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sampling implicated an opened bottle of saline wound irri-
gation fluid containing >10°¢ B. pseudomallei/mL. The bottle
included instructions to discard within 24 hours of opening.
No further cases of B. pseudomallei infection occurred after
removing the contaminated bottle. This cutaneous melioido-
sis cluster demonstrates that B. pseudomallei can survive
and disseminate in widely used medical fluids beyond its
known geographic distribution, highlighting a need to use
these products according to manufacturers’ instructions.

elioidosis, caused by infection with the bacterium
Burkholderia pseudomallei, is a disease with mani-
festations ranging from rapidly fatal septicemia, pneumo-
nia, or meningoencephalitis to localized abscess formation,
cellulitis, and asymptomatic seroconversion. This disease
occurs most commonly in Southeast Asia and northern
Australia after exposure to contaminated soil or surface wa-
ter (/). The US National Notifiable Diseases Surveillance
Systems case definition describes cutaneous melioidosis as
“an acute or chronic localized infection which may or may
not include symptoms of fever and muscle aches. Such in-
fection often results in ulcer, nodule, or skin abscess” (2).
Sporadic cases outside melioidosis-endemic regions
usually occur in persons who have a history of travel in
the tropics, which can be as long as several decades previ-
ously because of the ability of B. pseudomallei to persist
undetected after the initial inoculation event (3). In these
cases, B. pseudomallei infection might not be considered
in the differential diagnosis. Detection of sporadic cases
of melioidosis by clinical pathology laboratories requires
microbiology laboratories to have robust bacterial identifi-
cation procedures. Even with advanced equipment, a lack
of awareness of the characteristic features of B. pseudom-
allei can result in misidentification of cultured organisms
(4). Only a few point-source outbreaks of melioidosis have
been reported (5). Two of these occurred in Western Aus-
tralia; 1 was attributed to movement of livestock from the
tropical north to the temperate southwest (6), and the other
was caused by contamination of a potable water supply (7).
Neither cluster was healthcare-associated. Only a few cases
of healthcare-associated melioidosis have been reported.
Some of the earliest accounts of melioidosis identified opi-
ate injection as a potential source of infection (8). In animal
healthcare, injected medication was thought responsible
for a series of animal infections in northern Australia (9).
The first report of hospital-acquired melioidosis originated
in Hawaii, USA, and described pulmonary infection after
bronchoscopy with a scope contaminated with B. pseudo-
mallei (10). This report indicated that the contaminated
bronchoscope had previously been used on a returned trav-
eler with melioidosis. A second report described 2 patients
with B. pseudomallei urinary tract infection on different
wards of a hospital on whose grounds B. pseudomallei was
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isolated (/7). Nosocomial contamination associated with
faulty hospital hygiene and ineffective disinfectant solution
was reported from a hospital in Thailand treating patients
with melioidosis (/2). More recently, cases of neonatal
melioidosis from a hospital in Thailand were thought to be
healthcare-associated, although the full details of transmis-
sion could not be determined (/3).

Melioidosis became a notifiable infection in Western
Australia in January 2000 (/4). Physicians, pathology ser-
vice providers, and the state public health laboratory are re-
quired to report a diagnosis of melioidosis to the State Dis-
ease Control Directorate. Melioidosis notification is largely
laboratory-generated in Western Australia because confir-
mation of infection according to the Australian Laboratory
Case Definition relies on culture of B. pseudomallei from
clinical specimens. Pathology service providers therefore
routinely refer presumptive B. pseudomallei isolates to the
state public health laboratory for confirmation, genotyping,
and archiving in a reference culture collection (Western
Australian Burkholderia Collection). Here we report the
laboratory investigation of a cluster of cutaneous melioido-
sis in the temperate southwest of Australia, the identifica-
tion of its source, and means of control.

Methods

In January 2012, a patient residing in temperate Western
Australia who had a superficial soft tissue infection had a
preliminary isolation of B. pseudomallei. We interviewed
the patient to determine a detailed local, national, and inter-
national travel history; potential means of B. pseudomallei
exposure; and melioidosis-associated concurrent conditions.

