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Summary 

This study reports on a prototype melioidosis assay cartridge adapting the i-STAT device and 

technology to detect B. pseudomallei CPS using an anti-B. pseudomallei CPS antibody. 

The i-STAT results showed unprecedented sensitivity and specificity for testing blood and urine.  
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Abstract 

Background:  Infection with the gram-negative bacterium Burkholderia pseudomallei can result 

in melioidosis, a life-threatening disease that can be difficult to diagnose. Culture remains the 

gold standard for diagnosis but requires laboratory resources not available in many endemic 

regions. A lateral flow immunoassay has shown promise for POC diagnostics but suffers from 

low sensitivity when used on blood samples. PCR also has low sensitivity on blood, attributed to 

the low bacterial numbers in blood observed in melioidosis patients, even when bacteraemic. 

Methods:  A prototype i-STAT cartridge was developed to utilize the monoclonal antibody 

specific for the capsule of pathogenic Burkholderia species employed on the LFI.  The resulting 

POC assay was evaluated on 414 clinical specimens from Darwin, Australia and Cambodia.   

Results:  The i-STAT assay accurately distinguished Australian blood culture positive melioidosis 

patients from Australian patients hospitalized with other infections (AUC = 0.91, 95% CI 0.817 - 

1.0). We derived an assay cutoff with 76% sensitivity and 94% specificity that correctly classified 

88% (n=74) of the Australian patients.  Interestingly, only 46% (6/13) of the culture-positive 

melioidosis patients in Cambodia were classified correctly. Of great importance however, the 

assay detected capsule from blood samples for 32% of blood culture negative melioidosis 

patients in both cohorts and previously undiagnosed melioidosis patients in Cambodia. In 

addition the assay showed high sensitivity and specificity for urine, pus and sputum.  

Conclusions:  Diagnostic tools that are not dependent upon the growth kinetics or the levels of 

bacteremia of B. pseudomallei represent the next-generation of diagnostics and must be 

pursued further.  
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Introduction 

Melioidosis is a life-threatening disease that results from infection with the gram-

negative bacterium Burkholderia pseudomallei. Early and accurate diagnosis is crucial for 

guiding treatment of melioidosis, but the lack of clear clinical features that distinguish it from 

other febrile infections results in frequent misdiagnosis [1]. The diagnostic gold standard is 

culturing B. pseudomallei from patient samples, confirmed by biochemical or nucleic acid 

amplification identification [2]. Bacterial culture can not only be slow, sometimes taking up to 

one week for B. pseudomallei to grow and be identified, but also mandates strict handling 

precautions since B. pseudomallei is classified as a Tier 1 Select Agent by the U.S. Centers for 

Disease Control and Prevention [3]. 

Point of care (POC) diagnostics that do not rely on culture, levels of bacteraemia or the 

kinetics of serological response are in great need of development.  For example, assays that 

detect in a blood or urine sample molecules elaborated by B. pseudomallei during infection 

would represent a paradigm shift in the diagnosis of acute melioidosis.  The Active Melioidosis 

Detect (AMD) lateral flow immunoassay (LFI) has been developed (inBios, Seattle, 

Washington) that detects the B. pseudomallei capsule in a variety of clinical sample types [4-7]. 

While the LFI shows promise in a positive result being highly indicative of melioidosis, 

sensitivity in whole blood or serum has been disappointingly low (as low as 14%) [6].   

The Abbott Point of Care i-STAT is a portable blood analyzer with multiple-analysis 

capabilities that encompasses clinical assays for chemistries/electrolytes, hematology, blood 
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gases, coagulation, endocrinology and cardiac markers.  The i-STAT is a hand-held, easy to use 

device that produces lab-quality results in minutes and thus is ubiquitous in the Western health 

care system. A small volume of sample (20 l) is added to a chip, the device completes all 

processes in an automated fashion and the result is displayed on the screen in as little as ten 

minutes.  A prototype melioidosis assay cartridge was developed for the i-STAT device using the 

anti-B. pseudomallei CPS antibody and its ability to detect B. pseudomallei infection was 

evaluated in a well-defined cohort from Australia [8].  The prototype i-STAT was then utilized to 

identify previously unknown melioidosis cases in hospitalized patient samples from Cambodia.  

