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Abstract
Burkholderia mallei (B. mallei) is the etiological agent of glanders, a highly infectious and zoonotic disease of solipeds. Prompt and accurate detection 
of B. mallei and diagnosis of glanders is important for both, humans and animals. The present study was designed to evaluate the analytical sensitivity 
and specificity of a commercially available one-step real-time (RT) PCR assay kit (Genekam Biotechnology AG, Germany) for the detection of B. mallei. 
Furthermore, the comparative evaluation of the analytical sensitivity of an already published fliP RT-PCR protocol and this kit was made using a real-time 
PCR (RT-PCR) platform: the Mx3000P TM (Stratagene®, Canada).  Diagnostic parameters were assessed with a panel of 20 B. mallei, 20 B. pseudomallei, 15 B. 
mallei related and 10 clinically relevant non-Burkholderia species. Using the one-step RT-PCR on the Mx3000PTM platform, the limit of detection (LOD) was 
determined as 10 fg. Applying a modified fliP RT-PCR using the Mx3000P platform resulted in a LOD of 100 fg. Authors conclude that the one-step RT-PCR 
kit is specific for DNA of B. mallei strains. The one-step RT-PCR assay kit is a robust, rapid, reliable, specific and sensitive tool with a fast turnaround time for 
the specific identification and detection of B. mallei from culture material.
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Burkholderia mallei’nin Tespitinde Ticari Tek-Basamaklı Gerçek-Zamanlı 
Polimeraz Zincir Reaksiyon Kitinin Analitik Özgünlüğü ve 

Özgüllüğünün Değerlendirilmesi

Özet
Burkholderia mallei (B. mallei) ruamın etiyolojik ajanı olup, hastalık tek tırnaklıların oldukça enfeksiyöz ve bulaşıcı bir hastalığıdır. B. mallei’nin hızlı ve 
doğru tespiti ve ruamın diagnozu hem insanlar hem de hayvanlar için önemlidir. Bu çalışma, B. mallei’nin tespitinde ticari olarak satılan tek-basamaklı 
gerçek-zamanlı (RT) PCR kitinin (Genekam Biotechnology AG, Almanya) analitik özgünlüğü ve özgüllüğünün değerlendirilmesi amacıyla yapılmıştır. Daha 
önceden yayınlanmış olan fliP RT-PCR protokolü ile mevcut test edilen kitin özgünlüğü ve özgüllüğünün karşılaştırılması gerçek-zamanlı PCR, Mx3000P TM 
(Stratagene®, Kanada) ile yapıldı. Diagnostik parametreler 20 B. mallei, 20 B. pseudomallei, 15 B. mallei alakalı ve 10 klinik olarak ilgili Burkholderia olmayan 
türler ile değerlendirilirdi. Mx3000PTM platformunda tek basamaklı RT-PCR uygulayarak tespit etme limiti (LOD) 10 fg olarak belirlendi. Mx3000PTM 
platformu kullanılarak uygulanan fliP RT-PCR ile LOD 100 fg olarak belirlendi. Tek basamaklı RT-PCR’ın B. mallei suşları için spesifik olduğu sonucuna varıldı. 
Tek basamaklı RT-PCR kiti, kültürden B. mallei’nin spesifik olarak identifiye edilmesi ve belirlenmesinde kullanılabilecek hızlı geri dönüş zamanına sahip 
güçlü, hızlı, güvenilir, spesifik ve hassas bir üründür.

Anahtar sözcükler: Burkholderia mallei, Analitik özgüllük, Analitik özgünlük, Tek basamaklı RT-PCR kiti
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INTRODUCTION

Glanders is a highly infectious zoonotic disease of 
solipeds caused by Gram-negative pathogen Burkholderia 
mallei (B. mallei). B. mallei is considered to be a clone of 
B. pseudomallei causes melioidosis both in animals and 
humans [1,2]. Main clinical signs of equine and human 
glanders are lymphangitis (farcy pipes), pneumonia and/or 
lymphadenitis (farcy buds) [3]. Glanders can be considered 
a re-emerging disease as the number of outbreaks in 
solipeds, zoo carnivores and dromedary is steadily increasing 
in the last two decades [2,4,5]. 

