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EXECUTIVE SUMMARY

The present report describes the progress on the Work Package 2 “Detecting Biofilms”
related to the development of paper-based platforms for biofilms detection.
The work focused on the detection of bacteria and on the improvement of the limits of
detection on lateral flow immunoassays, potential platforms for on-site detection of biofilms at
early stages of their formation.
In order to enhance the signal on these platforms, two different approaches were carried
out: LFIA coupled to thermal sensing and LFIA coupled to silver enhancement. In addition,
electrochemical sensing is presented as a good alternative for good sensitivity as well.
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COMPLETE LIST OF TASKS OF WORK PACKAGE 2

This Report is part of the broader activities of Work Package 2 ‘Detection and Identification of
Biofilms’. The following tasks under this WP have been detailed in the Grant Agreement:
Task 2.1 Preparation of a microcavity array functionalised with different pathogen capture
antibodies (multiplexed detection) for pathogen capture with detection by impedance, mediated
electron transfer, and electrochemiluminescence. (DCU, AU, UNIOVI, WARWICK, UULM, UNIBA,
THERADEP, ABBOTT).
Task 2.2 Integration of sensor with a microfluidic platform. Performance assessed and correlated
with absolute pathogen counts. (DCU, UNIOVI)
Task 2.3 Development of a new diamond based electrochemical biofilm sensor for specific
analysis of biofilms growth and inhibition by biocides (WARWICK, PROCESS INSTRUMENTS).
Task 2.4 Optimization of paper microfluidic electrochemical platforms for biofilm sensing
(UNIOVI, DCU).
Task 2.5 Design and application of strategies, including electronic beacons, for transfection
inside bacterial cells (AU, WARWICK, DCU).
Task 2.6 Optimization of NIR-based system for detection of the most common biofilms in the
Agri-food sector (ASINCAR, UNIOVI, UNIBA).
Task 2.7 Validation of results by traditional microbiological tests and electrochemical assays (AU,
DCU, UNIOVI, IPLA-CSIC, ASINCAR).
Task 2.8 Demonstration of industrial utility by benchmarking against current gold standards
(DCU, ABBOTT, ASINCAR).

Grant Agreement number: 813439 — BREAK BIOFILMS — H2020-MSCA-ITN-2018
Page 4

Disposable paper microfluidic platforms for the study of biofilm activity and biocide high throughput screening

INTRODUCTION
Biofilms, what moves us
Bacteria are able to form communities on all sort of surfaces: metals, plastic, natural
materials… They are all around us!
Our Project deals with the “bad” biofilms, the ones that are responsible for a high
percentage of the infections in humans and the ones causing several problems in the agrifood
industries. These microbial biofilms are the primary cause of biofouling of membranes and
surfaces in both clinical and industrial settings. Consequently, they have a huge health and
economic impact. For this reason, knowing where this “enemy” is present is of significant interest
and this is where the Breakers of WP2 enter the scene!
Let us walk you through the different approaches we followed to detect biofilms using
rapid and sensitive technologies!

Figure 1. Confocal microscopy image of a biofilm. Live and dead cells are visualised in green and red, respectively.
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PROGRESS TO DATE
While the imaging strategy shown in Figure 1 is very useful, it requires a centralised
laboratory equipped with costly equipment and expert operators. Our focus is different. We are
trying to bring the measurement to the point of need, e.g., a local doctor’s office or a restaurant,
so that the result is available rapidly and can be easily interpreted, e.g., is this burger likely to give
me food poisoning! Lateral flow assays (LFA) are among the most popular devices for POC
diagnostics [1,2]. They are the basis for the well-known pregnancy test, but they can be designed
for different applications in biomedicine, toxicology, food, agriculture, and environmental fields
[3,4]. In fact, within the actual pandemic situation, LFA tests drew a lot of interest because they
are the basis of antigen tests for Covid 19 diagnostics [5].
The reporter labels on LFA play an important role on the sensitivity of these tests. We have
carried out two different strategies to improve the sensitivity on our tests to detect bacteria:
thermal sensing and silver enhancement.

Thermal Sensing
The application of thermal sensing to LFA detection is an emerging strategy to improve the
analytical sensitivity, i.e., to improve the signal, or signal to noise ratio, in response to a given
concentration of the target. It is based on the generation of heat and exploits the plasmonic
properties of gold nanoparticle labels.
During her industrial secondment at Nanoimmuntech S.L., Shayesteh Bazsefidpar (ESR1)
synthesized gold nanorods (AuNRs) and gold nanoprisms (AuNPrs) as labels for detection of E.
coli O157:H7 (Figure 2). This is a gram-negative biofilm forming bacteria able to colonize and
persist in human, animal hosts and environment.

These expertises were subsequently

transferred to Dublin City University through a secondment by Miren Ruiz de Eguilaz (ESR 11).
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Figure 2. SEM imaging of AuNRs (left) and AuNPrs (right) after optimization of synthesis.

Synthesis and characterization of AuNRs and AuNPrs were followed by conjugation to the
detection antibody against the bacteria. LFIA were performed in order to determine the minimal
concentration of E. coli O157:H7 that can be detected by naked eye (Figure 3).

Figure 3. Determination of minimal concentration of bacteria that can be detected using AuNRs (left) and AuNPrs
(right) as reporter labels in LFIA.