The patient’s home property was visited by staff from
PathWest Laboratory Medicine (Nedlands, Western Aus-
tralia) for inspection and environmental sampling of gar-
den beds (1 sample), potable water (2 samples), storm
water drainage (1 sample), and a nearby nature reserve (1
sample). Soil samples were processed by suspending 10 g
of soil in 20 mL of sterile water and incubated overnight
with agitation. Samples were kept stationary for 2 h to al-
low the soil to settle, and 50 pL supernatant was spread
across Ashdown’s agar and B. pseudomallei selective agar
(15,16). Solid media was incubated for 48 hours at 37°C
followed by 5 days at room temperature. One milliliter of
supernatant was also inoculated into 10 mL of Ashdown’s
broth (/7) and incubated at 37°C overnight before being
spread onto selective solid media as described. Plates were
checked every 24 h and suspect colonies picked to nonse-
lective blood agar with a 10-ug gentamicin disk placed on
the second sector.

In December 2013, after 2 additional cases of culture-
confirmed cutaneous melioidosis had been detected in the
same postal district associated with a local healthcare facil-
ity, we conducted environmental sampling in and around
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the facility. Additional environmental samples were col-
lected from public accessed land and building excavations
in the neighborhood to identify other potential sources of B.
pseudomallei external to the health facility. These samples
were processed as described previously. Samples included
all wound care products in current use, whether sealed or
already open. We also sampled fixed surfaces patients were
likely to come into contact with during wound care and soil
at locations surrounding the health facility that could provide
either a primary source or reservoir for later distribution.
Laboratory-based surveillance for melioidosis cases from
the region was performed for 12 months after the conclusion
of the field investigation. This process included referral of all
suspected B. pseudomallei by all pathology service providers
in Western Australia, multilocus sequence typing (MLST) of
all confirmed B. pseudomallei, and matrix-assisted laser de-
sorption/ionization time-of-flight (MALDI-TOF) mass spec-
trometry identification of all wound swab bacterial isolates
processed at the state public health laboratory (4).

Solid samples were inoculated onto 5% horse blood
agar, Ashdown’s selective agar, and Burkholderia selective
agar and then incubated for 48 h at 37°C. Bulk liquids were
sampled in a class II biological safety cabinet not previ-
ously used for B. pseudomallei work, and 1.0 mL dispensed
into thioglycollate broth in accordance with standard mi-
crobial contamination assessment methods. A ~100-mL
aliquot of each bulk liquid was filtered through a 0.22-um
membrane filter and used to inoculate the same series of
selective and nonselective agars. Positive fluid samples
were used for detailed bacterial count studies by using a
serial 10-fold dilution to 1:107, a spiral plating device, and
triplicates of each dilution.

One environmental sample yielded B. pseudomallei: a
1,000-mL bottle of wound irrigation fluid. Turbidity of the
residual wound irrigation fluid in the bottle was not visible
because the container walls were semi-opaque. To deter-
mine the extent of bacterial colonization and identify any
specific higher-density bacterial localization within it, the
bottle was dissected from its screw top down to its bottom,
sampling at 2.5-cm intervals. Plastic surfaces contaminated
with B. pseudomallei were cut into =0.5-cm square portions
and processed for scanning electron microscopy. Samples
were fixed overnight (2.5% glutaraldehyde [vol/vol] in 0.05
mol/L cacodylate buffer pH 7.4), then washed in the same
buffer before postfixation for 30 min (1% aqueous osmium
tetroxide) and sequential dehydration in ethanol series for 5
min each. Reagents were supplied by the PathWest Electron
Microscopy Unit (Nedlands, Western Australia). Critical
point drying was achieved by using liquid carbon dioxide;
the plastic squares were then attached to aluminum stubs by
using double-sided carbon tape with edges painted with car-
bon solution and coated with 15 nm of carbon. Samples were
viewed through a Zeiss SUPRA 55 Variable Pressure SEM
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operating at 3—5 kV with either in-lens or SE2 detectors, de-
pending on magnification required.

