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Pathogenicity of RNA Virus

• Human- infective species of the viruses are mostly considered as the zoonotic origins 

(particularly from other mammals and birds) and those viruses can exchange the 

genetic material to become human-adapted viruses. (For example Swine flu (H1N1), 

HIV viruses).

• The genomes of RNA virus are efficiently organized to contain the minimal set of 

genes required for replication and suppression of host innate immune responses.

• Despite their small genome size, RNA viruses have evolved unique ways 

involving viral proteins as well as viral RNA molecules to manipulate their host and the 

cells they replicate in. [1]



Pathogen Pyramid
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Figure 1- Pyramid of interaction between virus and human. 



Level 1- Exposure to Human

• Viral infections can spread to human by direct contact with infectious materials, 

aerosol, bite of a vector (mosquitoes).



Level 2- Infection to Human 
Cells

• Virus are infectious micro-organisms which can only survive by invading a cell (called 

host), using it as a base,  multiply  very fast by spreading genomic material (primarily 

ribonucleic acid – RNA)  and quickly build a colony on it.

• Some infected patients can show the clinical signs and symptoms of the specific 

disease at this stage.

• The pathogenic virus can stay latent within a cell over a certain period of time.



Level 3- Transmission of 
Disease

• The viruses can stay in the infected human (carrier) and can transmit the disease from 

one person to another. 

• The transmission route can be by contact with infectious blood ad body fluids and all 

kind of transmissions route.



Level 4- Epidemic Spread

• Some viral infection can spread to a large human population leading to epidemics 

outbreaks, sometimes the infection can be pandemic. (For example- 2009 H1N1 

pandemics).



Problem 

• The viruses can damage the host cells and as the infection spread, complications may 

develop like birth defects, autoimmune diseases and even cancer. 

• Diagnostics of viral infection are currently performed using antigen-antibody matching 

blood tests  and cultures, which are time-consuming ( 2-3 days) , labor intensive and 

prone to show false negative results. 

• Prompt and accurate diagnostic procedures are necessary, as some viral infections 

have already become serious threat to the patient and public health the longer it takes 

to diagnose it . 



Objective

• To demonstrate the development of  a Carbon Nanotube (CNT) & Graphene based 

Bionanosensor (BNS) that performs rapid and direct detection of specific nucleic acid 

sequences-particularly RNA in a few minutes.

Materials Used

• Carbon Nanotube (CNT) Graphene and Graphite.

• Specialized paper from I.W. Tremont.

• RNA samples.



Methods

• In this patented technique[3], single-stranded (ss) RNA probe is immobilized (known as 

priming) on a  patented CNT-graphene substrate known as DTIM [4] . 

• If the test- sample solution, contains the specific complimentary (ss-RNA) then it will 

hybridize with the RNA-probe  leading to a detectable electrical signal.

• If the sample solution does not contain the specific complimentary ss-RNA, it will not 

hybridize (non-hybridization) and thus lead to a different, but detectable electrical 

signal. 

• The voltage and resistance across each biosensor were measured with a self-

designed, feed-back controlled, balanced Wheatstone bridge circuit with an Arduino 

interface. 



Results

• When the complementary strand is added to the bionanosensor, two RNA strands bind 

on the surface of carbon nanotube resulting in an increase in the voltage (resistance) 

values due to decrease in conductivity .

• On the other hand, when the non-complementary strand is added on the sensor, the 

two RNA strands cannot hybridize each other resulting in increase in conductivity due 

to binding of negatively charged RNA to CNT, thus leading to decrease in the voltage 

and resistance values.

• A weighted average was performed for both hybridization and non-hybridization 

experiments. 



Averaging of 
Hybridization Data

Figure 2- Total 9 hybridization experiments were averaged and the average graph shows that the increasing pattern in 
Normalized voltage after complementary second drop of RNA. The blue arrows indicate the starting and end point of reaction.
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Averaging of 
Non-Hybridization Data

Figure 3- Total 9 non-hybridization experiments were averaged and the average graph shows that the decreasing pattern in 
Normalized voltage after non-complementary second drop of RNA. The blue arrows indicate the starting and end point of reaction.
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Conclusion

• The results prove that the hybridization of RNA and non-hybridization of RNA 

sequences can be detected  directly by using the patented CNT-graphene substrate 

within 2 minutes of applying the sample. 

• This change in the resistance gradient between hybridized and non hybridized 

experiments disappear after  2 minutes as the entropy of the process increases. 

• Thus we have a biosensor capable of quick and direct diagnosis of viral infections. 
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