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Objectives

1. Describe key epidemiological features of 
SARS-CoV-2, including:
• incubation period
• serial interval
• communicability period
• secondary attack rate

2. Describe the primary routes of transmission 
of SARS-CoV-2

3. Describe the means by which relevant 
routes of transmission may be interrupted 



Omissions in the 
interest of time…

1. Less common routes of transmission
2. Variants of concern, other than B.1.617.2
3. Role of vaccination 
4. Animal studies



SARS-CoV-2

• Spike (S) protein to enter host cells + 
binds with high affinity to hACE2-
receptor 

• B.1.617.2 (Delta lineages) identified as 
variant of concern
• Several salient spike protein 

changes enhance transmissibility 
and infectivity



Mean incubation 
Period is 
4.2 to 6.7 days

Delta = 4.0 days

• 97.5% of those who develop symptoms will do so within 
11.5 days (95% CI; 8.2 to 15.6 days) to 16.5 days 

Lauer SA, et al. Ann Intern Med 2020; 172:577-582.
Wang Y, et al. EClinicalMedicine 2021; 40;101129.



Mean serial interval 
is 4.5 to 5.4 days

Delta = 2.3 days 
(95% CI 1.4 to 3.3)

• Nishiura H et al. analysis of 18 transmission pairs - median 

serial interval 4.6 days - shorter than mean incubation period 

5 days

• If serial interval < incubation period = some transmission is 
likely occurring in incubation period

Li Q, et al. N Engl J Med 2020; 382:1199-1207.

Nishiura H et al, International J Infect Dis. 2020; 93: 284–286.

Pung R et al. Lancet 2021, DOI:10.1016/ S0140-6736(21)01808-0.

Zhang M, et al.  CCDC Weekly 2021; 3(27): 584-86. 



Communicability Period

• Infectious dose is not known
• Detection of replication competent virus has been reported:

• 6-days prior to symptom onset
• 32-days after symptom onset

• Culture positivity at: 
• 7-days after symptom onset 40.1% (95% CI: 22.8–60.4)
• 10-days after symptom onset 6.0% (95% CI: 0.9–31.2)
• 14-days after symptom onset 0.03% (95% CI: 0.0–9.4)

Cevik M, et al. Lancet Microbe. 2021;2(1):e13-22.
Walsh KA, et al. J Infect. 2020;86(6):847-56
Jefferson T, et al. Clin Microbiol Infect. 2021. PMID:34757116.



Delta has significantly 
higher peak virus loads

• Median Ct: 20.6 vs 34.0; p < 0.001

Wang Y, et al. EClinicalMedicine 2021; 40;101129.

Kang M, et al. medRxiv 2021; 21261991 [Preprint]. 

Bolze A, et al. medRxiv 2021; 21259195 [Preprint].
Williams GH, et al. EClinicalMedicine 2021; Jul 14 

[Epub ahead of print]. 



Following onset of symptoms, there 
is a rapid decline in SARS-CoV-2 
RNA measured in the upper 
respiratory tract 

• Viral replication peaked at day 4
• Infectivity beyond 8 days was not demonstrated (Wolfel R, et al.)

• Replication-competent virus only  if <8 days after symptom onset or 
CT<24 (Bullard J, et al.)

• 852 high-risk contacts of 100 cases, no secondary cases if exposed ≥ 
6 days from symptom onset (Cheng HW et al.)

Bullard J, et al. Clin Infect Dis 2020 May 22. 
Cheng HW, et al. JAMA Intern Med 2020 May 1. 
Wölfel R, et al. Nature 2020 May;581(7809):465-469. 



This might not be 
generalizable to those 
with severe disease
• Replication competent virus 

detected between 10 to 20-days 
after onset of symptoms 
• Probability of detecting infectious 

virus <5% after 15.2-days

van Kampen J, et al. (Pre-print) Medrxiv. 2020
Wang Y, et al. EClinicalMedicine 2021; 40;101129.
Longtin Y, et al. Pre-published data, 2021. 
Ladhani SN, et al. EclinicalMedicine. 2020; 26:100533.



This might not 
be generalizable 
to the elderly

• Average or median age ranges from 33 
to 57-years in most studies
• UK nursing home, virus detected up to 

13-days after symptom onset
• Montreal patients ≥79 years of age, 

10/22 samples (45%) at 10-days after 
symptom onset

van Kampen J, et al. (Pre-print) Medrxiv. 2020
Wang Y, et al. EClinicalMedicine 2021; 40;101129.
Longtin Y, et al. Pre-published data, 2021. 
Ladhani SN, et al. EclinicalMedicine. 2020; 26:100533.