 

Materials and Methods 

Antigen/Antibody.  Pf4c4 monoclonal antibody was purchased from the laboratory of 

Dr. David Aucoin at the University of Nevada, Reno [8]. Purified capsular polysaccharide (CPS) 

from an OPS negative derivative (RR2683) of the CDC select agent excluded strain of B. 

pseudomallei Bp82 was purchased from laboratory of Dr. Paul Brett at the University of South 

Alabama [9, 10]. 

Cartridge Background.  The Abbott Point of Care i-STAT is a commercially available 

handheld blood analyzer with analysis capabilities that encompass clinical assays for 

chemistries/electrolytes, hematology, blood gases, coagulation, endocrinology and cardiac 

markers.  As presently configured, there are 19 different i-STAT assays that can be binned into 

several different cartridge designs (https://www.pointofcare.abbott/us/en/offerings/istat).  For 

this study, the human chorionic gonadotropin assays cartridge was determined to provide the 
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best fit based on its immuno-style cartridge design for performing ELISA-style tests with limited 

washing and waste volumes.   

The cartridge includes an electrochemistry sensor on which the immunoassay reaction 

and detection takes place and a silver/silver chloride reference electrode along with fluids and 

components required to physically carry out the binding, mixing and wash steps as well as 

monitor fluid movements. Because the sample port is sealed after application of the sample, 

and all assay components are self-contained within the cartridge, risk to the operator is limited 

and cartridge disposal requires standard biosafety procedures. The sensor itself is comprised of 

three sub-components, a gold-base electrode, an intermediate porous PVA diffusion layer and a 

print of capture antibody-coated microparticles surrounded by polyimide.  For this study, the 

cartridge was modified by IBIS Biosciences on a sub-contract with The Johns Hopkins University 

Applied Physics Laboratory for the US Department of Defense.  The immunosensor was 

produced with anti-CPS microparticles (330 nm dia.) microdispensed at the analyte sensor pad, 

anti-Human Serum Albumin microparticles at the reference sensor pad and anti-CPS antibody-

alkaline phosphatase (ALP) enzyme conjugate at the conjugate pad.  

The i-STAT system uses ALP to dephosphorylate the substrate p-aminophenylphosphate, 

producing the electroactive species p-aminophenol.  In this amperometric electrochemical 

system, the current associated with the two-electron oxidation of p-aminophenol at the 

immunosensor is recorded by the i-STAT analyzer.  For cartridge development, the PF4c4 

monoclonal antibody concentration was optimized on both sides of the immuno-sandwich in a 
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series of small batch production runs resulting in a final concentration of 125 ug/mL of PF4c4-

ALP conjugate per cartridge.    

For this study, special research firmware permitted currents, measured in picoAmps to 

nanoAmps (nA), to be displayed to the user as corrected current; the displayed current was the 

result of raw current at the analyte sensor pad corrected for background, temperature and 

hematocrit levels—anticipating samples of whole blood.  The background was measured on the 

reference sensor pad, the temperature is the ambient temperature measured within the i-STAT 

and the hematocrit level is measured by resistance of the sample within the cartridge.  All 

values including uncorrected raw current could be viewed using research software and 

computer interface.   

Dynamic Range. Normal human whole blood preserved in lithium heparin, serum and 

unfiltered urine were purchased from BioReclamationIVT, Inc. (Westbury NY).  Antigen aliquots 

of purified CPS were prepared in small volumes and frozen at -80oC for single use to prevent 

freeze/thaw variability of the antigen.  Samples were placed on a bench top to thaw and 

allowed to reach room temperature prior to use.  Serial dilutions were prepared fresh as 

needed by spiking whole blood, normal human serum and urine samples that had been tested 

previously and shown to be negative for the presence of CPS.  Ten-fold serial dilutions were 

prepared ranging from 12.5 g/ml (250 ng per 20 l assay) to 1.25 pg/ml (0.025 pg per 20 l 

assay). Antigen spiked and negative control samples were loaded directly into i-STAT sample 

loading port in 20 uL volumes.  Samples were allowed to wick into the cartridge loading port for 
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20 seconds prior to closing the lid and initiating the run to prevent residual sample from 

overflowing the loading port. Assays for each concentration were performed in triplicate.  

