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The	 frequency	with	which	melioidosis	 results	 from	 inhala-
tion	 rather	 than	 percutaneous	 inoculation	 or	 ingestion	 is	
unknown.	 We	 recovered	 Burkholderia pseudomallei from 
air	samples	at	the	residence	of	a	patient	with	presumptive	
inhalational	melioidosis	and	used	whole-genome	sequenc-
ing	 to	 link	 the	 environmental	 bacteria	 to	B. pseudomallei 
recovered	from	the	patient.

Melioidosis is thought to be caused predominantly 
by percutaneous inoculation with the bacterium 

Burkholderia pseudomallei; however, inhalation, aspira-
tion, and ingestion of the bacterium can also occur (1). 
Although an evidence-based clinical definition of inha-
lational melioidosis has recently been published (2), the 
proportion of melioidosis cases resulting from inhalation 
is unknown, and attempts to culture B. pseudomallei from 
air sampling in melioidosis-endemic regions have been 
largely unsuccessful (3). We recovered B. pseudomallei 
from air samples at the residence of a patient with pre-
sumptive inhalational melioidosis, and whole-genome 
sequencing linked the environmental bacteria to B. pseu-
domallei recovered from the patient.

The Study
A 47-year-old man with poorly controlled type 2 diabetes 
sought care at the Royal Darwin Hospital in the tropical 
north of the Northern Territory of Australia in January 2011 
after several weeks of increasing lethargy and 1 week of fe-
vers and cough. He was patient 692 in the Darwin Prospec-
tive Melioidosis Study (4), which is approved by the Hu-
man Research Ethics Committee of the Northern Territory 
Department of Health and the Menzies School of Health 
Research (approval 02/38). The patient’s chest radiograph 

(Figure 1, panel A) showed patchy pneumonia in the right 
lung and a large soft-tissue mass on the left side of the chest. 
A computed tomography scan (Figure 1, panel B) confirmed 
the mass to be a 7-cm × 6-cm loculated fluid collection in 
the anterior mediastinum contiguous with patchy bilateral 
pneumonia and associated with multiple enlarged mediasti-
nal lymph nodes and a pericardial effusion. Blood cultures 
collected at admission were positive for B. pseudomallei. 
The patient required initial management in the intensive 
care unit for his pneumonia, severe sepsis, and ketoacido-
sis. He received 45 days of intravenous antimicrobial drugs 
(meropenem for 11 days, followed by ceftazidime for 34 
days) in conjunction with oral trimethoprim/sulfamethoxa-
zole. After discharge, he received 15 subsequent weeks of 
eradication therapy with trimethoprim/sulfamethoxazole. 
At follow up, he has remained well 4 years after completing 
his melioidosis therapy.

The unusual finding of extensive mediastinal disease 
raised the possibility that the patient had inhalational meli-
oidosis. The patient described sitting most days outside his 
urban accommodation on an elevated and exposed mowed 
grassy area that overlooks ground sloping downhill to a 
rocky open drain, an environment that prompted the poten-
tial for targeted air sampling. The site was visited and en-
vironmental samples taken 6 weeks after the patient’s hos-
pital admission. During the sampling, squally rain showers 
occurred, accompanied by wind blowing up the hill and the 
drain flowing swiftly.

Two air samplings and 3 soil samples were collected. 
Each air collection entailed passing 1,000 L of air (50 L/
min for 20 min) through a portable microbiologic air sam-
pler (MD8 AirPort; Sartorius Stedim, Dandenong, Victo-
ria, Australia) with a disposable gelatin filter (3.0 µm) for 
sample collection. The air sampler was placed on a tripod 
at 1.0 m elevation above ground level and was protected 
by a secured, angled overhead umbrella to prevent direct 
rain contact. After each air sampling, the gelatin filter was 
placed in 30 mL of modified Ashdown selective broth and 
incubated at 37°C, with the broth supernatant plated onto 
Ashdown agar after 2 and 7 days (3). Soil samples were 
collected at ≈10 cm below the surface. Sterile water (20 
mL) was added to 20 g soil and shaken at 220 rpm for 48 
h at 37°C. After the soil samples were removed from the 
shaker and left to stand for 1–2 h, 10 mL of supernatant was 
placed in 30 mL of modified Ashdown selective broth and 
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incubated at 37°C; the broth supernatant was plated onto 
Ashdown agar after 2 and 7 days. Suspected B. pseudom-
allei colonies were confirmed by using the B. pseudomal-
lei–specific TTS1 real-time PCR, described previously (5).

