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Abstract. Melioidosis is a tropical disease of high mortality caused by the environmental bacterium, Burkholderia
pseudomallei. We have collected clinical isolates from the highly endemic Northern Territory of Australia routinely
since 1989, and animal and environmental B. pseudomallei isolates since 1991. Here we provide a complete record of
all B. pseudomallei multilocus sequence types (STs) found in the Northern Territory to date, and distribution maps of
the eight most common environmental STs. We observed surprisingly restricted geographic distributions of STs, which
is contrary to previous reports suggesting widespread environmental dissemination of this bacterium. Our data suggest
that B. pseudomallei from soil and water does not frequently disperse long distances following severe weather events
or by migration of infected animals.

The soil and water Gram-negative bacillus, Burkholderia
pseudomallei, is the etiological agent of melioidosis, a poten-
tially life-threatening infectious tropical disease.1 Melioidosis is
highly endemic in northern Australia and northeast Thailand,
with increasing recognition outside these traditional regions.2,3

Melioidosis has a high mortality rate; 14% in Australia2 and
up to 40% in Thailand, where it is the largest cause of infec-
tious disease death after human immunodeficiency virus and
tuberculosis.4 B. pseudomallei is classified as a Tier 1 select
agent in the United States because it is intrinsically resistant
to many antibiotics, there is no vaccine and aerosolization has
potentially high lethality.
Burkholderia pseudomallei is one of an increasing number

of bacterial species known to show robust biogeographic
structure. In particular, there is a clear and robust phyloge-
netic division between Australian and southeast Asian
strains,5–7 with almost no overlap between the environmental
strains found in Australia and those in southeast Asia. An
apparent exception was the presence of two multilocus
sequence typing (MLST) sequence types (STs) common
to both Australian and Cambodian B. pseudomallei strains
(ST-105 and ST-849). However, for both these STs, isolates
from Australia and Cambodia were found to be widely
divergent at the whole-genome level, indicating that they
were unrelated and the MLST identity represented homo-
plasy.8 Within Australia, some genetic population structure
among different locations has been detected. In particular,
there are no shared environmental STs between the Northern
Territory and Queensland.9,10 Confirmation of population
structure at increasingly fine scales suggests that the bacte-
rium has limited dispersal ability. Limited dispersal is unex-
pected, because the species can be carried by agricultural
animals and is relatively resistant to environmental stress.1

Its ability to cause infection when inhaled makes it plausible
that B. pseudomallei could be dispersed in severe weather
events such as cyclones. This bacterium is also able to move
in the water table11 and presumably to track along water-
ways, to be transported in soil used for gardening, building
and farming, and to live in the aerial parts of grasses.12 In

addition, B. pseudomallei has been isolated from the beak
of a healthy bird, suggesting another possible mode of long-
distance dissemination.13 B. pseudomallei can also seed new
endemic areas and cause long-term contamination of soil
and water outside of the tropics.14,15 Taken together, these
findings suggest that this organism has many opportunities
to disperse widely. However, an important factor likely to
limit dispersal is the sensitivity of B. pseudomallei to ultra-
violet radiation,16 which has been exploited to eradicate the
bacteria from unchlorinated bore water supplies.17

The Northern Territory of Australia, with an area of
1,346,200 km2, lies between latitudes 11 and 26°S. The most
northerly tropical region of the Northern Territory, known
as the “Top End,” is subject to monsoonal weather patterns.
In contrast, the southerly and western regions are character-
ized by hot semi-arid and arid deserts. The Northern Terri-
tory has a population of approximately 245,000 people and
has been sparsely occupied throughout its history from first
settlement over 40,000 years ago, and since European settle-
ment in the early nineteenth century. Just over half the cur-
rent population is concentrated in the Northern Territory’s
capital city, Darwin (12°S), on the northern coastline. Most
of the remainder of the population is settled in smaller
towns and remote indigenous communities throughout the
Territory and on its northern offshore islands. Although
melioidosis is highly endemic in the tropical Top End, spo-
radic cases are occasionally seen in the normally arid Central
Australia, south of latitude 20°S, such as occurred following
unusually heavy rain in 2011.18

Herein we report the geographical distribution of B.
pseudomallei STs within the Northern Territory. We use data
from over 3,000 environmental strains collected since 1991 at
the Menzies School of Health Research in Darwin, Australia.
We have mapped the geographical distribution of the most
common B. pseudomallei STs in environmental samples in
the Northern Territory; specifically, those that have been
found in 10 or more unique environmental samples. We
also report the complete list of environmental, animal, and
human clinical B. pseudomallei STs recorded in our sampling
efforts across the Northern Territory, up until January 28,
2015. The earliest clinical sample in our data set is from
1980, with all other clinical samples collected prospectively
from melioidosis cases since the commencement of the
Darwin Prospective Melioidosis Study on October 1, 1989.19

*Address correspondence to Bart J. Currie, Menzies School of
Health Research, PO Box 41096, Casuarina, Northern Territory
0811, Australia. E-mail: bart.currie@menzies.edu.au

