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Objectives

ÅBy the end of this session, attendees will be able to answer the 
following questions we have received from patients and providers:
ÅIõm confused by all of the discussion regarding whether SARS-CoV-2 is 

transmitted by droplets or aerosols. Which is it?

ÅNow that weõre this far into the pandemic, what have we learned about the 
contagiousness of SARS-CoV-2?

ÅI get that masks makes sense from a common sense perspective. Are there 
dataindicating that theyõre effective for preventing transmission and 
acquisition of SARS-CoV-2 infection?



Objectives

ÅBy the end of this session, attendees will be able to answer the 
following questions we have received from patients and providers:
ÅCould you help me understand the rationale underlying the suggestion that 

masks might mitigate COVID-19 severity and stimulate immunity to SARS-
CoV-2 infection?

ÅWhy are COVID-19 mortality rates falling? Is SARS-CoV-2 becoming less 
pathogenic? Is it because so many young people are now getting infected? Or 
is herd immunity being established?
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COVID-19 Transmission
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Is Covid spread by droplets or aerosols?



lbourouriba.mit.edu



Respiratory Emissions Vary by Volume and by Person

Asadi, Scientific Reports 2019;9:2348 

Louder speech Ą more particles

Particle Diameter



Respiratory Emissions Vary by Volume and by Person

Asadi, Scientific Reports 2019;9:2348 

Some people emit much more than others



How far does a cough travel?

Simha, Physics of Fluids 2020;32:081905

With Mask: Cough travels 0.5-1 metersNo Mask:  Cough travels 1-2 meters



Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018



Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018



Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018



Transmission Risk is Affected by Proximity

0.03% 0.1% 0.2% 0.2% 0.2% 0.1% 0.03%

0.4% 1.7% 3.5%
Index 

Patient-
3.5% 1.7% 0.4%

0.03% 0.1% 0.2% 0.2% 0.2% 0.1% 0.03%

Spatial analysis of 2,334 Covid patients and 72,093 close contacts who rode high-speed trains in China

Hu, Clin Infect Dis 2020; 10.1093/cid/ciaa1057
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https://doi.org/10.1093/cid/ciaa1057


Transmission Risk is Affected by Duration
Temporal analysis of 2,334 Covid patients and 72,093 close contacts who rode high-speed trains in China

Hu, Clin Infect Dis 2020; 10.1093/cid/ciaa1057
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Skagit Valley Choir Outbreak

o 61 members of the choir attended 

practice together March 10

o 53 developed Covid-19 (87% attack)

o 3 hospitalized, 2 died

o Investigation

o One member with flu-like symptoms 3 days before practice, later found to be positive for 

SARS-CoV-2

o 2.5 hour practice; no masking

o Participants sat in chairs 6-10 inches apart

o Cases broadly spread throughout the room, no clustering by seating location

o Air change rate estimated to have been 0.7 changes per hour

Hamner, MMWR 2020;69:606-610

Miller, medRxiv 2020; doi: 10.1101/2020.06.15.20132027



Restaurant Cluster Associated with Air Conditioning, Guangzhou, China 

ÅWell documented cluster in 

a restaurant in Guangzhou

Å One pre-symptomatic diner 

infected 9 other diners (4 at 

own table, 5 at other tables)

Å Some of the infected diners 

up to 4 meters (12 feet) 

away from the index case

Å Air conditioner and lack of 

ventilation potentially 

contributory

Lu, Emerging Infectious Dis 2020;26:1628-31



Air Flow Modeling

All infected diners were in one area of the restaurant 

underneath an air conditioner (attack rate 9/20, 45%)

None of the 68 diners in other areas were infected (attack 

rate 0/68). None of the 8 waiters infected.

Air conditioner was recirculating ñoldò air rather than 

fresh (exhaust vents were closed)

Tracer gas studies confirmed VERY poor 

ventilation in the affected area of the 

restaurant  (0.7 air changes/hour; hospital 

standard is Ó6 air changes/hour)

Take home: long-range aerosol transmission 

possible but under conditions of very poor 

ventilation. 

