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Abstract
Melioidosis is an emerging, potentially fatal disease caused by Burkholderia pseudomallei, which requires prolonged antibiotic

treatment to prevent disease relapse. However, difficulties in laboratory diagnosis of melioidosis may delay treatment and affect

disease outcomes. Isolation of B. pseudomallei from clinical specimens has been improved with the use of selective media.

However, even with positive cultures, identification of B. pseudomallei can be difficult in clinical microbiology laboratories, espe-

cially in non-endemic areas where clinical suspicion is low. Commercial identification systems may fail to distinguish between

B. pseudomallei and closely related species such as Burkholderia thailandensis. Genotypic identification of suspected isolates can

be achieved by sequencing of gene targets such as groEL which offer higher discriminative power than 16S rRNA. Specific PCR-

based identification of B. pseudomallei has also been developed using B. pseudomallei-specific gene targets such as Type III

secretion system and Tat-domain protein. Matrix-assisted laser desorption ionization time-of-flight mass spectrometry, a revo-

lutionary technique for pathogen identification, has been shown to be potentially useful for rapid identification of B. pseudomallei,

although existing databases require optimization by adding reference spectra for B. pseudomallei. Despite these advances in

bacterial identification, diagnostic problems encountered in culture-negative cases remain largely unresolved. Although various

serological tests have been developed, they are generally unstandardized ‘‘in house’’ assays and have low sensitivities and

specificities. Although specific PCR assays have been applied to direct clinical and environmental specimens, the sensitivities

for diagnosis remain to be evaluated. Metabolomics is an uprising tool for studying infectious diseases and may offer a novel

approach for exploring potential diagnostic biomarkers. The metabolomics profiles of B. pseudomallei culture supernatants can

be potentially distinguished from those of related bacterial species including B. thailandensis. Further studies using bacterial

cultures and direct patient samples are required to evaluate the potential of metabolomics for improving diagnosis of melioidosis.
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Introduction

Melioidosis is a potentially serious disease caused by
Burkholderia pseudomallei—a highly pathogenic, Gram-nega-
tive b-proteobacterium. B. pseudomallei is a saprophyte
found in soil, groundwater, stagnant streams, rice paddies,
and ponds.1,2 Although melioidosis is mainly endemic in
Southeast Asia and northern Australia, it is also increas-
ingly reported in regions outside the Asia-Pacific region
including India,3 Mauritius,4 the Americas,5–7 and
Africa.8,9 Melioidosis can present as an acute, subacute, or
chronic process. Disease manifestations include subclinical
infections, localized abscesses, severe pneumonia, and ful-
minant sepsis. Case fatality rates ranged from 19 to 36% in
endemic areas.10,11 Although the epidemiology and routes

of transmission are not yet fully understood, it is believed
that melioidosis is acquired through contact with contami-
nated soil and water by percutaneous inoculation, inhal-
ation of aerosols, and ingestion.12 The incubation period
of melioidosis varies widely from two days to 62 years.13

Human cases are often spatially and temporally clustered,
following heavy rains and winds with resultant human
exposure to soil and water.14,15 B. pseudomallei also causes
melioidosis in a wide range of animals in endemic areas.16

In Hong Kong, melioidosis is an endemic disease not only in
humans but also in captive marine mammals and birds,
including bottlenose dolphins, California sea lions, pilot
whales, and zebra doves.17 Treatment of melioidosis can
be difficult, as B. pseudomallei is often resistant to multiple
antibiotics, and a prolonged course of antibiotics is required
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to prevent disease relapse.12,18,19 Due to the severity of meli-
oidosis and aerosol transmissibility of the infectious agent,
B. pseudomallei has been classified as a category B bioterror-
ism and Tier 1 select agent by the Center for Disease
Control, USA (http://www.bt.cdc.gov/agent/agentlist-
category.asp).

