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What is the Role of Lateral Flow Immunoassay for the 
Diagnosis of Melioidosis?
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Background. Culture of Burkholderia pseudomallei remains the gold standard for diagnosis of melioidosis but is not possible in 
many resource-limited settings where melioidosis is endemic. Direct identification of B. pseudomallei antigen in clinical samples has 
been developed using a lateral flow immunoassay (LFA) targeting B. pseudomallei capsular polysaccharide.

Methods. We summarized the findings from the 8 studies to date of the Active Melioidosis Detect (AMD) LFA and compared 
these with our results from 232 patients with culture-confirmed melioidosis. We have also optimized the methodology for testing 
different clinical samples.

Results. Sensitivity and specificity for different samples were broadly similar in our study to those published from Thailand, 
India, Laos, and Malaysia. One hundred thirty of 232 (56%) of our melioidosis patients were positive on 1 or more AMD tests: 27% 
for serum (rising to 39% in those with bacteremic melioidosis and 68% in those with septic shock), 63% for urine (72% in bacteremic 
melioidosis and 90% in septic shock), 85% in sputum that was culture positive, and 83% in pus that was culture positive. Heating 
sputum and pus samples increased sensitivity. Faint false-positive urine bands seen on earlier AMD versions were not seen when 
retested using the most recent version, AMD-Plus.

Conclusions. While the sensitivity of melioidosis LFA is low overall for blood samples, there is potential for use as a rapid diag-
nostic: testing serum and urine from those with severe sepsis who may have melioidosis and testing sputum and pus samples from 
clinically relevant scenarios. Prospective studies of patients with sepsis and other clinical presentations resembling melioidosis are 
required to ascertain if the specificity of AMD-PLUS is adequate to enable diagnosis of melioidosis with a high positive predictive 
value.

Keywords. Burkholderia pseudomallei; diagnostics; melioidosis; lateral flow immunoassay; rapid antigen test.

Culture of Burkholderia pseudomallei from a clinical sample 
remains the gold standard for diagnosis of melioidosis [1]. 
Without a confirmed culture, suspected cases of melioidosis re-
main simply “possible melioidosis.” The emphasis on requiring 
a culture for a confirmed diagnosis is important for 3 reasons. 
First, from a therapeutic perspective, a confirmed diagnosis of 
melioidosis mandates a prolonged course of therapy; initially 
at least 10 days of intravenous ceftazidime or meropenem, fol-
lowed by at least 3 months of oral eradication therapy, usu-
ally with cotrimoxazole (trimethoprim/sulfamethoxazole) [2]. 
Second, from an epidemiological and public health perspective, 
a confirmed diagnosis means that B. pseudomallei is present in 

the environment from which the patient was infected. This may 
expand knowledge of the global footprint of B. pseudomallei, 
with implications for empirical antibiotic guidelines for a newly 
recognized endemic focus of melioidosis, or it may alert public 
health authorities to potential imported melioidosis or even a 
biothreat scenario. Third, there remains no validated alterna-
tive means of making an accurate diagnosis of melioidosis, with 
positive serology potentially reflecting past rather than current 
infection [3], and nucleic acid amplification assays such as pol-
ymerase chain reaction (PCR) of clinical samples proving dis-
appointingly inferior to culture [4].

The development of rapid antigen detection through lateral 
flow immunoassays (LFAs) and other antigen capture technolo-
gies has evolved rapidly over the last decade, with malaria and 
dengue being notably successful examples [5] and rapid antigen 
tests having an increasingly central role in the evolving global 
coronavirus disease 2019 pandemic [6]. Because the pathogen 
itself is being targeted in the tested clinical sample, a positive 
result should reflect active infection, which is a distinct advan-
tage over serology. Nevertheless, specificity requires an antigen 
target that is unique to the pathogen being tested for and an-
tigen capture methodology that will not capture/bind nonspe-
cific targets.
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A diagnostic LFA for melioidosis has been developed [7] and 
deployed in several melioidosis-endemic regions for use in pre-
liminary studies testing a variety of clinical samples [8–15]. The 
assay targets the B. pseudomallei capsular polysaccharide (CPS) 
[16] using a CPS-specific monoclonal antibody. Several modi-
fications have been made to the assay since the prototype was 
evaluated. We have been optimizing the use of the LFA on a 
range of clinical samples and summarize the global experience 
together with our own findings and current standard operating 
procedures.

METHODS

The development of the prototype Active Melioidosis Detect 
(AMD) LFA has been described previously [7]. The assay in-
volves the prepared clinical sample and a running buffer being 
applied to a test strip loaded with gold particles conjugated to 
B. pseudomallei CPS-specific monoclonal antibody. The com-
plexes of antibody and bound B. pseudomallei CPS antigen from 
the clinical sample migrate up the strip by capillary action to be 
captured on a line of fixed B. pseudomallei CPS-specific mono-
clonal antibodies, giving a visible result. A positive control line 
is also included, using a nonspecific antibody. Since the devel-
opment of the prototype AMD LFA, the manufacturers have 
made several alterations, including changing to a different B. 
pseudomallei CPS-specific monoclonal antibody. The most re-
cent version, AMD-Plus, includes the addition of a proprietary 
inhibitor of nonspecific binding to address an issue of false-
positive faint bands reported on some urine samples [11, 12].

