
SOUND THINKING  
A DISRUPTIVE RETHINK OF  
IN VITRO DIAGNOSTICS
Technology for the development of the next generation 
of low-cost, easily operated point of care IVD devices, 
using sample manipulation by Surface Acoustic Waves.



In-vitro diagnostics (IVDs) plays a part in the 
life of almost all of us.

Often conducted on a sample of blood, urine, or swab, 
IVDs assess whether we have a specific disease condition 
or genetic predisposition to a disease, usually measured 
either as a direct marker or a proxy. While tests have 
historically been conducted in clinical laboratories, more 
and more tests are now being created for use in the field 
and at home. From pregnancy tests to diabetes monitors, 
IVDs provide patients with information about their health 
and give doctors the tools they need to choose optimal 
treatments.

With the COVID-19 pandemic posing a global challenge, 
many more people have become engaged with the details 
of their own health. The ‘PCR’ test, for example, the most 
sensitive and reliable diagnosis method for viral infections, 
was essentially unknown as a term outside of the scientific 
community before COVID-19 yet is now recognised by 
name around the world.

From their earliest days, PCR tests were in the main 
performed in large laboratories, using complex and costly 
machines, requiring skilled technicians for both care of 
the machine and results analysis. Prior to analysis, sample 
processing, involving extraction and enrichment of genetic 
markers of disease, often requires a series of complex 
manipulations and additions of reagents, again calling for 
skilled technicians.

A succession of more compact and portable systems have,  
as a result, been developed in recent years.

By essentially reducing the process to that of loading a 
sample into a cartridge for insertion into the machine, these 
have lowered the skilling required for operation. However, 
many of the underlying processes used to prepare the 
sample for testing remain unchanged, with the instruments 
requiring complex automated processing and associated 
maintenance.

With an ever-increasing reliance on IVD testing out of 
laboratory (and in many parts of the world on a low 
cost/low skill basis capable of facilitating diagnosis at a 
local level), there is much benefit to be gained from re-
envisioning the process involved in extracting and testing 
the sample. The objective of this would be to produce 
compact and portable machines, operable by individuals 
with only minimal training, but which require neither costly 
and impractical maintenance regimes, nor expensive (and 
potentially difficult to obtain) consumables.

Such an advance might also make the creation of 
laboratory units capable of mass sample processing a far 
more viable proposition.

Work conducted at the University of Glasgow in Scotland 
by Jon Cooper and Julien Reboud, on SAW (Surface 
Acoustic Wave) actuated PCR technology, provides this 
radical rethink.

It opens the door to a new generation of diagnostic 
machines, replacing the limiting electromechanical 
extraction process with a reliable, low-maintenance process 
based on the manipulation of fluids by sound waves.

Its potential to effect change is unbounded.

1. CONTEXT



Diagnostic testing is now performed in a wide range of 
settings: hospital laboratories, independent laboratories 
(including large reference laboratories), primary care 
facilities and, in the case of tests such as pregnancy 
tests and blood glucose tests, even at home. In general, 
these tests require a number of components, including an 
instrument and reagents, often packaged in disposable 
cartridges.

Tests can be performed on samples of blood, urine, 
stool, tissue, or via a swab. Some are simple and can be 
performed reliably at the point of care (POC) in a doctor’s 
surgery, clinic or at home. Others require expensive 
equipment and supplies, sophisticated methods, skilled 
technicians, and specialised personnel to interpret results. 
These are usually performed in large laboratories.

PCR. The gold-standard in diagnostics.

Molecular diagnostics revolves primarily around the Nucleic 
Acid Test (NAT). This is used to detect genomic DNA or 
RNA sequences.

One key molecular diagnostic method that underpins many 
of these tests is the Polymerase Chain Reaction (PCR). 
This technique has many diverse applications: in infectious 
disease diagnostics for detection of viruses or bacteria; in 
forensic science; paternity tests; security applications; and 
myriad commercial applications.

The invention of PCR in 1983 was one of the many great 
medical advances of the last century. 

Over the years, many variants of the original system 
have been developed, perhaps the most important 
being the Real-Time PCR Analysis System. This enables 
the amplification, monitoring, and quantification of the 
number of DNA copies in the sample under consideration, 
even if the starting amount of material is at a very low 
concentration.

