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What’s next: COVID-19, science and the 
public health



What I’ll discuss today

• The emergence and early spread of SARS-CoV-2 
•Worldwide, national, statewide and local epidemiology of 

COVID-19 and SARS-Co—2 
• Status of immunizations 
•What can still go wrong? 
•What could we have done differently and how do we respond 

next time?



Emergence and early spread of 
SARS-CoV-2



Coronaviruses

• Large enveloped family of RNA viruses with a mucoid coating 
• Before SARS (2002), coronaviruses were considered relatively 

inconsequential pathogens that caused common colds 
• Four human coronaviruses are endemic globally and cause 10-30% of upper 

respiratory tract infections in adults (alpha coronaviruses HCoV 2229E, NL 
63,and betacoronaviruses OC 43, HKU 1) 

• Widely distributed in mammals and birds 
• Since 2002 we’ve recognized two highly pathogenic strains that causes 

severe acute respiratory syndrome (SARS) and Middle East respiratory 
syndrome (MERS)



SARS and MERS

• As opposed to the human coronaviruses that are associated with 
upper respiratory tract infections, SARS and MERS are caused by beta 
coronaviruses 
• Primarily cause lower respiratory tract infection (pneumonia) 
• Relatively high case fatality rates

SARS MERS

Cases 8098 2494

Deaths 774 858

Case fatality rate 9.5% 34.4%

Controlled Yes after reached pandemic No, continued transmission

Other features 58% from nosocomial transmission 70% of cases from nosocomial transmission



Emergence of the 2019 novel coronavirus (SARS-
CoV-2)
• First recognized case (COVID-19) hospitalized 17 December 2019 
• Cluster reported on 30 December 
• Huanan Wholesale Seafood Market closed 1 January 
• SARS-CoV-2 isolated 7 January 
• SARS-CoV-2 sequenced 10 January 
• Rapid diagnostic tests developed and distributed 
• Cordon sanitaire implemented in Wuhan and surrounding cities on 23 January – 59 

million people quarantined 
• WHO declared Public Health Emergency of International Concern 30 January 
• Outbreak grew from a handful of cases exposed at Huanan wholesale seafood 

market to more than 150 million cases and 3.2 million deaths in less than 16 
months with ongoing person-to-person transmission primarily via respiratory 
droplet





The story starts in Wuhan in Hubei Province, China

• A major commercial city 
in central China on the 
Yangtze River 
• Capitol of Hubei Province 
• Population 11 million





SARS and MERS
• Both closely related to bat 

strains of coronavirus 
• Transmitted through other 

secondarily infected 
species 
• SARS Himalayan palm civets  
• MERS dromedaries 

• Epizoology of SARS-CoV-2 is 
unclear

SARS

MERS

SARS-CoV-2

From: Lu R, Li J, N P, et al. Genomic characterisation of and epidemiology of 2019 novel 
coronavirus: implications for virus origins and receptor binding. Lancet 2020 Jan 29 [Epub 
ahead of print].



Epizoology of COVID-19

• Genetic sequence close to bat 
strains of coronavirus 
• Suggestion of a secondary 

host, which acquired COVID-19 
from bats and transmitted it to 
humans at Huanan Wholesale 
Seafood Market 
• Possible candidate is the 

pangolin, a mammal whose 
scales used in traditional 
medicine 
• Most illegally trafficked animal 

in the world



Routes of transmission

• SARS-CoV-2 spread by two routes: 
• Respiratory droplets spread (≥5µ) 
• Aerosol (airborne) spread (<5µ) 

• No evidence for fomite (surface 
transmission) 
• Droplet spread is far more 

common 
• Target = respiratory epithelial 

cells with ACE2 receptor 
(including conjunctivae)

• Number of droplets exhaled 
depends on force of exhalation 
• Breathing 50-5,000 droplets 

(=200-1000 viral particles/min for 
influenza) 

• 10x increase when speaking 
• 30,000 droplets when sneezing 

(=2M viral particles) 