Laboratory diagnosis of melioidosis can be difficult. The
bacterium is often not readily isolated from clinical speci-
mens and may not be correctly identified even when iso-
lated. Serological tests are neither sensitive nor specific. In
the past two decades, laboratory diagnosis of melioidosis
has advanced through development of more sensitive tests
such as PCR-based diagnostics and rapid specific identifi-
cation technologies such as gene sequencing and matrix-
assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS). In this review, we high-
light the major developments in laboratory diagnosis of
melioidosis. In addition, metabolomic profiling for identifi-
cation of potentially novel biomarkers for melioidosis is
also discussed.

Culture of B. pseudomallei

Although B. pseudomallei grows on blood agar and
MacConkey agar, it is often dismissed as a culture contam-
inant or misidentified as Pseudomonas species when non-
sterile clinical or environmental specimens are cultured.
The most widely used selective medium for isolating
B. pseudomallei is Ashdown’s medium, which was first
described by L. R. Ashdown in 1979.20 Ashdown’s
medium contains crystal violet and gentamicin as selecting
agents. B. pseudomallei produces characteristic purple, dry,
and wrinkled colonies on this medium. Ashdown’s
medium should be incubated for at least 96 h because gen-
tamicin may have some inhibitory effects on the growth of
B. pseudomallei. The use of an enrichment broth with
Ashdown’s medium and colistin for 48 h at 37�C followed
by plating on Ashdown’s medium may further increase the
yield but increases time to laboratory diagnosis.21 Other
selective media have also been used for clinical isolation
of B. pseudomallei. For example, the Burkholderia pseudomallei
selective agar (BPSA) and a commercial Burkholderia cepacia
medium were both found to have equivalent sensitivity to
Ashdown’s medium, but the selectivity of BPSA was lower
than that of both Ashdown’s and B. cepacia medium when
evaluated with 155 clinical specimens that proved positive
for B. pseudomallei.22

Identification of B. pseudomallei
Conventional biochemical tests and commercial kits

Identification of B. pseudomallei poses difficulties in the clin-
ical microbiology laboratory, particularly in localities where
B. pseudomallei is rarely found. Even with positive cultures,
commercial bacterial identification kits may fail to distin-
guish between B. pseudomallei and closely related species
such as Burkholderia thailandensis (a phenotypically similar
but avirulent species) and members of the B. cepacia com-
plex (BCC).23 In particular, differentiation between B. pseu-
domallei and B. thailandensis would be crucial in guiding

clinical management of patients with suspected melioid-
osis. This is because more than 99% of cases of melioidosis
are caused by B. pseudomallei, whereas B. thailandensis causes
less than 1% of melioidosis.24 B. pseudomallei can be distin-
guished from B. thailandensis by arabinose assimilation; B.
thailandensis, but not B. pseudomallei, is able to utilize L-ara-
binose as its sole carbon source.25–28 B. pseudomallei is
included in the database of API 20NE and the Vitek 1 and
Vitek 2 systems, with variable reported accuracies,23,29–35

and reports of misidentification of B. pseudomallei as other
Burkholderia species such as B. cepacia complex.36 In our
experience, the accuracy of identification using these com-
mercial systems is around 80%.

Identification by sequencing conserved gene targets

Amplification and sequencing of universal gene targets is a
technology that enables timely identification of difficult-to-
identify bacteria. Among the various studied gene targets,
16S rRNA gene sequencing is the most widely used for the
identification of bacteria in clinical microbiology labora-
tories.37 The successful use of 16S rRNA gene sequencing
for identification of a bacterium to the species level relies on
the difference between the 16S rRNA gene sequences of the
bacterium and closely related species. In the case of B. pseu-
domallei, although 16S rRNA gene sequencing is able to dis-
tinguish B. pseudomallei from most other Burkholderia
species, the difference between the 16S rRNA gene
sequences of B. pseudomallei and B. thailandensis is only
around 1%. Therefore, 16S rRNA sequencing cannot confi-
dently distinguish between the two species, highlighting
the need for alternative gene targets.

