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Abstract 
 
This work shows a world overview of COVID-19 diagnostic methods, analyzing their effectiveness and sensitivity. 

With a special emphasis on biosensors, specifically, those that are based on fiber-optic technology, simply explaining 

their operation and their ability to detect virus as SARS-CoV-2. With these technological advances, the clinical 

diagnosis will be made faster, cheaper, and applied to patients in remote places where there are no hospitals or clinical 

laboratories, either due to poverty, geographic difficulties, or violence, factors found in Colombia. 

Keywords: Biosensor, COVID-19, Clinical Diagnostics, Medicine, Technology and Optical fiber. 

ISSN: 0123-3033 – ISSN-e: 2027-8284 

https://doi.org/10.25100/iyc.v23i2.10484
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:maria.nietoca@amigo.edu.co
mailto:wdario.cardona@udea.edu.co
mailto:c.isaza2059@pascualbravo.edu.co
mailto:yamile.cardonaam@amigo.edu.co
https://orcid.org/0000-0001-5851-4053
https://orcid.org/0000-0003-0062-6444
https://orcid.org/0000-0001-6632-9691
https://orcid.org/0000-0001-7357-0379


Nieto-Callejas, et al/Ingeniería y Competitividad, 23(2), e30110484, julio-diciembre2021 

2 / 9 

Resumen  

Este trabajo muestra una revisión mundial de los métodos diagnósticos de COVID-19, analizando sus efectividades y 

sensibilidades. Con un énfasis especial en los biosensores, particularmente, los que se basan en la tecnología de las 

fibras ópticas, explicando de manera simple su funcionamiento y su capacidad para detectar virus como el SARS-CoV-

2. Con estos avances tecnológicos, el diagnóstico clínico será rápido, económico y podrá aplicarse en pacientes que 

vivan en lugares remotos donde no hay hospitales ni laboratorios clínicos, debido a la pobreza, las dificultades 

geográficas o violencia que son factores que se encuentran en Colombia. 

Palabras clave: Biosensor, COVID-19, Diagnóstico clínico, Medicina, Tecnología y Fibra óptica. 

 

1. Introduction 

To limit the spread of the coronavirus infection 

and execute a correct treatment for the patients, 

worldwide experts have demonstrated the 

importance of developing fast tests to improve the 

diagnosis of COVID-19 (Table 1). To date, the 

World Health Organization (WHO) has 

recommended the use of an assay based on 

reverse transcription-polymerase chain reaction 

(RT-PCR) in respiratory samples as the Gold 

Standard for the diagnosis of COVID-19 (1). 

Unfortunately, RT-PCR is affected by several 

practical limitations, including relatively invasive 

sampling, a time-consuming procedure to process 

and generate results, the need for specialized 

operators and certified laboratories. Therefore, 

the use of RT-PCR is particularly challenging in 

environments with limited resources. As well, 

increased global demand for diagnostic tests is 

limiting the availability of operating material for 

respiratory sample collection and molecular 

diagnostics. On the other hand, one of the most 

used techniques for the detection and diagnosis of 

diseases is enzyme-linked immunosorbent assay 

(ELISA). However, complex procedures, a long 

time, and expensive equipment are required for its 

use. 

Reviewing the literature recently published in the 

National Center for Biotechnology Information 

(NCBI), searching the terms diagnosis and fiber 

optic (June 3, of 2020) 15769 documents were 

found. However, only one article implemented a 

fiber-optic biosensor that combines a sandwich 

immunoassay with the surface plasmons and 

fluorescence to detection recombinant SARS-

CoV nucleocapsid protein N, and was shown an 

improvement of the detection limit (1 pg/mL) to 

be increased by 104 - fold using the same 

monoclonal antibodies in comparison with 

conventional antigen capture ELISA (2), showing 

that fiber optic technology can offer even greater 

sensitivity than the best conventional methods 

used. 

 

There are tests to determine if an individual has 

been infected with SARS-CoV-2: 1) viral nucleic 

acid detection and viral antigen detection -acute 

infection-, and 2) detection of antibodies to the 

virus -prior infection-. Despite being sure that 

there is a worldwide discussion on the use and use 

of tests that detect antibodies (3), new tests, with 

high sensitivity, specificity, and using low-cost 

technology need to be created (4).  Therefore, 

postulating the creation of devices based on 

optical fibers is suitable and perhaps they would 

help control, with fewer adverse effects for 

society, this, and new pandemics. 

