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The early initiation of appropriate antimicrobial therapy is critical for improving the prognosis of patients
with septicemic melioidosis. Thus, the use of a rapid molecular diagnosis may affect the outcome of this disease,
which has a high mortality rate. We report the development of two TaqMan real-time PCR assays (designated
8653 and 9438) that detect the presence of two novel genes unique to Burkolderia pseudomallei. The analytical
sensitivity and specificity of the assays were assessed with 91 different B. pseudomallei isolates, along with 96
isolates and strains representing 28 other bacterial species, including the closely related Burkholderia/Ralsto-
nia. The two assays performed equally well with both purified DNA and crude cell lysates, with 100% analytical
specificity for the detection of B. pseudomallei. The limit of detection was 50 fg of DNA (equivalent to six
bacterial genomes) per PCR for both assay 8563 and 9438. We also evaluated these assays with DNA extracted
from blood specimens taken from 45 patients with culture-confirmed septicemic melioidosis or other septice-
mias. Of the 28 melioidosis blood specimens, assays 8653 and 9438 gave sensitivities of 71% (20/28) and 54%
(15/28), respectively. Effectively, all fatal cases of septicemic melioidosis were detected by 8653. For the 17
non-melioidosis blood specimens, specificities of 82% (14/17) and 88% (15/17) were obtained for assays 8653
and 9438, respectively. The real-time PCR assays developed in this study provide alternative, rapid molecular
tools for the specific detection of B. pseudomallei, and this may be of particular use in the early diagnosis and
treatment of septicemic melioidosis.

Burkholderia pseudomallei is a flagellated gram-negative
saprophyte commonly found in the soil and water of regions of
endemicity such as Southeast Asia and northern Australia. It
causes melioidosis, an infection with protean clinical manifes-
tations including acute septicemia, pulmonary infection, and
chronic visceral and soft tissue abscesses (32). Infection usually
occurs when compromised skin surfaces come into contact with
soil or water containing the bacterium (6, 14). A high incidence
of severe melioidosis such as acute pneumonia and septicemia
can occur through inhalation, and this has been the situation
observed particularly during bad weather events and during
the heavy rainfall in regions of endemicity (3, 5, 15). There is
no licensed vaccine against B. pseudomallei infection. The suc-
cessful management of patients with severe melioidosis de-
pends on the early diagnosis and initiation of appropriate an-

timicrobial therapy. It has been reported that 50% of patients
with septicemic melioidosis die within 48 h after the onset of
symptoms (2, 28), indicating that early diagnosis improves the
likelihood of survival.

Currently, the definitive diagnosis of melioidosis relies on
bacterial culture. Although this method remains the “gold stan-
dard” for pathogen identification, isolation of B. pseudomallei in
clinical specimens requires the use of special selective media,
and this may require up to 5 days of incubation for a positive
result. If enrichment media are used instead, the presence of B.
pseudomallei in nonsterile specimens such as sputum and
throat swabs may be overlooked due to the speedier growth of
other commensal organisms. As a result of these factors, many
patients who are clinically suspected of having septicemic
melioidosis remain without a culture-confirmed diagnosis, and
this increases their likelihood of receiving inappropriate anti-
microbial therapy (11, 26). Serological tests to detect B.
pseudomallei-specific antibodies such as the indirect hemagglu-
tination assay and enzyme-linked immunosorbent assay have
been used clinically, but they are not reliable and useful for the
diagnosis of active infections in melioidosis-endemic regions
such as Thailand where seroconversion is common (2, 4, 23). B.
pseudomallei-specific antigen detection methods using mono-
clonal antibodies such as the latex agglutination assay and
direct immunofluorescence appear to be useful for rapid iden-
tification of B. pseudomallei in Thailand, but these tests are not
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commercially available (21, 24, 33). Commercially available
biochemical tests such as API 20NE have been reported to
misidentify B. pseudomallei as a number of other bacterial
species (12, 16).

