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Abstract  
This work introduces a novel bacterial identification assay based on thermal wave analysis through 
surface-imprinted polymers (SIPs). A novel thermal sensing platform; coined thermal transport 
analysis (TWTA) that has been previously used for the detection of dopamine in banana juice was 
combined for the first time with SIPs. The technique, based on the analysis of a propagation of a 
thermal wave through functionalized surfaces, has previously been shown to be more sensitive than 
the previously developed heat-transfer method. SIP-coated aluminum chips were imprinted with 
Escherichia coli and used for the detection of bacteria in spiked urine samples. The proposed sensor 
platform was able to detect bacteria in concentration regimes relevant for urinary tract diagnosis (UTI), 
illustrating the diagnostic potential of the thermal detection platform and its combination with synthetic 
receptors.  
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Introduction 
Over the past decade, various biomimetic 
sensor platforms based on synthetic, bio-
inspired receptors have been developed. In 
terms of macromolecular targets, surface-
imprinted polymers (SIPs) have emerged as 
interesting candidates for incorporation into 
point-of-care detection systems. Until now, SIP-
based sensors have been mainly combined 
with quartz crystal microbalances readout 
platforms.1  

In 2012, a surprisingly versatile tool for label-
free sensing was developed; the so-called heat-
transfer method (HTM). In previous work, SIP-
based detection of bacteria was demonstrated 
using this thermal readout strategy.2,3 Although 
the results of these experiments were 
promising, the relatively narrow dynamic range 
and limited sensitivity of the sensor limited its 
application in e.g. screening healthcare 
surfaces for the presence of bacteria in hygiene 
management.  

Therefore, the sensitivity of the thermal sensing 
principle has been improved in this study by 

analyzing the propagation of a thermal wave 
through the receptor layer rather than a 
constant current (thermal wave transport 
analysis or TWTA). The improved methodology 
allows for selective bacteria detection in urine in 
concentrations relevant for diagnosis of urinary 
tract infection (UTI).4 

Methods 
Aluminum chips were coated with polyurethane 
and imprinted with various target-cells to create 
SIPs for E. coli. A thermal current with an 
average temperature of 37°C, an amplitude of 
0.1°C and a frequency of 0.03 Hz was send 
through the SIP-coated chip and the phase shift 
of the transmitted wave was analyzed by TWTA 
in function of the concentration of bacteria in 
the sample under analysis. 

Results 
The SIP layer was exposed to urine samples 
spiked with increasing concentrations of E. coli. 
The results indicate that the observed phase 
shift on the transmitted concentration increases 
in function of the concentration of bacteria 
(Figure 1). 
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Discussion 
Binding of bacteria to the SIP layer increases 
the thermal resistance of the solid-liquid 
interface as they displace the urine that was 
previously inside the binding cavities (water-
based, good thermal conductor). Therefore, the 
heat wave will propagate less smoothly through 
the SIP-coated aluminum chip, leading to the 
observed phase shift in Figure 1. The sensor is 
able to detect bacteria in concentrations as low 
as 10,000 CFU mL-1, which is in line with 
concentrations observed in urinary tract 
infection. Therefore, these results illustrate the 
potential application of the current sensor 
platform in UTI diagnosis.  
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Fig. 1. Serotonin detection in whole blood samples 
using the thermal detection platform. Upon addition 
of blood, the temperature inside the flow cell rises as 
a result of blood being a better conductor than air. 
The increase observed in the MIP channel is lower 
as the binding of serotonin to the MIP increases the 
heat-transfer resistance of the solid-liquid interface 
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