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COVID-19 Transmission
Jeff Min
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Transmission

Initial zoonotic infection1

Fomite-to-face2

‣ Respiratory droplets
‣ Nasal secretions
‣ Fecal-oral possible3

Large droplets (> 5µm)

Aerosol-generating procedures (< 5µm)

1JAMA doi:10.1001/jama.2020.3072 2JAMA doi:10.1001/jama.2020.4269 2JAMA doi:10.1001/jama.2020.3204
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Transmission

RNA & protein components susceptible to 
degradation

SARS - degrades significantly when exposed to 
heat or common disinfectant solutions1

Meteorological conditions may impact 
transmissibility2,3

1https://www.who.int/csr/sars/survival_2003_05_04/en/ 2SSRN http://dx.doi.org/10.2139/ssrn.3551767
3https://doi.org/10.1101/2020.02.22.20025791

https://www.who.int/csr/sars/survival_2003_05_04/en/
https://dx.doi.org/10.2139/ssrn.3551767
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Transmission

‣ Asymptomatic reported1,2

‣ Period of infectibility
• RT-PCR+ for 1-2 wks after hospital 

discharge in mild-moderate sx3

• Similar RT-PCR viral loads between 
symptomatic & asymptomatic individuals4

• Viral culture negative after ~ 8 days in mild 
illness5

• Unclear for severe illness/higher viral load
• CDC: consider paired nasopharynx + 

pharynx RT-PCR tests prior to discontinuing 
precautions

1JAMA doi:10.1001/jama.2020.2565 2NEJM DOI: 10.1056/NEJMc2001468 3JAMA doi:10.1001/jama.2020.2783
4NEJM DOI: 10.1056/NEJMc2001737 5Preprint https://doi.org/10.1101/2020.03.05.20030502
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Transmission

R0 : avg number of people that an infected person 
transmits the virus to
‣ Non-modifiable factors: virus type
‣ Modifiable factors: precautions, social 

distancing, etc.

Estimated for 2019-nCoV in China1: 2.68 (95% CI 
2.47-2.86)

R0 estimated up to 14.8 on cruise ship Diamond 
Princess3

1Lancet DOI:https://doi.org/10.1016/S0140-6736(20)30260-9 2Emerg Infect Dis. DOI: https://doi.org/10.3201/eid2501.171901
3Journal of Travel Medicine https://doi.org/10.1093/jtm/taaa030

https://doi.org/10.1016/S0140-6736(20)30260-9
https://doi.org/10.3201/eid2501.171901
https://doi.org/10.1093/jtm/taaa030
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Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-Cov-1 
DOI: 10.1056/NEJMc2004973



9UPHS Sharepoint, 3/19/2020 (check for updates (VPN))

http://accesspoint.uphs.upenn.edu/sites/preparedness/coronavirus/HUP%20Documents/Forms/DispForm.aspx?ID=7
https://pennmedaccess.uphs.upenn.edu/f5-w-687474703a2f2f616363657373706f696e742e757068732e7570656e6e2e656475$$/sites/preparedness/coronavirus/Pages/f5-h-$$/sites/preparedness/coronavirus/HUP%20Documents/Forms/DispForm.aspx?ID=7
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Aerosol-generating procedures

X
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Aerosol-generating medications



12Chest. 2006 Sep;130(3):730-40. DOI: https://doi.org/10.1378/chest.130.3.730

https://www.ncbi.nlm.nih.gov/pubmed/16963670
https://doi.org/10.1378/chest.130.3.730
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Is it airborne? A controversial topic1

MERS-CoV2

“Transmission in health care settings is 
believed to have occurred before adequate 
infection prevention and control procedures 
were applied and cases were isolated. 