We searched PubMed with the search terms “melioidosis” 
AND “lateral flow immunoassay” to identify articles describing 
the use of the LFA. We then summarized the findings from 
these studies, including test sensitivity and specificity where 
provided.

To these international data we added our own findings on 
the use of AMD on clinical samples from 232 patients with 
culture-confirmed melioidosis. We first summarized the overall 
sensitivity of AMD in patients with culture-confirmed meli-
oidosis for each of the following sites: serum, urine, sputum, 
skin swabs, joint fluid, other pus/tissue, and cerebrospinal 
fluid. This analysis was on all clinical samples collected from 
the patients, whether or not the sample was culture positive 
for B. pseudomallei. We then from these data compared AMD 
results directly with culture results from the same patient for 
each of serum, urine, sputum, skin swabs, joint fluid, and other 
pus/tissue. Epidemiological, clinical, and laboratory data for 
these patients were collected as part of the Darwin Prospective 
Melioidosis Study, based at Royal Darwin Hospital, a 350-bed 
tertiary referral center in the tropical north of the Northern 
Territory of Australia [17]. In addition, we prospectively tested 
serial samples on 3 selected patients who had prolonged cul-
ture positivity for B. pseudomallei using AMD. AMD test kits 

were provided by the manufacturer (InBios International, Inc., 
Seattle, WA, USA).

Our final optimum methods for sample preparation and 
LFA testing with AMD-Plus are described in Supplementary 
Table 1 for each of serum, plasma, urine, sputum, pus, other 
tissue, swabs, culture bottles, and bacterial colonies from cul-
ture plates.

Patient Consent

Written informed consent was obtained for those having serial 
clinical samples collected beyond standard clinical manage-
ment. This study was approved by the Human Research Ethics 
Committee of the Northern Territory Department of Health 
and the Menzies School of Health Research (HREC 02/38 and 
04/09). InBios provided partial funding support for laboratory 
staff but were not involved in data analysis or manuscript prep-
aration, and InBios had no editorial oversight.

RESULTS

International Studies

PubMed revealed 16 publications as of December 31, 2021, in-
cluding the original description of AMD LFA from 2014 [7]. 
Of these, 8 assessed patients with possible melioidosis and 
calculated sensitivity and specificity of AMD using culture of 
B. pseudomallei as gold standard [8–15]. Table 1 summarizes 
these studies. The variety of clinical samples tested and analyses 
performed make direct comparisons between the study results 
problematic, but consistent themes emerged. First, the sensi-
tivity on whole blood, serum, and plasma was very low overall 
and <50% even in bacteremic melioidosis but did increase in 
severe disease with presumed higher bacterial burden [9, 15]. 
Second, sensitivity was higher in sputum from those with meli-
oidosis pneumonia and was mostly excellent in pus and fluids 
aspirated from abscesses in patients with melioidosis. Third, 
sensitivity in urine was high only when B. pseudomallei was cul-
tured from urine (such as with genitourinary melioidosis), but 
urine AMD was sometimes also positive in those with more se-
vere melioidosis but urine culture–negative for B. pseudomallei, 
presumably reflecting CPS urinary excretion. Fourth, while 
specificity overall was high, an issue of false-positive urine 
AMD with “faint +ve bands” was evident from 2 of the studies 
[11, 12] and resulted in the noted modification of the assay to 
the current AMD-Plus LFA. Finally, it was noted that collection 
and testing of serum, urine, and clinically relevant samples such 
as sputum and pus provided an overall sensitivity in melioid-
osis cases from “any LFA being positive” of 91% (21/23) in 1 
study from India [14] and 65% (17/26) in 1 study from Laos 
[12]. These were small numbers from selected patients but sup-
ported further studies on the utility of AMD LFA.

The literature review also documented that AMD LFA is 
being increasingly used to diagnose melioidosis by directly 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac149#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac149#supplementary-data
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testing turbid blood culture bottles or bacterial colonies 
growing on an agar plate [10, 11, 18]. AMD testing of bacterial 
colonies was used to help resolve an erroneous identification of 
B. pseudomallei as B. thailandensis by MALDI-TOF mass spec-
trometry [19]. One report documented preliminary work on 
the use of AMD for detection of B. pseudomallei from soil in 
environmental studies [20].

In addition, there was an informative report from India of 
2 cases of melioidosis diagnosed by AMD on samples from 
endobronchial ultrasound-guided transbronchial needle aspi-
ration (EBUS-TBNA) of necrotic mediastinal lymph nodes seen 
on chest computed tomography, where tuberculosis and lym-
phoma were possible diagnoses [21]. Therapy for melioidosis 
with meropenem was commenced in both cases on the day of 
the EBUS-TBNA after the AMD-positive result. In both cases, 
culture of B. pseudomallei subsequently confirmed the diag-
nosis, but in 1 the culture was only positive after 5 days.