Clinical Samples.  Australian samples were collected as part of an ongoing prospective 

study of point of care diagnostics for melioidosis at the Royal Darwin Hospital in Darwin, 

Australia [11]. In Cambodia, 299 serum samples, including patients with culture-confirmed 

melioidosis, were derived from an observational study of sepsis in Takeo Provincial Hospital,  

Takeo Province, Cambodia between 2014 and 2017 [12]. In all cases, patients/volunteers or 

their legal authorized representative provided written informed consent and granted 

permission to store samples for future studies.  The study protocols were approved by the 

Human Research Ethics Committee of the Northern Territory Department of Health and 

Menzies School of Health Research (HREC04/09), the Naval Medical Research Center 

Institutional Review Board (NMRC.2013.0019), and the Cambodian National Ethics 

Committee for Health Research (NECHR) and were conducted in compliance with all applicable 

Federal regulations governing the protection of human subjects.  

Samples from both cohorts were divided into seven potential groups (Table 1).  Group A 

was serum of blood culture confirmed melioidosis cases; Group B was serum of blood culture 

negative melioidosis cases where B. pseudomallei was cultured from other sites (i.e., sputum, 

pus, etc); Group C was serum from hospitalized non-melioidosis patients with other confirmed 

blood stream infections (i.e., scrub typhus, etc); Group D was serum from hospitalized other 

acute febrile illness patients; Group E was urine from patients from Groups A, C and D; and 
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Group F was other samples from melioidosis patients (i.e., sputum, liver pus, prostate pus, 

synovial fluid). In all cases, 20 l of sample was added to the cartridge.   

Statistics.  Receiver Operating Characteristics Curve and Logistics Regression analyses 

were conducted using Stata version 14 (StataCorp LP, College Station, TX, USA). 

 

Results.   

Dynamic Range. We assessed the dynamic range of the B. pseudomallei i-STAT in a 

variety of clinically relevant matrices through spike-in assays using purified B. pseudomallei 

capsule as described in the materials and methods.  CPS concentrations up to 12.5 g/ml (250 

ng/assay) were assessed.  While, the higher CPS concentrations experienced dramatic hook 

effects (not shown), consistent detection of CPS began at 2.5 ng for each matrix evaluated 

(Figure 1).  The i-STAT consistently detected B. pseudomallei CPS over a >3 log dynamic range.  

 

 

Sensitivity and Specificity. 

To establish the performance of the i-STAT in clinical blood specimens, we first assessed 

archived samples from the well-defined patient cohort from Darwin, Australia. We generated a 

Receiver Operator Characteristic (ROC) curve comparing Group A to Groups C and D (Table 1, 

Australian cohort) to determine a cutoff value.  The ROC curve is constructed by plotting the 

true positive rate (sensitive) against the false positive rate at each potential i-STAT value.  As 
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depicted in Figure 2, the area under the curve (AUC) was 0.91 (95% CI 0.817 to 1.0).  The ROC 

curve identified several potential cutoff values with high sensitivity and specificity (Table 2).  

Initially, the cutoff value of 0.9 nA was chosen for its ability to correctly classify 88% of the 

patients in the three groups with 94% specificity.  A slight sacrifice to sensitivity was made to 

ensure a higher specificity (compare cutoffs 0.3nA and 0.9nA in Table 2).  

 

Performance in Clinical Specimens.  

We then applied the selected cutoff (0.9 nA) to each of the different sample types from 

Australia.  In addition to the 80% (20/25) classified correctly in the blood culture-positive 

portion of the cohort (Figure 3A, Group A), the i-STAT correctly classified 7 out of 23 (30%) 

serum samples from blood culture-negative melioidosis patients (Figure 3A, Group B). Of note, 

when these samples were tested with the LFI currently being studied internationally [4-6], the 

LFI results were only positive for 7/23 (30%) blood samples from the blood culture-positive 

patients and 2/22 (9%) blood samples from the blood culture-negative melioidosis patients.  

However using the cutoff of 0.9 nA, 3 out of 47 serum samples from hospitalized non-

melioidosis patients were falsely positive (Figure 3A, Group C). The 3 false positive i-STAT 

values were 1.5, 1.6, and 2.1 nA.  