Preliminary identification of B. pseudomallei was
made by using a MALDI-TOF mass spectrometer with a
70% formic acid partial extraction protocol and a locally
generated Burkholderia mass spectrum database (4). De-
finitive confirmation of B. pseudomallei was made by us-
ing a panel of real-time PCR assays targeting independent
genes (/8,19). The mutually exclusive B. thailandensis—
like flagellar (BTFC)/Yersinia-like fimbrial (YLF) genetic
markers were used for preliminary molecular characteriza-
tion, which used primers and probes developed in-house
based on the previously published sequences (20). MLST
was performed by using the current PCR and sequencing
primers as previously described (http://bpseudomallei.mlst.
net/misc/info2.asp) (27). Sequencing was performed on an
ABI 3130xI sequencer by using forward and reverse prim-
ers with ABI BigDye version 3.1 sequencing chemistry
(Applied Biosystems, Foster City, CA, USA). MEGAS was
used to construct a neighbor-joining tree of MLST sequence
from all outbreak-associated isolates, including the wound
irrigation fluid isolate, to show their genetic relationship
to reference B. pseudomallei isolates in the Western Aus-
tralian Burkholderia Collection (22,23). B. thailandensis
E264 was used as an outgroup and root for the neighbor-
joining tree. Bootstrap values >50 (>1,000 replicates) were
included next to the tree’s branches (24), and evolutionary
distances were computed by using a maximum composite
likelihood method with units of the number of base sub-
stitutions per site (25). The rate variation among sites was
modeled with a gamma distribution (shape parameter = 4).

Results

Case Summary

The state public health laboratory started its investigation
in 2012 after confirming a diagnosis of cutaneous melioi-
dosis in a patient who had not left the temperate southwest
region of Western Australia during the previous 18 years
(patient A). No further cases of cutaneous melioidosis oc-
curred throughout 2012. In September 2013, an isolate of
suspected B. pseudomallei was referred from another resi-
dent of the same postal district (patient C) who had a pu-
rulent wound infection at the site of a minor procedure 1
month before. We commenced more intensive public health
investigations after a further case of culture-confirmed cu-
taneous melioidosis (discharge at site of leg injury [patient
D]) and prioritized referral of all suspected B. pseudomallei
isolates from pathology service providers in Western Aus-
tralia. Four further cases occurred after this time (patients E
through H). An additional 2012 case was detected (patient
B) after retrospective review. B. pseudomallei isolates were
available from a total of 8 cases (Table). We excluded 2
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Table. Summary characteristics of a cutaneous melioidosis cluster caused by contamination of wound irrigation fluid, Western

Australia, 2012—2013*

Isolate Date of MALDI-TOF MLST
source Source collection Pathology request notes MS score YLF/BTFC ST
Patient A Wound 2012 Jan 20 Cellulitis (left shin and toe), unresponsive 2.6 BTFC 1112
to first-line antibiotics
Patient B Pulmonary 2012 Mar 30 Cough and shortness of breath, fine 2.476 YLF 84
needle aspirate of lung lesion, fever and
chills afterwards
Patient C Wound 2013 Sep 25  Purulent, dehiscing wound at site of lesion 2.61 BTFC 1112
removed 1 month previously
Patient D Wound 2013 Nov 12 Leg injury, slough 2.376 BTFC 1112
Patient E Wound 2013 Nov 29  Cellulitis (left shin), worsening despite first- 2.146 BTFC 1112
line antibiotics
Patient F Wound 2013 Dec 05 Nonhealing wound (right forearm) 2.394 BTFC 1112
Patient G Wound 2013 Dec 13 Wound sustained in QLD, swabbed to 2.7 BTFC 1112
check for cutaneous melioidosis
Patient H Pulmonaryt and 2013 Dec 20 Subgaleal abscess pus 2.211 YLF 176
cutaneous
Saline Wound irrigation 2013 Dec 20 NA 23 BTFC 1112
fluid

*Patients ordered by date of specimen collection. Isolates from patients B and H have sequence types previously documented in Southeast Asia. BTFC,
B. thailandensis-like flagellar gene cluster; MALDI-TOF MS, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; MLST,
multilocus sequence typing; NA, not applicable; QLD, Queensland; ST, sequence type; YLF, Yersinia-like fimbrial gene cluster.

tMolecular detection only; no isolate recovered.

cases (patients B and H) from further investigation of the
cluster after genotyping yielded sequence types (STs) al-
ready documented in clinical and environmental isolates
from Southeast Asia (ST-84 and ST-176) and both were
shown to be YLF types (Table). These 2 patients had dif-
ferent clinical features and a history of travel to a known
melioidosis region.