In our previous study, we have amplified and sequenced
the groEL genes of seven strains of B. thailandensis and six
strains of B. pseudomallei. We observed that the groEL gene
nucleotide sequences of the B. pseudomallei strains showed
<97.6% nucleotide identity with those of B. thailandensis.38

This means that the groEL gene sequences offer a higher
discriminatory power between B. pseudomallei and B. thai-
landensis than 16S rRNA gene sequences. In the circum-
stances that suspected B. pseudomallei colonies are isolated
in clinical specimens and arabinose assimilation is not
available for differentiation from B. thailandensis, groEL
would be a better gene target for identification of B. pseudo-
mallei. We have also described the use of groEL gene sequen-
cing for diagnosing a case of seronegative melioidosis in an
84-year-old patient with acute bacteremic pneumonia.39 An
aerobic Gram-negative bacterium was isolated from the
blood and sputum of the patient, with phenotypic charac-
teristics and antibiotic susceptibility patterns suggestive of
B. pseudomallei. However, the Vitek 1 system (GNIþ) could
not identify the isolate and sera for antibody against B.
pseudomallei were negative.39 The diagnosis was confirmed
by groEL gene sequencing which showed unambiguously
that the isolate was B. pseudomallei.39

Identification by PCR using B. pseudomallei
specific primers

Despite the recognition of the genus Pseudomonas as a het-
erogeneous group since the 1970s, the rectifying
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re-classification of the Pseudomonas RNA homology group II
under the new genus Burkholderia and the transfer of
Pseudomonas pseudomallei to Burkholderia pseudomallei only
occurred in 1992.40 As a result, the early success in specific
PCR-based identification of B. pseudomallei was, at least,
partly fortuitous. By sequencing and comparing the
sequences of the 23S rRNA gene of B. pseudomallei (then
classified under the genus Pseudomonas) and ‘‘closely-
related’’ species including Pseudomonas aeruginosa and
Pseudomonas putida, a B. pseudomallei-specific 18-bp rDNA
probe was the first to be identified and applied in direct
PCR identification.41 Of note, this rDNA-targeting nucleo-
tide probe also detected the glanders pathogen Burkholderia
mallei. This observation heralded the discovery of B. mallei
as a subclade of B. pseudomallei by multilocus sequence
typing almost a decade later.17

The challenge remains to identify specific primers that
can differentiate B. pseudomallei from closely related species
like B. thailandensis. Early assays continued to be designed
based on certain ‘‘first principles’’: the first multiplex PCR
assay capable of differentiating B. pseudomallei and B. thai-
landensis was based on small stable differences in their 16S
rRNA genes.42 A subsequent PCR assay was devised to
target amplicon size differences due to a 15-bp deletion in
the variable domain of the B. thailandensis flagellin gene.43

While such assays do not target the phenotypic differences
or virulence determinants of the organisms, they are none-
theless effective provided that they are extensively
validated.44

When the complete genome sequences of B. pseudomal-
lei45 and other closely related species46,47 were published in
the 2000s, PCR assays based on observed interspecific dif-
ferences in individual genetic loci continued to be devel-
oped,48,49 combined,50 or variably adopted into
quantitative PCR assays,51–57 which have been exhaustively
reviewed by Lowe et al.58 These included assays based on
Type III secretion system genes and single nucleotide poly-
morphisms in conserved regions such as the BurkDiff
assay.48,57,59 On the genomics front, a comparative prote-
omics study successfully identified two specific protein
markers useful for discrimination between B. pseudomallei
and B. thailandensis,60 leading to a large-scale in silico prote-
omic analysis of more than 40 Burkholderia genomes result-
ing in the systematic identification of 12 promising
targets.61 Apart from use in organism identification, targets
identified by comparative genomic and proteomic
approaches are likely to be important determinants of viru-
lence, adaptability, and evolutionary biology of
B. pseudomallei.62