Results From the Darwin Prospective Melioidosis Study

Of the 232 patients with culture-confirmed melioidosis who 
had clinical samples tested by LFA, 130 (56%) were positive by 
AMD from 1 or more clinical samples. Table 2 shows the AMD 
results for all clinical samples tested on all the confirmed meli-
oidosis cases, irrespective of which clinical samples had been 
culture +ve and irrespective of timing of AMD samples in rela-
tion to culture samples from the patient, but removing any du-
plicate samples for an individual, such as where serial serum or 
sputum samples were collected. Table 3 compares AMD results 
with B. pseudomallei culture results for AMD tests done within 
72 hours of the designated matched clinical sample culture. 
AMD testing was least sensitive on serum, with only 27% of all 
samples being positive by this method (Table 2), falling to 13% 
in patients who were blood culture negative for B. pseudomallei 
and rising to 39% in bacteremic patients and 68% in those with 
melioidosis septic shock (Table 3). Three of 4 fatal cases (75%) 
were serum AMD positive. Sputum was AMD positive in 48% 
of all samples and 85% of sputum culture–positive samples. 

Table 2. AMD Results for Clinical Samples From 232 Patients With 
Culture-Confirmed Melioidosis

Clinical Samplea No. Tested No. AMD +ve (%) 

Serum 172 47 (27)

Urine 129 81 (63)

Sputum 64 31 (48)

Skin swabs 38 17 (45)

Joint fluid 13 6 (46)

Other pus/tissueb 30 23 (77)

Cerebrospinal fluidc 9 3 (33)

Abbreviation: AMD, Active Melioidosis Detect.
aOnly 1 sample per individual for each clinical specimen (where done), so duplicate sam-
ples such as serial serum, urine, or sputum were removed.
bTissue samples included prostate, spleen, lung, brain, colon, bone, skin, lymph node.
cOnly 1 cerebrospinal fluid sample was B. pseudomallei culture +ve.A

ut
ho

r/
Ye

ar
(R

ef
er

en
ce

) 
Lo

ca
tio

n
Pa

tie
nt

 C
oh

or
t 

C
lin

ic
al

 S
am

pl
es

 

C
ul

tu
re

-
C

on
fir

m
ed

 
M

el
io

id
os

is
 

Pa
tie

nt
s,

 N
o.

 
N

ot
 M

el
io

id
-

os
is

, N
o.

 

A
M

D
 S

en
si

tiv
ity

(P
os

iti
ve

/C
ul

tu
re

 P
os

iti
ve

 fo
r 

B
. 

ps
eu

do
m

al
le

i),
 %

 

A
M

D
 S

pe
ci

fic
ity

(N
eg

at
iv

e/
C

ul
tu

re
 N

eg
at

iv
e 

fo
r 

B
. 

ps
eu

do
m

al
le

i),
 %

 
C

om
m

en
t 

R
ob

er
ts

on
 2

01
5

[8
]

To
w

ns
vi

lle
, A

us
tr

al
ia

B
ac

te
re

m
ic

 m
el

io
id

os
is

 
an

d 
ot

he
r 

ba
ct

er
em

ia
 

co
nt

ro
ls

W
ho

le
 b

lo
od

 (E
D

TA
)

30
4

E
D

TA
 w

ho
le

 b
lo

od
 4

0%
 (1

6/
40

)
10

0%
 (4

/4
)

40
 s

am
pl

es
 f

ro
m

 3
0 

ba
ct

er
em

ic
 m

el
io

id
-

os
is

 p
at

ie
nt

s;
 4

 s
am

pl
es

 f
ro

m
 p

at
ie

nt
s 

w
ith

 b
ac

te
re

m
ia

 f
ro

m
 a

no
th

er
 p

at
ho

ge
n.

A
bb

re
vi

at
io

ns
: A

M
D

, A
ct

iv
e 

M
el

io
id

os
is

 D
et

ec
t;

 L
FA

, l
at

er
al

 fl
ow

 im
m

un
oa

ss
ay

.

Ta
bl

e 
1.

 
Co

nt
in

ue
d



Antigen Detection for Melioidosis • OFID • 5

Pus/tissue samples, joint fluid, and skin swabs were AMD pos-
itive in half or more samples where B. pseudomallei culture was 
positive. Cerebrospinal fluid was positive in 3 cases, only 1 of 
which was culture positive for B. pseudomallei, the only circum-
stance where AMD appeared more sensitive than culture.

Urine was AMD positive in 81/129 (63%) patients where a 
sample was collected. Urine AMD was positive in 79% of those 
who were urine culture positive for B. pseudomallei. Urine AMD 
was positive in 72% of those who had bacteremic melioidosis 
and 90% of those with melioidosis septic shock (Table 3).

False-Positive Urine AMDs

We compared AMD-Plus with earlier AMD LFAs on 9 urine 
samples from patients without melioidosis where a faint band 
was seen on the earlier LFA. The false-positive band was not 
seen on any of the 9 urine samples when retested using AMD-
Plus on this limited number of samples (Figure 1).

