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Nomenclature

• COVID-19 is an abbreviation. ‘CO’ stands 
for “corona,”  ‘VI’ stands for ‘virus,’ ‘D’ 
stands for ‘disease,’‘ and 19’ refers to 
2019 when the viral disease was first 
identified in December. 

• The virus that causes COVID-19 is 
referred to as SARS-CoV-2 which stands 
for “severe acute respiratory syndrome—
coronavirus—two.”
– Genetic sequence identity

• 79.6% SARS-CoV
• 96.2% Bat coronavirus (BATCoV RaTG13)



Coronavirus Family



What is a Pandemic?
• World Health Organization declared COVID-19 to be a pandemic on March 11, 

2020.

• There are three elements that must exist for a pandemic to be declared:

– Novel virus
• Virus that has not previously circulated in the population—no one in the population has any 

immunity to the virus.

– Sustained community spread
• Not associated with travelers entering from a source country—containment 

• Virus spreads from person to person—mitigation  

– Worldwide distribution



COVID-19 Basics
• Primarily a respiratory disease

– Most cases are mild
– Some cases involve a viral pneumonia
– Severe cases affect the lung and the liver, kidneys, gut, 

brain, heart and blood vessels

• Symptoms
– Cough, fever, trouble breathing
– New loss of taste or smell

• Incubation period 
– 5.2 days on average
– 99% exhibit symptoms within 12.5 to 14 days

• Symptom cycling



Symptomatic, Asymptomatic, Pre-Symptomatic
• Symptomatic

– Mild—Can be treated at home

– Moderate—Hospitalization needed, no mechanical ventilation

– Severe—Hospitalization needed, mechanical ventilation needed

• Asymptomatic individuals

– Those who are viral test positive, but lack symptoms of SARS-CoV-2 infection
• 40-45% of SARS-CoV-2 infections (Oran & Topol, 2020) 

– While some individuals may go the entire course of infection and never experience 
symptoms, others may go on to develop symptoms days or weeks later. 

• Pre-symptomatic are those who develop symptoms 1-3 days later

• Link between asymptomatic and pre-symptomatic cases and transmissibility is more 
tenuous. 



Infectious Disease Transmission Routes

• Airborne

• Droplet

• Contact



Airborne Transmission
Jones & Brosseau. JOEM (2015) doi:10.1097/JOM.0000000000000448

• Inhalation of small particles or aerosols
– Often termed “droplet nuclei”
– Diameters of 5 µm or less

• Smaller aerosols will evaporate faster than they can 
settle & can be affected by air currents which can 
transport them over longer distances 

• Cough and sneeze are bodily processes that generate 
aerosols
– Many particles in this aerosol will not fall immediately to the ground
– Larger ones can remain suspended for a few minutes; smaller ones for 

many minutes and hours 

• Competition between size, inertia, gravity and 
evaporation determines how far emitted large and small 
aerosols will travel from the source



Droplet Transmission
• Type of direct contact 

• Droplets from the respiratory tract of an infectious 
source are propelled coughing, sneezing, singing or 
speaking only a short distance to an bystander
– Droplets are > 5 µm in diameter
– Undergo gravitational settling faster than they 

evaporate

• “To separate droplet and airborne is probably 
somewhat artificial, with both routes most likely part of 
a continuum for respiratory transmissible infections.” 
– MacIntyre & Wang. Lancet. 1 June 2020 

doi.org/10.1016/S0140-6736(20)31142-9

• No reports of “space-to-space” spread (true airborne 
transmission)



Small Speech Droplets: Role in Transmission
Stadnytsky V et al. PNAS. DOI: 10.1073/pnas.2006874117 

• Speech droplets (i.e., 1 μm to 500 μm) generated by asymptomatic carriers of SARS-
CoV-2 are increasingly considered to be a likely mode of disease transmission.

– Highly sensitive laser light scattering observations have revealed that loud speech can emit thousands 
of oral fluid droplets per second. 