There is problem of accurate identification of 
Burkholderia spp. based on serology. False-positive and 
-negative serological results impose restrictions on the 
international trade of healthy animals and spread of 
glanders in disease free regions, respectively. However, 
combined use of serological and molecular methods 
increases the detection rate of glanders [2,6,7].

It is difficult to detect B. mallei directly from tissues 
and biological fluids of infected hosts as their low 
concentration. Cultivation and identification of B. mallei 
with conventional microbiological techniques is time-
consuming and hazardous and should be performed under 
BSL (bio safety level)-3 conditions. However, isolation of  
B. mallei is the real proof of an infection.

Rapid and precise diagnosis of B. mallei is the mainstay for 
prompt treatment particularly in acute human glanders [6]. 
Similarly, rapid detection of equine glanders would be 
helpful for early countermeasures and quarantine time of 
suspicious cases of glanders can be shortened. Consequently, 
different polymerase chain reactions (PCR) and real-time 
PCRs (RT-PCR) with improved analytical-sensitivity and/or- 
specificity have been developed.

Many attempts have made to detect targets of the 16S 
rRNA, ISBma2transposase, 23S rRNA genes and the 16-23S 
rRNA spacer region for discrimination of B. mallei from B. 
pseudomallei [8-11]. In addition, RT-PCR assays have been 
developed that target the conserved type 3 secretion 
system (TTS1, orf11 and orf13) encoded by both B. mallei 
and B. pseudomallei [12]. In a latter investigation, both B. 
mallei and B. pseudomallei were distinguished from B. 
thailandensis by amplification of orf13 sequences, but the 
assay was not successful to differentiate B. mallei from B. 
pseudomallei. Recently, developed RT-PCR assay targeting  
the B. pseudomallei 16S rRNA, fliC, and the ribosomal 
subunit protein S21 (rpsU) genes could not differentiate 
B. mallei from B. pseudomallei [13]. Heterogenecity in the 
fliC gene from several B. pseudomallei isolates has been 
reported, which hindered the differentiation of B. mallei 
from B. pseudomallei [14]. It is demonstrated in another study 
that all B. mallei isolates contain specific bimA (intracellular 
motility A) gene with corresponding AT4 and AT5 primer 
pair would consider extremely useful for the identification 

of B. mallei and its differentiation from B. pseudomallei [15]. 
For rapid identification and screening of B. mallei and B. 
pseudomallei, a 5´ nuclease RT-PCR assay was developed 
and further improved for rapid, sensitive and specific 
identification and detection of B. mallei in clinical samples 
by targeting flagellin P (fliP) gene [16]. A Highly specific, 
rapid and validated RT-PCR assay “BurkDiff” which targets  
a single nucleotide polymorphism (SNP) and differentiates 
between B. mallei and B. pseudomallei has been developed [17]. 
The latest development is a commercially available one- 
step RT-PCR assay kit (Genekam Biotechnology AG, 
Germany) for the detection of B. mallei.

In the current study, analytical-sensitivity and -specificity 
of this kit for the diagnosis of glanders has been evaluated. 
The development of this kit is another step to reduce the 
turnaround time for the detection of B. mallei.  

MATERIAL and METHODS

One-step RT-PCR kit has been manufactured by 
Genekam Biotechnology AG, Germany to detect glanders. 
This kit works on the principle of fluorogenic probes: 
6-caboxyfluorescein (FAM/reporter) at the 5’ end and 
black hole Quencher-1 (BHQ1/quencher) at the 3’ end 
of the probe. Fluorescence indicates the presence of 
PCR amplified product. Regarding the manufacturers’ 
instructions, this kit needs DNA which can be isolated 
from blood, serum, nasal swabs, infected lymph nodes, 
respiratory tract, bacterial culture, body fluid and other 
tissues of glanderous animals or humans. The RT-PCR kit 
(tube A, B, D1 and D2) was used according to manufacturers’ 
instructions. Briefly, after thawing, 8 μl from tube ‘A’ and 10  
μl from tube ‘B’ mixed together in a nuclease free PCR-tube 
or alternatively in an optical 96-well microtiter plate (q PCR 
96-well plates, Micro Amp TM, Applied Biosystem). This 
mixture is now referred as a ready-to-go “mastermix” (18 
μl) for one test sample. As this whole procedure of mixing  
was performed in one-step that’s why it is called one-step 
RT-PCR. After addition of 2 μl of isolated template DNA 
the reaction mix (20 μl) was ready-to-go in a thermocycler. 
Similarly, D1 (positive control) and D2 (negative control) 
were used in a separate mastermix (18 μl) in each run. No 
internal amplification control is included in the kit to detect 
any amplicon contamination and/or amplification failure.  
In the current study, the performance of the one-step RT- 
PCR kit was compared in RT-PCR platform: Mx3000PTM  real-
time PCR system (StratageneÒ La Jolla, Canada) software 
version 2.0 was used for amplification and detection. The 
real-time PCR reaction was performed in duplicate in this 
platform. Results were interpreted according to one-step 
RT-PCR assay kit manufacturers’ instructions.

