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Brief Disclaimer

• The following presentation represents my own personal scientific 
views and does not represent those of any other individual or 
institution.

• It is based on the information currently available to me and my 
current understanding of the scientific evidence.

• I have no direct conflicts of interest, but have served as an expert 
witness on cases where issues of the length of the pandemic are at 
issue. 



The what and why of epidemiology?

• Epidemiologists study the distribution and causes of diseases in 
populations. 

• I study infectious disease dynamics, or specifically how epidemics of 
infectious diseases evolve and change over time.

• Clinical researchers try to understand what factors make one patient 
recover why another dies, or what treatments work best to cure 
disease. Epidemiologists try to understand what makes epidemics 
worse in some places than others, and how to best control spread.



A Quick Primer on COVID-19 
Epidemiology and Control



How deadly is COVID-19?

• In the US COVID-19 kills 
about 1 in every 200 people 
unvaccinated people who 
are infected.
• some evidence this may be 

higher for Delta

• The probability of death is 
highly age dependent, 
doubling with about every 
10 years of age.



The course of COVID-19 infection

             

                   

              

              

            

         

                     

                  

       
                 



The three modes of control



The three modes of control

Reducing contacts
• mandated social distancing
• voluntary behavior change
• symptom screening
• test-trace-isolate programs
• regular prophylactic testing

              



The three modes of control

Reducing per contact risk
• masks
• moving interactions outside
• ventilation
• hand washing



The three modes of control

Reducing susceptibility
• vaccination
• prophylactic treatment
• natural infection*

* - to be avoided



Why are 8% of people responsible for 80% of 
transmission?

              

Watched TV Went to 
brother's
wedding

Went to work

How did you spend
your most infectious 
day?



An annotated review of the 
COVID-19 pandemic in 
North Carolina



adapted from nc-covid.org with thanks to Paul Delamater 



Spring 2020: Uncertainty and Lockdowns



Uncertainty in early 2020
• Infection fatality rate:

• 1 in 1,000 to 1 in 60

• Transmission efficiency 
• R0 in range 2-4

• relative roles of different modes of transmission

• Relative susceptibility of children

• When would we have a vaccine and how good would it be?



The Silent Epidemic
• Most cases have mild symptoms.

• Deaths and hospitalizations are 
delayed weeks or longer after 
infection.

• Testing in the United States was 
severely limited in the early stages 
of the pandemic.

• Hence early spread went largely 
undetected, and many states likely 
had large spring epidemics not 
reflected in their case numbers.

Maryland

https://www.nytimes.com/interactive/2021/us/maryland-covid-cases.html



The impact of lockdowns and social distancing



How well do “lockdowns” work?

• The vast majority of studies 
show that layered social 
distancing measures such as 
business closures, limits on 
gatherings and stay at home 
orders,  reduce COVID-19 
spread.

• Multiple measures are needed 
to contain COVID-19 spread.

• Impacts are delayed.

• Globally, sustained lockdowns 
have universally resulted in 
“turning the curve” of the local 
epidemic.

Yang et al. Nature Communications 2021 



Kicking the can down the road?

• Highly effective control 
measures stop the 
accumulation of immunity in 
the population.

• Hence they the population 
remains susceptible to 
outbreaks once they are lifted. 

• They buy critical time for 
building hospital capacity, 
improving treatment, and 
development of a vaccine.



Herd immunity and flattening the curve.



Summer 2020: A brief respite



The impact of masking?



The impact of masks
• Masks decrease an individuals chance of being infected by 60-70% with 

strong adherence.

• Masking mandates decrease the efficiency of community  COVID-19 
transmission by 10-20% (US Spring/Summer 2020 data)



Fall 2020 to Winter 2021: The winter surge



Schools and COVID-19 Transmission



Schools and COVID-19 Transmission
• For the original strain 

children are half as likely to 
get infected if exposed than 
adults.

• Children are less likely get 
sick if infected.

• Unclear if children are less 
likely to transmit if 
symptomatic.

• Unclear if this has changed 
with Alpha and Delta 
variants. relative odds of

being infected

Bi et al., Nature Communications 2021
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Schools and COVID-19 Transmission
• People living with a child in in-person school are around 30% more 

likely to report COVID-19 related outcomes than those living with a 
child not in in-person school.

Lessler et al., Science 2021



Schools and COVID-19 Transmission
• Each additional mitigation measure put in place leads to about an 8% 

reduction in the chances of a household member reporting a COVID-19 
related outcome.

• Teacher masking, daily symptom screens and cancelling extracurricular 
activities stand out as effective

Lessler et al., Science 2021



Schools and COVID-19 Transmission
• Once 7+ mitigation measures are in place there is no excess risk of 

reporting COVID-19 related outcomes among household members of 
kids attending in-person school.

Lessler et al., Science 2021



Spring to Summer 2021: Vaccination and Decline



Past and projected vaccination rates in NC



How well does the vaccine work?
mRNA vaccines are:

• > 90% effective against 
hospitalization and death

• >70% effective against 
infection

• Declines as we get further 
out from vaccination

• Slightly less effective in 
those 65 or older.



Summer to Fall 2021: The Delta Wave



Why has Delta been so bad?