Signal amplification by thermal sensing was then performed using a NIR laser that excites
the electrons within the nanogold label, which is then subsequently converted to heat and the
total amount of heat released depends on the concentration of bacteria present in the sample.
Figure 4 shows the results obtained using LFIA experiments with different concentration of
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bacteria, starting from the last condition that could be detected by naked eye. The use of AuNRs
improved the limit of detection (LOD), which was 2 × 104 CFU/mL after thermal sensing.
Significantly, the efficiency of heat generation depends on the structure of the gold nanoparticles
and using AuNPrs as reporter labels resulted in a significant decrease in the LOD, from 2 × 106
CFU/mL to 2 × 101 CFU/mL.

Figure 4. Calibration curve for detection of E. coli O157:H7 in LFIA strips after amplification by thermal sensing.

In conclusion, the study of different reporter labels in LFIA and its subsequent combination
with thermal sensing showed that it is possible to detect low concentrations of bacteria. Hence
this is a powerful tool for early detection of biofilms!
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Silver Enhancement for Visual Detection
Colloidal gold nanoparticles are the most common reporter labels used for LFIA. The
implementation of an enhancement strategy that may be applied directly after performing the
test is a good option for rapid on-site detection of the biofilms especially where it is necessary to
detect ultralow concentrations of the target, e.g., by EU law the concentration of Listeria
monocytogenes must be less than 100 per gramme of food!.
Silver deposition on the surface of gold nanoparticles enhances the visual naked-eye
detection on LFIA strips. The method for deposition of silver on the test strip was designed and
optimized for detection of E. coli O157:H7. As a result, it was possible to decrease the LOD of the
biosensor down to 2 × 103 CFU/mL (Figure 5).

Figure 5. Comparison of the test lines obtained in a LFIA for detection of E. coli O157:H7 before (left) and after
silver enhancement (right).

Electrochemical Sensing
Electrochemical detection using electrocatalytic gold and platinum nanoparticles is being
pursued as an alternative to thermal or visual sensing by DCU. While this approach has the
disadvantage that a dedicated reader, similar to a portable glucometer, would be required, it can
offer good sensitivity and provide an electronic record of the measurement. This record may be
important for some applications, e.g., confirmation that food preparation surfaces are bacteria
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free following cleaning. Our strategy is to use screen printed carbon electrodes, SPE, (Figure 6)
that show very low capacity to reduce hydrogen peroxide. In contrast, as shown in Figure 7, the
presence of bacteria in the sample causes electrocatalytic nanoparticle
labels to become confined to the electrode surface and these can very
efficiently reduce peroxide. Achieving a low background current from
the SPE is essential since this represents the “noise” in the actual
measurement of the target and it is the signal to noise ratio, S/N, that
dictates the lowest concentration of bacteria that can be measured. The
SPE is first functionalised with capture antibodies that selectively bind
the target bacterium. Then, as shown in Figure 6, electrocatalytic metal
nanoparticles, functionalised with a secondary antibody at low surface

Figure
6
Screen
Printed
Electrodes (22 individual sensor
platforms shown).

coverage is introduced resulting in the binding of some particles to the
SPE surface. While further optimisation of the SPE is
required to minimise the background, current associated
with the reduction of hydrogen peroxide, these low-cost,
electrochemical LFAs can detect E. coli at a concentration
of 500 bacteria per ml.
Figure 7. Electrochemical detection of
bacteria using electrocatalytic metal
nanoparticle labels.

Concluding remarks
Detection of biofilms at early stages is challenging, as it requires the achievement of low
limits of detection and the capture of the planktonic cells before the biofilm growth.
LFIA are a potential alternative for rapid, low-cost and on-site detection. Although the low
sensitivity is one of the main drawbacks of this technique, strategies focused on the reporter
labels employed in this work may overcome this disadvantage.
We have addressed this issue using two different approaches: LFIA coupled to thermal
sensing and LFIA coupled to silver enhancement. Both strategies significantly improved the limit
of detection. Moreover, they are suitable as rapid, decentralized technologies to use in clinical and
industrial settings.
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COMMUNICATION AND DISSEMINATION
Conferences – Workshops
Shayesteh Bazsefidpar, Gemma Gutierrez, Esther Serrano, Alberto Sanchez Calvo, María Matos,
and María Del Carmen Blanco-Lopez. Detection of E. coli O157:H7 by lateral flow immunoassay and
silver enhancement. International congress on analytical nanoscience and nanotechnology (NyNA
2022) ,September 5-8, 2022 (abstract submitted, Oral presentation).
Shayesteh Bazsefidpar, Gemma Gutierrez, Esther Serrano, Alberto Sanchez Calvo, María Matos,
and María Carmen Blanco-Lopez. Rapid and sensitive test for E. coli O157:H7 detection.
EuroBiofilms2022, Mallorca, 31-3 August 2022, (abstract submitted ,Oral presentation).
Shayesteh Bazsefidpar, Jesus Martinez de la Fuente, María Matos, and María Carmen BlancoLopez. Development of a thermal biosensor in a test strip format for detection of E. coli O157:H7
bacteria. International Conference on Nanomaterials Applied to Life Sciences (NALS) 2022,
Santander, Spain, 27-29 April 2022. (Oral presentation).
Shayesteh Bazsefidpar, Alberto Sanchez-Calvo, Esther Serrano Pertierra, Gemma Gutierrez, María
Matos, and María Carmen Blanco-Lopez. Immunochromatographic detection of E. coli O157:H7 by
using lipid polymer hybrid nanoparticles. European Materials Research Society (EMRS), 20-23
September 2021, (poster).

Other events



Workshop VIRTUAL COMPANY, Break Biofilms Training, May 11-15, 2022, Ulm, Germany
Electrochemistry workshop, Break Biofilms Training, University of Warwick, United
Kingdom, 11 – 13, April 2022
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