.2017.01679


189 

 

 

211. Mohan A, Podin Y, Tai N, Chieng C-H, Rigas V, Machunter B, Mayo M, Wong D, Chien S- 

L, Tan L-S, Goh C, Bantin R, Mijen A, Chua W-Y, Hii K-C, Wong S-C, Ngian H-U, Wong 

J-S, Hashim J, Currie BJ, Ooi M-H. Pediatric melioidosis in Sarawak, Malaysia: 

Epidemiological, clinical and microbiological characteristics. PloS Negl Trop Dis 

2017;11(6): e0005650. https://doi.org/10.1371/journal.pntd.0005650  

212. Wiersinga WJ, Virk HS, Torres AG, Currie BJ, Peacock SJ, Dance DAB, 

Limmathurotsakul D. Melioidosis. Nature Rev Dis Primers 2018;4:17107. 

https://doi.org/10.1038/nrdp.2017.107  

213. Majoni SW, Hughes JT, Heron B, Currie BJ. Trimethoprim+sulfamethoxazole reduces rates 

of melioidosis in high risk haemodialysis patients. Kidney International Reports 2018;3:160- 

167. https://doi.org/10.1016/j.ekir.2017.09.005  

214. Smith S, Hanson J, Currie BJ. Melioidosis: An Australian perspective. Trop Med Infect Dis 

2018;3:27. https://doi.org/10.3390/tropicalmed3010027  

215. Porter MC, Pennell CE, Woods P, Dyer J, Merritt AJ, Currie BJ. Chorioamnionitis and 

premature delivery due to Burkholderia pseudomallei infection in pregnancy. Am J Trop Med 

Hyg 2018;98:797-799. https://doi.org/10.4269/ajtmh.17-0789  

216. Dance DAB, Sarovich DS, Price EP, Limmathurotsakul D, Currie BJ. Human infection 

with Burkholderia thailandensis, China, 2013. Letter: Emerg Infect Dis 2018;24:954. 

https://doi.org/10.3201/eid2405.180238   

217. Tauran PM, Wahyunie S, Saad F, Dahesihdewi A, Graciella M, Munawir M, Lestari DC, 

Aryati A, Parwati I, Loho T, Pratiwi DIN, Mutiawati VK, Loesnihari R, Anggraini D, 

Rahayu SI, Wulan WN, Antonjaya U, Dance DAB, Currie BJ, Limmathuthurotsakul D, Arif 

M, Aman AT, Budayanti NNS, Iskandriati D. Emergence of melioidosis in Indonesia and 

today’s challenges. Trop Med Infect Dis 2018;3:32. 

https://doi.org/10.3390/tropicalmed3010032  

218. Warner JM, Currie BJ. Melioidosis in Papua New Guinea and Oceania. Trop Med Infect Dis 

2018;3:34. https://doi.org/10.3390/tropicalmed3010034  

219. Mulvaney SP, Fitzgerald LA, Hamdan LJ…….Mayo M, Currie BJ….Hannan J. Rapid 

design and fielding of four diagnostic technologies in Sierra Leone, Thailand, Peru, and 

Australia: Successes and challenges faced introducing these biosensors. Sensing and Bio- 

sensing Res 2018;20:22-33. https://doi.org/10.1016/j.sbsr.2018.06.003  

  

https://doi.org/10.1371/journal.pntd.0005650
https://doi.org/10.1038/nrdp.2017.107
https://doi.org/10.1016/j.ekir.2017.09.005
https://doi.org/10.3390/tropicalmed3010027
https://doi.org/10.4269/ajtmh.17-0789
https://doi.org/10.3201/eid2405.180238
https://doi.org/10.3390/tropicalmed3010032
https://doi.org/10.3390/tropicalmed3010034
https://doi.org/10.1016/j.sbsr.2018.06.003


190 

 

 

220. Sarovich DS, Webb JR, Pitman MC, Viberg LT, Mayo M, Baird RW, Robson JM, Currie 

BJ, Price EP. Raising the stakes: Loss of efflux-pump regulation decreases meropenem 

susceptibility in Burkholderia pseudomallei. Clin Infect Dis 2018; 67(2):243-250. 

https://doi.org/10.1093/cid/ciy069  

221. Ketai L, Currie BJ, Holt MR, Chan ED. Radiology of chronic cavitary infections. J Thorac 

Imaging 2018; 33(5):334-343. https://doi.org/10.1097/rti.0000000000000346  

222. Webb JR, Price EP, Somprasong N, Schweizer HP, Baird RW, Currie BJ, Sarovich DS. 

Development and validation of a triplex qPCR assay to detect efflux pump-mediated 

antibiotic resistance in Burkholderia pseudomallei. Future Microbiol 2018;13:1403-1418. 

https://doi.org/10.2217/fmb-2018-0155  

223. Harch S, Currie BJ, Papanicolas L, Baird RW, Rigas V, Bastian I. Utility of a rapid lateral 

flow assay to resolve erroneous identification of Burkholderia pseudomallei as Burkholderia 

thailandensis by Matrix-Assisted Laser Desorption Ionization-Time of Flight (MALDI-TOF) 

mass spectrometry. Letter: J Clin Microbiol 2018;56: e01437-e01438. 

https://doi.org/10.1128/jcm.01437-18  

224. McMahon RM, Ireland PM, Sarovich DS, Petit G, Jenkins C, Sarkar-Tyson M, Currie BJ, 

Martin JL. Virulence of the melioidosis pathogen Burkholderia pseudomallei requires the 

oxidoreductase membrane protein DsbB. Infect Immun 2018;86(5):e00938-17. 

https://doi.org/10.1128/iai.00938-17  

225. Sahl J, Mayo M, Price EP, Sarovich DS, Kaestli M, Pearson T, Williamson C, Nottingham 

R, Sheridan K, Wagner D, Currie BJ, Keim P. Complete genome sequence of the 

environmental Burkholderia pseudomallei sequence type 131 isolate MSHR1435, associated 

with a chronic melioidosis infection. Genome A 2018; 15;6(11). pii: e00072-18. 

