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Epidemiology of SARS-CoV-2
• Symptoms may appear 2-14 days after exposure to the virus
• Cough
• Shortness of breath or difficulty breathing
• Fever
• Chills
• Muscle pain
• Sore throat
• New loss of taste or smell

• Less common symptoms like nausea, vomiting, or diarrhea
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html

• Risk factors for severe disease
• Age 65+
• Live in LTCF
• Hypertension
• Other cardiovascular disease
• Metabolic disease (diabetes)
• Chronic lung disease and asthma
• Immune suppression
• Obesity
• Neurologic disease
• Chronic renal or liver disease
• Hemoglobin disorders
https://www.cdc.gov/coronavirus/2019-ncov/php/openamerica/surveillance-data-analytics.html

https://www.cdc.gov/coronavirus/2019-ncov/php/open-america/surveillance-data-analytics.html

Epidemiology of SARS-CoV-2
• Estimates of Infection Fatality Ratio

• Crude estimate from NY State seroprevalence study of 13.9% antibody positive,
15,500 deaths about the time of the antibody specimen collection, and population of
19.54 million people – ~0.5%

• Imperial College model using estimates from UK, Italy and France – range about 0.8% 1.2% with even wider confidence intervals
• IF assume 0.5% IFR and 4-5% infection rate in US thus far, population of 329,690,000,
then estimated number of deaths would be 69,938 - 82,422 deaths.
• IF assume 0.8% IFR or 1.2% IFR And 4- 5% infection rate:
• 105,500 – 158,251 at 4% infected
• 131,876 - 197,814 deaths at 5% infected

• US deaths reported to CDC as of May 26, 2020 = 98,261
https://www.imperial.ac.uk/media/imperial-college/medicine/mrc-gida/2020-05-21-COVID19-Report-23.pdf.

Idaho COVID-19 Cases and Deaths By Age Group

https://public.tableau.com/profile/idaho.division.of.public.health#!/vizhome/DPHIdahoCOVID-19Dashboard_V2/Story1.

Case Counts and SARS-CoV-2 PCR Testing in Idaho
Total labconfirmed and
probable
Deaths
Hospitalizations
ICU admissions
Healthcare
personnel
Total tests
https://coronavirus.idaho.gov
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Rebound Idaho Criteria
• Epi/capacity criteria required to move to next stage –Epidemiology
data examples
• Downward trend or <20/day on average over 14 days lab confirmed COVID-19 cases OR Downward trend
of % positive COVID-19 PCR in 14-day period (including flat or increasing volume of tests)
• Downward trend or <20/day on average over 14 days ED visits for suspected COVID-19 cases

• Next phase Stage 3 – May 30 if criteria met
• Outdoor pools, waterparks, bars, breweries, wineries, distilleries
• Gatherings 10-50 people if social distancing and hygiene can be maintained

https://rebound.idaho.gov/business-specific-protocols-for-opening/

COVID-19 Cases by Date of Onset, Idaho

https://coronavirus.idaho.gov.

• Continued emphasis on mask use, hygiene, social distancing, limiting
numbers of contacts, and other measures to prevent spread and increased
intensity of outbreaks

Grayjaypress.com

Chapter.ser.org

https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html

Npr.org

Evidence of Modes of Transmission of SARS-CoV-2
• Multiple lines of evidence need to be examined to understand
contribution of different modes of transmission of respiratory viruses

• Contact and indirect contact (self-inoculation)
• Large droplet respiratory (generally within 6 feet)
• Droplet nuclei (small particles that can be suspended in air, travel far distances)

• For newly emerging viruses, additional modes should be examined

• Vertical transmission (mother to fetus) – none noted, but placental injury
• Fecal-oral – potential given viral RNA in stool in >40% of patients, but capacity for
virus replication not found
• Sexual – No documented cases, but viral RNA found in some semen and urine
samples of some studies, but not others.

• Relative importance of different modes of transmission may evolve
2020 May 22;aqaa089. doi: 10.1093/ajcp/aqaa089. Cheung, et al. Gastroenterology 2020 Apr 3;S0016-5085(20)30448-0. doi:
10.1053/j.gastro.2020.03.065. Li, et al. JAMA Netw Open. 2020;3(5):e208292. doi:10.1001/jamanetworkopen.2020.8292

Transmission Dynamics
• Multiple studies and settings
• Overall conclusions

• Infectiousness begins about 2 days before symptom onset (up to 3 days)
• While shedding of viral RNA can be detected for 21 days in some cases, viable
virus (virus that can be grown in tissue culture) persists generally for about 8
days after illness onset.
• Serial interval between cases averages about 5 days, but can be shorter
• About one-third of infected persons have asymptomatic infection

• Given asymptomatic infection and pre-symptomatic shedding,
modelers in China estimate that 44% (95% CI, 25–69%) of secondary
cases were infected during the index cases’ presymptomatic stage
Wölfel, R., Corman, V.M., Guggemos, W. et al. Virological assessment of hospitalized patients with COVID2019. Nature 581, 465–469 (2020). https://doi.org/10.1038/s41586-020-2196He, X., Lau, E.H.Y., Wu, P. et al. Temporal dynamics in viral shedding and transmissibility of COVID-19. Nat
Med 26, 672–675 (2020). https://doi.org/10.1038/s41591-020-0869-5.

