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Nosocomial SARS-CoV-2
Retrospective analysis of hospital-onset SARS-CoV-2 cases, 4.4 million hospitalizations, 288 U.S. hospitals

• Over 14,000 cases
• 7591 dx day >7
• 6455 dx days 4-7

• Present in 0.4% of 
hospital admissions

• Up to 8.2% of Covid 
census acquired in the 
hospital

• Every 10% increase in 
community incidence of 
SARS-CoV-2 associated 
with a 3-fold increase in 
hospital-onset infections

Hatfield, JAMA Network Open 2023;6(8):e2329441
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WHO COVID-19 Infection Control Guidance

who.int/bangladesh/emergencies/coronavirus-disease-(covid-19)-update/steps-to-put-on-personal-protective-equipment-(ppe)
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Traditional Dogma

o Most respiratory viruses are spread via droplets
o Short-range spread = droplets; long-distance spread = aerosols

o Surgical masks provide adequate protection against most 
respiratory viruses under most conditions

o Selected procedures increase aerosol generation; these 
procedures merit higher level respiratory protection
o N95 respirators, airborne infection isolation rooms
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lbourouriba.mit.edu
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People Produce Respiratory Particles in a Range of Sizes

Aerosols Droplets

Chen, Building and Environment 2020;176:106859
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photo: phil.cdc.gov/phil/details.asp?pid=11162

Aerosols can carry any 
respiratory virus, not just 

SARS-CoV-2

Influenza
RSV

Rhinovirus
SARS-CoV-1

MERS…Wong, Infection Control Hospital Epidemiol 2022; PMID 35811422
Birghand, JAMA Network Open 2020;3:e2033232
Phan, Infect Control Hospital Epidemiol 2020;41:259-266
Kim, Clin Infect Dis 2016;63:363-9
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Transmission via Aerosols
o Ferret model used to assess 

aerosol transmission

o 4 uninfected ferrets exposed 
to ferrets infected with 
SARS-CoV-2 & influenza

o Airflow between cages via 
closed pipe, 1.1m long, 4 
right-angle turns

o 2/4 ferrets exposed to 
SARS-CoV-2 infected

o 4/4 ferrets exposed to 
influenza infected

Air 
Inflow

Air 
Outflow

Infected ferret

Exposed ferret

Kutter, Nature Communications 2021;12:1653
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Aerosol Transmission in Humans: Quarantine Hotels

o Multiple case reports of transmission 
between unrelated travelers staying in 
quarantine hotels in Hong Kong, 
Singapore, New Zealand…

o Quarantine hotels have very strict rules in 
hotels requiring guests to stay in their own 
room at all times (video monitoring)

o Transmission presumed due to 
o Prolonged dwell time in poorly ventilated room 

leading to high concentration of virus in the air

o Escape of virus laden air into stagnant corridors 
when room door is opened

o Entry of virus laden air into nearby rooms when 
their residents subsequently open their doors

Wong, Lancet Regional Health – Western Pacific 2022;18:100360
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CO2 levels in my newly renovated hotel room

Arrive in room, 6pm

CO2 level peaks at 7.39am

CO2 level precipitously drops 
upon exiting the room to outside
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Most Infections Are Spread by People without Symptoms

Days Since Inoculation

percent of all infections by symptom status of the source individual

Johansson, JAMA Network Open 2021;4(1):e2035057
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Influenza Transmission Has Many Similarities

Cohen, Lancet Glob Health 2021; 9:e863-874

1,116 participants from 225 households in South Africa, tested 2x/week by PCR, 2017-2018

Transmission rate
• With 0 symptoms: 6%
• With ≥2 symptoms: 17%

Fever & cough

20%
Other symptoms

36%

No Symptoms!
44% 27% of secondary infections were 

acquired from asymptomatic index cases

Infected Peoples’ Symptoms

17
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washingtonpost.com/investigations/2020/12/11/coronavirus-airborne-video-infrared-spread
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Variation in Aerosol Production by Activity
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Wilson, Anaesthesia 2021;76(11):1465-1474
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Viral Emissions Vary by Person

1      2      3      4      5      6     7       8     9     10    11    12    13    14    15    16    17    18    19   20   21    22    23    24    25    26