Furthermore, for the comparative evaluation of 
analytical sensitivity of aforementioned thermocycler, a 
real-time hot-start fliP PCR with little modification [18]  
was performed in a Mx3000P. In Mx3000P, the 25 µl 
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Table 1. List of bacterial strains analysed in current study 

Species Strain Source Geographic Origin Year +/- in one-step RT-PCR kit

B. mallei

235 un un +

237 un un +

242 un un +

32 un un +

M2 +

34 un un +

ATCC 23344T Human China 1942 +

Bogor Horse Indonesia +

Dubai 7 Horse UAE 2004 +

M1 un un +

Mukteswar Horse India +

NCTC 10230 Horse Hungry 1949 +

NCTC 10247 Horse Turkey 1960 +

NCTC 10260 Human Turkey 1949 +

NCTC120-Lister un London/Lister 1920 +

PRL-1 Donkey Pakistan 2002 +

PRL-3 Horse Pakistan 2005 +

PRL-4 Horse Pakistan 2005 +

Rotz 7 (SVP) un un +

Zagreb Horse ex-Yugoslavia +

B. pseudomallei

09RR8920 Ring trail Germany 2009 –

AB2056 Human Kenya 1980 –

ATCC 23343T Human un <1957 –

D4899/303 Environment Venezuela –

EF15660 un un –

Hainan 106 Environment China –

Heckeshorn Human Germany 1999 –

Holland un Holland –

NCTC 1688 Rat Malaysia 1923 –

NCTC 4845 Monkey Singapore 1945 –

PITT 225A Human Thailand 1986 –

PITT 521 Human Pakistan 1988 –

PITT 5691 un un –

SID 2889 Human Bangladesh 1923 –

SID 3477 Human Thailand 1999 –

SID 3511 Human Bangladesh –

SID 3783 Human Malaysia 1999 –

SID 4075 Human N Thailand 1999 –

Soil 1977 Environment Madagascar 1977 –

UE10 Human NE Thailand –

B. mallei related  strains

B.  cenocepacia DSM 16553T Human NE Thailand –

B. ambifaria DSM 16087T Human NE Thailand –

B. cepacia DSM 7288T Human NE Thailand –



314
Evaluation of Analytical-Sensitivity ...

reaction  mixtures consisted of  9.75 µl  of HPLC, 12.5 µl 
of 2x TaqManTM Universal MasterMix (Applied Biosystem,  
Germany), 0.25 µl of each primer (Jena Bioscience, 
Germany) (10 µM/µl), 0.25 µl of the probes (Jena Bioscience, 
Germany) (10 µM/µl), and 2 µl of template DNA. Thermal 
profile conditions were as follows: 1 cycle at 50°C for 
2 min (decontamination) followed by 95°C for 10 min 
(hotstart), initial amplification at 95°C for 25 s, followed 
by 50 cycles at 63°C for 1 min. 

To determine analytical specificity (exclusivity and 
inclusivity) of one-step RT-PCR kit, a representative panel 
of genomic DNA from 20 B. mallei, 20 B. pseudomallei, 
15 B. mallei related and 10 clinically relevant non-
Burkholderia species (Table 1) were obtained from the 
Institute of Microbiology, Federal Armed Forces (Munich, 
Germany), the Department of Clinical Medicine and 
Surgery (University of Agriculture, Faisalabad, Pakistan), 
the German Collection of Microorganisms and Cultures 
(DSMZ, Braunschweig, Germany), and the strain collection 
of the National Reference Laboratory of Glanders at the 
Federal Research Institute for Animal Health (Friedrich-

