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CONTEXT



Coronaviruses

• Large, enveloped, RNA viruses; 4 genera (alpha, beta, 
delta and gamma)
– Alpha and beta infect humans

– HCoV 229E, NL63, OC43, and HKU1 are endemic and cause 
15-30% of common cold syndromes

• Reservoirs: bats, multiple other animals

• Until 2002 not seen as too important given mild illness, 
then:
– Severe Acute Respiratory Syndrome (SARS): 2002 – 2003

– Middle East Respiratory Syndrome (MERS): 2012 – current

– SARS-CoV-2/COVID-19: 2019 – current

Paules CI, Marston HD, Fauci AS. JAMA.

2020;323(8):707–708. doi:10.1001/jama.2020.0757



Sangshin P et al, Open Forum Infectious Diseases, Volume 7, Issue 11, 

November 2020, ofaa443, https://doi.org/10.1093/ofid/ofaa443



CDC and NIH.



State of the Pandemic

CDC Data Tracker, accessed 4/2/2021. https://covid.cdc.gov/covid-

data-tracker/#county-view



MA Dashboard accessed 4/5/2021. https://www.mass.gov/info-

details/covid-19-response-reporting



TRANSMISSION AND THE 

HIERARCHY OF CONTROLS
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Factors that influence risk of exposure→

infection

• Duration of interaction

• Distance between source and exposed

• Type of activities

• Use of barriers (mask use by source and 
exposed)

• Stage of infection (time since onset) of the 
source

• Inoculum

• Source factors: asymptomatic, symptomatic, 
severity of symptoms



Cheng H, Jian S, Liu D, et al. JAMA Intern Med. 2020;180(9):1156–

1163. doi:10.1001/jamainternmed.2020.2020



Transmission of SARS-CoV-2 in 

Community Settings
Setting Attack Rate Reference

Contact 

tracing

391 cases with 3,410 close contacts→ 127 infections

3.7% (overall)
• 10.3% (household)

890 asymptomatic contacts with high risk exposures; 

secondary attack rates:
• Boxing stadiums 111/129 (86%)

• Nightclubs 34/187 (18.2%)

Luo, Annals of 

Internal 

Medicine, 

2020.

Doung-ngern, 

Emerg Infect 

Dis, 2020

Hair 

salon

2 cases with 138 exposed clients→ no secondary 

cases

Hendrix, 

MMWR, 2020

Child 

care

centers 

Contact tracing Rhode Island 6/1/2020-7/31/2020
• 29/666 day cares with total of 52 cases over 2 months

• 20/29 single case, no secondary transmission

• 5/29 more than one case, no secondary transmission

• 4/29 child care centers where secondary transmission could not be 

ruled out (all with violations of regulations)

Link-Gellis, 

MMWR, 2020



In-person school: minimal transmission 

with mitigation measures in place
Setting What they found Reference

Sweden, 

March 1-

June 30, 

2020

Follow up of children aged 1-16 years and preschool/school teachers

Low incidence of severe COVID-19 among children (15 out of 1.95 million or 1 

per 130,000)

Among teachers: 10 preschool and 20 schoolteachers with severe COVID-19 

(19 per 100,000); compared to other occupations, adjusting for sex and age, no 

difference for preschool teachers and lower risk for school teachers

Ludvigsson, NEJM, 

2021.

Norway, 

August 28-

November 

11,2020

Follow up in children age 5-13 in two counties in Norway, during time of high 

community prevalence.

Contact tracing of 13 cases, of which 12 were infected in the household; 2/234 

child contacts infected, 1/58 adult contacts; no secondary cases

Brandal, 

Eurosurveillance, 2020

North 

Carolina, 

August 15-

October 23, 

2020

11 of 56 school districts; 90,000 K-12 students

3Ws: wear a mask, wait 6 feet, wash hands; daily symptom monitoring and 

temp checks; rest per each district

773 cases of community-acquired; 32 acquired within schools

No child to adult transmission

Zimmerman et al, 

Pediatrics, 2021

Wisconsin, 

August 31-

November 

29,2020

17 schools; K-6: 8 schools, 1,529 in person; 7-19: 9 schools, 3,347 in person); 