• Masks are highly effective in 
preventing transmission and 
acquisition of SARS-CoV-2 
infection

SARS-CoV-2 infection causes the clinical disease COVID-19 
Primary clinical manifestation is pneumonia



Spectrum of severity of illness from SARS-CoV-2 
infection

Asymptomatic
Mildly 

symptomatic 
Moderate 
COVID-19 Severe illness Critical illness 

Outpatient care Inpatient and intensive care unit care

No dyspnoea, SOB 
or abnormal chest 
imaging, SpO2 
≥94% 

Evidence of lower 
respiratory track 
disease on exam 
or imaging, 
SpO2≥94% 
 

SpO2<94% on room 
air, RR>30/min, lung 
infiltrates, PaO2/
FiO2 <300 mm Hg 

Respiratory failure, 
septic shock, 
multiorgan system 
dysfunction 

COVID-19

40%  30%  15%     10%   5%



Worldwide, national, statewide and local 
epidemiology of COVID-19 and SARS-Co-2



COVID-19 cases world by day and country, 2020-2021

2 May 2021

Worldwide: 
151 812 556 total cases 
  +5 705 981 new cases last week (no change) 
    3 186 817 total deaths 
      +93 523 last week (+6%)

Cases in last week 
India                2 597 285 
Brazil                        421 933 
United States          345 692 
Turkey 257 992 
France  163 666



11 May 2021



Our World in Data COVID-19 data tracker, 11 May 2021.

COVID-19 cases per 100,000 population by day, Brazil, 
India, UK and US, 2020-2021



COVID-19 cases by day, 
India, 2020-2021

• Shortages of beds and oxygen 
• All industrial oxygen has been commandeered 

for health care 

• Role of variants – B.1.1.7 and B.1.617 
variant (E484Q and L452R ) 
• 70.4% of isolates in India are B.1.617 
• Up to 40% of isolates in Australia 
• Controllable by current vaccines

• Only 5.5% of Indian adults have been fully vaccinated 
• India has stopped exporting vaccines, diverting them 

for domestic use 
• Lockdown in several states – air pollution has dropped 

11 May 2021



U.S. will support 
compulsory licensing of of 
COVID vaccines 
• Waiver of intellectual 

property for public health 
emergencies 

• WTO allows under TRIPS 
• Countries who apply for 

waiver can manufacture 
their own vaccines or 
biologics without IP 
infringement



COVID-19 cases and deaths are falling, United States 
and California, 2020-2021

11 May 2021

United States California



30 April 2021



COVID-19 cases per 100,000 
by state, last 7 days, United 
States, May 2021

11 May 2021



Statewide indicators, SARS-CoV-2 infection, California, 
2021

11 May 2021

Beyond the Blueprint for a Safer Economy 
On June 15, all sectors can return to normal 
Two criteria: 
• Equitable vaccine availability for ≥16 years old 
• Consistently low burden of disease 

Continued mandate for masking and testing or vaccination 
requirements for large-scale higher-risk events

• Re=0.89 

• 1.0% test positivity  

• Hospitalizations 1 546        
(-10% from two weeks ago)

• Overall ICU 
capacity 32.8%



*Adjusted for testing rate, 7-day lag

San Francisco Bay AreaCases/  
105/ d*    Re.       %+  

  2.3       0.87      0.9% 

  3.7  0.89     1.3% 

  5.1 0.86     1.7% 

  1.7  0.82     0.6% 

  1.8  0.86     0.6% 

  8.3  0.99     2.7% 

  1.9  0.72     0.9% 

  2.5  0.73     0.9% 

  4.3  0.80     1.4%
11 May 2021

440 037 total cases 
     +246 on 10 May 

     6 346 total deaths 
           +2 on 10 May



Status of immunizations



COVID-19 vaccine doses administered, California, 2021

• 31 869 478 doses administered 
• 235 653 average per day for the last 7 days 
• 49.1% of Californians have received ≥1 dose 
• 35.7% have been fully vaccinated 
• San Francisco: 64.4% with ≥1 dose, 44.6% fully 

vaccinated

11 May 2021

Currently vaccinating  
• All Californians ≥16 years old 

 