https://doi.org/10.1128/genomea.00072-18  

226. Price EP, Viberg LT, Kidd TJ, Bell SC, Currie BJ, Sarovich DS. Transcriptomic analysis of 

longitudinal Burkholderia pseudomallei infecting the cystic fibrosis lung. Microb Genom 

2018;4(8). https://doi.org/10.1099/mgen.0.000194  

227. Baker AL, Pearson T, Sahl JW, Hepp C, Price EP, Sarovich DS, Mayo M, Tuanyok A, 

Currie BJ, Keim P, Warner J. Burkholderia pseudomallei distribution in Australasia is 

linked to paleogeographic and anthropogenic history. PLoS One 2018; 13(11):e0206845. 

https://doi.org/10.1371/journal.pone.0206845  

  

https://doi.org/10.1093/cid/ciy069
https://doi.org/10.1097/rti.0000000000000346
https://doi.org/10.2217/fmb-2018-0155
https://doi.org/10.1128/jcm.01437-18
https://doi.org/10.1128/iai.00938-17
https://doi.org/10.1128/genomea.00072-18
https://doi.org/10.1099/mgen.0.000194
https://doi.org/10.1371/journal.pone.0206845


191 

 

 

228. Sullivan RP, Ward L, Currie BJ. Oral eradication therapy for melioidosis: important but not 

without risks. Internat J Infect Dis 2019;80:111-114. 

https://doi.org/10.1016/j.ijid.2019.01.019  

229. Jinhee Yi J, Simpanya MF, Settles EW, Shannon AB, Hernandez K, Pristo L, Keener ME, 

Hornstra H, Busch JD, Soffler C, Brett P, Currie BJ, Bowen RA, Tuanyok A, Keim P. 

Caprine humoral response to Burkholderia pseudomallei antigens during acute melioidosis 

from aerosol exposure. PloS Negl Trop Dis 2019;13(2): e0006851. 

https://doi.org/10.1371/journal.pntd.0006851  

230. Limmathurotsakul D, Daily F, Bory S, Khim G, Wiersinga WJ, Torres AG, Dance DAB, 

Currie BJ. Melioidosis: the hazards of incomplete peer-review. PloS Negl Trop Dis 2019; 

13(3):e0007123. https://doi.org/10.1371/journal.pntd.0007123  

231. Dance DAB, Wuthiekanun V, Sarovich D, Price EP, Limmathurotsakul D, Currie BJ, 

Trung TT. Letter: Pan-drug-resistant and biofilm-producing strain of Burkholderia 

pseudomallei: first report of melioidosis from a diabetic patient in Yogyakarta, Indonesia. 

Internat Med Case Reports J 2019;12:117-118. https://doi.org/10.2147/imcrj.s205245  

232. Kirby P, Smith S, Ward L, Hanson J, Currie BJ. Clinical utility of platelet count as a 

prognostic marker in melioidosis. Am J Trop Med Hyg 2019;100:1085-1087. 

https://doi.org/10.4269/ajtmh.18-0698  

233. Schully KL, Young CC, Mayo M, Connolly AL, Rigas V, Spall A, Chan AA, Salvador MG, 

Lawler JV, Opdyke JA, Clark DV, Currie BJ. Next generation diagnostics for melioidosis: 

evaluation of a prototype i-STAT cartridge to detect Burkholderia pseudomallei biomarkers. 

Clin Infect Dis 2019;69:421-427. https://doi.org/10.1093/cid/ciy929  

234. Webb JR. Sarovich DS, Price EP, Ward LM, Mayo M, Currie BJ. Burkholderia 

pseudomallei lipopolysaccharide genotype does not correlate with severity or outcome in 

melioidosis: host risk factors remain the critical determinant. Open Forum Infect Dis 

2019;6(4):1-5. https://doi.org/10.1093/ofid/ofz091  

235. Luangasanatip N, Flasche S, Dance DAB, Limmathurotsakul D, Currie BJ, Mukhopadhyay 

C, Atkins T, Titball R, Jit M. The global impact and cost-effectiveness of a melioidosis 

vaccine. BMC Medicine 2019;17:129. https://doi.org/10.1186/s12916-019-1358-x  

  

https://doi.org/10.1016/j.ijid.2019.01.019
https://doi.org/10.1371/journal.pntd.0006851
https://doi.org/10.1371/journal.pntd.0007123
https://doi.org/10.2147/imcrj.s205245
https://doi.org/10.4269/ajtmh.18-0698
https://doi.org/10.1093/cid/ciy929
https://doi.org/10.1093/ofid/ofz091
https://doi.org/10.1186/s12916-019-1358-x


192 

 

 

236. Webb JR. Rachlin A, Rigas V, Sarovich DS, Price EP, Kaestli M, Ward LM, Mayo M, 

Currie BJ. Tracing the environmental footprint of the Burkholderia pseudomallei 

lipopolysaccharide genotypes in the tropical “Top End” of the Northern Territory, Australia. 

PloS Negl Trop Dis 2019; 13(7): e0007369. https://doi.org/10.1371/journal.pntd.0007369  

237. Schully KL, Burtnick MN, Bell MG, Spall A, Mayo M, Rigas V, Chan AA, Yu K, Clark 

DV, Maves RC, Currie BJ, Brett PJ, Lawler JV. Serological evidence of Burkholderia 

pseudomallei infection in U.S. Marines who trained in Australia from 2012-2014: a 

retrospective analysis of archived samples. MSMR 2019;26:8-17. 

https://pubmed.ncbi.nlm.nih.gov/31347371/  

238. Rachlin A, Kleinecke M, Kaestli M, Mayo M, Webb JR, Rigas V, Shilton C, Benedict S, 

Dyrting K, Currie BJ. A cluster of melioidosis infections in hatchling saltwater crocodiles 

(Crocodylus porosus) resolved using genome-wide comparison of a common north 

Australian strain of Burkholderia pseudomallei. Microbial Genomics 2019;5(8):1-11. 