The patient from January 2012 and all subsequent pa-
tients with cutaneous infections associated with the com-
mon genotype had minor wounds dressed at a health facil-
ity in the same postal district. One patient (patient G) had
a traumatic wound swabbed to check whether cutaneous
melioidosis was present and thus might represent a case
of contamination or colonization. Apart from patients B
and H, all other patients were reported to have local skin
inflammation or cellulitis with or without discharge; infec-
tion in 3 patients had not responded to presumptive antimi-
crobial therapy.

Isolate Characterization

Our state public health laboratory confirmed the identity
of all isolates by MALDI-TOF mass spectrometry and a
real-time PCR assay panel. Specimens from the January
2012 patient and all subsequent patients with cutaneous
melioidosis yielded cultures of B. pseudomallei belong-
ing to the BTFC clade of B. pseudomallei (Table). Bacte-
rial isolates belonged to a single MLST genotype, previ-
ously unreported in the global B. pseudomallei database
(Figure 1). For this genotype, the g/¢B locus had 1 single
nucleotide polymorphism variant (G276A) of gltB allele
16, given allele number 85, and a new ST, ST-1112. The
closest related strains in the B. pseudomallei MLST da-
tabase are all double-locus variants of ST-1112 and are
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all identified as Australian human or veterinary clinical
isolates. Comparison with clinical and environmental iso-
lates from Western Australia identified a previous clini-
cal B. pseudomallei isolate (C30) that varied at a single
locus, from the town of Derby in the north of the state in
2007 (Figure 1).

Environmental Sampling

Environmental sampling followed a spiral plan, begin-
ning in the health facility and working outwards into the
grounds and wider neighborhood, based on potential for
public exposure. This process generated a total of 62 sam-
ples, including surface swabs, wound dressing materials,
fluids, ointments, creams, garden soil, and building site
soil. The bottle of wound irrigation fluid that yielded B.
pseudomallei had been in intermittent use since September
2013 (Figure 2, panels A and B). PCR assays and MLST
performed on the wound irrigation fluid isolate confirmed
the presence of B. pseudomallei BTFC/ST-1112, match-
ing the clinical isolates from the patients with cutaneous
melioidosis. Another previously opened bottle of wound
irrigation fluid and unopened bottles from the same sup-
plier batch all were culture-negative for B. pseudomallei.
However, other fluid samples, including in-use disinfec-
tants, grew small quantities of Pseudomonas aeruginosa,
which was also present in the B. pseudomallei—contami-
nated wound irrigation fluid bottle. The contaminated
wound irrigation fluid contained 1.83 x 10° CFU/mL B.
pseudomallei and 1.89 x 10° CFU/mL P. aeruginosa (Fig-
ure 2, panels C and D). The bottle was supplied during
March 18-27, 2013, first opened in September 2013, and
removed from use when sampling was performed in De-
cember 2013.
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Figure 1. Neighbor-joining tree

A
of aligned multilocus sequence

C typing sequences of Burkholderia

D pseudomallei clinical isolates

from a 2012-2013 cutaneous
melioidosis cluster in the
temperate southern region of
Western Australia (patients A
and C-G) and indistinguishable
environmental isolate (saline)
with sequence type (ST) 1112
and their genetic relatedness to
other isolates from the Western
Australian Burkholderia Collection
(C30, NCTC13177, BCC25, and

ST-1112

Derby 2007
ST-1444
1998 Kimberly

Toutbreak ST-613

ST-284
BCC26). Isolates from patients B
15784 and H are shown as less closely
related to the ST-1112 cluster. B.
15T-176 thailandensis E264 is used as an
15T-10 outgroup and root for the tree.

Tree inference was performed in

0.001

B, thailandensis 151-g0 MEGAS5 (22). Bootstrap values

>50 (>1,000 replicates) are
shown. Scale bar indicates base
substitutions per site (20-24).

