Equivalent electrical model circuit for COVID-19 electrochemical detection
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Abstract
Human respiratory infections caused by different pathogenic threats are a severe risk for the
population worldwide [1]. Recently, an unprecedent outbreak of the newly designated Coronavirus
disease 2019 (COVID-19) [2] has caused, to date, over 169000 deaths around the globe [3]. The
societal and economic impact are still to be realized. While research around the globe has shown a
remarkable amount of fast track results, it has also been questioned the readiness level of health
systems in different countries. As an immediate counter measure to avoid catastrophic scenarios,
the accurate and timely diagnosis of potential cases is required [4]. Currently, diverse methods are
available to perform fast (<2 h) detection, however, instrumentation and reagents costs are
considered a major drawback for routine application.
Electrochemical technologies have proven to accomplish the requirements for fast and economically
amendable screening tools, different groups have demonstrated applicability of electrochemical
biosensors for human influenza (H1N1) [5], rabies [6], human papilloma virus [7], among others.
One of the main advantages of electrochemical technologies is that it allows to obtain readily
accountable results, which translates in market products that require little training, which make them
perfect candidates in emergency situations. On the other hand, the design and development of
devices based in electrochemical technologies requires a careful understanding of each element
that would partake in the final measurement. As part of this endeavor, a proper modelling and
characterization of the target is required. In this work we, present the equivalent electrical model
circuit for different measurement strategies focused in the COVID-19 viral particle (virion), ranging
from the single particle electrical characteristics, to suspension dispersed virus (colloid) and
immobilization. The basic model is based in the dielectric properties of the virion structure,
represented by the single shell and the dual shell spherical model [8]. The results provide a simple
capacitive representation which can be used for the more complex scenarios, in which the diffusive
effect of the suspension medium and the immobilization molecules should be accounted for in order
to avoid misreading and, correspondingly, misdiagnosis.
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