https://doi.org/10.1099/mgen.0.000288  

239. Kaestli M, O’Donnell M, Rose A, Webb J, Mayo M, Currie BJ, Gibb K. Opportunistic 

pathogens and large microbial diversity detected in source-to-distribution drinking water of 

three remote communities in Northern Australia. PloS Negl Trop Dis 2019;13(9):e0007672. 

https://doi.org/10.1371/journal.pntd.0007672  

240. Rachlin A, Shilton C, Webb JR, Mayo M, Kaestli M, Kleinecke M, Rigas V, Benedict S, 

Gurry I, Currie BJ. Melioidosis fatalities in captive slender-tailed meerkats (Suricata 

suricatta): Combining epidemiology, pathology and whole-genome sequencing supports 

variable mechanisms of transmission with One Health implications. BMC Vet Res 

2019;15:458. https://doi.org/10.1186/s12917-019-2198-9  

241. Jiminez VM, Settles EW, Currie BJ, Keim P, Monroy FP. Persistence of Burkholderia 

thailandensis E264 in lung tissue after a single binge alcohol episode. PLoS One 

2019;14:e0218147. https://doi.org/10.1371/journal.pone.0218147  

242. Mahomed YF, Scott NE, Molinaro A, ……Currie BJ, Foster LJ, Ingram R, De Castro C, 

Valvano MA. A general protein O-glycosylation machinery conserved in Burkholderia 

species improves bacterial fitness and elicits glycan immunogenicity in humans. J Biol Chem 

2019;294:13248-13268. https://doi.org/10.1074/jbc.ra119.009671  

243. Zaw KK, Wasgewatta SL, Kwong KK, Fielding D, Heraganahally SS, Currie BJ. Chronic 

pulmonary melioidosis masquerading as lung malignancy diagnosed by EBUS guided sheath 

technique. Resp Med Case Rep 2019;28.100894. https://doi.org/10.1016/j.rmcr.2019.100894  

https://doi.org/10.1371/journal.pntd.0007369
https://pubmed.ncbi.nlm.nih.gov/31347371/
https://doi.org/10.1099/mgen.0.000288
https://doi.org/10.1371/journal.pntd.0007672
https://doi.org/10.1186/s12917-019-2198-9
https://doi.org/10.1371/journal.pone.0218147
https://doi.org/10.1074/jbc.ra119.009671
https://doi.org/10.1016/j.rmcr.2019.100894


193 

 

 

244. Aziz A, Currie BJ, Mayo M, Sarovich DS, Price EP. Comparative genomics confirms a rare 

melioidosis human-to-human transmission event and reveals incorrect phylogenomic 

reconstruction due to polyclonality. Microbial Genomics 2020. 

https://doi.org/10.1099/mgen.0.000326  

245. Chang CY, Lau NLJ, Podin Y, Currie BJ. Disseminated melioidosis in early pregnancy - an 

unproven cause of foetal loss. BMC Infect Dis 2020;20:201. https://doi.org/10.1186/s12879-

020-4937-8  

246. Rachlin A, Mayo M, Webb JR, Kleinecke M, Rigas V, Harrington G, Currie BJ, Kaestli M. 

Whole-genome sequencing of Burkholderia pseudomallei from an urban melioidosis hot-spot 

reveals a fine-scale population structure and localised spatial clustering in the environment. 

Nature Sci Rep 2020;10:5443. https://doi.org/10.1038/s41598-020-62300-8  

247. Somprasong N, Hall CM, Webb JR, Sahl JW, Wagner DM, Keim P, Currie BJ, Schweizer 

HP. Burkholderia ubonensis meropenem resistance: Insights into distinct properties of class A 

b-lactamases in Burkholderia cepacia complex and Burkholderia pseudomallei complex 

bacteria. mBio 2020;11:e00592-20. https://doi.org/10.1128/mbio.00592-20  

248. Pearson T, Sahl JW, Hepp CM, Handady K, Hornstra H, Vazquez AJ, Settles EW, Mayo M, 

Kaestli M, Williamson CHD, Price EP, Sarovich DS, Cook JM, Wolken SR, Bowen RA, 

Tuanyok A, Foster JT, Drees KP, Kidd TJ, Bell SC, Currie BJ, Keim P. Pathogen to 

commensal? Longitudinal within-host population dynamics, evolution, and adaptation during 

a chronic >16-year Burkholderia pseudomallei infection. PLoS Pathogens 2020;16(3): 

e1008298. https://doi.org/10.1371/journal.ppat.1008298  

249. Sullivan RP, Marshall CS, Anstey NM, Ward L, Currie BJ. 2020 Review and revision of 

the 2015 Darwin melioidosis treatment guideline; paradigm drift not shift. PloS Negl Trop 

Dis 2020; 14(9): e0008659. https://doi.org/10.1371/journal.pntd.0008659  

250. Webb JR, Win MM, Zin KN, Win KKN, Wah TT, Ashley EA, Smithuis F, Swe MMM, 

Mayo M, Currie BJ, Dance DAB. Myanmar Burkholderia pseudomallei strains are 

genetically diverse and originate from Asia with phylogenetic evidence of reintroductions 

from neighbouring countries. Sci Rep 2020;10:16260. https://doi.org/10.1038/s41598-020-

73545-8  

251. Arnold L, Borecky N, Geddes DA, Lydiard L, Field A, Currie BJ. Melioidosis breast 

abscess diagnosed by screening mammography. The Breast J 2020;26:2070-2071. 

https://doi.org/10.1111/tbj.14040  

https://doi.org/10.1099/mgen.0.000326
https://doi.org/10.1186/s12879-020-4937-8
https://doi.org/10.1186/s12879-020-4937-8
https://doi.org/10.1038/s41598-020-62300-8
https://doi.org/10.1128/mbio.00592-20
https://doi.org/10.1371/journal.ppat.1008298
https://doi.org/10.1371/journal.pntd.0008659
https://doi.org/10.1038/s41598-020-73545-8
https://doi.org/10.1038/s41598-020-73545-8
https://doi.org/10.1111/tbj.14040