It is commonly referred to as quantitative PCR (qPCR) and 
eliminates the need for post-processing to measure the 
PCR product. However, such tests require well-equipped 
laboratories with sample preparation apparatus, such as 
centrifuges and thermal cyclers.

Big machines. Low portability. High costs.

Real-time PCR systems are complex, comprising a heater, 
temperature sensors and detection units. Commercial units 
are still typically cabinet-sized boxes designed for high-
throughput mass screenings.

The temperature cycling, that underpins the whole process 
calls for many cycles of heating and cooling of samples, 
with thermoelectric coolers used to speed up the whole 
process. Such systems usually require significant power 
and are generally impractical for testing away from the 
laboratory.

2. DIAGNOSTIC TESTING, AND HOW THIS 
 HAS BEEN CONDUCTED TO DATE



Smaller. But just as many problems.

POC applications, in which the test is taken to the patient, 
require portability and low power consumption.

Such smaller, ‘Lab-on-a-Chip’ devices, often based on 
microfluidics, have entered the market over the years, 
using either ‘time-domain’ or spatial-domain strategies to 
move samples between heaters, and enabling a degree 
of automation. Perhaps the most interesting of these are 
so called ‘Sample-to-Answer’ machines. The Cepheid® 
GeneXpert® system, introduced in 2004, led the way for 
this kind of device.

Using small disposable cartridges, barcoded and pre-
loaded with reagents for particular assays, this system is 
able to address raw sample processing, real-time PCR, and 
fluorescent monitoring of multiple channels for target and 
control signals. The software then interprets these, and in 
an hour or so from sample addition, with no intervention 
by a technician, a results call is generated. A range of 
processor sizes are available to handle different numbers 
of random-access cartridges at any given time, and a wide 
range of assays is also available.

Like their larger forebears, Sample-to-Answer devices of 
this kind still have downsides. At the forefront of these is 
costs, both per instrument and per test (each of which uses 
a consumable cartridge). Costs are usually appreciably 
higher than running the equivalent molecular test in a 
traditional assay system and can be a prohibitive downside 
where large sample throughputs are called for.

Furthermore, the machines require daily, weekly, monthly, 
and yearly maintenance with regular service tasks which 
are extensive and complex.

Modern devices still using traditional 
diagnostics.

Despite the downsides of small-form devices still essentially 
executing the same process - albeit miniaturised - as 
traditional laboratory devices, it is important to recognise 
the benefits of instruments of this kind.

They can be operated by staff with far less specialised 
training than is needed for a traditional molecular lab 
technologist.

They bypass the need for many of the specialised 
infrastructural requirements of a traditional molecular 
laboratory, pertaining to sample extraction setup and 
equipment and many aspects of contamination control. In 
general, they also require only a few minutes of hands-on 
time per specimen, freeing up lab staff to deal with other 
duties while the instrument handles the whole process.

All of these attributes make Sample-to-Answer instruments 
attractive for ‘near POC’ applications, where molecular 
testing facilities and dedicated staff are not readily 
available, but samples are, and where 1-2 hour turnaround 
times on results can be clinically beneficial.



The need for a new generation of devices is created in the 
main by the ever-increasing reliance on IVD, its increasing 
reach into the third world, and the continuing evolution of 
POC diagnosis.

Three factors inherent in the traditional PCR testing process 
suggest clearly that this can never provide the optimal 
basis on which to build such devices.

3.  
SKILL LEVEL
The traditional analysis techniques 
require trained operators in order 
to perform every step in their 
procedures without contamination 
or error. 

3. THE THREE KEY FAILINGS OF TRADITIONAL  
 ANALYTICS TECHNOLOGY AS A BASIS FOR 
 NEW GENERATION DEVICES

1.  
MAINTENANCE
Motors, micropumps and check-valves have 
moving parts. Their presence in traditional process 
Sample-to-Answer units designed for POC 
applications leads to low production yields in 
fabrication, high failure rates, frequent maintenance 
need and poor reliability in operation. The 
machines thus require regular, costly, skilled, and 
disruptive maintenance.

2. 
COSTS
Complex electromechanical systems  
and regular maintenance requirements  
mean that devices based on the 
traditional PCR testing process have 
high costs of both fabrication and 
ongoing operation.



