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ABSTRACT 

We propose a disruptive point-of-care (PoC) imaging platform based on lens-free interference phase-contrast imaging for 
rapid detection of biomarker such as for sepsis and potentially other diseases (e.g. cancer). It enables simultaneous 
analysis of potentially up to 10,000 functionalized microarray spots with different biomarkers with fast time-to-results 
(few minutes) and by consuming a small sample volume (~10 µL). The high sensitivity allows direct measurements of 
the biomarker binding without the use of fluorescent labels (e.g. ELISA) or microbial culture methods. In addition, ad-
hoc plasmonic nano-structuring is utilized to significantly improve the sensitivity for biomarker detection (optical path 
difference ~Å) to concentration levels relevant for disease diagnosis. 
The proposed technology incorporates a portable and low-cost lens-free imaging reader made of consumer electronic 
components, plasmonic microarrays with distinct functionalization, and user-friendly software based on a novel phase-
shifting interferometry method for topography and refractive index analysis. Due to its compactness and cost-efficiency, 
we foresee a great potential for PoC applications, especially for the rapid detection of infectious diseases or life-
threatening conditions, e.g. sepsis, but also for clinical trials of drugs and food control. 
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1. INTRODUCTION  
Point-of-care (PoC) diagnostics is a rapidly growing field with great potential, capable of addressing some of the greatest 
medical challenges, e.g. fast and accurate identification of infectious diseases or pandemics, in particular in remote areas 
and poor countries, to avoid danger to humanity and increase of economic cost. For example, an accurate diagnosis of 
sepsis (a whole-body inflammatory reaction that costs more than 7 million lives per year) within the first hour strongly 
increases the survival rate (up to 70%).1 
While there have been great advances in the preparation of bioassays, there is still a great demand for accurate, rapid and 
portable readers.2 Optical measurements have the advantage of not directly interacting with the sample substrate, while 
enabling high sensitivity within a short measurement time. Nowadays, most optical methods are based on labeling the 
analyte, thereby increasing the complexity and eventually altering the results.3 Direct measurement without labeling is 
often challenging due to the difficulty in achieving adequate sensitivity. Recent research has demonstrated that the 
optical response of biosensors can be enhanced by using plasmonic structures, such as nano-hole arrays.4 To efficiently 
read plasmonic arrays, an appropriate imaging method has to be developed. 
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2. RESULTS 
2.1 Concept 

We propose a novel lens-free interferometric microscope (LIM) with high sensitivity and a large field-of-view (FOV) for 
phase-contrast imaging of label-free microarrays on a large detection area.5 It combines a differential interference 
contrast (DIC) configuration with a lens-free microscope (LFM), while using a commercially available complementary 
metal-oxide-semiconductor (CMOS) image sensor, see Figure 1a. Non-uniformities in refractive index and topography, 
which are recorded as an intensity map (similar to DIC), can be transformed into quantitative phase images using a novel 
phase-shifting interferometry method. Plasmonic nanostructures are used to further enhance the optical response.  

Figure 1: a) 3D model of the LIM including the sample holder cartridge (front, in orange). b) An illustration of the 
corresponding optical concept. After the light passes through the Savart plate, it is sheared spatially and passes through 
different parts of the sample. This leads to a phase difference between the two beams, which can be monitored as a different 
intensity on the imaging sensor. c) Scheme of the binding of biomarker to the capture antibodies, which are functionalized as 
spots on the plasmonic nanostructures. The microarray contains a multitude of such functionalized spots, each potentially 
detecting different biomarkers.  