194 

 

 

252. Webb JR, Buller N, Rachlin A, Golledge C, Sarovich DS, Price EP, Mayo M, Currie BJ. A 

persisting non-tropical focus of Burkholderia pseudomallei with limited genome evolution 

over five decades. mSystems 2020;5:e00726-20. https://doi.org/10.1128/msystems.00726-20  

253. Amiss AS, Webb JR, Mayo M, Currie BJ, Craik DJ, Troeira Henriques S, Lawrence N. 

Safer in vitro drug screening models for melioidosis therapy development. Am J Trop Med 

Hyg 2020;103:1846-185. https://doi.org/10.4269/ajtmh.20-0248  

254. Madden DE, Webb JR, Steinig EJ, Currie BJ, Price EP, Sarovich DS. Taking the next-gen 

step: comprehensive antimicrobial resistance detection from Burkholderia pseudomallei. 

EBioMedicine 2020; 63:103152: https://doi.org/10.1016/j.ebiom.2020.103152  

255. Douglas NM, Hennessy J, Currie BJ, Baird RW. Trends in bacteraemia over two decades in 

the Top End of the Northern Territory of Australia. Open Forum Infect Dis 2020: Oct 

17;7(11):ofaa472. https://doi.org/10.1093/ofid/ofaa472  

256. Rachlin A, Luangrai M, Kaestli M, Rattanavong S, Phoumin P, Webb JR, Mayo M, Currie 

BJ, Dance DAB. Using land runoff to survey the distribution and genetic diversity of 

Burkholderia pseudomallei in Vientiane, Laos. Appl Environ Microbiol 2021;87:e02112-

e02120. https://doi.org/10.1128/aem.02112-20  

257. Janesomboon S, Muangsombut V, Srinon V, Meethai C, Tharinjaroen CS, Amornchai P, 

Chantratita N, Mayo M, Wuthiekanun V, Currie BJ, Stevens JM, Korbsrisate S. Detection 

and differentiation of Burkholderia species with pathogenic potential in environmental soil 

samples. PLoS One 2021; 16(1):e0245175. https://doi.org/10.1371/journal.pone.0245175  

258. Somprasong N, Hall CM, Webb JR, Sahl JW, Wagner DM, Keim P, Currie BJ, Schweizer 

HP. Burkholderia ubonensis high-level tetracycline resistance is due to efflux pump synergy 

involving a novel TetA(64) resistance determinant. Antimicrob Agents Chemother 

2021;65(3):e01767-20. https://doi.org/10.1128/aac.01767-20  

259. Meumann EM, Kaestli M, Mayo M, Ward L, Rachlin A, Webb JR, Kleinecke M, Price EP, 

Currie BJ. Emergence of Burkholderia pseudomallei sequence type 562, Northern Australia. 

Emerg Infect Dis 2021;27:1057-1067. https://doi.org/10.3201/eid2704.202716  

260. Win MM, Win KKN, Wah TT, Aye SN, Htwe TT, Zin KN, Aung MT, Aung WW, Ashley 

EA, Smithuis F, Rigas V, Currie BJ, Mayo M, Webb JR, Ling CL, Htun ZT, Dance DAB. 

Enhanced melioidosis surveillance in patients attending four tertiary hospitals in Yangon, 

Myanmar. Epidemiol Infect 2021; 149:e154, 1–6. 

https://doi.org/10.1017/s095026882100128x  

https://doi.org/10.1128/msystems.00726-20
https://doi.org/10.4269/ajtmh.20-0248
https://doi.org/10.1016/j.ebiom.2020.103152
https://doi.org/10.1093/ofid/ofaa472
https://doi.org/10.1128/aem.02112-20
https://doi.org/10.1371/journal.pone.0245175
https://doi.org/10.1128/aac.01767-20
https://doi.org/10.3201/eid2704.202716
https://doi.org/10.1017/s095026882100128x


195 

 

 

261. Currie BJ, Mayo M, Ward LM, Kaestli M, Meumann EM, Webb JR, Woerle C, Baird RW, 

Price RN, Marshall CS, Ralph AP, Spencer E, Davies J, Huffam SE, Janson S, Lynar S, 

Markey P, Krause VL, Anstey NM. The Darwin Prospective Melioidosis Study: a 30-year 

prospective, observational investigation. Lancet Infect Dis 2021;21:1737-1746. 

https://doi.org/10.1016/s1473-3099(21)00022-0  

262. Somprasong N, Yi J, Hall CM, Webb JR, Sahl JW, Wagner DM, Keim P, Currie BJ, 

Schweizer HP. Conservation of resistance-nodulation-cell division efflux pump-mediated 

antibiotic resistance in Burkholderia cepacia complex and Burkholderia pseudomallei 

complex species. Antimicrob Agents Chemother 2021;65:e00920-21. 

https://doi.org/10.1128/aac.00920-21  

263. Chan-Cuzydlo A, Harrison DJ, Pike BL, Currie BJ, Mayo M, Salvador MG, Hulsey WR, 

Azzarello J, Ellis J, Kim D, King-Lewis W, Smith JN, Rodriguez B, Maves RC, Lawler JV, 

Schully KL. Cohort profile: a migratory cohort study of US Marines who train in Australia. 