The advance of global delivery healthcare programs, the 
evolution of healthcare delivery models, and continuous 
advances in the study and treatment of the broadest 
possible spectrum of diseases make an incontrovertible 
case. Viable Sample-to-Answer diagnostic devices are 
needed, that can be used in non-laboratory and non-
clinical settings, as well as to achieve more economical 
operation at volume in laboratory use.

The goal must be an instrument capable of carrying 
out fully automated extraction, amplification, detection, 
interpretation, and reporting, while maintaining 
contamination control, with little or no user interaction from 
the time a swab ‘raw sample’ is put in until a validated 
result is output to the user.

With widespread availability of such a facility, an individual 
would be able to go to a local clinic or health centre (even 
where this is temporary) to have complex molecular tests 
performed on the spot.

On demand testing for infectious diseases.

Infectious diseases (ID) are caused by pathogenic 
micro-organisms such as bacteria, viruses, parasites, 
or fungi. They can be spread, directly or indirectly, from 
one person to another. Their number includes influenza, 
coronaviruses, tuberculosis, respiratory disease, and 
sexually transmitted diseases (STDs).

PCR can also be used in analysing clinical specimens 
for the presence of infectious agents, including STDs, 
HIV, hepatitis, human papillomavirus (the causative agent 
of genital warts and cervical cancer), Epstein-Barr virus 
(glandular fever), malaria and anthrax.

It is particularly invaluable in the early detection of HIV 
as it can identify the DNA of the virus within human 
cells immediately following infection, as opposed to the 
antibodies that are produced only weeks or months after 
infection. PCR can also be used to determine the viral load 
(i.e. how much virus is circulating around the body), which 
is a useful measure of prognosis.

Routine testing for the laboratory diagnosis for infectious 
agents can be based on cell culture, serological, and 
molecular methods. However, the diagnosis of infectious 
diseases was revolutionised by the development of 
molecular techniques, and in the main PCR. The high 
sensitivity, specificity, and ease with which the PCR can be 
used to detect genetic sequences led to wide and highly 
effective application.

The development of more accessible Sample-to-Answer 
diagnostics technology will improve the capacity to detect 
infectious agents, and so help control the spread of 
infectious diseases. This will lead to appropriate actions 
which help to benefit both patients and healthcare workers.

Ubiquitous diagnosis for non-communicable 
diseases.

Accessible molecular testing holds equal potential for the 
diagnosis of non-communicable diseases (NCD) such as 
cancers and diseases of the heart.

These constitute the leading cause of death, disease, and 
disability in the world, with cardiovascular disease, cancer, 
chronic obstructive pulmonary diseases, and diabetes 
together accounting for almost 86% of deaths and 77% of 
the disease burden.

The early and accurate diagnosis of NCDs is an important 
step in their control. Although true mass screening is 
neither cost effective nor feasible, the main obstacles to 
NCD detection and surveillance are: lack of infrastructure, 
limited functional laboratories, limited availability worldwide 
of the technology required for early detection, and lack of 
workforce training capacity.

Widespread availability of PCR techniques through a new 
generation of POC devices could play a major role in 
overcoming such issues.

Potential for meaningful impact.

In both cases (whether infectious or non-communicable 
diseases), a technology capable of enabling affordable, 
easy to maintain and economical to run Sample-to-Answer 
diagnostic equipment, usable by low-skilled operators, has 
the potential to greatly impact diagnosis, treatment, and 
survival rates around the world.

4. ‘SAMPLE TO ANSWER’ DIAGNOSTICS, 
 AND WHERE WE NEED THEM TODAY
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As explained earlier, the preparation and presentation of a 
patient’s sample for PCR testing is the part of the process 
that creates the need for complex and sensitive 
electromechanical device components, and so limits the 
potential for low-cost implementations.

SAW (Surface Acoustic Wave) technology, however, offers 
an exceptional method for microscopic sample manipulation 
on surfaces.

Acoustic waves contain a mechanical energy that can be 
used to manipulate fl uids, cells, and samples. This energy 
is concentrated at the interface between the fl uid and the 
substrate, enabling a range of fl uid manipulations on a chip.