In our laboratory, PCR identification of B. pseudomallei
isolates is performed by a multiplex PCR assay derived
from the pan-genomic study mentioned earlier.61 A
number of design features were integrated to make the
assay both versatile and robust. First, the endpoint PCR
was designed with flexible adoption to quantitative PCR
in mind: the primers were situated on highly conserved
regions of the putative Tat-domain protein gene and the
B. pseudomallei-specific amplicon was just 110 bp in size,
suitable for detection by both endpoint and real-time
PCR. Second, the multiplex assay was tailored to the clinical

microbiology laboratory as it offered discrimination of
B. pseudomallei from avirulent B. thailandensis and the com-
mon opportunistic pathogen BCC species. Furthermore,
specificity validation of the assay was performed computa-
tionally using the NCBI genome database (http://
www.ncbi.nlm.nih.gov/genome/), empirically using gen-
etically similar organisms including then unsequenced spe-
cies such as Burkholderia gladioli and additionally with
spiked sputum and environmental soil samples.61 Recent
improvements of our endpoint PCR protocol have
decreased the cycling time to less than 30 min (unpublished
data), making rapid specific identification of B. pseudomallei
possible without quantitative or real-time PCR
equipment.63

MALDI-TOF MS

MALDI-TOF MS has recently emerged as a revolutionary
technique for pathogen identification, yielding rapid, accur-
ate, and highly reproducible results at a lower price than
any other methods routinely used in clinical laboratories.
The methodology is easy, with only minimal quantity of
bacteria required and results available within minutes. As
a result, this technique is increasingly being integrated into
many clinical laboratories. It has been shown to be useful
for the identification of various non-fermenting gram-
negative bacilli including some Burkholderia species. In par-
ticular, several studies have addressed the potential of
MALDI-TOF MS for B. pseudomallei, all using the Bruker
MALDI Biotyper system.64–67

In our previous study which included 52 B. pseudomallei
strains and three B. thailandensis strains, MALDI-TOF MS
was found to be potentially useful for the identification of B.
pseudomallei and B. thailandensis using the direct transfer
method and MALDI Biotyper 3.0 equipped with
Reference Library v3.1.2.0 (Bruker Daltonik).64 The
Biotyper library contained 41 Burkholderia main spectra
from 26 species including one from B. thailandensis but not
B. pseudomallei. The B. pseudomallei test strains were only
identified correctly to the species level (score of top match
�2.0 and score of second match lower by �10%) when 21 B.
pseudomallei strains were added to the database. The three
B. thailandensis strains were misidentified as B. pseudomallei.
Nevertheless, addition of one of the B. thailandensis strains
in the Bruker database enabled the correct identification of
the other two B. thailandensis isolates. Therefore, the mis-
identification of B. thailandensis is likely due to the inad-
equate number of spectra to cover intraspecies variability.
In another study using the Biotyper library expanded with
two B. pseudomallei strains, two new suspected B. pseudomal-
lei isolates from patients with septicemia were successfully
identified and the procedure reduced the time to definitive
diagnosis by more than 24 h.67 Similarly, a study which
included 10 B. pseudomallei strains also showed that B. pseu-
domallei and B. thailandensis could be identified if a dedi-
cated subset of the reference spectra library, including
three B. pseudomallei strains, was used.66 A recent report
has also stressed the importance of using Bruker’s
Security-Relevant (SR) library and the inclusion of these
potentially hazardous agents in clinical laboratories.65
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Although the Biotyper reference library does not contain
select agents such as B. pseudomallei, Bruker’s SR library
does, which can be obtained by users and searched simul-
taneously with the Biotyper reference library. The authors
also attempted to test the SR library for identifying two
B. pseudomallei isolates. The two isolates were identified as
B. mallei or B. pseudomallei (both score >2), suggesting that
the SR library cannot distinguish B. pseudomallei from
B. mallei.

Laboratory exposures to B. pseudomallei have always
been a concern. A recent case of accidental laboratory
exposure to B. pseudomallei was reported in the United
States, following genus-level identification by MALDI-
TOF MS.68 The patient had recently traveled to Thailand
before presenting with urinary tract infection. The possibil-
ity of B. pseudomallei from the urine culture was only
suspected after MALDI-TOF MS identification as
B. thailandensis with score 1.864. The risk of laboratory
exposure to B. pseudomallei can be minimized by a high
index of suspicion and inactivation with ethanol and/or
protein extraction for any suspicious bacterial isolates in
Biosafety Level II cabinets before processing for MALDI-
TOF MS.