While the cutoff was derived using serum, we also tested the i-STAT’s ability to detect B. 

pseudomallei capsule in urine (Figure 3A, Group F).  Thirteen urine samples were evaluated 

using the 93% specific 0.9 nA cutoff value that was established with serum; 4 melioidosis urine 

culture-positive samples, 5 melioidosis patients who were urine culture-negative but grew B. 

pseudomallei from other samples, and 4 non-melioidosis patients.  The i-STAT correctly 
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classified 8/9 melioidosis urine samples (88% sensitive) and 4/4 non-melioidosis urine samples 

(100% specific).  

Finally, we assessed the i-STAT’s ability to detect B. pseudomallei capsule in other 

samples from melioidosis patients such as pus, sputum and synovial fluid (Figure 3A, Group F). 

Prostate pus (n=3), liver pus (n=1), sputum (n=1) and synovial fluid (n=1) from melioidosis 

patients all tested positive for B. pseudomallei CPS. All samples in Group F were culture 

positive for B. pseudomallei.   

Following the establishment of cutoff values in the well-defined cohort from Darwin 

Australia, we sought to evaluate the i-STAT in a cohort of archived patient samples from 

Cambodia.  We evaluated serum samples from 299 patients enrolled in an observational trial of 

sepsis in Takeo Province Cambodia [12]. These patients included 13 blood culture-positive 

melioidosis patients (Group A); 5 blood culture-negative melioidosis patients including 4 sputum 

culture-positive patients and one patient positive from the synovial fluid in the knee (Group B); 

29 non-melioidosis patients (Group C), and 252 patients with suspected infections but unknown 

etiologies attributed to their hospitalization (Group G).  Using the cutoff value of 0.9 nA, sera 

from patients with positive blood cultures displayed only 46% sensitivity classifying 6/13 blood 

culture-positive melioidosis patients (Figure 3B, Group A). The i-STAT maintained its ability to 

diagnose some blood culture-negative melioidosis patients, being positive for 2/5 patients 

(Figure 3B, Group B) but it misclassified 1/29 patients with blood stream infections other than B. 

pseudomallei (Figure 3B, Group C) with a value of 3.1 nA.  Finally, serum from 17/252 patients 

(6.7%) with no known etiology attributed to their hospitalization fell above the cutoff of 0.9 

(Figure 3B, Unknown).  Of note, the samples from the Cambodian cohort we also tested with the 

melioidosis LFI.  Only two of the six blood culture positive samples which were positive by i-
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STAT (i-STAT readings 95 and 25 nA) were positive by LFI (Figure 3B, GroupA, ♦), zero 

sputum culture-positive patient sera were LFI positive.  Finally, of the unknown samples, only 

two (0.7%) were LFI positive.  Their i-STAT values were 70.4 and 65.6 nA (Figure 3B, Group 

G, ♦).   

 

Discussion 

At present, bacterial culture remains the gold standard for diagnosis of melioidosis [13], 

but laboratory culture capabilities are not available in many melioidosis-endemic regions and 

hence the global burden of melioidosis is unknown. Modelling has suggested that there may be 

165,000 cases annually with an estimated 89,000 deaths [14]. While bacterial culture is 100 

percent specific, sensitivity has been estimated in one Bayesian model to be as low as 60 percent 

[15]. Nevertheless the reality of how many true cases of melioidosis are being missed even when 

laboratory culture facilities are available and adequate samples are taken from suspected cases 

remains entirely unknown.    

Serological diagnostics currently rely on the indirect hemagluttination assay (IHA) [16-

18]. The median time for acute melioidosis onset is 9 days (range 1-21 days) after infection 

making serum-only diagnosis of acute melioidosis only 56% effective at the time of presentation 

[19] [20]. While a majority of these patients eventually seroconvert [21], a substantial number of 

patients never do [20, 22]. Molecular detection of B. pseudomallei from clinical specimens by 

PCR has also been described.  Sensitivity of molecular detection is high for sputum and pus, but 

for blood ranges from 20% to 70% and requires blood volumes up to six milliliters [23, 24]. The 

variable performance and high blood volumes required are probably due to low numbers of B. 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciy929/5149535 by C

harles D
arw

in U
niversity user on 06 D

ecem
ber 2018



 

 

pseudomallei present in the peripheral blood (as low as a single organism per millilitre of blood) 

[25].   