Optimizing Sample Preparation and Use of Heat

As with previous studies [12], we found testing of serum and 
plasma to be more sensitive than buffy coat and whole EDTA 
blood (which can give indeterminate results including prob-
lematic color issues with the strip). We also found variable and 
inconsistent results on urine AMD when comparing whole 
urine with either sediment or supernatant from spun urine. 
Therefore, serum and whole urine are now our preferred sam-
ples for applying directly to the sample port of the test strip.

Various methods were trialed to address issues of viscous 
(“chunky”) sputum, pus, and tissue samples resulting in failure 
of sample migration along the LFA test strip. For example, a 
higher concentration of lysis buffer showed improved results. 

Heating has been used to remove contaminants in the puri-
fication of CPS [22]. We found that heating sputum and pus 
samples increased the visual intensity of the AMD result, with 
some samples negative without heating being positive with 
the heating protocol (Figure 2; see Supplementary Table 1 for 
methods). Testing of control sputum and pus showed no false-
positive results with the heating protocol (data not shown).

Serial AMD Sampling

Several patients with more severe disease and protracted pos-
itive B. pseudomallei cultures had persistently positive AMD 
serum, sputum, and/or urine samples. The longest durations 
were serum being positive for 109 days, sputum being posi-
tive for 163 days, and urine being positive for 179 days (Figure 
3A–C).

DISCUSSION

LFA is a technology that is rapidly being adopted to fill a variety 
of diagnostic needs. LFA is an attractive point-of-care option 
because it is rapid and simple to use, providing a visual pos-
itive or negative result within 15 minutes. The nitrocellulose 
membrane on which antibodies and reagents are stored is ro-
bust in a range of climates and does not require refrigeration. 
As with culture of B. pseudomallei, LFA detects presence of the 
pathogen, but as with nucleic acid detection, it does not attest 
to organism viability. The major advantages of antigen detec-
tion over serology are that serology is often initially negative on 
presentation with melioidosis and that a positive serology result 
does not distinguish between melioidosis and past exposure to 
B. pseudomallei, as is commonly seen in melioidosis-endemic 
regions [3].

Table 3. AMD Results for Matched Clinical Samples by Culture Results

Clinical Sample Testeda

(Matched Patient and Culture Status) No. Tested No. AMD +ve (%) 

Serum (blood culture –ve) 52 7 (13)

Serum (blood culture +ve) 62 24 (39)

Serum (septic shockb +ve) 19 13 (68)

Serum (fatal melioidosis) 4 3 (75)

Urine (blood culture –ve) 31 16 (52)

Urine (blood culture +ve) 25 18 (72)

Urine (septic shockb +ve) 10 9 (90)

Urine (urine culture –ve) 74 44 (59)

Urine (urine culture +ve) 19 15 (79)

Sputum (sputum culture –ve) 5 2 (40)

Sputum (sputum culture +ve) 27 23 (85)

Skin swabs (swabs culture +ve) 24 12 (50)

Joint fluid (fluid culture +ve) 8 5 (63)

Other pus/tissue (culture +ve) 24 20 (83)

Abbreviation: AMD, Active Melioidosis Detect.
aOnly including those where AMD sample was taken within 72 hours of the matched culture sample. Only 1 sample per individual for each clinical specimen (where done), so duplicate 
samples such as serial serum, urine, or sputum were removed.
bMelioidosis septic shock, as defined in Currie et al. [17]. Serum and urine samples were taken within 72 hours of admission with septic shock.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac149#supplementary-data
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The results of our analysis of use of AMD LFA in 232 culture-
confirmed melioidosis patients are broadly consistent with the 
published results from studies from other melioidosis-endemic 
regions. Across all our patients, representing the diversity of 
melioidosis presentations, AMD from at least 1 clinical sample 
was positive in 130/232, giving a sensitivity for diagnosis of 
melioidosis of 56%. This compares with AMD sensitivity of 65% 
in 26 patients from Laos with a diverse spectrum of culture-
confirmed melioidosis who were similarly studied with AMD 
on a range of clinical samples including plasma, urine, sputum, 
and pus [12].

Our results confirm previous findings from Thailand that 
the sensitivity of serum/plasma using AMD increases sub-
stantially with severity of illness [9, 15]. This predominantly 
reflects the B. pseudomallei bacterial load in the bloodstream, 
but conceivably also higher tissue burdens of infection such as 
multiple lung and organ abscesses, with CPS likely to be shed 

into the bloodstream. Even in severe melioidosis, the bacte-
rial load in blood is usually low, with quantitative bacterial 
counts showing 203 bacteremic patients in Thailand having a 
median B. pseudomallei count in blood (interquartile range) of 
1.1 (0.2–7.7) CFU/mL [23]. This is a substantially lower count 
than patients with equivalent severity of sepsis from common 
pathogens such as Staphylococcus aureus and is reflected in 
blood cultures in patients with melioidosis often taking sev-
eral days to become positive. In our study, AMD on serum 
was positive in only 13% of those who were blood culture neg-
ative, 39% of those who were blood culture positive, and 68% 
of those with melioidosis septic shock. Similar results from 
serum have been found in Thailand, with 7% and 38% AMD 
positive in those who were blood culture negative and posi-
tive, respectively [15]. In another study from Australia, AMD 
sensitivity on EDTA whole blood from 45 bacteremic meli-
oidosis samples was 40% [8], but in a study from Laos only 