BMJ open 2021;11:e050330. https://doi.org/10.1136/bmjopen-2021-050330  

264. Dance DAB, Wuthiekanun V, Baird RW, Norton R, Limmathurotsakul D, Currie BJ. 

Interpreting Burkholderia pseudomallei disc diffusion susceptibility test results by the 

EUCAST method. Clin Microbiol Infect 2021;27:827-829. 

https://doi.org/10.1016/j.cmi.2021.02.017  

265. Sia TLL, Mohan A, Ooi MH, Chien SL, Tan LS, Goh C, Pang DCL, Currie BJ, Wong JS, 

Podin Y. Epidemiological and clinical characteristics of melioidosis caused by gentamicin- 

susceptible Burkholderia pseudomallei in Sarawak, Malaysia. Open Forum Infect Dis 

2021;8(10):ofab460. https://doi.org/10.1093/ofid/ofab460  

266. Hall CM, Baker AL, Sahl JW, Mayo M, Scholz HC, Kaestli M, Schupp J, Martz M, Settles 

EW, Busch JD, Sidak-Loftis L, Thomas A, Kreutzer L, Georgi E, Schweizer HP, Warner JM, 

Keim P, Currie BJ, Wagner DM. Expanding the Burkholderia pseudomallei complex with 

the addition of two novel species: Burkholderia mayonis sp. nov. and Burkholderia savannae 

sp. nov. Appl Environ Microbiol 2022;88:e01583-21. https://doi.org/10.1128/aem.01583-21  

267. Savelkoel J. Dance DAB, Currie BJ, Limmathurotsakul D, Wiersinga WJ. A call to action: 

time to recognize melioidosis as a neglected tropical disease. Lancet Infect Dis 

2022;22(6):e176-e182. https://doi.org/10.1016/s1473-3099(21)00394-7  

  

https://doi.org/10.1016/s1473-3099(21)00022-0
https://doi.org/10.1128/aac.00920-21
https://doi.org/10.1136/bmjopen-2021-050330
https://doi.org/10.1016/j.cmi.2021.02.017
https://doi.org/10.1093/ofid/ofab460
https://doi.org/10.1128/aem.01583-21
https://doi.org/10.1016/s1473-3099(21)00394-7


196 

 

 

268. Amiss AS, Von Pein J, Webb JR, Condon ND, Harvey PJ, Phan MD, Schembri MA, Currie 

BJ, Sweet MJ, Craik DJ, Kapetanovic R, Troeira Henriques S, Lawrence N. Modified 

horseshoe crab peptides target and kill bacteria inside host cells. Cellular Molec Life Sci 

2021;79(1):38. https://doi.org/10.1007/s00018-021-04041-z  

269. Webb JR, Mayo M, Rachlin A, Woerle C, Meumann E, Rigas V, Harrington G, Kaestli M, 

Currie BJ. Genomic epidemiology links Burkholderia pseudomallei from individual human 

cases to B. pseudomallei from targeted environmental sampling in Northern Australia. J Clin 

Microbiol 2022;16;60(3):e0164821. https://doi.org/10.1128/jcm.01648-21    

270. Gee JE, Bower WA, Kunkel A, ........... , Currie BJ, Webb JR, Weiner ZP, Negrón ME, 

Hoffmaster AR. Multistate outbreak of melioidosis associated with imported aromatherapy 

spray. N Engl J Med 2022;386:861-868. https://doi.org/10.1056/nejmoa2116130  

271. Currie BJ, Woerle H, Mayo M, Meumann EM, Baird RW. What is the role of lateral flow 

immunoassay for the diagnosis of melioidosis? Open Forum Infect Dis 2022;9(5):1-10. 

https://doi.org/10.1093/ofid/ofac149  

272. Grace SG, Currie BJ, Kumar S. Letter: Parathyroid hormone-independent hypercalcaemia 

secondary to granulomatous inflammation; could this be melioidosis? Intern Med J 2022;52:893-

894. https://doi.org/10.1111/imj.15776  

273. Hodgetts K, Kleinecke M, Woerle C, Kaestli M, Budd R, Webb J, Ward L, Mayo M, Currie 

BJ, Meumann EM. Melioidosis in the remote Katherine region of northern Australia. PLoS Negl 

Trop Dis 2022;16(6):e0010486. https://doi.org/10.1371/journal.pntd.0010486  

274. Gora, H. Hasan T, Smith S, Wilson I, Mayo M, Woerle C, Webb JR, Currie BJ, Hanson J, 

Meumann EM. Melioidosis of the central nervous system; impact of the bimABm allele on patient 

presentation and outcome. Clin Infect Dis 2022: ePub ahead of print. 

https://doi.org/10.1093/cid/ciac111  

275. Currie BJ. Melioidosis and Burkholderia pseudomallei: progress in epidemiology, diagnosis, 

treatment and vaccination. Curr Opin Infect Dis 2022; epub ahead of print. 

https://doi.org/10.1097/qco.0000000000000869   

https://doi.org/10.1007/s00018-021-04041-z
https://doi.org/10.1128/jcm.01648-21
https://doi.org/10.1056/nejmoa2116130
https://doi.org/10.1093/ofid/ofac149
https://doi.org/10.1111/imj.15776
https://doi.org/10.1371/journal.pntd.0010486
https://doi.org/10.1093/cid/ciac111
https://doi.org/10.1097/qco.0000000000000869


197 

Book Chapters 

1. Currie B. Increasing recognition of melioidosis in tropical Australia. In: Puthucheary SD,

Malik YA (Eds). Melioidosis. Prevailing Problems and Future Directions. Kuala Lumpur:

Malaysian Society of Infectious Diseases and Chemotherapy, 1994. pp.20-24. ISBN 983-

9152-23-8.

2. Currie B, Anstey N. Melioidosis. In : Rose BD (Ed). UpToDate. Wellesley, MA USA,

2001.

3. Currie B. Infectious diseases in Central and Northern Australia. In: Yung A, et al.

Infectious Diseases - A Clinical Approach. Melbourne University Press, 2001. pp.388-396.

ISBN 0-7340-2101-1.

4. Currie B. Editorial advisor and clinical photographs in: Tropical Health in the Top End; an

introduction for health practitioners. Top End Division of General Practice; Darwin 2003.

ISBN 1877021024.

5. Currie BJ, Anstey NM. Melioidosis. Revised. In: Rose BD (Ed). UpToDate. Wellesley, MA

USA, 2004.

6. Currie BJ. Melioidosis and glanders. In: Mandell, Bennett and Dolin (Eds). Principles and

Practice of Infectious Diseases 6th Edition. Elsevier, Philadelphia 2004;281:2622-2632.

ISBN 0-443-06643-4.

