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Sample Preparation and qPCR Detection of Tuberculosis
on a Centrifugal Microfluidic Cartridge Enabling Molecular
Downstream Resistance Profiling †

Judith Schlanderer 1,* , Markus Beutler 2, Jan Lüddecke 1,3, Harald Hoffmann 2,4 and Nils Paust 1,3

1 Hahn-Schickard, 79110 Freiburg, Germany; jan.lueddecke@hahn-schickard.de (J.L.);
nils.paust@hahn-schickard.de (N.P.)

2 WHO Supranational Tuberculosis Reference Laboratory, IML Red, 82131 Gauting, Germany;
markus.beutler@gmx.de (M.B.); h.hoffmann@imlred.de (H.H.)

3 Laboratory for MEMS Applications, IMTEK University of Freiburg, 79110 Freiburg, Germany
4 SYNLAB Gauting, SYNLAB MVZ Dachau GmbH, 82131 Gauting, Germany
* Correspondence: judith.schlanderer@hahn-schickard.de; Tel.: +49-761-203-73270
† Presented at the XXXV EUROSENSORS Conference, Lecce, Italy, 10–13 September 2023.

Abstract: Tuberculosis (TB) is still one of the world’s deadliest infections. Fast detection of the
pathogen M. tuberculosis (MTB) and its genetic resistance markers substantially improves treatment
success and outcome. A key element for rapid genetic diagnostics is the efficient extraction of
DNA from sputum for qPCR detection at the point of care. We present the fully automated sample
preparation of MTB DNA from 3 mL of liquefied sputum and qPCR detection of MTB on a centrifugal
microfluidic cartridge. Our method achieves a limit of detection (LoD) between 17 and 57 CFU/mL
and provides a purified DNA solution for molecular downstream testing, such as targeted NGS.
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1. Introduction

Only a few fully automated point-of-care solutions are available for TB diagnostics [1,2],
and none of them provide extracted DNA for subsequent comprehensive antibiotic resis-
tance testing from the same sample. Here, we present a new sample preparation of MTB
DNA using centrifugal microfluidics, a technology dedicated to implementing complex
workflows on compact cartridges [3]. However, to date, fully automated centrifugal mi-
crofluidic sample-to-answer approaches have only been demonstrated for small sample
volumes [4] or nasal swabs [5]. The combination of a liquefaction and inactivation (LI)
reagent with a filter and lysis (FL) module allows us to increase sample volumes 15-fold
from 200 µL to 3000 µL. It enables the detection of MTB on the cartridge and the provision
of the DNA solution in a detachable DNA tube for subsequent resistance profiling.

2. Materials and Methods

The cavity for the FL module is integrated into an injection-molded cartridge
(Figure 1A,B). A polyethylene frit (PE3510, SPC Technologies, diameter of 9 mm) and
a glass microfiber filter (GMF150, Whatman, diameter of 10 mm) are fixed with a press-fit
O-ring (8 × 1.25 mm, FKM, IR-Dichtungstechnik). The custom-developed LI reagent con-
sists of 45% isopropanol, 3% NaOH, 0.5% N-lauroyl-sarcosine, and 0.2% Tween. 1 mL of
sputum is mixed with 2 mL of LI reagent and incubated for 20 min.
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Figure 1. (A) Exploded view of the FL module. (B) Microfluidic cartridge. (C) Top-side view of the 
DNA tube. 

3. Results and Discussion 
For the automation of sample preparation and qPCR detection of MTB from sputum 

on a centrifugal microfluidic cartridge, the FL module is the key element. It enables the 
efficient provision of MTB DNA from sputum and consists of a filter frit and a bacteria 
enrichment filter (Figure 1A). The externally inactivated, liquefied sputum sample is 
added to the cartridge and filtered, retaining MTB in the bacteria enrichment filter (Figure 
2A). A washing step is performed to reduce interfering sputum and LI reagent residues. 
This is followed by thermal lysis to release the MTB DNA. With this method, large sample 
volumes of up to 3 mL can be automatically processed and analyzed. Spiking dilutions of 
H37Rv in sputum identified a LoD between 17 and 57 CFU/mL (Figure 2B). One important 
achievement is the inactivation and structural weakening of the hard-to-lyse MTB during 
the LI step while not losing the DNA. MTB DNA can be efficiently released by thermal 
lysis and subsequently used for qPCR-based MTB detection on the cartridge. Resistance 
profiles can be generated externally downstream using the DNA solution obtained via the 
DNA tube interface, as depicted in Figure 1C. 

 
Figure 2. (A) Sample preparation steps automated by the cartridge. (B) LoD achieved with the 
automated sample preparation and qPCR detection of the microfluidic cartridge with H37Rv spiked 
in sputum. 
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Figure 1. (A) Exploded view of the FL module. (B) Microfluidic cartridge. (C) Top-side view of the
DNA tube.

3. Results and Discussion

For the automation of sample preparation and qPCR detection of MTB from sputum
on a centrifugal microfluidic cartridge, the FL module is the key element. It enables the
efficient provision of MTB DNA from sputum and consists of a filter frit and a bacteria
enrichment filter (Figure 1A). The externally inactivated, liquefied sputum sample is added
to the cartridge and filtered, retaining MTB in the bacteria enrichment filter (Figure 2A).
A washing step is performed to reduce interfering sputum and LI reagent residues. This
is followed by thermal lysis to release the MTB DNA. With this method, large sample
volumes of up to 3 mL can be automatically processed and analyzed. Spiking dilutions of
H37Rv in sputum identified a LoD between 17 and 57 CFU/mL (Figure 2B). One important
achievement is the inactivation and structural weakening of the hard-to-lyse MTB during
the LI step while not losing the DNA. MTB DNA can be efficiently released by thermal
lysis and subsequently used for qPCR-based MTB detection on the cartridge. Resistance
profiles can be generated externally downstream using the DNA solution obtained via the
DNA tube interface, as depicted in Figure 1C.
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