Li 2020, medRxiv preprint, doi: 10.1101/2020.04.16.20067728



Cluster of Infections on Poorly Ventilated Bus

o Cluster of 31 infections amongst 300 people who attended an outdoor Buddhist ceremony and 

lunch in Eastern China.  Traced to one pre-symptomatic attendee.

o Two groups traveled to the ceremony by bus.  Others travelled via private transport

o 100 mins travel time. 150 mins ceremony time.  Ceremony Outdoors.

Shen, JAMA Intern Med. doi:10.1001/jamainternmed.2020.5225

Bus #1 (indoor exposure)

Å Pre-symptomatic patient 

onboard

Å 24/68 people on bus infected

Bus #2 (outdoor exposure)

Å 0/60 infected despite attending 

the same ceremony as 

passengers on Bus #1

Private transport

Å 7/172 infected.  

Å All 7 had close contact with the 

index patient at ceremony

35% infected 0% infected 4% infected



How contagious is Covid?



o Intensive contact tracing, Ningbo City, China

o Amongst 2,147 close contacts of 147 cases

o 6.2% became infected

o Secondary attack rates

o Household members ï18% developed infection

o Eating together ï7% developed infection

o Relatives ï5% developed infection

o Supermarket ï0.6% developed infection

How Contagious Is Covid?

Yi 2020, Chinese Journal of Epidemiology



How Contagious is Covid?

Intensive contact tracing, Guangzhou, China

o 3410 close contacts of 391 Covid patients

o Close contacts identified by interview and cell phone tracing

o 127/3410 contacts infected (3.7%)

o Secondary attack rates varied by setting:

o Household (10.3%)

o Entertainment venues or workplace (1.3%)

o Health care settings (1.0%)

o Public transport (0.1%)

Luo, Ann Intern Med 2020; doi.org/10.7326/M20-2671

https://doi.org/10.7326/M20-2671


Contagiousness (R0)
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Sanche, Emerg Infect Dis 2020;26:1470-1477



Influenza Cases ïSouthern Hemisphere

World Health Organization (who.int/flunet)

Aug Dec April



Rhinovirus Conquers All?

Marriott, Clin Infect Dis 2020;ePub

Respiratory multiplex testing on symptomatic patients, St. Vincentôs Hospital, Australia (N=21,808)



Secondary Attack Rates by Severity of Illness
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Secondary attack rates amongst 3410 close contacts of 391 Covid patients, Guangzhou, China

Luo, Ann Intern Med 2020; doi.org/10.7326/M20-2671

https://doi.org/10.7326/M20-2671


Risk Factors for Covid

Shopping

Restaurant

Office

Salon

Gym

Public transport

Bar/Coffee Shop

Church

1.0 2.0 5.00.50.2

Case-Control study, outpatients with respiratory symptoms, no known Covid contacts, 10 U.S. states, N=225

Fisher, MMWR 2020;69(36):1258-1264

Odds Ratio for Covid



Protective Measures Against Covid

Distance
Direct contact
<1 meter
>1 meter

Duration of Contact
>60mins
15-60mins
<15mins

Handwashing
Never
Sometimes
Often

Type of Mask
None
Cloth mask
Medical mask

Compliance with mask wearing
Never
Sometimes
Always

1.00.50.2

Case-Control study, asymptomatic contacts of people with confirmed Covid, Thailand, 211 cases & 839 controls

Doung-ngern, EID 2020;26:2607-16

Odds Ratio for Covid



Thank You!

mklompas@bwh.harvard.edu





Masking in COVID 19: 
Transmission, Severity of Disease & 
Immunity

Monica Gandhi MD, MPH
Professor, Director UCSF Center for AIDS Research, Medical Director, Ward 86 HIV Clinic, 
Associate Chief, Division of HIV, ID and Global Medicine, UCSF

Johns Hopkins ID Division COVID-19 Grand Rounds
October 27, 2020



Outline
Å First two reasons for facial masking: 

Reduce transmission to others and 

yourself

Å Theory- To reduce the severity of illness if 

exposed (viral inoculum theory)

Å Virologic evidence 

Å Epidemiologic evidence

Å Ecologic evidence

Å Mechanism

Å Could facial masking drive up rates of 

immunity?