Patient Number

Differences in quantity of influenza virus RNA emitted by 26 patients  

Bischoff, J Infect Dis 2013;207:1037-1046
Fennelly, Lancet Respir Med 2020;8:914-924

Large variation in quantity of viral emissions between patients
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Viral Load Predicts Transmission Risk
Secondary attack rates amongst 1,173,643 contacts of 6,263,786 index cases, UK, Jan 2021-Jan 2022

Eyre, Lancet ID 2023;23(8):922-932.
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High viral load
High transmission risk

Index Case Viral Load on Inverse Scale
(Index Case Cycle Threshold)

Low viral load
Low transmission risk
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https://www.washingtonpost.com/investigations/2020/12/11/coronavirus-airborne-video-infrared-spread/?arc404=true
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If SARS-CoV-2 is spread by aerosols, 
how come we rarely see transmission 

over long distances?

22
Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018

Dilution of Respiratory Emissions by Distance

23

Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018

Dilution of Respiratory Emissions by Distance

24
Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018

Dilution of Respiratory Emissions by Distance

25
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Impact of Distance on Viral Recovery
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Bischoff, J Infect Dis 2013;207:1037-1046
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Transmission Risk Decreases with Distance

0.03% 0.1% 0.2% 0.2% 0.2% 0.1% 0.03%

0.4% 1.7% 3.5% Index 
Patient- 3.5% 1.7% 0.4%

0.03% 0.1% 0.2% 0.2% 0.2% 0.1% 0.03%

Spatial analysis of 2,334 Covid patients and 72,093 close contacts who rode high-speed trains in China

Hu, Clin Infect Dis 2021;72(4):604-610

0.5m 1.0m 1.5m1.5m 1.0m 0.5m

0.4m
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Transmission Risk Increases with Time
Temporal analysis of 2,334 Covid patients and 72,093 close contacts who rode high-speed trains in China
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Hu, Clin Infect Dis 2021;72(4):604-610
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Impact of Ventilation on Viral Exposure

Well ventilated
outdoor area

Moderately ventilated 
indoor area

Poorly ventilated 
indoor area

Dense viral plume at source, 
rapidly dilutes with distance

Dense viral plume at source, 
gradual dilution with distance

Dense viral cloud 
throughout the room

29
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Transmission Risk in Shared Hospital Rooms

o Brigham & Women’s Hospital, 
Sept 2020 - April 2021

o 25 patients diagnosed with SARS-
CoV-2 after admission to a shared 
room

o 31 potentially exposed roommates
o Roommates ~7 feet apart and 

separated by a curtain
o ≥6 air changes per hour
o Median duration of exposure: 

18 hours (IQR 12-47 hours)
o 12/31 (39%) roommates infected39% of exposed roommates 

were infected

Karan, Clin Infect Dis 2022;74(6):1097-1100

irishtimes.com/life-and-style/health-family/a-private-room-in-a-hospital-may-not-always-be-the-best-choice-1.4099197

30
cdc.gov/flu/pandemic-resources/1918-commemoration/historical-images

31

32

Traditional Dogma

o Most respiratory viruses are spread via droplets
o Short-range spread = droplets; long-distance spread = aerosols

o Surgical masks provide adequate protection against most 
respiratory viruses under most conditions

o Selected procedures increase aerosol generation; these 
procedures merit higher level respiratory protection
o N95 respirators, airborne infection isolation rooms
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How good is your mask?

34

Medical Masks are Good! … But Not Perfect

No 
Mask

Mask on 
Source

Mask on 
Exposed

67% 
(10/15) Infected

17% 
(2/12) Infected

33% 
(4/12) Infected

Transmission study using Golden Syrian Hamsters in adjacent cages with and without tightly fixed surgical masks between cages

Chan, Clin Infect Dis 2020;71:2139-2149
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Masking Effectiveness in Practice
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Transmission rates amongst 969 close contacts of 431 people with Covid-19, Johnson County Public Health, Iowa

Riley, Emerging Infectious Disease 2022;28(1):69-75
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Mask Filtration Efficiency in Practice