Upcoming (13 May?)  
• All Californians ≥12 years old 

 

California

8%



COVID-19 vaccination intentions, United States, 
December 2020-April 2021



Vaccination breakthroughs, United States

• 5 800 cases of vaccine 
breakthrough have been 
reported 
• 66M people have been 

completely vaccinated 
• Rate = 8.8 per 100,000 vaccinees 

(1 in 11 364 vaccinees) 
• 40% in people ≥65 years old 
• 65% in women 
• 29% asymptomatic, 7% 

hospitalized, 1% died

• Vaccine breakthroughs in trials 
• Moderna 

11 of 14 134 (77.8 per 100 00) 
1 per 1 285 vaccinees 

• Pfizer 
8 of 21 720 (36.8 per 100 000) 
1 in 2 717 vaccinees 

• Johnson & Johnson 
66 of 19 306 (342 per 100 000) 
1 in 292 vaccinees

Personal communication, Martha Sharan, CDC



Vaccination breakthroughs, California

• Surveillance for post-vaccination 
breakthroughs 
• Matched immunization registry 

with case registry for cases with 
positive PCR (confirmed cases) 
≥14 days after completion of 
both doses

• ≥10.7 million fully vaccinated 
• 1,379 reported cases matched 

with immunization registry 
• 0.013% or 1 in 7,760 vaccinees

Office of Communication, California Department of Public Health, April 27, 2021



Tenforde MW, Olson SM, Self WH, et al. Effectiveness of Pfizer-BioNTech and 
Moderna vaccines against COVID-19 among hospitalized adults aged 65 years – 

United States, January-March 2021. MMWR 2021 Apr 28 [Early release].

94%, 95% CI 49-99% 

64%, 95% CI 28-82%



Evidence for vaccine effectiveness for hospital 
admission after single dose, Scotland

Vasileiou E, Simpson CR, Shi T, et al. Interim findings from first-dose mass COVID-19 vaccination 
roll-out and COVID-19 hospital admissions in Scotland: a national prospective cohort study. 
Lancet Lancet 2021 Apr 23 [Epub ahead of print].



Projected COVID-19 cases under 
four scenarios, United States, 
2021

Borchering RK, Viboud C, Howerton E, et al. Modeling of future COVID-19 cases, 
hospitalizations, and deaths, by vaccination rates and nonpharmaceutical intervention 
scenarios – United States, April-September 2021. MMWR 2021 May 5 [Early release]. 



What can still go wrong?



1. Mask fatigue and breakdown of non-pharmaceutical 
interventions 

2. Maldistribution of vaccine with substantial pockets of 
immunologic inequity that can sustain epidemic 
transmission 

3. Emergence of more transmissible and less immunologically 
susceptible variants 

4. Ignoring international spread 
5. Loss of confidence in vaccines and more vaccine hesitancy 
6. Decreased vaccine supply







San Francisco and the 1918-19 influenza epidemic



Masking recommendations 
for fully vaccinated people

• CDC issued new guidelines on 27 
April 2021 
• Governor Newsom announces on 

the same day that California will 
adopt these new guidelines



COVID-19 vaccine equity, California, 2021

11 May 2021



Risk of variants by time and COVID-19 incidence

Thompson RN, Hill EM, Gag 
JR. SARS-CoV-2 incidence 
and vaccine escape [Letter]. 
Lancet Infect Dis 2021 Apr 13 
[Epub ahead of print].