Wölfel, R., Corman, V.M., Guggemos, W. et al. Virological assessment of
hospitalized patients with COVID-2019. Nature 581, 465–469 (2020).

• Viral RNA detected from NP swab samples, sputum, stool, serum, and urine among patients in Germany identified through
contact tracing
• No serum, urine or stool samples were culture-positive
• No throat or sputum samples were culture-positive after day 8 of illness onset

Transmission Evidence From Cohort Studies
• Initial case cluster in Germany
• Transmission in office setting and cafeteria from early symptom onset person to
others and secondary transmission with more limited face-to-face exposure and
“passing the salt”.
• Initial household transmission studies in U.S.
• Symptomatic secondary attack rate of 0.45% (95% confidence interval
[CI] = 0.12%–1.6%) among all close contacts
• Symptomatic secondary attack rate of 10.5% (95% CI = 2.9%–31.4%) among
household members.
• Testing of asymptomatic contacts not reported
• Household transmission studies in China
• Substantially higher estimates of household transmission, e.g. ~20-50% range
CDC. MMWR Weekly / March 6, 2020 / 69(9);245–246.
Böhmer MM, et al Lancet Infect Dis. 2020 May 15:S1473-3099(20)30314-5. doi: 10.1016/S1473-3099(20)30314-5.

Evidence From Cohort Studies
• Multiple examples of crowding and close proximity situations increasing risk of high
attack rates, e.g. cruise ships, nursing homes, church gatherings, crowded work settings

Hamner et al. MMWR Weekly / May 15, 2020 / 69(19);606–610

Preventing Transmission in Healthcare Settings
• Universal precautions
• Source control – facial coverings for all patients 2 yrs or older able to wear one
• Masks for all HCP entering a healthcare facility
• N-95 or higher respirators for care of patients with suspected or confirmed
COVID-19 and especially for aerosol-generating procedures
• Strict adherence to hand hygiene
• Surface decontamination, including with UV-C where available
• Gowns, gloves and eye protection
• Appropriate ventilation, consider UV-C and hepa-filtration of air (ASHRAE)

Experimental Studies on Transmission
• Studies sampling air in rooms of infected patients thus far not able to
collect virus-culture positive samples
• However, virus can remain suspended in air, leaving open the
potential for droplet nuclei spread
• Virus-culture positive samples on surfaces persist for longest periods
on non-porous surfaces (up to 24 hrs steel and 48 hrs plastic)

van Doremalen N, et al. Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1.
N Engl J Med 2020; 382:1564-1567.

Serologic Testing Recommendations
• Use high sensitivity and specificity tests, preferably with FDA EUA or other
strong evidence of accurate test performance.
• Utility limited with regards to decision making for individual persons
• Adjunctive diagnostic for patients presenting late in course of illness molecular testing
not practical (or available), but for whom the suspicion of SARS-CoV- 2 infection is high.
• Results would not impact return to work or use of PPE decisions
• Level and duration of protection from detected antibody unknown
• Paired serum samples (sero-conversion) can be helpful in identifying new infections

• Estimate population seroprevalence, identify risk factors for infection.
• Testing event opportunity to counsel patients on COVID-19 prevention
https://rebound.idaho.gov/wp-content/uploads/testing-recommendations.pdf.

Updated CDC Serologic Testing Recommendations
May 23, 2020
• No advantage of IgM vs IgG tests
• Serologic testing should not be used to determine immune status in individuals
until the presence, durability, and duration of immunity is established.
• Serologic testing can support diagnosis of acute COVID-19 illness for persons
who present late along with PCR testing.
• Persons presenting 9-14 days after illness onset

• Serologic testing should be offered to help establish diagnosis when patients
present with late complications of COVID-19 illness, such as multisystem
inflammatory syndrome in children.
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html.

Xiang F, et al. Antibody Detection and Dynamic Characteristics in Patients with
COVID-19. Clin Infect Dis. 2020 Apr 19 doi: 10.1093/cid/ciaa461

Detection of IgM and IgG antibodies in different periods. A log-distribution was used to describe the distribution time
period of seropositive rate of the two types of antibodies. Serological IgM and IgG antibodies tested by ELISA in patients
with confirmed diagnosis. The IgM and IgG antibodies were detected as positive as early as on the 4th day after onset, the
seropositive rate of IgM increased gradually; however, IgG was increased sharply on the 12th day after onset.

Serologic Testing

• CDC and FDA recommend considering using two antibody tests that
evaluate different antibody targets to improve PPV

https://www.fda.gov/medical-devices/emergency-situations-medical-devices/eua-authorized-serology-test-performance.