 

Every biosensor is composed of three well-

differentiated parts: the substrate, the biolayer, 

and the immobilization interface. The substrate in 

optical fiber biosensor is silica, where the optical 

transduction process occurs. The biolayer 

oversees detecting the target molecules based on 

the corresponding bioreactions. Finally, the 

immobilization interface provides the biolayer 

attachment to the substrate. In the last decades, a 
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wide variety of immobilization techniques have 

been developed and have been used for 

biosensing applications (5). 

An Optical biosensor can be defined as a 

transducer through which biological measurands 

interact with the light that is either guided through 

an optical fiber, or that is guided to an interaction 

region by an optical fiber (6), to produce a 

modulated optical signal with information related 

to the parameter being measured, which means, 

that fiber interacts with an external parameter and 

carries the modulated light signal from the source 

to the detector. The input measurement 

information can be extracted from this modulated 

optical signal (Figure 1).  

Counting sensitivity and selectivity, one of the 

fundamental characteristics that make most 

biosensors, so the potential is the possibility of 

performing the analysis of the substance to be 

determined in real-time and directly (without the 

need for the intervention of a marker). These 

characteristics give biosensors the possibility of 

carrying out not only a qualitative and 

quantitative analysis, but also the possibility of 

evaluating the kinetics of the interaction and, 

therefore, clear up the fundamental mechanisms 

of said interaction. 

Indubitably, implementing new techniques that in 

real-time and in a dynamic way make the 

diagnosis of a disease without the use of long 

procedures and highly qualified personnel would 

mean an important technological advance, chiefly 

for the early detection of some diseases whose 

diagnosis It can be very costly and tedious, and it 

can affect populations in inaccessible locations 

where contact to a clinical laboratory is naught. 

Several structures optical fiber-based have been 

shown as feasible to be used as biosensors: Fiber 

Bragg Gratings (FBG) (7), Long-Period  Fiber 

Grating (LPFG) (8), Surface Plasmon Resonance 

(SPR) (9), Lossy Mode Resonance (LMR) (10), and 

a wide variety of interferometers (11) which stands 

out tapered fibers (12), and multimode fibers 

(SMS) (11). 

The physical principle in all of them is based on 

the change in the biolayer produces a change in 

the light that propagates inside the fiber, making 

it possible to detect if an antibody or antigen has 

bound to the biolayer. 

Immobilization of bioreceptors onto the biosensor 

surface can be accomplished by different 

mechanisms as adsorption, covalent bonds, 

entrapment, cross-linking, or affinity. Figure 2 

depicts an immunoassay used in some papers 

when a direct immunoassay is carried out on 

optical fiber (11,13). First, the fiber optic surfaces 

should be functionalized by immersion in a 

solution of   copolymer   using a solvent. The 

polymeric deposition provides carboxylic  

 

Figure 1. Optical fiber immunosensor scheme for antigen, viral nucleic acid detection and viral antigen 

detection 
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Table 1. Diagnostic techniques to detect SARS-CoV-2 

Diagnostic 

Techniques 
Description Efficiency Advantages Disadvantages 

rRT-PCR - 

Reverse 

Transcription-

Polymerase Chain 

Reaction 

The testing procedure 

includes: (i) specimen 

collection; (ii) packaging 

(storage) and shipment of 

clinical specimens (iii) 

(good) communication 

with the laboratory and 

providing the needed 

information; (iv) laboratory 

testing; (v) report the 

results (19). 

The time required to 

obtain the results can 

be up to 2 or 3 days 

[19]. It is only 66 to 

80% sensitive (20). 

rRT-PCR technique 

requires sophisticated 

laboratory equipment 

that is often located at 

a central laboratory 

(biosafety level 2 or 

above) (19). Therefore, 

its result is very 

reliable. 

Commercial PCR-based 

methods are expensive 

and depend upon 

technical expertise, and 

the presence of viral 

RNA or DNA does not 

always reflect acute 

disease (19). 

(Loop-mediated 

isothermal 

amplification) 

LAMP assay 

This method uses a set of 

four specially designed 

primers and a DNA 

polymerase with strand 

displacement activity. 

LAMP uses strand-

displacement polymerase 

instead of heat denaturation 

to generate a single-

stranded template (19). 