The importance of B. pseudomallei both as a lethal pathogen
and as a potential biothreat agent (20) has led to the develop-
ment of various PCR-based detection methods, in both con-
ventional end-point and real-time formats, for specific and
rapid identification of the bacterium for earlier diagnosis of
melioidosis (7, 8, 9, 13, 17, 18, 27, 29, 30, 34). These PCR assays
have targeted 16S rRNA genes, 23S rRNA genes, the flagellin
C gene (fliC), the ribosomal protein subunit S21 gene (rspU),
a single-nucleotide polymorphism in a putative antibiotic-re-
sistant gene (termed P27), and the (named orf2, orf11, orf13,
and SCU2) type III secretion system genes of B. pseudomallei.
These reports showed that the real-time PCR assays (17, 18,
27, 29, 30, 34) demonstrated greater analytical sensitivity, ra-
pidity, and ease of use than conventional PCR. However, with
the exception of a real-time PCR assay reported more recently
that targets orf2 of the TTS1 system, which was evaluated with
clinical specimens from patients in Australia (17, 18), the other
reported real-time PCR assays were evaluated only with pure
bacterial DNA cultures or spiked human blood samples.

In this paper, we report the development of two real-time
PCR assays that target novel loci that are both specific only to
B. pseudomallei and the evaluation of both assays using DNA
extracted from blood specimens collected from 45 patients
diagnosed with septicemia caused by B. pseudomallei or other
organisms.

MATERIALS AND METHODS

Collection of bacteria. A total of 187 bacterial isolates and strains were used
in this study (Table 1). They included 91 B. pseudomallei isolates, 37 isolates of
seven closely related Burkholderia/Ralstonia species (9 B. mallei, 20 B. thailan-
densis, and 3 B. cepacia isolates and 5 isolates of four other species), as well as
57 isolates of 18 clinically relevant pathogens (including three biothreat agents),
and two plant pathogens. Of the 91 B. pseudomallei isolates, 69 were obtained
from clinical samples over a period from 1988 to 2004 from various hospitals in
Singapore. Thirty-two isolates were obtained during the outbreak of melioidosis
in Singapore between January and April in 2004 (15). Other B. pseudomallei
isolates included 13 clinical isolates from Thailand, 4 animal isolates (2 each
from Singapore and Malaysia), 3 soil isolates from Singapore, and 2 type strains
from the American Type Culture Collection (ATCC). The identities of the B.
pseudomallei isolates were confirmed by bacterial culture using Ashdown agar
medium plates (Bloxwich Pte. Ltd., Singapore) and by biochemical characteris-
tics using API20NE (BioMerieux, Marcy, France).

The 96 non-B. pseudomallei bacterial isolates or strains were collected from
environmental samples and patients in Thailand (B. thailandensis and clinically
relevant bacterial strains) and type strains from ATCC and the National Collec-
tion of Type Cultures (NCTC).

Collection of blood specimens from patients. Blood specimens were collected
from 45 hospitalized patients with septicemia in the northeastern region of
Thailand in 1999 (see Table 3). These samples were a part of those studied by
Suputtamongkol et al. (25). Of the 45 patients, 28 had melioidosis as the final
diagnosis, while the other 17 had septicemia caused by six different bacterial
species, namely, B. cepacia, Escherichia coli, Enterobacter sp., Klebsiella pneu-
moniae, Staphylococcus aureus, and Streptococcus sp. Of the specimens obtained
from 28 patients with melioidosis, 21 were positive by blood culture assays, and
7 were blood culture negative but had positive cultures from other sites (see
Table 3).

Six milliliters of heparinized blood samples was collected from each patient
within 36 h of admission. Buffy coat was obtained by centrifugation at 3,000 rpm
for 20 min and stored at �20°C until use.

Preparation of bacterial DNA. Bacterial isolates were cultured on Luria-
Bertani (LB) agar medium at 37°C for 24 to 48 h. A single colony was then
inoculated into 10 ml of LB culture broth and incubated at 37°C overnight. Total

chromosomal DNA of each isolate was extracted and purified using a QIAGEN
Genomic DNA kit (QIAGEN, Hilden, Germany) according to the manufactur-
er’s instructions. The concentration and purity of the DNA preparations were
determined by measuring the optical density at 260 and 280 nm, using a spec-
trophotometer (Ulitrospec 2000; Pharmacia Biotech).