B. pseudomallei was cultured from 1 of the 2 air sam-
ples and 1 of the 3 soil samples. Multilocus-sequence typ-
ing, completed by using standard methods (6), confirmed 
that 2 isolates from each of the positive air and soil samples 
and the isolate from the patient’s blood culture were all se-
quence type (ST) 562. To further resolve the relatedness 
of ST562 isolates, PCR-based, multilocus variable-number 
tandem-repeat analysis of 4 loci (MLVA-4) was performed 
as described (7) on the 4 environmental isolates, the pa-
tient’s blood culture isolate, and isolates from 13 other pa-
tients in the Darwin prospective study whose melioidosis 
was caused by ST562 B. pseudomallei. MLVA-4 catego-
rized the 18 ST562 isolates into 3 distinct types: 55 (n = 7), 
71 (n = 8), and 168 (n = 3). The isolate from patient 692, 

all 4 environmental isolates, and isolates from 2 of the 13 
other patients were MLVA-4 type 55.

To further define the relatedness of ST562 isolates, 
whole-genome sequencing was performed on 17 of the 18 
ST562 isolates for which MLVA-4 results were available; 
to reduce duplication and cost, 1 of the 2 B. pseudomallei 
isolates from air samples was not sequenced because it was 
clonal with the other air sample. Genomic DNA was ex-
tracted by using the QIAGEN DNeasy blood and tissue kit 
(QIAGEN, Chadstone, Victoria, Australia), as described 
(7). Samples were sequenced at Macrogen Inc. (Gasan-
dong, Seoul, South Korea) by using HiSeq 2000 (Illumina, 
San Diego, CA, USA). Genome analysis was performed 
with SPANDx version 2.3 (8) by using the ST562 strain 
MSHR4388 from the MLST database (http://bpseudomal-
lei.mlst.net/) as the reference genome.

Whole-genome identification of single-nucleotide poly-
morphisms (SNPs), followed by phylogenetic reconstruction 

Figure 1.	Clinical	studies	of	a	
patient	with	melioidosis,	Royal	
Darwin	Hospital,	Darwin,	Northern	
Territory,	Australia.	A)	Chest	
radiograph	shows	a	soft-tissue	
mass	associated	with	the	left	
side	of	the	mediastinum	and	
obscuring	the	aortic	arch.	B)	Chest	
computed	tomography	scan	shows	
a	large	loculated	mass	in	the	
anterior	mediastinum;	the	mass	is	
contiguous	with	multiple	enlarged	
mediastinal	lymph	nodes	and	with	
pulmonary	consolidation.

Figure 2.	Whole-genome	core	
orthologous	single-nucleotide	
polymorphism	(SNP)	phylogeny	of	
sequence	type	562	Burkholderia 
pseudomallei	isolates	from	a	
patient	with	melioidosis	and	from	
environmental	sampling	at	the	
patient’s	residence,	Darwin,	Northern	
Territory,	Australia.	MSHR4515	
(MLST	database	identifier,	http://
bpseudomallei.mlst.net/)	was	a	
blood	culture	isolate	from	the	index	
patient,	identified	as	patient	(P)	692	
(P692,	arrow).	Analysis	of	isolates	
from	13	other	patients	with	sequence	
type	562	are	also	shown	(identifiers	
begin	with	P).	Comparison	of	data	
for	SNPs	and	for	multilocus	variable-
number	tandem-repeat	analysis	
of	4	loci	(MLVA-4)	types	(shown	in	
parentheses)	supports	the	hypothesis	
that	P692	was	infected	from	
environmental	B. pseudomallei at his 
residence.	Consistency	index	=	1.
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by using maximum parsimony in PAUP 4.0b10 (9), showed 
that all ST562 isolates were closely related; only 26 SNPs 
were observed among all 17 genomes (Figure 2). The air iso-
late (added to the MLST database as MSHR4687) and the 
2 soil isolates (MSHR4681 and MSHR4682) obtained from 
the environment outside the residence of patient 692 were 
identical by whole-genome sequencing and differed from the 
blood culture isolate of patient 692 (MSHR4515) by only 3 
SNPs. These genetic similarities support the epidemiologic 
link between the air and soil B. pseudomallei and the pa-
tient’s infection.

Epidemiologic data from Australia, Singapore, and 
Taiwan support the hypothesis that inhalation may replace 
inoculation as the predominant route of B. pseudomallei 
transmission during severe weather events (e.g., tropi-
cal monsoonal storms, cyclones, and typhoons) (10–12). 
Similar clinical distinctions between percutaneous and 
inhalational infections are observed for anthrax, plague, 
and tularemia (4). Animal studies have also shown the 
potential importance of aerosol inhalation of B. pseudom-
allei with high lethality (13,14). Inhalational melioidosis 
is supported by the increasing recognition from computed 
tomography scanning that enlarged mediastinal lymph 
nodes are not uncommon in patients with severe melioi-
dosis pneumonia (4,10). Nevertheless, no direct evidence 
exists to confirm occurrence of inhalation of B. pseudom-
allei in melioidosis-endemic regions. A recent report from 
Taiwan documented an air sampling technique that uses 
a filtration real-time quantitative PCR method to quantify 
ambient B. pseudomallei DNA; high positive rates were 
found during typhoons (12).