The LFI in development which detects B. pseudomallei capsular polysaccharide 

represents the first truly point of care diagnostic for melioidosis that has excellent specificity. 

However, while sensitivity for sputum and pus is high, the sensitivity for blood samples is 

disappointingly low [4, 5, 24]. As with PCR, this poor sensitivity for blood likely represents the 

low numbers of bacteria usually present in the blood of patients with melioidosis. 

Here we demonstrate a substantial improvement in sensitivity using i-STAT technology 

for detecting the presence of the same capsular polysaccharide identified by the Active 

Melioidosis Detect LFI.  Using the initial i-STAT cutoff of 0.9 nA, the assay identified 20/25 

(80%) blood culture-positive melioidosis patients from Darwin and 7/23 (30%) patients with 

melioidosis from Darwin who were blood culture-negative but culture-positive from another site. 

The corresponding positivity for blood or serum of the LFI was 7/23 (30%) and 2/22 (9%), 

respectively. While it is possible that 1 or more of the 3 “false positive” i-STAT results in the 

Darwin non-melioidosis patients may represent the assay detecting true melioidosis not detected 

by culture, we also looked at results using a higher cutoff of 2.2 nA to give 100% specificity 

(Figure 2A, dashed line); with this cutoff the assay still identified from Darwin patient serum 

samples 16/25 (64%) blood culture-positive melioidosis patients and 5/23 (22%) patients with 

melioidosis who were blood culture-negative. Furthermore the i-STAT showed excellent 

sensitivity and specificity on non-blood samples such as urine, sputum and pus, with the urine 

results also showing greater sensitivity and specificity than the LFI.  Further evaluation will be 

necessary to appropriately establish cutoff values in each matrix.   
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Finally, when tested on a cohort of 252 Cambodian sera from patients with suspected 

sepsis of unknown cause, the i-STAT was positive in 17 samples (6.7%) using the cutoff of 0.9 

nA and 10 samples (3.9%) using the cutoff of 2.2 nA. Melioidosis is an opportunistic disease that 

correlates heavily with specific risk factors.  The 17 patients with unknown etiologies who 

registered above the 0.9 nA cutoff possessed numerous risk factors for melioidosis.  Fourteen 

(82%) of these patients were rice farmers (one worked in the home, one was a factory worker 

and one listed their occupation as “other”).  Eleven of these patients were enrolled during the wet 

season (May through October), and 9 patients had a random glucose level above 120 mg/dl 

(range 124-382 mg/dl) potentially indicating diabetes.  Eight of the 17 (47%) were male, the 

median age was 40 years (range 18-80) and there were ten fatalities. In the absence of a positive 

cultures, we will never know for sure if these patients were true melioidosis patients.  However, 

their clinical presentations are consistent with melioidosis and presence of B. pseudomallei 

capsule in their blood strongly suggests melioidosis. 

Further demonstrating the improvement over the current POC test, the LFI detected only 

two such presumptively undiagnosed melioidosis patients (Figure 3B, Group G, ♦). These data 

provide support for undiagnosed cases of melioidosis being not uncommon in Cambodia [31].  

Nevertheless caution is required with new point of care diagnostics to not push cutoffs for 

improved sensitivity at the expense of robust specificity. Indeed, in situations where a specific 

infection is very uncommon, a specificity of not much under 100% can result in more false 

positive cases than true positives, with potentially dire implications for both patient management 

and antimicrobial stewardship.  
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Conclusion.   

