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Figure S1. Schematic of instrumentation. a) Pump is used to inject sample loaded in the syringe 
at 20 µL/min into entrance electrode channel. Liquid flows past set of entrance electrodes. Liquid 
flows from entrance electrode outlet through tubing into one capture chamber from a set of six, 
where beads will be captured as the flow through. The outlet of the capture chamber connects via 
tubing to the inlet of the exit electrode channel, which passes through the set of exit electrodes. 
Both sets of electrodes are connected to a PCB board using silver epoxy, which is inserted by a 
breakout board connected to the lock-in amplifier. Image created with Biorender. b) Photo of lock-
in amplifier which is connected to the breakout board. 



Figure S2. Differential electrical counting technology. a) Electrodes measure the impedance 
changes caused by beads flowing through the aperture between the electrodes through the use of a 
b) Wheatstone bridge circuit by acquiring output voltages across a 10 kΩ resistor with a sampling 
rate of 250 kHZ to produce an c) impedance over time plot. Within this plot one can identify d) 
individual peaks which can be analyzed for their maximum values via MATLAB which will vary 
based on the size and composition of the beads used. Images S2a and S2b created with Biorender.



Figure S3. Schematic of aggregation when not performing pre-incubation. Hydrogel Beads 
conjugated to primary antibody are mixed with virus in solution. Because each virus has multiple 
proteins and each bead has multiple antibodies, one bead can bind to multiple viruses and one virus 
can lead to multiple beads. Over the incubation period this will lead to increasing amounts of 
aggregation as beads form complexes with viruses attached to other beads, until many large 
aggregates are present which can clog electrodes and prevent the proper acquisition of data. Image 
created with Biorender.



Figure S4. COMSOL shear rate simulation of capture chamber. A 2D simulation of the chamber 
geometry was created by importing geometry from AutoCAD and autogenerating the mesh which 
contains a total of 775634 elements. A laminar flow analysis was performed with a stationary 
study.  Flow was simulated at 3.33333e-10 m3/s (20 µL/min) based on a chamber height of 55 µm, 
going from an inlet at the left side to the outlet on the right. Shear Rate around pillars was 
determined to be at consistent levels with designs used previously (average shear rate around the 
pillars ~700 s-1 and a maximum shear rate around the pillars of about 5000 s-1) to allow for similar 
rates of specific capture.



Figure S5. Entrance and exit histograms for HAV individual assay. Voltages are normalized 
against average voltage signal of counts.



Figure S6. Entrance and Exit histograms for B19V individual assay. Voltages are normalized 
against average voltage signal of counts.
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Figure S7. Entrance and exit histograms for multiplexed testing. Voltages are normalized against 
average voltage signal of counts.