In conclusion, MALDI-TOF MS is potentially useful for
rapid identification of B. pseudomallei in clinical laboratories.
However, existing databases do not contain enough spectra
for this bacterium, which is uncommonly encountered out-
side endemic areas. Optimization of the databases by
adding more reference spectra for B. pseudomallei and
related species is critical to enable accurate identification,
especially in countries where melioidosis is prevalent, and
should be adopted in standard MALDI-TOF MS libraries
used in clinical laboratories.

Direct detection by specific primer PCR
amplification

The sensitive and specific detection of B. pseudomallei from
clinical and environmental specimens by specific primer
PCR is dependent upon both assay- and sample-related fac-
tors. Having been involved in the design, development, and
validation of a multiplex endpoint PCR assay for the spe-
cific detection of B. pseudomallei from cultured and uncul-
tured clinical specimens and the subsequent adoption of the
modified assay in the environmental survey of a long-term,
large-scale epidemiological study of melioidosis, we illus-
trate the considerations involved in the design of a practical
assay.

Direct detection of B. pseudomallei from
clinical samples

Since the early days of B. pseudomallei detection using spe-
cific primer PCR, blood and sputum have been the clinical
specimens used in assay evaluation.41,69 Arguably, contam-
ination by the oropharyngeal flora or co-isolation of other
lower respiratory tract colonizers in patients with cystic
fibrosis or bronchiectasis render sputum samples a formid-
able challenge to the empirical specificity of the assay. Yet,
studies have shown that sputum represents a good sample

for PCR detection, as it often contains high bacterial load of
B. pseudomallei.69 An assay for the direct detection of
B. pseudomallei from an uncultured sputum sample must
not erroneously identify any of the normal flora and,
more importantly, the commonly misidentified colonizer
species B. cepacia complex as B. pseudomallei, or vice versa,
from clinical management35,36,70,71 and laboratory safety
perspectives.72

While some assays were designed to differentiate B. pseu-
domallei and other Burkholderia species,73,74 other PCR
assays from the pregenomic era require caution with inter-
pretation as they were known to have suboptimal sensitiv-
ity, affected by ‘‘anomalous sequence variation’’ or may
even misidentify B. cepacia complex as B. pseudomallei.75

Therefore, in the development of a direct B. pseudomallei
PCR assay for sputum specimens, both in silico and experi-
mental validation remain essential. Theoretically, there is
always the risk of false-positives due to non-specific PCR
amplification of host DNA; nonetheless, to our knowledge,
this has not been reported in the literature and any concerns
regarding this possibility can be addressed using the NCBI
Primer-BLAST tool (http://www.ncbi.nlm.nih.gov/tools/
primer-blast/).

Direct detection from environmental samples

Natural soil harbors a diverse bacterial and fungal commu-
nity, making non-selective culture and subsequent isolation
of individual species impractical. Another factor hindering
the successful development of a direct PCR assay for
B. pseudomallei is the presence of potent DNA polymerase
inhibitors in soil. There are at least three ways in which this
may be overcome: selective enrichment culture to increase
the B. pseudomallei and, accordingly, template DNA concen-
tration, DNA purification with effective inhibitor removal
and/or adopting an inhibitor-resistant PCR polymerase.

Selective enrichment culture, with or without subse-
quent DNA purification, increases the total number of
DNA templates for PCR amplification to occur. The stand-
ard medium for enrichment is the Ashdown’s medium as
described earlier.76 Nonetheless, this standard medium also
supports the growth of other soil inhabitants including the
B. pseudomallei-like organism B. thailandensis.77–79 As a
result, a direct soil PCR assay must be able to distinguish
among B. pseudomallei, B. thailandensis, and the BCC spe-
cies.61 The ability to discriminate B. pseudomallei from
B. mallei in such an assay is non-essential because B. mallei
does not persist in the environment80 and is inhibited by the
Ashdown’s medium.79

Humic acid and other high molecular weight com-
pounds in soil are potent PCR inhibitors that are known
to co-purify with DNA.81 Despite extensive attempts,
DNA purification from soil sample is either difficult to
scale up82,83 or highly dependent upon specific soil
types.83,84 From our experience, selective culture enrich-
ment, DNA extract purification, and template dilution can
be combined and optimized for a particular soil type to
achieve sensitivities superior to traditional culture and iso-
lation.85 The use of mutant DNA polymerases to overcome
inhibitors inherent to crude soil samples remains an area of
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active research86,87 and will likely enhance the efficiency of
direct detection of B. pseudomallei from soil and other com-
plex environmental specimens in the near future.

