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potential factors: age, sex, gender, race, genotype, prior diseases,
immune status, prior diseases, religion, customs, occupation…

potential factors:
climate (temp, season of year)
crowding, sanitation, pollution

socioeconomic factors…

potential factors:
type: biologic, chemical, other
virulence (infectiousness) 
how transmitted…  

potential factors: 
incubation period,
length of disease…

Epidemiological 
Triangle

TIME

HOST

AGENT ENVIRONMENT
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• 6-ft distancing
• Wear mask

• PPE available?

• Hand hygiene
• Sinks available?
• Sanitizer: at least 

60% ethyl alcohol –
NO methanol

COVID-19
ENVIRONMENT

TOP WAYS TO 
REDUCE SPREAD:

ECDC, 2020;  FDA, 2020b;  NOAA, 2020;  Lambert, 2020

• Avoid crowds 
• Choose outdoor 
settings, if 
possible
• Winter: é spread?
• Busy hurricane 

season (predicted for 
July-Nov 2020)

COVID symptoms: 
isolate until tested,

cleared / recovered
• Barriers: insecurity in 

employment, food & 
housing

• Eviction crisis…
• U.S. homeowners: 8.5% 

(4.2 mil. households) in 
mortgage forebearance

https://www.ecdc.europa.eu/en/covid-19/latest-evidence/transmission
https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-hand-sanitizers-consumers-should-not-use
https://www.noaa.gov/media-release/busy-atlantic-hurricane-season-predicted-for-2020
https://fortune.com/2020/07/02/mortgage-forbearance-cares-act-protections/


97Forbes & Statista, 2020

Eviction
Crisis

https://www.forbes.com/sites/niallmccarthy/2020/07/28/report-more-than-40-of-us-renter-households-are-at-risk-of-eviction-infographic/


98Richter, 2020;  World Bank, 2020;  WHO, 2020d

COVID-19 causing 
worst global 
recession since 
WW II: 
• Global economy projected 

to shrink by 5.2% in 2020.

Reminder:
HEALTH = WELL-BEING

in all aspects (physical, mental, social), 
not merely the absence of disease/infirmity

https://www.statista.com/chart/21660/unemployment-rate-in-the-us/
https://www.worldbank.org/en/news/press-release/2020/06/08/covid-19-to-plunge-global-economy-into-worst-recession-since-world-war-ii
https://www.who.int/about/who-we-are/frequently-asked-questions
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HOST
COVID-19

UK study of 17.2 million COVID-19 patients found
these factors made death more likely:

• male gender
• diabetes mellitus
• severe asthma

Williamson et al., 2020

• greater age
• member of minority 

racial population
(in UK: Black & South Asian)

https://doi.org/10.1038/s41586-020-2521-4
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HOST
COVID-19

COVID-19 cases per
10,000 people in US

• discrimination, income & 
education gaps (more stress;  
limits job opportunities & wealth)

• occupation (essential workers) 

CDC data as of May 28 (Oppel at al., 2020)

CDC, 2020g

• housing (more crowded; also more 
intergenerational) 

• healthcare access/utilization (lack 
trust in system; more uninsured)

Social & structural inequities:

Black & Hispanic Americans:
• 3 times more likely to get sick
• twice more likely to die 

https://www.nytimes.com/interactive/2020/07/05/us/coronavirus-latinos-african-americans-cdc-data.html
https://www.cdc.gov/coronavirus/2019-ncov/community/health-equity/race-ethnicity.html


Rt = 1 Rt = 4

Effective
REPRODUCTION 

NUMBER (Rt):

mean # of additional 
infections caused 

by 1 initial infection
in a population

at a specific time

Rt
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Inglesby, 2020

https://doi.org/10.1001/jama.2020.7878
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Key
features:

• Transmission without symptoms occurs
• Respiratory virus that spreads to other types of cells 
• Reproduction rate and mortality rate varies:

• by time frame (ongoing crisis)
• by region (resources, public health policy, population age, 

accurate data reporting, etc.)