Chung JW. N Engl J Med. 2021 Feb 18;384(7):671-673.

Negative culture >79 y.o.  
Positive culture >79 y.o.  



TRANSMISSION 

• Transmission only if all six links in 
chain present

Routine Practices and Additional Precautions in All Health Care Settings. 
3rd edition. Toronto, ON: Queen’s Printer for Ontario; November 2012. 



Transmission based 
precautions have evolved

• CDC 1970 – seven categories of isolation
• CDC 1983 – expanded to include: 

• Tuberculosis (Acid-Fast Bacilli) isolation
• Drainage/secretion precautions 
• Blood and bodily fluids precautions

• HIV pandemic
• CDC 1985 – ‘universal precautions’ 

strategy
• Jackson et al. 1987 – ’body substance 

isolation’ 
• All body fluids/tissues and feces 

Gammon J. Br J Nursing. 1998; 7(6):307-10. 



Garner JS. Infect Control Hosp Epidemiol. 1996 Jan; 17(1):53-80.



Respiratory 
Droplets + Direct 
Contact

• Dichotomy of droplet vs. airborne

• Relative role of droplet size in 
short-range transmission 

• Close and prolonged contact with 
symptomatic and asymptomatic 
individuals

Image from: Tang JW, et al. J Hosp Infect. 2021; 110: 89-96. 



Indoor, poor ventilation, 
close-proximity

• Households
• Family gatherings
• Schools
• Workplaces

• Meat-processing plants

• Restaurants

Burke RM, et al. Morb Mortal Wkly Rep. 2020;69(9):245-6.
Chan JFW,  et al. Lancet. 2020;395(10223):514-23.
Pung R, et al. Lancet. 2020;395(10229):1039-46.
Cheng HY, et al. JAMA Intern Med 2020. 
Danis K, et al. Clin Infect Dis, ciaa424.
Ghinai I, et al. Morb Mortal Wkly Rep 2020;69:446–450.



Aircraft transmission demonstrates the 
importance of proximity

• Attack rate for 
those < 2 seats 
away: 3.8% vs.  
0.2%

Khanh NC, et al. Emerg Infect Dis. 2020; 26(11): 2617-24.
Blomquist PB, et al. Influenza Other Respir Viruses. 2021;15(3):336-44.



Secondary attack rate is higher with frequent 
daily close contact

• Settings with casual contact 0% to 7%
• Within household 17% to 27%

Setting Secondary attack rate
Thompson et al. (2021) Household

Social setting close contact
Travel 
Health care
Casual contact
Workplace

21.1% (95% CI: 17.4–24.8)
5.9% (95% CI: 0.3–9.8)
5.0% (95% CI: 0.3–9.8)
3.6% (95% CI: 1.0–6.9)
1.2% (95% CI: 0.3–2.1)
1.9% (95% CI: 0.0–3.9)

Ng et al. (2021) Household 25.8% (95% CI: 20.6-31.5)

Lei et al. (2020) Household 27% (95% CI: 21−32)

Madewell et al. (2020) Household 16.6% (95% CI: 14.0–19.3)

Koh et al. (2020) Household
Health care

18.1% (95% CI: 15.7–20.6)
0.7% (95% CI: 0.4–1.0)

Thompson HA, et al. Clin Infect Dis. 2021 Feb 09.
Ng OT, et al. Lancet Reg Health West Pac. 2021 Dec; 17:100299.
Lei H, et al. J Infect. 2020;81(6):979-97.
Madewell ZJ, et al. JAMA Netw Open. 2020;3(12):e2031756.
Koh WC, et al. PLoS One. 2020;15(10):e0240205.

Delta



Healthcare and care facilities located 
at the end of local transmission 
chains -> several weeks after
persistent community transmission

Clusters associated with:
- Heavy breathing in close proximity (singing at 

karaoke parties, cheering in clubs, close 
conversations in bars, exercising in gyms)

THREE C’S:
Closed spaces with poor ventilation
Crowded places
Close-contact settings



COVID-19 + more likely to have gone to 
locations with on-site eating and 
drinking options

…where masks cannot be effectively 
worn

42% reported close contact with a 
person with COVID-19



Indoor 
settings are a 
predominant 
risk factor for 
transmission

Bulfone TC, et al. J Infect Dis. 2021;223(4):550-62.



• Majority of clusters (90%) are 
indoor settings

Dining = 30.8% 
Household =  29.6%
Community = 18.2%



Ventilation 
can affect 
short-range 
transmission

de Oliveira PM, et al. Proc R Soc A. 2021 Jan 20 [Epub ahead of print].