7. Currie BJ. Infectious diseases in Central and Northern Australia. Revised. In: Yung A et al

(Eds). Infectious Diseases: A Clinical Approach. 2nd Edition. IP Communications, Melbourne

April 2005; 40: 471-479. ISBN 0-9578617-7-X.

8. Currie BJ, Anstey NM. Melioidosis: Treatment and prognosis of melioidosis. In: Rose BD

(Ed). UpToDate. Wellesley, MA USA, November 2005.

9. Lipuma JJ, Currie BJ, Lum G, Vandamme PA. Burkholderia, Stenotrophomonas, Ralstonia,

Cupriavidus, Pandoraea, Brevundimonas, Comamonas, Delftia, and Acidovorax. In: Murray

PR, Baron EJ, Jorgensen JH, Landry ML, Pfaller MA (Eds). Manual of Clinical

Microbiology. American Society of Microbiology. 9th edition 2005; 49: 749-769. ISBN 978-

1-55581-371-0.



198 

10. Currie BJ, Anstey NM. Melioidosis: Epidemiology, pathogenesis, clinical manifestations,

and diagnosis of melioidosis. In: Rose BD (Ed). UpToDate. Wellesley, MA USA, September

2006.

11. Currie BJ. Melioidosis. In: Antoni Torres, Santiago Ewig, Lionel Mandell & Mark

Woodhead (Eds). Respiratory Infections. Oxford University Press, December 2006; Chapter

32 : 483-495. ISBN 0-340-81694-5.

12. Currie BJ, Anstey NM. Melioidosis: Treatment and prognosis of melioidosis. Revised. In:

Rose BD (Ed). UpToDate. Wellesley, MA USA, November 2006.

13. Currie BJ. Melioidosis and glanders. Revised. In: Mandell, Bennett and Dolin (Eds).

Principles and Practice of Infectious Diseases. 7th Edition. Elsevier, Philadelphia. September

2009; Chapter 221: 2869-2879. ISBN 978-0-4430-6839-3.

14. Lipuma JJ, Currie BJ, Peacock S, Vandamme PA. Burkholderia, Stenotrophomonas,

Ralstonia, Cupriavidus, Pandoraea, Brevundimonas, Comamonas, Delftia, and Acidovorax.

Revised. In: Murray PR, Baron EJ, Jorgensen JH, Landry ML, Pfaller MA (Eds). Manual of

Clinical Microbiology. American Society of Microbiology. 10th edition 2010. ISBN978-1-

5558-1126-6.

15. Currie B, Cheng A. Infectious diseases in northern and central Australia. In: Yung A,

Spelman D, Street A, McCormack J, Sorrell T, Johnson P (Eds). Infectious Diseases: A

Clinical Approach. 3rd Edition. IP Communications. Melbourne 2010; Chapter 42: 527-540.

ISBN 978-0-9804586-9-5.

16. Currie BJ. Melioidosis in the returned traveller. In: Dancer SJ, Seaton A (Eds). Problem

Solving in Infection. Atlas Medical Publishing Ltd, Oxford. 2011. Chapter 43 185-189. ISBN

9781904392835.

17. Currie BJ, Anstey NM. Melioidosis: Epidemiology, pathogenesis, clinical manifestations,

and diagnosis of melioidosis. Revised. In: Rose BD (Ed). UpToDate. Waltham, MA USA,

May 2011.

18. Currie BJ, Anstey NM. Melioidosis: Treatment and prognosis of melioidosis. Revised. In:

Rose BD (Ed). UpToDate. Waltham, MA USA, May 2011.



199 

19. Cheng AC, Currie BJ. Clinical manifestations of melioidosis: Editorial overview. In:

Ketheesan N (Ed). Melioidosis: A century of Observation and Research. Elsevier,

Amsterdam. 2012: pp.110-112. ISBN: 978-0-444-53479-8.

20. Cheng AC, Currie BJ. Epidemiology of melioidosis in Australia and the Pacific region. In:

Ketheesan N (Ed). Melioidosis: A century of Observation and Research. Elsevier,

Amsterdam. 2012: pp.48-56. ISBN: 978-0-444-53479-8.

21. Currie BJ, Chaowagul W, Cheng AC. Clinical features of acute melioidosis. In: Ketheesan

N (Ed). Melioidosis: A century of Observation and Research. Elsevier, Amsterdam. 2012:

pp.113-199. ISBN: 978-0-444-53479-8.

22. Limmathurotsakul D, Koh GCKW, Peacock SJ, Currie BJ. Chronic melioidosis, relapse and

latency. In: Ketheesan N (Ed). Melioidosis: A century of Observation and Research. Elsevier,

Amsterdam. 2012: pp.120-129. ISBN: 978-0-444-53479-8.

23. Cheng AC, Limmathurotsakul D, Weirsinga WJ, Supputamongkol Y, Currie BJ. Clinical

risk factors for melioidosis. In: Ketheesan N (Ed). Melioidosis: A century of Observation and

Research. Elsevier, Amsterdam. 2012: pp.130-140. ISBN: 978-0-444-53479-8.

24. Lumbiganon AC, Cheng AC, Currie BJ. Paediatric melioidosis. In: Ketheesan N (Ed).

Melioidosis: A century of Observation and Research. Elsevier, Amsterdam. 2012: pp.141-

146. ISBN: 978-0-444-53479-8.

25. Peacock SJ, Currie BJ. Management of accidental exposure to Burkholderia pseudomallei.

In: Ketheesan N (Ed). Melioidosis: A century of Observation and Research. Elsevier,

Amsterdam. 2012: pp.220-228. ISBN: 978-0-444-53479-8.

26. Currie BJ, Anstey NM. Melioidosis: Epidemiology, pathogenesis, clinical manifestations,

and diagnosis of melioidosis. Revised. In: Bartlett JG (Ed). UpToDate. Walters Kluwer

Health, May 2014.

27. Currie BJ, Anstey NM. Melioidosis: Treatment and prognosis of melioidosis. Revised. In:

Bartlett JG (Ed). UpToDate. Walters Kluwer Health, May 2014.