SAWs have shown great potential to perform ultrafast 
‘microcentrifugation’ on chip, in which particles or cells 
are concentrated within a fl uid. The technique provides a 
powerful method by which it is possible to handle droplets 
and particles in a programmable fashion.

For example, droplet movement, merging and centrifugation 
on the same substrate is possible, with only the need to 
change the SAW excitation frequency to achieve a high 
degree of functional integration.

5. SAW. 
 THE CAPABILITY 
 TO REDEFINE    
 DIAGNOSTICS



Investigating the use of Surface Acoustic 
Waves

Under the leadership of Professor Jonathan Cooper, a 
Biomedical Engineering research team at the University of 
Glasgow has carried out extensive work on the acoustic 
manipulation of fl uidics.

While the techniques initially introduced involved either 
aligning a drop on the edge of a standard interdigitated 
transducer (IDT), or positioning a gel to partially absorb 
the SAW refl ection, more complex SAW devices were also 
developed, including those which focused the SAW using 
circular transducers with a fi xed frequency and excitation 
pathway.

However, these methods necessitated a precise positioning 
of the droplet and allowed only a single function to be 
performed by the IDT.

Developing the potential of SAW

Subsequently, Professor Cooper’s team has demonstrated 
a new concept in SAW microfl uidics which combines the 
use of a disposable glass superstrate with a ‘slanted fi nger’ 
IDT.

This technique provides a method by which droplets and 
particles can be handled in a programmable fashion. The 
team has demonstrated droplet movement, merging and 
centrifugation on the same substrate, needing to vary only 
the SAW excitation frequency to achieve a high degree of 
functional integration.

While other techniques depend on the input power to 
control the concentration of particles, the Glasgow team 
has demonstrated that this can be performed simply by 
shifting the position of the SAW, and hence its region of 
interaction with the droplet.

The team has also performed more complex tasks, which 
were programmed sequentially into a single IDT device. 
In this demonstration two droplets were moved, merged, 
mixed, and centrifuged on a disposable superstrate. This 
evidences the fl exibility of the platform for basic fl uidic 
operations needed in lab-on-a-chip technologies.

12.6 Mhz

Acoustic waves propagating at 12.6MHz onto a disposable 
superstrate are fi ltered by a square array phononic lattice, 
generating frequency-depending asymmetric acoustic excitation 
for cell lysis or particle concentration



Demonstrating the viability of SAW-based 
devices

This represents a new level of capability in microfl uidics, 
showing that microfl uidic manipulations, including the 
centrifugation of blood, can be performed on a disposable 
phononic chip.

In the team’s demonstration, the SAW excitation frequency 
was chosen to couple across the substrate–superstrate 
interface, where droplet manipulation was achieved. The 
phononic structures interact with the acoustic fi eld, as a 
‘fi lter’ or a ‘waveguide’, providing excellent refl ectivity or 
scattering to the incoming acoustic waves.

The team showed how sample actuation is dependent 
upon the frequency of the acoustic wave and is able to 
produce fl uid motions on a disposable.

At the next research and development stage, they 
demonstrated the detection of microbial sequences from 
blood, using real-time PCR. Acoustically generated vortices 
in the liquid allowed controlled disruption of blood cells and 
of blood cells with malarial parasites within them. Changing 
the excitation frequency resulted in effi cient heating of 
the sample, as a consequence of dissipation of acoustic 
energy within the drop. Passive cooling and reheating 
enabled Nucleic Acid based Tests (NATs).

This acoustic sample preparation and PCR demonstrated 
the ability to detect microbes in a microliter-sized blood 
sample to the same level of sensitivity achieved in 
traditional, lab-based PCR tests.

The advantages of SAW based devices

This demonstration not only evidences the ability of SAW 
actuated technology to detect trace malaria parasitemia in 
blood on a low cost, low power platform. It also shows the 
potential of phononics, when coupled with microfl uidics, in 
providing a frequency-dependent toolbox for lab-on-a-chip.

Like other diagnostic techniques, Nucleic Acid based 
Tests (NATs) usually require well-equipped laboratories 
with sample preparation apparatus, such as a centrifuge 
and thermal cyclers to carry out PCR. However these 
apparatuses can be replaced by microfl uidic chips, using 
various combinations of SAW and phononic technologies.