Investigations at the time of the outbreaks 
indicate that aerosolizing procedures
conducted in crowded emergency 
departments or medical wards with sub-
optimal infection prevention and control 
measures in place resulted in human-to-
human transmission and environmental 
contamination”

Influenza
Culturable virus detectable in 52 (39%) fine-
aerosol samples among 142 cases of 
symptomatic influenza3

Cough greatly increased risk of aerosol 
transmission, however culturable virus was still 
detected in 48% of sampling in which no cough 
was observed

Viral RNA 47 influenza positive subjects4

> 4 μm: 35%
1-4 μm: 23%
<1 μm: 43%

However, viable virus was only detected in 2 of 
21 subjects with influenza

1Curr Opin Infect Dis. doi: 10.1097/QCO.0000000000000563. 2WHO MERS Global Summary and Assessment of Risk
3Proc Natl Acad Sci U S A. doi: 10.1073/pnas.1716561115. 4PLoS One. doi: 10.1371/journal.pone.0015100.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Controversy+around+airborne+versus+droplet+transmission+of+respiratory+viruses%3A+implication+for+infection+prevention
https://www.ncbi.nlm.nih.gov/pubmed/29348203
https://www.ncbi.nlm.nih.gov/pubmed/21152051
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COVID is stable in aerosols

Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-Cov-1 
DOI: 10.1056/NEJMc2004973
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Lessons from Singapore

JAMA. doi:10.1001/jama.2020.3227
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Why conflicting evidence? Consider probability

J Hyg (Lond). doi: 10.1017/s0022172400019288

https://dx.doi.org/10.1017%2Fs0022172400019288
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Take-home points

‣ Be mindful of aerosol-generating procedures/medications

‣ Observational evidence supports contact + droplet precautions for 
routine patient care

‣ But experimental data shows potential for airborne transmission

‣ PPE recommendations evolving based on additional data & 
availability of equipment

‣ Emphasis remains on preventing fomite-to-face transmission



SharePoint & UPHS PPE Policies
Jen Ginestra
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SharePoint Resources

Access on UPHS Network: here

Access on VPN: here

COVID-19

PPE guidelines, videos

Occupational Health Information

Clinical Guidelines

http://accesspoint.uphs.upenn.edu/sites/preparedness/coronavirus
https://pennmedaccess.uphs.upenn.edu/f5-w-687474703a2f2f616363657373706f696e742e757068732e7570656e6e2e656475$$/sites/preparedness/coronavirus/Pages/coronavirus.aspx
https://pennmedaccess.uphs.upenn.edu/f5-w-687474703a2f2f616363657373706f696e742e757068732e7570656e6e2e656475$$/sites/preparedness/coronavirus


20UPHS Sharepoint, 3/19/2020 (check for updates (VPN))

http://accesspoint.uphs.upenn.edu/sites/preparedness/coronavirus/HUP%20Documents/Forms/DispForm.aspx?ID=7
https://pennmedaccess.uphs.upenn.edu/f5-w-687474703a2f2f616363657373706f696e742e757068732e7570656e6e2e656475$$/sites/preparedness/coronavirus/Pages/f5-h-$$/sites/preparedness/coronavirus/HUP%20Documents/Forms/DispForm.aspx?ID=7
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Current Patient Care PPE Recommendations (3/24/20)

Work Spaces Droplet + Social distancing

Non-PUI Droplet

PUI

PUI ED Droplet + Contact

PUI Ward Droplet + Contact

PUI ICU Airborne + Contact + Eye Shield

Confirmed Airborne + Contact + Eye Shield

Aerosol Generating 
Procedures 
(PUI or confirmed)

Airborne + Contact + Eye Shield

SUBJECT TO CHANGE: Updated as of 3/24/20, check SharePoint for additional updates  
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Current RRT/Code PPE Recommendations (3/24/20)

Non-PUI

RRT (respiratory) Droplet + Contact + Eye Shield

Code and/or 
Intubation Droplet + Contact + Eye Shield

PUI

RRT (any) Droplet + Contact + Eye Shield

Code and/or 
Intubation Airborne + Contact + Eye Shield

Confirmed 
COVID-19 +

RRT (any) Airborne + Contact + Eye Shield

Code and/or 
Intubation Airborne + Contact + Eye Shield

Nurse Clinical Coordinators (NCCs) bring eye shields, surgical masks, N95s to all RRTs/codes
Nursing Subject Matter Experts (SMEs) bring N95s, assist with donning, doffing, transport

