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 What is biosensor? 
 Principles – How do biosensors work? 
 Type of biosensors  
◦ Catalytic biosensor   
◦ Affinity biosensor 

 Optical biosensors 
 Detection for Covid-19  
◦ Bioanalysis (RT-PCR, LAMP) 
◦ Biosensors (Immunosesensor: LFIA, ELISA) 

 Indonesia products  
◦ RI-GHA19 (IgM/IgG) 
◦ Unpad Rapid test (IgY) 

 Conclusions  
 

 
 



 

             A biosensor is also an analytical device incorporating 

 A biological material that can recognize biological or 

chemical analytes in any type of sample with 

 A physicochemical transducer that produces either 

discrete or continuous electronic signals proportional to 

the analyte 

Biosensor = Bioreceptor + Transducer 
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Transducer Recognition layer 

 enzyme 

 DNA 

 antibody 

 cell 

 tissue 

 Optical  

 piezoelectrical 

 electrochemical 

 calorimetry 

 etc 

 
B. Kuswandi et al. , Chimia.  Journal, 59, 236 (2005). 
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• Catalytic Biosensor 

– Enzyme  

– Cell 

– Tissue  

–  etc  

• Affinity Biosensor 

– Antibody 

– DNA 

– Aptamers  

– etc 

B. Kuswandi et al. , Chimia.  Journal, 59, 236 (2005). 



Transducer 

Substrate(s)                      Product(s) 

Enzyme 

Substrate(s)                      Product(s) 

Biocatalytic Layer 

B. Kuswandi, M. Mascini, Current Enzyme Inhibition, 1, 11 (2005). 



 

 

Enzyme  Substrate  -DH (kJ/mol) 
Catalase   Hydrogen peroxide   100.4 

Cholesterol oxidase Cholesterol   52.9 

Glucose oxidase  Glucose    80.0 

Hexokinase  Glucose    27.6 

Lactic dehydrogenase Pyruvate    62.1 

b - Lactamase  Penicillin G   67.0 

Urease   Urea    6.6 

Uricase   Uric acid    49.1 

Enzyme Biosensor 



 Analyte probed by a specific 
affinity reaction that binds it to 
a biomolecule on a sensor 
Attachment changes interface 

properties 

Tagged reagents for competitive 
assay 

 Commonly immobilized 
biomolecules: antibodies & 
complementary DNA 

 Commonly used sensors: 
Gravimetric (QCM, SAW), EIS 
capacitors, electrochemical, 
optical, radiation (!) 

 

Physicochemical Sensor 

Measurement Electronics 

Water Analyte molecule 

Immobilized Antibody 



Antibodies are proteins that show outstanding selectivity. Molecules larger than 

about 10kDa can stimulate an immune response. 

Many antibodies are commercially available and commonly used in  immunoassays. 

Antibodies are usually immobilized on the surface of the transducer by covalent 

attachment by conjugation of amino, carboxyl, aldehyde, or sulfhydryl groups.  

The surface of the transducer  must be previously functionalized with an amino, 

carboxyl, hydroxyl, or  other group.  





http://www.devicelink.com/ivdt/archive/98/09/009.html 

Separate ds-DNA (Probe DNA).  

DNA is denatured by heat or chemical 

denaturant and placed in solution or on       

a solid substrate, forming a reference 

segment 

Introduce unknown ss-DNA (Target DNA) 

Unknown DNA sample is introduced to the 

reference segment. The complement of the 

reference segment will hybridize to it.  

 



B. Kuswandi et al. , Chimia.  Journal, 59, 236 (2005). 
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Biotin 

PCR product 

Fluorescein 

TMB (red)              TMB (ox) 

2 e- 

2H2O2                    2H2O + O2 

Electrode surface 

Streptavidin 

Anti-Flu HRP 



DNA template 

Boiled sample 

Amplication of 

target genes 

Genosensor 

Sample collection  

2 min 75 min ~20 min 1h 37 min  

Total time duration 7hr 37min 

  Advantages: 

  No cold storage 

  Complete 

  More reliable result 

  Quantitative result 

 

DNA Biosensor 

  Disadvantages: 

  Need PCR 

  Laborious work for PCR prep. 

  Need electrochemical Instrumentation 

   

 







Techniques used for biomarker identification and detection. 

Abbreviations: FISH, fluorescence in situ hybridization; IHC, 

immunohistochemistry 



Pregnancy Test. 

•Detects the hCG protein in urine. 

• Interpretation and data analysis  

performed by the user. 

Infectious Disease Biosensor. 

•Data analysis and interpretation  

performed by a microprocessor. 