– In a closed, stagnant air environment, they disappear from the window of view with time constants in 
the range of 8 to 14 minutes, which corresponds to droplet nuclei of about 4 μm diameter, or 12- to 21-
μm droplets prior to dehydration. 

– These observations confirm that there is a substantial probability that normal speaking causes airborne 
virus transmission in confined environments.

• Finding may explain clustering of COVID-19 in nursing homes, households, prisons, 
conference venues, cruise ships and other indoor spaces with limited air circulation.



Most of the particles in this 
aerosol will NOT fall 
immediately to the ground –
the larger ones can remain 
suspended for several minutes 
and the smaller ones for many 
minutes and hours.  

Evaporation will occur, 
decreasing the overall size 
distribution of the aerosol.

Slides courtesy of Lisa 
Brosseau & Rachael Jones. 
CIDRAP and Absolute Science 
Illustration

Aerosol Generation
Inhalation can occur at the time and near the point of generation



Aerosol Settling and Diffusion
Inhalation is possible near and further from the point of generation

After some time, some of 
the larger particles will 
settle and the smaller ones 
will disperse. The person 
close to the source will 
continue to be exposed to 
inhalable smaller particles. 

Infection depends on 
organism viability and 
dose, i.e., concentration of 

organisms in the aerosol.



Aerosol Diffusion and Settling
Aerosol transmission (inhalation) is possible throughout the space

With more time, many of the 
larger particles will have 
deposited while the smaller 
ones will have dispersed 
throughout the space 
assuming negligible air 
currents in the room. 

Figure shows that smaller 
particles have been dispersed 
into the area of person C, who 
is now at risk of infection from 
inhalation if the organism has 
remained viable and an 
infectious dose is received.



Contact Transmission
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/how-covid-spreads.html

• Direct

– Virus transferred from infected person to susceptible person directly.

– Droplet transmission is a type of direct contact 

• Indirect

– Virus moves to a susceptible person by way of an object or surface

– Susceptible person touches a surface or object that has viable virus on it 
and then touches their own eyes, nose or mouth transferring the virus 
from the object or surface to their body.



Testing





Diagnostic Tests for Detecting Infection
Sethuraman et al. JAMA. doi:10.1001/jama.2020.8259



Overview of CDC Testing for SARS-CoV-2
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Fclinical-criteria.html#signs_symptoms

• Five categories for SARS-CoV-2 viral tests
– Individuals with signs or symptoms consistent with COVID-19

– Asymptomatic individuals:
• With recent known/suspected exposure to SARS-CoV-2 to control transmission 

– Exception to 14-day quarantine: critical infrastructure workers can be tested as a return to work strategy even if 14 days 
have not elapsed

• Without known/suspected exposure to SARS-CoV-2 for early identification in special (“high risk”) settings
– Reduce introduction of SARS-CoV-2 (“hazard elimination”) into a workplace setting through early identification
– High-density critical infrastructure workplaces where continuity of operations is a high priority

– Testing to determine resolution of infection
• Return to work for a worker who has recovered from COVID-19

– Discontinuation of home isolation and viral testing for RTW 

– Public health surveillance for SARS-CoV-2 prevalence
• Testing is considered to be surveillance when conducted among asymptomatic individuals without known or 

suspected exposure to SARS-CoV-2 for early identification, or to detect transmission hot spots or 
characterize disease trends.



Viral Testing in the Workplace 

Preventing Entry

Preventing Spread

Returning Safely



Viral Testing: Preventing Entry Into Work
• Hazard elimination—temp and symptom screening 

• Which workers?
• Symptomatic—worker sent home or sent for further medical evaluation 
• Asymptomatic—worker testing for sentinel surveillance

• Test Methods
– Rapid/Point-of-Care tests
– Lab-based tests 
– Pooled sampling (saliva sample; when incidence rate is < 10%)

• Interpretation
• Accuracy of the test

– Sensitivity—proportion workers with the disease who have a positive test
– Specificity—proportion workers without disease who have a negative test