Loeffler-Institute, Jena, Germany). B. mallei detection 
limit of one-step RT-PCR kit was determined with  little 
modification [19]. Briefly, analysis was made of a dilution 
series of purified DNA of B. mallei ATCC 23344T in PCR 
HPLC from 1 ng to 100 ag. This linear quantification  
was used to prepare the standard curve (Fig. 1). The 
concentration of DNA preparations and purity were 
determined by using NanoDrop ND-1000 UV Vis 
spectrophotometer (NanoDrop Technologies, Wilmington, 
Germany). Dilution series and RT-PCR reactions were 
performed in duplicate separately in Mx3000P using one-
step RT-PCR kit and modified fliP RT PCR protocol. For the 
assessment of analytical specificity, all DNA (Table 1) was 
used in a concentration of 100 pg/μl in HPLC in a volume 
of 2 µl per assay. 

RESULTS

The linear range of the one step real-time PCR for 
B. mallei covered concentrations from 1 ng to 100 ag 
of bacterial DNA/µl (Fig. 1, Fig. 2). During evaluation of 

Table 1. List of bacterial strains analysed in current study  (Continue)

Species Strain Source Geographic Origin Year +/- in one-step RT-PCR kit

B. dolosa DSM 16088T Human NE Thailand –

B. fungorum DSM 17061T Human NE Thailand –

B. gladioli DSM 11318 Human NE Thailand –

B. glathei DSM 50014T Human NE Thailand –

B. multivorans DSM 13243T Human NE Thailand –

B. stabilis DSM 16586T Human NE Thailand –

B. thailandensis DSM 13276T Human NE Thailand –

B. vietnamiensis DSM 11319 T Human NE Thailand –

P. aeruginosa ATCC 9027 –

P. alcaligenes ATCC 14909 –

P. fluorescens ATCC 13525 –

P. putida ATCC 12633 –

Non-Burkholderia strains

E. coli DSMZ 30083 –

P. multocida DSM 5281 –

R. equi DSM 20307 –

Str. agalactiae DSM 6784 –

Str. equi subsp. equi ATCC 9528 –

Str. equi subsp. 
zooepidemicus ATCC 700400 –

Str. equinus DSM 20558 –

Str. parauberis DSM 6631 –

T.  equigenitalis DSM 10668 –

Y. enterocolitica ssp.
enterocolitica ATCC 9610 –

B Burkholderia; E Escherichia; P Pasturella; Ps Pseudomonas; R Rhodococcus; Str Streptococcus; T Taylorella; un unknown history; Y Yersinia; + Positive; 
– Negative 
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analytical sensitivity of one-step RT-PCR with Mx3000P, 
lower limit of detection (LOD) for B. mallei ATCC 23344T 
purified DNA was determined to be 10 fg, corresponding 
to 2 genome equivalents. However, fliP RT-PCR using 
Mx3000P platform determined LOD of 100 fg, 10 genome 
equivalents) (Fig. 3).

DISCUSSION
It is difficult to rule out erroneous serodiagnostic results 

because use of crude B. mallei spot antigen [2]. Recently, 
ELISA has been developed based on purified rBimA 
(recombinant Burkholderia intracellular motility A) protein  

KHAN, ALI, ELSCHNER, MERTENS, MELZER
AHMED, SAQIB, IJAZ, GWIDA, NEUBAUER

Fig 1.  Standard curve of dilution series containing 1 ng-100 ag/
µl DNA 

Fig 2. Comparative evaluation of different RT-PCR assays at 
Mx3000P platform

Fig 3. Comparative evaluation of standard curve of different RT-
PCR assays at Mx3000P platform
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as spot antigen. This protein showed no cross-reaction with 
sera from melioidosis patients or healthy humans [20]. This 
serodiagnostic test still needs to be validated and it yet has 
not been commercialised. Rapid and accurate diagnosis of 
B. mallei infection is still a major challenge for veterinary 
clinician. Glanders is often falsely diagnosed as melioidosis, 
strangles, equine influenza and epizootic lymphangitis. 
Glanders is still a major problem in many developing 
countries where BSL-3 laboratory facilities do not exist 
for the cultivation of B. mallei which itself is time taking 
process. Among direct methods, development of PCR 
assays and real-time PCR assays for specific identification 
and detection of B. mallei would reduce the time turn 
around for interpretation of final results but also overcome 
aforementioned shortcomings. Potential use of B. mallei 
as a bio-weapon stresses its prompt detection to start 
immediate prophylactic treatment. The main objective 
of current study is to evaluate analytical-sensitivity and 
-specificity of a commercially available one-step RT-PCR 
kit for the identification and detection of B. mallei. 