12.4% virtual learners; mask mandate, provided with 2-3 layer cloth masks, 

distance, hygiene, cohorting

Total cases: 133 students, 58 staff; 7 (3.7%) attributed to within school 

transmission; no transmission between cohorts, 3 of 7 within a single class; 

incidence was 37% LESS than in the community at the time

Falk, MMWR, 2021



Risk of infection in hospital settings: 

nosocomial exposures to infected patient
Study HCW 

exposed

HCW infections 

attributed to 

exposure

%

Ng, Annals 2020 41 0 0.0%

Burke, MMWR 2020 222 0 0.0%

Heinzerling MMWR 2020 121 3 2.5%

Ghinai , Lancet 2020 75 0 0.0%

Cheng, JAMA IM 2020 698 6 0.9%

Baker, ICHE 2020 43 2 4.7%

Bayes, ICHE 2020 292 7 2.4%

Klompas, Annals 2021 385 11 2.9%

1877 29 1.1%

And with the advent of universal pandemic precautions (surgical 

mask and eye protection) exposures should be infrequent/rare.



Serological studies support risk is not 

related to healthcare occupation

Steensels et al., JAMA. 2020 Jul 14;324(2):195-197. doi: 

10.1001/jama.2020.11160; Baker JM, et al. Ann Intern Med. 2021 Jan 29. doi: 

10.7326/M20-7145; Jacob JT, et al. JAMA Netw Open. 2021 Mar 

1;4(3):e211283. doi: 10.1001/jamanetworkopen.2021.1283

• Belgium; > 3000 HCP
• Having a household contact with suspected COVID-19 was associated 

with seropositivity

• Emory Health (Atlanta); > 10,000 HCP
• Community contact with a person known or suspected to have COVID-

19, community COVID-19 incidence, Black race 

• 4 health centers in the US; > 24,000 HCP
• Community COVID-19 contact and community COVID-19 cumulative 

incidence were associated with seropositivity 



Summary of what we know about 

transmission

• Mainly transmitted through close, sustained contact with infected 

individuals (closest contacts with highest attack rates are household 

contacts; spouses> others)
• Asymptomatic infection occurs

• Pre-symptomatic infection occurs

• Attack rate higher when exposed to someone early in their illness

• Non-pharmaceutical interventions (masking, distance, hygiene) are 

effective: seen in many studies

• Outbreaks and superspreading events associated with lack of 

masking, close, prolonged contact, enclosed spaces (weddings, 

parties, restaurants, eating)

Brooks JT, Butler JC. JAMA. 2021;325(10):998–999. 

doi:10.1001/jama.2021.1505



Brooks JT, Butler JC. JAMA. 2021;325(10):998–999. 

doi:10.1001/jama.2021.1505



Elimination

Substitution

Engineering Controls

Administrative 
Controls

PPE

Physically remove the 

hazard

Replace the hazard

Isolate from the hazard

Change work flows

Protect from the hazard

Prevention of Transmission: 

The Hierarchy of Controls



DIAGNOSIS, DISEASE, AND 

TREATMENT



Who and what?

• Who should be tested?

• Anyone with symptoms consistent with COVID-19, regardless of 

vaccination status or prior infection

• Asymptomatic

• Unvaccinated: known exposure*

• Other asymptomatic populations per public health 

• What type of test?

• Viral tests: PCR or antigen

• PCR finds virus fragments, “gold standard”

• Antigen tests finds virus protein, less sensitive than PCR

• Antibody tests (serology tests)- looks for past infection

• Interpretation

• Active infection (infectious)

• Past infection (non-infectious)

• False pos, false neg



Wide spectrum of disease

Asymptomatic

? 30-40%

Mild

81%

Moderate Severe

14%

Critical

5%

Recovery

Persistent symptoms

Death (2.3%)

Wu Z, McGoogan JM. JAMA. 2020 Apr 7;323(13):1239-1242. doi: 

10.1001/jama.2020.2648. 