Serological diagnosis

The isolation of B. pseudomallei from clinical specimens is
still considered to be the ‘‘gold standard’’ for melioidosis
diagnosis. However, culture has a low diagnostic sensitivity
in patients with melioidosis.88 Even among culture positive
patients, isolation of the agent takes time and expertise,
resulting in delayed institution of correct treatment.
Therefore, serological tests are often performed as a prelim-
inary test in endemic areas to expedite the diagnosis. There
are many antibody detection formats currently in use.89–91

These tests are generally unstandardized ‘‘in house’’ assays.
The performance characteristics of these serological tests
are ambiguous as most studies involve small groups of
patients and investigators compare their assays against an
imperfect gold standard (bacterial culture). Even so, sero-
logical tests generally have lower sensitivity than culture.
Interpretation of a positive qualitative antibody test is also
difficult in endemic areas with high background seropreva-
lence rates, which affects test specificity for diagnosis of
melioidosis disease states. The situation is further compli-
cated by an incomplete understanding of the time frame of
the melioidosis antibody response upon exposure or re-
exposure. The relative importance of IgM and IgG detection
in melioidosis diagnosis is also unclear. Therefore, sero-
logical tests are, at best, adjuncts to culture-based diagnosis
and cannot be recommended for routine diagnosis in ende-
mic areas at this stage.92 Novel ELISA assays, immunochro-
matographic tests (ICTs), and antigen detection tests should
make use of a ‘‘pooled gold standard’’ of culture, molecular,
and multiple serological tests for better delineation of assay
performance. The important serodiagnostic assay platforms
for melioidosis are described below.

Indirect hemagglutination assay (IHA)

The IHA is the earliest described serological test for meli-
oidosis and is still routinely performed in many melioidosis
endemic areas. Sheep erythrocytes are sensitized with
crude antigen derived from local clinical B. pseudomallei
strains.89,90 The sensitized erythrocytes are then added to
serial dilutions of heat-inactivated patient sera. The IHA
titer is the highest dilution of patient serum that causes
distinct agglutination of erythrocytes. Raised IHA titers
appear to mostly reflect an IgM response based on antibody
fractionation studies; however, the precise antigenic targets
are still unknown and are likely to be highly variable
between laboratories using different strains.91,93 The test is
frequently performed using single patient sera and cut-off
values are assigned based on background seropositivity in
the population; interpretation can be difficult in rural ende-
mic settings with a high seroprevalence rate. Test sensitivity
varies with disease status: less than 60% of patients with
acute culture positive melioidosis are IHA positive at pres-
entation; however, the sensitivity appears to improve in
patients with chronic disease.93 False positive IHA titers

may occur in patients with systemic P. aeruginosa infec-
tions.90 Acutely bacteremic patients appear to be more
likely to have negative IHA, limiting the usefulness of this
assay for diagnosis of severe melioidosis.93,94 This paradox-
ical seronegativity may reflect defective humoral immune
responses in these patients although negative titers may
simply reflect the early presentation. Time to IHA serocon-
version is unpredictable and may even fail to occur in 30%
of patients.93 Consequences of persistent IHA seropositivity
or seroreversion on disease outcomes are unclear.

