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Routes of exposure to infectious agents 

• Inhalation of infectious aerosols. 
 

• Contact of the agent with the skin, eyes or mucous  membrane. 
 

• Inoculation by contaminated sharps. 
 

• Bites from infected animals or contact with their body  fluids. 
 

• Ingestion of infectious agent through mouth pipetting  or 

contaminated hands. 

 

Figure Source: https://riskmanagement.unt.edu/hcs-ghs-module2 



Routes of exposure to infectious agents: Aerosols and fomite 

Figure Source: J. Wei, Y. Li / American Journal of Infection Control 44 (2016) S102-S108 



Cleaning, Sanitization, Disinfection and Sterilization 

Adapted from: https://foodsafety.ces.ncsu.edu/2020/04/cleaning-and-disinfecting/ 
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Methods of Sterilization 

• Dry Heat Sterilization 

 

• Steam Sterilization –autoclaves 

• Chemical Sterilization-Alochol, Bleach, Sodium Hypochorite etc. 

• Filtration 

• Gas Sterilization-Ozone, Hydrogen Peroxide Vapour etc. 

• Sterilization via ionizing radiation – Gamma radiation, X-ray 

• Sterilization via non-ionizing radiation- UV radiation 

 



UV radiation 



• The mechanism of UVC inactivation of microorganisms is to damage the 
genetic material in the nucleus of the cell or nucleic acids in the virus.  
 

• The UV damage to the DNA and RNA of a microorganism often results from 
the dimerization of pyrimidine molecules. In particular, thymine (which is 
only found only in DNA) produces cyclobutane dimers.  

Germicidal action of UV radiation 

Figure Source: https://courses.lumenlearning.com/microbiology/chapter/mutations/ 



UV Dose  = Irradiance  x  time         
joule/ m2  watt/m2      sec 

   
 

   

  Log Inactivation = log N(0)/N(t) 

                          1 log inactivation  =    90% killing 

                           2 log inactivation =    99% killing  

                           3 log inactivation =     99.9% killing 

                           4 log inactivation =     99.99% killing 

                           5 log inactivation =     99.999% killing 

  

 

UV Dose and Log Inactivation 

Figure Source: https://www.assets.signify.com/is/content/PhilipsLighting/Assets/philips-lighting/global/20200504-philips-uv-purification-application-information.pdf 



UV Dose (1 log inactivation) 

Figure Source: https://www.assets.signify.com/is/content/PhilipsLighting/Assets/philips-lighting/global/20200504-philips-uv-purification-application-information.pdf 



Applications of UV disinfection 

Figure Source: https://www.assets.signify.com/is/content/PhilipsLighting/Assets/philips-lighting/global/20200504-philips-uv-purification-application-information.pdf 



• Existing liquid based method: soap solutions, alcohol based sanitizer, beach 
solution, steam are not suitable due to presence of various delicate 
materials/electronics and time/error involved  in manual disinfection 
 

UVC-based Sterilization Solutions developed at IIT Bombay 

• The germicidal effect of UV-C light is well recognized and it kills various types of 
pathogenic bacteria and viruses including emerging viruses such (SARS-CoV), 
Crimean-Congo haemorrhagic fever virus (CCHFV) and Nipah virus (NiV).  



  

 

• Portable UV sterilization unit is cylindrical unit with approximate diameter 25 cm 

and length 36 cm. It uses one single germicidal UV tube. 

 

• Portable UV sterilization unit provides > 4 log inactivation of MS2 Phase for UV 

exposure of 90 seconds 

 

Portable UV Sterilization Unit 

Collaborators: Prof. Kiran Kondabagil and Prof.  P. Kumaresan 

Financial Support: IRCC, IIT Bombay 
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Portable UV Sterilization Unit 

 

• Product is available for non-exclusive licensing 

 

• Non-exclusive license has been given to one company so far  



  

• This cabinet has approximate volume of 45cm X 45 cm X 35 cm.  

 

• Experiment conducted in our lab using MS2 phage with this sterilization unit 

shows that 3 minutes second of exposure completely eliminates them (> log 7 

inactivation) 

Germicidal UV Cabinet 

    

Collaborators: Prof. Kiran Kondabagil  

Financial Support: IRCC, IIT Bombay 
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Germicidal UV Cabinet 

• Prototype is being used by IIT Hospital  

 

• Product is available for non-exclusive licensing 

 

• Non-exclusive license has been given to one company so far  



  

Wheeled sterilization Unit for large areas 
 

    

  

• This unit can be used in empty rooms/area by an outside operator using proper 

safety guidelines.  

•  Experiment conducted in our lab with this sterilization unit shows that 900 

second of exposure completely eliminates using MS2 phage within 1 meter 

radius.  