SARS-CoV 2  structure that cuases COVID-19 







Direct/Virology Test 

Swab test 

DNA  

COVID-19 test Indirect/Serology Test 

Blood test 

Antigen or  Antibody  

S protein 

https://en.wikipedia.org/wiki/File:SARS-CoV-2_without_background.png
https://en.wikipedia.org/wiki/File:SARS-CoV-2_without_background.png




These tests are based on four different techniques: 

 

1) Reverse transcription polymerase chain reaction (RT-

PCR) – the current standard test for COVID-19. 

2) Loop-mediated isothermal amplification (LAMP) – a 

simple, but less developed testing method,  

3) Lateral flow – hand-held single-use assays providing 

results for an individual patient in as short as 15 minutes,  

4) Enzyme-linked immunosorbent assay (ELISA) – quick 

and technically simple assays that are easily read and offer 

relatively high throughput.  





 PCR is a very common technique that has been widely used in research 
and medicine to detect genetic information.  

 In order for coronavirus to be detected using RT-PCR, it needs to convert 
the RNA to DNA, called ‘reverse transcription’, by the addition of a reverse 
transcriptase enzyme (hence, Reverse Transcription-PCR (RT-PCR)) to 
produce a complementary DNA template (cDNA) from RNA. 

 This due to only DNA can be copied — or amplified — which is a key part 
of the RT-PCR process for detecting viruses. 

 RT-PCR has frequently been used as a frontline test for COVID-19 as it 
directly tests for the presence of the virus RNA. 

 The tests are fairly quick, sensitive and reliable, producing results in 3-
4 hours, although usually takes longer if samples must first be sent to 
external laboratories (6-8 hours on average). 

 Some RT-PCR tests are developed as an `all in one’ kit, reducing 
laboratory handling and potential for contamination. 

 





 RT-PCR test is highly sensitive and fairly reliable if performed 
on a sample from an infected part of the body whilst an active 
infection is occurring. 

 Positive test result: – A positive PCR result means that the 
person the sample was taken from is currently infected by the 
virus. 

 Negative test result: – A negative PCR result could mean that 
the person is not currently infected by this virus, the virus is 
not present at the site the sample was taken from, the sample 
taken was of poor quality, or that it is too early, or too late in 
the infection to detect replicating virus.  

 This is why negative test results require new patient samples to 
be taken a few days later to reduce the chance of incorrectly 
missing an infected person. 

 RT-PCR test cannot detect if a person has had the virus and 
then cleared it after the end of the COVID-19 disease, i.e. 
whether a person had the disease, as it only detects when 
active virus is present. 
 



Advantages: 
 RT-PCR is accepted by 

medical staff as a robust 
and well documented 
technique. 

 With RT-PCR being so 
common in research and 
medicine, the technology is 
already in place to test for 
COVID-19. 

 RT-PCR can detect current 
infections of disease, 
allowing medical staff to 
determine who is currently 
infected and who is not. 
 

Disadvantages: 

 RT-PCR relies on capturing and 
detecting the virus and so it is 
possible to miss patients who 
have cleared virus and 
recovered from disease. 

 The distribution of virus across 
the respiratory tract varies 
between patients, so even if a 
person is infected, the virus 
may only be detectable in 
sputum or nasopharyngeal 
swab. 



A sample collection kiosk 

for COVID 19 testing  

A nasopharyngeal swab 

A throat swab  A PCR machine  

Triplex RT-qPCR 

Detection Kit 







 Loop-Mediated Isothermal Amplification (LAMP). 
 LAMP  is a similar process to RT-PCR, but instead of using 

a series of temperature changes to produce copies of the 
viral DNA, it is conducted at a constant temperature of 
60-65°C. 

 The amount of DNA produced in LAMP is much higher 
than in RT-PCR and a positive test result can be seen 
visually without requiring a machine to read the results. 

 LAMP is a newer technique compared to RT-PCR, but is 
technically simple and easy for a trained personnel to 
perform, making it a potentially useful technique for 
detection of COVID-19.  

 Since it is a newer technology, there is less evidence on its 
use, but diagnostic companies are currently performing 
clinical trials. 
 



PCR 
 Cycle reaction 
 Denature (95℃) 
 Annealing (50~60℃) 
 Polymerization 

(72℃) 
 ~ >1 hour 

LAMP 

 Isothermal reaction 

 60- 65℃ 

 Max 1 hour 

 

Visually 

1.Fluorescence – Eye 

2.Turbidity – Turbidmeter (or Eye) 

Gel electrophoresis 







 LAMP tests are highly sensitive and reliable if performed on a 
sample from an infected part of the body whilst an active 
infection is occurring. 

