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This month, we would like to revisit the oft discussed
subject of sample matrices and their role in the

development of sensors. As you will know, the sample matrix
is an issue close to the heart of our journal. Indeed, upon
submission of any manuscript to ACS Sensors, authors will be
reminded that “papers should demonstrate the use of the sensor in
complex samples appropriate to the application...”. Jean-Francois’
2020 editorial on the impact of the sample matrix on
quantitative metrics, such as the limit of detection highlights
many of the reasons why the sample matrix is so important
when optimizing and benchmarking our sensors.1 Here, we
would like to reiterate some of Jean-Francois’ opinions but also
briefly discuss what can be done, both as individual researchers
and a community of sensor developers, to navigate the tricky
issue of sample matrices during sensor development.

To begin, it is instructive to define the term sample matrix.
In its broadest sense, the sample matrix is everything present in
a sample except for the analyte of interest.2 It is the chemical
and biological chaos surrounding the (often) vanishingly small
amount of whatever you hope to detect. Many would liken this
idea to the proverbial needle in a haystack, with the needle
being the analyte and the haystack the sample matrix. In reality,
the situation is even more problematic. At least a needle is
made from a substantially different material to the hay in which
it is buried, and the hay is not actively destroying the needle
(or your tools) as you search for it. The same cannot be said
for many of the analytes and sample matrices we deal with
when developing sensors. Matrix components can adversely
impact sensor performance in different ways (commonly
referred to as matrix effects3), for example, by interfering with
the binding between a sensing probe and the target,4 degrading
the target (or probe),5 or disrupting a signaling cascade.6

These examples are far from exhaustive.1 So, if given the choice
of finding a needle in a haystack or a single nucleotide
mismatch in a sea of DNA and nucleases, you’d probably be
wise to choose the needle.

Given this seemingly dire situation, it is no surprise that
many researchers ignore the problem of the sample matrix
altogether, instead opting to evaluate their sensors in simplified
or “idealised” systems; often filtered buffers or solvents. Rather
than searching for their needle in a haystack, they are instead
trying to find it in a clean and tidy barn. While this approach
can be an essential early step in the development of complete
systems, researchers often fail to follow up on their work. A
cynic might suggest that many sensors reported in the
literature are simply incapable of operating effectively inside
complex matrices and are thus never evaluated in this regard.
An even greater cynic might suggest that researchers test their
sensors in suitable matrices, find them lacking, and then fail to

report the limitations of their work. This may be part of the
trend to report “positive” results and a reluctance to report
failures (an issue that is beyond the scope of this month’s
editorial). A more generous view would be that optimizing
sensor performance in complex matrices is likely to be
challenging and may require a great deal of time and funding.
Many laboratories, particularly in resource-limited settings,
lack both. Other reasons include difficulty obtaining/preparing
suitable matrices, either due to material limitations or costs, or
even a lack of knowledge of the ideal sample matrix for a
particular analyte.

As an aside, it is worth pointing out that the suitability of
sample matrices is not binary but rather a continuum. Some
sample matrices are more suitable for a particular analyte, and
some less suitable. For example, let us assume that we would
like to develop a Point-of-Care (PoC) diagnostic platform
designed to sense the RNA of a bloodborne virus. The ideal
sample matrix would be whole blood containing (or spiked
with) the virus, since this most closely resembles the sample
type in the intended application. However, working with whole
blood and viruses carries risks and requires specialized
laboratories and equipment. A simplified approach would be
to use the isolated genome of the virus spiked into commercial
human serum, and simpler still would be to use a synthetic
fragment of RNA containing the target spiked into a filtered
buffer. Of these two options, the genome spiked into serum is
clearly superior. So, while it is not always possible or practical
to use the ideal sample matrix, there are still accessible ways to
add complexity and move toward the ideal. Researchers should
strive for the ideal but understand that adding even a small
amount of complexity is better than adding none.