Clapp, JAMA Intern Med 2021;181(4):463-469
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Medical Masks’ Overall Efficiency:  38%
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Impact of Masking on Nosocomial Influenza and RSV

Monthly non-Covid hospital-onset respiratory viral infections, Brigham and Women’s Hospital, 2015-2023

Ehrenzeller et al. Clin Infect Dis 2023;77:1696-1699

Pre-Pandemic Period Acute Pandemic Post-Acute Pandemic

Masking associated 
with ~50% decrease in 
nosocomial flu and RSV 

Community Influenza-Like Illness rates (ILI)

39

Surgical Masks Can Decrease TB Transmission Risk Too 

Odd days
Patients masked 

Ward air ported to guinea pig group 1

Even days
Patients unmasked 

Ward air ported to guinea pig group 2

17 patients with TB randomized to wear masks on alternate days.  Ward air funneled to two 
groups of guinea pigs.  One group only exposed on mask days.  One group only exposed on non-mask days.

69/90 (77%)
 Infected

36/90 (40%)
Infected

Masking patients associated with 56% decrease in TB transmission to guinea pigs

Dharmadhikari, AJRCCM 2012;185:1104-1109

40

41

We Have the Solution!

Sickbert-Bennett, JAMA Intern Med 2020;180(12):1607-1612.
.
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N95 Respirators’ Overall Efficiency:  98%
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What about the RCTs of Medical Masks vs N95s?

Loeb, Ann Intern Med 2022;175:1629-1638

1009 healthcare workers randomized to N95s vs medical masks for routine care of patients with suspected or confirmed Covid-19 

Hazard Ratio with Medical Masks 
1.14

(95% CI, 0.77-1.69)
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Where Do Healthcare Workers Get Infected?
Sequencing of SARS-CoV-2 clusters, 95 HCWs & 137 possible patient contacts, University of Wisconsin

Braun, Clin Infect Dis 2021; 73: e1329-e1336

Community / household 61% Coworker 11%

Patient-Employee Clusters 13%

Patient with known Covid 4%

Inconclusive 12%

47

Where do healthcare worker clusters occur?

Outpatient cl inics Ancil lary Services Non-Covid
Inpatient Wards

Emergency
Department

Covid Ward
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Whole genome sequencing analysis of 14 clusters, 117 infections (112 HCWs, 5 patients), VA Northeast Ohio
Cluster defined as ≥3 potentially-related infections

Jinadatha, Open Forum Infect Dis 2021;8(8) doi.org/10.1093/ofid/ofab328
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Randomized Trial of Medical Masks vs N95s
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Odds Ratio for SARS-CoV-2
with Medical Masks vs N95s

Risk of Infection with Medical Masks

Loeb, Ann Intern Med 2022;175:1629-1638
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Traditional Dogma

o Most respiratory viruses are spread via droplets
o Short-range spread = droplets; long-distance spread = aerosols

o Surgical masks provide adequate protection against most 
respiratory viruses under most conditions

o Selected procedures increase aerosol generation; these 
procedures merit higher level respiratory protection
o N95 respirators, airborne infection isolation rooms

52

Tracheal Intubation Associated with Increased Risk of SARS

Risk of SARS-CoV-1 in HCWs Exposed to Tracheal Intubation

Tracheal intubation associated with a 6-fold increase in SARS-CoV-1!

Tran 2012, PLoS ONE 2012;7(4):e35797

Other procedures that have been associated with increased risk of HCW infections include non-
invasive ventilation, manual ventilation before intubation, tracheotomy, cardiac resuscitation. 

53

…but how many aerosols does intubation generate?