LAMP can synthesize 

target DNA up to 109 

copies in less than an 

hour at a constant 

temperature of 65 °C. 

Diagnostic sensitivity> 

95% (19). 

LAMP has high 

specificity and 

sensitivity and is 

simple to perform but 

also has the 

advantage of running 

at a constant 

temperature, 

simultaneously 

reducing the 

cumbersomeness of a 

thermocycler as well 

as the energy 

required (19). 

The clinical applicability 

of the LAMP technique 

has not been studied for 

SARS-CoV-2 yet (21). 

IgM / IgG Rapid 

Test 

Immunoassays are tests 

that identify specific 

antibodies in the patient's 

blood. A lateral flow 

immunoassay has been 

developed that can detect 

IgM and IgG in human 

blood just in 15 minutes (21). 

COVID-19 IgM / IgG 

Rapid Test Sensitivity 

is 88.66% (21). 

Using synthetic 

peptide as an antigen 

helps to enhance the 

stability and 

repeatability of the 

immunoassay, and 

theoretically would 

be more specific than 

using the virus as 

antigen (22). 

Usually, the 

immunoassay only 

provides qualitative 

results (23). 

A diagnostic 

model based on 

radiological 

semantic and 

clinical features 

Based on CT imaging and 

clinical manifestations 

alone, the pneumonia 

patients with and without 

COVID-19 can be 

distinguished. These 

models will play an 

essential role in early and 

easy-to-access diagnosis, 

especially when there are 

not enough RT-PCT kits or 

experimental platforms to 

test for the COVID-19 

infection (24). 

Area under the curve 

value of 0.986 (95% 

confidence interval 

0.966 ~ 1.000) and 

0.936 (95% confidence 

interval 0.866 ~ 1.000) 

in primary and cohort 

validation, respectively 
(24). 

The clinical and 

radiological semantic 

models provided 

better diagnostic 

performance and 

more considerable 

net benefits (24). 

Were found 18 

radiological features and 

17 clinical features 

relevant to form the 

predictors of COVID-19 

infection based on the 

study (24). 
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CRISPR-Based 

Assays 

Clustered Regularly 

Interspaced Short 

Palindromic Repeats 

(CRISPR) represents a 

family of nucleic acid 

sequences found in 

prokaryotic organisms, 

such as bacteria. These tests 

have great potential for 

point-of-care diagnosis (23). 

The CRISPR-Based 

Assays are low-cost 

and can be performed 

just in 1 h. Also, the 

essay follows the 

isothermal 

amplification of the 

target, resulting in a 

visual readout with a 

fluorophore (23). 

For the COVID-19 

virus detection, the 

CRISPR-based 

methods do not 

require complex 

procedures, just 

reading a paper strip 

it’s possible to know 

the diagnosis without 

loss of sensitivity or 

specificity (23). 

The methodology has 

been approved in the 

United States currently 
(23). 

Nucleic Acid 

Hybridization 

Using Microarray 

Microarray assays have 

been used for rapid high-

throughput detection of 

SARS-CoV nucleic acids. 

The microarray assay has 

proven useful in identifying 

mutations associated with 

SARS-CoV and has been 

used to detect up to 24 

single nucleotide 

polymorphisms (SNP) 

associated with mutations 

in the spike (S) gene of 

SARS-CoV with 100% 

accuracy (23). 

A nonfluorescent, low-

cost, low-density 

oligonucleotide array 

test has been 

developed to detect 

multiple coronavirus 

strains with sensitivity 

equal to that of 

individual real-time 

RT-PCR (23). 

A portable diagnostic 

platform based on the 

microarray chip has 

been used to identify 

nucleic acids specific 

to the MERS 

coronavirus as well 

as to influenza and 

respiratory syncytial 

viruses (23). 

One of the drawbacks of 

microarrays testing has 

been the high cost 

generally associated with 

it (23). 

Amplicon-Based 

Metagenomic 

Sequencing 

This diagnostic technique 

for identification of SARS-

CoV-2 relies on a dual 

approach involving the use 

of amplicon-based 

sequencing in addition to 

metagenomic sequencing 
(23). 

Amplicon and 

metagenomics 

MinION based 

sequencing was used to 

rapidly (within 8 h) 

sequence the genome 

of SARS-CoV-2 and 

the other microbiome 

in nasopharyngeal 

swabs obtained from 

patients with COVID-

19 by the ISARIC 4C 

consortium (23). 