The method also provides a clear route towards the 
integration of PCR to detect pathogens in a single 
handheld system.

The platform also has the potential to be developed 
towards the detection of other infectious organisms in 
other samples (such as tuberculosis in sputum), or RNA-
based methodologies (viruses using reverse transcription 
PCR).

The key point is that in any case, the platform enables the 
whole analysis at modest cost and at low power.

Droplet of red blood cells lysed using surface 
acoustic waves in under 4 seconds (9.5MHz) 
with >99% effi ciency
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Although complex for the lay reader, the conclusion is clear. 
Diagnostic devices utilising a SAW process have a number 
of significant advantages over those attempting PCR using 
traditional techniques, be these portable or laboratory 
devices.

6. THE 3 BIG WINS FOR  
 SAW BASED DIAGNOSTICS

1.
NO MOVING COMPONENTS AND LESS 
MAINTENANCE REQUIREMENT
SAW induced, non-contact, bulk movement 
of fluid does not involve moving parts. This 
contrasts with the large, pressure driven 
pumps required by many fluid manipulation 
methods, and with the integrated electrodes 
required for electrokinetic mechanisms, 
and results in a substantially reduced 
maintenance exposure.

3. 
POC WITH NO NEED FOR 
PROFESSIONAL OPERATORS
Despite being an automated system, as 
above the absence of moving parts in a SAW 
device significantly decreases the need for 
maintenance. Additionally, with an automated 
system capable of running the entire process, 
starting from a raw sample such as a swab, a 
relatively low qualified individual can operate 
an automated SAW engine making it well 
suited to POC use.

2.  
LOW-COST
Phononic devices can be produced at such low cost that it is 
easy to envision their use with disposable parts in many areas 
of diagnosis. In this scenario, the SAW would be coupled into a 
disposable phononic chip, placed within a re-usable instrument, 
thus providing an extremely low-cost technology.

Further cost benefit, however, lies in the programmability of the 
chip, as different assay protocols can be realized with the same 
chip layout and hardware. 

Additionally, the low requirement for skilled technicians also 
indicates an attractive cost benefit, as do the lack of requirement 
for a clean environment and the low maintenance described above.

The absence of costly consumables also presents a substantial 
saving advantage over the current generation of cartridge-based 
POC and laboratory devices.



In research carried out over more than a decade, and led 
throughout by Professor Cooper and Dr Julien Reboud, 
the Glasgow team has demonstrated a new concept in 
microfluidics with the potential to redefine that part of IVD 
testing devices which is most limiting in terms of cost.

This concept shows that microfluidic sample manipulations 
can be performed on a disposable phononic chip.

In the team’s demonstrations, the SAW excitation frequency 
was chosen to couple across the chip interface, where 
sample manipulation was achieved. The phononic structures 
interact with the acoustic field, providing excellent 
reflectivity or scattering to the incoming acoustic waves.

To illustrate the different tools available to them, the team 
used acoustic fields to produce the required rotational 
vortices that mechanically lyse a wide range of cell types 
and the parasitic cells present in a drop of blood.

As a practical implementation of this, the team then 
presented a real-time PCR detection system using the 
SAW as a heating mechanism. They have presented 
SAW-actuated fluidic platforms for droplet-based 
fluid manipulations and have achieved the jetting and 
nebulisation of droplets for drug delivery.

Published Papers
• Tuneable surface acoustic waves for fluid and particle 

manipulations on disposable chips
 https://doi.org/10.1039/C004506C
• Phononic crystal structures for acoustically driven 

microfluidic manipulations
 https://doi.org/10.1039/C0LC00234H
• Shaping acoustic fields as a toolset for microfluidic 

manipulations in diagnostic technologies
 https://doi.org/10.1073/pnas.1206055109

Granted Patents
•  US 9,375,690 
•  US 9,751,057 
•  EP2470297A2 
•  CN 102612405B 
•  US 9,410,873 
•  EP2678107B1 
•  CN103492078B

7. THE WORK OF THE GLASGOW TEAM



From its inception, the team responsible for all research 
and development work discussed in this paper has been 
led by Professor Jonathan Cooper and Dr Julien Reboud, 
within the Biomedical Engineering Research Division at the 
University of Glasgow.