LUCAS mechanical CPR device may be available to limit personnel exposure during compressions

SUBJECT TO CHANGE: Updated as of 3/24/20, check SharePoint for additional updates  
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Universal Masking:
Extended Use of Facemasks

Starting 3/25/20

● Surgical mask provided on en try to  hosp ita l

● Same mask for one  sh ift

Do not need  to  be  changed  b tw pa tien ts

Kept on th roughout sh ift

● Avoid touching, reposition ing

Every time touched , hand hygiene

● Removed and discarded if soiled

● Preservation for reuse

Do not touch  oute r surface

Fold  m ask w/ ou te r surface  facing 
in

Place  m ask in  unsea led  bag

Perform  hand  hygiene

● See  DOH website, SharePoint for de ta ils

https://hip.phila.gov/
http://accesspoint.uphs.upenn.edu/sites/preparedness/coronavirus
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Improper doffing can result in exposure
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Doffing N95

Do NOT touch 
outside of mask

Dispose of or store 
mask for reuse
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Doffing Gloves

DO NOT touch your 
hands to bare skin

Careful NOT TO 
SNAP the gloves off

Perform                 
hand hygiene
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Powered Air Purifying Respirator (PAPR)

Biological airborne isolation protection

Components

Detailed overview: onsite, 

https://pennmedaccess.uphs.upenn.edu/f5-w-68747470733a2f2f6f7765626170702e757068732e7570656e6e2e656475$$/p/pdfhandler.ashx?PV=0&Pid=WOPIsrc%3Dhttp%253A%252F%252Faccesspoint%252Euphs%252Eupenn%252Eedu%252Fsites%252Fpreparedness%252Fcoronavirus%252F%255Fvti%255Fbin%252Fwopi%252Eashx%252Ffiles%252F651022ed04c34b97bc2c45299c89e1f5%26access%5Ftoken%3DeyJ0eXAiOiJKV1QiLCJhbGciOiJSUzI1NiIsIng1dCI6IklBRVV1SzgtTmxSMk5QMGxZZTJlRnNZcG9mOCJ9%%252EeA4IpBFJK%252DU51DeCk6dsTxbfO7M8%255FGJm8e%255FEIiXsPEEXl8KaFhgJ2SqqddTQqPUGZKYwLA%252DRYpm6RSuIYPj91%255F7DB7PEhbZZ6Tb%255F741W1sdd6reDytIFnAz0HY9kh8XXfe4VUfr7AxreB6rYo%255F2AwvS6I4eReJhNiwLMASPdzIeCU946%252DoOmaS7qm3jyGgVbO70yaBxdizXtD5%255F0Zd3o06BML7F6HryWJ2TV0U%252DJssmnXFOQJFp26XWIIA9yHGYc9dJKkrMGIhQGc3Phvi1P0O77LjpGowdi7F1CseImC%255FgbQxJOuqcfwbKyrIDMYNfuo%255Fj5eKl8%252DRRo2bTTyKuEiQ%26access%5Ftoken%5Fttl%3D1584935687264%26z%3D%252522%25257B651022ED%25252D04C3%25252D4B97%25252DBC2C%25252D45299C89E1F5%25257D%25252C2%252522
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PAPR Donning
1. Hand hygiene