Positive test line Control line

AMD

AMD

AMD

AMD-plus

AMD-plus

AMD-plus

Figure 1. Three non-melioidosis patients with false-positive urine LFA AMD reversed when tested with AMD-Plus. Abbreviations: AMD, Active Melioidosis Detect; LFA, 
lateral flow immunoassay.
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14% of sera from bacteremic melioidosis patients were AMD 
positive [10].

A positive urine AMD can reflect either direct infection 
involving the genitourinary tract or antigenuria resulting from 
B. pseudomallei CPS shed into urine from blood. A mouse 
model showed B. pseudomallei CPS has a serum half-life of 2.9 
to 4.4 hours, with CPS rapidly eliminated by renal filtration 
without degradation and despite its high molecular weight of 
300 kDa [16]. In addition, there was no CPS accumulation in 
internal organs. Our finding of 79% of those who were urine 
B. pseudomallei culture positive being AMD positive com-
pares with 80% in Laos melioidosis patients who were urine B. 
pseudomallei culture positive [10]. We also found 59% of meli-
oidosis patients whose urine did not culture B. pseudomallei to 
be AMD positive, compared with 22% in Laos melioidosis pa-
tients whose urine did not culture B. pseudomallei [10]. That a 
positive urine AMD can reflect CPS antigenuria in addition to 
bacteriuria is supported by 72% of our patients with bacteremic 
melioidosis being urine AMD positive and the Laos study also 
finding higher positive urine AMD rates in those with more se-
vere melioidosis [10]. In the Laos study, preliminary analysis of 

use of a table-top urinary concentrator before applying urine 
to the AMD strip showed potential for a moderate increase in 
sensitivity [10].

Previous studies have shown both sputum and pus to have 
higher AMD sensitivities than serum and urine. Our finding 
of 85% and 83% AMD positive for B. pseudomallei culture-
positive sputum and pus samples, respectively, compares with 
80% (sputum) and 86% (pus) from another Laos study [12] and 
93% (pus) from India [11]. We have found AMD to be useful in 
many other tissue samples from patients with possible melioid-
osis: joint fluid, bone, spleen, lung, brain, cerebrospinal fluid, 
lymph node, skin (and skin swabs), and colon. Our finding 
that heating sputum and pus increases sensitivity is an obser-
vation that requires further validation on larger sample sets. 
B. pseudomallei CPS is stable at high temperatures [22], and 
heating potentially provides more access of the binding anti-
body to CPS through both CPS release from sputum and pus 
and CPS separation from other bacterial cell wall components.

Our data confirm all previous studies that, on a per-sample 
basis, culture of B. pseudomallei is more sensitive than AMD. 
However, AMD will detect CPS in some samples that are culture 

A, B. pseudomallei culture-positive splenic pus

No heat

Heat

No heat

No heat

Heat

Heat

B, B. pseudomallei culture-positive buttock abscess pus

C, B. pseudomallei culture-positive sputum

Figure 2. Heating improves LFA AMD sensitivity for pus and sputum. Abbreviations: AMD, Active Melioidosis Detect; LFA, lateral flow immunoassay.
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negative. Samples that were culture negative and AMD positive 
tended to be from further into the admission and following the 
commencement of melioidosis-specific antibiotic treatment 
(ceftazidime or meropenem). This presumably reflects AMD 
detection of dead bacteria or CPS being shed into blood and 
urine during antibiotic treatment, which had substantially de-
creased or even completely cleared viable bacteria that were 
present before treatment.

The short half-life of B. pseudomallei CPS and its rapid excre-
tion into urine suggest that a positive AMD from either serum 
or urine reflects active melioidosis infection and that serial 
AMD testing can potentially be used for monitoring clinical 
progress and response to therapy. This is supported by our se-
rial sampling in a limited number of patients with more severe 
disease or who had protracted infection, such as chronic pul-
monary melioidosis in cystic fibrosis. However, persistent AMD 
positivity may also reflect shedding of CPS from a large burden 

of already killed B. pseudomallei, and further studies are needed 
to correlate serial bacterial cultures with serial AMD testing.

A major benefit of AMD is that results are available within an 
hour or less of the clinical sample being collected. Even though 
AMD has only moderate sensitivity in comparison to cultures 
and culture does remain the gold standard for diagnosis of meli-
oidosis, culture results in melioidosis are rarely available within 
24 hours and can take several days or longer. Therefore, a posi-
tive AMD result for a patient with suspected melioidosis enables 
the clinician to both institute therapy targeting B. pseudomallei 
and undertake all the additional cultures and imaging appro-
priate for diagnosing melioidosis and the organs involved [21].