For the preparation of crude bacterial cell lysates, about five bacterial colonies
were suspended in 200 �l of distilled water or 1� phosphate-buffered saline and
then heat inactivated at 95°C for 15 min. The boiled bacterial suspension was
briefly vortexed and spun down at 16,000 � g, and 1 �l of this preparation was
used directly for a real-time PCR.

For blood specimens, total DNA was extracted from buffy coat samples using
a QIAGEN Mini DNA kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions. The DNA sample was eluted in 200 �l of elution
buffer, and one 5-�l aliquot was used per real-time PCR.

Real-time PCR assays. The real-time PCR assays, designated assay 8653 and
assay 9438, were developed based on previously reported B. pseudomallei-unique
sequences (19). The DNA sequences of the primers and probes and the genomic
location of the two genes are shown in Table 2. The primers and probes were
selected using Primer Express (Applied Biosystem) software, and their genomic
locations were analyzed against two complete B. pseudomallei genomes available
from the public database (K96243 chromosome 2 [GenBank accession no.
NC_006351] and 1710b chromosome II [GenBank accession no. NC_007435]).
Each of the probes was labeled with a reporter dye, 6-carboxyfluorescein (FAM),
and a quencher dye, 6-carboxytetramethylrhodamine (TAMRA). The expected
size of the amplified product for both assays was 81 base pairs.

The 8653 and 9438 real-time PCR assays with purified genomic DNA and
crude cell lysates were performed in a Roche LightCycler instrument (Roche
Diagnostics, Germany) in the DSO laboratory and in a Rotor Gene 3000 instru-
ment (Corbett Life Science, Australia) in the Centre for Research and Devel-
opment of Medical Diagnostic Laboratories (CMDL), Khon Kaen University,
whereas the two real-time PCR assays with DNA extracted from clinical buffy
coat samples were performed only in the Rotor Gene 3000 instrument.

Specificities of the 8653 and 9438 assays were determined with purified
genomic DNA or crude cell lysates from the 91 B. pseudomallei isolates and
96 isolates or type strains of 28 other bacterial species. The sensitivity of the
real-time PCR assays was determined by using triplicates of 10-fold serial
dilutions of the purified K96243 genomic DNA on both a LightCycler and a
Rotor Gene 3000 instrument; the limit of detection was obtained by tripli-
cates of twofold serial dilutions of the purified genomic DNA from 100 fg to
12.5 fg per PCR.

A final volume of a 20-�l reaction mixture was performed on the LightCycler.
The reaction mixture contained 1� PCR buffer, 3 mM of MgCl2, a 200 �M
concentration of each dNTP, 500 nM of forward and reverse primers, 250 nM of
probe, 10 �g of bovine serum albumin, and 1 unit of PlatinumTaq DNA poly-
merase (Invitrogen Life Technology), in addition to 1 �l of DNA template. The
reaction mixture for assay 9438 was denatured initially at 95°C for 2 min, fol-
lowed by 45 cycles of 95°C for 5 s, 51°C for 10 s, and 72°C for 10 s and a final step
at 40°C for 20 s. The cycling parameters for assay 8653 were the same, except for
the 56°C annealing temperature. The entire cycle for either of the two assays was
about 30 min. A final volume of a 25-�l reaction mixture was used on the Rotor
Gene 3000. The parameters were initial denaturation at 95°C for 3 min, followed
by 45 cycles of 95°C for 30 s, 51°C (for assay 9438) or 56°C (for assay 8653) for
30 s, and 72°C for 30 s. The entire cycle lasted for about 2 hours. All of the
real-time PCRs were carried out in duplicates or triplicates, and at least two
separate experiments were performed.