2. Secure battery 

3. Don gown

4. Feed cord

5. Plug cord

6. Confirm LEDs

7. Place PAPR

8. Adjust ratchet (clockwise)

9. Position helmet

10. Tie gown

11. Don gloves

Detailed overview: onsite, VPN

https://pennmedaccess.uphs.upenn.edu/f5-w-68747470733a2f2f6f7765626170702e757068732e7570656e6e2e656475$$/p/pdfhandler.ashx?PV=0&Pid=WOPIsrc%3Dhttp%253A%252F%252Faccesspoint%252Euphs%252Eupenn%252Eedu%252Fsites%252Fpreparedness%252Fcoronavirus%252F%255Fvti%255Fbin%252Fwopi%252Eashx%252Ffiles%252F651022ed04c34b97bc2c45299c89e1f5%26access%5Ftoken%3DeyJ0eXAiOiJKV1QiLCJhbGciOiJSUzI1NiIsIng1dCI6IklBRVV1SzgtTmxSMk5QMGxZZTJlRnNZcG9mOCJ9%%252EeA4IpBFJK%252DU51DeCk6dsTxbfO7M8%255FGJm8e%255FEIiXsPEEXl8KaFhgJ2SqqddTQqPUGZKYwLA%252DRYpm6RSuIYPj91%255F7DB7PEhbZZ6Tb%255F741W1sdd6reDytIFnAz0HY9kh8XXfe4VUfr7AxreB6rYo%255F2AwvS6I4eReJhNiwLMASPdzIeCU946%252DoOmaS7qm3jyGgVbO70yaBxdizXtD5%255F0Zd3o06BML7F6HryWJ2TV0U%252DJssmnXFOQJFp26XWIIA9yHGYc9dJKkrMGIhQGc3Phvi1P0O77LjpGowdi7F1CseImC%255FgbQxJOuqcfwbKyrIDMYNfuo%255Fj5eKl8%252DRRo2bTTyKuEiQ%26access%5Ftoken%5Fttl%3D1584935687264%26z%3D%252522%25257B651022ED%25252D04C3%25252D4B97%25252DBC2C%25252D45299C89E1F5%25257D%25252C2%252522


32

PAPR Doffing

Detailed overview: onsite, VPN

1. Sanitize gloves

2. Remove gown & gloves 

3. Hand hygiene

4. Exit room

5. Hand hygiene

6. Don gloves

7. Remove PAPR

8. Disinfect PAPR & battery

9. Remove gloves

10. Hand hygiene

https://pennmedaccess.uphs.upenn.edu/f5-w-68747470733a2f2f6f7765626170702e757068732e7570656e6e2e656475$$/p/pdfhandler.ashx?PV=0&Pid=WOPIsrc%3Dhttp%253A%252F%252Faccesspoint%252Euphs%252Eupenn%252Eedu%252Fsites%252Fpreparedness%252Fcoronavirus%252F%255Fvti%255Fbin%252Fwopi%252Eashx%252Ffiles%252F651022ed04c34b97bc2c45299c89e1f5%26access%5Ftoken%3DeyJ0eXAiOiJKV1QiLCJhbGciOiJSUzI1NiIsIng1dCI6IklBRVV1SzgtTmxSMk5QMGxZZTJlRnNZcG9mOCJ9%%252EeA4IpBFJK%252DU51DeCk6dsTxbfO7M8%255FGJm8e%255FEIiXsPEEXl8KaFhgJ2SqqddTQqPUGZKYwLA%252DRYpm6RSuIYPj91%255F7DB7PEhbZZ6Tb%255F741W1sdd6reDytIFnAz0HY9kh8XXfe4VUfr7AxreB6rYo%255F2AwvS6I4eReJhNiwLMASPdzIeCU946%252DoOmaS7qm3jyGgVbO70yaBxdizXtD5%255F0Zd3o06BML7F6HryWJ2TV0U%252DJssmnXFOQJFp26XWIIA9yHGYc9dJKkrMGIhQGc3Phvi1P0O77LjpGowdi7F1CseImC%255FgbQxJOuqcfwbKyrIDMYNfuo%255Fj5eKl8%252DRRo2bTTyKuEiQ%26access%5Ftoken%5Fttl%3D1584935687264%26z%3D%252522%25257B651022ED%25252D04C3%25252D4B97%25252DBC2C%25252D45299C89E1F5%25257D%25252C2%252522
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PAPR Doffing