AMD is also being increasingly used to diagnose melioid-
osis by directly testing turbid blood culture bottles or bacte-
rial colonies growing on an agar plate [10, 11, 18, 19]. AMD 
results have been generally similar to identification of B. 
pseudomallei using nucleic acid detection (PCR targeting the 

22 Jan 2018

Control linePositive test line
A, Serum

B, Sputum

C, Urine

16 Feb 2018

5 Mar 2018

14 Apr 2018

10 May 2018

31 Jul 2019

9 Aug 2019

9 Dec 2019

9 Jan 2020

11 Jan 2019

11 Jun 2019

22 May 2019

8 Jul 2019

Figure 3. Prolonged serial positive LFA AMD results (A). Serum AMD positive for 109 days in a patient with melioidosis pneumonia and prolonged bacteremia (B). Sputum 
AMD positive for 163 days in a patient with cystic fibrosis and chronic pulmonary melioidosis (C). Urine positive for 179 days in a patient with severe bacteremic melioidosis 
pneumonia with mediastinal involvement. Abbreviations: AMD, Active Melioidosis Detect; LFA, lateral flow immunoassay.
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TTSS1 region of B. pseudomallei) [24], latex agglutination 
[25], and direct immunofluorescence assay testing [26], all of 
which have both high sensitivity and specificity when used on 
blood cultures or colonies but which still require subsequent 
culture of B. pseudomallei for confirmation [1, 27]. Testing of 
many non-pseudomallei Burkholderia species and other near-
neighbor species has shown the B. pseudomallei CPS antigen 
targeted by AMD to be highly specific to B. pseudomallei [7]. 
The only exception found to date is a small cluster of variant B. 
thailandensis isolates that exhibit isolated acquisition of the CPS 
biosynthetic operon, which results in a positive AMD test [28]. 
Of these, E555, which is an environmental B. thailandensis from 
Cambodia, has been shown to be avirulent in mice. Therefore, 
such strains are very unlikely to be encountered in the clinical 
setting of using AMD for testing patients with suspected meli-
oidosis. However, the issue of false-positive AMD results from 
environmental non-pseudomallei Burkholderia species may be 
encountered when AMD is used to detect environmental B. 
pseudomallei in soil and water studies. It has been proposed that 
in resource-limited settings, soil samples positive with AMD 
could then be sent to reference laboratories for confirmation 
with culture, thus facilitating the expansion of the global risk 
map for melioidosis [20]. However, further validation of the 
use of AMD on environmental samples will be required before 
widespread deployment.

The major limitation of the results from the Darwin study is 
that we are only describing AMD results for culture-confirmed 
melioidosis patients, and we are therefore focusing on sensi-
tivity of the assay and not specificity. Specificity of AMD has 
been described in previous studies [8–15], with the proviso that 
culture of B. pseudomallei as the gold standard reference is not 
perfect, with 1 Bayesian analysis estimating the true sensitivity 
of culture for melioidosis to be only 60.2% [29]. However, we 
suggest that this figure of 60.2% sensitivity of culture is likely to 
be a substantial underestimate of the true sensitivity of the use 
of bacterial culture for diagnosis of melioidosis in Darwin and 
in other circumstances where laboratory and clinical resources 
enable complex imaging and diagnostic procedures, with mul-
tiple cultures taken from multiple sites and repeated when diag-
nosis remains unconfirmed.

In general, specificity of all clinical samples with AMD has 
been excellent in prior studies, with the exception that faint 
positive bands seen on urine samples in published studies have 
been thought likely to reflect truly false-positive urine results 
[11, 12]. This was the rationale for the manufacturer adding a 
proprietary inhibitor of nonspecific binding to the latest gen-
eration of AMD, AMD-Plus. Our limited testing of this AMD-
Plus version showed removal of the false-positive bands seen in 
some urine samples (Figure 1), but larger studies are required to 
confirm this specificity improvement.

The importance of specificity approaching 100% for 
any melioidosis diagnostic cannot be overemphasized. A 

diagnosis of melioidosis results in prolonged therapy for the 
individual and may also have epidemiological and public 
health implications if the case is from an unexpected geo-
graphical location not known to have endemic melioidosis 
[30]. For example, if prevalence of melioidosis in the patient 
cohort tested (eg, sepsis patients in the emergency depart-
ment) is 5%, then an AMD specificity of 95% means that for 
every 1 true melioidosis case diagnosed you can expect 1 
false-positive diagnosis.

Another limitation of comparing AMD results from all in-
ternational studies and combining the Darwin AMD results 
over time is that these combined results are from all the gen-
erations of AMD, rather than comparing results across gen-
erations. Nevertheless, both the international studies and the 
Darwin study found sensitivity to be broadly conserved be-
tween the generations of the AMD assay, and combining re-
sults in the Darwin study was the only way to have adequate 
numbers to assess the sensitivity of AMD across a variety of 
clinical sample types.