• Pre-test probability of SARS-CoV-2 infection in the community and workforce



Viral Testing: Preventing Spread at Work

• Worker reports symptoms

– Separate from other employees, customers, and visitors

– Safely transport home or to a healthcare provider

– Initiate isolation for worker with COVID-19

– Discontinue isolation (case) or quarantine (contact) after recovery 

• Employer discovers that a worker has COVID-19 

– Employer and local health department coordinate contact tracing

– Viral testing is recommended for all close contacts



Viral Testing for Returning Safely to Work
• Viral test + with symptoms = COVID-19 

– Isolation discontinued:
• 10 days since symptoms started, or 

• No symptoms and 2 negative viral tests 24 hours apart

• Viral test + without symptoms
– Isolation discontinued:

• 10 days since date of first positive test, or 

• 2 negative viral tests 24 hours apart 

• Contact is exposed to COVID-19, but remains asymptomatic
– Non-Critical Infrastructure Workers—Time-based strategy (14 day quarantine)

– Critical Infrastructure Workers—Permitted to continue work with precautions as long as asymptomatic
– https://www.cdc.gov/coronavirus/2019-ncov/downloads/critical-workers-implementing-safety-practices.pdf

• Issue
– Employers should not require a viral test result or a healthcare provider’s note for employees 

who are sick to validate their illness, qualify for sick leave, or to return to work.





CDC for COVID-19 Antibody Testing
https://www.cdc.gov/coronavirus/2019-nov/lab/resources/antibody-tests-guidelines.html 

https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

• Use in Public Health Surveillance
– Antibody tests are increasingly used to monitor disease burden by location and over time. 

– Use of antibody tests can help determine the proportion of a population previously infected 
with SARS-CoV-2. 

– Thus, demographic and geographic patterns of antibody test results provide data that can be 
used in forecasts of disease spread that can support resource allocation decisions.

• Use to Determine Immunity
– Animal studies demonstrate that presence of neutralizing antibodies protect in the 

short term 

– However, the presence of antibodies cannot be equated with immunity from re-
infection with SARS-CoV-2 in humans

– Future study needed





Mitigation



Ways to Think About Mitigation
• Congregate Living

– Nursing homes, jails & prisons, cruise ships, U.S. Navy vessels

• Congregate Working
– Worker-only workplaces, such as food processing

• Congregate Commerce
– Worker-public workplaces, such as grocery, pharmacy, nail and beauty salons

• Congregate Social Gatherings
– Restaurants, bars, houses of worship, sports venues, cinemas, protest marches

• Congregate Transport
– Aircraft, train, bus, subway, shared auto

• Congregate Education
– Classrooms, cafeterias, dormitories



Hazard 
Elimination

Engineering 
Controls

Administrative 
Controls

PPE

• Prevent viral entry by 
symptom/temp 
screening and testing

• Encourage symptom 
reporting within 
workplace

• Telework if feasible

• Contact tracing 
within workplace

• Co-ordinate with 
local health 
authorities for 
community contact 
tracing

• Restructuring 
physical spaces to 
ensure physical 
distancing

• Use partitions or 
barriers if workers 
cannot physical 
distance

• Improve ventilation 
through dilution 
ventilation, 
filtration, and air-
cleaning

• De-densify by 
reorganizing workflow

• Use staggered shifts 

• Infection control 
practices including face 
coverings

• Perform cleaning and 
disinfection

• Flexible sick leave

• Train employees in 
hazards and controls

• Use N95s, 
gloves, face 
shields, 
gowns as per 
hazard 
assessment

• Consider 
alternatives 
to N95s

• Fit-testing 
and respirator 
maintenance 
procedures 

COVID-19 Hierarchy of Controls
Assess workplace for potential hazards and determine hierarchy of controls needed



Physical Distancing 
• Principle

– Keep actual or possibly infected individuals physically 
separated from uninfected individuals.

• Application
– Maintain at least 6-foot distance between people. 