Intubation Extubation Cough

Time à Time à Time à

Continuous aerosol monitoring using an optical particle sizer in an operating room

Mean 732 particles/L, N=38Mean 21 particles/L, N=10Mean 1.4 particles/L, N=14

Brown, Anesthesia 2021;76:174-181

54
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Most “Aerosol Generating Procedures” Generate Very Few Aerosols
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Doggett, Chest 2020; 158:2467-2473
O’Neil, Clin Infect Dis 2017;65:1342-1348

Li, Open Forum Infect Dis 2017;4(Suppl 1):S34
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Aerosol Production with Supplementary Oxygen
Aerosol measurement with 10 healthy volunteers in a negative pressure room

Gaeckle, AJRCCM 2021;ePub
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Variation in Respiratory Emissions by Activity
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Wilson, Anaesthesia 2021;76(11):1465-1474
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Impact of High Flow O2 on Respiratory Emissions
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Wilson, Anaesthesia 2021;76(11):1465-1474
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The Intubation Paradox

o It’s not the procedure, it’s the patient!

o Associations between procedures and healthcare worker 
infections more likely due to the circumstances surrounding 
procedures rather than the procedures themselves
o Severe illness (high viral loads)

o Significant symptoms (tachypnea, heavy breathing, coughing)
o Profound proximity to the respiratory tract

o Sustained exposure

Klompas, JAMA Surgery 2021;156:113-114
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Where does this leave us?

61

62

US Weekly Covid Deaths

Winter 
2022-2023

Winter 
2021-2022

Winter 
2020-2021

Winter 
2023-2024
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US Weekly Covid Hospitalizations

Winter 
2022-2023

Winter 
2021-2022

(Omicron Surge)

Winter 
2020-2021

Winter 
2023-2024
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Covid today is not the same as Covid 2020
Crude mortality rates for people hospitalized with Covid-19, 678 US hospitals

Adjei, MMWR 2022;71:1182-1189
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Population Immunity to SARS-CoV-2 (USA)

Vaccinated 
and infected multiple times 56%

Vaccinated 
and infected once 29%

Never vaccinated but 
infected multiple times 7%

Vaccinated & 
never infected 3.6%

Never vaccinated & 
never infected 2.1%

Never vaccinated & 
infected once 2.4%

Klaassen, Clin Infect Dis 2023;77(3):355-361 PMID 37074868

98% of the U.S. population has some degree of acquired immunity (Nov 2022)
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Who is Still at Risk of Dying from Covid?

Nafilyan, JAMA Network Open 2022;5(9):e2233446

Analysis of risk factors for death due to Omicron despite full vaccination + booster, UK Office of National Statistics

67
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Who is at Risk of Dying from Covid Despite a Booster?

Nafilyan, JAMA Network Open 2022;5(9):e2233446

Analysis of risk factors for death due to Omicron despite full vaccination + booster, UK Office of National Statistics

1. Subacute Combined Immunodeficiency
2. Leukemia
3. Severe neurological disease
4. Pulmonary hypertension or fibrosis
5. Down syndrome
6. Dementia
7. Liver cirrhosis
8. Parkinson disease
9. Lung cancer
10. Rheumatoid arthritis or Lupus

Most Likely to Die from Covid

68

Nosocomial SARS-CoV-2 Mortality
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Wales

Bonsignore, J Hosp Infection 2022;129:82-88Public Health Wales 2022 Wee, Infect, Dis & Health 2022;ePub
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Risk & Protection Exists on a Continuum

o Low community incidence
o Lower viral load

o Lack of symptoms
o Distance

o Brevity
o Good ventilation

o Mask on patient
o Mask on provider

o N95 > KN95 > facemask

o Vaccination

Factors That Increase Risk

o High community incidence
o Higher viral load

o Symptoms
o Proximity

o Longer exposure
o Poor ventilation

o Lack of masking 
o Lack of vaccination

Factors That Decrease Risk

70

Summary

o SARS-CoV-2 and other respiratory viruses are transmitted by respiratory 
particles in a range of sizes, mostly aerosols

o Surgical masks decrease transmission but do not eliminate it. 
N95s are more effective.

o Most “aerosol generating procedures” do not generate aerosols

o There is now a high level of acquired immunity. Covid thus mild for most …. 
But hospitals concentrate the small subset of society still vulnerable to severe 
infection & death from SARS-CoV-2 and other respiratory viruses.  Measures to 
protect patients still needed, particularly when community viral activity elevated.  

o Stay humble!

71

https://phw.nhs.wales/services-and-teams/harp/nosocomial-covid-briefing-reports/all-cause-mortality-in-nosocomial-covid-19-cases-in-wales-version-12/
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Thank You!

mklompas@bwh.harvard.edu
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