Real-time PCR assay targeting orf11 of TTS1. Performance of the real-time
PCR 8653 and 9438 assays was also compared to that described by Thibault et al.
(27). The current study was also performed with DNA samples from clinical
blood specimens and bacterial cell lysates in a Rotor Gene 3000 instrument. This
assay amplifies a 110-base-pair fragment of the orf11 gene of the TTS1 gene
cluster. The DNA sequences of the forward and reverse primers and the hydro-
lysis probe used in this study were as described previously (27), but the PCR was
modified as follows: a final volume of a 25-�l reaction mixture contained 2.5 �l
of 1� PCR buffer, 3.5 mM of MgCl2, a 200 �M concentration of each dNTP, 12.5
�M of forward and reverse primers, 6.5 �M of probe, and 1 unit of PlatinumTaq
DNA polymerase (Invitrogen Life Technology), in addition to 1 �l of DNA
template. The reaction mixture was denatured initially at 95°C for 5 min, fol-
lowed by 45 cycles of 95°C for 10 s and 60°C for 45 s.

Data analysis. The DNA sequences of the individual primers and probes were
compared in silico by using BLAST software against the nucleotide database, and
the respective amplified product sequences were analyzed against the Bacterial
Genome Database in National Center for Biotechnology Information (NCBI) at
the website http://www.ncbi.nlm.nih.gov/BLAST/.

VOL. 45, 2007 REAL-TIME PCR ASSAYS OF BLOOD SPECIMENS IN MELIOIDOSIS 2895



Baseline adjustments and cycle threshold (CT) values of each real-time PCR
assay were automatically calculated by the respective LightCycler and Rotor
Gene 3000 programs, Roche Molecular Biochemical version 3.5 and Rotor-Gene
version 6.0.27. A mean CT value was calculated from the total individual CT

values obtained from separate real-time PCRs on that sample.

RESULTS

B. pseudomallei-specific DNA targets. The individual primers
and probes were analyzed using BLAST against the NCBI
nucleotide database in order to assess the specificity of the
assays in silico. The results showed that the DNA sequences of
all of the primers and probes were highly unique to B.

pseudomallei, with no significant similarities to other se-
quences.

Further BLAST analysis against the Bacterial Genome Da-
tabase also indicated that both 81-bp DNA targets were highly
conserved among all of the reported B. pseudomallei genomes,
including two completed genomes (strains K96243 and 1710b)
and eight unfinished genomes, except for one unfinished B.
pseudomallei strain 1655 genome which had no match with the
81-bp target for the 8653 assay. No significant similarities were
found between the 81-bp DNA targets and any other closely
related Burkholderia/Ralstonia genomes available from the da-
tabase including nine B. mallei, one B. thailandensis, and five

TABLE 1. Bacterial strains used in this study to determine the specificity of the real-time PCR assays 8653 and 9438

Organism (total no.) Source Year(s) of
collectiona

No. of isolates or
strains tested
(sample type)

No. of positive
PCR results for:

Assay
8653

Assay
9438

Burkholderia pseudomallei (n � 91) Clinical isolates from an outbreak of melioidosis in
Singapore

2004 32 (cell lysate) 32 32

Clinical isolates from Singapore 1993–2002 30 (cell lysate) 30 30
Clinical isolates from Singapore 1988–1989 7 (purified DNA) 7 7
Animal isolates from Singapore 1986–1987 2 (purified DNA) 2 2
Soil isolates from Singapore 1996–2001 3 (purified DNA) 3 3
Animal isolates from Malaysia 1996 2 (purified DNA) 2 2
Clinical isolate K96243 from Khon Kaen, Thailand 1996 1 (purified DNA) 1 1
Clinical isolates from Khon Kaen, Thailand 2006 12 (cell lysate) 12 12
ATCC strains 23343 and 15682 1994 2 (purified DNA) 2 2

Burkholderia/Ralstonia (n � 37)
Burkholderia mallei ATCC and NCTC 1920–1961 9 (purified DNA) 0 0
Burkholderia thailandensis Clinical isolates from Khon Kaen, Thailand 2006 4 (cell lysate) 0 0