Electron Microscopy

Scanning electron microscopy of the contaminated wound
irrigation fluid bottle confirmed extensive bacterial coloni-
zation of the inner surfaces. The density of bacterial colo-
nization varied depending on the location analyzed within
the bottle. Few bacteria were at the neck of the bottle, many
were on the sides of the bottle, and the highest concentra-
tion was at the base of the bottle. Bacteria were tethered by
short adhesions (Figure 3, panel A) and were occasionally
associated with fibrillary material that had a globular struc-
ture at high magnification (Figure 3, panel B inset). De-
cayed bacteria were common (Figure 3, panel C, arrows),
and although duplex cells were observed, healthy dividing
cells were uncommon. Numerous clusters and microcolo-
nies were observed, particularly at the base of the bottle,
which also showed a greater proportion of decayed cells
and more extensive extracellular adhesions than the other
samples (Figure 3, panel D). The plastic washer inside the
bottle lid was covered in a mature biofilm.

Discussion

Recent events in the continental United States highlight the
ability of B. pseudomallei to breach ecologic or biologic
boundaries (26-30). A review of U.S. state and territory
cases identified 3 persons with culture-positive melioido-
sis in the absence of relevant travel to melioidosis-endemic
regions and concluded with a recommendation that physi-
cians and healthcare workers should be more aware of the
disease (37). A lack of familiarity with this bacterial spe-
cies in an unusual clinical setting, such as occurred in the
cluster we describe here, can cause difficulty in identifying
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the primary source. The previous Western Australia cluster
occurred in a very different setting, a remote community in
the tropical north of the state (7). Only 1 other melioidosis
cluster has been reported in temperate Western Australia;
that cluster was attributed to livestock transported from a
melioidosis-endemic region (6). The melioidosis cluster
we describe here was notable for its occurrence in urban
Western Australia, which is not considered to be endemic
for melioidosis, and for its association with a contaminated
wound care product.

We recovered B. pseudomallei isolates with the same
multilocus ST from 6 melioidosis patients in 1 postal dis-
trict and excluded another 2 cases of melioidosis from our
investigation on the basis of clinical features, travel his-
tory, biogeographic bacterial clade, and MLST genotype.
Isolation of B. pseudomallei of the same ST from con-
taminated wound irrigation fluid explains the 5 cases in
2013 because the bottle of wound irrigation fluid was used
without replacement throughout this period. Although the
manufacturer’s instructions advise that the bottle should be
discarded within 24 hours of opening and label the fluid as
single-use, it is common practice to use such large volumes
of fluid as a stock during wound care procedures, providing
decanting is conducted as a no-touch procedure. This meli-
oidosis cluster highlights the public health risks of such a
practice. Because the contaminated wound irrigation fluid
bottle had not yet been received when the 2012 patient had
wound care at the same health facility, the wound irrigation
fluid probably was not contaminated before opening. We
note that the connection between the January 2012 case and
the September—December 2013 cases remains unexplained.
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Figure 2. Bacterial culture
results for 1,000-mL bottle

of wound irrigation fluid in
laboratory investigation of

a 2012-2013 cutaneous
melioidosis cluster in the
temperate southern region of
Western Australia. A) Wound
irrigation fluid in original bottle.
B) Direct primary culture of
wound irrigation fluid on blood
agar plate, showing growth
inhibition of Pseudomonas
aeruginosa and revealing
Burkholderia pseudomallei
around gentamicin disk. C)
Filtrate of wound irrigation

fluid from same bottle showing
higher count of B. pseudomallei
colonies than P. aeruginosa. D)
Dilution of wound irrigation fluid
(1:100), dispensed by spiral
plating device, showing

B. pseudomallei colonies

and relatively sparse

P. aeruginosa colonies.

Given that other patients received wound care during this
period without evidence of cutaneous melioidosis, the ex-
istence of an earlier contaminated bottle with subsequent
transfer to the contaminated bottle is improbable. Possible
explanations for this interval include an undetected past
case of chronic, unresolved cutancous melioidosis with
multiple introductions of B. pseudomallei into medical
products or an external environmental reservoir common
to the 2012 patient and the first or first few 2013 patients.
The previous report of nosocomial melioidosis in Austra-
lia identified environmental B. pseudomallei that was bio-
chemically similar to the clinical isolates, but that report
lacked the strength of molecular epidemiology evidence
(10). All previous reports of nosocomial melioidosis come
from locations in the tropics (§—12).