Whatever the reason for a collective reluctance to properly
appreciate sample matrices, it is clearly an issue that needs to
be addressed. So, what can be done to enable and incentivise
researchers to go the extra mile? At the journal level, we believe
it is an editor’s responsibility to factor in the presence or
absence of a “suitable” sample matrix when evaluating a new
sensing technology, particularly if the technology is applica-
tion-focused. Indeed, our current policy at ACS Sensors is that
“Application papers should demonstrate the use of the sensor in
complex samples”, with other sensing journals having similar
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policies in place. Moving forward, broader interest journals
should adopt these policies and ensure that they are clearly
communicated to researchers.

At a community level, we could and should be far more
ambitious. We should improve access to both sample matrices
and “real samples”. In its simplest form, this could mean
openly sharing existing samples (within the confines of ethical
practice) but should also involve creating community data-
bases outlining suitable sample matrices for different types of
sensors/analytes, including details on how to prepare or obtain
these matrices. Funders could use their resources to support
the establishment and upkeep of these collaborative networks
and databases. In turn, this would allow us to better contrast
and compare the utility of new sensing technologies in a wide
range of environments. Ultimately, as a community, we must
ask ourselves “Do we want our sensing technologies to be
genuinely useful for their intended applications?” If the answer is
yes, then as individual researchers we must make every effort to
evaluate our sensors in suitable sample matrices, and as a
community we should establish systems to enable others to do
the same.

Daniel A. Richards orcid.org/0000-0001-8827-9170

Andrew J. deMello, Associate Editor, ACS
Sensors orcid.org/0000-0003-1943-1356

■ AUTHOR INFORMATION

Complete contact information is available at:
https://pubs.acs.org/10.1021/acssensors.3c02303

Notes
Views expressed in this editorial are those of the authors and
not necessarily the views of the ACS.

■ REFERENCES
(1) Masson, J. F. Consideration of Sample Matrix Effects and

“Biological” Noise in Optimizing the Limit of Detection of
Biosensors. ACS Sensors 2020, 5, 3290−3292.
(2) Matrix in Analysis. The IUPAC Compendium of Chemical
Terminology; IUPAC: 2008.
(3) Matrix Effect. The IUPAC Compendium of Chemical Terminology;

IUPAC 2008.
(4) Barbosa, A. I.; Edwards, A. D.; Reis, N. M. Antibody Surface

Coverage Drives Matrix Interference in Microfluidic Capillary
Immunoassays. ACS Sensors 2021, 6, 2682−2690.
(5) Tsui, N. B. Y.; Ng, E. K. O.; Lo, Y. M. D. Stability of

Endogenous and Added RNA in Blood Specimens, Serum, and
Plasma. Clinical Chemistry 2002, 48, 1647−1653.
(6) Voyvodic, P. L.; Conejero, I.; Mesmoudi, K.; Renard, E.;

Courtet, P.; Cattoni, D. I.; Bonnet, J. Evaluating and Mitigating
Clinical Samples Matrix Effects on TX-TL Cell-Free Performance.
Scientific Reports 2022, 12, 13785.

ACS Sensors pubs.acs.org/acssensors Editorial

https://doi.org/10.1021/acssensors.3c02303
ACS Sens. 2023, 8, 3986−3987

3987

https://pubs.acs.org/doi/10.1021/acssensors.3c02303?fig=SIG-BLOCK-d14e78-autogenerated&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Daniel+A.+Richards"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Andrew+J.+deMello"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Andrew+J.+deMello"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Daniel+A.+Richards"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Andrew+J.+deMello"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acssensors.3c02303?ref=pdf
https://doi.org/10.1021/acssensors.0c02254?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acssensors.0c02254?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acssensors.0c02254?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acssensors.1c00704?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acssensors.1c00704?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acssensors.1c00704?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1093/clinchem/48.10.1647
https://doi.org/10.1093/clinchem/48.10.1647
https://doi.org/10.1093/clinchem/48.10.1647
https://doi.org/10.1038/s41598-022-17583-4
https://doi.org/10.1038/s41598-022-17583-4
https://pubs.acs.org/doi/10.1021/acssensors.3c02303?fig=SIG-BLOCK-d14e78-autogenerated&ref=pdf
https://pubs.acs.org/doi/10.1021/acssensors.3c02303?fig=SIG-BLOCK-d14e80-autogenerated&ref=pdf
pubs.acs.org/acssensors?ref=pdf
https://doi.org/10.1021/acssensors.3c02303?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