97/1143 (8.5%) confirmed cases

94 were working in an 11th-floor call center with 
216 employees, translating to an attack rate of 
43.5% 

The household secondary attack rate among 
symptomatic case-patients was 16.2% 



Estimated attack rates of 
53.3% amongst confirmed 
cases

86.7% among all cases



51% (533/1,038) cases linked to one of 137 clusters

Largest cluster accounted for 10.2% of all cases and 32.5% of 

locally acquired cases

17-19% of SARS-CoV-2 infections were responsible for 80% of 

all transmission events, while 69% of cases did not infect 
anyone

High potential for superspreading -> 19% of cases responsible 
for 80% of all transmission

Transmission within: 

• Households 54.4%

• Social setting 33.1%

• Work setting 11.8% 



Overdispersion of basic reproductive number 
(R0)
• Consensus between 2 and 3
• Diamond Princess 14.8

• Is this epidemiological evidence of long-range transmission?



Overdispersion of basic reproductive number 
(R0)

• 64% Delta cases versus 29% wild-
type will reproduce infection in close 
proximity contacts

• Delta less overdispersed
• SSE of less importance

• In a fully susceptible population -
maintaining at least 1.5m of 
separation drives close proximity 
reproductive number < 1

Mikszewski A, et al. Sci Tot Environ. 2021 Nov 6; 151499.



Brlek A, et al. Epidemiol Infect. 2020 Jun 19

Eichler N, et al. Emerg Infect Dis. 2021;27(5):1274-8.

Shen Y, et al. JAMA Intern Med. 2020;180(12):1665-71.



Long-range transmission 
occurs under favourable 
conditions

1. Prolonged exposure time
2. Inadequate ventilation
3. Environmental factors (temperature, UV-light)
4. High viral load
5. Specific human behaviours (singing, shouting, exercise)
6. Lack of source control (masking of source)

Wei J, Li Y. Am J Infect Control. 2016;44(9 Suppl):S102-8
Sen N. Phys Fluids. 2021 Mar 12. 
Dobramysl U, et. al. medRxiv 21254802 [Preprint]. 2021 Apr 07. 



Long-range transmission 
occurs under favourable 
conditions

1. Prolonged exposure time
2. Inadequate ventilation
3. Environmental factors (temperature, UV-light)
4. High viral load
5. Specific human behaviours (singing, shouting, exercise)
6. Lack of source control (masking of source)

Schijven J, et al. Environ Health Perspect. 2021 Apr 01.



Studies have inconsistently detected 
virus in air sampling

• In some studies, air sampling has failed to detect RNA or viable virus (Cheng  
et al., Ong et al. and Lebreil et al.) 

• Others detected RNA < 2 m from patients, with 1/8 samples positive at 4 m 
(Guo et al.)

• RNA detected 35% (14/40) air samples in the ICU and 12.5% (2/16) air samples on the 
general ward 

• Gregorio et al. importance of exposure time (16h versus 2h) in detection of RNA in air 
samples; Fawcett S et al. found <1% transmission rate following unprotected AGMP

• One study has detected viable virus at >2 m from patient (Lednicky J, et al.)
• But in actuality <2 m from a positive patient
• Concentration step

• Canadian study concluded that air and surfaces may pose a limited risk 
(Kotwa JD, et al.)

• RNA detected from 125/474 surface samples and 3/146 air samples
• 6/42 (14%) surface samples viable virus

• Local air sampling has similarly yielded negative results

Cheng V, et al. Infect Control Hosp Epidemiol. 2020;41(5);493-8.
Guo ZD, et al. Emerg Infect Dis. 2020;26(7):1583-91.
Lebreil AL, et al. J Infect Dis. 2021 Nov 12:jiab564.
Gregorio PHP, et al. JOEM. 2021; 63(11): 956-62)
Ong SW, et al.. JAMA. 2020;323(16):1610-2.
Lednicky J, et al. medRxiv [Pre-print]. 4 Aug 2020. 
Kotwa JD, et al. medRxiv (Pre-print). 20 May 2021. 



Controlled studies demonstrate stability of 
SARS-CoV-2 in the environment

• Viable in/on:
• aerosols for 3 hours
• plastic/stainless steel for up to 72 

hours
• copper up to 4 hours
• cardboard up to 24 hours

van Doremalen N, et al. N Engl J Med. 2020;382(16):1564-7
Ong S, et al JAMA. 2020;323(16):1610-1612..



Surface persistence studies lack 
generalizability to real-world situations
• Infectivity preserved in the presence of 

proteins 
• Mimics respiratory fluids, but more complex 

with mucins/enzymes



56.7% of rooms have at least one environmental surface 
contaminated
High touch surface contamination in 66.7% patient rooms in 
the first week of illness, and 20% beyond the first week of 
illness (p = 0.01)

Zhang et al. no significant association between surface 
contamination and staff infection

Chia PY, et al. Nat Commun. 2020;11(1):2800.
Zhang HL, et al. Infect Control Hosp Epidemiol. 2021 Nov 15;1-10. 



