
Pre-analytical protocol for the enrichment and lysis of mycobacteria in blood and tissue 

samples for the direct analysis with GeneXpert® MTB/RIF 
 

Baussmerth C1, Becker J2, Saremba S2, Linow M1, Disqué C1 
1Molzym GmbH & Co. KG, Bremen, Germany  

2Cepheid GmbH, Frankfurt am Main, Germany 
 

Introduction 
The diagnosis of disseminated and extrapulmonary tuberculosis is elusive and 

time-consuming. Blood cultures require 2-6 weeks until positive and therefore 

rapid molecular methods may support the early diagnosis of MTB infections. 

A new method is described combining human DNA removal and extraction of 

enriched MTB DNA from whole blood and tissue biopsies with a molecular MTB 

test. 

Methods 
Negative EDTA blood samples (1ml and 10ml) were spiked with Mycobacterium 

bovis BCG and extracted using the MTB-DNA Blood kit (Molzym, Germany). 

The protocol comprises of steps for human DNA removal, mycobacteria 

enrichment by sedimentation, lysis, DNA extraction and elution (see Fig. 1). 

For MTB detection by GeneXpert® MTB/RIF (Cepheid, USA), spiked blood was 

processed until MTB cell sedimentation (a) and cell lysis (b). Extracts from 

blood were mixed with GeneXpert® MTB/RIF sample reagent and loaded to the 

cartridge for further processing and analysis. For reference, the MTB-DNA 

Blood protocol was followed until MTB-DNA elution and then analyzed using 

FluoroType® MTB (Hain Lifescience, Germany). 

Clinical tissue biopsies were dissected and subjected to Proteinase K digestion, 

degradation of human DNA and MTB lysis. 

Results and conclusion 
Extraction of M. bovis BCG DNA from 10ml blood gave a higher detection sensitivity with GeneXpert® (LOD: 5cfu/ml (a) and 2.5cfu/ml (b)) 

and FluoroType® (LOD: 2.5cfu/ml) than extraction of 1ml blood (LOD: 25-50cfu/ml; Table 1). For GeneXpert®, sample pretreatment needed 

only 40min (protocol a) and 60min (protocol b), and analytical results were available after 2h 30min and 2h 50min, respectively (Fig. 1). 

FluoroType® was performed with extracted DNA, and readouts were disposable after nearly 3.5 hours. Using MTB lysates with GeneXpert® 

(protocol b) still 80% positivity was observed at 1cfu/ml compared to only 20% using DNA extracts in the control, FluoroType® (see Fig. 2).  

Fig. 1: Extraction of MTB from blood and tissue samples and detection of the DNA by 

GeneXpert® MTB/RIF and FluoroType® MTB. 

 Assay GeneXpert® MTB/RIF (XP) FluoroType® MTB (FT) 

Sample prep BCG cells (protocol a)* BCG lysate (protocol b)* BCG DNA 

1ml 10ml 1ml 10ml 1ml 10ml 

LOD** cfu/ml 25 5 50 2.5 25 2.5 

Tissue samples from two subjects with clinically confirmed tuberculosis (Table 2, A and B) and one non-TB control (C) were analysed by 

MTB-DNA Blood-GeneXpert® (protocol b; Fig. 1). The test confirmed the presence of MTB in the tissues of patients A and B and the 

absence in the control, patient C (Table 2). The reference test (MTB-DNA Blood-FluoroType®) was false-negative for patient A which may 

suggest a higher limit of detection compared to MTB-DNA Blood-GeneXpert® (see Fig. 2) which read out very low positivity. Alternatively, 

the preparation may have missed the infected region of the tissue specimen with the control, MTB-DNA Blood-FluoroType®. 

Table 1: Limits of detection of GeneXpert® MTB/RIF and FluoroType® MTB (control) 

*see Fig. 1       **LOD: Limit of detection (100% positive results at lowest dilution) 

Fig. 2: Influence of sample prep and blood volume on the detection of spiked M. bovis BCG by GeneXpert® 

Sample 

ID 

Tissue origin TB clinically 

confirmed 

MTB-DNA Blood-

GeneXpert® 

MTB-DNA Blood-

FluoroType®  

Patient A sternum yes positive, very low negative 

Patient B psoas yes positive, low positive 

Patient C unknown no negative negative 

Table 2: MTB analysis of tissue biopsies   

BCG cells  XP (a), 1ml blood 
BCG cells  XP (a), 10ml blood  
BCG lysate XP (b), 1ml blood 
BCG lysate  XP (b), 10ml blood 
BCG DNA FT 1ml blood (control) 
BCG DNA FT 10ml blood (control) 

Conclusion 
The combination of MTB-DNA Blood extraction of 10ml EDTA blood and a tissue protocol with GeneXpert® MTB/RIF analytic system proved 

to be a highly sensitive method for the culture-independent detection of MTB. Results of the molecular test system were available after only 

2.5-3 hours and thus weeks earlier than blood culture. 