1. Loosen rear headband by turning ratchet counterclockwise

2. Turn front clip to horizontal position.

3. Grasp one or both sides of lens near flappers and pull away from face and discard.

4. Disconnect the battery by pushing down on the black button and pull cord out.

5. Remove and dispose of comfort strips.

6. Clean outside and inside surfaces with alcohol, bleach, hydrogen peroxide, or ammonia wipes.

Detailed overview: onsite, 

https://pennmedaccess.uphs.upenn.edu/f5-w-68747470733a2f2f6f7765626170702e757068732e7570656e6e2e656475$$/p/pdfhandler.ashx?PV=0&Pid=WOPIsrc%3Dhttp%253A%252F%252Faccesspoint%252Euphs%252Eupenn%252Eedu%252Fsites%252Fpreparedness%252Fcoronavirus%252F%255Fvti%255Fbin%252Fwopi%252Eashx%252Ffiles%252F651022ed04c34b97bc2c45299c89e1f5%26access%5Ftoken%3DeyJ0eXAiOiJKV1QiLCJhbGciOiJSUzI1NiIsIng1dCI6IklBRVV1SzgtTmxSMk5QMGxZZTJlRnNZcG9mOCJ9%%252EeA4IpBFJK%252DU51DeCk6dsTxbfO7M8%255FGJm8e%255FEIiXsPEEXl8KaFhgJ2SqqddTQqPUGZKYwLA%252DRYpm6RSuIYPj91%255F7DB7PEhbZZ6Tb%255F741W1sdd6reDytIFnAz0HY9kh8XXfe4VUfr7AxreB6rYo%255F2AwvS6I4eReJhNiwLMASPdzIeCU946%252DoOmaS7qm3jyGgVbO70yaBxdizXtD5%255F0Zd3o06BML7F6HryWJ2TV0U%252DJssmnXFOQJFp26XWIIA9yHGYc9dJKkrMGIhQGc3Phvi1P0O77LjpGowdi7F1CseImC%255FgbQxJOuqcfwbKyrIDMYNfuo%255Fj5eKl8%252DRRo2bTTyKuEiQ%26access%5Ftoken%5Fttl%3D1584935687264%26z%3D%252522%25257B651022ED%25252D04C3%25252D4B97%25252DBC2C%25252D45299C89E1F5%25257D%25252C2%252522


34

PAPR Donning/Doffing Instructional Video

http://drive.google.com/file/d/1zXLD21u_99x1CFm-7c4ArwtKRg1ERZNk/view
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PAPR Training

‣ For MICU faculty and staff

‣ Every Tuesday at 2pm

‣ Founders 9 MICU or Donner 3 MICU

‣ Attend 1 week before going on service

Contact Brian Anderson or George Anesi

prior to attending to confirm location and attendance

Todd Barton working on setting up PAPR training for medicine residents separately on as needed basis
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Eye Protection

● CDC: “goggles or a disposable face 
shield that covers the front and sides 
of the face”

● Personal eyeglasses and contact 
lenses are NOT considered adequate 
eye protection

● Reusable eye protection (e.g., goggles) 
must be cleaned and disinfected prior 
to reuse.

● Disposable eye protection should be 
discarded after use.
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Minimizing Contamination 
at Work

‣ Surfaces

• Wash hands frequently, before leaving 

hospital, on arrival home

• Use sanitizing wipes on computer 

keyboards, WOW handles, mouses, etc.

• Sanitize contact stethoscope ear buds

• Don’t sit in COVID+ rooms 

‣ Attire

• Work-only clothes or scrubs 

(Dulles 3, Ravdin basement)

• DO NOT wear your white coat, launder jackets

• Avoid long sleeves, ties, jewelry, watches

‣ Accessories

• Be mindful of your ID badge

• AVOID cell phone use in patient rooms

• Sanitize with wipes or UV box (HUP MICU) 

periodically + at end of day 

Instagram credit: Megan Burke (cardiology)
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Minimizing Contamination 
at Home