Conclusions
B. pseudomallei was recovered from air samples taken 
outside the residence of a patient with clinical features 
consistent with inhalational melioidosis. Whole-genome 
sequencing linked the environmental B. pseudomallei 
to an isolate from the patient’s blood culture. These data 
provide evidence of aerosolization of B. pseudomallei dur-
ing stormy conditions in an endemic location and strong 
circumstantial evidence for inhalation of B. pseudomallei. 
The proportion of melioidosis cases resulting from inhala-
tion rather than percutaneous inoculation or ingestion re-
quires further study and is likely to vary substantially by 
location and season.

Acknowledgments
We thank our clinical and laboratory colleagues at Royal Darwin 
Hospital for expertise in diagnosing and managing patients with 
melioidosis, including those patients reported here.

This work was supported by the National Health and Medical 
Research Council in Australia [grant nos. 605820 and 1046812].

Dr. Currie is an infectious diseases physician at Royal Dar-
win Hospital and coordinator of the Menzies School of Health 
Research Darwin Prospective Melioidosis Study, currently in its 
26th year.

References
  1. Wiersinga WJ, Currie BJ, Peacock SJ. Melioidosis. N Engl J Med. 

2012;367:1035–44. http://dx.doi.org/10.1056/NEJMra1204699
  2. Cheng AC, Currie BJ, Dance DA, Funnell SG, Limmathurotsakul 

D, Simpson AJ, et al. Clinical definitions of melioidosis. Am J Trop 
Med Hyg. 2013;88:411–3. http://dx.doi.org/10.4269/ajtmh.12-0555

  3. Limmathurotsakul D, Dance DA, Wuthiekanun V, Kaestli M,  
Mayo M, Warner J, et al. Systematic review and consensus  
guidelines for environmental sampling of Burkholderia  
pseudomallei. PLoS Negl Trop Dis. 2013;7:e2105.  
http://dx.doi.org/10.1371/journal.pntd.0002105

  4. 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:e900.  
http://dx.doi.org/10.1371/journal.pntd.0000900

  5. Novak RT, Glass MB, Gee JE, Gal D, Mayo MJ, Currie BJ, et al. 
Development and evaluation of a real-time PCR assay targeting  
the type III secretion system of Burkholderia pseudomallei.  
J Clin Microbiol. 2006;44:85–90. http://dx.doi.org/10.1128/
JCM.44.1.85-90.2006

  6. Godoy D, Randle G, Simpson AJ, Aanensen DM, Pitt TL,  
Kinoshita R, et al. Multilocus sequence typing and evolutionary  
relationships among the causative agents of melioidosis and 
glanders, Burkholderia pseudomallei and Burkholderia mallei. 
J Clin Microbiol. 2003;41:2068–79. http://dx.doi.org/10.1128/
JCM.41.5.2068-2079.2003

  7. Currie BJ, Haslem A, Pearson T, Hornstra H, Leadem B, Mayo M, 
et al. Identification of melioidosis outbreak by multilocus variable 
number tandem repeat analysis. Emerg Infect Dis. 2009;15:169–74. 
http://dx.doi.org/10.3201/eid1502.081036

  8. Sarovich DS, Price EP. SPANDx: a genomics pipeline for  
comparative analysis of large haploid whole genome  
re-sequencing datasets. BMC Res Notes. 2014;7:618.  
http://dx.doi.org/10.1186/1756-0500-7-618

  9. Swofford DL. PAUP*. Phylogenetic Analysis Using Parsimony 
(*and Other Methods). Version 4.0. Sunderland (MA):  
Sinauer Associates; 2003.

10. Currie BJ. Melioidosis: evolving concepts in epidemiology,  
pathogenesis, and treatment. Semin Respir Crit Care Med. 
2015;36:111–25. http://dx.doi.org/10.1055/s-0034-1398389

11. Lo TJ, Ang LW, James L, Goh KT. Melioidosis in a tropical  
city state, Singapore. Emerg Infect Dis. 2009;15:1645–7.  
http://dx.doi.org/ 10.3201/eid1510.090246

12. Chen YL, Yen YC, Yang CY, Lee MS, Ho CK, Mena KD, et al. 
The concentrations of ambient Burkholderia pseudomallei during 
typhoon season in endemic area of melioidosis in Taiwan.  
PLoS Negl Trop Dis. 2014;8:e2877. http://dx.doi.org/10.1371/ 
journal.pntd.0002877

13 West TE, Myers ND, Liggitt HD, Skerrett SJ. Murine pulmonary 
infection and inflammation induced by inhalation of Burkholderia 
pseudomallei. Int J Exp Pathol. 2012;93:421–8.

14. Titball RW, Russell P, Cuccui J, Easton A, Haque A, Atkins T,  
et al. Burkholderia pseudomallei: animal models of infection. Trans 
R Soc Trop Med Hyg. 2008;102(Suppl 1):S111–6. http://dx.doi.
org/10.1016/S0035-9203(08)70026-9

Address for correspondence: Bart Currie, Menzies School of Health 
Research, PO Box 41096, Casuarina, Northern Territory 0811, Australia; 
email: bart.currie@menzies.edu.au