• Delta is about 1.5 times as 
transmissible as Alpha and over 
twice as transmissible as the original 
strain.

• Delta’s emergence coincided with 
reductions in mandated control 
measures and voluntary changes in 
behavior.

• Some reductions in vaccine efficacy 
associated with the risk of Delta.



Vaccines blunt the impact of Delta



Delta and the changing epidemiology of the 
pandemic.
• Cases have been younger in 

the Delta wave than in 
previous waves.

• This likely reflects the 
impact of a more infectious 
virus differential 
vaccination/immunity by 
age.

• This effect is even more 
stark for deaths.



Delta and the changing epidemiology of the 
pandemic.
• Cases have been younger in 

the Delta wave than in 
previous waves.

• This likely reflects the 
impact of a more infectious 
virus differential 
vaccination/immunity by 
age.

• This effect is even more 
stark for deaths.



The Impact of the Pandemic in 
North Carolina



The pandemic that was…

The pandemic in North Carolina so far:*

• 3.9 million infected
(over 1 in every 3 North Carolinians)

• 1.4 million cases 
(about 1 in every  7)

• 550,000-820,000 hospitalized
(about 1 in every 20 to 1 in every 12)

• 18,000 deaths 
(over 1 in every 600)

• About 5.6 million fully vaccinated
(over 1 in every 2)

numbers from nc-covid.org and NYT covid tracker on October 31,2021
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…and the pandemic that wasn’t.

An uncontrolled pandemic:

• Original strain:
7.8 million infections and 
47,000 deaths

• Delta like:
10.2 million infections and 
up to 134,000 deaths



…and the pandemic that wasn’t.

An uncontrolled pandemic:

• Original strain:
7.8 million infections and 
47,000 deaths

• Delta like:
10.2 million infections and 
up to 134,000 deaths



North Carolina COVID-19 deaths in context

* - projected deaths March 1, 2020 – October 31, 2021 based on 2017 rate.
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The Future





Planning scenarios, not forecasts!



From Tropical Storm Blanca Strengthens in the Eastern Pacific - WeatherNation (weathernationtv.com)

https://www.weathernationtv.com/news/two-areas-of-potential-tropical-development-in-the-eastern-pacific/


From Tropical Storm Blanca Strengthens in the Eastern Pacific - WeatherNation (weathernationtv.com) / cyclocane.com

https://www.weathernationtv.com/news/two-areas-of-potential-tropical-development-in-the-eastern-pacific/


Round 9 Scenario Definitions

• Under 12 yrs immunization 

starts Nov 1

• Vaccine parameters at teams’ 

discretion

• Report age-specific 

projections

Variant emergence
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Results, General Projections

covid vaccine icon by Md Saiful Alam Saif from the Noun Project



Results: The impact of vaccinating 5-11 year olds



The accumulation of immunity in North Carolina



How could this all be wrong?



Future threats

• Immune escape

• Stronger than expected behavioral or 
seasonal impacts

• Higher than expected COVID-19 
detection/death rates.

• Something else?
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Future threats

• Immune escape

• Stronger than expected behavioral or 
seasonal impacts

• Higher than expected COVID-19 
detection/death rates.

• Something else?



What does COVID-19 look like in 10 years?



A seasonal coronavirus?

• Most coronaviruses and other respiratory pathogens settle down to 
cause seasonal epidemics, it is likely COVID-19 will do the same…

Rucinski et al., Mayo Clinic Proceedings 2020



A mild childhood infection?

• Decades in the future only very 
young children will be seeing 
COVID-19 for the first time.

• Currently, young children appear to 
be very unlikely to have severe 
disease, so most of these first 
infections will be mild.

• Older individuals will have pre-
existing immunity from vaccine or 
previous infection, hence will have 
more mild symptoms if they are 
infected at all. 

infection

hospitalization

Tartof et al., The Lancet 2021



Annual vaccination?

• The variants prove that there is every possibility that SARS-CoV-2 
continues to evolve away from human immunity (like influenza), and 
repeated vaccination will be needed.

nextstrain.org



Summing Up
• The impact of COVID-19 in North Carolina has been middling compared to 

all US states.

• Control measures from masks, to lockdowns, to vaccination have been 
effective in controlling COVID-19, but will not eradicate the disease.

• We are likely entering a new phase of the pandemic with things looking 
good over the short term and a long term outlook where COVID-19 
remains a threat, but not a big one.

• The virus has surprised us before, and very well could again, so caution and 
humility are needed as we look to the future. 



Backup



How well do “lockdowns” work?

Yang et al. Nature Communications 2021 



Why should we quarantine?







How well does the vaccine work?

who.int



An amazing accomplishment

CDC.gov



The accumulation of immunity in North Carolina



A seasonal coronavirus?

• Most coronaviruses and 
other respiratory 
pathogens settle down to 
cause seasonal epidemics, 
it is likely COVID-19 will do 
the same.

Visseaux et al., PLoS ONE 2017



Older populations have higher death rates.



Schools and COVID-19 Transmission



Results, General Projections

covid vaccine icon by Md Saiful Alam Saif from the Noun Project



John Snow and the Broad Street Pump



An amazing accomplishment