 Positive test result: – A positive LAMP result means that the 
person the sample was taken from is currently infected by the 
virus. 

 Negative test result: – A negative LAMP result could mean that 
the person is not currently infected by this virus, the virus is 
not present at the site the sample was taken from, or that it is 
too early, or too late in the infection to detect replicating virus.  

 This is why when test results are negative, new patient 
samples are taken a few days later to reduce the chance of 
incorrectly missing an infected person. 

 LAMP tests cannot detect if a person has had the virus and 
then cleared it after the end of the COVID-19 disease, i.e. 
whether a person had the disease, as it only detects when 
active virus is present. 
 



 Lateral flow assays have been referred to as ‘Antibody tests’ as 
they are currently used to detect antibodies to disease in a 
patient’s blood, and antigen too. 

 It can detect antibody to virus from patient blood indicating that 
the patient has COVID-19 or has recovered from COVID-19.  

 Less commonly, lateral flow tests can be used to detect the 
presence of active virus by detecting virus proteins directly. 

 Antibody test for SARS-CoV-2 are produced as test kits used by a 
specialist or clinician rather than by patients themselves.  

 These types of tests detect the patient’s immune antibody 
response to the virus rather than detecting the virus itself. 

 Antibody tests can be completed rapidly and the tests can be 
produced cheaply, so multiple diagnostics companies are 
working hard to develop lateral flow tests for SARS-CoV-2. 

 



 Immunosensors take on a wide range of different formats, but 
essentially consist of an antigen or antibody, immobilised on a surface 
(a paper strip or titre plate), which binds virus-specific antigens or 
antibodies from a sample.  

 Immunosensors for SARS-CoV-2 detect two types of protective 
antibodies that are produced by the body when the immune system 
recognises a foreign structure, in this case SARS-CoV-2. 

 When we are infected by virus, our immune system produces early 
`prototype’ antibodies (IgM) with intermediate strength binding to 
virus, that are able to start working to clear virus about 5 days after a 
new infection.  

 Typically at 8 to 10 days after infection, IgG antibodies with high 
binding strength, can work to help more rapid virus clearance.  

 Antibody test can be designed to detect IgM or IgG alone or both 
together. 

 Antigen LFA  are an even newer technology and challenges which 
mean they are not likely to be developed during the pandemic period.  

 These antigen assays detect the virus directly without the amplification 
steps of RT-PCR and LAMP, and like those tests are only able to detect 
current active viral infection but not past infection. 
 



The type of antibody and its relative levels could also be 

used to indicate the stage of infection and estimate time 

since exposure for contact tracing 



IgM is the first antibody to be produced in response to any antigen (foreign particle) 

invasion, while IgG is most abundantly found antibody in the human body.  

IgM is the largest immunoglobulin among all, with pentamer units and ten antigens 

binding site.  

IgG are responsible for humoral immunity and is a monomer unit which is lighter 

and smaller, with two antigen binding site, and travel through the bloodstream. 



 Immunoglobulin Y (IgY) is a type of immunoglobulin which is the major 
antibody in bird, reptile, and lungfish blood.  

 It is also found in high concentrations in chicken egg yolk.  

 IgY is a class of proteins which are formed by the immune system in 
reaction to certain foreign substances, and specifically recognize them. 

https://en.wikipedia.org/wiki/Immunoglobulin
https://en.wikipedia.org/wiki/Bird
https://en.wikipedia.org/wiki/Reptile
https://en.wikipedia.org/wiki/Lungfish
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Yolk
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Immune_system




https://www.cebm.net/wp-content/uploads/2020/04/3.lateral_flow_assay.png




Advantages: 

 Antibody tests are 
extremely quick per patient, 
giving results in just 15 
minutes. 

 Testing levels of antibody in 
blood allows a single patient 
sample from one accessible 
part of the body where 
sampling is non-invasive to 
be tested for presence of 
virus. 

 These tests require very 
little training to perform and 
don’t rely on specialist 
laboratories. 

 

Disadvantages: 
 The evidence for its accuracy 

in coronavirus diagnosis is 
still being evaluated. 

 The tests can only determine 
if a patient has at some point 
been infected with COVID-
19. Further testing would be 
needed to check if a patient 
is currently infected.  

 The tests are more expensive 
and time consuming for large 
batch testing than specialist 
laboratory based antibody 
tests such as ELISA. 
 



 Enzyme-Linked Immunosorbent Assay (ELISA) is a common 
bioanalysis technique that can be used to detect antigens or 
antibodies, depending on the type of test used. 

 ELISAs use enzymes linked to antibodies that can attach to the 
molecule that is being tested for and cause a color change that 
can be measured by a reader.  