A RT-PCR assay was developed using LightCycler 4.0 
software to detect B. mallei and found LOD 1 pg or 424 
genome equivalents [15]. However, another RT-PCR assay 
was developed targeting the fliP gene of B. mallei and used 
internal amplification control and found the detection 
limit of 60 fg of B. mallei DNA [21]. The aforementioned 
difference of LOD might be due to use pure genomic DNA 
(Table 1) in current study while in previous studies [16,21],  
RT-PCR assays used natural outbreak clinical samples and/ 
or B. mallei ATCC 23344T challenged animal tissue samples 
for the specific identification and isolation of B. mallei due 
to which chance of extraneous analyte contamination 
cannot be ignored.

There are many factors including instrumentation, 
operator error, reagent choice, calibration, accuracy and 
acceptance limits of assay controls, water quality, pH, 
ionicity of buffers and diluents, durations, and error 
introduced by detection of closely related analytes that 
can influence on the analytical performance of an assay. 
One-step RT-PCR kit might have already overcome these 
shortcomings during its optimisation process, on the other 
hand its read-to-use availability for clinical laboratories 
minimise the chances of humans inherent errors.

While establishing exclusivity and inclusivity of one-
step RT-PCR assay kit, all 20 B. mallei species DNA were 
accurately identified positive and 20 B. pseudomallei, 15 
B. mallei related species and 10 clinically relevant non-
Burkholderia  species DNA tested negative (Table 1).  No 
cross-reactivity was detected with these 45 species DNA. 
Results of analytical specificity correlate with recent 
studies for the development of RT-PCR for the specific 
identification and detection of B. mallei [15,16,21].

The slop of a standard curve is used to estimate the 
PCR efficiency of a RT-PCR reaction. A RT-PCR standard 

curve is graphically represented as a semi-log regression 
line plot of C

T 
value versus input nucleic acid (pg) (Fig. 2). 

A standard curve slope of 3.32 indicates a PCR reaction 
with 100% efficiency. One can draw the conclusion that 
Mx3000P using one-step RT-PCR kit relatively better in its 
amplification efficiency than Mx3000P using fliP based  
RT-PCR protocol for the detection of B. mallei DNA. 

Commercially available one-step RT-PCR assay kit is 
robust, rapid, reliable, specific and sensitive tool with 
obvious less turnaround time for specific identification and 
detection of B. mallei within culture material. There is also 
need to validate one-step RT-PCR assay kit by screening a 
large panel of B. mallei, B. pseudomallei and B. mallei related 
and non-Burkholderia isolates. The application for clinical 
sample materials also needs to be evaluated. Generally, a 
positive PCR result in clinical samples is a confirming result  
in the diagnosis of glanders but a negative PCR result in 
any clinical sample cannot be used to exclude the disease.

Acknowledgements

IK is indebted to Islamic Development Bank (IDB), 
Kingdom of Saudi Arabia (KSA) to grant him Hi-Tech 
PhD merit scholarship. IK is also thankful to Friedrich-
Loeffler-Institute, Germany to provide him state-of -the-
art laboratory facilities in World Organisation for Animal 
Health (OIE) reference laboratory for glanders for the 
accomplishment of his PhD research work. 

REFERENCES

1. Lau SKP, Sridhar S, Ho CC, Chow WC, Lee KC, Lam CW, Yuen KY, Woo 
PCY: Laboratory diagnosis of melioidosis: Past, present and future. Exp  
Biol Med, 240, 742-751, 2015. DOI: 10.1177/1535370215583801

2. Khan I, Wieler LH, Melzer F, Elschner MC, Muhammad G, Ali S, 
Sprague LD, Neubauer H, Saqib M: Glanders in animals: A review on 
epidemiology, clinical presentation, diagnosis and countermeasures. 
Transbound Emerg Dis, 60, 204-221, 2013. DOI: 10.1111/j.1865-1682. 
2012.01342.x

3. Meumann EM, Cheng AC, Ward L, Currie BJ: Clinical features and 
epidemiology of melioidosis pneumonia: Results from a 21-year study  
and review of the literature. Clin Infect Dis, 54, 362-369, 2012. DOI: 
10.1093/cid/cir808

4. Khaki P, Mosavari N, Khajeh NS, Emam M, Ahouran M, Hashemi 
S, Mohammad TM, Jahanpeyma D, Nikkhah S: Glanders outbreak  
at Tehran Zoo, Iran. Iran J Microbiol, 4, 3-7. 2012.