>54.2m >1.3m

global crude mortality rate 
~7%

as of Nov 15, 2020

Sanche et al., 2020; WHO, 2020b;  AJ Labs, 2020;  John Hopkins, 2020b

Reproduction 
rate

AGENT
COVID-19

SARS-CoV-2

https://dx.doi.org/10.3201/eid2607.200282
https://www.who.int/images/default-source/departments/epi-win/infodemic-management/infodemic-management-covid19.jpg?sfvrsn=51e4edb8_4
https://www.aljazeera.com/news/2020/04/coronavirus-comparing-covid-19-sars-mers-200406165555715.html
https://coronavirus.jhu.edu/


Question:  What can we learn from 
other CORONAVIRUSES in humans?

Common Cold
(seasonal)

Life-threatening
outbreaks

HCoV-
OC43

HCoV-
NL63

HCoV-
229E

HCoV-
HKU1

SARS-CoV
SARS 1

SARS-CoV-2
COVID-19

MERS-CoV
MERS
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Answer:  A lot… knowledge that is essential to understanding COVID-19.



life-threatening 
coronaviruses

common cold
coronaviruses

SARS
1

MERS

HCoV-
OC43

HCoV-
229E

HCoV-
NL63

HCoV-
HKU1

civet

camel

cow

camelid

1100s

1800s

1800s

2003

2012

?

crossover to 
humans in:bat

rodent

All viruses mutate. 
• And regularly cross species…

7 coronaviruses have 
crossed over to humans.
• Four cause cold symptoms
• Three can be life-threatening

• COVID-19 probably started in bats

Cui et al., 2018;  McKay, 2020 

https://doi.org/10.1038/s41579-018-0118-9
https://www.wsj.com/articles/what-we-know-about-the-coronavirus-11579716128


Common Cold Coronaviruses

Human body does NOT develop permanent immunity.
• Antibody immunity rapidly wanes – frequent reinfection
• Can cause “false positive” in some COVID-19 antibody tests

CDC, 2020h;   McIntosh, 2020c;  Sariol & Perlman, 2020;  WebMD Medical Reference, 2019 

These coronaviruses cause 
15-20% of common colds

• Seasonal
• Ubiquitous around the world

HCoV-
OC43

HCoV-
NL63

HCoV-
229E

HCoV-
HKU1

HCoV = human 
coronavirus
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https://www.cdc.gov/coronavirus/types.html
https://www.uptodate.com/contents/coronaviruses?topicRef=126981&source=see_link
https://doi.org/10.1016/j.immuni.2020.07.005
https://www.webmd.com/cold-and-flu/cold-guide/common_cold_causes
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global mortality rate ~10%

SARS 1 (Severe Acute Resp. Syndrome)

AJ Labs, 2020;  CDC, 2017;  Wu et al., 2007

Key features • Contagious only after symptom onset
• No new cases since 2004

Contained by Contact tracing & quarantine 
Vaccine No need to develop

Antibodies (Ab)
• Lasted average ~2 years 
• é Ab longevity proportional to é severity of disease

1

Reproduction 
rateSARS-CoV

https://www.aljazeera.com/news/2020/04/coronavirus-comparing-covid-19-sars-mers-200406165555715.html
https://www.cdc.gov/sars/about/fs-sars.html
https://doi.org/10.3201/eid1310.070576
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Lessons from SARS 1: Brian Doberstyn, Director of
Division for Combating Communicable Disease

WHO Western Pacific Region“We were lucky this time.”
• SARS 1 had long incubation (2-10 days: average 5 days) and…
• No transmission until days after symptoms manifested
• Allowed contact tracing before exposed contacts became infectious

“Transparency is the best policy.” 
• Accurate, complete, timely information is key (globally & locally)

“21st century science played a relatively small role… 
19th century techniques continued to prove their value.”