Pre-symptomatic 

or pauci-

symptomatic



Severe disease

• Defined

• Hospital admission

• Intensive care unit admission

• Ventilator support

• Death

• Age- very strong predictor

• Medical conditions

• At increased risk

• May be at increased risk

https://www.cdc.gov/coronavirus/2019-ncov/need-extra-

precautions/people-with-medical-conditions.html



Risk of hospitalization and death 

associated with increasing age

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-

discovery/hospitalization-death-by-age.html



https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-

care/underlyingconditions.html

Risk factors for severe disease

• Cancer

• Chronic kidney disease

• Chronic lung diseases

• Dementia and other neurological disorders

• Diabetes (1 or 2)

• Down Syndrome

• Heart conditions, such as heart failure, coronary artery disease, or 
cardiomyopathies

• HIV infection

• Immunocompromised state Liver disease

• Overweight and obesity

• Pregnancy

• Sickle cell disease or thalassemia

• Smoking, current or former

• Solid organ or blood stem cell transplant

• Stroke or cerebrovascular disease

• Substance use disorders



What to do with this information?

• Vaccine allocation

• Therapeutic decisions

• Decisions re admission, monitoring

• Working to mitigate risk



Therapeutic management

• Early stage: prior to 

immune response, 

disease mediated 

by viral replication

• Later stage: 

immune/inflammato

ry response

https://www.covid19treatmentguidelines.nih.gov/whats-new/



Zinc and Vitamin C: no effect

Thomas S, Patel D, Bittel B, et al. JAMA Netw Open. 2021;4(2):e210369. 

doi:10.1001/jamanetworkopen.2021.0369



VARIANTS



Variant SARS-CoV-2: what do we know?

• Viruses constantly change through 

mutation, and new variants of a 

virus are expected to occur over 

time
– Sometimes new variants emerge and 

disappear

– Other times, new variants emerge and 

persist. 

• Multiple variants have been 

documented in the United States 

and globally during this pandemic

• Questions:
– Transmissibility

– Severity of disease

– Escape from natural immunity

– Effectiveness of vaccines 

– Effectiveness of therapies

B.1.1.7 

P.1

B.1.351



Estimated impact of B117 in the US: 

yes community vaccination (1m/day)

✓

Rt= 1.1
mitigation, but increasing transmission

Rt= 0.9
decreasing transmission





Vaccines: an elimination strategy

CDC Data Tracker, accessed 4/2/2021. https://covid.cdc.gov/covid-

data-tracker/#vaccinations



Vaccines

• 3 FDA approved vaccines

– Pfizer (2 shots, 21 days apart)

– Moderna (2 shots, 21 days apart)

– Johnson & Johnson/Janssen (1 shot)

• Highly effective at preventing severe disease 

and hospitalization

• Emerging data on preventing transmission

• Emerging data on efficacy against variants

• Emerging data on safety and efficacy in children



What to expect

• Before

• In the clinic

• Afterwards
– Local injection site 

reaction
• Pain, redness

• Can be delayed

– Systemic effects
• Fatigue

• Aches

• Headache

• Fever

– Self-limited
Photo credit: Dr. Kimberly Blumenthal.



Vaccines– future considerations

• Booster doses

– Annual

– 1 vs 2

– Inclusion of variants

• Age range

• Long-term 



SOMETHING AMAZING 

HAPPENED TO FLU



The twindemic that never happened

CDC



% samples testing positive for influenza

• Since September 2020, CDC reports:
• public health labs: 196/336,133 (0.1%)

• clinical labs: 1543/693,603 (0.2%)

• Also MIA: RSV, adenovirus, endemic 

coronaviruses, parainfluenza

• At MGH, during the 2020-2021 respiratory virus 

season, we have tested ~28K samples for 

influenza and have identified:

3 cases. Yes, 3 cases. 



2019

2021

2020



1



Why?

• All the same mitigation measures we have been using 

against COVID-19 work against flu and other respiratory 

viruses

• Decreased interactions including travel

• Staying home when sick

• Masking, distance, hygiene

• Community immunity for routine respiratory viruses

• Vaccination coverage

• Ramped up flu vaccination campaigns (adult 

vaccination 42%→ 52%)

• Other reasons…



SUMMARY



Summary

• Fundamentals about transmission inform 

interventions– both in healthcare and in our 

communities

• Looking ahead

– Will there be another surge, will COVID-19 fade, or 

will we experience smoldering transmission with 

periodic blips?

– Sustaining vigilance

– Potential impact of variants



What will support success?

• Vigilance

– Masking, hygiene, distance/density, staying home 

when sick

• Vaccines

– Excellent news overall!

– Much to learn

– We will figure it out



THANK YOU

eshenoy@mgh.harvard.edu


