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Abstract. Burkholderia pseudomallei infections are prevalent in Southeast Asia and northern Australia and often
misdiagnosed. Diagnostics are often neither sensitive nor rapid, contributing up to 50%mortality rate. In this 2018 pilot
study, we enrolled 100 patients aged 6 months–79 years from Kapit Hospital in Sarawak, Malaysia, with symptoms of
B. pseudomallei infection. We used three different methods for the detection of B. pseudomallei: a real-time polymerase
chain reaction (PCR) assay, a rapid lateral flow immunoassay, and the standard-of-care bacterial culture—the gold
standard. Among the 100 participants, 24 (24%) were positive for B. pseudomallei by one or more of the detection
methods.Comparing the two individual diagnosticmethods against the gold standard—bacterial culture—of anypositive
test, there was low sensitivity for each test (25–44%) but high specificity (93–98%). It seems clear that more sensitive
diagnostics or a sensitive screening diagnostic followed by specific confirmatory diagnostic is needed for this disease.

INTRODUCTION

Melioidosis is caused by infection with Burkholderia pseu-
domallei, bacteria often found in soil and freshwater.1 South-
east Asia and northern Australia2 have reported the greatest
number of cases, particularly related to the amount of rice
farmingcarriedout in the region. Epidemiological surveillance in
Singapore reported a mean annual incidence rate of 1.7 per
100,000 individualswith a case fatality rate of 39.5%.3Similarly,
in Cambodia, 40% of respiratory patients and 32% of patients
who died during hospitalization were seropositive.4 A recent
systematic reviewanddatasynthesishaveestimated theglobal
burden ofmelioidosis as 4.6million disability adjusted life years
or 84.3 per 100,000 people.5 Another report estimated that
there were 165,000 human melioidosis cases per year world-
wide and 89,000 of those died.6

In Malaysia, the tropical rainforests provide an optimal
location for B. pseudomallei to grow and proliferate. Each
year, an estimated 1,000 cases of melioidosis are officially
reported across Malaysia,7 with case mortality as high as
43%,8 but true B. pseudomalleimortality counts are difficult
to estimate.9

Seeking to help rural hospitals improve their diagnostic
capabilities, we sought to compare three different methods
for the detection of B. pseudomallei: a real-time PCR (qPCR)
assay, a rapid lateral flow assay, and by gold standard bac-
terial culture.

MATERIALS AND METHODS

Ethics approval and study location. This study was ap-
proved by the Medical Research and Ethics Committee of the
Ministry of Health, Malaysia, and Duke University and

conducted at the 134-bed Kapit Hospital. The hospital is lo-
cated along the Rajang River in Kapit district, Sarawak state,
eastern Malaysia, and primarily accessed by boat.
Subject recruitment and enrollment. Licensed medical

officers (MOs) made clinical assessments of melioidosis-
suspected patients and enrolled participants based on the
following melioidosis-like symptoms: enlarged lymph nodes,
tender swelling of glands, splenic or liver lesion by bedside
scan, joint pain with swelling, purplish vesicle or bullae in
limbs, deep-seated abscess or brain abscess, pneumonia not
responding to 48 hours of first-line antibiotic, and severe
sepsis with or without shock. Patients were excluded from the
study if they had a clear alternative diagnosis other than
melioidosis provided by a trained health care professional at
Kapit Hospital, had started an antibiotic treatment for melioi-
dosis, orwere younger than 6months. Individualswhomet the
inclusion criteria were consented (parental consent was re-
quired for adolescents aged 6 months–17 years and assent
for adolescents aged 12–17 years) and asked to complete a
brief questionnaire about their health, living, and working
environments.
Subject sample collection. Medical officers collected a

single 5.0-mL tube of blood from adults and adolescents aged
12–18 years or a 2.0-mL tube of blood from children younger
than 12 years. If participants werewilling and able,MOs asked
them also to provide urine sample in a sterile urine collection
cup. If the MOs deemed it clinically necessary, other bodily
fluids such as pus and sputum were also collected and
studied.
Laboratory testing. Sample processing procedures were

adopted from Houghton et al., 2014.10 Blood culture speci-
mens were placed immediately into an incubator. Other blood
samples were centrifuged at 2,000 × g for 10 minutes, and
once separated, both serum and urine samples were trans-
ferred into new, sterile 2.0-mL cryovial tubes. After sample
processing, specimens were immediately used for the Active
Melioidosis DetectTM (AMD) rapid test. All serum, urine, and
bodily fluid specimens were then stored at −80�C until
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molecular testing was performed. Each sample was tested
using three methods: bacterial culture, qPCR, and a rapid di-
agnostic test. These methods are described briefly in the fol-
lowing text.
Bacterial culture, considered the gold standard diagnostic

technique, was performed for each clinical specimen by Kapit
laboratory technicians using standard bacterial isolation
techniques. Briefly, the blood sample in BD BACTECTM