28. Currie BJ. Melioidosis and glanders. Revised. In: Mandell, Bennett and Dolin (Eds).

Principles and Practice of Infectious Diseases. 8th Edition. Elsevier, Philadelphia. 2015:

pp.2541-2551. ISBN: 978-1-4557-4801-3.



200 

29. Lipuma JJ, Currie BJ, Peacock SJ, Vandamme PAR. Burkholderia, Stenotrophomonas, 

Ralstonia, Cupriavidus, Pandoraea, Brevundimonas, Comamonas, Delftia, and Acidovorax. 

Revised. In: Jorgensen JH, Carroll KC, Funke G, Pfaller MA (Eds). Manual of Clinical 

Microbiology. 11th edition. American Society of Microbiology Press, Washington DC. 2015: 

pp.791-812. ISBN 978-1-55581-737-4.

30. Currie BJ, Anstey NM. Melioidosis: Epidemiology, clinical manifestations, and diagnosis of 

melioidosis. Revised. In: Bartlett JG (Ed). UpToDate. Walters Kluwer Health, September 

2016.

31. Currie BJ, Anstey NM. Melioidosis: Treatment and prognosis of melioidosis. Revised. In: 

Bartlett JG (Ed). UpToDate. Walters Kluwer Health, October 2016.

32. Morris J, Govan BL, Norton RE, Currie BJ, Ketheesan N. Melioidosis: A neglected bacterial 

infection associated with high mortality. In: Loukas A. (Eds). Neglected Tropical Diseases –

Oceania. Springer, Cham, November 2016: pp.273-294. doi: 10.1007/978-3-319-43148-2_11.

33. Currie BJ, Dance DAB. Melioidosis and Glanders. In: BMJ Best Practice. November 2016: 

http://bestpractice.bmj.com/best-practice/welcome.html

34. Cheng AC, Currie BJ. Melioidosis. In Decision Support in Medicine; Infectious Diseases. 

2nd Edition, 2017. https://www.decisionsupportinmedicine.com/

35. Lipuma JJ, Currie BJ, Peacock SJ, Vandamme PAR. Burkholderia, Stenotrophomonas, 

Ralstonia, Cupriavidus, Pandoraea, Brevundimonas, Comamonas, Delftia, and Acidovorax. 

Revised. In: Carroll KC et al. (Eds). Manual of Clinical Microbiology. 12th edition. 

American Society of Microbiology Press, Washington DC. 2018; Chapter 45: pp.807-828.

36. Currie BJ. Burkholderia pseudomallei and Burkholderia mallei: Melioidosis and Glanders. 

Revised. In: Bennett, Dolin and Blaser (Eds). Principles and Practice of Infectious Diseases. 

9th Edition. Elsevier, Philadelphia. 2020: pp.2706-2715. ISBN: 978-0-323-48255-4.

37. Currie BJ, Anstey NM. Melioidosis: Epidemiology, clinical manifestations, and diagnosis. 

Revised. In: Sexton DJ (Ed). UpToDate. Walters Kluwer Health, March 2022.

38. Currie BJ, Anstey NM. Melioidosis: Treatment and prevention. Revised. In: Sexton DJ

(Ed). UpToDate. Walters Kluwer Health, March 2022.

http://bestpractice.bmj.com/best-practice/welcome.html
http://www.decisionsupportinmedicine.com/


201 

 

 

39. Lipuma JJ, Currie BJ, Baird RW, Vandamme PAR. Burkholderia, Stenotrophomonas, 

Ralstonia, Cupriavidus, Pandoraea, Brevundimonas, Comamonas, Delftia, and Acidovorax. 

Revised. In: Carroll KC et al. (Eds). Manual of Clinical Microbiology. 13th edition. 

American Society of Microbiology Press, Washington DC. 2022; Chapter 43: in press. 

40. Currie BJ. Melioidosis and the liver. In: Debes J (Ed). Treatment and Management of 

Tropical Liver Disease. Elsevier, London UK. 2022: in press. 


	19 jan word doc for first section of text.pdf
	Declaration
	Abstract
	Acknowledgements
	Thesis Outline
	Chapter 1. Melioidosis at the turn of the Century: a literature review
	1.1 Chapter Overview


	ADP213F.tmp
	Declaration
	Abstract
	Acknowledgements
	Thesis Outline
	Chapter 1. Melioidosis at the turn of the Century: a literature review
	1.1 Chapter Overview


	ADP9D4D.tmp
	Declaration
	Abstract
	Acknowledgements
	Thesis Outline
	Chapter 1. Melioidosis at the turn of the Century: a literature review
	1.1 Chapter Overview


	ADPF2FC.tmp
	Global Distribution of Endemic Melioidosis
	Melioidosis in Australia
	Melioidosis in Papua New Guinea & East Timor
	Melioidosis Introduced into Non-tropical Regions
	Is Increasing Melioidosis Reflecting an Emerging Infectious Disease?
	In addition to newly recognised foci of melioidosis in Australia and globally, there has been a steady increase in the number of cases of melioidosis diagnosed in the Northern Territory of Australia, beyond the increase in population (Currie et al., 2...
	While increased awareness of melioidosis amongst clinicians and the public and improved laboratory diagnosis clearly account for some of the increased numbers, it is considered unlikely that large numbers of cases were being missed in the Northern Ter...
	Environmental Aspects of Melioidosis
	Mode of Infection
	Asymptomatic Infection, Incubation Period, Acute & Chronic Disease & Latency with Reactivation
	Pathogenesis of Melioidosis
	Host Susceptibility and Host Response in Melioidosis
	Clinical Features of Melioidosis
	Antibiotic Therapy for Melioidosis
	Initial intensive therapy for melioidosis
	Subsequent eradication therapy for melioidosis