SARS-CoV-2 variants of concern, United States, 
California and Arizona, 2021
California (N=7 663) 
B.1.1.7     30.6% 
P.1             4.0% 
B.1.351       0.6% 
B.1.427/   
B.1.429     38.4%

11 May2021

Arizona (N=487) 
B.1.1.7      32.0% 
P.1              3.5% 
B.1.351      0.6% 
B.1.427/ 
B.1.429   27.7%



Proportion of SARS-CoV-2 variants by month, 
California, 2020-2021

0
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B.1.1.7 B.1.427/B.1.429 B.1.351 P.1/P.2 B.1.525/B.1.526

California Department of Public Health, 1 May 2021



• CDC and FDA have called for immediate 
pause in administration of J&J vaccine 
• 17 recipients in the U.S. have developed 

cerebral sinus vein thromboses (CSVT) 
and other deep thromboses with 
thrombocytopenia following vaccination 
out of 8 M doses administered (1.4 M to 
women 20-50 years old) – overall rate 
2.1/106 or 1/471 000 doses 
• All but one were women between <60 

years old, one died

• Possibly similar mechanism to 
AstraZeneca vaccine-associated 
antibodies (against platelet factor 4) 
• 169 cases of CSVT and 53 cases of 

abdominal thrombotic thrombocytopenia 
following 34 million doses in the European 
Economic Area and the UK <14 days post 
vaccination 

• Mostly in women <60 years old

April 28, 2021

Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrie PA, Eichinger S. 
Thrombotic thrombocytopenia after ChAd Ox1 nCov-19 vaccination. N 
Engl J Med 2021 Apr 9 [Epub ahead of print]. 

Schultz NH, Sørvoli IH, Michelsen AE et al. Thrombosis and 
thrombocytopenia after ChAdOx1 nCoV-19 vaccination. N Engl J Med 
2021 Apr 9 [Epub ahead of print].

New York Times, April 
13, 2021, updated 
Reuters April 28, 2021



Q: Have thromboses with thrombocytopenia been seen with 
other Adenovirus-vectored vaccines? A: Not reported

• Gameleya (Sputnik V) 
• Adenovirus 5 and 26 
• VE 91.6%

• CanSino BIO (Convidecia) 
• Adenovirus 5 
• VE 65.3% 

Logunov DY, Dolzhiova IV, Shcheblyakov DV, et al. Safety and efficacy of an 
rAd26 and rAd5 vector-based heterologous prime-boost COVID-19 vaccine: an 
interim analysis of a randmomised controlled phase 3 trial in Russia. Lancet 
2021; 397:671-81.

Zhu F-C, Guan X-H, Li Y-H, et al. Immunogenicity and safety of a recombinant 
adenovirus type-5-vectored COVID-19 vaccine in healthy adults aged 18 years 
or older: a randomised, double-blind, placebo-controlled, phase 2 trials. Lancet 
202; 396:479-88.



Oliver S. Risk/benefit assessment of thrombotic thrombocytopenic 
events after Janssen COVID-19 vaccines: applying evidence to 
recommendation framework. ACIP 2021 Apr 23.



Oliver S. Risk/benefit assessment of thrombotic thrombocytopenic 
events after Janssen COVID-19 vaccines: applying evidence to 
recommendation framework. ACIP 2021 Apr 23.



Courtesy of Peter Chin-Hong, M.D., UCSF



Courtesy of Peter Chin-Hong, M.D., UCSF







Vaccine supplies 

• U.S. has up to 300 million doses 
of AstraZeneca vaccine on order 
• Has not received EUA from FDA 
• 4 millions doses already provided 

to Canada and Mexico 
• Administration announced 

yesterday that U.S. will provide 
up to 60 million doses to India 
after safety determination by FDA



What could we have done differently and 
how do we respond next time?



Lessons learned for future 
pandemics
• Early warning systems are key with focus 

on human-animal interfaces (OneHealth 
approach) 
• Internationalism is essential 
• Employ private sector solutions for 

manufacturing and distributing early 
prototype diagnostic and screening tests 
• Strengthen domestic and global health 

architecture for pandemic preparedness 
and response 
• Invest in public health