Serologic Testing
• FDA now with new independent verification of test sensitivity, specificity

https://www.fda.gov/medical-devices/emergency-situations-medical-devices/eua-authorized-serology-test-performance.

Theoretical Example of Antibody Response Relative to Viral Shedding
Pre-symptomatic
Antibody - / PCR +/+/-Infectious
Symptomatic
Antibody - /PCR +
Infectious

+/- Symptomatic
Antibody + / PCR +
Infectious

No symptoms
Antibody + / PCR –
Not infectious
Abbas AK, et al. Cellular and molecular immunology. 8th ed. Philadelphia. Elsevier Saunders; 2015

WHO Draft landscape of COVID-19 candidate vaccines
• 10 in human clinical trials
• 114 in development – J&J /Janssen – Adenovirus virus vector / Ebola, HIV, RSV
Platform

Vaccine

Non-replicating viral
vector

Manufacturer

Trials Phase

Other vaccines using platform

Adenovirus Type 5 Vector CanSino/Beijing

Phase 1 and
2

Ebola

ChAdOx1-S

Phase 1 / 2

MERS, influenza, TB,
Chikungunya, Zika, MenB, plague

Oxford U/AstraZeneca

Protein subunit

Recombinant SAR-2
Novavax
glycoprotein nanoparticle
with Matrix M adjuvant

Phase 1 / 2

RSV; CCHF, HPV, VZV, Ebola

DNA

DNA plasmid

Inovio

Phase 1 / 2

Multiple candidates

RNA

3 LNP-mRNAs

BioNTech/Pfizer

Phase 1 / 2

LNP-encapsulated mRNA

Moderna/NIH

Phase 1&2

inactivated

Wuhan/SinoPharm

Phase 1 / 2

inactivated

Beijing
Institute/Sinopharm

Phase 1 /2

Inactivated + Alum

Sinovac

Phase 1 / 2

inactivated

Chinese Acad M S

Phase 1

Inactivated

Multiple candidates

SARS

WHO Landscape of COVID-19 candidate vaccines
• Some additional examples of vaccines in development,
platform and other vaccines using similar platform
• J&J /Janssen – Adenovirus virus vector / Ebola, HIV, RSV
• Sanofi / GSK – S protein subunit (baculovirus production
recombinant) / SARS-1, influenza
• Generex / EpiVax - Ii-Key peptide / SARS-1 SARS-1, influenza, HIV
• Merck – Vesicular stomatitis virus vector / Ebola vaccine

BIO Website Pipeline Tracker

https://www.bio.org/policy/human-health/vaccines-biodefense/coronavirus/pipeline-tracker.

BIO Website Pipeline Tracker

https://www.bio.org/policy/human-health/vaccines-biodefense/coronavirus/pipeline-tracker.

BIO Website Pipeline Tracker

https://www.bio.org/policy/human-health/vaccines-biodefense/coronavirus/pipeline-tracker.

mRNA Vaccines Mechanism of Action

Wang, et al. Med Sci Monit. 2020; 26: e924700-1–e924700-8. Published online 2020 May 5. doi: 10.12659/MSM.924700

• First Ebola virus
licensed by WHO is
vesicular stomatitis
virus-based vaccine
• Live vaccine
• Single dose
• Side effects included
viremia, fever, arthritis
• Highly effective in
preventing Ebola
• Same platform being
used for SARS-2
vaccine
From Eyewittness news at https://ewn.co.za/2015/08/03/World-on-the-brink-of-Ebola-vaccine-breakthrough. Figure from
Geneva University, WHO

ChAdOx1 nCoV-19
vaccination prevents SARSCoV-2 pneumonia in
rhesus macaques
Neeltje van Doremalen,
Teresa Lambe, Alexandra
Spencer, et al.
bioRxiv preprint doi:
https://doi.org/10.1101/20
20.05.13.093195.
Reduced LRT infection.
Similar URT viral load.

DNA Vaccine Protection against SARS-CoV-2 in rhesus
macaques
Yu J, Tostandoski LH, Peter L, Mercado NB, et al.
Science May 20,2020.
• Two doses at 0 and 3 weeks.
• Reduced viral load in both URT and LRT after live virus
challenge among vaccinated animals.

Conclusions
• Information on SARS-CoV-2 epidemiology, transmission, virology, diagnostic
tools, and vaccinology rapidly evolving
• Multiple risk factors for severe illness
• Infection-fatality ratio of 0.5% to 1.2% and potential for high illness rates
supports continued prevention efforts
• Transmission dynamics, especially asymptomatic and pre-symptomatic viral
shedding and transmission, creates major challenges for control
• Data so far suggest most transmission via respiratory droplets

• Serology testing can be adjunct to PCR testing, but limited confidence so
far as to actionable information for most individuals
• Many vaccines in development with promise of potentially millions of
doses this calendar year
• Need to ensure readiness to administer and track vaccination, i.e. use of
IRIS by all of those immunizing