Clinical isolate from central and northeast
Thailand

2000 1 (purified DNA) 0 0

Soil isolates from central and northeast Thailand 2004 9 (cell lysate) 0 0
Soil isolates 2000 5 (purified DNA) 0 0
ATCC 700388 1994 1 (purified DNA) 0 0

Burkholderia cepacia Clinical isolate from Khon Kaen, Thailand 2006 1 (cell lysate) 0 0
ATCC strains 1999 2 (purified DNA) 0 0

Burkholderia gladioli NCTC12378 1999 1 (purified DNA) 0 0
Burkholderia caryophylli ATCC 25418 1999 1 (purified DNA) 0 0
Ralstonia pickettii ATCC 27511, NCTC11149 1999 2 (purified DNA) 0 0
Ralstonia solanacearum ATCC 33193 1997 1 (purified DNA) 0 0

Biothreat agents (n � 3)
Bacillus anthracis NCTC8234 2000 1 (purified DNA) 0 0
Francisella tularensis NCTC10857 2000 1 (purified DNA) 0 0
Yersinia pestis NCTC5923 2000 1 (purified DNA) 0 0

Clinically relevant bacteria (n � 54)
Acinetobacter baumannii Clinical isolate from Khon Kaen, Thailand 2006 1 (cell lysate) 0 0
Aeromonas sobria Clinical isolate from Khon Kaen, Thailand 2006 1 (cell lysate) 0 0
Campylobacter jejuni ATCC 29428 1999 1 (purified DNA) 0 0
Citrobacter (C. freundii and C. koseri) Clinical isolates from Khon Kaen, Thailand 2006 3 (cell lysate) 0 0
Clostridium difficile ATCC 9689 1999 1 (purified DNA) 0 0
Escherichia coli Clinical isolates from Khon Kaen, Thailand 2006 5 (cell lysate) 0 0
Enterobacter Clinical isolate from Khon Kaen, Thailand 2006 1 (cell lysate) 0 0
Klebsiella pneumoniae Clinical isolates from Khon Kaen, Thailand 2006 9 (cell lysate) 0 0
Pseudomonas aeruginosa ATCC 27853 1997 1 (purified DNA) 0 0

Clinical isolate from Khon Kaen, Thailand 2006 1 (cell lysate) 0 0
Proteus mirabilis Clinical isolate from Khon Kaen, Thailand 2006 1 (cell lysate) 0 0
Salmonella enterica subsp. Clinical isolates from Khon Kaen, Thailand 2006 19 (cell lysate) 0 0
Staphylococcus aureus ATCC 25923 1997 1 (purified DNA) 0 0

Clinical isolates from Khon Kaen, Thailand 2006 6 (cell lysate) 0 0
Staphylococcus epidermidis Clinical isolate from Khon Kaen, Thailand 2006 1 (cell lysate) 0 0

Group B Streptococcus
Yersinia enterocolitica Clinical isolate from Khon Kaen, Thailand 2006 1 (cell lysate) 0 0

ATCC 9610 2000 1 (purified DNA) 0 0

Plant pathogen (n � 2)
Erwinia amylovora ATCC 19382 1994 1 (purified DNA) 0 0
Xanthomonas axonopodis ATCC 43911 1994 1 (purified DNA) 0 0

a The year of collection is not necessarily the same as the actual year in which the isolates or strains were obtained from the original sources; the year given for some
strains represents the point when our laboratory received them.
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Ralstonia spp. isolates or the existing genomes of other bacte-
rial species.

Analytical specificity. Assays 8653 and 9438 were 100% spe-
cific for the detection of B. pseudomallei; no cross-reactivity
occurred with isolates of any of the other 28 bacterial species
included as controls in this study. Both assays could also di-
rectly detect B. pseudomallei in crude cell lysates, and the
quality of PCR amplification was comparable to those ob-
tained with the purified genomic DNA (Table 1). The assays
were also tested with DNA extracted from blood samples from
two healthy volunteers and showed that the assays had no
cross-reactivity with human DNA. Repetition of the two real-
time PCR assays confirmed the results were reproducible.