5. Wernery U, Wernery R, Joseph M, Al-Salloom F, Johnson B, Kinne  
J, Jose S, Tappendorf B, Hornstra H, Scholz HC: Natural Burkholderia 
mallei infection in Dromedary, Bahrain. Emerg Infect Dis, 17, 1277-1279,  
2011. DOI: 10.3201/eid1707.110222

6. Lowe CW, Satterfield BA, Nelson DB, Thiriot JD, Heder MJ, March 
JK, Drake DS, Lew CS, Bunnell AJ, Moore ES, O’Neill KL, Robison 
RA: A quadruplex Real-Time PCR Assay for the rapid detection and 
differentiation of the most relevant members of the B. pseudomallei 
complex: B. mallei, B. pseudomallei, and B. thailandensis. PLoS ONE, 11,  
e0164006, 2016. DOI: 10.1371/journal.pone.0164006

7. Kettle ANB, Wernery U: Glanders and the risk for its introduction 
through the international movement of horses. Equine Vet J, 48, 654-658, 
2016. DOI: 10.1111/evj.12599

8. Janse I, Hamidjaja RA, Hendriks ACA, Rotterdam BJ: Multiplex qPCR 

http://journals.sagepub.com/doi/abs/10.1177/1535370215583801
http://onlinelibrary.wiley.com/doi/10.1111/j.1865-1682.2012.01342.x/abstract
http://cid.oxfordjournals.org/content/54/3/362
https://www.ncbi.nlm.nih.gov/pubmed/22783454
https://wwwnc.cdc.gov/eid/article/17/7/11-0222_article
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0164006
http://onlinelibrary.wiley.com/doi/10.1111/evj.12599/abstract
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-13-86


317

for reliable detection and differentiation of Burkholderia mallei and 
Burkholderia pseudomallei. BMC Infect Dis, 13, 86, 2013. DOI: 10.1186/1471-
2334-13-86

9. Antonov VA, Tkachenko GA, Altukhova VV, Savchenko SS, Zinchenko 
OV,  Viktorov DV,  Zamaraev VS,  Ilyukhin VI,  Alekseev VV: Molecular 
identification and typing of  Burkholderia pseudomallei  and  Burkholderia 
mallei: When is enough enough. Trans R Soc Trop Med Hyg, 102, 134-139, 
2008. DOI: 10.1016/S0035-9203(08)70030-0

10. Liguori AP, Warrington SD, Ginther JL, Pearson T, Bowers J, 
Glass MB, Mayo M, Wuthiekanun V, Engelthaler D, Peacock SJ, 
Currie BJ, Wagner DM, Keim P, Tuanyok A: Diversity of 16S-23S rDNA 
Internal Transcribed Spacer (ITS) reveals phylogenetic relationships in  
Burkholderia pseudomallei and its near-neighbors. PLoS ONE, 6, e29323, 
2011. DOI: 10.1371/journal.pone.0029323

11. Gee JE, Sacchi CT, Glass MB, De BK, Weyant RS, Levett PN, Whitney  
AM, Hoffmaster AR, Popovic T: Use of 16S rRNA gene sequencing for 
rapid identification and differentiation of Burkholderia pseudomallei 
and B. mallei. J Clin Microbiol, 41, 4647-4654, 2003. DOI: 10.1128/JCM. 
41.10.4647-4654.2003

12. Thibault FM, Valade E, Vidal DR: Identification and discrimination  
of Burkholderia pseudomallei, B. mallei, and B. thailandensis by real-time 
PCR targeting type III secretion system genes. J Clin Microbiol,  42, 5871- 
5874, 2004. DOI: 10.1128/JCM.42.12.5871-5874.2004