This dual technique is 

particularly relevant 

to SARS-CoV-2 in 

the assessment of its 

rate of mutation and 

to detect its possible 

recombination with 

other human 

coronaviruses, both 

of which have 

implications for 

vaccine development 

and antiviral efficacy 
(23). 

Even when the method is 

appropriate, it is not 

widely applied in the 

labs. 

Enzyme-Linked 

Immunosorbent 

Assay (ELISA). 

ELISA is a microwell, 

plate-based assay technique 

designed for detecting and 

quantifying substances 

such as peptides, proteins, 

antibodies, and hormones 
(23). 

The test can be 

qualitative or 

quantitative, and the 

time to results is 

typically 1−5 h (23) 

ELISA is speedy, can 

test multiple samples, 

and is adaptable to 

automation for 

increased throughput 

but can be variable in 

sensitivity and is 

suitable for point-of-

care determinations 
(23). 

This method often fails to 

detect the viral infection 

if the collection 

procedure is not optimal, 

or if the patient has low 

viral load due to an early 

stage of the disease or 

suppression by host 

immunity, or if the 

samples were obtained at 

a late stage in the course 

of infection (25). 
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Neutralization 

Assay 

Neutralization assays 

determine the ability of an 

antibody to inhibit virus 

infection of cultured cells 

and the resulting cytopathic 

effects of viral replication 
(23). 

The time to results for 

neutralization assays is 

typically 3−5 days, but 

recent advances have 

reduced this to hours 
(23). 

Determination of 

neutralizing 

antibodies is 

important in the short 

term for the 

therapeutic 

application of 

convalescent plasma 

and, in the long term, 

for vaccine 

development (23). 

This type of testing 

requires cell culture 

facilities, and in the case 

of SARS coronavirus, 

Biosafety Level 3 

(BSL3) laboratories (23). 

Luminescent 

Immunoassay 

Luminescent immuno-

assays comprise methods 

that lower the limits of 

detection for antibody-

based reagents. Generally, 

they involve 

chemiluminescence and 

fluorescence (23). 

IgG was detected in 

71.4% (197/276) of all 

the sera, 192 higher 

than the detection rate 

of IgM (57.2%, 

158/276).  A 

combination of the two 

193 antibodies 

enhanced the detection 

rate to 81.5% 

(225/276). Different 

sensitivity of the 194 

detections of IgG and 

IgM had been reported 

in SARS (22). 

Diazyme 

Laboratories Inc. 

announced the 

availability of two 

new fully automated 

serological tests for 

SARS-CoV-2 that 

are run on the fully 

automated Diazyme 

DZ-lite 3000 Plus 

chemiluminescence 

analyzer (23). 

Currently, was approved 

for its use in the USA, 

China, and Brazil (23). 

Biosensor Test Biosensor tests rely on 

converting the specific 

interaction of biomolecules 

into a measurable readout 

via optical, electrical, 

enzymatic, and other (23). 

The surface plasmon 

resonance (SPR) chip 

had a lower limit of 

detection of 200 ng/mL 

for anti-SCVme 

antibodies within 10 

min (23). 

Most recently, 

PathSensors Inc. 

announced a 

CANARY biosensor 

to detect the novel 

SARS coronavirus. 

This platform utilizes 

a cell-based 

immunosensor that 

couples capture the 

virus with signal 

amplification to 

provide a result in 

3−5 min (23). 

The biosensor is slated to 

be available for research 

purposes in May 2020 
(23). 

 

functional groups (––COOH) to the surfaces, 

useful for antigen immobilization.  Once the optic 

fiber surface is functionalized, follows the 

activation of ––COOH groups using EDC and 

NHS and the covalent immobilization of the 

antigen on the optical fiber surface by pumping a 

solution of antigen in PBS. Then, surface 

passivation with BSA in PBS to achieve surface 

passivation is deposited.  

The deposition procedure, solution 

concentrations, and times involved were followed 

as presented previously reported in reference (13). 

Figure 1 presents the final scheme of the proposed 

biosensor based on an optical fiber. Once the 

biolayer is deposited, several solutions in PBS 

with increasing concentrations of the antibody are 

put in contact with the biosensor. A washing stage 

using PBS buffer (phosphate-buffered saline) 

between each new antibody concentration is 
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necessary to determine wavelength shift due to 

new antibody binding to the biolayer. 

