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What we’ll discuss today

* The emergence of SARS-CoV-2
and its associated disease
(COVID-19) in Wuhan, China

 Worldwide and local
epidemiology

* Population-level prevention
* School closing and reopening
* Future




SARS and MERS

e Both closely related to bat
strains of coronavirus

* Transmitted through other
secondarily infected species
* SARS Himalayan palm civets
* MERS dromedaries

* SARS originally associated
with wet market in
Guangzhou

* 26 countries
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Figure 3: Phylogenetic analysis of full-length genomes of 2019-nCoV and representative viruses of the genus Betacoronavirus
2019-nCoV=2019 novel coronavirus. MERS-CoV=Middle East respiratory syndrome coronavirus. SARS-CoV=severe acute respiratory syndrome coronavirus.

From: Lu R, LiJ, 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

e 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
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COVID-19 cases and death by day of report,

United States, 2020

New reported cases by day in the United States
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1,199,238 cases, 70,646 deaths as of May 5, 2020
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TABLE. Factors contributing to COVID-19 acceleration and corresponding public health actions — United States, January-April 2020

Factor contributing to acceleration Examples Public health actions
Continued travel-associated Travelers arriving from countries or Travel health notices, traveler screening (including risk assessment,
importations of the virus cruise ships with ongoing transmission public health management and monitoring), travel restrictions, federal

isolation and quarantine orders, educating travelers and clinicians
regarding symptoms and evaluation

Large gatherings Social, cultural, and professional Restricting mass gatherings; global travel restrictions and domestic
gatherings where persons convene and travel recommendations, recommending transition to virtual events
then disperse over broad areas

Introductions into high-risk Long-term care facilities, hospitals, Restricting visitor access, establishing cohort units or facilities for

workplaces/settings correctional facilities, and residential settings, vigorous contact tracing around persons with
homeless shelters confirmed cases, increased infection control, environmental surface

cleaning, use of recommended personal protective equipment

Crowding and high Densely populated areas, Stay-at-home orders, recommendations for hand washing and social
population density crowded workplaces, schools, distancing, cloth face covering guidance, school dismissals, extended
and public spaces telework, environmental surface cleaning
Cryptic transmission Presymptomatic or asymptomatic Increased testing, COVID-19-specific surveillance, cloth face covering
spread, limited testing, guidance, aggressive contact tracing accompanied by quarantine and/
co-occurrence with circulation or testing of asymptomatic contacts, stay-at-home orders

of other respiratory viruses

Abbreviation: COVID-19 = coronavirus disease 2019.

CDC. Public health response to the initiation and spread of pandemic COVID-19 in the United States, February 24-April 21,
2020. MMWR 2020 May 1; 69 [early release].



Projected Cases per Day

United States
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Projected Deaths per Day

United States
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COVID-19 cases by week, San Francisco County
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Infectious disease deaths, United States, 1900-
1996
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Two strategic goals

* Limit new cases by decreasing R, the effective reproductive number

 Flatten and prolong the outbreak to (1) assure adequacy of health
care resources and (2) buy time for antivirals and eventually vaccine



Figure 2. The Effective Reproduction Number (R,) Estimates
Based on Laboratory-Confirmed Coronavirus Disease 2019 (COVID-19)
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What does the immediate future hold?

* Long tail of cases into the early summer

* Occasional outbreaks in congregate living facilities — skilled nursing
homes, homeless shelters, jails, etc.

 |dentifying and suppressing these will be our biggest challenge this summer

* Possible very large second wave when children return to school, but



Is social distancing working in San Francisco?
COVID-19 cases by day, San Francisco and Los Angeles, March-April, 2020
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Presenter
Presentation Notes
1st deaths:
SF 3/25
LA 3/11

Shelter in place began:
SF: 3/17
LA: 3/21


Children are underrepresented among reported
COVID-19 cases

 Case series have shown consistently <10% of reported patients are in
children and adolescents
* In the United States 2.1% are <18 years old
* In Italy 1.8% are <18 years old
* Only sparse data on COVID-19 prevalence

* In review of 1,065 patients (from 18 studies, all but one patient from
China), Castagnoli found:
* Ages ranged from 30 hours to 17 years
* Most had mild symptoms without pneumonia (fever, dry cough, fatigue)
* One death (13 month old)



COVID-19 prevalence in children, Iceland

 Two samples

40% —

* High-risk — symptoms, contact with < Foma
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* Community-based £
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influenza A)
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COVID-19 transmission in households and schools?

Children are unlikely to have been the primary source of household SARS-CoV-2
infections

In Asia, early (Jan-Feb) household
CIUSterS/InfeCtlons' drlven by Chlldren IOW Yanshan Zhul. Conor J. Bloxlmnﬁ Katina D. Hulmel. Jane E. Sinclair’, Zhen Wei Marcus

(< 10% have pediatric index Case) Tong', Limreu E. Steelflﬁ. Ellesandra C. }\'onei. Jiahai Lui.%»Keng Yih Chew', Janessa
Pickering”, Charles Gilks™, Asha C. Bowen" & Kirsty R Short ™~
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g 10
E
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with 112 school contacts, no subsequent transmission. 1 2 3 4 5 6 7 8 9 101 1213
. . . Epidemic week of symptom onset
In Australia, 18 primary and high school cases (9 students, 9

) Fontanet A, Tondeur L, Madec Y, et al. Cluster of COVID-19 in northern
teachers) found 2 subsequent cases in students amongst France: a retrospective closed cohort study. medRxiv 2020 Apr 23.