Analytical sensitivity. A linear dynamic range of 106 to 102

fg per PCR was observed constantly for both the 8563 and the
9438 assay with both the LightCycler (Fig. 1) and the Rotor
Gene 3000 (data not shown), and a detection limit of 50 fg
(equivalent to 6 genomes) per PCR was obtained for both
assays with both real-time PCR instruments.

Evaluation of assays with clinical blood samples. The use-
fulness of the two real-time PCR assays for the diagnosis of
melioidosis was evaluated with DNA samples extracted from
blood specimens taken from 28 melioidosis cases and 17 non-
melioidosis septicemia cases (Table 3). Of the 28 melioidosis
blood specimens, 15 were real-time PCR positive with both the
8653 and the 9438 assay, with another 5 blood specimens
positive only with the 8653 assay, giving an overall sensitivity of
71% (20/28) and 54% (15/28) for the 8653 and 9438 assays,
respectively. Higher PCR sensitivities of 76% (16/21) and 57%
(12/21) for both of the real-time PCR assays were observed
when the analysis was confined to the 21 culture-positive blood
specimens. Seven samples from cases with fatal outcomes all
tested positive (100%) on assay 8653, while 5/7 (71%) were
positive on 9438. This was observed especially for the blood
specimen BP7, with which both real-time PCR assays consis-
tently produced strong amplification and CT values of 25.32
(8653) and 24.35 (9438), which were lower than the CT values
produced with all other positive specimens. These were about
eight and ten cycles earlier than the average cycle number of
33.54 and 34.60, calculated from the individual mean CT values
obtained with assay 8653 and 9438, respectively.

For the 17 blood specimens from non-melioidosis patients,
14 and 15 samples were PCR negative by assay 8653 and 9438,
representing an overall specificity of 82% and 88% for the two
assays, respectively. The three PCR-positive blood specimens
(CI5 and CI7, positive by both 8653 and 9438, and CI13,
positive only by 8653) were from respective patients with sep-
ticemia caused by one of the three organisms E. coli, K. pneu-
moniae, and S. aureus (Table 3).

We also compared the performance of our two assays with
that of a previously reported real-time PCR assay which de-
tects the B. pseudomallei-specific orf11 of TTS1 (27) with the 45
blood specimens described above. The results are shown in
Table 3, and the results obtained with the orf11 assay were
similar to those obtained with the 8653 and 9438 assays. This
comparison also indicates that assay 8653 is more sensitive
than the 9438 and orf11 assays when used with blood speci-
mens. Furthermore, of the three non-melioidosis blood speci-
mens that had false-positive PCR results with 9438 and/or
8653, two specimens (CI5 and CI7) were also positive with the
orf11 assay. This suggests that the false-positive results may be
due to cross-contamination of these specimens with genomic
DNA from B. pseudomallei.

DISCUSSION

Melioidosis is associated with a significant incidence of fatal
outcomes in regions of Southeast Asia and northern Australia.
More than half of the mortality occurs within the first 48 h of
admission and up to 90% for septicemic patients without im-
mediate treatment (1, 2, 10, 28). In regions in which melioi-
dosis is not endemic, B. pseudomallei is also a concern because
of its potential release during a bioterror event. Therefore, a
rapid and reliable method for specific identification of B.
pseudomallei would be useful for early diagnosis and initiation
of appropriate antimicrobial therapy.

In this study, two TaqMan real-time PCR assays targeting
novel genetic DNA markers that are unique to B. pseudomallei
have been developed in parallel for rapid and specific identi-
fication of the organism. Our results indicate both assays per-
formed with 100% analytical specificity with purified genomic
DNA and crude bacterial lysates of B. pseudomallei, with no
cross-reaction observed when samples were tested against a
panel of other related bacterial species. Both assays are sensi-
tive analytically, able to detect as few as six genome equivalents
constantly in a single reaction when tested with purified
genomic DNA. These results indicate that either of the two
real-time PCR assays can be used for the rapid and specific
verification of B. pseudomallei in crude bacterial cultures or
even with materials suspected to contain or contaminated with
B. pseudomallei. However, as these two assays target two dif-
ferent B. pseudomallei-specific genes, the two assays could also
be used in combination to cross-validate the specificity and
hence increase the confidence level for the detection of B.
pseudomallei in suspected bacterial cultures and contaminants.