 
Figure 2. Direct immunoassay scheme with an 

optical fiber biosensor 

The variation of the previous parameters for an 

attenuation band of the optical fiber biosensor as 

a function of the antibody concentration could be 

fit through a logistic curve that described the 

sigmoidal response of a biosensor (14). The Hill 

equation is well known to characterize this 

sigmoidal behavior (15,16). 

From the calibration curve, it is possible to 

determine parameters such as the dynamic signal 

range (DSR), the working range (WR), and the 

limit of detection (LOD) of the biosensor. The 

biosensor using antibodies could among other 

possibilities, a using monoclonal antibody that 

neutralizes SARS-CoV-2 (47D11) (17) detecting 

the virus in infected people and using the 

EUROIMMUN Anti-SARS-CoV-2 antibodies 
(18), Used for ELISA detection of in vitro 

determination of human antibodies of 

immunoglobulin classes IgA and IgG against 

SARS-CoV-2. 

Therefore, it is necessary and urgent, to perform 

approximations to detect the presence of virus as 

SARS-CoV 2. This technology cannot remain 

only in researching, it must be implemented for 

diagnosis now, taking advantage of its multiple 

advantages over other diagnostic technologies. 

3. Conclusions and future work 

 

To conclude, this work demonstrates the 

biosensors based on fiber-optic technology 

applicability for SARS-CoV-2 virus diagnosis. 

As work in the future, the fiber-optic biosensors 

could be implemented in Colombia in the clinical 

diagnosis for SARS-CoV-2 disease. With the 

research is expected that as the 

telecommunications paradigm changes to the use 

of fiber-optic technology the same happen with 

the COVID-19 diagnostic methods, in that order, 

the article impacts the academic community 

lighting an important and available technology for 

development. 

 

4. Funding Statement 

 

The author(s) received no specific funding for this 

work. 

5. References 

 

(1)  WHO and others. Protocol: Real-time RT-

PCR assays for the detection of SARS-

CoV-2 Institut Pasteur, Paris. Geneva: 

World Health Organization. 2020. 

Available from: 

https://www.who.int/docs/default-

source/coronaviruse/real-time-rt-pcr-

assays-for-the-detection-of-sars-cov-2-

institut-pasteur-

paris.pdf?sfvrsn=3662fcb6_2. 

(2)  Huang JC, Chang Y-F, Chen K-H, Su L-

C, Lee C-W, Chen C-C, et al. Detection of 

severe acute respiratory syndrome 

(SARS) coronavirus nucleocapsid protein 

in human serum using a localized surface 

plasmon coupled fluorescence fiber-optic 

https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2
https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2
https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2
https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2
https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-pasteur-paris.pdf?sfvrsn=3662fcb6_2


Nieto-Callejas, et al/Ingeniería y Competitividad, 23(2), e30110484, julio-diciembre2021 

8 / 9 

biosensor. Biosensors and 

Bioelectronics.2009;25(2):320–5. 

https://doi.org/10.1016/j.bios.2009.07.01

2. 

(3)  Weinstein MC, Freedberg KA, Hyle EP, 

Paltiel AD. Waiting for Certainty on 

Covid-19 Antibody Tests—At What 

Cost? N Engl J Med. 2020;383:e37. 

https://doi.org/10.1056/NEJMp2017739. 

(4)  Woloshin S, Patel N, Kesselheim AS. 

False Negative Tests for SARS-CoV-2 

Infection—Challenges and Implications. 

N Engl J Med. 2020;383:e37. 

https://doi.org/10.1056/NEJMp2015897. 

(5)  Sassolas A, Blum LJ, Leca-Bouvier BD. 

Immobilization strategies to develop 

enzymatic biosensors. Biotechnology 

advances. 2012;30(3):489–511. 

https://doi.org/10.1016/j.biotechadv.2011

.09.003. 

(6)  Iniewski K, Rajan G, Krzysztof Iniewski. 

Optical Fiber Sensors Advanced 

Techniques and Applications. 1st ed. 

Rajan G, editor. Boca Raton (FL): CRC 

Press; 2017. 575 p. 