The melioidosis cluster we report represents an unusu-
al healthcare-associated outbreak in a temperate suburban
setting. B. pseudomallei was not isolated from any other
solution or environmental sample from the facility. It is
not clear whether the count of B. pseudomallei found in
the contaminated irrigation fluid was the result of an ini-
tial seeding event with subsequent bacterial growth or by
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gross contamination without further growth. Previous in
vitro studies indicate that B. pseudomallei will tolerate a
wide range of nutrient-free aqueous environments (32), and
survival of 107 CFU/mL B. pseudomallei in sterile distilled
water over 16 years has been reported (33). Electron mi-
croscopy showed complex colonization patterns and exten-
sive bacterial adhesion, consistent with long-term bacterial
colonization. The initial seeding event probably included
sufficient nutrients to support bacterial proliferation. The
senescent bacteria we observed could reflect a larger origi-
nal bacterial population introduced to the bottle. Although
not healthcare-associated, 2 cases of cutaneous melioidosis
attributed to a contaminated hand wash solution noted in
another report further highlight the potential for contamina-
tion and subsequent transmission of B. pseudomallei in an
occupational setting (34).

We investigated cause and effect in this laboratory
outbreak investigation by using a set of stringent rules for
emerging infectious disease causality (35), establishing the
laboratory evidence to link a series of cutaneous infections
in a geographically restricted cluster, identifying a probable
source, and introducing early environmental controls. We
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used a combination of molecular epidemiology, micros-
copy, and culture-based bacteriologic methods to identify
and study a point source for healthcare-associated infec-
tion in this investigation of a cluster of cutaneous melioi-
dosis cases in temperate southwest Australia. We obtained
circumstantial evidence that bacterial contamination com-
bined with incorrect use of wound irrigation fluid to form
a chain of events necessary for subsequent infection. The
contaminated wound irrigation fluid is a plausible vehicle
for infection, but uncertainty exists about its essential role
in the case of patient A. Although we halted the series of
infections by removing the source of B. pseudomallei in-
fection from use, we have not yet been able to identify the
initial environmental reservoir. Therefore, the long dura-
tion of the previous temperate Western Australia cluster
leads us to expect additional sporadic cases in the area
over an extended period and represents a continuing public
health risk (4). However, we have not identified any other
cases of cutaneous melioidosis in the same area or ST-1112
infections elsewhere during the subsequent 12 months of
laboratory-based surveillance.

Although the inoculum of B. pseudomallei causing
human cutaneous infection was measured, the circum-
stances of wound contamination in this cluster did not
allow us to determine the probability of subsequent dis-
semination from an already infected wound. Additional
questions raised are 1) whether pouring contaminated
wound irrigation fluid limited infection to an already
damaged epidermis without generating sufficient aero-
sol for pulmonary infection, and 2) whether others in this
suburban community were exposed to B. pseudomallei
ST-1112 without clinical consequences. Specific aspects
of virulence phenotype, genetics, and circumstance that
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Figure 3. Scanning electron
micrographs of internal plastic
surface of contaminated
irrigation fluid bottle implicated
in a 2012—2013 cutaneous
melioidosis cluster in the
temperate southern region of
Western Australia. A—C) Bacilli
tethered to each other and to
the surface by short peritrichous
or polar adhesions (A, C) and
occasionally by fibrillary material
(B), which appeared to have

a globular structure at higher
magnification. Decayed cells
were common (arrows). D)
Clusters of cells were regularly
dispersed over the surface.
Scale bars indicate 2 um

(A); 200 nm (B and C); 500 nm
(B, inset); and 10 um (D).

resulted in the notable absence of pneumonia or septice-
mic infection are the focus of further study.

Acknowledgments

The authors thank Pierre Filion for assistance with scanning
electron microscopy, Lyn Kirilak for electron microscopy
instrument equipment and operation, and Vaishali Patel for
assistance with the preparation of the environmental specimens.