Å 6 possible reasons for decreases in 

mortality with COVID-19 over time



Facial masking messaging
ÅCDC recommended cloth face coverings April 3, 2020 

due to frequency of asymptomatic transmission ς
άǇǊƻǘŜŎǘ ƻǘƘŜǊǎέ

ÅMessage updated September 2020 in California to 
άǇǊƻǘŜŎǘ ȅƻǳǊǎŜƭŦ ŀƴŘ ƻǘƘŜǊǎέ
ÅMessaging on masking confusing as many physical 

sciences/engineering studies conflicting but good 
epidemiologic studies

van der SandePLoSOne2008







Strong messaging from CDC, NIH

These facemasks are the important, powerful 
public health tool we have ... I might even go so 
far as to say that this facemask is more 
guaranteed to protect me against COVID than 
when I take a COVID vaccine. CDC Director, Sept 16

Well, if people are not wearing masks, 
then maybe we should be mandating it, 
NIAID Director, October 23, 2020



Outline
Å First two reasons for facial masking: 

Reduce transmission to others and 

yourself

Å Theory- To reduce the severity of illness if 

exposed (viral inoculum theory)

Å Virologic evidence 

Å Epidemiologic evidence

Å Ecologic evidence

Å Mechanism

Å Could facial masking drive up rates of 

immunity?

Å 6 possible reasons for decreases in 

mortality with COVID-19 over time



What would help us 
combat COVID-19? ÅDecrease 

transmission

ÅDecrease 
morbidity 
e.g. decrease 
severity of 
disease

Could masks do both?
1 Gandhi M. JGIM2020

https://link.springer.com/article/10.1007/s11606-020-06067-8


What is rate of asymptomatic COVID-19 
infection now?

ÅWell-done studies 
perform screening in 
single place 
(preferably closed 
setting), regardless of 
symptoms and follow 
over time (42%)2

1Oran Ann Intern Med; 2Chamie G, CID 2020; CDC July 14, 2020

40% per the CDC on July 103

https://www.acpjournals.org/doi/10.7326/M20-3012
https://www.medrxiv.org/content/10.1101/2020.06.15.20132233v1
https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html


Can we move the 
needle on 
decreasing disease 
severity?

Data from CDC  and Europe that 
άǎŜŎƻƴŘέ ǿŀǾŜ όWǳƭȅ-Aug) less deadly 
than first (March-April)

March-April

July-Aug



Do masks reduce viral inoculum to which wearer 
exposed?

90-95% viral particles filtered 65-85% viral particles filtered depending on cloth/proper use

Okay, is there evidence from virologic, epidemiologic, ecologic studies that reducing 
viral inoculum (dose) reduces severity of disease ?

1Arons NEJM 2020; 2CDC. April 5; 3WHO June 5; 4SFgov 4/17, 5/28; 5Dau Ann. Intern Med 2020; 6Rengasamy. Ann. of Occup. Hygeine2010; 
6Gandhi and Havlir OFID 2020; 7MMWR 2020; JAMA 2020; Gandhi M JGIM 2020

https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/cloth-face-cover-guidance.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fprevent-getting-sick%2Fcloth-face-cover.html
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public/when-and-how-to-use-masks
https://www.cdc.gov/mmwr/volumes/69/wr/mm6928e2.htm?s_cid=mm6928e2_w
https://jamanetwork.com/journals/jama/fullarticle/2768533


Virologic 
evidence



What is the evidence that reduced viral inoculum 
(dose) leads to less severe disease?

LD50 -Virus dose at which 50% exposed 
hosts die, determined via experiments in 
which a range of doses are administered to 
animals to calculate a dose-mortality curve



Okay, has this been shown with SARS-CoV-2?

1Imai. PNAS July 14, 2020; 2Ryan. Biorxiv2020

Higher dose given to hamsters, 
more sick they became1 (ferret 
model too2)

Many animal studies have shown dose-response for other virusess



Okay, what about the masked hamster?

1Chan J. CID 2020 

Å/ŀƴΩǘ ƎƛǾŜ ƘǳƳŀƴǎ ƛƴŎǊŜŀǎƛƴƎ ŘƻǎŜǎ ƻŦ {!w{-CoV-2
ÅMasked and unmasked hamster models (mask 

partitions) given various doses
ÅMasked hamsters less likely to acquire SARS-CoV-2
Å If acquired, more mild disease



Human experiments rarer, but some have shown 
relationship between inoculum and disease severity

1Memoli M CID 2015; 2Han A. CID 2019; Watson. Virology Journal 2015

ÅChallenge studies1-3 gave human volunteers wild-type influenza A at different doses; higher 
doses led to more severe disease (more cough, shortness of breath, etc.)