	References

	ADP2D20.tmp
	Global Distribution of Endemic Melioidosis
	Melioidosis in Australia
	Melioidosis in Papua New Guinea & East Timor
	Melioidosis Introduced into Non-tropical Regions
	Is Increasing Melioidosis Reflecting an Emerging Infectious Disease?
	In addition to newly recognised foci of melioidosis in Australia and globally, there has been a steady increase in the number of cases of melioidosis diagnosed in the Northern Territory of Australia, beyond the increase in population (Currie et al., 2...
	While increased awareness of melioidosis amongst clinicians and the public and improved laboratory diagnosis clearly account for some of the increased numbers, it is considered unlikely that large numbers of cases were being missed in the Northern Ter...
	Environmental Aspects of Melioidosis
	Mode of Infection
	Asymptomatic Infection, Incubation Period, Acute & Chronic Disease & Latency with Reactivation
	Pathogenesis of Melioidosis
	Host Susceptibility and Host Response in Melioidosis
	Clinical Features of Melioidosis
	Antibiotic Therapy for Melioidosis
	Initial intensive therapy for melioidosis
	Subsequent eradication therapy for melioidosis

	References

	ADP5409.tmp
	Chapter 4. Molecular typing of Burkholderia pseudomallei for public health: Ribotyping
	4.1 Chapter Overview
	4.2 Statement of Joint Authorship


	ADPFE94.tmp
	Chapter 5. Molecular typing of Burkholderia pseudomallei for public health: Pulsed-field gel electrophoresis
	5.1 Chapter Overview
	5.2 Statement of Joint Authorship


	ADPA1AC.tmp
	Chapter 6. Molecular typing of Burkholderia pseudomallei for public health: Multilocus sequence typing (MLST) and BOX-PCR
	6.1 Chapter Overview
	6.2 Statement of Joint Authorship


	ADP582C.tmp
	Chapter 7. Molecular typing of Burkholderia pseudomallei for public health: Multilocus variable number tandem repeat analysis
	7.1 Chapter Overview
	7.2 Statement of Joint Authorship


	ADPDCD0.tmp
	Chapter 8. Molecular typing of Burkholderia pseudomallei for public health: Whole genome sequencing
	8.1 Chapter Overview
	8.2 Statement of Joint Authorship


	ADPAE34.tmp
	Global Distribution of Endemic Melioidosis
	Melioidosis in Australia
	Melioidosis in Papua New Guinea & East Timor
	Melioidosis Introduced into Non-tropical Regions
	Is Increasing Melioidosis Reflecting an Emerging Infectious Disease?
	In addition to newly recognised foci of melioidosis in Australia and globally, there has been a steady increase in the number of cases of melioidosis diagnosed in the Northern Territory of Australia, beyond the increase in population (Currie et al., 2...
	While increased awareness of melioidosis amongst clinicians and the public and improved laboratory diagnosis clearly account for some of the increased numbers, it is considered unlikely that large numbers of cases were being missed in the Northern Ter...
	Environmental Aspects of Melioidosis
	Mode of Infection
	Asymptomatic Infection, Incubation Period, Acute & Chronic Disease & Latency with Reactivation
	Pathogenesis of Melioidosis
	Host Susceptibility and Host Response in Melioidosis
	Clinical Features of Melioidosis
	Antibiotic Therapy for Melioidosis
	Initial intensive therapy for melioidosis
	Subsequent eradication therapy for melioidosis

	References

	ADP1673.tmp
	Declaration
	Abstract
	Acknowledgements
	Thesis Outline
	Chapter 1. Melioidosis at the turn of the Century: a literature review
	1.1 Chapter Overview


	ADPA288.tmp
	Global Distribution of Endemic Melioidosis
	Melioidosis in Australia
	Melioidosis in Papua New Guinea & East Timor
	Melioidosis Introduced into Non-tropical Regions
	Is Increasing Melioidosis Reflecting an Emerging Infectious Disease?
	In addition to newly recognised foci of melioidosis in Australia and globally, there has been a steady increase in the number of cases of melioidosis diagnosed in the Northern Territory of Australia, beyond the increase in population (Currie et al., 2...
	While increased awareness of melioidosis amongst clinicians and the public and improved laboratory diagnosis clearly account for some of the increased numbers, it is considered unlikely that large numbers of cases were being missed in the Northern Ter...
	Environmental Aspects of Melioidosis
	Mode of Infection
	Asymptomatic Infection, Incubation Period, Acute & Chronic Disease & Latency with Reactivation
	Pathogenesis of Melioidosis
	Host Susceptibility and Host Response in Melioidosis
	Clinical Features of Melioidosis
	Antibiotic Therapy for Melioidosis
	Initial intensive therapy for melioidosis
	Subsequent eradication therapy for melioidosis

	References

	ADPC154.tmp
	Global Distribution of Endemic Melioidosis
	Melioidosis in Australia
	Melioidosis in Papua New Guinea & East Timor
	Melioidosis Introduced into Non-tropical Regions
	Is Increasing Melioidosis Reflecting an Emerging Infectious Disease?
	In addition to newly recognised foci of melioidosis in Australia and globally, there has been a steady increase in the number of cases of melioidosis diagnosed in the Northern Territory of Australia, beyond the increase in population (Currie et al., 2...
	While increased awareness of melioidosis amongst clinicians and the public and improved laboratory diagnosis clearly account for some of the increased numbers, it is considered unlikely that large numbers of cases were being missed in the Northern Te...
	Environmental Aspects of Melioidosis
	Mode of Infection
	Asymptomatic Infection, Incubation Period, Acute & Chronic Disease & Latency with Reactivation
	Pathogenesis of Melioidosis
	Host Susceptibility and Host Response in Melioidosis
	Clinical Features of Melioidosis
	Antibiotic Therapy for Melioidosis
	Initial intensive therapy for melioidosis
	Subsequent eradication therapy for melioidosis

	References

	ADP1744.tmp
	Declaration
	Abstract
	Acknowledgements
	Thesis Outline
	Chapter 1. Melioidosis at the turn of the Century: a literature review
	1.1 Chapter Overview


	final version of references.pdf
	Publications from the Darwin Prospective Melioidosis Study
	Publications in Refereed Journals
	Book Chapters