(Becton, Dickinson and Company, Dun Laoghaire, Ireland)
medium was incubated up to 5 days; then re-cultured on rich
media, blood agar and/or chocolate agar, and/or MacConkey
agar; and then one pure colony was subcultured on modified
Francis media to isolate the pure colony.11 Basic Gram stain
was performed to confirm the presence of B. pseudomallei,
which was identified with delayed oxidase-positive results.
The colony isolated was further confirmed by API 20NE (an-
alytical profile index, Non-Enterobacteriaceae) fast identifi-
cation system.Results of thebacterial culture,Gramstain, and
theantibiotic sensitivitywere collectedapproximately 2weeks
after patient admission.
Bacterial DNA was extracted from blood, urine, and other

bodily fluids using the TaKaRa NucleoSpin (Takara Bio Inc.,
Kusatsu, Japan) and examined with a qPCR assay for
B. pseudomallei.12,13 PCR was performed using SsoAd-
vanced Universal Probes Supermix (Bio-Rad, Hercules, CA)
by adding 5 μL of extracted DNA to 15 μL of the Supermix kit
reaction mixture containing 0.9 μMof each primer and 0.2 μM
of the probe. Real-time PCR was carried out at 95�C for 3
minutes followed by 40 cycles at 95�C for 15 seconds and
60�C for 30 seconds.
Samples were also examined using the InBiOS AMD rapid

test kit, which was first developed by the University of Nevada
team in Nevada, USA, and optimized by InBios International,
Inc., Seattle, WA. Fifty microliters of serum or urine sample
wascombinedwith 100μL (approximately twodrops) of chase
buffer and applied to the AMD sample pad. For pus, sputum,
and other viscous bodily fluids, 20 μL was combined with 100
μL of lysis buffer and vortexed. Twenty microliters of the
resulting lysate was then combined with 100 μL of chase
buffer, and the solution was applied to the AMD sample pad.
Each test was allowed to flow for 15 minutes and a digital
image was captured. Active Melioidosis DetectTM test strips
have a reported limit of detection for the B. pseudomallei
capsular polysaccharides (CPSs) of 0.2 ng/mL.12,14

RESULTS

From June 21, 2018, to January 8, 2019, 100 patients
meeting the inclusion criteria were enrolled, yielding 100
blood, 97 urine, and 16 other bodily fluid samples (n = 213).
Sixteen bodily fluid samples included five pus, seven sputum,
two pleural effusion, one pericardial fluid, and one nasal
pharyngeal aspirate sample. An additional 56 bodily fluid
specimens were collected during routine clinical care. By the

standard-of-care culture method, nine blood samples, one
urine sample, and 11 bodily fluid samples were positive for
B. pseudomallei.Using the qPCRmethod, fiveblood samples,
four urine samples, and five bodily fluid samples were posi-
tive, whereas five blood samples, six urine samples, and one
bodily fluid sample were positive using the AMD strips. For
the purpose of this study, a patient with any evidence of
B. pseudomallei by one or more of the three detection meth-
odswas consideredB. pseudomallei positive. Based on these
detection methods, 24 of 100 patients showed evidence of
B. pseudomallei. The prevalence detected using each di-
agnostic method is displayed in Table 1. A table representing
positivity by sample type is included in the supplement
(Supplemental Table 1).
The results of the two detectionmethodswere evaluated for

agreement basedon sensitivity, specificity, positive predictive
value, and negative predictive valuewith positivity by any test,
the gold standard. Kappa values based on Cohen’s kappa
interpretation15 were used to determine the strength of the
agreement between any two of the diagnostic methods
(Table 2).