 
2.2 LIM Prototype 

The phase-contrast interference imaging is achieved by spatially shearing the two axis of polarized, collimated light with 
the use of a Savart plate (with 50 µm shear), see Figure 1b. Consequently, the transparent sample is illuminated by two 
beams separated by 50 µm. With a subsequent Savart plate the sheared beams are interfered and imaged on a CMOS 
sensor; any phase difference will be observed by a change in intensity. Overall, the LIM shows a high axial sensitivity of 
~1/1000 of the wavelength with a large FOV of more than 30 mm2 and a detection volume of more than 0.5 cm3, 
enabling simultaneous reading of several thousands of biomarkers.5 Due to the lens-free configuration and the use of 
potentially highly-compact light emitting diode (LED) light sources, the LIM can have a small form factor ideal for 
hand-held PoC applications.  
 
2.3 Biological Measurements 

The binding of biomarkers (e.g. specific indicators of diseases) to functionalized microarrays (see Figure 1c) results in 
minute changes in the topography (in the sub-nanometer range) that can be detected with the LIM. The use of plasmonic 
nano-structured chips as microarray samples can strongly enhance the detection sensitivity, down to an optical path 
difference (OPD) of a few Å, by enhancing the phase response of the bio-sample.6 
As a first proof-of-concept, the plasmonic microarrays were functionalized with Protein A/G (spot size ~50 µm), then the 
remaining area was blocked by incubating with bovine serum albumin (BSA), see Figure 2a.6 Subsequently, in two steps, 
the samples were incubated with a mouse IgG 1 (IgG1) solution and then a goat anti-mouse IgG 2 (IgG2) solution, 
rinsed, and dried. Figure 2a shows the OPD image of the functionalized microarray spots before (left) and after (right) 
IgG binding. The clear increase in OPD is a strong indication of binding events, which showed to have a limit of 
detection of ~500 ng/mL. These accurate measurements of biological markers confirm the great potential for reading 
biomarker microarrays for sepsis, e.g. by analyzing C-reactive protein. In another recent work, the proposed imaging 
PoC technology has shown the capability of detecting single Escherichia coli (E. coli) cells (a common causal pathogen 
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of sepsis), within some minutes instead of hours (clinical standard method) of measurement time.7 This was achieved 
similarly by functionalizing a sample with protein G, blocking with BSA and incubating with an antibody solution 
(binding to protein G). In a next step, the sample was incubated with an E. coli solution (in buffer or diluted plasma). 
Bacteria attached to the antibodies and were measured with the LIM. A limit of detection (LOD) of 1 cell per 150 µL 
was experimentally verified (see Figure 2b) within 40min.7 These results demonstrate the potential of the technology to 
rapidly determine the type of infection causing sepsis, allowing a rapid and tailored treatment of the patient. 

Figure 2: a) Concept of plasmonic-enhanced sensing of microarrays functionalized with capture antibodies to bind the 
biomarker.  OPD maps of a microarray (4x4 spots) functionalized (left) and after binding of IgG1 and IgG2 (right). b) 
Concept of the binding of bacteria via antibody and protein G binding and corresponding measurement results.  

3. CONCLUSION 
In conclusion, we propose a disruptive PoC imaging platform for the rapid detection of sepsis and potentially other 
diseases (e.g. cancer), screening assays (e.g. trial of drugs), or food control. The lens-free configuration (large field-of-
view) allows simultaneous label-free detection and analysis of potentially more than 10,000 biomarkers (highly scalable) 
within minutes. Due to its high sensitivity, only small sample volumes (<10 µL), integrated with microfluidics, and no 
further treatment steps (unlike ELISA or microbial culture methods) are required. Thanks to its lens-free configuration 
and the use of consumer electronic components, the technology is compact, portable, and low-cost, making it highly 
versatile as a PoC device, in particular for remote and economically-challenged areas. 
We strongly believe that by (i) measuring an adequate number of biomarker simultaneously, (ii) performing preclinical 
studies with samples from sepsis patients, (iii) using deep learning methods to improve the data analysis and therefore 
the detection sensitivity, and (iv) re-designing the interferometric microscope towards a more compact and portable form 
factor, we are paving the way towards a label-free, rapid, and scalable PoC device for sepsis. 
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