Modelling studies found that infection risk via 
fomites was much lower compared to droplet and 
aerosol transmission

• Diamond Princess:
• Contact transmission = 30%
• Short + long-range transmission = 70%

Mean % contribution Without PPE With PPE

Fomite 6.9% 2.8%

Droplet/inhalation(sic) 93% 98%
Jones RM. J Occup Environ Hyg. 2020 Sep;17(9):408-15. 
Azimi P, et al. Proc Nat Acad Sci USA. 2021;118(8):e2015482118. 
Xiao S, et al. PLoS ONE. 2017;12(7):1-13.



Limited 
epidemiological 
evidence to support 
transmission via 
fomites, compared to 
droplet transmission

Xie C, et al. BMC Public Health. 2020 Aug;20(1):1202.



Risk Mitigation Strategies

• Environmental or engineering controls
• Re-imagine the clinic environment

• Maximize social distancing in waiting room, 
exam rooms and break room

• Optimize ventilation
• Air filtration 

• Morris et al. Clin Infect Dis. 2021 Oct 30; 
ciab933.

• Environmental cleaning
• Infection isolation room



Risk Mitigation Strategies

• Environmental or engineering controls

Doron S, et al. medRxiv. 2021; 21253976v1 [preprint].
Bagherirad M, et al. Med J of Australia. 2014; 200(3):177-79.
Bartels J, et al. medRxiv. 2021; 21261146v1 [preprint].
Gilkeson CA, et al. Building and Environment. 2013; 65:35-48.
Gettings J, et al. MMWR. 2021; 70(21):779-84. 



Risk Mitigation Strategies

• Administrative controls
• Decrease density 

• Stagger appointment times
• Stagger break times
• Virtual visits
• Creative use of technology – self check-in, BEAM 

robots
• Maintain social distancing

• Manage flow

• Active surveillance
• Pre-visit screening for symptoms



Risk Mitigation Strategies

• Personal Controls
• Staff symptom surveillance

• Furlough if sick

• Hand hygiene
• Respiratory hygiene 
• Maintain your bubble

• Personal-Protective Equipment (PPE)
• Universal masking for staff and patients
• Point-of-care risk assessment



The Most Visible but Least Effective Measure

“PPEs occupy a precarious but fecund
position between being tools, icons, and
thresholds of humanity’s wavering (if not
altogether forlorn) self-realization in reason
and its scientifically driven fight against
invisible forces of existential risk”



The Most Visible but Least Effective Measure

• Ocular protection statistically significant 
reduction in SARS-CoV-2
• Byambasuren O, et al. Antimicrob Resist Infect Control 

2021; 10:156.

• Mask better than no mask (0/278 vs. 10/213)
• Wang X, et al.  J Hosp Infect. 2020; 105:104-105. 

• ‘Mask on Mask’ exposure in elementary 
school yielded no secondary transmission
• Boutzoukas AE, et al. Pediatrics 2021; 

doi:10.1542/peds.2021-054268L.

• RCT demonstrating no significant difference 
in incidence of influenza
• Radonovich LJ Jr, et al. JAMA 2019;322(9):824-33
• Loeb M, et al. JAMA 2009; 302(17):1865-1871. 



The Most Visible but Least Effective Measure

• Low certainty evidence suggests that medical 
masks and N95 respirators offer similar 
protection
• Bartoszko JJ, et al. Influenza Other Resp Viruses. 

2020;14:365-373. 

• Non-significant difference between N95 
respirators and face masks
• Meta-analysis: 

• Chu DK, et al. Lancet. 2020 Jun 1.
• Ocular protection significant effect
• Strong association between proximity of 

exposed individual and risk of infection
• Prospective cohort:

• FFP2 use was non-significantly associated with 
decreased risk for SARS-CoV-2 positive swab or 
seroconversion

• Haller S, et al. medRxiv [Preprint] 2021 Jun 1. 



Summary

• Almost two years of epidemiological and clinical 
experience has shaped our understanding of the 
transmission of SARS-CoV-2 and its prevention

• Much of our knowledge is based on small 
datasets that are extrapolated to other 
populations 

• There remain key unanswered questions:
• Superspreader events
• Infectious dose
• Relative role of fomite transmission 
• Efficacy of PPE: Medical Mask versus N95 

respirator 
• Efficacy of other infection control strategies

• With all novel or emerging infections our 
understanding and policies are bound to evolve 



Questions 


