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There is a pressing need for simple, rapid and effective ways of concentrating and capturing bacteria 

and bacterial spores for detection and identification [1].  Acoustofluidic approaches can act on a large 

number of cells simultaneously over a relatively wide area, allowing cells to be imaged, concentrated, 

or captured in a flow-through system. This paper discusses the use of planar ultrasonic resonator systems 

for high throughput 2D cytometry, for cell concentration and finally for cell capture on functionalized 

surfaces.  Recent results demonstrate the capture of bacterial spores on antibody functionalized surfaces 

and it is shown how the same technology can be used to capture cells from more complex fluids such as 

whole blood.  

 

Acoustophoretic forces tend to move cells to regions of low acoustic pressure and within planar 

resonator systems [2] it is generally simplest to generate forces towards the centre of a flow-through 

chamber as shown in Fig. 1 (a) (a half wave resonance).  Such a half wave mode can be used for particle 

concentration in low aspect ratio channels [3] but in the wide channels of these resonators the fluid 

behaviour makes the extraction of a high concentration challenging [4].  Such a half-wave mode can 

successfully be used to move particles into the focal plane of an imaging system [5].  This approach 

not only places particles or cells at the imaging focus, but has the additional significant advantage that 

within a highly laminar flow, all the particles in this optical focal plane will travel through the imaging 

field at identical velocities, allowing particle tracking during imaging without motion blur.  This has 

allowed 2D imaging of beads and cells at very high throughputs – up to 200,000 beads per second [5]. 

 

A better approach to concentrating bacteria is to force them to a surface rather than to the centre of a 

channel.  Early acoustic designs for moving particles to a surface were very sensitive to precise layer 

thicknesses [6], but by using just a thin layer to form the reflector of the device so that the reflection is 

effectively from the low acoustic impedance air boundary, produces a more robust field [7].  Such an 

approach for concentrating bacteria, as shown in Fig. 1 (b), can be used to increase the concentration of 

E. coli by a factor of 60 and at a flow rate of 20 ml/hr [4]. 

 

This flow-through concentration requires a further identification stage but a more efficient approach is 

to detect bacteria of interest within the flow-through chamber itself.  This can be achieved using the 

approach shown schematically in Fig. 2 in which the machined stainless steel device shown in Fig. 3 

incorporates a “thin reflector” that comprises a cover-slip with antibody functionalization for bacterial 

capture.  Fig. 4 shows an image of a slide with spots functionalized to capture Bacillus globigii (BG) 

spores using a spore concentration of 105 per ml and a flow rate of 10 ml/hr.  The same approach has 

also been used successfully to isolate Basophils from diluted whole blood. 
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Fig. 1 Representation of (a) half-wave and (b) thin 

reflector mode of operation of a planar resonator 

used for bacterial concentration [4]. 

 

 

Fig. 2 Schematic of in-device bacterial capture using 

antibody strips 

 

 

Fig. 3  Further details of construction of bacterial 

capture device. 

 

 

Fig. 4 Image of BG spore capture showing spores 

captured on functionalized spots in the lower part of 

the image 
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