  

Collaborator: Prof. Kiran Kondabagil 



  

    

Wheeled sterilization Unit for large areas 
 

• Prototype is being used by IIT Hospital  

 

• Product is available for non-exclusive licensing 

 

• Non-exclusive license has been given to one company so far  



  

    

Wheeled sterilization Unit for large areas 
 

• Prototype is being used by IIT Hospital  

 

• Product is available for non-exclusive licensing 

 

• Non-exclusive license has been given to one company so far  



  

    

Portable and Rechargeable Car Sanitizer 

• This car sanitizer is currently powered via four 12V rechargeable batteries and total run-time 
depends on the battery's capacity. 
 

• This prototype provides 9 log inactivation (99.9999999% inactivation) of MS2 Phage samples 
kept under directly illuminated zones inside the car in 35 minutes.  

Collaborator: Prof. Kiran Kondabagil 



  

    

Safe Biohazard Transporter 

• This safe biohazard transporter is powered by single 12V rechargeable battery.   
 

• The transporter can be used for inactivation, transport as well as safe disposal of solid and some 
liquid biohazards. 
 

• This prototype is currently being used by proteomics lab to bring inactivated COVID samples 
from hospital. 

Collaborator: Prof. Kiran Kondabagil 



  

    

Expertise related to UVC Sterilization 

• Consultancy project for UVC sterilization units   
 

• Calculation of UVC dose via modeling 
 

• Measurement of UVC dose 
 

• Inactivation of pathogens (bacterial, virus and spores)  
 

Collaborator: Prof. Kiran Kondabagil 



  

    

Ongoing Project: Robotic UVC Sterilization Unit 

Collaborators: Prof. Leena Vachhani, Prof. Anirban Guha and Prof. Kiran Kondabagil 

Construction and Validation of Robotic UVC Sterilization Unit for Inactivating 
Coronavirus and Other Pathogens inside public transport system and hospital rooms 

Funding: Wadhwani Research Centre for Bioengineering IIT Bombay 



  

Other initiatives: Using Far-UVC radiation for sterilization 

    

  

• Far-UVC  radiation is emitted by excimer lamps 
 

• It has been shown that far-UVC could kill pathogens without 
damaging mammalian skin. Far-UVC light is very unlikely to 
be a human health hazard as it penetrates through the outer 
dead-cell layer of human skin or the tear layer in the eye.  
 

• It has been shown that far-UVC light 207-222 nm efficiently 
inactivates bacteria without harm to exposed mammalian 
skin.  
 

• Besides, it has been also shown that far-UVC efficiently 
inactivates the aerosolized H1N1 influenza virus and human 
coronaviruses.  
 

• Long-term effects of far-UVC lamps on mice suggest that far-
UVC light produces DNA lesions only in the uppermost layer 
of the epidermis. 



  

Future Directions: Using Far-UVC radiation for sterilization 

    

  

LoI entitled “Construction and Validation of Far-UVC Tunnels for 
Inactivating Coronavirus and Other Pathogens in Public Places” 
submitted under COVID-19 Research Consortium call to BIRAC 
has successfully cleared the rigorous technical evaluation 
process and is Recommended for support subject to financial, 
IP and legal clearances. 

 

Collaborator: Prof. Kiran Kondabagil and Prof. Shamik Sen 

Industry Partners: Arklite and Litex 



Other initiatives : Bio-safety Training 

o TEQIP-II Course “Technical Skills for Non-teaching Staff Members“, March 20-23, 2017, IIT Bombay 
  
o QIP Course “Laboratory and Ergonomics Safety For Engineers“, June 12-16, 2017, IIT Bombay  
 

o QIP Course “Laboratory and Ergonomics Safety For Engineers“, June 11-15, 2018, IIT Bombay  
 

o QIP/CEP Course “Laboratory and Ergonomics Safety For Engineers“, June 10-14, 2019, IIT Bombay  
 

o CEP Course “Laboratory and Ergonomics Safety For Engineers“, August 05-09, 2019, IIT Bombay  



Other initiatives : Bio-safety Training 

Conducted webinar titled "Achieving Bio-safety in COVID-19 times" for employees 
of Bank of Baroda  under "Bank of Baroda-IIT Bombay innovation centre" 

Faculty: Prof. Neeta kanekar, Prof. Kiran Kondabagil and Prof. Ambarish Kunwar 

https://www.youtube.com/watch?v=rpqg2GSUKGM 

https://www.youtube.com/watch?v=LRy5PWvc_oE 

https://www.youtube.com/watch?v=rpqg2GSUKGM
https://www.youtube.com/watch?v=LRy5PWvc_oE


THANK YOU 