• Not feasible in all workplaces—use other steps in hierarchy 
of controls
– Engineering controls

» Physical barriers 
– Administrative controls

» Telework and staggered shifts
– Face Coverings and PPE

– Effectiveness
• Transmission lower with distancing of 1 meter or more; 

protection was increased as distance was lengthened 
– Chu et al. Lancet. doi.org/10.1016/S0140-6736(20)31142-9



Do SIPOs or SAHOs Work?
• Shelter-in-Place or Stay-at-Home Orders

– Effectiveness

– Percent reduction in daily COVID-19 case growth rate
• 5.4% after 1-5 days

• 6.8% after 6-10 days

• 8.2% after 11-15 days

• 9.1% after 16-20 days
» Courtemanche C et al. Health Affairs. https://www.healthaffairs.org/doi/full/10.1377/hlthaff.2020.00608

– SIPOs/SAHOs may not protect those in congregate living situations
• Family clusters

– Failure to completely isolate symptomatic family member

– Presence of unknown asymptomatic member 

– Family members not wearing face coverings within residence



Cloth Face Coverings

• CDC recommends wearing cloth face coverings in public 
settings where other social distancing measures are 
difficult to maintain.
– Conserves N95s for healthcare settings

• https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/cloth-
face-cover.html

• WHO recommends for people who are coughing or 
sneezing or for those who are caring for person 
suspected to have COVID-19
– https://www.who.int/emergencies/diseases/novel-coronavirus-

2019/advice-for-public/when-and-how-to-use-masks



Cloth Face Coverings
• Effectiveness in the laboratory:

– Single layer

• Filtration efficiency ranges from 5 to 80% for particle sizes of < 300 nm

• Efficiencies improved with multiple layers and specific combinations

– Multiple layers & hybrids (cotton-silk, cotton-chiffon, cotton-flannel)

• Filtration efficiency was > 80% for particles < 300nm

– Cotton performs better at higher weave densities (thread count)

– Improper fit can result in over a 60% decrease in the filtration efficiency
– Konda et al. ACS Nano. https://dx.doi.prg/10.1021/acsnano.0c03252 

• Effectiveness in the field:

– Great Clips—2 Covid-19 stylists, 140 clients, 46 who agreed to be tested, all were negative after 14 days

• Effectiveness in healthcare settings:

– RCT/HCWs

• Cloth face masks users are at higher risk of infection than medical mask users

» MacIntyre et al. BMJ Open. 2015. https://doi.org/10.1136/bmjopen-2014-006577 



Cleaning—Sanitizing—Disinfection 

• Environmental persistence of SARS-CoV-2

– Viral survival is driven by temperature, relative humidity and matrix (bodily fluids)

• Limited studies have led to concerns about the persistence of SARS-CoV-2 on 
environmental surfaces. For example, viral RNA could be detected:

– Up to 3 hours in aerosols

– Up to 4 hours on copper

– Up to 24 hours on cardboard

– Up to 2-3 days on non-porous surfaces: stainless steel & plastic

• While detection of viral RNA may indicate that viral shedding occurred at some point in 
the past, equating detection of viral RNA with viable virus—virus which can establish 
infection—can be misleading. 



Environmental Disinfection
• Good news is that exposures can be minimized without the use of any environmental sampling. 

• Currently, 287 products are registered with the EPA that can be used for COVID-19. See the EPA List N: 
Disinfectants for Use Against SARS-CoV-2

• https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2-covid-19

• CDC Guidance for Cleaning and Disinfecting

• https://www.cdc.gov/coronavirus/2019-ncov/community/cleaning-disinfecting-decision-tool.html

• https://www.cdc.gov/coronavirus/2019-ncov/community/reopen-guidance.html

• Contaminated surfaces and objects can be commonly disinfected using:

– 70% ethanol-containing solution

– 0.5% sodium hypochlorite-containing products (1/3 cup bleach in gallon of water)

• Contact time with the surface or object should not be brief—at least 20 seconds.