‣ Change / shower before leaving work or immediately upon arrival home

• Working on MICU call room availability for changing/showering

‣ Launder clothes (including work jackets) on highest possible temperatures

‣ Sanitize home surfaces your work clothes came into contact with

‣ Sanitize items you took to work (phone charger, laptop, etc)



39Discuss any exposures with infection control and check SharePoint for most updated information

Low Risk Exposure
● Providing direct care to a COVID-19 patient with recommended full PPE including eye protection
● Working on a floor/unit/practice or unit with known or suspected COVID-19 cases with no PPE

→ No work exclusion + self-monitoring for 14 days ← 

Medium Risk Exposure
● Wearing partial PPE providing care with symptomatic COVID-19 patient
● Providing care without PPE for asymptomatic patient who converts positive within 7 days 

→ Work exclusion for 7 days + active monitoring ← 

High Risk Exposure
● Prolonged close contact (within 6 feet, for at least 10 minutes) with COVID-19 patient when neither 

patient nor HCP is maked
● Performing aerosolizing procedures on COVID-19 patient without full PPE including eye protection

→ Work exclusion for 14 days + active monitoring ← 

COVID-19 Exposure Management
HCP with fever or respiratory 
symptoms suggestive of COVID-
19 disease cannot work.

If at work: PUT ON A SURGICAL MASK.
● Notify your supervisor to arrange 

coverage for your shift/rotation.
● Report to Occ Health (weekday) or 

the ED (nights/weekends/holidays).

If at home: DO NOT COME TO WORK.  
● Notify your supervisor to arrange 

coverage for your shift/rotation.
● Contact your PCP or Penn Medicine 

OnDemand (215-615-2222, or 
schedule through My Penn 
Medicine App) for evaluation.

https://pennmedaccess.uphs.upenn.edu/f5-w-687474703a2f2f616363657373706f696e742e757068732e7570656e6e2e656475$$/sites/preparedness/coronavirus/Pages/coronavirus.aspx
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Discussion

‣ Experience with PAPRs 

‣ Experience with COVID patients

‣ Minimizing exposure at home

‣ Challenges, tips, tricks?

‣ Questions?



Novel PPE Conservation

Roger Kim
Christopher Chesley
Joshua Brotman
Hari Shankar
Kevin Ma
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N95 decontamination for purpose of reuse 
‣ Ultraviolet germicidal irradiation (UVGI)
‣ Hydrogen peroxide vapor (HPV)
‣ Microwave oven generated steam (MGS)
‣ Ethylene oxide (EtO)
‣ Bleach wipes

‣ Others
• Moist heat incubation/pasteurization
• Liquid hydrogen peroxide
• Hydrogen peroxide gas plasma
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UVGI
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Novel ideas for PPE conservation 

‣ Lines outside of patient rooms
‣ Early assessment for Foley 

catheter placement
‣ Consolidation of lab draw times
‣ Elimination of MRSA/VRE 

contact precautions for non-
COVID patients

‣ Bundling of invasive procedures 
(intubation, central, A-line, etc.)

‣ Consolidation of meds
‣ No repeat exams by 

trainees/attendings
‣ Limitation of nebs, NIPPV, HFNC 

unless absolutely necessary
‣ Reduction of imaging studies
‣ E-ICU/tele-ICU

System-wide Provider-level
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Remaining Questions

‣ Reuse of masks after COVID+ patient room

‣ Reuse of masks after PUI patient room

‣ Where to store masks after use (paper bag, centralized drop location) 

‣ UV cleaning logistics
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Ways to help
‣ Next Bootcamp 3/31 - call for fellows

• Clinical presentation, disease course, testing
• Critical care for the COVID patient
• Treatment review
• Additional topics/sessions TBD

‣ UPHS Blood Drive
• Redcrossblood.org, Sponsor code: HUP

‣ PPE donations
• SupplyChainLeadBox@pennmedicine.upenn.edu
• Drop off at security booth outside Gates entrance

Interested in helping? 
Have any comments or 

suggestions?

mailto:SupplyChainLeadBox@pennmedicine.upenn.edu
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