The authors acknowledge the assistance of the Australian
Microscopy & Microanalysis Research Facility at the Centre for
Microscopy, Characterisation & Analysis, which is co-funded by
the University of Western Australia, State and Commonwealth
Governments.

Mr. Merritt is a senior clinical microbiology laboratory scientist
in the Molecular Diagnostics Laboratory of the Western
Australian State Pathology Service and a part-time graduate
research student at the University of Western Australia. His
primary research interests include molecular methods for
melioidosis diagnosis and bioreconnaissance, the
phylogeography of Burkholderia species, and the laboratory
response to emerging infectious diseases.

References

1. 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

2. Centers for Disease Control and Prevention. National Notifiable
Diseases Surveillance System. Melioidosis (Burkholderia
pseudomallei) 2012 case definition [cited 2015 Jul 7]. http://wwwn.
cdc.gov/nndss/conditions/melioidosis/case-definition/2012

3. Frangoulidis D, Schwab D, Scholz H, Tomaso H, Hogardt M,
Meyer H, et al. ‘Imported’ melioidosis in Germany: relapse after

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 22, No. 8, August 2016



20.

10 years. Trans R Soc Trop Med Hyg. 2008;102(Suppl 1):S40-1.
http://dx.doi.org/10.1016/S0035-9203(08)70011-7

Inglis TJ, Healy PE, Fremlin LJ, Golledge CL. Use of matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry analysis for rapid confirmation of Burkholderia
pseudomallei in septicemic melioidosis. Am J Trop Med Hyg.
2012;86:1039-42. http://dx.doi.org/10.4269/ajtmh.2012.11-0454
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

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;113:307-12.
http://dx.doi.org/10.1017/S0950268800051736

Inglis TJ, Garrow SC, Henderson M, Clair A, Sampson J,

O’Reilly L, et al. Burkholderia pseudomallei traced to water
treatment plant in Australia. Emerg Infect Dis. 2000;6:56-9.
Whitmore A. An account of a Glanders-like disease occurring in
Rangoon. J Hyg (Lond). 1913;13:1-34.

Choy JL, Mayo M, Janmaat A, Currie BJ. Animal melioidosis in
Australia. Acta Trop. 2000;74:153-8. http://dx.doi.org/10.1016/
S0001-706X(99)00065-0

Markovitz A. Inoculation by bronchoscopy. West J Med.
1979;131:550.

Ashdown LR. Nosocomial infection due to Pseudomonas
pseudomallei: two cases and an epidemiologic study. Rev Infect
Dis. 1979;1:891-4. http://dx.doi.org/10.1093/clinids/1.5.891
Sookpranee M, Lumbiganon P, Puapermpoonsiri S, Tattawasatra A,
Nopwinyoovongs J. Contamination of Savlon solution with
Pseudomonas pseudomallei at Srinagarind Hospital. In:
Punyagupta S, Sirisanthana T, Stapatayavong B, editors.
Melioidosis. Bangkok: Bangkok Medical Publisher; 1989. p. 211-3.
Thatrimontrichai A, Maneenil G. Neonatal melioidosis: systematic
review of the literature. Pediatr Infect Dis J. 2012;31:1195-7.
http://dx.doi.org/10.1097/INF.0b013e318265ac62

Inglis TJ, O’Reilly L, Merritt AJ, Levy A, Heath CH. The aftermath
of the Western Australian melioidosis outbreak. Am J Trop Med
Hyg. 2011;84:851-7. http://dx.doi.org/10.4269/ajtmh.2011.10-0480
Ashdown LR. An improved screening technique for isolation of
Pseudomonas pseudomallei from clinical specimens. Pathology.
1979;11:293-7. http://dx.doi.org/10.3109/00313027909061954
Howard K, Inglis TJ. Novel selective medium for isolation of
Burkholderia pseudomallei. J Clin Microbiol. 2003;41:3312—6.
http://dx.doi.org/10.1128/JCM.41.7.3312-3316.2003

Wauthiekanun V, Dance DA, Wattanagoon Y, Supputtamongkol Y,
Chaowagul W, White NJ. The use of selective media for the
isolation of Pseudomonas pseudomallei in clinical practice.