Epidemiologic 
evidence



Infectious dose as we overcrowded thought to explain higher 
mortality over time with 1918 influenza (and measles)

1Paolo. PLOS One 2010; 2Aaby Am. J Epi 1984; 3Lai JAMA 2020; 4GrasselliJAMA 2020; 5Goyal NEJM 2020; 6Richardson JAMA 2020; 
7WadheraJAMA 2020; 8Little BMJ 2020; 9Guallar. Int J Infect Dis 2020

Å2nd waves usually less severe (    immunity) but not with 
influenza pandemic 1918

ÅStudy1 postulates that exposure to higher infectious dose with 
2nd wave after May 1st, 1918     higher mortality 

ÅOvercrowding, household exposure associated with higher 
measles mortality2

ÅReminiscent of 1st wave of SARS-CoV-2 before we started 
masking ςmore exposure to high dose; greater deaths among 
HCWs early,3 Italy,4 NYC,5,6 household contacts7-9



ÅCID study2 showed 
Switzerland soldiers 
when social distance 
OR masks 
established had 0% 
illness compared to 
30% illness without 
these measures 
(cases in both)

Social distancing OR masks 
(n=154) ς0% illness, 15% cases

No social distancing OR masks 
(n=354) ς30% illness, 62% cases



Do we see rates of asymptomatic infection 
ƛƴŎǊŜŀǎƛƴƎ ǳƴŘŜǊ άƳŀǎƪŜŘέ ŎƻƴŘƛǘƛƻƴǎΚ 

ÅCruise ships good experiments- closed settings 

ÅOne of earliest estimates of asymptomatic infection rates- 18% from Diamond Princess1 , 40% 
overall is estimate from CDC2

ÅLater ship (Argentina) had outbreak and gave surgical masks to all passengers, N95 masks to 
all crew3: 128 of 217 passengers and staff eventually tested positive for SARS-CoV-2, but 
majority (81%) remained asymptomatic3

ÅPediatrics HD unit in Indiana with masks- all conversions without symptoms4

Å95% asymptomatic in outbreaks in Oregon seafood plant5 and Arkansas Tyson chicken plant6

where workers issued masks (prior to that much more illness)

1Mizumoto Eur. Surv. 2020; 2CDC July 14, 2020; 3Ing. BMJ Thorax 2020; 4Hains JAMA 2020; 5Clins S. AP 6/9/20; Keegan USA Today 6/27/20

https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html
https://thorax.bmj.com/content/early/2020/06/09/thoraxjnl-2020-215091
https://jamanetwork.com/journals/jama/fullarticle/2766215
https://apnews.com/4b9d38f206db9ce5267a5898ac24f238
https://www.usatoday.com/story/money/food/2020/06/27/coronavirus-tyson-foods-noel-missouri-chicken-plant-covid-19-positive/3270136001/


Bottom line:  In HCWs antibody testing shows a lot of 
infection that went undetected  (Sept 4, 2020)

Bottom line: Case control study - setting where 
masks not worn (restaurants) associated with 
more symptomatic disease (Sept 11)



Ecologic evidence



Do we see rates of asymptomatic infection increasing 
ǳƴŘŜǊ άƳŀǎƪŜŘέ ŎƻƴŘƛǘƛƻƴǎΚ

ÅEcologically, seems true

ÅIn countries accustomed to masking 
since SARS (Japan, Hong Kong, Taiwan, 
Thailand, South Korea, Singapore, 
Vietnam), cases up with opening but 
not deaths (low hospitalizations, low 
severity)

ÅTokyo had seroprevalence increase from 
5.8 % to 46.8 % over the course of the 
summer among asymptomatics, society 
ƻǇŜƴΣ άмлл҈ Ƴŀǎƪ ŎƻƳǇƭƛŀƴŎŜέ

ÅCzech Republic mandated facial 
masking March 23; low deaths; stopped 
masking May 11; cases and deaths up

WHO situation report  10/26/20;  Hibino. Medrxiv 2020