Enzyme-linked immunosorbent assay (ELISA)

IgM and IgG ELISAs have been described for the serodiag-
nosis of melioidosis. Such tests are rapid and avoid the
observer bias of IHAs. Bacterial lipopolysaccharide (LPS)
is a commonly used antigen. Whole cells, exopolysacchar-
ide (EPS), and antibody affinity-purified EPS are also used
in some centers.95 There is little evidence that any particular
antigen type offers superior diagnostic sensitivity for meli-
oidosis although LPS-based assays may offer improved
specificity. Heterogeneity in LPS among clinical strains of
B. pseudomallei is well recognized96,97; the effect of this vari-
ability on the performance of LPS-based ELISA is unknown.
The use of purified recombinant antigen is an attractive
option, offering standardization and reproducibility.
However, a trial of outer membrane protein (Omp3,
Omp85), type VI secretion system protein (TssD-5), and
serine protease MprA (smBpF4) based IgG ELISA demon-
strated only modest sensitivity when used singly or in com-
binations (62% compared to culture for TssD-5-based
ELISA).98 There is some data to support the use of recom-
binant flagellin protein derived from B. pseudomallei or non-
pathogenic B. thailandensis; however, comparisons against
LPS-based ELISA and IHA are still pending.99 We have pre-
viously reported the cloning of the B. pseudomallei groEL and
maIE gene, which encode immunogenic proteins; a clinical
trial of an ELISA using these recombinant proteins is pend-
ing.100,101 The performance parameters of the ELISA assay
are further affected by the optical density (OD) cutoff use-
d—resetting cutoffs at a lower OD value based on unbiased
receiver operating characteristic curves using Bayesian
latent-class models improved sensitivity to 80% with no
compromise in specificity.102 Further studies comparing
the relative importance of IgM and IgG responses in meli-
oidosis diagnosis are required.

ICTs

ICTs in the form of commercial point-of-care test strips and
cassettes have been developed for detecting melioidosis IgG
and IgM. Limited evaluations103,104 suggest that these tests
enjoy comparable diagnostic sensitivity to other serological
methods such as IHA, ELISA, and indirect immunofluores-
cence assay (IFA). However, these tests are not yet widely
available.

Other antibody detection methods

Complement fixation test for melioidosis is cumbersome,
time consuming, and rarely performed. Indirect IFA is
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used in some centers to detect serum antibodies against
whole cell B. pseudomallei antigen coated on slides.105,106

There are a few evaluations supporting routine IFA IgM
and/or IgG for melioidosis diagnosis, but implementation
requires a fluorescence microscope, which may be difficult
in some endemic areas. The IFA is a part of the battery of
diagnostic tests against which emerging diagnostic meth-
ods can be compared.

Antigen detection tests

Detection of specific B. pseudomallei antigens in clinical spe-
cimens should provide excellent positive predictive value
for melioidosis. Direct IFA and antibody sandwich ELISAs,
which make use of rabbit or mouse monoclonal antiboides
raised against B. pseudomallei crude whole cell extract have
been described.107,108 The sensitivity is significantly lower
than culture but may be useful for rapid screening of clin-
ical specimens from severely ill patients that are likely to
contain a high bacterial load. Recently, a specific lateral flow
immunoassay detecting the bacterial capsular polysacchar-
ide using high affinity monoclonal antibodies has been
described.109 Further clinical evaluations of this promising
assay are proceeding and are likely to be valuable in ende-
mic settings.

Metabolomic profiling for identification of
novel biomarkers

Metabolomics is an important tool in microbiology and
infectious diseases research, providing a revolutionary
method to study both the pathogen and the pathogen-
specific host response. It involves the systematic study of

the small-molecule metabolite profiles of a cell, tissue, or
organism, which are the end products of cellular processes.
Using statistical analyses, the metabolic profiles from dif-
ferent cells or systems can be compared, which can be used
to differentiate between different biological systems and
identify potential novel biomarkers specific to these sys-
tems. In particular, liquid chromatography–mass spectrom-
etry has been increasingly utilized in both untargeted
profiling and targeted quantitation approaches to deter-
mine the changes of proteins, lipids, and metabolites in bio-
chemical pathways. Metabolomics has also been recently
applied to characterize infectious diseases or patho-
gens.110–114 Using this approach, metabolomic data
obtained from urine samples have been used to distinguish
healthy subjects from patients with infections such as
pneumococcal disease and urinary tract infections.115–117