68



Our environmental samples are taken mostly from soil
or water, and include both disturbed urban sites such as near
housing or building sites and undisturbed sites. Environ-
mental sampling in the Northern Territory is logistically chal-
lenging due to the long travel distances between population
centers, the large number of unsealed roads, the lack of road
access to most locations, and extreme isolation outside of the
few major towns and cities. These difficulties are reflected
by the concentration of samples in Darwin and its surround-
ing areas (Figure 1). Our most southerly B. pseudomallei-
positive environmental samples were found in a water hole
south of Tennant Creek, at a remote location at latitude 21°S.
Although sporadic clinical cases of melioidosis have occurred
further south than this location,18 we have not recovered
B. pseudomallei from environmental samples south of 21°S
in the Northern Territory.
Phylogenetic analysis shows that Australian B. pseudomallei

strains are ancestral to Southeast Asian strains.6 Accord-
ingly, our results demonstrate the considerable diversity of
B. pseudomallei in the Northern Territory (Table 1). In
total, 379 different MLST STs have been documented from
the Northern Territory among all the environmental, animal,
and clinical samples from the past 35 years of sampling that
have been subjected to MLST.
The most commonly recovered STs from environmental

sampling in the Northern Territory are listed in Table 1 and
are marked with an asterisk (*). Each of these STs has been
recovered from at least 10 different environmental samples.
All eight of these common environmental STs have also been
recovered from either human or animal samples, indicating
that all are capable of causing disease (Figure 2). All eight of
the common STs except for ST-325 have been found in soil,
with all but ST-36 and ST-144 also found in bore water
(groundwater pumped from artesian aquifers), a water source
commonly used for household supply in rural areas outside of

Darwin. None of these eight STs has been identified in envi-
ronmental samples outside the Northern Territory.
None of the eight commonest Darwin region STs were

single-locus or double-locus variants of each other according
to eBURST analysis (http://bpseudomallei.mlst.net). This finding
is consistent with an ancient origin for B. pseudomallei in
this region, rather than recent divergence from one or more
common ancestor(s).6

ST-109 is the most frequently identified B. pseudomallei
ST in environmental samples from the Northern Territory,
and is also the most widely dispersed. ST-109 has been found
in environmental samples from Darwin south to Livingstone,
over a maximum linear distance of approximately 45 km
(Figure 3). It is also the most common ST recovered from
clinical samples over the past 26 years. ST-326 is found over
a similar distance but is recovered much less frequently.
Some STs show restricted distributions, and in particular are
absent from the Darwin urban region, despite being among
the most common STs. For example, ST-320 and ST-132 are
only found in the rural regions of greater Darwin and further
south, whereas ST-109, ST-36, ST-144, and ST-326 all occur
in Darwin city proper. ST-266 and ST-325 have the most
restricted distributions, having only been found in Humpty
Doo, south of Darwin. The rate of new STs being recovered
in Darwin and surrounds in response to increased sampling
effort is levelling off, suggesting that only a limited number
of environmental strains are yet to be discovered in this
specific region.10 Melioidosis also occurs in remote indige-
nous communities on the offshore islands of the Top End,
but none of our most common STs have yet been found in
environmental strains from any of these islands.
We provide the first description of the frequency and dis-

tribution of B. pseudomallei strains in the environment in
the Northern Territory, which in the heavy 2009–2010 mon-
soonal wet season had the highest yet recorded incidence of

FIGURE 1. Map of Australia showing the Northern Territory. Dots indicate all locations in the Northern Territory where Burkholderia
pseudomallei has been cultured from environmental samples.
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TABLE 1
Summary of sequence types (ST) of Burkholderia pseudomallei found in the Northern Territory (1980–2015), and the sources from which they

have been isolated
ST n (soil) n (water) n (other environment) n (human) Total Animal

36 * 28 0 0 53 81 Y
109 * 68 41 0 87 196 Y
114 1 0 0 2 3 N
116 0 0 0 4 4 Y
121 2 2 0 2 6 N
126 0 1 0 6 7 N
131 2 6 0 8 16 Y
132 * 28 14 0 54 96 Y
144 * 22 0 0 12 34 Y
149 2 0 0 3 5 N
238 2 0 0 1 3 N
266 * 6 10 2 9 27 Y
275 1 0 0 4 5 N
279 5 0 0 14 19 N
281 1 0 0 1 2 N
296 0 1 0 0 1 Y
320 * 8 3 0 9 20 Y
325 * 0 15 0 7 22 N
326 * 7 9 0 1 17 N
327 3 2 0 10 15 N
328 0 1 0 0 1 Y
329 3 3 0 4 10 N
332 2 1 0 2 5 N
333 5 10 0 5 20 Y
334 0 1 0 1 2 N
335 0 1 0 19 20 N
337 0 2 0 1 3 N
437 0 1 0 1 2 N
456 1 0 0 5 6 N
464 1 0 0 13 14 Y
466 0 1 0 8 9 N
468 1 0 0 4 5 N
473 0 0 0 1 1 Y
480 4 0 0 4 8 N
483 2 0 0 16 18 Y
553 8 0 0 34 42 N
559 0 4 0 1 5 Y
562 4 0 6 18 28 N
566 2 0 0 4 6 N
572 0 0 0 1 1 Y
616 0 0 0 1 1 Y
617 1 0 0 1 2 Y
639 1 0 0 1 2 N
673 0 6 0 0 6 Y
674 0 3 0 0 3 Y
682 1 0 0 1 2 N
766 1 0 0 1 2 N
883 1 0 0 1 2 N
885 1 0 0 1 2 N
970 1 0 0 3 4 N
STs found only in human samples 103, 104, 105, 106, 107, 108, 111, 112, 113, 115, 117, 118, 120, 122, 124, 125, 127, 128, 129, 130, 134,