(7)  Candiani A, Bertucci A, Giannetti S, 

Konstantaki M, Manicardi A, Pissadakis 

S, et al. Label-free DNA biosensor based 

on a peptide nucleic acid-functionalized 

microstructured optical fiber-Bragg 

grating. Journal of biomedical optics. 

2013;18(5):057004.https://doi.org/10.111

7/1.JBO.18.5.057004. 

(8)  Gonçalves HM, Moreira L, Pereira L, 

Jorge P, Gouveia C, Martins-Lopes P, et 

al. Biosensor for label-free DNA 

quantification based on functionalized 

LPGs. Biosensors and Bioelectronics. 

2016;84:30–6. 

https://doi.org/10.1016/j.bios.2015.10.00

1. 

(9)  Del Villar I, Zamarreño C, Hernaez M, 

Sanchez P, Arregui F, Matias I. 

Generation of surface plasmon resonance 

and lossy mode resonance by thermal 

treatment of ITO thin-films. Optics & 

Laser Technology. 2015;69:1–7. 

https://doi.org/10.1016/j.optlastec.2014.1

2.012. 

(10)  Del Villar I, Zamarreño CR, Hernaez M, 

Arregui FJ, Matias IR. Lossy mode 

resonance generation with indium-tin-

oxide-coated optical fibers for sensing 

applications. Journal of Lightwave 

Technology. 2010;28(1):111–7. 

https://doi.org/10.1109/JLT.2009.203658

0. 

(11)  Maya YC, Villar I Del, Socorro AB, 

Corres JM, Botero-Cadavid JF. Optical 

Fiber Immunosensors Optimized with 

Cladding Etching and ITO 

Nanodeposition. In: 2018 IEEE Photonics 

Conference (IPC). Reston, VA, USA: 

IEEE; 2018. p. 1–2. 

https://doi.org/10.1109/IPCon.2018.8527

306. 

(12)  Rijal K, Leung A, Shankar PM, 

Mutharasan R. Detection of pathogen 

Escherichia coli O157: H7 AT 70 cells/mL 

using antibody-immobilized biconical 

tapered fiber sensors. Biosensors and 

Bioelectronics. 2005;21(6):871–80. 

https://doi.org/10.1016/j.bios.2005.02.00

6. 

(13)  Chiavaioli F, Trono C, Giannetti A, Brenci 

M, Baldini F. Characterisation of a label-

free biosensor based on long period 

grating. Journal of biophotonics. 

2014;7(5):312–22. 

https://doi.org/10.1002/jbio.201200135. 

(14)  Dudley R, Edwards P, Ekins R, Finney D, 

McKenzie I, Raab G, et al. Guidelines for 

immunoassay data processing. Clinical 

chemistry.1985;31(8):1264–71. 

https://doi.org/10.1016/j.bios.2009.07.012
https://doi.org/10.1016/j.bios.2009.07.012
https://doi.org/10.1056/NEJMp2017739
https://doi.org/10.1056/NEJMp2015897
https://doi.org/10.1016/j.biotechadv.2011.09.003
https://doi.org/10.1016/j.biotechadv.2011.09.003
https://doi.org/10.1117/1.JBO.18.5.057004
https://doi.org/10.1117/1.JBO.18.5.057004
https://doi.org/10.1016/j.bios.2015.10.001
https://doi.org/10.1016/j.bios.2015.10.001
https://doi.org/10.1016/j.optlastec.2014.12.012
https://doi.org/10.1016/j.optlastec.2014.12.012
https://doi.org/10.1109/JLT.2009.2036580
https://doi.org/10.1109/JLT.2009.2036580
https://doi.org/10.1109/IPCon.2018.8527306
https://doi.org/10.1109/IPCon.2018.8527306
https://doi.org/10.1016/j.bios.2005.02.006
https://doi.org/10.1016/j.bios.2005.02.006
https://doi.org/10.1002/jbio.201200135
https://doi.org/10.1002/jbio.201200135


Nieto-Callejas, et al/Ingeniería y Competitividad, 23(2), e30110484, julio-diciembre2021 

9 / 9 

https://doi.org/10.1093/clinchem/31.8.12

64. 

(15)  Stefan Melanie I., Novère NL. 

Cooperative binding. PLOS 

Computational Biology. 2013 

Jun;9(6):e1003106. 

https://doi.org/10.1371/journal.pcbi.1003

106.  