The i-STAT technology has shown a potential of the biomarker/detection combination of 

B. pseudomallei capsule and anti-CPS antibody beyond that already found with the currently 

developed LFI, which itself has already shown substantial benefits in improving diagnosis of 

melioidosis especially in regions where bacterial culture is not available or is limited.  The 

biomarker/detection combination potential seems to be limited mainly by the platform on 

which it is employed.  We encourage pursuit of appropriately sensitive point of care platforms 

to realize the true diagnostic potential of this and other biomarker and receptor pairs for 

melioidosis and indeed for other bacterial pathogens that are causing severe sepsis in many 

parts of the world where health resources are limited.   
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 Description n=Australia n=Cambodia 

Group A 
Serum from Blood Culture Positive 

Melioidosis Patients 
25 13 

Group B 
Serum from Blood Culture Negative 

Melioidosis Patients 
23 5 

Group C 
Serum from Confirmed Blood 

Infection, Non-Melioidosis Patients 
18 29 

Group D 
Serum from Other Acute Febrile 

Illness Patients 
31 NA 

Group E 
Urine from Melioidosis and non-

Melioidosis Patients 
13 NA 

Group F 
Other samples from culture positive 

melioidosis Patients 
5 NA 

Group G 
Samples from patients without a 

known adjudication 
NA 252 

 

Table 1.  Numbers and types of samples that comprise each group tested by the i-STAT 

from each cohort.  Groups A through D are all serum derived from hospitalized patients.  

Serum from group A was obtained from blood culture positive melioidosis patients.  

Serum from group B is obtained from blood culture-negative melioidosis patients who 

were B. pseudomallei culture-positive from another site (sputum, synovial fluid, urine, 

pus).  Group C is serum from non-melioidosis patients with confirmed blood stream 

infections other than B. pseudomallei (e.g., E. coli, Scrub Typhus, Dengue Virus, 

Klebsiella pneumoniae, Plasmodium spp, Candida spp, etc.); and Group D is serum from 

non-melioidosis patients with acute febrile illness who were blood culture negative.  

Group E is urine from culture positive melioidosis patients (n=9) and non-melioidosis 

patients (n=4). Of the known melioidosis patients, 5 were urine culture positive. Group F 

is “other” samples including prostate pus (n=2), liver pus (n=1), sputum (n=1) and 

synovial fluid (n=1) from melioidosis patients.  Finally, Group G samples are serum from 
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culture-negative hospitalized patients from Cambodia with no known pathogen 

associated with their illness.   

 

 

 

 

 

 

Table 2.  Potential Cutoff Values for the i-STAT.  The sensitivity and specificity are 

provided for four potential cutoff values, presented in nanoAmps (nA) as well as the 

percent correctly classified when comparing Group A to groups C and D from the 

Australian cohorts (n=74, Table 1).   

 

 

 

 

 

 

Cutoff 
i-STAT Value (nA) 

Sensitivity Specificity 
% Classified 

Correctly 

0.3 88% 84% 85% 

0.9 80% 93% 89% 

1.5 76% 94% 88% 

2.2 64% 100% 88% 
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Figure 1.  Dynamic Range of anti-CPS i-STAT in Clinically Relevant Matrices.  10-fold 

serial dilutions of serum, urine, whole blood and plasma spiked with B. pseudomallei 

CPS was prepared as described in the materials and methods.  The average of three 

trials of each dilution is graphed with the standard deviation represented by error bars. 

Values on the Y axis are ng/assay of CPS in 20 l of each matrix (serum, urine, blood, 

plasma).   

 

Figure 2.  Receiver Operator Characteristics Curve.  i-STAT results of serum from 

the Australian cohort of culture-confirmed melioidosis patients (Group A) were compared to 

results from hospitalized non-melioidosis Australian patients (Groups C and D) of Table 1 to 

generate a ROC curve. 

Figure 3.  i-STAT Performance in Clinical Samples Across Two Sites.  In both cases, 

groups from Australia (A) and Cambodia (B) are as defined in Table 1.  In A Group E, 

urine culture-positive melioidosis patients are represented by a plus sign (+), urine 

culture-negative melioidosis patients are represented by a closed circle (●), and an open 

circle (○) represents non-melioidosis patients. In A Group F, liver pus is represented by a 

triangle (▲), prostate pus is represented by a closed square (■), synovial fluid is 

represented by an open square (□) and sputum is represented by a closed circle (●).  In 

both A and B, samples that were also positive by the Active Melioidosis Detect LFI are 

indicated with a diamond (♦). In B, Group G represents serum from hospitalized patients 

who were culture-negative for any bacterial etiology.  In both graphs, the 93% specific 

cutoff of 0.9 nA is represented by the dotted line and the highest Australian 100% 

specific cutoff of 2.2 nA is represented by the dashed line.     
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Figure 3 
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