The performance of these assays has also been evaluated
with blood specimens from 28 septicemic melioidosis patients
admitted to hospitals in a northeastern part of Thailand where

TABLE 2. Description of the primers and probes and their genomic locations for the real-time PCR assays developed in this study

Assay Sequence of primer and probe (5�–3�) Locus (or loci) targeted in the complete genome of
strains K96243/1710b

8653 Forward ATCGAATCAGGGCGTTCAAG BPSS1187/BURPS1710b_A0179, encoding a hypothetical protein
Reverse CATTCGGTGACGACACGACC
FAM-CGCCGCAAGACGCCATCGTTCAT-TAMRA

9438 Forward CGATCTCGTCAAGGTGTCGG BPSS2089/BURPS1710b_A1189, encoding a hypothetical protein
Reverse TTGACCTGGATGGCAAAGAAG
FAM-TTGCCTCAGTCACGCGCACGT-TAMRA
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B. pseudomallei is a common etiology of septicemia (1). We
have shown that a similar set of blood specimens were PCR
positive with both assays, but assay 8653 is more sensitive than
9438. The sensitivity of the assays correlates with the clinical
information from the patients (clinical outcome and their bac-
terial culture results). All seven culture-positive blood speci-

mens (7/7) from fatal cases were PCR positive with assay 8653
and 71% (5/7) with assay 9438. Higher sensitivities of 76% and
57% were obtained among the 21 culture-positive blood sam-
ples than the overall values of 71% and 54% obtained with
8653 and 9438, respectively. The sensitivity of either 8653 or
9438 is comparable with that of the reported assay targeting

FIG. 1. Linear dynamic range of the real-time PCR assays 8653 (A) and 9438 (B). The assays were performed with triplicates of 10-fold
dilutions of the purified genomic DNA extracted from B. pseudomallei strain K96243. The regression line representing the linear range of 106 to
102 fg per PCR was obtained using LightCycler software (Roche Molecular Biochemical, version 3.5) for both assays (A and B), respectively.
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TABLE 3. Evaluation of the real-time PCR assays with DNA extracted from blood specimensa

Clinical diagnosis and blood specimen

Patient information Mean CT value (no. of CT values used) for:

Clinical outcome Type of positive
culture Assay 8653 Assay 9438 Assay for orf11

Septicemia by Burkholderia
pseudomallei

BP1 Survived B 32.23 (5) 32.56 (2) 30.21 (2)
BP2 Survived B 32.68 (5) 34.28 (7) 32.13 (2)
BP3 Survived B/P/TS 33.80 (5) 33.54 (6) 31.28 (2)
BP4 Died B/TS/U 30.87 (5) 33.73 (4) 33.53 (2)
BP5 Died B/S/TS 36.03 (6) 37.48 (4) 37.35 (2)
BP6 Survived B/P 32.92 (3) 34.16 (7) NA
BP7 Died B/P/S/TS/U 25.32 (5) 24.35 (6) 22.71 (2)
BP8 Survived P 34.60 (4) 38.74 (4) Neg
BP9 Survived P 34.77 (3) 36.77 (3) 38.23 (1)
BP10 Died B/P/S/U 32.50 (5) 34.06 (4) NA
BP11 Survived B/P/S/U 33.49 (4) 37.48 (4) Neg
BP12 Survived B/P 34.64 (5) 36.90 (7) 37.07 (2)
BP13 Survived P/TS 37.80 (5) 36.63 (2) 39.12 (2)
BP14 Died B 32.30 (9) 33.67 (6) 35.10 (2)
BP15 Survived B 35.59 (6) 34.61 (2) 42.27 (1)
BP16 Survived B 33.64 (2) Neg NA
BP17 Survived B 33.66 (3) Neg 32.96 (2)
BP18 Survived P 35.41 (3) Neg Neg
BP19 Died B/S 34.62 (9) Neg 37.53 (2)
BP20 Died B/TS 33.02 (2) Neg Neg
BP21 Survived B Neg Neg Neg
BP22 Survived B/TS Neg Neg Neg
BP23 Survived P Neg Neg Neg
BP24 Survived S/TS Neg Neg Neg
BP25 Survived B/P Neg Neg Neg
BP26 Survived B Neg Neg Neg
BP27 Survived P Neg Neg Neg
BP28 Survived B/P/U Neg Neg Neg