J Med Microbiol. 1990;33:121-6. http://dx.doi.org/10.1099/00222615-
33-2-121

Merritt A, Inglis TJ, Chidlow G, Harnett G. PCR-based identification
of Burkholderia pseudomallei. Rev Inst Med Trop Sao Paulo. 2006;
48:239-44. http://dx.doi.org/10.1590/S0036-46652006000500001
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

Tuanyok A, Auerbach RK, Brettin TS, Bruce DC, Munk AC,
Detter JC, et al. A horizontal gene transfer event defines two
distinct groups within Burkholderia pseudomallei that have

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 22, No. 8, August 2016

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Melioidosis and Contaminated Irrigation Fluid

dissimilar geographic distributions. J Bacteriol. 2007;189:9044-9.
http://dx.doi.org/10.1128/JB.01264-07

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

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S.
MEGAS: molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony
methods. Mol Biol Evol. 2011;28:2731-9.
http://dx.doi.org/10.1093/molbev/msr121

Saitou N, Nei M. The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol Biol Evol. 1987;4:406-25.
Felsenstein J. Confidence limits on phylogenies: an approach
using the bootstrap. Evolution. 1985;39:783-91.
http://dx.doi.org/10.2307/2408678

Tamura K, Nei M, Kumar S. Prospects for inferring very large
phylogenies by using the neighbor-joining method. Proc Natl Acad
Sci U S A.2004;101:11030-5.

Herriman R. Melioidosis—USA: (LA) primate, human. ProMED.
2015 Feb 10 [cited 2015 Jul 7]. http://www.promedmail.org,
archive no. 20150210.3157436.

Berger S. Melioidosis—USA (02): background. ProMED. 2015
Feb 11 [cited 2015 Jul 7]. http://www.promedmail.org, archive no.
20150211.3159588.

Owen MP. Melioidosis—USA (04): update. ProMED. 2015 Mar
3 [cited 2015 Jul 7]. http://www.promedmail.org, archive no.
20150302.3202447.

Roberts FA. Melioidosis—USA (05): 2 new seropositive
monkeys. ProMED. 2015 Mar 7 [cited 2015 Jul 7].
http://www.promedmail.org, archive no. 20150307.3215130.
Centers for Disease Control and Prevention. Conclusion of select
agent inquiry into Burkholderia pseudomallei release at Tulane
National Primate Research Center [cited 2015 July 7].
http://www.cdc.gov/media/releases/2015/s03 13-burkholderia-
pseudomallei.html

Benoit TJ, Blaney DD, Gee JE, Elrod MG, Hoffmaster AR,
Doker TJ, et al. Melioidosis cases and selected reports of
occupational exposures to Burkholderia pseudomallei—United
States, 2008-2013. MMWR Surveill Summ. 2015;64(5):1-9.
Robertson J, Levy A, Sagripanti JL, Inglis TJ. The survival of
Burkholderia pseudomallei in liquid media. Am J Trop Med Hyg.
2010;82:88-94. http://dx.doi.org/10.4269/ajtmh.2010.09-0226
Pumpuang A, Chantratita N, Wikraiphat C, Saiprom N, Day

NP, Peacock SJ, et al. Survival of Burkholderia pseudomal-

lei in distilled water for 16 years. Trans R Soc Trop Med Hyg.
2011;105:598-600. http://dx.doi.org/10.1016/j.trstmh.2011.06.004
Gal D, Mayo M, Smith-Vaughan H, Dasari P, McKinnon M,
Jacups SP, et al. Contamination of hand wash detergent linked

to occupationally acquired melioidosis. Am J Trop Med Hyg.
2004;71:360-2.

Inglis TJ. Principia aetiologica: taking causality beyond

Koch’s postulates. ] Med Microbiol. 2007;56:1419-22.
http://dx.doi.org/10.1099/jmm.0.47179-0

Address for correspondence: Timothy J.J. Inglis, Department of

Microbiology PathWest Laboratory Medicine, Western Australia, PP
Building, QEII Medical Centre, Hospital Ave, Nedlands, WA 6009,
Australia; email: tim.inglis@health.wa.gov.au

1427