863 close contacts 83/242 (34%) students PCR positive


Presenter
Presentation Notes
In households, Past examples of SARS and MERS also suggest children not drivers of infection, however those situations were clearly different from COVID. 
For COVID-19 in Asia, children unlikely to be early drivers of household infections. 1) Zhu et al, retrospective review that analyzed household clusters in China, Singapore, Japan and Iran. 10% of household clusters were found to have pediatric index case(if assuming asymptomatic spread up to 20% pediatric index) vs ~54% in H5N1. Children more likely contact cases from family. Versus Influenzas, which has been known to be an early driver of infection to households after children get at schools. Other articles that followed both Chinese 66 family clusters and 419 family clusters only identified 1 index patient <18 years of age. 2) Qiu et al also found that of n=36 pediatric cases, 89% infected from family members, rather than as index cases. Caveats, heavily dependent on Chinese data when exponential spread occurred during Chinese new year(off school). 

Fontanet et al. Cluster of COVID-10 in North France: A retrospective closed cohort study, showed that in the epidemic region Oise, 40% of 15-17% year olds at the school were seropositive. Staff, teachers and students had much higher psotivity when compared to parents and siblings (~11%) suggesting high school are a potential source of transmission to households.

In contrast Danis et al followed 1 PCR positive, symptomatic pediatric case with contacts to 112 students and staff across 3 schools. None of the tested individuals subsequently developed COVID. Of note, however the patient was low on viral loads at test date in the days after contact exposure. IT is possible this patient was low viral load the entire time.

Also in contrast, NSW report showed very limited spread amongst 18 initial cases in 15 primary and high schools to 2 subsequent cases. Note only 1/3 of contacts tested, most using PCR testing(less sensitivity) vs serologic. Also while study period from 3/5/20-> 4/3/20, many parents took students out of school at 3/23/20.

Overall strong preference to trust serologic French results. Some preliminary evidence to suggest viral loads in URT for children lower, may skew pharyngeal PCR tests.


Why were schools closed?

* Analogy with influenza A outbreaks

* School children are clear vectors of
influenza A with community-wide spread
and childhood influenza immunization is
associated with lower rates of influenza
in communities

e Children have higher influenza A attack
rates than adults and are infectious longer

e Contributes to school absenteeism and
parental absence from work

* Presence of a child with influenzain a
household is a risk factor for influenza
infection in families

* Changes social mixing patterns

 No clear evidence from SARS or MERS

* Ecological data from Hong Kong on
declining R, of SARS-CoV-2 following
school closure
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When can schools reopen?

South Korea | Germany China Australia
(NSW)

Planned Next year May 4 Unclear April (now) May 11 Unclear
reopening (April 27 in

date Berlin)

Staged plan  Yes Yes Unclear Unclear Yes Unclear
Criteria Unclear Qualitative Unclear Quantitative  Unclear Qualitative

* Long et al calculate risk of student being infected by teacher in first week of
reopening = 0.5% in China outside of Hubei if <3 cases in prior two weeks

* Considerations:
* Maintaining social distancing
* Mixing patterns
* Surveillance for new disease (absenteeism)
* Rapid outbreak investigation with isolation and quarantine



Vaccine development

AN ARRAY OF VACCINES

Virus Viral vector Nuclelc acid Protein-based
Inactivated | Replicating I DNA B Protein subunit
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Other*

0 5 10 15 20 25 30 35
Number of vaccines in development

* Other efforts include testing whether existing vaccines against poliovirus or
tuberculosis could help to fight SARS-CoV-2 by eliciting a general immune
response (rather than specific adaptive immunity), or whether certain
immune cells could be genetically modified to target the virus.

VACCINE BASICS:

The body’s adaptive immune system can learn to recognize new,
invading pathogens, such as the coronavirus SARS-CoV-2.

L Y ’ ): Coronavirus infection*
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“Rodamap siages

STAGE 1: STAGE 2: STAGE 3: STAGE 4:
Safety and Lower Risk Higher Risk End of Stay-At-
Preparedness  Workplaces Workplaces Home Order
Making essential Creating Creating Return fo expanded
workforce opportunities for opportunities for workforce in highest
environment as lower risk sectors higher risk sectors to risk workplaces.
safe as possible. to adapt and adapt and re-open.

re-open. Requires

Therapeutics.

Modified school
programs and
childcare re-open.




dSiage 2: Lower Risk Workplaces

Gradually opening some lower risk workplaces
with ADAPTATIONS:

o Retail (e.g. curbside pickup)

o Manufacturing

o Offices (when telework not possible)
o Opening more public spaces

Expanded Workforce Safety Net:

e Wage replacement so workers can stay home when sick




Siage 2: Lower Risk Workplace

Schools and Childcare Facilities with Adaptations:

e SUmMmer programs and next school year potentially starting
sooner (July/August)

o Childcare facilities to provide more care
e Address learning gaps

e Ensure students and staff are protected

o Allow broader workforce to return to work




San Francisco and the 1918-19 influenza
epidemic

A family wearing masks in San Francisco on November 21,1918. San Francisco History A family with their masks off in San Francisco on November 21,1918. San Francisco
Center, San Francisco Public Library History Center, San Francisco Public Library



Comparative excess mortality per 100 000 by days
since 7 September 1918, United States
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Bootsma MCJ, Ferguson MN. The effect of public health measures on the 1918 influenza pandemic in U.S. cities. Proc Natl
Acad Sci 2007; 104:7488-93.
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