Professor Cooper and Dr Reboud, both continuing in position 
at the University of Glasgow, continue to lead the project.

8. THE GLASGOW TEAM

Dr Julien Reboud
Dr Julien Reboud is an engineer trained within the best of  
French academic institutions, Paris VI-VII University 
(Paris, France) and a PhD from Joseph Fourier University 
(Grenoble, France). He was awarded the French National 
Innovation Award during his PhD and the RAEng ERA 
Entrepreneurship Prize (2013). He has developed a 
track-record of high-profile publications (71 peer reviewed 
papers including Nature Communications, PNAS, Nano 
Letters, Angewandte and Advanced Materials, H=22) and 
patents (16 awarded or filed, whilst at A*-Star in Singapore 
or at Glasgow).

Dr Reboud is currently a Senior Lecturer at the University of 
Glasgow. His work so far has been focussed on biomedical 
engineering (diagnostics and therapy), delivering impact 
in human/public health. He has also formed collaborations 
outside of human healthcare, on technologies for water 
remediation, water-borne diseases and veterinary/
farmstock applications. Recently, he formed collaborations 
outside of human healthcare, on technologies for water 
remediation (EPSRC GCRF EP/P029329/1) and water-
borne diseases in Vietnam (BB/S004335/1).

Professor Jonathan Cooper
Professor Jonathan Cooper holds The Wolfson Chair in 
Biomedical Engineering at the University of Glasgow. His 
major research interests are in imaging, ultrasonics and 
medical diagnostics, which have led to Invited Plenary talks 
at Photonics West (2012), IEEE MEMS (2017) microTAS 
(2018) and IEEE Ultrasonics (2019). He currently holds a 
joint grant with Dr Julien Reboud (EPSRC EP/K027611) in 
the development of novel diagnostics in rural communities 
in Africa. He has spun out a number of start-up companies. 
Professor Cooper has published over 300 publications 
with an ISI h-index of 55. He was elected as a Fellow of the 
Royal Academy of Engineering as well as a Fellow of the 
Royal Society of Edinburgh.

He currently sits on EPSRC’s Strategic Advisory Network 
and has previously been a member of EPSRC’s Healthcare 
Technology Strategic Advisory Team (2016-2020). He was 
a panel member on RAE2008 (Electrical Engineering), 
REF2014 (General Engineering) and currently sits on 
REF 2021 (Engineering). Professor Cooper has also led 
major collaborative research funding including EPSRC 
Programme Grants, Fellowships and an ERC Advanced 
Grant 2014-2019.



The SAW technique has particular application to the non-
contact manipulation of liquid droplets, for example in 
biological, biochemical, medical, veterinary, and chemical 
assays, analysis, diagnosis, and synthesis and production 
of reagents and chemicals.

A waveguide and filter sample preparation unit has been 
designed for lysing cells and pathogens and for fluid/
reagent manipulation, both exploiting the efficient use of 
acoustic energy.

Compared to the other sample manipulation technologies, 
such as magnetic tweezing, dielectrophoresis and optical 
tweezing, ultrasonic manipulation has shown potential in 
a variety of applications, with its advantages of versatile, 
inexpensive, and easy integration into microfluidic systems, 
with low power consumption.

Apart from time saving and cost reduction, the system 
combines highest sensitivity and reliability towards a fully 
automated lab-on-a-chip in the expanding field of point-of-
care diagnosis and individualised therapies.

Through the University of Glasgow’s commercialisation 
unit, the Glasgow team under Professor Cooper and Dr 
Reboud invites discussion over licensing, collaborations, 
further R&D, investment, and other, similar opportunities.

The team is especially interested in discussions with 
diagnostic and medical device manufacturers, as well as 
laboratories and healthcare services providers to whom the 
potential for low cost, lab-on-a-chip POC IVD devices might 
be of interest.

In short, the team’s door is open to anyone with an interest 
in employing its IP to transform the diagnostics landscape, 
and in benefitting from the significant potential for 
commercial benefit to be obtained from so doing.

9. THE OPPORTUNITY



Contact

In the first instance, please direct  
all enquiries and interest to:

IP & Commercialisation Unit
University of Glasgow
innovation@glasgow.ac.uk

WORLD 
CHANGING 
GLASGOW