135, 136, 137, 138, 141, 142, 143, 145, 146, 147, 150, 239, 241, 242, 243, 244, 245, 249, 255, 259,
261, 262, 264, 269, 270, 278, 294, 322, 331, 427, 428, 429, 434, 435, 439, 440, 452, 453, 454, 455,
457, 458, 459, 461, 462, 463, 465, 467, 469, 470, 471, 472, 478, 479, 481, 482, 552, 554, 555, 556,
557, 560, 561, 563, 564, 565, 571, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585,
586, 587, 588, 643, 675, 678, 679, 680, 681, 683, 709, 710, 711, 712, 713, 715, 716, 717, 718, 720,
721, 722, 723, 724, 726, 727, 728, 729, 730, 731, 732, 734, 736, 737, 738, 739, 740, 741, 742, 743,
744, 745, 746, 747, 748, 749, 750, 751, 752, 753, 754, 755, 756, 757, 758, 759, 760, 761, 762, 763,
764, 765, 767, 768, 769, 770, 771, 772, 773, 774, 775, 776, 777, 778, 779, 780, 781, 785, 786, 787,
788, 790, 791, 792, 793, 794, 795, 796, 797, 798, 800, 801, 806, 807, 809, 810, 811, 812, 813, 838,
839, 840, 841, 842, 843, 844, 845, 853, 868, 869, 870, 884, 886, 887, 888, 889, 890, 891, 892, 893,
894, 901, 902, 903, 908, 965, 966, 967, 968, 969, 971, 972, 973, 974, 975, 977, 978, 979, 980, 981,
982, 983, 984, 985, 986, 987, 988, 989, 990, 991, 992, 993, 1000, 1055, 1123

STs found only in environmental samples 123, 151, 260, 268, 281, 295, 324, 330, 336, 339, 475, 558, 594, 635, 636, 637, 638, 640, 641, 642,
644, 646, 714, 719, 789, 799, 802, 803, 804, 805, 846, 847, 848, 849, 850, 851, 852, 860, 861, 862,
863, 864, 865, 866, 876, 877, 878, 895, 896, 906, 976, 995, 996, 998, 999, 1016, 1019, 1020, 1022,
1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1044

STs found only in animal samples 446, 612, 725, 783, 784
MLST = multilocus sequence typing.
Counts refer to the number of times an ST has been recovered from a given type of sample. STs recoveredmultiple times from the same environmental sample, or the same patient, have only been counted

once. Samples mapped in Figure 3 are denoted by an asterisk (*). Please refer to the B. pseudomallei MLST database (http://bpseudomallei.mlst.net) for the MLST genotype corresponding to each ST.
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FIGURE 2. Venn diagram of sequence types (STs), determined by multilocus sequence typing (MLST) found in Burkholderia pseudomallei
isolates from environmental, human, and animal samples from the Northern Territory. Refer to Table 1 for the unlisted isolates found only in
human, animal or environmental samples.

FIGURE 3. Geographic distribution of the eight most common Burkholderia pseudomallei multilocus sequence type (ST) genotypes cultured
from environmental samples in the Northern Territory.

71B. PSEUDOMALLEI NORTHERN TERRITORY GENOTYPES



melioidosis (50.2 cases per 100 000 population).20 Our study
is based on a comprehensive data set of B. pseudomallei
strains available for the region, representing 35 years of sam-
pling data from environmental, animal and human clinical
sources. We show that the abundance of B. pseudomallei
varies among different STs, but geographic distributions are
restricted, suggesting limited dispersal of the organism within
the Australian environment. However, we note the limita-
tions within our data set and that our findings may not
directly apply to the situation of B. pseudomallei dispersal
in southeast Asia. Furthermore, despite over two decades of
sampling, much of the Northern Territory remains unsampled.
More intensive sampling efforts in these remote areas will
be important for our understanding of B. pseudomallei eco-
logy, and particularly the ability of the organism to disperse
within the environment by anthropogenic or natural means.
More comprehensive distribution data would also provide a
better foundation for determining whether particular STs are
more transmissible and/or virulent than others, or are better
able to flourish in crucial infrastructure such as water sup-
plies. These data would also provide an improved basis for
epidemiological tracking of strain source, such as in the case
of deliberate release of an Australian B. pseudomallei strain.
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