Another study using nuclear magnetic resonance spectro-
scopy-based metabolomics showed that the metabolic pro-
file of sera from tuberculosis patients can be distinguished
from those from healthy controls.118

Although no studies have reported the use of metabolo-
mics for B. pseudomallei, the technique is potentially useful
to explore specific biomarkers for identification and diag-
nosis. In our pilot study using culture supernatants from
B. pseudomallei and related species for metabolomics profil-
ing by ultra-high performance liquid chromatography-
electrospray ionization-quadruple time-of-flight mass
spectrometry (UHPLC-ESI-Q-TOF-MS), we showed that
B. pseudomallei can be potentially distinguished from B. thai-
landensis, B. cepacia complex, P. aeruginosa as well as
Escherichia coli by principal component analysis (PCA)
and partial-least squares discrimination analysis (PLS-DA)
(Figure 1). Although the B. pseudomallei strains were most

Figure 1 (a) PCA score plot and (b) PLS-DA score plot generated using MetaboAnalyst 3.0 (www.metaboanalyst.ca)119 in positive mode. Filtered culture super-

natants were subject to UHPLC-ESI-Q-TOF-MS using Agilent 1290 UHPLC (Agilent Technologies, Santa Clara, CA USA). PLS-DA models were validated using R2 and

Q2 based on leave one out cross-validation (LOOCV). Five-component model was selected as optimized model with R2
¼1.00 and Q2

¼ 0.87. The significance of the

model was demonstrated by permutation test with 2000 testing iterations using separation distance and P value< 0.001 was obtained. BC: B. cepacia complex; BPS:

B. pseudomallei; BT: B. thailandensis; PA: P. aeruginosa; EC: E. coli. Three strains from each bacterial species were used for culture in RPMI 1640 medium ((#22400-

089, Gibco, Carlsbad, CA, USA). (A color version of this figure is available in the online journal.)
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closely related to B. thailandensis strains, the two groups are
still clearly separated from each other. Differentiation
between B. pseudomallei and B. thailandensis infections is cru-
cial in guiding clinical management of patients, since more
than 99% of cases of melioidosis are caused by B. pseudo-
mallei strains, while B. thailandensis is much less virulent.
Our preliminary data suggested that the metabolomes of
B. pseudomallei cultures are significantly different from
those of related Burkholderia species as well as common
Gram-negative bacteria. Although a more comprehensive
study using more isolates from each bacterial species is
required to draw conclusions, it is likely that B. pseudomallei
produces specific metabolites that are not found in other
bacteria. These specific metabolites may represent potential
biomarkers for bacterial identification. Further studies on
both bacterial cultures and direct patient samples are
required to evaluate the potential of metabolomics in the
discovery of novel biomarkers which may help improve
clinical diagnosis of melioidosis and expand our knowledge
on disease pathogenesis.

Concluding remarks

Despite its medical importance, melioidosis remains a rela-
tively under-studied disease. Although accurate diagnosis
of melioidosis is important to guide antibiotic regimen and
prevent relapse, laboratory diagnosis may not be straight-
forward, especially in culture negative cases. Recent
advances in molecular diagnostics have dramatically
improved the accurate identification of B. pseudomallei iso-
lated from clinical specimens. Since PCR amplification and
sequencing of genes such as groEL may be expensive and
time consuming, PCR using specific primers represents a
more convenient alternative for species identification from
positive cultures. As MALDI-TOF MS becomes increasingly
available in clinical microbiology laboratories, the tech-
nique is expected to further accelerate the routine identifi-
cation of suspicious isolates. However, as B. pseudomallei is
not included in the reference spectra of the Biotyper library,
expansion of databases with reference strains is critical in
achieving accurate identification by individual laboratories.
As existing serological assays do not always offer satisfac-
tory sensitivities and specificities for diagnosis of culture
negative melioidosis, exploration of novel biomarkers,
which can be detected in body fluids of patients, using
metabolomic profiling may improve diagnosis of this emer-
ging disease.
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