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Fomite transmission pathway

Zhang, N. and Li, Y. (2018) ‘Transmission of Influenza A in a Student Office Based on Realistic Person-to-Person Contact and Surface Touch Behaviour’, International Journal of Environmental
Research and Public Health, 15(8), p. 1699.
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The risk of fomite transmission
may be low…
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Surface contamination
Percentage of positive hospital object samples
for Sars-CoV-2 RNAs[1]

Percentage of contaminated
swabs from surface samples[2]

[1] Ye, G. et al. (2020) ‘Environmental contamination of the SARS-CoV-2 in healthcare premises: An urgent call for protection for healthcare workers’, J Infect. 81(2), e1–e5.
[2] Chia, P. Y. et al. (2020) ‘Detection of Air and Surface Contamination by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in Hospital Rooms of Infected Patients’, Nature Communications, 11, 2800.
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Touch behaviour

[1] Nicas, M., Best, D. (2008) ‘A Study Quantifying the Hand-to-Face Contact Rate and Its Potential Application to Predicting Respiratory Tract Infection’, J. Occup. Environ. Hyg., 5(6), pp. 347–352.
[2] Kwok, Y.L.A. et al. (2015) ‘Face touching: A frequent habit that has implications for hand hygiene’, American Journal of Infection Control, 43, pp. 112-114.
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Factors that affect survival of SARS-CoV-2
▪ Type of surface: more stable on smoother surfaces[1]
▪ Ambient temperature: stability decreases with increasing temperature [2]
▪ Humidity: stability decreases with increasing humidity [2,3]
▪ SARS-CoV-2 is very stable between pH 3 - 10 [1]
▪ * Sunlight and UV: potentially disinfecting [2]
▪ * Method of contamination: dry fingertip vs droplets [4]
▪ * Concentration of virus in innocula [4]
* Based on studies performed on other strains of coronaviruses

Droplet size does not impact the stability of the virus [3]
[1] Chin, A. et al. (2020) ‘Stability of SARS-CoV-2 in different environmental conditions’, The Lancet, 1(1), e10.
[2] Dietz, L. et al. (2020) ‘2019 Novel Coronavirus (COVID-19) Pandemic: Built Environment Considerations To Reduce Transmission’, mSystems, 5(2):e00245-20.
[3] Biryukov et al. (2020) ‘Increasing temperature and relative humidity accelerates inactivation of SARS-COV-2 on surfaces’, mSphere, 5(4), e00441-20.
[4] Vasickova, P. et al. (2010) ‘Issues concerning survival of viruses on surfaces’, Food and Environmental Virology, 2(1), pp. 24–34.
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SARS-CoV-2 Survival on surfaces[7]
Van Doremalen, N. et al. (2020) ‘Aerosol and surface stability of SARS-CoV-2 as compared with SARS-CoV-1’, New England Journal of Medicine, 382, pp. 1564–1567.
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Model of virus inactivation

Model parameters (𝐸𝑎 and 𝐴)
are fitted to the experimental
data

We use Arrhenius model based on [Yap et al., 2020] to
estimate the impact of fomite type and temperature on the
SARS-CoV-2 inactivation rate.
Inactivation rate min−1
𝑘 = 𝐴𝑒
Pre-exponential factor min−1

Activation energy J
(specific for each fomite)
𝐸𝑎
−𝑅𝑇

Temperature K
Gas constant JK −1

Shortest lifetime
Paper
Tissue paper

Longest lifetime
Copper
Cloth
Skin

Cardboard
Wood
Glass

Yap et al. (2020). A predictive model of the temperature-dependent inactivation of coronaviruses. Appl. Phys. Lett., 117(6), 060601.

Steel
Plastic
Masks
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Removal, inactivation and
disinfection
▪ Some substances that readily inactivate coronavirus
infectivity (by ~4log10 or more) [1]:
▪ Ethanol (78%–95%), 2-propanol (70%–100%), formaldehyde
(0.7%–1%), Sodium hypochlorite, Hydrogen peroxide + 1 min
incubation.
▪ Chlorhexidine is ineffective
▪ Soapy solution can potentially disrupt the virus and inactivate it [2]
▪ However, infective SARS-Cov-2 can still be detected after 5 mins
of incubating with hand soap [3]

[1] Kampf, G. et al. (2020) ‘Persistence of coronaviruses on inanimate surfaces and their inactivation with biocidal agents’, Journal of Hospital Infection, 104(3), pp. 246–251.
[2] Chaudhary, N. K., et al. (2020) Fighting the SARS CoV-2 (COVID-19) pandemic with soap. Preprints, 2020050060.
[3] Chin, A. et al. (2020) ‘Stability of SARS-CoV-2 in different environmental conditions’, The Lancet, 1(1), e10.
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A holistic transmission model
Transmission pathways:
• Close contact (large droplets)
• Aerosol (small droplets)
• Fomite (surface-mediated)

Factors included:
• Human behaviour
• Transfer efficiencies
• Decay model
• Dose response model
Mitigation approaches:
• Surface cleaning
• Hand washing
• Ventilation efficiency
• Mask wearing
• Reduced occupancy/social distancing
Demis, et al. in preparation.

Adapted from R. Tellier et al. BMC Infectious Diseases 19 (2019) 101
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Case study: office scenarios
• Susceptible individual works an 8h working day
• Meeting face-to-face or working alongside
an infected individual over the first 4h

• Simulations consider 3 fomite surfaces:
document, desks and door handle
• Disinfection of hands, desk and the door
handle after the meeting is simulated
• Model estimates the infection risk for the
susceptible individual and the effect of
disinfection practices
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Case study: office scenarios
Scenario 1: Face-to-face meeting

Scenario 2: Working alongside each other

• 90% of the time in close contact

• 5% of the time in close contact

• Sharing a desk and a document

• Individual desks not facing each other

• Handling document 5 times per hour each

• Handling document once per hour each

•
•
•
•

Air volume: 40 m3
Ventilation rate: 1 ACH
Surface touch data from Zhang, N., Li, Y. (2018) Int. J. Environmental Research and Public Health, 15(8), p. 1699
Respiratory shedding data: J. Ma et al., (2020) Clin. Infect. Dis., ciaa1283
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No mitigation
Viral load in air

Viral exposure

Relative viral exposure

Scenario 2

Scenario 1

Viral load on objects
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Desk and door handle cleaning after the meeting (at 4h)
Viral load in air

Viral exposure

Relative viral exposure

Scenario 2

Scenario 1

Viral load on objects
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Summary
• While there is no direct evidence of fomite transmission the possibility of it should not
be discounted – context matters!
• Disinfection practices have significant impact on contamination of objects and to a
lesser extent of mucous membranes
• Large droplets are a major source of surface contamination
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