In conclusion, LFA with AMD has several useful roles for 
presumptively diagnosing melioidosis from selected clinical 
samples. Sensitivity is higher for pus and sputum than for serum 
and urine, but we found that a presumptive diagnosis of meli-
oidosis can be made in over half of all cases when AMD is used 
on multiple case-specific appropriate clinical samples. A posi-
tive urine AMD can also reflect antigenuria from CPS, which 
is rapidly filtered from the blood. Sensitivity rises with bacterial 
load, such that urine was AMD positive in 72% of those with 
bacteremic melioidosis and serum was AMD positive in 65% 
of those with melioidosis septic shock. Serial AMD results on 
sputum, serum, and urine provide insights into treatment prog-
ress. Specificity of AMD has been improved with modifications 
in the most recent test kit, AMD-Plus. Large prospective studies 
of patients presenting with possible melioidosis are now re-
quired across several melioidosis-endemic regions to accurately 
quantitate the specificity of AMD. This will establish the accu-
racy of a diagnosis of melioidosis using AMD and, thereby, if 
AMD can be a useful and safe test even in areas where incidence 
of melioidosis is low. Meanwhile, culture of B. pseudomallei re-
mains the required standard for any confirmation of a diagnosis 
of melioidosis.

Acknowledgments
We thank our clinical and laboratory colleagues at Royal Darwin Hospital 

and the Menzies School of Health Research for their expertise in patient di-
agnosis and management and for support with clinical sample collection. 
Philippa Kirby assisted with early test assessment and analysis, and Vanessa 
Rigas and Erin Gargan provided technical support for LFA testing. We also 
acknowledge Dr. David AuCoin from the University of Nevada School of 
Medicine, Reno, Nevada, who initiated the melioidosis LFA development.

Financial support. This work was supported by the Australian National 
Health and Medical Research Council (grant numbers 1046812, 1098337, 
and 1131932; The HOT NORTH initiative) to B.J.C. and M.M. InBios 
International, Inc. (Seattle, WA, USA), provided AMD LFA test kits and 
also provided partial funding support for laboratory staff. 



10 • OFID • Currie et al

Disclaimer. The funders had no role in study design, data collec-
tion and analysis, decision to publish, or preparation of the manuscript.

Potential conflicts of interest. None of the authors (B.J.C., C.W., M.M., 
E.M.M., R.W.B.) have any associations that might pose a conflict of interest. 
All authors: no reported conflicts of interest. All authors have submitted the 
ICMJE Form for Disclosure of Potential Conflicts of Interest. Conflicts that 
the editors consider relevant to the content of the manuscript have been 
disclosed.

References
 1. Hoffmaster AR, AuCoin D, Baccam P, et al. Melioidosis diagnostic workshop, 

2013. Emerg Infect Dis 2015; 21:e141045.
 2. Sullivan RP, Marshall CS, Anstey NM, Ward L, Currie BJ. 2020 Review and revi-

sion of the 2015 Darwin melioidosis treatment guideline; paradigm drift not shift. 
PLoS Negl Trop Dis 2020; 14:e0008659.

 3. Wuthiekanun V, Chierakul W, Langa S, et al. Development of antibodies to 
Burkholderia pseudomallei during childhood in melioidosis-endemic northeast 
Thailand. Am J Trop Med Hyg 2006; 74:1074–5.

 4. Meumann EM, Novak RT, Gal D, et al. Clinical evaluation of a type III secretion 
system real-time PCR assay for diagnosing melioidosis. J Clin Microbiol 2006; 
44:3028–30.

 5. Mulvaney SP, Fitzgerald LA, Hamdan LJ, et al. Rapid design and fielding of four 
diagnostic technologies in Sierra Leone, Thailand, Peru, and Australia: successes 
and challenges faced introducing these biosensors. Sens Bio-Sens Res 2018; 
20:22–33.

 6. Revollo B, Blanco I, Soler P, et al. Same-day SARS-CoV-2 antigen test screening in 
an indoor mass-gathering live music event: a randomised controlled trial. Lancet 
Infect Dis 2021; 21:1365–72.

 7. Houghton RL, Reed DE, Hubbard MA, et al. Development of a prototype lateral 
flow immunoassay (LFI) for the rapid diagnosis of melioidosis. PLoS Negl Trop 
Dis 2014; 8:e2727.

 8. Robertson G, Sorenson A, Govan B, et al. Rapid diagnostics for melioidosis: a 
comparative study of a novel lateral flow antigen detection assay. J Med Microbiol 
2015; 64:845–8.

 9. Wongsuvan G, Hantrakun V, Teparrukkul P, et al. Sensitivity and specificity of a 
lateral flow immunoassay (LFI) in serum samples for diagnosis of melioidosis. 
Trans R Soc Trop Med Hyg 2018; 112:568–70.

 10. Woods KL, Boutthasavong L, NicFhogartaigh C, et al. Evaluation of a rapid di-
agnostic test for the detection of Burkholderia pseudomallei in the Lao People’s 
Democratic Republic. J Clin Microbiol 2018; 56:e02002–17.