 The strength of the color change gives clinicians an idea of the 
number of molecules of interest in the sample. 

 It can be done as standard batches of up to 96 assays 
completed at the same time, allowing cheap and time effective 
method for batch testing of large numbers of patient samples 
at the same time.  

 The most effective ELISA assays in monitoring prior infection 
detect antibodies against SARS-CoV-2.  

 Future ELISA could be used to test for active virus infection by 
detection of virus protein (antigen) testing, but this testing will 
not be as accurate and is as yet unproven. 
 



ELISA take on a wide range of different formats, but essentially consist of 

an antigen or antibody, immobilised on a surface (most often a titre plate), 

which binds virus-specific antigens or antibodies from a patient sample . 

By adding a further reporter protein, it is then possible to detect a virus-

specific immune signal to confirm the presence of ongoing or past viral 

infection. 







Advantages: 
 ELISA is a simple and cheap 

laboratory technique. 
 Results can typically be 

produced within 1 to 3 hours 
of collecting a patient 
sample. 

 Because it is so quick to 
perform it can be done in a 
hospital lab, cutting down 
the time to diagnosis. 

 ELISA testing can be 
completed on multiple 
samples at once, so it can be 
used for rapid testing scaled 
up to test larger numbers of 
patients. 
 

Disadvantages: 

 ELISA tests are not yet 
well established for 
SARS-CoV-2 (COVID-19) 
testing, although many 
companies are working 
hard to produce them 
and test them in 
patients. 



CEPAD Unpad Berbasis Ig/Y  

Courtesy  of Unpad  





Courtesy of UGM 

UGM Rapid Test Berbasis IgM/IgG  



OTP : IgM+ RT-PCR + Isolation – recheck RT-    

         PCR– IgM-/IgG+ safe 

 

ODP : IgM+ RT-PCR+ Isolation – recheck RT- 

         PCR– IgM-/IgG+ 1 test after 1 week – 

         IgM- safe 

 

PDP : IgM-/IgG+ (RT-PCR -) safe 

 

Post infection : IgG+/RT-PCR – Immunity againt COVID19 

        



 Accuracy is derived from two key metrics: 
sensitivity and specificity. 

 Sensitivity is defined as the proportion of true 
positives which are correctly identified by the 
test (eg. a person has IgG antibodies in their 
sample, and the test detects those antibodies). 
It is also sometimes called the probability of 
detection. 

 Specificity is defined as the proportion of true 
negatives that are correctly identified by a 
test. 



Note: All accuracy claims made by the companies.  Source: EvaluateMedTech & company websites. 



 Four main types of tests are being used or being 
developed for detection of SARS-CoV-2, (CoVID-19). 

 These tests are RT-PCR, LAMP, LF/Immunosensor and 
ELISA at different stages of development, validation 
and production. 

 Two most commond method used for CoVID-19 are 
RT-PCR and Antibody Test (Immunosensors), where 
each test type has its own distinct advantages and 
disadvantages. 

 A combination of testing types used at different times 
of infection may be useful for patient management 
and population pandemic control of COVID-19. 



 Scientific Principles of RT-PCR (20 minute video of the principles of RT-PCR): 
https://www.youtube.com/watch?v=DH7o9Df5_50 

 How coronavirus is detected by RT-PCR (short article on COVID-19 testing by RT-PCR): 
https://www.iaea.org/newscenter/news/how-is-the-covid-19-virus-detected-using-
real-time-rt-pcr 

 Short introduction to LAMP for diagnostics (8 minute video): 
https://www.youtube.com/watch?v=Kc_0Hs_EI2Y 

 Loop-mediated Isothermal Amplification (scientific research article on diagnosis using 
LAMP): 
https://pubmed.ncbi.nlm.nih.gov/19396514/ 

 Basic summary of Lateral Flow immunoassays (short 2 minute animation): 
https://www.abingdonhealth.com/videos/how-does-a-lateral-flow-immunoassay-
work/ 

 How coronavirus is detected by RT-PCR and lateral flow (short FAQ article on COVID-19 
testing by RT-PCR and lateral flow): 
https://www.bivda.org.uk/News-Events/Blog/ArticleID/270/A-short-FAQ-on-COVID-
19-Testing 

 Scientific video summary of ELISA (2 minute video): 
https://www.youtube.com/watch?v=70TPrfL_8-M 

 Short science article on coronavirus testing, mentioning ELISA tests: 
https://www.sciencemag.org/news/2020/03/new-blood-tests-antibodies-could-
show-true-scale-coronavirus-pandemic 
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Thank You                          

For time & attention  !!! 