(16)  HILL AV. The possible effects of the 

aggregation of the molecules of 

haemoglobin on its dissociation curves. J. 

Physiol. 1910;40:4–7. Available from: 

https://ci.nii.ac.jp/naid/10020096935/en/. 

(17)  Wang C, Li W, Drabek D, Okba NM, 

Haperen R van, Osterhaus AD, et al. A 

human monoclonal antibody blocking 

SARS-CoV-2 infection. Nature 

communications. 2020;11(1):2251. 

https://doi.org/10.1038/s41467-020-

16256-y. 

(18)  Matushek SM, Beavis KG, Abeleda A, 

Bethel C, Hunt C, Gillen S, et al. 

Evaluation of the EUROIMMUN Anti-

SARS-CoV-2 ELISA Assay for detection 

of IgA and IgG antibodies. Journal of 

Clinical Virology. 2020;129:104468. 

https://doi.org/10.1016/j.jcv.2020.104468 

(19)  Nguyen T, Duong Bang D, Wolff A. 2019 

novel coronavirus disease (COVID-19): 

paving the road for rapid detection and 

point-of-care diagnostics. Micromachines. 

2020;11(3):306. 

https://doi.org/10.3390/mi11030306. 

(20)  Kakodkar P, Kaka N, Baig M. A 

comprehensive literature review on the 

clinical presentation, and management of 

the pandemic coronavirus disease 2019 

(COVID-19). Cureus. 2020;12(4):e7560. 

https://dx.doi.org/10.7759%2Fcureus.756

0. 

(21)  Bachelet VC. ¿Conocemos las 

propiedades diagnósticas de las pruebas 

usadas en COVID-19? Una revisión 

rápida de la literatura recientemente 

publicada. Medwave. 2020;20(3):e7891. 

https://doi.org/10.5867/medwave.2020.0

3.7891. 

(22)  Cai X, Chen J, Hu J, Long Q, Deng H, Fan 

K, et al. A Peptide-based Magnetic 

Chemiluminescence Enzyme 

Immunoassay for Serological Diagnosis 

of Corona Virus Disease 2019 (COVID-

19). The Journal of Infectious Diseases. 

2020;222(2):189-93. 

https://doi.org/10.1093/infdis/jiaa243. 

(23)  Carter LJ, Garner LV, Smoot JW, Li Y, 

Zhou Q, Saveson CJ, et al. Assay 

techniques and test development for 

COVID-19 diagnosis. ACS Cent. 

Sci. 2020;6(5):591–605. 

https://doi.org/10.1021/acscentsci.0c0050

1. 

(24)  Chen X, Tang Y, Mo Y, Li S, Lin D, Yang 

Z, et al. A diagnostic model for 

coronavirus disease 2019 (COVID-19) 

based on radiological semantic and 

clinical features: a multi-center study. 

European radiology. 2020;30:4893–902. 

https://doi.org/10.1007/s00330-020-

06829-2. 

(25)  Guo L, Lili R, Siyuan Y, Meng X, Chang 

D, Fan Y, et al. Profiling early humoral 

response to diagnose novel coronavirus 

disease (COVID-19). Clinical Infectious 

Diseases. 2020 Jul 28;71(15):778-85. 

https://doi.org/10.1093/cid/ciaa31. 

 

https://doi.org/10.1093/clinchem/31.8.1264
https://doi.org/10.1093/clinchem/31.8.1264
https://doi.org/10.1371/journal.pcbi.1003106
https://doi.org/10.1371/journal.pcbi.1003106
https://ci.nii.ac.jp/naid/10020096935/en/
https://doi.org/10.1038/s41467-020-16256-y
https://doi.org/10.1038/s41467-020-16256-y
https://doi.org/10.1016/j.jcv.2020.104468
https://doi.org/10.3390/mi11030306
https://dx.doi.org/10.7759%2Fcureus.7560
https://dx.doi.org/10.7759%2Fcureus.7560
https://doi.org/10.5867/medwave.2020.03.7891
https://doi.org/10.5867/medwave.2020.03.7891
https://doi.org/10.1093/infdis/jiaa243
https://doi.org/10.1021/acscentsci.0c00501
https://doi.org/10.1021/acscentsci.0c00501
https://doi.org/10.1007/s00330-020-06829-2
https://doi.org/10.1007/s00330-020-06829-2
https://doi.org/10.1093/cid/ciaa31