• Do not mix bleach with vinegar or ammonia—can generate chlorine and chloramine gases!



Ventilation
https://www.ashrae.org/file%20library/about/position%20documents/pd_infectiousaerosols_2020.pdf

• ASHRAE

– Transmission of SARS-CoV-2 through the air is sufficiently likely that airborne exposure to the virus should 
be controlled. Changes to building operations, including the operation of heating, ventilating, and air-
conditioning systems, can reduce airborne exposures. 

» https://www.ashrae.org/file%20library/technical%20resources/covid-19/does-ashrae-s-guidance-agree-with-
guidance-from-who-and-cdc.pdf

– No reports of airborne transmission through an HVAC system

• Methods of Risk Reduction
– Ventilation (dilution)

– Filtration (MERV 13-16)

– Disinfection (UV)

• Protect HVAC Technicians with appropriate PPE



Handwashing 



PPE—Respiratory Protection

• Types of PPE Supply and Utilization Strategies
– Conventional—no shortages actual or expected

– Contingency—actions taken when shortages are expected

– Crisis—actions taken when shortages occur

• National unavailability of PPE triggered contingency and crisis standards of 
practice which deviated from conventional and accepted best practices and 
led to actions that are less protective for a healthcare worker. 

• PPE Burn Rate Calculator App 
– Estimates how many days a PPE supply will last given current inventory levels and PPE burn rate. 

– App is available for both iOS and Android devices



Crisis Recommendations
https://www.cdc.gov/niosh/index.htm

• Optimize the supply of N95s through using all steps in the hierarchy of controls

• Use NIOSH-approved alternatives to N95 respirators (elastomeric and powered–air-
purifying respirators)

• Extend use of N95s when alternatives are not available

• Use stockpiled respirators beyond designated shelf life 

• Use respirators made in other countries which comply with international standards
– Factors to Consider When Planning to Purchase Respirators from Another Country

• https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/international-respirator-purchase.html

• https://www.youtube.com/watch?v=w7tVnjrmAmc

• Decontaminate and reuse N95 respirators



Adjunctive PPE—Face Shields
Roberge  RJ (2016) at https://dx.doi.org/10.1080/15459624.2015.1095302 

• Research on face shields in preventing transmission 
of infectious respiratory diseases is limited but 
promising

• Lindsley et al (2014) reported 96% and 92% 
reductions in risk of inhalational exposure after a 
cough for a face shield distance of 18 inches and 72 
inches.

• https://www.doi.org/10.1080/15459624.2013.877591

• Due to lack good facial seal peripherally that can 
allow for aerosol penetration, face shields should not
be used as solitary face/eye protection, but rather as 
adjunctive to other PPE.



Selected CDC Guidance for Workplaces
• Interim Guidance for Businesses and Employers Responding to Coronavirus Disease 2019 (COVID-

19), May 2020

• https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-business-
response.html

• General Business Frequently Asked Questions

• https://www.cdc.gov/coronavirus/2019-ncov/community/general-business-
faq.html#Reducing-the-Spread-of-COVID-19-in-Workplaces

• Prepare your Small Business and Employees for the Effects of COVID-19

• https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-small-business.html

• COVID-19 Employer Information for Office Buildings

• https://www.cdc.gov/coronavirus/2019-ncov/community/office-buildings.html 



Co-Branded Guidance & OSHA Guidance & Alerts

• Manufacturing Workers and Employers (CDC/OSHA)
• https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-manufacturing-

workers-employers.html

• Agriculture Workers and Employers (CDC/DOL)
• https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-agricultural-

workers.html

• OSHA
– Guidance for Specific Industries and 
– OSHA Alerts
– Enforcement Guidance

• https://www.osha.gov/SLTC/covid-19/



OSHA Recordability
https://www.osha.gov/memos/2020-05-19/revised-enforcement-guidance-recording-cases-coronavirus-disease-2019-covid-19

• COVID-19 is a recordable illness if:
– Case is a confirmed case of COVID-19 as defined by the CDC;

– Case is work-related as defined by 29 CFR §1904.5

– Case involves one or more of the general recording criteria found at 29 CFR §1904.7.