 11. Shaw T, Tellapragada C, Ke V, AuCoin DP, Mukhopadhyay C. Performance eval-
uation of Active Melioidosis Detect-Lateral Flow Assay (AMD-LFA) for diag-
nosis of melioidosis in endemic settings with limited resources. PLoS One 2018; 
13:e0194595.

 12. Rizzi MC, Rattanavong S, Bouthasavong L, et al. Evaluation of the Active 
Melioidosis Detect test as a point-of-care tool for the early diagnosis of melioidosis: 
a comparison with culture in Laos. Trans R Soc Trop Med Hyg 2019; 113:757–63.

 13. Choi JY, Hii KC, Bailey ES, et al. Burkholderia pseudomallei detection among hos-
pitalized patients, Sarawak. Am J Trop Med Hyg 2020; 102:388–91.

 14. Radhakrishnan A, Behera B, Mishra B, Mohapatra PR, Kumar R, Singh AK. 
Clinico-microbiological description and evaluation of rapid lateral flow 

immunoassay and PCR for detection of Burkholderia pseudomallei from pa-
tients hospitalized with sepsis and pneumonia: a twenty-one months study from 
Odisha, India. Acta Trop 2021; 221:105994.

 15. Amornchai P, Hantrakun V, Wongsuvan G, et al. Evaluation of antigen-detecting 
and antibody-detecting diagnostic test combinations for diagnosing melioidosis. 
PLoS Negl Trop Dis 2021; 15:e0009840.

 16. Nualnoi T, Kirosingh A, Pandit SG, et al. In vivo distribution and clearance of 
purified capsular polysaccharide from Burkholderia pseudomallei in a murine 
model. PLoS Negl Trop Dis 2016; 10:e0005217.

 17. Currie BJ, Mayo M, Ward LM, et al. The Darwin Prospective Melioidosis Study: 
a 30-year prospective, observational investigation. Lancet Infect Dis 2021; 
21:1737–46.

 18. Peeters M, Chung P, Lin H, et al. Diagnostic accuracy of the InBiOS AMD 
rapid diagnostic test for the detection of Burkholderia pseudomallei an-
tigen in grown blood culture broth. Eur J Clin Microbiol Infect Dis 2018; 
37:1169–77.

 19. Harch SAJ, Currie BJ, Papanicolas L, Rigas V, Baird R, Bastian I. Utility of a 
rapid lateral flow assay to resolve erroneous identification of Burkholderia 
pseudomallei as Burkholderia thailandensis by matrix-assisted laser desorption 
ionization-time of flight (MALDI-TOF) mass spectrometry. J Clin Microbiol 
2018; 56:e01437–18.

 20. Rongkard P, Hantrakun V, Dittrich S, et al. Utility of a lateral flow immunoassay 
(LFI) to detect Burkholderia pseudomallei in soil samples. PLoS NeglTrop Dis 
2016; 10:e0005204.

 21. Rahman KKM, Bhuniya S, Behera B, Mohapatra PR, Kumar R, Radhakrishnan A. 
Utility of endobronchial ultrasound guided trans-bronchial needle aspiration in 
diagnosis of melioidosis - case series and review of literature. Monaldi Arch Chest 
Dis 2020; 90:420–4.

 22. Burtnick MN, Heiss C, Schuler AM, Azadi P, Brett PJ. Development of novel 
O-polysaccharide based glycoconjugates for immunization against glanders. 
Front Cell Infect Microbiol 2012; 2:148.

 23. Wuthiekanun V, Limmathurotsakul D, Wongsuvan G, et al. Quantitation of B. 
pseudomallei in clinical samples. Am J Trop Med Hyg 2007; 77:812–3.

 24. Novak RT, Glass MB, Gee JE, 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.

 25. Amornchai P, Chierakul W, Wuthiekanun V, et al. Accuracy of Burkholderia 
pseudomallei identification using the API 20NE system and a latex agglutination 
test. J Clin Microbiol 2007; 45:3774–6.

 26. Chantratita N, Tandhavanant S, Wongsuvan G, et al. Rapid detection of 
Burkholderia pseudomallei in blood cultures using a monoclonal antibody-based 
immunofluorescent assay. Am J Trop Med Hyg 2013; 89:971–2.

 27. Fairley L, Smith S, Maisrikrod S, Henning L. Systematic review and meta-analysis 
of diagnostic tests for diagnosis of melioidosis. Acta Trop 2021; 214:105784.

 28. Sim BM, Chantratita N, Ooi WF, et al. Genomic acquisition of a capsular polysac-
charide virulence cluster by non-pathogenic Burkholderia isolates. Genome Biol 
2010; 11:R89.

 29. Limmathurotsakul D, Jamsen K, Arayawichanont A, et al. Defining the true 
sensitivity of culture for the diagnosis of melioidosis using Bayesian latent class 
models. PLoS One 2010; 5:e12485.

 30. Cossaboom CM, Marinova-Petkova A, Strysko J, et al. Melioidosis in a resident 
of Texas with no recent travel history, United States. Emerg Infect Dis 2020; 
26:1295–9.