DISCUSSION

A total of 24 patients had one or more positive results
based on the three diagnostic tests of either one or more of
the three specimen types (blood, urine, or bodily fluid). Of the
24 patients whose samples were indicated as infected with
B. pseudomallei, blood and bodily fluid culture detected the
highest number (n = 22) of infections. Only three patients
were positive by all the three tests (culture, qPCR, and AMD)
in either one or more of three types of specimen. The dis-
crepancy in the numbers ofB. pseudomalleidetection largely
is due to the target of each diagnostic method. Whereas
the standard-of-care bacterial culture detects viable bac-
teria in the clinical samples, qPCR detects orf2 of the
B. pseudomallei type III secretion system gene cluster and
AMD detects CPS on the bacteria. A discrepancy in the
number of B. pseudomallei was also observed (Supplemen-
tal Table 1). This may be due to the pathophysiology of the
bacteria. Burkholderia pseudomallei does not accumulate to
high levels in the blood (1 colony forming unit/mL).16,17 Inside
the body, CPS is believed to be shed from abscesses into
blood stream. Previous studies have shown that when puri-
fied CPS is injected intravenously into mice, the half-life
in blood was only 2.9–4.4 hours long.18 Also, secreted
CPS does appear to pass from the blood into the kidneys,
where it may accumulate to higher concentrations in
urine.19,20 Serum samples tend to have a low detection rate
consequentially.
When comparing the three methods (Table 2) based on

Kappa analysis, there was a poor agreement (low sensitivity)
among each pair of comparisons (25–44%) and high speci-
ficity across the pairs of comparisons (93–98%). Kappa

TABLE 1
Number of positive Burkholderia pseudomallei samples by specimen type and diagnostic method among 100 patients in Kapit Hospital from June
21, 2018 to January 8, 2019

Type of test/type of specimen Culture Real-time PCR Active melioidosis detectTM

Blood, n (%) 9/99 (9.1%) 5/100 (5.0%) 5/100 (5.0%)
Urine, n (%) 1/63 (1.6%) 4/97 (4.1%) 6/97 (6.2%)
Bodily fluid, n (%) 11/72 (15.3%) 5/16 (31.3%) 1/16 (6.3%)
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analysis suggested that both AMD and PCR were in weak
agreement with the bacterial culture and that the AMD and
PCR were in minimal agreement.
As no effective vaccines are available, current prevention

strategies in melioidosis-endemic regions consist largely of
using personal protective gear when working in potentially
contaminatedwateror soil.Antimicrobial therapy is oftenbased
on clinical suspicion. In this study, we sought to evaluate the
AMD rapid diagnostic test that would potentially provide faster
and more sensitive test results than the blood culture which
requires 48–72 hours of incubation after patient admission and
results in a bacterial yield of only 10–15%. However, the AMD
strips exhibited poor sensitivity and high specificity when
compared with the bacterial culture results. Although the AMD
strips seemed to perform better in urine samples, where higher
concentrations of CPS are expected, the test strips did not
detect bacteria frequently in serum or other bodily fluids. Our
results appear to support previous studies involving the AMD
LFI,21–23 where sensitivity is low when testing serum samples.
This is clearly due to the low levels of bacteria found in
blood.16,17 Moving forward, it will be important for clinicians to
know which clinical sample types are most useful to test with
the AMD. Other studies have shown that the AMD has high
sensitivity and specificity when testing in grown blood culture
broth and isolated colonies, which should reduce the time to
diagnosis by days.22,24

Similarly, there was poor detection of bacterial DNA using
the real-time PCR method, potentially because of low DNA
concentrations. The PCR assay was optimized (sensitivity
80%, specificity 100%) using bacterial isolates; however, clin-
ical isolates led to a much lower sensitivity. Other factors, such
as urea in the urine, could also have acted as PCR inhibitors.
To our knowledge, this is the first attempt to field test AMD

strips and a real-time PCR assay in Malaysia using clinical
samples frompatientsmeeting a casedefinition ofmelioidosis
that included classical symptoms such as prolonged fever
with joint pain and/or abscess. The comparison of three
methods of B. pseudomallei detection in addition to clinical
diagnosis indicates that both molecular/culture detection and
clinical diagnosis are important in the accurate diagnosis and
treatment of melioidosis. Although this sample size was small
(100 enrolled participants with 213 samples), we detected a
prevalence of 24% B. pseudomallei, indicating the need for
further researchonsourcesof this bacterial infection andmore
accurate methods for detection.
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