Septicemia by Burkholderia cepacia
CI1 Died B/S Neg Neg Neg

Septicemia by Escherichia coli
CI2 Survived B Neg Neg Neg
CI3 Survived B Neg Neg Neg
CI4 Survived B/U Neg Neg Neg
CI5 Survived B 33.56 (6) 33.83 (5) 39.31 (2)

Septicemia by Enterobacter sp.
CI6 Survived B Neg Neg Neg

Septicemia by Klebsiella pneumoniae
CI7 Survived B 29.92 (4) 30.03 (6) 33.3 (2)
CI8 Died B/S Neg Neg Neg
CI9 Survived B/S/U Neg Neg Neg
CI10 Survived B Neg Neg Neg
CI11 Survived B Neg Neg Neg

Septicemia by Staphylococcus aureus
CI12 Died B/P/S Neg Neg Neg
CI13 Survived B 36.27 (5) Neg Neg
CI14 Survived B/U Neg Neg Neg

Septicemia by Streptococcus sp.
CI15 Died B Neg Neg Neg
CI16 Survived B/CSF Neg Neg Neg
CI17 Died B Neg Neg Neg

a Evaluation of the real-time PCR assays was performed with DNA extracted from blood specimens collected from 45 septicemic patients admitted to various
hospitals in the northeastern region, Thailand. Abbreviations: B, blood; P, pus; S, sputum; TS, throat swab; U, urine culture; CSF, cerebrospinal fluid culture; Neg,
negative amplifications; NA, not enough DNA samples were left for performing these real-time PCRs.
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orf2 of the TTS1 system, which was evaluated with blood spec-
imens from 33 patients in Australia, and this assay detected
74% or 17% of culture-positive blood specimens with or with-
out septic shock, respectively (17).

The false-negative PCR results for the melioidosis blood
specimens could be due to a lower concentration of B.
pseudomallei in the blood of the melioidosis patients. It has
been reported that the concentration of B. pseudomallei in the
blood samples from patients with septicemic melioidosis
ranges from 1 to 1,000 CFU/ml (22, 28), and a separate report
showed that 45% of septicemic melioidosis patients have less
than 1 CFU/ml bacterium in the blood (31). This low level of
bacterium in the blood presents a challenge, even to PCR.
However, as suggested by our results, even though PCR may
not be able to identify all patients with septicemic melioidosis,
the assays were positive for all or most of the cases that even-
tually succumbed to infection. Rapid diagnosis may thus make
a difference in these cases.

The assays also appear to have identified three blood spec-
imens as B. pseudomallei positive, although the blood cultures
isolated other bacterial species. These false-positive results,
however, may be due to cross-contamination of the samples
with genomic DNA from B. pseudomallei. Comparison of the
results of our two assays with those obtained using the previ-
ously reported assay of orf11 of the TTS1 system suggests that
of the three false-positive results, at least two are likely to be
due to cross-contamination of the specimens with genomic
DNA of B. pseudomallei. Alternatively, though unlikely, coin-
fection may be present in these cases. This comparison in-
volved both the examination of the real-time PCR results and
gel electrophoresis analysis of the PCR products which showed
DNA fragments of expected sizes amplified from these blood
specimens (data not shown).

In conclusion, the use of real-time PCR assays for the rapid
and specific detection of B. pseudomallei appears to be prom-
ising for clinical use. Large-scale clinical studies of the use of
these real-time PCR assays in clinical settings would also be
critical to determine the cost effectiveness and degree of im-
provement to clinical outcome, if any, of such an approach
compared to traditional methods in the management of septi-
cemic melioidosis.
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