• Contract tracing (see next slide), quarantine and isolation

Doberstyn, 2006

https://apps.who.int/iris/handle/10665/207501


Contact 
Tracing
Process of identifying 
people who came in 
contact with the infected 
person, then…

• test, 
• isolate & treat, 

and/or 
• monitor them to end 

of incubation period.

CDC, 2016

https://www.cdc.gov/vhf/ebola/pdf/contact-tracing.pdf


Contact Tracing cannot work if test 
results are significantly delayed.
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MERS (Mid. Eastern Resp. Syndrome)

AJ Labs;  Al-Tawfiq 2020;  WHO, 2020e;  CDC, 2019;  Yong et al., 2019;  Payne et al., 2016

global mortality rate ~35%

Key features Transmission without symptoms <10% and high mortality

Contained by
Contact tracing & quarantine 
• Outbreaks contained to Arabian peninsula (except 2015 S. Korea) 
• Some individual cases in other countries, including USA

Vaccine In clinical trials, not approved yet
Antibodies (Ab) Last a few years; é Ab longevity = é severity of disease

Reproduction 
rateMERS-CoV

https://www.aljazeera.com/news/2020/04/coronavirus-comparing-covid-19-sars-mers-200406165555715.html
https://doi.org/10.1016/j.tmaid.2020.101608
https://www.who.int/emergencies/mers-cov/en/
https://www.cdc.gov/coronavirus/mers/about/index.html
https://doi.org/10.3389/fmicb.2019.01781
https://doi.org/10.3201/eid2210.160706


Journey 
to 

Herd 
Immunity

Breyer & Hasto, 2020 111

https://www.bloomberg.com/news/articles/2020-04-14/how-herd-immunity-works-offering-key-to-pandemic-s-end-graphic


We do not know 
how long antibody 
immunity might last
for SARS-CoV-2.

For common cold CoV: 
few months…

For SARS 1: 
couple years…

Sariol & Perlman, 2020;  Wu et al., 2007;  image

https://doi.org/10.1016/j.immuni.2020.07.005
https://doi.org/10.3201/eid1310.070576
https://science.sciencemag.org/content/364/6437/224


Trying to 
achieve herd 
immunity 
without a 
vaccine is a 
costly path…

Early in 2020,
Sweden avoided

lockdown measures, 
attempting a

“herd immunity”
approach.

How did that go?

Spoiler alert…
Sweden later implemented tougher restrictions –

now currently more than other EU countries
like France & Austria – then new infections plunged

Miine, 2020

https://www.ft.com/content/7acfc5b8-d96f-455b-9f36-b70dc850428f


Sweden had more
confirmed COVID-19 deaths 
persisting over a longer period 
than neighboring
Scandanavian countries.

Orlowski & Goldsmith, 2020

Sweden publicly predicted 40% of 
Stockholm would have acquired 
antibodies by May 2020.
The actual number was 15%.

https://doi.org/10.1177/0141076820945282


115WHO, 2020a; image

Please use your knowledge:
Help manage the 
“infodemic” 
Overabundance of 
information – some 
accurate and some not –
occurring during a 
pandemic, which can 
undermine public safety.

WHO’s virtual global conference on Infodemic Management:
https://www.who.int/teams/risk-communication/infodemic-management/3rd-virtual-global-who-infodemic-management-conference

https://www.who.int/news/item/23-09-2020-managing-the-covid-19-infodemic-promoting-healthy-behaviours-and-mitigating-the-harm-from-misinformation-and-disinformation
https://www.who.int/news-room/events/detail/2020/06/30/default-calendar/1st-who-infodemiology-conference
https://www.who.int/teams/risk-communication/infodemic-management/3rd-virtual-global-who-infodemic-management-conference


Misinformation is like a virus: do your part to 
Flatten the infodemic curve…

WHO, 2021

https://www.who.int/news-room/spotlight/let-s-flatten-the-infodemic-curve
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https://www.counterhate.com/
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