• Enforcement discretion based on:
– Reasonableness of the employer’s investigation into work-relatedness;

– Evidence available to the employer at the time of determination; and

– Evidence that a COVID-19 illness was contracted at work.
• Several cases develop among workers who work closely together without alternative explanation

• Case occurs shortly after a lengthy, close exposure to coworker/customer with COVID-19 without alternative explanation

• Job involves frequent, close exposure to public in locality with transmission without alternative explanation

• Not likely to be work-related if:
– No frequent contact to general public

– There is a frequent and close association out of work with individual likely infectious

• Give weight to evidence of causation from medical providers, public health authorities or the employee



EEOC
https://www.eeoc.gov/wysk/what-you-should-know-about-covid-19-and-ada-rehabilitation-act-and-other-eeo-laws

• What You Should Know About COVID-19 and the ADA, the 
Rehabilitation Act, and Other EEO Laws

– EEO laws, including the ADA and Rehabilitation Act, continue to apply during the time of the COVID-19 
pandemic, but they do not interfere with or prevent employers from following CDC guidelines or 
state/local public health authorities about steps employers should take regarding COVID-19.

• Disability-Related Inquiries and Medical Exams
• Confidentiality of Medical Information
• Hiring and Onboarding
• Reasonable Accommodation
• Pandemic-related Harassment Due to National Origin, Race, or Other Protected 

Characteristics
• Furloughs and Layoffs
• Return to Work



Therapeutics
• No proven medications to treat COVID-19 or for prophylaxis, but several medications 

are undergoing clinical evaluation for both purposes. 
– https://clinicaltrials.gov/

• Investigational Categories:
– Antivirals

• Remdesivir 
– Beigel JH et al. NEJM. 
– https://www.10.1056/NEJMoa2007764

– Anti-parasitic agents
• Hydroxychloroquine in COVID-19 Cases

– Mehra MR et al. Lancet. 
– https://doi.org/10.1016/S0140-6736(20)31180-6

– Anti-inflammatory agents
• Monoclonal antibodies

– Antibody
• Convalescent plasma collected from those post-COVID-19
• Cloned antibodies to block entry of SARS-CoV-2 into host cells

https://doi.org/10.1016/S0140-6736(20)31180-6


Vaccine Platform Technologies

• Phases to a 
vaccine trial:

– Safety 

– Efficacy (100s)

– Efficacy 
(1000s)

• Timeline

– 2020-2021 





COVID-19 Vaccines in 
Development

• 10 candidate vaccines in 
clinical development as of 2 
June 2020

• 123 vaccines in pre-clinical 
development

• https://www.who.int/publica
tions/m/item/draft-
landscape-of-covid-19-
candidate-vaccines



Herd Immunity
• Herd immunity 

– When enough people in a given community have had COVID-19 and 
developed what is called “natural immunity,” then the rest of the population 
becomes a lot less susceptible to becoming infected.

– The “herd effect” is the decrease in infection rate among “susceptibles.”
• Typically, at least 60% is the minimum for the most viruses that needs to be achieved 

before herd immunity becomes probable.

• Vaccine
– Easy way to achieve herd immunity for a population if enough people take the 

vaccine and the vaccine has a high efficacy rate.

– Vaccine hesitancy

• Barrier to vaccine uptake 



Total SARS-CoV-2 Tests: Positive and Negative



Future
• Keeping up with CDC Guidance:

– https://www.cdc.gov/coronavirus/2019-ncov/whats-
new-all.html

• CDC in Action
– https://www.cdc.gov/coronavirus/2019-ncov/cases-

updates/cdc-in-action.html

• Workplace Testing Strategies 

• Seasonality effect?

• Managing case/contact spikes
– Identify, contact trace, isolate/quarantine



Thank You!