13. Tomaso H, Pitt TL, Landt O, Al-Dahouk S, Scholz HC, Reisinger EC, 
Sprague LD, Rathmann I, Neubauer H: Rapid presumptive identification 
of Burkholderia pseudomallei with real-time PCR assays using fluorescent 
hybridization probes. Mol Cell Probes, 19, 9-20, 2005. DOI: 10.1016/j.
mcp.2004.08.001

14. Sprague, LD, Zysk G, Hagen RM, Meyer H, Ellis J, Anuntagool 
N, Gauthier Y, Neubauer H: A possible pitfall in the identification of 
Burkholderia mallei using molecular identification systems based on the 
sequence of the flagellin fliC gene. FEMS Immunol Med Microbiol, 34, 231- 

236, 2002. DOI: 10.1111/j.1574-695X.2002.tb00629.x

15. Ulrich MP, Norwood DA, Christensen DR, Ulrich RL: Using real-
time PCR to specifically detect Burkholderia mallei. J Med Microbiol, 55,  
551-559, 2006. DOI: 10.1099/jmm.0.46350-0

16. Scholz HC, Joseph M, Tomaso H, Al-Dahouk S, Witte A, Kinne 
J, Hagen RM, Wernery R, Wernery U, Neubauer H: Detection of the 
reemerging agent Burkholderia mallei in a recent outbreak of glanders in 
the United Arab Emirates by a newly developed fliP-based polymerase  
chain reaction assay. Diagn Microbiol Infect Dis,  54, 241-247, 2006. DOI: 
10.1016/j.diagmicrobio.2005.09.018

17. Bowers JR,  Engelthaler DM,  Ginther JL,  Pearson T,  Peacock 
SJ,  Tuanyok A,  Wagner DM,  Currie BJ,  Keim PS: BurkDiff: A real-time  
PCR allelic discrimination assay for  Burkholderia pseudomalleiand  B. 
mallei. PLoS One, 5, e15413, 2010. DOI: 10.1371/journal.pone.0015413

18. Tomaso H, Scholz HC, Al-Dahouk S, Eickhoff M, Treu TM, Wernery 
R,  Wernery U,  Neubauer H: Development of a 5‘-nuclease real-time 
PCR assay targeting fliP for the rapid identification of Burkholderia 
mallei in clinical samples. Clin Chem,  52, 307-310, 2006. DOI: 10.1373/
clinchem.2005.059196

19. Thibault FM, Valade E: Vidal DR: Identification and discrimination of 
Burkholderia pseudomallei, B. mallei, and B. thailandensis by real-time PCR 
targeting type III secretion system genes. J Clin Microbiol, 42, 5871-5874, 
2004. DOI: 10.1128/JCM.42.12.5871-5874.2004

20. Kumar S, Malik P, Verma SK, Pal V, Gautam V, Mukhopadhyay C, 
Rai GP: Use of a recombinant Burkholderia intracellular motility a protein  
for immunodiagnosis of glanders. Clin Vaccine Immunol,  18, 1456-1461, 
2011. DOI: 10.1128/CVI.05185-11

21. Tomaso H, Scholz HC, Al-Dahouk S, Pitt TL, Treu TM, Neubauer 
H: Development of 5’ nuclease real-time PCR assays for the rapid 
identification of the burkholderia mallei//burkholderia pseudomallei 
complex. Diagn Mol Pathol,  13, 247-253, 2004.

KHAN, ALI, ELSCHNER, MERTENS, MELZER
AHMED, SAQIB, IJAZ, GWIDA, NEUBAUER

http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-13-86
http://trstmh.oxfordjournals.org/content/102/Supplement_1/S134
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0029323
http://jcm.asm.org/content/41/10/4647
http://jcm.asm.org/content/42/12/5871
http://www.sciencedirect.com/science/article/pii/S0890850804000763
http://femsim.oxfordjournals.org/content/34/3/231
http://femsim.oxfordjournals.org/content/34/3/231
http://jmm.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.46350-0
http://www.dmidjournal.com/article/S0732-8893(05)00260-9/abstract
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0015413
http://clinchem.aaccjnls.org/content/52/2/307
http://jcm.asm.org/content/42/12/5871
http://cvi.asm.org/content/18/9/1456
http://journals.lww.com/molecularpathology/Abstract/2004/12000/Development_of_5__Nuclease_Real_Time_PCR_Assays.8.aspx



